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Myanmar Academy of Agricultural, Forestry, Livestock

and Fishery Sciences

PROGRAMME FOR THE SEVENTH ANNUAL RESEARCH

CONFERENCE
25-26 July, 2008

University of Veterinary Science, Yezin,

Nay Pyi Taw
Inaugural Session
25 July 2008 (Friday)
11:30-11:50  Inaugural Address by H.E. Brigadier General Maung Maung Thein,

Minister for Livestock and Fisheries

Livestock and Fishery Sector
Chairperson : Dr. Mya Nyun

11:50-12:10

12:10-12:20
12:20-12:40

12:40-12:50
12:50-13:50

(1) Prevalence Study of Brucella melitensis in Goat Serum at
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Prevalence Study of Brucella melitensis in Goat Serum at Y.C.D.C Abattoir
and their Related Risk Factors

Mya The Phyu Thant!, Aung Tun Khaing? and Zin Mar Aung’®
ABSTRACT

A survey was carried out on the seroprevalence of caprine brucellosis to
compare the level of infection in the divisions that supply goat to the Y.C.D.C abattoir.
The animals from which the sera collected come from Magwe and Mandalay divisions.

A total of 400 sera were collected and subjected to two serological tests (i.e. Rose
Bengal Plate Test and Complement Fixation Test). Four hundred sera samples were
screened using RBPT. Doubtful and positive results were further tested with CFT for

confirmation. The serological prevalence derived from the samples positive to RBPT test
was 4.25% but seroprevalence of CFT was 3%. The overall results was 3.63%. The
overall results of prevalence of seropositivity in goat was stratified by sex and tested by
using RBPT. The seroprevalence in male was significantly higher than in female =8.106
(P<0.01).

In male, the disease is more prevalent in goat with orchitis than male without
orchitis. The seroprevalence is highly significant x2=27.031 (P <0.01).

The prevalence of disease in female was significantly higher than male in less than
2 years of age group. However, disease prevalence is significantly higher in male than
female in over 2 years of age group. It can be assumed that older males and younger

females are more susceptible to transmission of the disease.

In Myanmar, all goats which arrived to abattoir were slaughtered for human
consumption, Before slaughter, all goats are kept together and disease contamination is of
high risk to animal and after slaughter bacteria are exposed to human. According to
findings in this study, females under 2 years and males with orchitis are more infective than
others. In abattoir, no preslaughter examination related to brucellosis was made and workers
employed in slaughter house are highly exposed to disease.
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At the village level the intermingle of flocks of animal for grazing and the
movement of breeding animals between flocks provide the possibility for the spread of
the disease, and the region as a whole the trading of livestock between different regions
would help spread of the disease.

As the incidence of caprine brucellosis is relatively low in Myanmar, adoption of
vaccination programmers for sheep and goat should be considered later. In Myanmar,
goat meat and milk is consumed after it is cooked and at the same time consumption of
cheese made from goat milk is rare, transmission of disease from goat product may be

very low to the consumers. Only those workers engaged in goat husbandry and goat meat
industry have high risk.

1. Veterinary and Slaughter house Department, Yangon City Development Committee,
Yangon.

2. University of Veterinary Science, Yezin.

3. Brucellar Antigen and Vaccine Production Section, LBVD, Yangon.
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1 INTRODUCTION

Brucellosis is a disease of domestic livestock and wild animals with serious zoonotic
implications in man causing huge economic losses to the livestock industry. Cattle, goats,
pigs, sheep, horses and dogs play an important role in the transmission of this disease to
man. It is defined as contagious systemic bacterial disease primarily of ruminants
characterized by inflammation of the genital organs and foetal membranes, abortion,
sterility and formation of localized lesion in the lymphatic system and joints (JOINT FAO/
WHO, 1986; Centers for Disease Control and Prevention, 2005).

Brucellosis is a chronic disease of animals caused by Gram negative and
facultative non- motile intracellular bacteria of the genus Brucella (Cadmus, Ijagbone,
Oputa, Asokean and Stack, 2006). Brucellosis has been an emerging disease since the
discovery of Brucella melitensis by Bruce in 1887. Six species occur in humans and
animals: Brucella abortus, Brucella melitensis, Brucella ovis, Brucella suis, Brucella
canis and Brucella neotomae (Monaya and Reka, 2006; Osman, Huseyin, Hasan and

Mehment, 2005).

In humans, Brucellosis can be caused by B.melitensis, B.suis and rarely, B. cansis
(Monaya. et.a., 2005). Shehata, Adib and A1-Anzi (2001) stated that brucellosis was
transmitted to the human population mostly as an occupational disease. People that have
contact with infected animals may become infected with Brucella bacteria through a break
in the skin and also spread by eating or drinking unpasturized milk, cheese and ice-cream
that came from infected animals (Alfred De Maria, 2002).

Clinically, the disease is characterized by one or more of the following signs
abortion, retained placenta, orchitis, epididymitis and rarely arthritis with excretion of the
organisms in uterine discharges and in milk (OIE, 2008). Brucella infection has a
predilection for both female and male reproduction organs in sexually mature animals.
Organisms shed by infected animals, can remain viable in a moist environment for many
months (Quinn, Markey, Carter, Donnelly and Leonard, 2003).

Transmission of B.melitensis from flock to flock usually follows the movement of
Infected pregnant females. The incubation period after infection varies from 15 daysto
several months depending on the invasion site and the infection dose. Abortion usually

Occurs at 3-4 months into pregnancy (F.A.O, 2006).
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Brucellae are sensitive to direct sunlight, disinfectant and pasteurization. In opti-
mal conditions Brucellae survive in tap water, damp soil, urine. aborted fetuses and uter-
ine exudates and in frozen tissue (F.A.O, 2006).There is no vaccine against brucellosis

currently available for humans; however, there is a vaccine available for animals (Alfred
De Maria, 2002).

Brucella species represent a significant biohazard to laboratory workers and
others at occupatational risk such as veterinarians, abattoir workers and farmers. Person-
nel working in slaughter houses have the potential of being exposed to animals infected

with brucellosis. The risk of handling infected animals in abattoir is always high (F.A.O,
2003).

Prevention of human brucellosis depends on the control of the discasc in animal
(Corbel, 1997). Every sheep/goat older than 6 months must be tested for presence of
specific Brucella antibodies, all positive reactors are culled. Male animals are tested by
serology once yearly and it found positive, are slaughtered (Taleski, Zerva, Kantardjiev,
Cventnic, Erski-Biljic, Nikolovski, Bosnjakovski, Katalinic-Jankovic, Pantcliadou,
Stojkoski and Kirandziski, 2002).

Brucellosis typically cannot be diagnosed clinically, as it is required the laboratory
diagnostic procedure approached (Alton, Jones, Angus and Verger, 1998). The Rose
Bengal Plate Test and the Complement Fixation Test are the most widely used methods
for detecting infection with Brucella melitensis (Quinn, et.al., 2003). RBPT is a simple
dilution method which is simple and rapid. The C.F.T is considered to be the most
effective test for diagnosing brucellosis in small ruminants (Joint F.A.O/W.H.O, 1986).
The CFT is very specific (OIE, 2008). Treatment of brucellosis may be difticult (C.D.C,
2005). For effective zoonotic disease monitoring, surveillance and reporting, animal and
human health services must be closely connected to develop the best possible information
on population at risk. There is, thus, a need to share the information to governmental
agencies (Charisis, 1998).

The purpose of this study was to investigate the disease in livestock and animal
workers to access the current infection rates and the risk in human population and to
provide useful information for future recommendations for the control of brucellosis.
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2. MATERIALS AND METHODS

A cross- sectional survey was undertaken over a period of one month. A number
of existing cases of serum antibodies for brucellosis was measured. A sample of goats
arriving at the Y.C.D.C abattoir intended to be killed were used for the estimation of
disease prevalence. The approximate sample size was calculated by using the following
formula described by Thrusfield (1995). A sample population (384) had been calculated
from the infinite population.

n={1-(1—a)"“}{N-d/,} +1

Where N is the population size

d is the number of affected animals in the population
n is the required sample size
a is the desired confidence level (probability of finding at least one case in the sample)

Main study area was at the Y.C.D.C abattoir. However, the serosurveillance were
selectively carried out with the animals coming from Mandalay and Magwe divisions (four
regions). Two hundred animals from each division were investigated for the seroprevalence.
Jugular blood (3-5ml) from each animal was collected using disposable syringes and
needles. Sera were separated and RBPT were done within 6 hours. The rest of the sera

were stored at 4° C until the further tests were done.

Sera were evaluated using the following serologic tests; Rose Bengal Plate test
(RBPT) and complement fixation test (CFT) using whole-cell antigen of Brucella abor-
tus strain 1119-3 prepared by the method of Alton er al., (1988).

Statistical analysis

Data on various individual were analysesd by using SPSS 11.5 software and Win
Episcope 2.0, and graphics were constructed by using Excel. Relationship of gender, age
groups and divisions were assessed indepently with the chi- square test. The point esti-

mates of seroprevalence are reported as percentages with 95 percent confidence inter-
vals.
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3 RESULTS

Serum samples were collected from 400 animals within one month. One hundred
samples were collected at every week. Sera samples were analyzed after cach collection.
The final sampling including information on age, sex, sources of location and seroprevalence.

3.1  Seroprevalence

The result of Seroprevalence detected by RBPT and CFT are shown in table 1.
A Total of 400 samples were tested by RBPT as a screening test. Positive samples in
screening test were confirmed by complement fixation test. The animals that were positive

to CFT were considered to be affected. Overall results of prevalence are 4% are shown
inTable 1.

Table 1. Overall results of brucellosis

Sr RBPT (+) ve CFT (+) ve
No Township |Under| Over Male | Female Under| Over Male | Female
2yrs | 2yrs 2yrs | 2yrs

1 |Meikhtila 3 |3 2 4 2 2 2 2

2 |Pakokku 2 4 3 3 1 3 1 3

3 |Myingyan 3 1 2 2 2 1 1 2

4 |Taungdwingyi] - 1 - 1 - 1 - 1
TOTAL 8 9 7 10 5 7 4 8

3.2 Prevalence between male and female

Seropositivity in goats was stratified by sex and results are shown in
Table 2. The seroprevalence in male was significantly higher +*=8.106 (P <0.01) thanin
female.



-19-

Table 2. Seropositivity between male and female

RBPT CFT
Sex (+H)ve | (-)ve | Seropositivity(%e) | (+)ve | (-)ve | Seropositivity(%o)
Male 7 58 10.77 4 61 6.15
Female 10 325 2.99 8 327 2.39

3.3 Prevalence between different localities

Seroprevalence between different localities are shown in table 3. There is no
significant difference between two localities. Two hundred serum samples were collected
from goats of Mandalay division and another two hundred samples were collected from
goats of Magwe division. Seroprevalence was confirmed by C.F.T, it was 3.5% in Mandalay
and 2.5% in Magwe division .There is no significant difference of seroprevalence
between two different localities (P>0.05).

Table 3. Seropositivity between different localities

RBPT CFT
Location (+)ve | (-)ve | Seropositivity(%) | (+)ve | (-)ve | Seropositivity(%o)

Mandalay | 10 190 5 7 193 3.5
Magwe 7 193 3.5 5 195 2.5

34 Seroprevalence of goats between over and under 2 years of age

To know the difference between age susceptibility of brucellosis in goats, stratifi-
cation between goats under 2 years and over 2 years was made and studied. Results of
seroprevalence of under 2 years in goat are 2.5% and over 2 years in goat is 3.5% are
shown in Table 4. There isa si gnificant difference between two different ages.
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However, in female, the prevalence of the disease was significantly higher than
male in less than 2 years of age group. But, in contrary, disease prevalence is significantly
higher in male than female in over 2 years of age group. Therefore, it can be assumed that
older males and younger females are more susceptible to transmission of the discase.

Table 4. Seropositivity between under 2 yrs and over 2 yrs of ages

RBPT CKFT
Age (H)ve | (-)ve | Seropositivity(%c) | (+)ve | (-)ve | Seropositivity(%o)
Under2yrs 8 269 4 5 272 2.5
Over2yrs| 9 114 4.5 7 116 3.5

3.5  Seroprevalence of goats between with orchitis and without orchitis of
disease

In male, the disease is more prevalent in goat with orchitis than male without
orchitis. The seroprevalence is highly significant(~?*=27.013, P<0.01) .

Table 5. Seropositivity between with orchitis and without orchitis

RBPT CET
Disease status (H)ve (ve (+)ve (ve
With orchitis 4 1 4 1
Without orchitis 3 57 - 60
7 58 4 61




4 DISCUSSION

The objectives of this study were to improve the understanding of the prevalence
of brucellosis in goats which arrived to YCDC abattoir from various parts of Myanmar
and also to provide information for disease control in livestock and human beings.
Seropositivity was considered to be due to natural infection because vaccination had
never been employed in Myanmar. The results showed that brucellosis was endemic in
goats and evenly distributed in Mandalay and Magwe divisions.

True prevalence is lower than the apparent prevalence i.e. 3% and 4.25%. The
sensitivity for RBPT was 100%. The results of the further testing of the suspicious and
positive RBPT samples gives some guidance about the likely costs and benefits of an
eradication programme. Thus 5 out of 17 positive goats were classed as false positive by
the CFT ,the sensitivity of RBPT is similar to that of CFT( Stack and Mac Millan,2003)
and RBPT is to be referred as a screening test, largely because it dose not require
expensive equipment and is cheaper and needs less laboratory equipments.

The overall prevalence detected in goats at YCDC abattoir was 4.25% and it
does not agree with Singh, Gupta, Shankar, Vihan and Tiwari (1998). They stated that
incidence in goats slaughted in local goat abattoir in Agra (U.P) was 7.10%.

In this study, seropositivity in male is significantly higher than in female (P<0.01)
detected by both diagnostics methods (Tables 1, 2 and 4). It does not agree with the
findings of Jackson, Kennard, Ward,Stack, Domi, Romia and Dedushaj (2004). The
seroprevalence stratified by sex and age of goats are shown in table (1), (2) and (4). They
described the even distribution of prevalence in groups of sheep and goats of different
ages although they expected that brucellosis would have been increased with age.

The seroprevalence among the different regions is described in table (1) and
(3) but there is no significant difference of seroprevalence among the different localities.
Jackson et. al (2004) elucidated the possible causes of seroprevalence among the
different localities. They described that at the village level the mixing of flocks of animals
for grazing and the movements of breeding animals between flocks provide opportunities
for the spread of the disease, and in the region as a whole the trading of livestock between

communities would help to spread the disease.
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Banai (2007) described that aborted placenta and fetus are massively
contaminated with Brucella and they lead to dissemination of the organisms in the
environment and exposure of uninfected animals to the disease. The other reason is direct
contamination of disease to susceptible animals. They another possiblec route of infection
may occur through direct contact with infected flocks when common pasture is used. He
also described that canides and other carnivores present special risk to intensively
managed livestock as they scavenge and may carry aborted materials to clean areas.

In Myanmar, up to now, housing, management, nutrition and other practices in
goat husbandry are nearly the same. Therefore, Prevalence of brucellosis is not
significantly different in different localities. But if we can remove the possible risk factors
which can cause disease, the prevalence will be reduced.

In this study we observed that male above two years of age and female under
2 years of age have high incidence of the disease . Teleski er.,al.(2002) stated that every
sheep/goat older than 6 months must be tested for the presence of specific Brucella
antibodies , all positive reactors should be culled . Male animals are tested by serology
once yearly and if found positive, are slaughtered.It indicates that findings in this study
agree with the suggestion of Teleski et.,al. Acording to finding in this study , male with
orchitis should be culled and not allowed for sale. In abattoir, male with orchitis or
epididymitis should be quarantined and destroyed.

Banai (2007) also stated that B. melitensis causes epididymitis and orchitis in
the males and it can present another source of infection or transmission in flocks where
natural mating is practiced. Human are highly susceptible to Brucella melitensis. At the
same time B. melitensis is the major cause of infection in sheep and goat. Therefore,
workers related to goat meat industry have high risk of infection. Since the bacteria are
excreted in the milk, the requirement to remove the udder and internal organs from

slaughtered cows would necessarily lead to exposure of the abattoir personnel to huge
amounts of the organisms.

However, in Myanmar, workers related to goat meat industry have never been
checked for incidence of the brucellosis. According to reports of other workers,
worldwide, more than 500,000 new cases of human brucellosis occur each year
(WHO,2006). The rate of laboratory acquired brucellosis to be 11.9 % (Sally and Culter,
2006), prevalence of this disease among veterinarians is about 22.5% (Mundi, Gill and
Avapal, 2002) and the incidence of seropositivity was observed 2.0-12.5% among
slaughter-house workers (Siimer, Z. Siimer, Alim, Nur and Ozdemir ,2003).



223-

Brucella melitensis is the most virulent species of all the brucellae. The virulence
is partly measured by their capability to cause brucellosis in cattle and human beings that
are not considered natural or preferred host (Banai, 2007). At the same time bovine
neutrophil were more bactericidal than human neutrophils but they kill rough organisms
equally. Human neutrophils were less able to kill B. melitensis compared to B. abortus
supporting the concept of greater virulence of B.melitensis than B.abortus in humans
(Splitter, 2003). Humans easily contract B.melitensis due to the extremely low inoculums
dose required to establish infection (Banai, 2007).

Thus, persons involved in the processing of animal products may be at high risk
of exposure to brucellosis. These include slaughterman, butchers, meat packers,
processor of hides, skin and wool and dairy workers. Direct and environmental contami-
nation may present hazards through inhalation, ingestion, mucous contamination and skin

contact or penetration.

In Myanmar, all goats which arrived at abattoir were slaughtered for human
consumption. Before slaughter, all goats are kept together and disease contamination is of
high risk to animal and after slaughter bacteria are exposed to human. According to
findings in these study females under 2 years and males with orchitis are more infective
than other. In abattoir, preslaughter examination has been carried out on clinical basis and
therefore brucellosis may be over tooked and workers employed in slaughter house are

highly exposed to disease.

Atthe village level the mixity of flocks of animal for grazing and the movement of
breeding animals between flocks provide and possibility for the spread of the disease,
and the region as a whole the trading of livestock between different regions would
increase the spread of the disease.

An alterative explanation is that farmers sell animals that abort, either for slaughter
or as areplacement elsewhere. In concern with the control of the disease, Jackson et.al.,
(2004) described that the occurrence of the disease in people and the distribution ofthe
prevalences among livestock, appeared to be spatially related. A better transmission
pathway from animals to people, through the animal products, husbandry system and
human behavior that affect the occurrence of the disease could be exploited in integrated
control programmes aimed at reducing the exposure of people to the disease.
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This study has provided useful information for future recommendation for the
control of brucellosis both in field and in abattoir. As the incidence of caprine bruccllosis
isrelatively low in Myanmar, adoption of vaccination programmers for sheep and goat
should be considered later. In Myanmar, goat meat and milk is consumed after it is cooked
and at the same time consumption of cheese made from goat milk is rare, transmission of
disease from goat product may be very low to the consumers. Only those workers en-
gaged in goat husbandry and goat meat industry have high risk.
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Presence of the Viral Antigen and Local Immune Response in the Upper
Respiratory Tract of Broilers to Avian Metapneumovirus Subtype A and B

Ye Htut Aung’, Ulrich Neumann? and Silke Rautenschlein?
ABSTRACT

Swollen head syndrome associated with avian Metapneumovirus (aMPV)
subtype A or B in broilers and broiler breeders has been reported worldwide. Since
aMPV affects upper respiratory tract of broilers, local immune response in this tract might
involve in the defence mechanism against aMPV. Most of the studies on immune
mechanisms against aMPV have been conducted in turkeys but not in broilers.
Therefore, two separate experiments were carried out to investigate local humoral and
cell-mediated immunity (CMI) to aMPV subtype A and B in commercial broilers.
Sixteen-day-old and 14-day-old commercial Ross type broilers free of aMPV maternal
antibodies were used in the first and second experiment, respectively. Two groups of
broilers were inoculated oculonasally with 10* median ciliostatic dose (CD ) of turkey
isolates of aMPV subtype A oraMPV subtype B. The third group received virus free
trachea organ culture (TOC) supernatant. The distribution of aMPV genome in different
tissues was investigated by RT-nested PCR. At 3 and 6-dpi, the viral genome was
detected in both infected groups in the upper respiratory tract tissues such as nasal
turbinate, Harderian gland and trachea. Subtype B genome was detected up to 10 to
11-dpi in Harderian gland or trachea in subtype B inoculated groups, whereas subtype A
genome was cleared in subtype A inoculated groups after 6-dpi. In both experiments,
VN-antibody titres in tracheal washes increased significantly at 6 dpi (£<0.05) in
virus-inoculated broilers in comparison to virus free broilers. In both virus-inoculated
groups VN-antibody titres in tracheal washes reached peak levels at 14 dpi in
Experiment 1 and at 10 dpi in Experiment 2 and then declined gradually. The infiltration
of CD4+and CD8+ T cells in the Harderian gland was observed at 6 dpi and in the nasal
turbinate epithelium at 6 and 11 dpi. Since massive infiltration of CD4+ and CD8+T
cells in the Harderian gland and nasal turbinate epithelium was observed in both
subtypes-inoculated broilers, local CMI might play a critical role in the local antiviral
response to aMPV infection in broilers. Overall, the present study indicates that both
aMPV subtypes induced local humoral and CMI responses in the upper respiratory tracts

ofbroilers, and local immunity might probably be major defence mechanism against aMPV
infections in broilers.

! Department of Medicine, University of Veterinary Science, Yezin, MYANMAR.
2 Clinic for Poultry, University of Veterinary Medicine, Hannover, GERMANY.




1. Introduction

Avian Metapneumovirus (aMPV), which causes Turkey Rhinotracheitis (TRT) in
turkeys, is also associated with swollen head syndrome (SHS) in broilers and broiler
breeders. Initially, SHS in broiler was thought to be due to combined infection of coronavirus
and Escherichia coli (Morley and Thomson, 1984). Later TRT-like virus was isolated
from hens and guinea fowl in France (Picault et al., 1987) and from broilers in South
Africa (Buys er al., 1989a). SHS is mainly observed in broilers at 4 to 6 weeks of age
and broiler breeder at 30 weeks of age. The infection causes high economic losses by
increased mortality, increased medication costs, drop in egg production, and decrease in
hatchability (Reviewed by Hafez, 1993; Naylor and Jones, 1993; Cook, 2000).

aMPV has a single-stranded, non-segmented, negative-sense RNA genome and
is classified as a member of the subfamily Pneumovirinae under the family
Paramyxoviridae (Pringle, 1998). The recently identified human Metapneumovirus also
belongs to this virus subfamily (van den Hoogen et al., 2001). Related viruses include
human, bovine, ovine and caprine respiratory syncytial viruses and pneumonia virus of
mice (Easton et al., 2004). aMPV was first isolated in South Africa during the late 1970s
(Buys et al., 1989a,b). Only one serotype of aMPV has been identified and four
different subtypes of aMPV have been differentiated by nucleotide sequence analysis on
the basis of the attachment (G) protein (Juhasz and Easton, 1994) and neutralization test
using monoclonal antibodies (Collins et al., 1993; Cook e al., 1993).

The cell-mediated immunity (CMI) to aMPV has not been studied well in
broilers. Studies done in turkeys provide circumstantial evidence that CMI plays a major
role in resistance to aMPV (Cook et al., 1989; Williams et al., 1991; Jones et al.,
1992). Vaccinated turkey poults without detectable aMPV antibodies were protected
against challenge with virulent aMPV (Cook et al. 1989; Williams et al., 1991). In
addition, vaccinated turkey poults, which had been B cell depleted by cyclophosphamide
treatment did not seroconvert, but were still protected against challenge with virulent

aMPV (Jones et al., 1992).

Experimental infection of turkey poults with different subtypes of aMPV
stimulated the accumulation of CD4+ T cells subpopulations in the Harderian gland (Sharma
and Gerbyshak-Szudy, 2002; Liman and Rautenschlein, 2007) and induced up-regula-
tion of interferon y (IFN-y) transcript levels in the Harderian gland (Chary et al. 2002;
Sharma et al., 2004; Liman and Rautenschlein, 2007). In addition, aMPV subtype A
and B induced local humoral antibodies in the tracheal wash of turkey poults (Liman and
Rautenschlein 2007). IgA+ cells infiltrated in the nasal turbinate of turkeys exposed to
aMPV Cat7 days post infection (Cha et al., 2007).
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There is increasing evidence that local immunity. specific humoral or CMIL in the
respiratory tract of chickens play an essential role in protection against infections with
Newcastle disease virus (Malkinson and Small 1977: Takada and Kida 1996) infectious
bronchitis virus (Holmes, 1973; Gough and Alexander, 1979: Gillette 1981: Collisson et
al.,2000), and infectious laryngotracheitis (Fahey and York 1990). Since aMPV atlects
upper respiratory tract of chickens (Jones ¢r al.. 1987; Ma)6 cr al.. 1995 Catelhi er al.,
1998; Aung et al., 2006a,b, 2007, 2008). we speculate that local immunity may play an
important role in aMPV infection of broilers.

Most of the studies regarding local immune reactions to different subtypes of
aMPV have been done in turkeys. However, not much is known about local immune
responses of broilers to aMPV subtype A and B. On the other hand. SHS associated
withaMPV subtype A or B in broilers and broiler breeders has been reported worldwide
(Wyetheral., 1987; Cook et al., 1988; Pattison e al., 1989: Hafez and Léhren, 1990;
Luetal., 1994; Mase et al., 2003; Owoade et al., 20006).

Therefore, the objective of this study is to compare local immune responses of
broilers to experimental infections with virulent aMPV A and I3 of turkey origin. Investiga-
tion was made on local antibody responses in trachea washes. We also observed for
local CMI by detection of T cells infiltrations in Harderian gland and in nasal turbinate
epithelium was observed.

2. Materials and Methods

2.1. Viruses

AvirulentaMPV subtype A (BUT 1- 8544 strain) and a virulent aMPV subtype
B (Italian strain), both isolated from turkeys, were used in this study (kindly provided by
Dr.R. C. Jones, Liverpool, UK). Both strains had been passaged various times in tra-
cheal organ culture (TOC), and were then back-passaged in turkey poults to increase
virulence. TOC rings prepared from 19 to 20-day-old SPF chicken embryos were used
for propagation of the virus (Gough et al., 1998). Both types of virus were propagated
in separate tubes. No cross contamination occurred as confirmed by subtype specific
RT-nested PCR. The propagated viruses were titrated in chicken TOC and the median
ciliostasis dose (CD,,) was calculated by the method of Reed and Muench (1938).
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2.2. Chickens

One-day old commercial Ross-type broilers were obtained from a local
commercial hatchery (BWE-hatchery, Lower Saxony, Germany) and raised in the
isolation units of the Clinic for Poultry, University of Veterinary Medicine Hannover,
according to animal welfare guidelines and under strict biosecurity measures. Feed and
drinking water were provided ad libitum.

2.3. Detection of the viral genome

The aMPV genome was detected in the nasal turbinate, Harderian gland and
trachea samples by subtyping reverse transcriptase-nested-polymerase chain reaction
(RT-nested-PCR) based on the attachment protein gene (G) sequence and allowed to
differentiate aMPV A and B subtypes (Cavanagh et al., 1999).

2.4. Sample collection for antibody detection

Parts of the trachea from glottis to syrinx at the level of the bifurcation were
dissected. The trachea was clumped with two artery forceps at the region of larynx and
syrinx. The trachea was washed with 7501 of phosphate buffered saline (PBS), which
contained penicillin (100 U /ml) and streptomycin (100pug/ml) (Biochrom AG, Germany),
using a 1 ml syringe and a 19 gauge (1.1 x 30 mm) injection needle. Tracheal washes
were centrifuged at 3000 x g for 5 minutes and the supernatants were collected.

2.5. Detection of aMPV antibodies
2.5.1. Enzyme-Linked Immunosorbent Assays (ELISA)

aMPV-antibodies in samples were detected by a commercially available
enzyme-linked immunosorbent assay (ELISA) system (Avian Rhinotracheitis Antibody
Test Kit®, CK 120, BioChek, Netherlands) according to the manufacturer’s recommen-
dation. For the detection of specific aMP V-antibodies in tracheal washes, was modified
the recommended dilution of the test sample; we used adilution of 1:5 instead 0f 1:500
was used. The coating antigen in the ELISA kit was subtype B (Barend van Dam, BioChek
B.V.,, Netherlands, Personal communication, 2007).




2.5.2. Virus Neutralization Test

aMPYV specific neutralizing antibodies in trachea washes were detected by the
method of the virus neutralization test (with constant virus concentration of 1 0’ TCID/
50pL/well and serial 2-fold dilution of samples) in chicken embryo fibroblast (CEF) cells
(Baxter-Jones et al., 1989; Cook and Cavanagh, 2002). We used a CEF cells culture
adapted aMPV subtype A strain BUT1-8544 for the VN test was used (Wilding et al.,
1986; Baxter-Jones ef al., 1989).

2.6. Immunohistochemical staining of immune cell populations

CD4+ and CD8+ cells in the frozen cryostat section of Harderian gland and nasal

turbinate samples were detected by indirect immunohistochemical staining using the
VECTASTAIN® Elite ABC Kit (Vector Laboratories, Inc., Burlingame, CA 94010 USA)
with some modifications to the manufacturer’s recommendation. Nasal turbinate and
Harderian gland samples were sectioned (Spm) (Jung Frigocut 2800E, Leica Instruments
GmbH, Nussloch, Germany) and mounted on SUPERFROST ULTRA PLUS® glass
slides (Menzel GmbH & Co. KG, Braunschweig, Germany). For fixation, sections were
immersed in ice-cold (-20°C) acetone for 10 minutes, and then air dried at room
temperature for 10 minutes. After an endogenous peroxidase block (0.04% hydrogen
peroxide for 5 min at room temperature), followed by a block of endogenous biotin or
biotin-binding proteins using an avidin-biotin blocking kit (Vector Laboratories, Inc.,
Burlingame, USA). Following blocking of the Fc receptors with 3% normal mouse
serum, tissue sections were incubated with the primary antibodies: CD4+ at 0.5pg/ ml
(1:1000) and CD8+ at 0.625ug/ml (1:800). All monoclonal antibodies were purchased
from SouthernBiotech (Birmingham, USA). After 60 minutes of primary antibody
incubation, 3 washing steps with PBS followed. Tissue sections were then incubated with
(1.5%) secondary biotinylated antibody conjugate (Goat anti mouse IgG) for 30 min.
After washing 3 times with PBS, sections were incubated with 1% Avidin DH and 1 %
biotinylated horseradish peroxidase H reagents (ABC reagent). After 3 washes with
PBS, colour development was achieved by addition of 4% 3,3-diaminobenzidine (DAB)
substrate (SK-4100; Vector Laboratories) containing 2% hydrogen peroxide and 2%
buffer stock solution. Tissue sections were counter stained with hematoxylin for
5 minutes, mounted with aquatic mounting medium (Microscopy Aquatex®, Merck,
Darmstadt, Germany), and covered withacoverslip. All antibodies used for immunohis-
tochemical studies were diluted in PBS, and all incubation steps were carried out at room
temperature.
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All immunostained cells were counted in 5 randomly selected microscopic fields
(400X magnification). The average number of positive cells per 400 x microscopic field
was calculated for each cell type and sample.

2.7. Experimental design

Two experiments were carried out.

2.7.1. Experiment 1

One hundred and twenty one-day-old commercial Ross type broilers were used
in Experiment 1. At 7 and 12-days of age, fifteen-serum samples were collected
randomly and maternally derived aMPV-antibody titres were determined. At 16 days of
age, when maternally derived aMPV antibodies of birds had waned, broilers were
randomly divided into three groups (n=40). Chickens from the first group were
inoculated oculonasally with 10* CD,, of aMPV subtype A, and chickens of the second
group were inoculated with 10* CD,  of aMPV subtype B. The third group received
virus-free TOC supernatant. All groups were maintained in separate isolation units. Five
birds from each group were sacrificed at 3, 6, 11, 14, 17, 20, and 24 dpi, and tracheal
washes were collected for assessment of specific aMPV-antibodies. Samples of nasal
turbinate, Harderian gland, and the middle part of trachea were collected in TRIzol® for
detection of the aMPV genome by RT-nested-PCR. Harderian gland and nasal turbinate
samples were snap-frozen in tissue freezing medium® (Leica Microsystems Nussloch
GmbH, Nussloch, Germany) for detection of CD4+ and CD8+ T cells by immunohis-

tochemistry.

2.7.2. Experiment 2

This experiment was a repeat of Experiment 1 with 96 one-day-old Ross type
broilers to confirm the observation made in Experiment 1. Five birds from each group
were sacrificed at 3, 6, 10, 14, and 21 dpi and samples were collected for detection of
the viral genome, aMPV antibodies, and for detection of CD4+ and CD8+ T cells by
immunohistochemistry.



2.8. Statistical Analysis

The data obtained were analysed by one-way analysis of variance (ANOVA),
and the differences between means were compared by Duncan’s multiple range test
(DMRT) using SPSS 11.5 (SPSS Inc., Chicago, IL). P<0.05 was considered as
statistically significant.

3. Results
3.1. Distribution of the aMPV genome

The distribution of the aMPV genome in different respiratory tissues of broilers
from Experiment 1 and 2 is summarized in Table 1. Both aMPV subtypes were detected
at3 and 6 dpi by RT nested-PCR in tissues of the upper respiratory tract such as nasal
turbinate, trachea and Harderian gland. In subtype B-inoculated groups, tht.e.viral
genome was detected in the trachea up to 11 dpi in Experiment 1,and up to 10 dpi in the
Harderian gland in Experiment 2. NoaMPV genome was detected at 14 dpi and later in
either group of broilers. No aMPV genome was detected in virus free TOC-media-
inoculated birds.

3.2. Development of VN and ELISA antibodies in tracheal washes

In both experiments, VN-antibody titres in tracheal washes increased significantly
2t 6 dpi (P<0.05) in virus-inoculated broilers in comparison to virus free broilers (Figure
12). In both virus-inoculated groups VN-antibody titres in tracheal washes reached peak
levels at 14 dpi in Experiment 1 and at 10 dpi in Experiment 2. Afterreaching p_ealf level,
VN-antibody titres in tracheal washes declined gradually. There was no significant
difference between VN antibody titres of virus-inoculated groups and virus free control
groups at 24 dpi (Experiment 1). .

In subtype B inoculated broilers, ELISA antibody level.s in trachea:l washes reached
peak levels at 14 to 17 dpi in Experiment 1, and at 10 dpi in Experiment 2. ELISA
antibodies in trachea washes still remained peak level until the end of experiments

(Figure 1b).
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3.3. Number of CD4+ and CD8+ T cells in the Harderian glands and Nasal
turbinate epithelium

Infiltration of CD4+ and CD8+ T cells in the Harderian gland and nasal turbinate
was investigated by immunohistochemistry. In Harderian glands, the numbers of CD4+T
cells increased significantly (P<0.05) up to four-fold at 6 dpi in aMPV A and B-inocu-
lated groups in comparison to virus free birds (Experiment 1). In Experiment 2, numbers
of CD4+ cells were significantly higher (P<0.05) at 3 and 6 dpi in subtype B inoculated
broilers, and at 6 dpi in subtype A inoculated broilers in comparison to virus free broilers
(Figure 2a). CD4+ T cells infiltrated not only in a scattering pattern but also formed
lymphoid clusters (Figure 4a and 4b).

In both experiments, numbers CD8+ T cells in the Harderian gland had increased
significantly (P<0.05) two—three-fold at 6 dpi in aMPV A and B-inoculated groups in
comparison to virus free controls (Figure 2b). CD8+ cells infiltrated mainly in a scattering
pattern (Figure 5a and 5b).

Immunohistochemical analysis of snap-frozen nasal turbinate tissue revealed that
aMPV subtype A and B-inoculated broilers had significantly higher(P<0.05) numbers of
CD4+ (four-five times) (Figure 3a) and CD8+ T cells (three-four times) than virus free
control broilers between 6 and 11-dpi (Figure 3b) in both experiments. CD4+ cells had
both clustered and scattered within the epithelium and lamina propria (Figure 6a and 6b),
whereas CD8+ cells are diffusely scattered within the epithelium and lamina propria

(Figure 7a and 7b).

4. Discussion

In this study, investigation was made on the distribution of the viral genome in the
upper respiratory tract of broilers and local immune responses of broilers after experi-
mental infections with subtype A and B aMPV of turkey origin.

Both aMPV A and B genome can be detected in upper respiratory tract tissues
such as nasal turbinate, Harderian gland and trachea. Subtype B genome was detected
longer persistence than subtype A. The presence of aMPV viral antigen in nasal turbinate
and trachea of chickens had been demonstrated by using immunofluorescence (Jones e
al., 1987; Majé et al., 1995), immunoperoxidase (Majo6 et al., 1995; Catelli et al.,
1998) and RT-PCR (Shin et al., 2000).
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Tracheal washes have been used as an indicator for local humoral imm unity in
chickens (Parry and Aitken 1973; Powell ez al., 1979; Baba ¢f al. 1990: Animas el al.,
1994; Javed et al., 2005). Both subtypes transiently induce aMPV.VN antibodies in the
trachea washes of broilers. VN-antibodies were also detected in tracheal washes of
subtype A and B—inoculated turkey poults between 5 and 28 dpi (Liman and Rautenschlein
2007). The VN-antibody titres in trachea washes declined when the aMPV genome was
cleared from the upper respiratory tract.

aMPYV specific ELISA antibody titres of subtype B inoculated groups were sig-
nificantly higher than that of subtype A inoculated groups. It has been demonstrated
before that ELISAs based on subtype Aor B antigens can detect antibodies raised against
both subtypes, but the heterologous antibodies may be detected to a lesser extent
(Eterradossi et al., 1992; Béyon-Auboyer et al., 1999; Toquin et af. 2000). The coat-
ing antigen of the ELISA kit, which was applied in the current experir;;ems, was subtype
B (Barend Van Dam, BioChek l?.V., Netherlands, Persona] communication, 2007). This
may explain why ELISA titres in trachea washes of subtype B inoculated ,gro ups were
higher than of subtype A inoculated groups in both experiments.

The present study indicates that tracheal washes contai - .
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tracheal secretions, and later 1gG becomes the principa immunog&p;in (Gil lette rlngbé 0
Hawkes et al., 1983)- 1:

antibodies onto ) ) ; Toro e¢ .
1995). O the other hanc!, the H?H.lenan g.land isa microene\,/'al.’ 1993; Sur.esh and
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irus (Takada an< : ® AI8€25¢ Virus (Takads ) pseudorabies
\/ s (Liew et al., 1984; Tamura ¢; al, 19 akada and Kida } 996), and

. za Viru
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Both subtypes induced a significantly increase (P<0.05) of up to four-fold of
local CD4+ T cell numbers in the Harderian glands at 6 dpi. This finding is in agreement
with previous findings in turkeys withaMPV C (Sharma and Gerbyshak-Szudy 2002)
and with aMPV A and B (Liman and Rautenschlein 2007), where aMPYV induced a
transient increase of CD4+ T cells locally in the Harderian glands of turkey poults. T cells
infiltrating the Harderian glands of turkeys were shown to be activated and produce
cytokines (Chary et al., 2002; Sharma et al., 2004; Liman and Rautenschlein 2007).
Similar cytokines response may also occur in broilers and this is an area of future studies.

The current study also demonstrated a two to three-fold increase in CD8+ T cell numbers
in the Harderian gland of aMPV A and B-inoculated broilers at 6 dpi. CD8+ T cells are
important contributors to viral clearance in respiratory virus infections, utilizing contact-
dependent effector functions (perforin and CD95L) as well as IFN-y and tumor necrosis
factor-a (TNF-a) (Bruder et al., 2006). We may speculate that CD8+ T cells may play
also arole in controlling aMPV infections in broilers. Involvement of locally infiltrated
CD8+ T cells in immune reactions of chickens against other respiratory pathogens, such
as Newcastle disease virus (Russell e al. 1997), infectious bronchitis virus (Janse et al.,
1994: Collisson et al., 2000), and Mycoplasma gallisepticum (Javed et al., 2005)
have been reported. However, the present finding was not in agreement with previous
finding in turkeys, where CD8+ T cell numbers in the Harderian gland were not affected
by the same aMPV strains (Liman and Rautenschlein 2007). This difference between
broilers and turkey poults may provide a possible explanation why the aMPV genome
was cleared relatively earlier in broilers than in turkey poults.

Our current study documents significantly increase of CD4+ and CD8+ T cells numbers
in the nasal turbinate epithelium of aMPV subtype A and B-inoculated broilers in
comparison to virus-free broilers on days 6 and 10 (Figure 6b and 7b). Most of the
infiltrated lymphoid follicles are clusters of CD4+ cells. These cells probably play a role
in limiting acute stage of aMPV infections in broilers. Itis well known that CD4+ T cells
are essential for the generation of antibody responses and influence cytotoxic responses
as well (Arstila et al., 1994).

In conclusion, this is the first study which detects local humoral and CMI responses of
broilers to aMPV subtype A and B. The present study indicates that both subtypes
induced local humoral and CMI responses in the upper respiratory tracts of broilers, ax?d
local immunity might probably be major defence mechanism againstaMPV infections in
broilers. The presence of the virus antigen in the upper respiratory tract may have
stimulated lymphoid cell proliferation and aggregation in this tract. Since massive
infiltration of CD4+ and CD8+ T cells in the Harderian gland and nasal turbinate
epithelium was observed in both subtypes-inoculated broilers, local CMI play critical role
in the local antiviral response to aMPV infection in broilers.
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Table 1. Detection of the aMPV genome by RT-nested PCR
(Experiment 1/Experiment 2)

Tissue Detection of aMPV at days post inoculation of
samples 3-dpi 6-dp1 11/10-dpi1
aMPVA aMPVB aMPVA aMPVB aMPVA aMPVDB

Harderian gland +/+° +/+ +/- +/+ -/- -/+
Nasal turbinate +/+ +/+ +/+ +/+ <f = sl
Trachea -1+ +/+ +/- +/+ -/- +/-

"n=5. Total RNA was isolated from individual samples, then pooled per organ, group,
and day. aMPV A: Broilers were inoculated with 10* CD,, ofaMPV subtype A; aMPV
B: Broilers were inoculated with 10* CD,  of aMPV subtype B. +=aMPV positive, - =
aMPV negative. The aMPV genome could not be detected at 14 dpi and later. Virus free
broilers are free of the viral genome throughout both experiments.
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Figure 1a Trachea wash aMPV-VN titres in three groups of broilers
(Experiment 1, as a representative experiment).



Loy
) n A

N
W

—
wn

Group mean SP ratios
—_ (3]

<
n

o

Days post aMPYV inoculation

'l Virus free I:laMF;VA aMPVBﬁ

Figure 1b Trachea wash aMPV-ELISA titres in three groups of broilers
(Experiment 1, as a rzpresentative experiment).

70
a a

60 -
2 50 -
=
e
=4
g 40 -
15
2 a
£
2 30 .

b

il f
82 rt b 1

10 -

0 : :

3 6 10

Days post aMPV inoculation

O Virus Free 0aMPV A B aMPV B|

Figure 2a CD4+ cells in the Harderian glands of three groups of broilers
(Experiment 2, as a representative experiment).



-40-

70 .

60 -

50

40 1

o

30 -

CD8+ cells per 400x ficld

20 A

e

10

3 6 10

Days post aMPV inoculation
IEJ \f;i]'115 Free OaMPV A B aMPV B

Figure 2b CD8&+ cells in the Harderian glands of three groups of broilers
(Experiment 2, as a representative experiment).

100

a
90

a

80 -
70 -
60 -
50 -
40 -
30 - b

20 - b T
L
10 - ’
0 ‘
3

6 10

CD4+ cells per 400x field

HA

Days post aM PV inoculation

O Virus Free DaMPV A B aMPV B |

Figure 3a CD4+ cells in the nasal turbinate epithelium of three groups of broilers
(Experiment 2, as a representative experiment).
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Figure 3b CD8&+ cells in the nasal turbinate epithelium of three groups of broilers
(Experiment 2, as a representative experiment).

Figure 4a CD4+ cells in Harderian gland of virus free broiler at 6dpi, CD4+ cells are
stained brown (100x magnification).
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Figure 4b CD4+ cells in Harderian gland of aMPV B inoculated broilers at 6dpi, CD4+

cells are stained brown (100 x magnification). (Harderian gland of aMPV A inoculated
broilers show similar pattern of CD4+ cells infiltration)
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Figure 5a CD8+ cells in the Harderian gland of virus free broiler at 6 dpi, CD8+ cells are
stained brown (100x magnification).



Figure 5b CD8+ cells in the Harderian gland of aMPV A inoculated broiler at 6dpi,
CD8+ cells are stained brown (100x magnification). (Harderian gland of aMPV B
inoculated broilers show similar pattern of CD8+ cells infiltration)
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Figure 6a CD4+ cell in nasal turbinate epithelium of virus free broilers at 6dpi, CD4+
cells are stained brown (200x magnification).



Figure 6b CD4+ cell in nasal turbinate epithelium of aMPV A-inoculated broiler at 6dpi,

CD4+ cells are stained brown (200x magnification). (Nasal turbinate of aMPV B
inoculated broilers show similar pattern of CD4+ cells infiltration)

Figure 7a CD8+ cell in nasal turbinate epithelium of virus free broilers at 6dpi, CD8+
cells are stained brown (200x magnification).
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Figure 7b CD8+ cell in nasal turbinate epithelium of aMPV B-inoculated broiler at 6dpi,
CD8+ cells are stained brown (200x magnification). (Nasal turbinate of aMPV A inocu-
lated broilers show similar pattern of CD8+ cells infiltration).
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Why did you start your two experiments at different ages

of broilers?
Experiment 1. At 14 days of age

Experiment 2. At 16 days of age
How did you detect the viral genome at 3 days post in-

fection and 6 days post infection

Pre-existing maternal antibody to avian Metapneumovirus
can reduce severity of clinical sign due to experimental
infection. We detected maternal antibody to avian
Metapneumovirus in boilers from both experiments.
Therefore, we started experiment 1 at 14 days of age and

experiment 2 at 16 days of age.
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Use of L-ascorbyl-2-monophosphate-Na/Ca as a vitamin C Source for
Juveniles kuruma shrimp, Marsupenaeus japonicus

Yin Yin Moe ! and Shunsuke Koshio?

ABSTRACT

A feeding trial was conducted to examine the effect of vitamin C (ascorbic acid,
AsA) on growth and stress resistance of kuruma shrimp juvenile, Marsupenaeus japonicus
using L-ascorbyl-2-monophosphate-Na/Ca (AMP-Na/Ca) as a vitamin C source. Six
different levels of AMP-Na/Ca, equivalent AsA level of 0, 48,92, 165, 367 and 748 mg/
kg in diet were incorporated in semi-purified diets and fed to four replicate groups of
juvenile shrimp, M. japonicus (mean weight 0.31 £ 0.03 g) for 60 days. After the growth
trial, shrimp were immersed in fresh water to evaluate the tolerance against osmotic stress.
Data showed that diets containing 48mg AsA / kg gave the best weight gain (WG, %) and
specific growth rate (SGR) of shrimp. Shrimp survival was significantly reduced by
feeding AsA-free diet at the end of the trial (<0.01). Number of moult per shrimp was
significantly higher in the diet containing 92 mg AsA/ kg diet than those fed AsA-free diet
(P<0.02). Tolerance against osmotic stress was a significantly strong in the diets
containing 367 and 748 mg AsA/kg (P<0.0001). AsA concentration in body tissues of
hepatopancreas, muscle, and whole body generally reflected the level of AsA containing
in the diets. Results indicated that the minimum supplementation of 25 mg AsA/kg (71 mg
AMP-Na/Ca) in diet is enough to promote the growth performance of kuruma shrimp.
The minimum dietary level, however, of 333 mg AsA/kg (950 mg AMP-Na/Ca) was
needed for hepatopancreatic tissue saturation, which gave a high tolerance in stressful

condition.

! Assistant Director, Department of Fisheries, Sin Minn Road, Ah Lone Township, Yangon,
Myanmar.

2 Shunsuke Koshio, Professor, Laboratory of Aquatic Animal Nutrition, Faculty of
Fisheries, Kagoshima University, Shimoarata 4-50-20, Kagoshima 890-0056, Japan.
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Introduction

Vitamin C (ascorbic acid, AsA), an important antioxidant, is involved in
hydroxylation of praline and lysine during collagen formation (C.Y. Cho et al.. 1 985).
Ascorbic acid therefore is required for the synthesis of repair collagen and deficiency of
ascorbic acid caused incomplete molting in shrimp, resulting in death (Chen and Chang,
1994). Lightner et al. (1979) demonstrated that black-death syndrome or blackened
sub- cuticular tissues, a deficiency death occurred in penaeid shrimp, Penacus
californiensis, Penaeus aztecus, and Penaeus stylirostris when fed an insufficient di-
etary AsA. Similar symptoms have been described in other penaeid shrimp, Penaeus
monodon, (Catacutan and Lavilla-Pitogo, 1994), Penaeus vannamei (Montoya and
Molina 1995), as well as the freshwater prawn, Macrobrachium rosenbergii (Heinen,
1984). In Marsupenaeus Japonicus, being a de-colorization and development of
abnormal grayish-white color on the carapace margins, lower abdomen and tips of
walking legs (Deshimaru and Kuroki, 1976), and reduced moulting frequency (Guary et
al., 1976).The quantitative requirements of vitamin C for penaeid species; Penaeus
monodon, Penaeus vannamei and Marsupenaeus japonicus, have also been
determined using several derivative forms of ascorbic acids, such as L-ascorbic acid
(AsA) (Deshimaru and Kuroki, 1976, Lightner etal., 1977, Guary et al., 1976, Shiau &
Jan, 1992); L-ascorbyl-2-sulphate (AsS) (Shaiu and Hsu, 1994, Hsu and Shiau, 1997),
L-ascorbyl-2-polyphosphate (ApP) (He and Lawrence, 1993, Kontara et al., 1997);
L- ascorbyl-2-monophosphate-Na (AMP-Na) (Hsu and Shiau, 1998), and L-ascorbyl-
2- monophosphate-Mg (AMP-Mg) (Shigueno and Itoh, 1988, Giri et al., 1994; Lavens
etal., 1999), generally based on the growth performance. Furthermore, ascorbic acid
efficacy not only for growth and survival, but also stress resistance and immune response
in Penaeus vannamei (Kontara et al., 1997) and Penaeus monodon (Merchie et al.,
1998; Lee and Shiau, 2001) have also documented. This information, however, is lacking
in kuruma shrimp, Marsupenaeus japonicus.

Additionally, studies on the qualitative and quantitative requirements of ascorbic
acid for penaeid shrimp are very limited and vary with species, the initial weight of the
shrimp or shrimp stage, the water temperature, the duration of the study and experimental
conditions, and used vitamin C derivative, which is the most important indicator to
determine the AsA requirement. Recently, L-ascorbyl-2-monophosphate-Na/Ca
(AMP-Na/Ca) is widely used in aquaculture and has shown its AsA activity in marine fish;
European sea bass, Dicentrarchus labrax and gilthead sea bream, Sparus aurata L
(Alexis et al., 1999); rainbow trout, Oncorhynchus mykiss (Wahli et al., 2003); parrot
fish, Oplegnathus fasciatus (Wang et al., 2003a) and Korean rockfish, Sebastes achlegeli

(Wang et al., 2003b). However, its AsA activity on penaeid species, including kuruma
shrimp is still scare.
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Therefore, the present study was conducted to: (1) examine the efficacy of
AMP- Na/Ca on growth and stress resistance of kuruma shrimp juvenile; and (2) assess
the dietary optimum level of AsA for the maximum growth and highest stress tolerance of
juvenile kuruma shrimp, Marsupenaeus japonicus, which is a mainly cultured penaeid
species in Japan due to its delicious seafood item and high market price.

Materials and Methods
Experimental diets

Basal composition of test diets was shown in Table 1. The diets contained casein
(vitamin free; Wako Pure Chemical Industries, Osaka, Japan), defatted squid meal and
krill meal (Nippon Suisan, Tokyo, Japan) as protein sources. The compositions of vitamin
and mineral mixtures were based on a formula for the species (Kanazawaet al., 1977).
L-ascorbyl-2-mono-phosphate-Na/Ca (AMP-Na/Ca), 35 % bioavailability (STAY-C®
35, DSM Nutrition Japan, K. K.) was used as a vitamin C source. AMP-Na/Ca was
added to other ingredients by mixing with cellulose powder to 100 % total proportions.
Dry ingredients and lipids with fat-soluble vitamins were well mixed with 40% water and
passed through the disc pellet machine (1.5 mm diameter). The pellets were then
oven-dried at 50°C for 1 hr. After processing, tests diets were analyzed by DSM
Nutrition Japan, K.K. for AsA concentrations in diets (Table 2). Six different concentra-
tions of AMP-Na/Ca (0, 129, 232,397,906 and 1854 mg kg™ diet, AsA activities with
0, 48, 92, 165, 367 and 748 mg kg diet, respectively) were performed in the
experiment diets. Test diets were stored at -20°C until feeding. Protein, lipid, moisture,
and ash analyses of test diets were conducted according to the AOAC method and
described in the Table 2.

Feeding trial

The shrimp juvenile M. japonicus used in this study were supplied by rearing
larvae, which were hatched from the egg spawned by berried females at Kamoike
Marine Production Laboratory, the Faculty of Fisheries, Kagoshima University and
maintained with commercial diet (Higashimaru Foods, Kagoshima, Japan) until up to
juvenile stage. Ten days before starting the trial, they were fed with a vitamin C free dietto
acclimatize them to the experimental diet and to deplete the body stores of ascorbic acid.

A total of 240 numbers of shrimp (mean wet weight 0.31 % 0.03 g) were
randomly selected for the experiment. Ten shrimp per tank with four replications per
treatment were randomly distributed in 20L rectangular, white tank with 2 cm thickness
sand bottom. Four shrimp were dried and powdered for whole body AsA contents as an
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initial group. Sea water with 34 ppt, continuously supplied at a flow rate of 3 1 h"! was
re-circulated through a sand bottom filter. Water temperature during 30 days was 25.0+
1.0 °C and declined after 30-day feeding (21.2 = 0.4 °C). Shrimp were fed the
experimental diet twice a day at 10% of total body weight based on average initial weight.
Uneaten feed and exuviae (shell) were removed before feeding and examined the molting
condition every moming. Uneaten feed were dried in freeze drier for feed efliciency ratio
and feed intake calculation. Shrimp were bulk-weighed and counted a tank at a time
every 10 days to adjust the feeding ration. During sampling, all tanks and sand filter were
cleaned. After the growth trial, osmotic stress test was conducted. The efTicacy of dietary
vitamin C was evaluated based on the data from growth performance i.e., survival (%),
weight gain (WG, %), specific growth rate (SGR, %), and number of moult per shrimp,
tolerance against osmotic stress (LT, ) and AsA concentration in hepatopanceras, muscle
and whole body after the 60day feeding trial.

Stress resistance test

After the feeding trial, osmotic stress test was conducted as follows: A rectangu-
lar polyvinyl chloride (PVC) tank (100 x 66 x 12 cm) was used as a water bath. It was
supplied with continuously flowing seawater atarateof 12 L min’!' to maintain tempera-
ture which was as similar as possible with the cultured water (25°C). Before conducting
the stress test, six 5 L-capacity glass bottles (with covers) were placed inside the water
bath and filled with 3 L tap water which was de-chlorinated by aeration for 24 hours. Five
shrimp from each treatment were taken randomly and placed in bottle, in which
de-chlorinated water were supplied. Aeration was not supplied during conducting the
stress test. Mortality was monitored every 10 min. Shrimp sank to the bottom was
considered dead. The death time of shrimp was recorded and the values were converted
to common logarithm value (Log ). The stress test was provided four times per
treatment, but duplication was done in AsA-free diet due to low survival.

Vitamin C analysis

AMP-Na/Ca in test diets was analyzed by DSM Nutrition Japan K.K. AsA
analyses for body tissue such as hepatopancreas, muscle and whole body were
conducted by high performance chromatography (HPLC) (Koshio et al., 1 997). The
HPLC system was composed of a reversed-phase column (COSMOSIL 5C,,
10 x 250 mm, Nacalai Tesque). Mobile phase (flow rate, 1.2 ml/ min) was an aqueous
solution of 0.1 M KH,PO,, and 0.5% metaphosphoric acid (Wako Pure Chemical
Industries Ltd., Japan). The pH was adjusted to 3.7 with 30% KOH. The HPLC system
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used was as follows: column oven (Shimadzu CTO-6A, temp, 40°C), detector (Shimadzu
SPD-6A, UV 257 nm), pump (Shimadzu LP-6A), and chromatopak (Shimadzu
CR4-A). In extraction of vitamin C, samples (0.05 to 0.1 g) were added to 5 ml of
mobile phase, 500 pl 1,2-dichloroethane (Kanto Chemical Co., Japan), and
homogenized with an ultrasonic cell dispenser for one min, and then centrifuged at 4000
rpm, 4°C for 40 min. The supernatant was passed through Sep-Pak C'8 cartridge
(Waters, Millipore Corp., USA) and filtered through a 0.45 um cellulose acetate
disposable syringe filter (Advantec, THRIVE, Japan). The filtrate 20 ul was injected into
the HPLC injection port. L-ascorbic acid (AsA, Wako Pure Chemical Industries, Ltd,
Japan) was used as a standard. All samples for analysis were stored in a deep freezer
at -85°C until use.

Statistical analysis

Data were analyzed using one-way ANOVA (package super-ANOVA;
Abacus Concepts, Berkeley, CA, USA). Significant differences between means were
evaluated by Duncan New Multiple Range Test. Probabilities of P<0.05 were consid-
ered significant. Broken-line analysis (Robbins et al., 1979) was used to estimate the
ascorbic acid level needed for maximal growth and hepatopancreas sustaining which give
a high tolerance in stressful condition.

Results

Data on survival, WG (%), SGR (%), number of molt per shrimp, tolerance
against osmotic stress (LT,,), and tissue AsA concentrations of kuruma shrimp juvenile
after 60 days feeding were presented in Table 3. Poor survival was found in AsA-free diet
after 40-day feeding and had significantly lowest survival at the end of the experiment
(P<0.01). The shrimp fed the diet contained 748 mg AsA/kg had the highest survival but
the diet with 92 mg AsA/kg and above this level, showed no significant differences among
them.A significantly highest WG and SGR were detected in the diets containing 48 mg
AsA/kg after 60-days trial. SGR (%) generally followed the same pattern as WG (%).
Number of molt per shrimp was also examined during the 60-day feeding period. After
20 days feeding, molt per shrimp significantly reduced in the group fed AsA deprived
diets (P<0.05). Significantly highest molting rate was detected in the diets 48 and 92 mg
AsA/kg, however, these two groups were no statistically significant difference each other
at the end of the experiment.
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Accordingly, significantly high survival was detected in these diet groups. The 48
mg AsA/kg diet performed the best results in all parameters of growth performance in this
study. The adequate dietary AsA level for maximum growth of juvenile kuruma shrimp
was found to be 25 mg/kg (71.43 mg AMP-Na/Ca/kg), based on the broken-line

analysis of weight gain (Fig. 1), the regression equation used were Y=240.03 + 2.325X
(R*=1)and Y=298.15.

As dietary AsA increased, shrimp survival increased afier subjecting with osmotic
stress. Shrimp fed without AsA diet showed lowest resistance than other AsA containing
diets. Tolerance against osmotic stress was a significantly strong in the diets containing
367 and 748 mg AsA/kg (P<0.0001), but those two groups were not statistically signifi-
cant each other. When the broken-line model analysis of hepatopancreatic ascorbic acid
was employed, value 0f 332.47 mg AsA/kg (949.91 mg AMP-Na/Ca/kg), the regressing
equations used were Y=12.892 +0.0647.X (R?=0.96) and Y=25.659 + 0.0263.X (R*>=1),
was estimated to be required for hepatopancreatic tissue saturation of M. japonicus (Fig.
2), which gave the significantly high resistance in osmotic stress. A high positive correla-
tion (R*=0.96) was found between hepatopancreatic AsA concentrations and tolerance
against formalin stress (Fig. 3). AsA concentration in body tissues of hepatopancreas,
muscle, and whole body generally reflected the level of AsA containing in the diets.

Discussion

In the present study, shrimp fed the AsA-free group was obviously diagnosefl
high mortality by reduced molting, It was the similar symptoms with previous study for this
species (Guray et al., 1976). The diets affecting in high molting, showed clearly the signifi-
cantly high shrimp survival. However, no other deficiency signs were detected as
reported in the previous study (Deshimaru and Kuroki, 1976). This study suggests that
ascorbic acid is required for the collagen formation and it may play an important role for
the survival of penaeid species (Lightner etal., 1979; Heinen et al., 1984; Catacutan and
Lavilla-Pitogo, 1994; Chen and Chang, 1994; Montoya and Molina, 1995).

An adequate dietary AsA level for maximum growth of juvenile kuruma shrimp
was found to be 25 mg/kg (71.43 mg AMP-Na/Ca/kg), based on the broken-'lme analy-
sis of weight gain in this study. This value is lower than that in the previous studies re.ported
by Shigueno and Itoh, 1988), in which a supplement of 215~430 mg AMP-Mgin 1 kg
diet, but this value was very similar with that of P. monodon (Girietal., 1994),1s S}Jfﬁcn?m
to prevent clinical signs of vitamin C deficiency for kuruma shrimp, M. japonicus juvenile.
For comparison with other species, present result is more or less similar with that of P.
monodon (Hsu an Shiau, 1997, 1998), where 29.27 and, 26.7 and 22.5 mg AsA{kg
were the adequate dietary levels when ApP, AMP-Na and AMP-Mg were used as vita-
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min C sources, respectively. However, our finding is too much lower than other previous
studies (Cheng and Chang, 1994; Hsu and Shiau, 1997) when ApP and AsS were used
as vitamin C sources for P monodon, (209 and 73.83 vs 25 mg AsA/kg). Furthermore,
our present result is lower than that of P. vannamei juvenile where dietary AsA level 120
and 41 mg/kg gave the normal survival for juvenile 0.1 and 0.5 g initial body weight,
respectively (He and Lawrence, 1993), however, it was very near with the adequate level
of P vannamei postlarvae, in which, 15 mg AsA/kg diet was sufficient for postlarval
production, when ApP was used as a vitamin C source in those studies. For the same
species, Laven et al. (1999) reported that 130 mg AsA/kg is the optimal dietary level to
increase body weight using AMP-Mg as a vitamin C source.

Results from the studies as above mentioned, indicated that the qualitative and
quantitative requirements of ascorbic acid for penaeid shrimp may rely on species, stage
(initial size), experimental period or duration of the study and used AsA derivative, which
is the most important factor to determine the AsA requirement for shrimp.

In stress resistance, a significantly highest resistance in osmotic stress was found in
the diet containing 748 mg AsA/kg but there was no statistically significance between 367
and 748 mg AsA/kg diet groups. Accordingly, no statistically significant difference in
hepatopancreatic AsA concentration was observed in those diet groups. The value of
332.47 mg AsA/kg estimated by the broken-line model analysis for hepatopancreatic
tissue saturation of M. japonicus, gave the satisfactory high resistance in osmotic stress in
this study. It means that more or less 35 ng/g hepatopancreatic AsA content is needed to
increase tolerance against osmotic stress. In the previous studies, Kontara et al., 1997
and Merchie et al. (1998) reported that dietary 720 mg AsA/kg and 47 pg/g whole body
AsA concentration were needed to enhance stress resistance in salinity stress for P
vannamei and P. monodon, respectively. According to the results from this study, the
minimum supplementation of 25 mg AsA/kg (71 mg AMP-Na/Ca) in diet is sufficient to
promote the growth performance in kuruma shrimp, however, 333 mg AsA/kg (950 mg
AMP-Na/Ca) was needed for hepatopancreatic tissue saturation, which gave a high
tolerance in stressful condition. It supports the hypothesis that stress creates increased
AsA requirements for larval fish and crustaceans (Dabrowski, 1992).

In conclusion, we suppose that the optimum dietary level for maximum growth
of kuruma shrimp juvenile was 25 mg AsA/kg under the culture conditions in this study.
The minimum dietary level, however, of 333 mg AsA/kg (950 mg AMP-Na/Ca) was
needed for hepatopancreatic tissue saturation, which gave a high tolerance in stressful

condition.
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Table 1.Composition of the test diet

Ingredients %
Casein (vitamin free) 40.0
Squid meal 10.0
Krill meal”! 5.0
Dextrin 10.0
a-Starch 5.0
L-arginine-HCl 2.5
Glucosamine-HCl 1.0
Na-succinate 0.5
Na-citrate 0.5
Pollack liver oil 4.0
n3-HUFA 1.0
Soybean lecithin 3.0
Cholesterol 0.5
Vitamin mixture™ (V.C free) 3.0
Mineral mixture™ 5.0
Activated gluten 5.0
AMP-Na/Ca™ + a-Cellulose 4.0
"I Defatted

23 According to Kanazawa et al., 1977.

"L-ascorbyl-2-monophosphate-Na/Ca.
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Table 2.Proximate composiuon, AMP-Na/Ca’ anc AsA™ concentration of test diets

Analyzed ANP- Calculated Diet Composition (%)™

Diet No Na/Ca ™ AsA level™

level

(mg/kg diet) (mg/kgdiet) Moisture CP” CL'® Ash
1 ND* ND 13.2 51.8 9.7 6.9
2 138 48 12.0 516 9.6 6.8
3 262 92 13.0 51.5 9.6 6.8
4 470 165 13.8 51.8 100 6.9
5 1047 367 13.0 51.5 9.7 6.8
6 2136 748 13.3 516 9.8 7.0

*! L-ascorbyl-2-monophosphate-Na/Ca (AMP-Na’'Ca).

‘2 L-ascorbic acid.

*3 Analyzed by DSM Nutrition Japan K.K., Tokyo. Japan.

*4 Calculated AsA efficacy of AMP-Na/Ca based on manufacturer’ declaration.
"> Not detected.

*6 Dry weight basic (AOAC Method).

*7 Crude protein.

*8 Crude lipids.
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Table 3. Survival (%), WG (%), SGR (%), FE and Number of molt per shrimp fed diets
containing different levels of AsA after 60 days feeding.

DietaryAsA  Survival(%) WG (%)?  SGR(%)*  FE® Numbecrof

moult per

level (mg/kg) shnmp™
0 23.6812 240.03 7.20° 3.44* 3.15*

+ 18.67 +5.84 + 0.49 + 0.54 + 0.64
48 54.03% 351.63°% 10.46 ¢ 4.86* 7.2 be

+18.46 + 58.55 +1.76 + 1.44 + 2.38
92 65.60° 302.09 = 9.97 b 3.71°2 8.70 ¢

+18.98 + 49.64 + 1.89 + 1.05 + 1.87
165 75.42° 300.73 9.08 abc 7.202 6.00 @b¢

+11.90 + 58.55 +1.93 +5.29 + 2.27
367 71.15°% 257.17+2 7.68 3.74 2 5.70 abe

+19.13 + 25.83 + 0.77 + 0.68 + 0.52
748 87.50® 279.11°2 8.24 abe 4.16° 4,95

+15.00 + 34.74 +1.19 + (0.86 + 0.90

*I' Values are mean =+ s.d. of four replicate groups. (n=4)
*2 Values are mean + s.d. of triplicate groups. (n=3)
*3 Weight gain (%)={(Mean Final BW- Mean Initial BW)/Mean Initial BW} x 100
* Specific growth rate (%)= {(Mean Final BW- Mean Initial BW)/ Experimental
period (60-days)} x 100 |
*3 Feed efficiency={ Weight gain (g)/ Feed intake as dry matter (g)}
"¢ Number of molt per shrimp during experimental period (60-days)= Zn: %
where x, and y,= number of shrimp survived and molted at / days, respclz_(;tively;

n=experimental periods
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450 ¢ Y =240.03+2.325X
w0} R2=1
Y =298.15

—e—

o {

Adequate dietary level=25 mg AsA/kg
(71.43 mg AMP-Na/Ca/kg)

Weight gain (%)
8

0 100 200 300 400 500 600 700 800

Dietary AsA level (mg/kg)

Fig. 1. Effect of vitamin C on weight gain (%) of kuruma shrimp, Marsupenaeus
Jjaponicus after 60 days feeding. Each point represents the mean =+ S.D. of four
groups of shrimp, with 10 shrimp per group (n=4).
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Y =12.892+0.0647
] XR2=0.96
Y=25.659 +
0.0263XR2 =1

5 8 3

(9%)
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332.47mg AsA/kg
(949.91 mg AMP-Na/Ca/kg)
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(=]
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1 [ 1 J
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Hepatopancreatic AsA concentration (ug ')

(=]

Fig.2. Effect of vitamin C on hepatopancreas AsA concentration of kuruma shrimp,
Marsupenaeus japonicus after 60 days feeding. Each point represents the mean
+ S.D. of four groups of shrimp, with 10 shrimp per group (n=4).
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320 -
y = 5.7649x + 107.3
R?=0.96
L
280 -
240 -
200
160 ' : : — : '
10 15 20 25 30 35 40

AsA concentration in hepatopancreas (1g/g)

Relationship between ascorbic acid concentration in hepatopancreas and stress
tolerance (LT,,) of juvenile kuruma shrimp Marsupenaeus japonicus.
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The Study of Fermentation Characteristics and In vitro Gas Production of
Leucaena Silage

Zaw Lin ", Aye Min Nwe ?, Aung Aung ,Tin Tin Myaing Y and Tin Ngwe ¥

ABSTRACT

The main aim of forage conservation is to store up p

animals during favorable or unfavorable time. Additives are used tg improve silage
preservation by ensuring that lactic acid bacteria dominate fermentation phgse. Silage
additives are used fermentation stimulant, such as molasses (sugar-rich maternal), starch,
inoculants and enzyme which encourage the development of lactic acid‘bacteria_ The
major objective in silage fermentation is to achieve a stable low pH at which b_lologica]
activity virtually ceases. Protein-rich feeds with low energy content are very difficult to
ensile successfully, and should be mixed with easily fermentable, energy-rich products.
Therefore, in the present study, an attempt was made to investigate the fermentation
characteristics, the nutritive value and digestibility through the gas production of silage
with and without molasses and starch sources. Ensiling technology requires at least 30%
of dry matter (DM) in the forage. The chopped leucaena 18kg alone, 1 8kg chopped
leucaena with molasses 5% and 18kg chopped leucaena with 5% boiling rice powder,
respectively were ensiled in four pitsilos (total of 12 pit silos). Plastic bags (2'-27x 3'-27?)
were used to get completely anaerobic condition when chopped leucaena was ensiled in
every pitsilo. Leucaena silage without any additive (Tc) did not decrease below pH 5 but
Jeucaena silage with starch source (Ts) and leucaena silage with molasses (Tm) decreased
nearly pH 4 from 24 days to 33 days. The fermentation stimulant additives should be
added in leucaena silage making. Temperature was about 25°C from 21days to 33 days.
Dry matter content of Tc, Ts and Tm were 41.3%, 36.8% and 42.9% in 10 days, 42.6%,
38.0% and 46.0% in 20 days and 35.6%, 38.2% and 42.2% in 30 days respectively.
Physical characteristic of three treatments of silage were the same colour, texture, odour
and no fungus contamination. Crude protein contents of fresh leucaena and three types of
silage were not different. Gas productions were not significant each hour in Fig .2, Fig .3,
bisigniffoanpdifemmily=h s 1.8 hc3urs nthe Figd. When gas production of leucaena
s_iIage at 30‘days was Co.m.pared with {resh leucaena, 2as production of three types of
silage was higher than original leucaena,

lant material to feed the

Key words: Additives, conservation, gas production, pH, pit silo, temperature
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Introduction

Ruminants have an important economic role in village systems to provide draft
power, meat, manure, hides and milk in most countries of South—East-Asia. It is well
recognized that rice straw is the main feedstuff for ruminants. Rice straw alone was not
adequate amounts of digestible protein for normal growth of cattle (National Research
Council, 1981). Therefore, supplementation with fodder leaves is often the source of

nitrogen for ruminants during dry season.

Ranjhan (1983) recommended that feeding straw mixed with green fodders,
whether these are grasses or legumes, in the ratios of 3:1 or 1:1 should meet the require-
ments of ruminants for maintenance and growth, respectively. Although a shrub, Leucaena
is very palatable to livestock, thickened stem is far less palatable and nutritious than leaf
or young stems. The leaves, young stems, flowers and pods are all excellent sources of

protein and minerals (Jones, 1979).

Forage, crop residues and by-products are usually consumed fresh by domestic
animals. However, it is possible to conserve them for use during future periods of feed
shortages (Mannetje, 1999). Ensiling technology requires at least 30% of dry matter
(DM) in the forage. With less than 30%, undesirable fermentation takes place and result
in effluent, which creates an environmental pollution problem and increase losses (Ashbell
and Weinberg, 2000). The main aim of forage conservation is to store up plant material to
feed the animals during favorable or unfavorable time. Generally, most smallholders in
Myanmar are not aware of the importance of forage conservation and preservation. Suit-
able technology of forage conservation and preservation should be studied to enhance
forage production and so, increasing the animal population. Forage preservation can be
made in different form such as silage, haylage and hay (Modh Najib et al, 1993). They
can be kept for a longer period of time without much deterioration in nutrient of forage

resources.

Additives are used to improve silage preservation by ensuring that lactic acid
bacteria dominate fermentation phase (Henderson, 1993 and Bolsen et al., 1995). The
group of fermentation stimulant additives or potential additives operates by encouraging
rather than suppressing the silage fermentation (Woolford, 1984). Silage additives are
used fermentation stimulant, such as molasses (sugar-rich material), inoculants and
enzyme which encourage the development of lactic acid bacteria (McDonald et al., 2002).
In Myanmar, silage making is one of the possible options that can solve the scarcity of
feed problem during summer in every year.

' Therefore, in the present study, an attempt was made to investigate the fermenta-
tion characteristics, the nutritive value and digestibility through the gas production of silage
with and without molasses and starch sources.
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Materials and Methods

Twelve silos made by concrete were used to make silage fermentation with four
replications for Leucaena. Each pit silo was made up of 1 foot x 1 foot x 2 feet for length,
width and depth. Leucaena was obtained from 2 Nay Pyi Taw area. Three treatments
(control, molasses and starch) with four replications are used for this silage making pro-
cess. The Leucaena was chopped into 2-4cm length and mixed with and without molas-
ses and starch. They were filled into silo and covered by polythene film for 33 days.
Randomized Complete Block Design (RCBD) was used in this study and three treat-
ments were as follows:

Treatment (1) - Chopped Leucaena ensiled without any additive (Tc)
Treatment (2) - Chopped Leucaena ensiled with molasses (Tm)
Treatment (3) - Chopped Leucaena ensiled with starch (Ts)

Experimental procedure

Twelve silos were randomly selected to make leucaena silage. Weather condi-
tions at harvest were fine and warm (Max 32°C, Min 30°C).The Leucaena plants were
harvested on 10 July 2007 by manual cutting. The branches were chopped into 2-4 cm
particle length by using a simple electric chopper. The chopped Leucaena 18 kg alone as
control, 18 kg chopped Leucaena with molasses 5% as molasses silage and 18 kg chopped
Leucaena with 5% boiling rice powder as starch silage, respectively were ensiled in four
pit silos (total of 12 pit silos). Plastic bags (2"2?x 3'-2?) were used to get completely
anaerobic condition when chopped Leucaena was ensiled in every pit silo.

After filling the chopped leucaena in the pit silo, the plastic bags were sealed w1th
plastic string manually. And then, each pit silo was fitted with concrete-cover and all p1t
silos were covered with polythene film.

Measurement (1) - The temperature, physical characteristics (colour, odour and tex-
ture), fermentation characteristics (pH) and chemical composition
were measured at 3 days interval for 33 days.

Measurement (2)-The gas production was measured by in vifro gas analysis
method (Menke, and Steingass, 1988).




Chemical analysis

Ground samples of forage and silage were analysed for dry matter (DM), organic
matter (OM) by the method described by AOAC (1970). Nitrogen was determined by
using Kjeldahl method (Foss 2020 digestor and Foss 2100 Kjeltec distillation unit) and
crude protein (CP) was calculated as 6.25xN (AOAC, 1970).

Statistical analysis

The data were subjected to the analysis of variance using ANOVA and.the
significance of difference between treatment means was compared by Duncan’s Multiple
Range test (DMRT) for each trial (Steel, and Torrie, 1980).

Results and Discussions

The pH values of these silages are presented in Table 1. The pH values of Tc, Ts
and Tm decreased below 6 after 9 days. Although Tc did not decrease below pH 5, Ts
and Tm decreased nearly 4 from 24 days to 33 days. The pH of Ts and Tm were 4.55
and 4.70 which were significantly (P<0.05) lower than Tc (5.5) after 21 days. This result
showed that the fermentation stimulant additives should be added in Leucaena silage
making because the major objective in silage fermentation is to achieve a stable lc.>w pHat
which biological activity virtually ceases. Additives are being recommendefi to.xmprove
fermentation and reduce the pH (Bates, et al., 1989; Staples, 1995). Proteln—r}ch fee.ds
with low energy content are very difficult to ensile successfully, and should be mixed with
easily fermentable, energy-rich products (Kayouli Chedly and Stephen Lee, 2000).

Physical characteristics of silage are shown in Table 2. The three treatments showed
the same colour, texture, odour and no fungus contamination.

The chemical compositions of fresh leucaena (To) and 10 days old silages z(a)re
shown in Table 3. The dry matter contents of To, Tc, Ts and Tm were 35.6%, 41.3 %,
36.8% and 42.9%, respectively. The chemical compositions of fresh leucaena (To) and
20 days old silages are shown in Table 4. The DM contents of To, Tc, Ts. a}nd Tm were
35.6%, 42.6%, 38.0% and 46.0% respectively. The chemical compositions of fresh
leucaena (To) and 30 days old silages are shown in Table 5. The dry matter contents of
To, Tc, Ts and Tm were 35.6%, 38.2%, 33.2% and 41.16% respectively. All values
except dry matter were expressed in DM basis. At day 10, day 20 and day 30 of
fermentation processes, the dry matter contents of Ts were significant (P<0.05) lower
than Tc and Tm. This might be considered that the presence of starch source in Ts would
increase the moisture content which would cause DM losses due to effluent. Woolford
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(1984) revealed that there have been various estimates of DM loss caused by the
discharge of effluent. Bastimal (1976) observed that some of additives caused loss of
DM according to moisture holding capacity of plant material.

The organic matter contents and crude protein contents of fresh leucaena and
three types of silage were not different. It was indicated that no loss of nutrient content
was observed during ensilage due to good acidification, (pH 4-5). The rate of acidifica-
tion occurring in the silo is important for the conservation of protein (Virtanen, 1933).
Carpinteroa et al. (1979) showed that the addition of formic acid or cultures of lactic acid
bacteria to herbage reduced the extent of proteolysis during ensilage.

It was observed the temperature changes between 26-28°C during the fermenta-
tion process before 18 days but these changes were decreased below 26°C after 18
days shown in the Fig. 1. Increased temperature was occurred before 18 days. McDonald,
etal (2002) stated that respiration lead to a depletion of sugar, and it usually results in the
evolution of heat. In the silo, the heat is retained in the mass of herbage causing an
increase in temperature.

Gas productions at day 10, day 20 and day 30 are shown in Fig .2, Fig .3 and
Fig. 4, respectively. Gas production were not significant each hour in Fig .2, Fig .3, but
significantly different (p<0.05) at 18 hours in the Fig.4. Gas production of Ts was
significantly higher than Tc and Tm at 18 hours shown in the 30 days leucaena silage due
to the utilization of remaining energy source, carbohydrate by the ruminal bacteria for their
biosynthesis. Woolford (1984) stated that the use of starchy materials in silage will
influence its nutritive value if they survive the ensiling process, in which event they will be

available to amylolytic organisms in the rumen.

In Fig.5, it shows that gas production of Leucaena silage at 30 days was
compared with fresh leucaena. Gas production of three types of silage was higher than
original leucaena. It might be tended to decreased anti-nutritional effect such as mimosine
and tannin contained in leucaena by the degradation during the fermentation process (Sethi

et al.,, 1995).




Table 1. PH changes during the fermentation processes of Leucaena silage
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Days(D) Tc Ts Tm

3 6.80 + 0.02 6.65 + 0.20 6.77 = 0.06

6 6.82 £ 0.05 6.61 £0.29 6.53 +£0.22

9 6.83 £ 0.02 6.78 + 0.24 6.65+0.16
12 5.88+0.15 5.58 £0.85 5.20+ 0.59
15 5.18+0.30 5.23+0.50 4.68 +0.42
18 5.75+£0.13 4.40 £+ 0.69 5.23+0.36
21 5.93+0.15 4.80 = 0.69 5.45+0.19
24 5.60* + 0.02 4.48* £ 0.26 4.60° + 0.50
27 5.50* + 0.08 4.55*+0.24 4,70 + 0.37
30 5.15* £0.13 433 £0.35 4.38*+0.19
33 5.40° + 0.16 4,55+ 0.45 4.55* +£0.24

DTc: Leucaena ensiled without any additive
)Ts: Leucaena ensiled with starch sources
3Tm: Leucaena ensiled with molasses
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Table 2. Physical characteristic of control, starch and molasses treated Leucaena

Items Colour Texture Odour Fungus

contamination

Tc Goldenyellow  Soft Fermentation Nil
Odour

Ts Goldenyellow  Soft Fermentation Nil
Odour

Tm Goldenyellow  Soft Fermentation Nil
Odour

silage

DTc, Ts, and Tm see in table 1

Table 3. Chemical composition (%) of 0 day and 10 days old leucaena silage

Day-10
Description T,
Te Ts Tm
DM 35.6 a3 36.8 42.9%
OM 90.3 88.9 89.2 88.1
CpP 239 219 21.6 20.9

) DM: Dry matter, OM: Organic matter, CP: Crude protein, To: Fresh leucaena forage
2 All values except DM are on DM basis
3 Tc, Ts, and Tm see in table 1
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Table 4. Chemical composition (%) of 0 day and 20 days old leucaena silage

Day-20
Description T,
Tc Ts Tm
DM 35.6 42.6% 38.0° 46.0¢
OM 90.3 88.4 90.0 90.0
Cp 23.9 24.0 24.1 25.1

YDM: Dry matter, OM; Organic matter, CP: Crude protein
2 All values except DM are on DM basis
3) To: Fresh leucaena forage. Tc, Ts and Tm See in table 1.

Table 5. Chemical composition of 0 day and 30 days old leucaena silage

Day-30
Description T,
Te Ts Tm
DM 35.6 38.2% 33.2% 41.16°
oM 90.3 90.3 91.0 90.1
CP 23.9 2322 21.7° 21.7°

DDM: Dry matter, OM: Organic matter, CP: Crude protein
2 All values except DM are on DM basis
9 To: Fresh leucaena forage.

Te, Ts and Tm see in table 1.
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Expanding Export, Profitability and Changing Resources:
A Case Study of Small-Scale Shrimp Fishing in Rakhine Coastal Area

Khin Maung Soe ' Ikuko OKAMOTO ?
ABSTRACT

This paper examines the impact of the recent shrimp export expansion in Myanmar
on the economic state of small-scale fishermen. Results indicate that there has been an
active increase in shrimp fishing stimulated by expanding export demand. With this, the
income of shrimp fishermen has increased dramatically in the past 10 years. However,
future prospects appear gloomy due to the possibility of over exploitation of shrimp
resources. The paper concludes with some recommendation to achieve sustainable
development of Myanmar’s fishery sector, emphasizing the importance of monitoring the
current status of fishery resources, economic status of fishermen as well as the needs to
feedback the information to the stakeholders.

Introduction

Globalization is a rather recent phenomenon for Myanmar’s fishery sector. In the
British colonial period, a wide range of commodities such as rice, timber, and minerals
from Myanmar were sold in the international market. However, marine resources
remained largely untapped (U Khin 1948). In the socialist period, only limited amounts of
fishery products were exported through state owned economic enterprises. Only after
private export began in the mid 1990’s did fishery exports grow in any significant way,
and this lead to the expansion of fishing activities geared toward the international market.
In neighboring Southeast Asian countries, export oriented fishing industry developed in
the 1960’s and 1970’s (Hirasawa 1984). Thus, Myanmar was 30 years behind in the shift
to export oriented fishing. In a sense, Myanmar was the last frontier in Southeast Asian
marine waters to which the wave of the globalization came.

' Head of research and Development Division, Department of Fisheries, Myanmar,
Correspondent mail aquadofl 0@gmail.com

? Researcher, Southeast Asia Study Group I, Area Study Center, Institute of Developing Economies-
JETRO. Correspondence mail: ida@ide.go.jp.
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Shrimp is the commodity primarily leads the recent expansion of Myanmar s fishery
exports. After the economic transition in the late 1980’s, shrimp began to account for
about 70% of total fishery exports in value and continues to increase by 20% per annum.
The purpose of this paperisto examine the impact of the shrimp export expansion on the
economic state of small-scale fishermen in the coastal areas of Myanmar.

Concerning the process of transformation from subsistence-oriented to commer-
cial-based fishing, it is often said that even though total catch may increase at the national
level, the economy of small-scale ﬁsherm.en may not necessarily improve (Bene 2003).
Based on surveys conductedina ﬁshing v.1llage in Rakhine State in Myanmar, this paper
examines such propositions by providing research ‘to answer the following three
questions: (1) Who are the small-scale fishermen engaging in expanding shrimp fishing?
(2) What is the extent of the be.neﬁt? To be more precise, what is the income that
fshermen obtain from shrimp fishing? (3) Will the benefit last?

One of the objectives is to identif;_/ small-scale fishermen actively engaged in
Myanmar’s shrimp industry. Thus, the main target of analysis is owners of shrimp fishing
boats. Crews hired by these shrimp boat owners? and those who engage in other type of
fishing are only referenced when necessary.

As far as the authors are aware, only limited research has been done on the current
condition of Myanmar’s fishing industry, and the paucity of statistical information may be
one of the primary reasons. Another may be the f:act that the changing status of this
industry is a quite recent de\:'elopment. Th1§ paperis a case study, and more research is
necessary fora comp.rehenswe. understarfdmg of Mymm’s fishery sector. However,
this paper aims to clarify the rapidly changmg, status of fishing village economy and to set
a precedent for further research on Myanmar’s fishery sector and fishing communities.

Section 1 includes d'iscussion.of the general condition of My
and especially the expansion of shrimp exports. Section 2 describ
associated fishing act1v1f1es. Ch.aracten:stlcs of sm.all-scale shrimp fishermen and the
factors that determine their entry mtg .ﬁs}.nng are c}anﬁed in Section 3. Section 4 includes
examination of income anfl PfOﬁtﬁblhty inthe shn;np fishing industry. Section 5 presents
analysis of the short and mid-term income fluctuations and

: indicates that the income from
shrimp fishing is likely to decrease inthe long term. Conclusions are provided in the final
section.

anmar’s fishery sector
es the study village and

3 Analysis of these crews is very important for understandin

g the improvement
fishing community and is left for future research, P ofthe economy of the
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1. Development of the Fishing Industry in Myanmar

Figure 1 shows changes in the total catch in Myanmar. Availability of statistics
allows the change since 1994-95 to be shown. The catch has been increasing constantly
since 1995-96 irrespective of the type of fishing off-shore on-shore,* inland or aquacul-
ture. The total catch reached two million tons in 2003-04; this is a three-fold increase
compared to 1995-96. The increase is two-fold in the coastal fisheries where small-scale
fishermen mainly engage in fishing activity.

4 In-shore fishing refers to those operations within 5 nautical miles of the waters of Rakine State,

Ayeyarwaddy Division and Mon State, and within 10 nautical miles of the waters of Tanintharyi
Division.
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This increase of total catch results from the growing demand for export,
especially shrimp. Changes in the value of exports of fishery products that have been
compiled from importer statistics since 1988 are shown in Figure 2. Exports have been
increasing constantly and reached US $347 million in 2004-05. Frozen shrimp accounts
for the largest share and averages 72% of the total export value for 1988-2004. Though
reasons are unclear, shrimp exports decreased dramatically both in terms of value and
volume in 1999, but thereafter volume again increased rapidly. These shrimp were
exported not only to developed countries such as Japan, the US, and the EU, but also to
neighboring countries such as China, Malaysia, Thailand, and Singapore (Figure 3). The
increase of exports to China has drawn particular attention in recent years. Export to
China was only 27 tons in 1995-96 but grew to 2900 tons in 2002-03. The rate of
increase in value is moderate compared to that of volume, and this is probably because
the destination of Myanmar’s shrimp shifted from developed countries to markets such as
China and Thailand where the unit price was lower.’

China
11.0%

Hong Kong
4.4%

us
14.1% Singapore Thailand
9.3% 10.4%

- Malaysia
6.0%

Source: DOF [2005].

Fig. 3, Share of Shrimp Importers (Based on Import value) (FY 2002-03)

* The import unit price of shrimp (total import value divided by total import volume) is US $6.1 for the
US, US $5.1 for Japan, and US $4.1 for China.
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The trend in prices clearly reflects the steady increase of fishery exports. Figure
4 shows prices of fish products (wholesale) deflated by CPL. It indicates that the price of
fresh shrimp has been soaring since 1994. The price of dried prawns accompanies the
upward trend of fresh shrimp prices. This is in clear contrast to the prices of carp and cat
fish which are consumed primarily in the domestic market. The sharp increase in the price
of shrimp after 1994 reflects the beginning of private export of shrimp on a wider scale.
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Source:Statistical Yearbook.1993,1997, 2001, 2003. Mmonthly Economic Indicatorkune, 2005.

Fig. 4, Changes in Real Price of Fisheries Product

2. General Overview of the Study Area and Village

The study was conducted in a fishing village in Thandwe Township, Thandwe
District in Rakhine State. Thandwe Township consists of a town and 63 village tracts. The
population is about 140,000. The main industries in the Township are fishing, agriculture,
and tourism.

The fishing sector in Thandwe consists of off-shore fishing and in-shore fishing.
Extensive type of shrimp farming has also been practiced in some areas since 2000.
However, due to decreasing yield (as it is unavoidable due to the nature of extensive type
of shrimp farming) and a surge in production costs, some shrimp farms have stopped
production in recent years. Thus, the share of cultured shrimp is nominal, and the majority
of shrimp are from marine fishing, as indicated in Table 1. In-shore fishing plays an impor-
tant role in terms of catch (fish and shrimp) for marine fishery. Among fishing commodities
marketed to other areas, shrimp is the second most important commodity following salted
dried fish® (Table 2).

¢ “Salted dried fish” refers to anchovies and sardines. These are primarily for the domestic market, but
some are exported to China and Bangladesh through border trade.
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Table 1. Total Catch in Thandwe Township
(December, 2004 ~ November, 2005)

Fish Shrimp
Offshore 374 452
Inshore 5006 517
Total 5380 969

Source : DOF Thandwe

Table 2. Outflow of Fishing Products from Thandwe Township
December 2004 — vaember 2005

Type Volume (Metric Ton)
Shrimp 533.60
Salted dried fish 1660.00
Marine fish 224.70
Squid 66.40
Salt pickled fish 239.00
Canned products 11.50
Mollusks 5.00
Freshwater fish 2.40
Lobster 3.40
Crab 22.60
Total 1108.60

Source: DOF, Thandwe




-96-

Shrimp and fish landed in Thandwe Township are processed in factories either in
Yangon or in Thandwe, Because the number of frozen processing factories in Thandwe
has been increasing since the mid 1990°s (Table 3), it is very likely that the volume
processed in local factories is now larger. The increase of factories in Thandwe is due to
competition designed to assure the supply of raw material, shrimp. In order to obtain high
and stable prices in the export market, the acquisition of fresh raw materials as well as
their prompt processing is indispensable for export companies. In fact, A company listed
in Table 3 purchased shrimp from village brokers since the establishment of the factory in
1996, but it opened its own purchasing depot in villages in 2005. This is a reflection of the
competition among processors for the raw material. According to a village broker who
was in the job well before the expansion of shrimp exports, the volume that can be
collected at present is only one-twentieth of what could be collected in 1996, and the
number of the fishermen that can be dealt with has decreased to one-third the number of
1992, even though the total number of shrimp fishermen in the area was increasing. The
competition is great even at the very end of the marketing chain.’

Table 3. Factories Established in Thandwe

. Main Destination of the
Established Year Products
A 1996 Japan | China
B 1998 Japan China
C 2002 China
D 1998 China

Source: Authors’ Survey.

7'This is based on an interview with a shrimp trader in the Singaung Village Tract (October 2006).
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The field survey was done in a fishing village (Singaung Village Tract) which is
located about 19 km from Thandwe town. Singaung Village Tract consists of 5
sub-villages, and the total population was 1143 in 2006. As indicated in Table 4, many
households are dependent on fishing for their livelihood.® The survey was done in the two
sub-villages (Singaung and Nyaung Chitauk). These two sub-villages have the largest
number of households and are the center of fishing activities of the village tract. There are
agricultural households in these sub-villages, but generally the acreage they hold is small

(two to five acres on average), and cultivation is primarily practiced for their own
consumption.

Table 4. Household Distribution in Singoung Village Tract

Village Sin Nyaung Kyauk In Sin
Goung Chitauk Pyu Daing Kyat
Maw Gyl

- Total HH (A+B+C) 564 327 98 70 84
A. Fishery Household 278 170 59 15 68
(Owner + Crew)

- Owner House hold 143 70 19 1 22

- Crew Household 135 100 40 14 46
B. Agriculture Household 130 83 14 39 8
C.NonAgriculture/Fishery HH 156 74 25 16 8
Share of Fishery Household (%) 49.3 52.0 60.2 21.4 81.0

- Owner Household 25.4 21.4 19.4 1.4 26.2

- Crew Household 23.9 30.6 40.8 20.0 54.8
Share of Agriculture Household (%)23.0 25.4 14.3 55.7 9.5
Share of Non 27.7 22.6 25.5 229 9.5
Agriculture/Fishery HH (%)

Source: Authors’ Survey

 The compiling of this kind of data to clarify the livelihood patterns is not easy as it may appear for
fishery villages. This information is compiled after making a list of all the households in the village,

together with the information of the work each household member engage at the specific point of
time.
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. Nyaung
Total| Singaung Chitauk
Boat Owners | 32 12 20

Source: Authors’ Survey.

Interviews using questionnaires were conducted with fishermen twice in 2006 after
apreliminary survey in 2005. Thirty-two boat owners (who are engaged in three-layered
gill net shrimp fishing) were interviewed (Table 5). Main questions related to household
structure, assets held, history of fishing, fishing season, ownership of fishing gear, catch,
sales prices, non-fishing income, and credit relationships. In addition to that, information
on the other type of fishing, such as anchovy purse seine fishing, sardine gill net fishing and
baby trawling trawl fishing. Small-scale shrimp trawl fishing is prohibited in the area. But
the operation is still in some Rakine waters. Thus information is collected from various
sources and presented as reference.

3. Shrimp Fishing and its Actors
3.1 Background of Shrimp Fishermen

Within the study area, the major gear used for shrimp fishing is the trammel three
layered net, and this has been used for a long time in the study village. A shrimp broker,
who was an agent for the State Fishery Enterprise then, first introduced the net to this
village in 1978. The catch obtained by the three-layered nets is far larger than that
obtained with the one layer net that had been commonly used until then. Thus, fishermen
quickly switched to the three-layered net. Motorization of fishing boats equipped with
5-6 HP engines also began at about the same time in the late 1970’s.

Figure 6 shows the typical fishing season in the study village. Besides shrimp
fishing, sardine and anchovy fishing is common in the village. Those who own farmland do
not fish in the monsoon season because this is the busiest time for farming. Since the catch
of shrimp tends to decrease around March in the dry season, a majority of shrimp
fishermen switch to sardine gill net fishing which they expect larger catches.
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Fig.6, Fishing Season

Shrimp trammel net fishing is normally done by three crew. Most boat owners work
as a crew on their own boat. Owners and crew divide the total catch by a ratio of 6:4.
Each crew receives rewards by dividing the total share of all crew by the numbers of
crew. If working as a crew member, the owner can also receive a portion of the crew’s
share. All operating costs, such as for fuel and repairs, are borne by the owner of the boat
and gear.

Table 6 includes major characteristics of the fishermen who engage in shrimp
fishing. Not only are those who were born into fishermen households engaging in shrimp
fishing but also many whose fathers were farmers, traders, and public servants. It signifies
that there is an active entry into the fishing sector from other sectors.

Table 6, Characteristics of Shrimp Fishermen

SNO Olf Pltlac:t.'nicl)f AAvg. ¢ Educa- Main Occupation of Father
amples y | Age of | tion - - -
Mem- | HH | (Years) Farming| Fishery S::\?;Lct . Commerce| Other |Unknown
bers | Heads
(Years)
32 4.8 41.3] 6.5 17 6 4 2 1 2

Source: Authors’ Survey
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Table 7, Background of Shrimp Fishermen

Number Crew—» Entry from
Owner Other Sector
New 14
Oold 18
Total 32

Notel: “New” refers to those who became the shrimp fishing boat owner for the first time.
Note2: In others, four are from agriculture, one from public service, two from grocery store. and one is unknown.

Some from agriculture, some are still continuing to farm
Source: Author’s Survey.

Table 7, showing the fishing history of interviewed fishermen, endorses this point.
Class mobility among fishermen is especially noteworthy. There are many “new” fisher-
men who have entered from other occupations (farmers, public servants, and grocery
store management). This implies that fishing in the area holds very attractive economic
opportunities even for those who have no experience. Further, six owners used to be
members of crew. This indicates a strong possibility for upward class movement among
fishermen. Even those that started fishing without production assets can become owners
of such assets. This is in clear contrast to those landless agricultural laborers who are
hardly able to be landed farmers in most areas of Myanmar.® Shrimp fishermen in the
study area are consisted of those who have been fishing quite a long time and those who
have just started. And the mobility of the fishermen class is high, and crew members can
become owners in a relatively short period of time.

9 It has been almost impossible for agricultural laborers to be farmers even in the case of exported
pulse production areas that developed rapidly in the 1990’s. See Okamoto (forthcoming).



-101-
3.2 Requirements to Become a Shrimp Fisherman

The key to becoming an owner of a shrimp fishing boat is in being able to acquire
sufficient capital. Table 8 compares the required fixed costs according to different types
of fishing (prices are for 2005-06). The amount of capital needed for the shrimp trammel
net fishing is almost equal to that of sardine gill net fishing and far less than anchovy purse
seine fishing. In this sense, capital needed for shrimp fishing is not so large if they only
engaged in gill net fishing. However, if one would engage in mini / baby trawl fishing, the
capital costs could be very high, which is almost 4 times larger than the trammel net

fishing,

Table 8, Comparison of Initial Investment Costs According to the Type of Fishing Price in
2005-06

Reference
Shrimp Gill Net Fishing Baby Trawl Fishing  Sardine Gill Net Fishing Anchol;riys}f’mu;sc Seine
0.3-0.4 2.3 0.3-0.4 2-25; 3-5
Boat
Engine 0.25-0.3 0.5-0.7 0.25-0.3 0.5-0.7
Net 0.2-0.3 0.2-0.3 0.5-0.6 6
0.75-1.0 2.7-4.0 1.05-1.3 11.5-14.2

Notel: Horse power of the engine is as follows. (1) Shrimp /sardine gill net fishing boat (5-6 HP),
(2) Anchovy Purse Seine boat (18-25 HP )

Note2: Anchovy purse sene fishing requires two boats.
Note3: The market exchange rate was 1120 kyat/US$ (2005-06 average)
Source: Authors’ Survey.

How is the required capital financed? According to Table 9, owners have to have a
certain amount of their own capital. Because the financial market in Myanmar is generally
underdeveloped, owners cannot depend on institutional finance such as banks. Instead, if
funds are short, they must depend on either traders or relatives and friends. In these
cases, half of the required capital is usually financed by personal funds, and the rest comes
from credit or gifts from others.
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Table 9, Means of Raising Capital to Purchase Fishing Gears

— - —
Own Capital+ Credit from Traders Own Capital+ Credit from Relatives and

: Friends
Own Capital : With
; No Interest  With Interest  Unknown No Interest Interest Unknown
2 | 4 2 3 2 1 0
1

Notel: The interest rate was 10% for two cases and 6 % for one case.
Note2: This was obtained from only 14 fishermen.
Source: Authors’ Survey.

Viewing details of financing for the interviewed fishermen, several patterns emerge.
The first pattern includes those who financed themselves and in addition used credit from
the trader who introduced the three-layered shrimp net to the village in the socialist period
(8 fishermen out of 14). In those days, it is very likely that information related to new
techniques or gear was not accessible to small-scale fishermen in distant areas. However,
the traders not only introduced new gears that could dramatically increase catches but
also financed fishermen in order to allow them to purchase the new gear. Fishermen in the
study village took advantage of this arrangement and started shrimp fishing on a wider-
scale.

The main interest of this paper is not on the financing of these “old” fishermen but
rather on those “new” fishermen who began shrimping after 1990. There are two patterns
here: First, some started as crew members in Trammel net shrimp fishing. They accumu-
lated some money in this process. At the same time, they obtained some assistance from
traders and relatives, and they became the owners of boats (4 persons). The period that
they worked as crew members was not so long and ranged from three to eight years. If
they could acquire credit to supplement their own savings, there was a good possibility
that they could become the owner of the fishing boat. The second pattern is that some
members of the younger generation received full support from their parents when they
started working independently (2 persons).

Basically, the financial barrier to begin shrimp fishing as an owner of the boat is not
so high since fishermen can start with accumulated capital through fishing (within relatively
short period of time) or even with the financial assistance from relatives and traders (meaning
that is affordable scale for those providers who are not necessarily affluent ). '




-103-

4. Income and Profitability of Shrimp Fishing

Figure 7 shows the income estimation of shrimp trammel net fishing compared
with other type of fishing.'® The estimation was done as follow. Tiger, white, and pink are
the major species of shrimp caught in the waters of the study area. Gross revenue is
estimated based on the days and months that each fisherman goes fishing, multiplied by
the average daily catch according to each variety of shrimp and the median price. Other
fish are also caught while shrimping, and these are also an important income source for
fishermen. However, these are excluded from the estimation of income because the
species of fishes caught is great, and the fishermen do not usually remember the details of
these catches. Calculation of the ratio of the share between owners and crews was
explained in Section 3. If the owner goes fishing, the share as a crew member is added to
his total income. This part signifies the wage for the owner’s own labor. Current expendi-
tures such as for fuels, wage payments for crew, interest on loans, license fees, and
depreciation costs are included in the “cost”. In calculating the depreciation cost, it was
not possible to obtain all necessary information for the year in which fishing gear was
purchased or the price paid by each household. Thus, the lowest price of the gear in Table
8 is taken as a base price, and the durable years for a boat are assumed to be ten. An
engine is assumed to have six years, and the net is thus four years. If a fisherman is
engaged in two types of fishing activities using the same boat and engine, half of the
depreciation cost is accounted for in each type of fishing.

Million Kyat
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Source: Authors' Survey

Fig. 7, Income According to Type of Fishing

' For a detailed explanation of the estimation, see Appendix Table.
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The result of estimation shows the income of this type of shrimp fishing to be almost
the same level as that of sardine gill net fishing, but it is far less than anchovy purse seine
fishing or shrimp small-boat trawling, This implies that income from shrimp trammel net
fishing is not as high as might be expected. Nevertheless, this level of income is quite high
compared to income that could be obtained from other sectors. There are 19 households
that also get income from the farm sector (average holding is 3.8 acres). Based on their
holding acres and yield, the average gross revenue is 296,000 kyats.!' Note that this is
not “income”, but “gross revenue” before deducting the production cost. Nevertheless,
the scale of fishery income is far larger than farm gross revenue. Even the income from
grocery stores, which is one of the most lucrative income sources in the non-farm sector,
is 420,000 kyats on average. It is still far lower than fishery income, including that from
shrimp fishing.

Looking at profitability, the shrimp gill net fishing seems to provide a better
picture when compared to other types of fishing. Table 10 gives an estimation of capital
profitability based on the profit and the initial investment cost for each type of fishing
activity. The initial investment cost used in this estimation is the minimum and maximum
investment cost shown in Table 8. Since credit is usually provided on a monthly basis in
rural Myanmar, the profitability is indicated on a monthly basis to allow comparison with
the prevailing interest on credit. The profitability of shrimp gill net fishing ranges between
7.1 and 9.5 % per month, and it is much higher than sardine gill net or anchovy purse seine
fishing and almost equal to shrimp small-scale trawl fishing.

Table 10, Comparison of Profitability

Reference (% / month)

Shrimp Gill|  Shrimp Sardine Gill Anchovy
Net Small-scale Net Purse Seine
Case of Mimmum '
Investment Cost |  9.50 9.87 | 7.07 6.04
Case of Maximum | J
Investment Cost f 7.13 6.66 : 5.71 4.68

Source: Authors' Survey.

" Since it was not possible to obtain information regarding the production cost for each paddy, the
author could not estimate income. Besides paddy farming, some farmers are also cultivating ground-
nuts, but the author could not obtain detailed information. Thus, the estimation of paddy gross
revenue is shown as a rough reference.
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The common interest rate found in rural Myanmar is 5 to 15 % per month, and it can be
over 10% if there is no collateral (Okamoto 2006, p. 242-246). Based on the profitabil-
ity of shrimp fishing, this shows that initiating shrimp fishing by depending on loans does
not pay financially if fishermen cannot provide collateral. In fact, this supports the fact that

most shrimp fishermen started fishing by depending on their own capital, and fewer
depended on loans carrying interest.

5. Short-Term Fluctuation and the Long-Term Decrease of Shrimp Fishing
Income

The previous section showed that shrimp fishing provides relatively high income with
very good profitability. However, fishery income, including that from shrimp fishing, tends
to fluctuate quite widely in a very short term, and this creates a large discrepancy in
income among the fishermen.

There are three main factors related to short-term fluctuation of income. The first
factor involves natural conditions such as weather. It is quite obvious that fishermen
cannot go fishing if the weather is bad. For example, there may be 15 fishing days per
month in a normal monsoon season, but once the weather gets rough, fishermen may be
able to go out to sea only three to four days per month. Even if fishermen can go out
fishing, the condition of the fishing grounds and the variety of fish in the sea changes every
day. One day may yield a bumper catch, but the next day may produce none.

The second factor concerns the difference in technique and experience among
fishermen. Even if fishermen go out under the same weather conditions, the same fishing
ground conditions, and with the same equipment, the catch can vary significantly among
different boats. This is due to differences in the knowledge and experience of fishermen.
The coefficient of variation for the catch of sample fishermen (assuming they face the
same fishing conditions) is 1.09 for tiger, 0.66 for pink, and 1.04 for white shrimp. All
exceed 1 and show that there is a wide variation among fishermen.

The third factor relates to the fluctuation of operating costs, especially the cost of
fuel. Fuel costs account for the largest share in current expenditures. The total cost of
diesel oil and engine oil is about 70% of the total cost (Appendix Table). If the cost of fuel
rises, profit will be reduced dramatically. Oil prices have been increasing worldwide since
2005, and Myanmar has not been an exception in receiving a negative impact as an oil
importer. The price of diesel oil was rather stable (between 1.4 and 1.9 dollars per gallon
from 2000 to 2004) but increased to 2.5 dollars in 2005 and further to 3.4 dollars in
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2006."* Under these circumstances, fishermen reduced fishing days per month and/or
shortened the overall fishing period.”* The fluctuation of input prices can change patterns
of fishing and thus lead to fluctuations in income from fishing.
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Fig. 8, Distribution of Monthly Income

Figure 8 includes the distribution of monthly income from shrimp fishing. It shows
wide variation among those whose income is minus to those over 1 million kyats. Evenif
a fisherman has good knowledge and much experience, there are uncontrollable factors
such as weather and natural conditions of the fishing grounds. This kind of short term
income fluctuation can be regarded as unavoidable.

How can shrimp fishermen continue operations despite income fluctuation that
may even lead to negative income? Credit from shrimp traders plays a role. There are
about 10-15 shrimp traders in the study village. These shrimp traders often provide loans
to the boat owners as working capital for operation. The provision of working capital
assures a stable supply of raw materials (shrimp from those fishermen). As noted earlier,
the competition among traders is increasing sharply. Thus, traders see the credit provision
as a very useful tool to hold a continuous trading relationship and get stable supply of

12 This was calculated using the market exchange rate. Diesel oil prices were provided by Tokyo-
Mitsubishi Bank, Yangon Office, and the exchange rate was obtained from various sources in Yangon.
The price of diesel in Thandwe is usually a bit higher than the price in Yangon. However, it was not
possible to collect time-series data for Thandwe, so the Yangon price was used as an alternative.

¥ Since 2006, some off-shore fishing boats have also stopped operating because of high fuel prices.
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shrimp. Normally, no repayment date is set, and there is no explicit interest payment for
this kind of credit. However, the price paid for the shrimp of those credit-linked fishermen
is usually less than the price paid to non-credit receivers. The price of the village traders is
generally lower than that initially offered by the companies. Nevertheless, fishermen
continue to deal with traders in the villages so that they can depend on them when they
find themselves short of capital. Given the wide fluctuation of income in shrimp fishing,
they view the relationship with the traders as a kind of insurance. Table 11 indicates to
whom fishermen are selling their shrimp according to the level of monthly fishing income.
It clearly shows that the lower the income, the higher the share of the fishermen that have
trading relationships with the traders in the villages and receive credit from these traders.

Fishermen with negative income sell shrimp to the traders in the village and depend on
credit from them.

Table 11, Buyers and Credit Relationship

0-01 0.1-0.5 0.5-1.0| Overl
Monthly Income (Kyat) | Minus | Milion | Million Million | Million
Kyat Kyat Kyat Kyat
Processing - 1 5 - 2
Buyer | Factory
Village Trader 5 8 11 1 2
Family - 1 1 - -
No Fixed Buyers - - - 2 -
Total 5 10 17 5 4
Those have credit 5 3 5 - -
relation with the buyer

Sources: Authors’ Survey

In addition to the short term fluctuation of income, there is a strong possibility of long-term

change in income level within the study area. This is due to the decreasing trend of catch
per shrimp boat.
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Table 12, Changes in Catch per Boat per Day

Viss / Day
No |Shrimp Species [Mid 19805|Mid 1990s{ 2000 2003 2004 2005
1 Tiger 3.0 0.2
White 2.0 2.0
Pink 0.1 0.1
2 Tiger 0.5 0.4 03
White 3.0 23 2.0
Pink 0.4 0.4 0.4
3 Tiger 4.0 . 33 1.3 0.5
White 8.0 6.7 2.5 1.7
Pink 8.0 6.7 33 0.5
4 Tiger . 0.5 0.2
White 5.0 3.0 1.0
Pink 5.0 4.0 1.0
5 Tiger 0.3 0.1
White 1.2 1.0
Pink 0.3
6 Tiger 0.5 0.2
White 2.0 1.0
Pink 0.5
7 | Tigee  |100 5.0 3.0 2.0
White 20.0 5.0 3.0 3.0
Pink 5.0 3.0 2.0 1.5
8 Tiger 3.0 0.3
White 5.0 0.5
Pink 50 0.5
9 Tiger : 2.0 0.5 0.3
White 10.0 1.0 1.0
Pink 5.0 1.0 0.5

Note One viss equals 1.63 Kgs
Source: Authors’ Survey
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Table 12 illustrates changes in catch per boat based on interviews with the fishermen.
These estimates primarily depend on the memory of the fishermen, so some related to
earlier times may not be precisely accurate. Nevertheless, figures are sufficient to grasp
the general trend of how catches are changing. According to the table, catch per boat per
day has been continuously decreasing when compared to 10 or 20 years ago. This is
probably due to the growing number of shrimp fishing boats in the waters surrounding the
village. Since the mid 1990’s, shrimp fishing income and profitability have risen along with
the expansion of shrimp exports. This has led to more people entering the shrimp fishing
business. As a result, there are many more fishing boats in the same fishing grounds than
there were in the past. Further, there are reports that some in-shore and off-shore trawls
are operating in the same area, although such activity is prohibited.'* Because of this

rapid increase in the number of boats chasing shrimp resources, the catch per boat per
day has decreased quite dramatically in a short period.

The decreasing rate of catch in the past five years ranges between 30 to 80 %
depending on the type of shrimp (calculated based on Table 12). If a catch were 30%
higher than the present level, the shrimp fishermen’s income could be as high as 1.8 million
kyats. If it were 60% higher, it would reach 2.4 million kyats; this exceeds the income
from anchovy purse seine fishing. Profitability would also rise to 15.1 to 20.1 % per
month. It is quite likely that shrimp fishing was very attractive when fishermen could get
these levels of catch compared to other types of fishing. High income and high profitability
led to continuous new entry into shrimp fishing. Thus, shrimp could have been over
exploited, leading to the present level of the catch.

Unfortunately, no comprehensive resource survey has been done since the 1980-83,
and no systematic data related to catch according to fish species is available. Thus, itis
difficult to know exactly how much shrimp resources remain in the sea. However, even
with limited information from fishermen, the declining status of resources seems quite
obvious. This is a typical example of “Tragedy of Commons” (Hardin 1968).

What will happen if the current trend continues? Assuming the present rate of
profitability in shrimp fishing, it is most plausible that entry into the business will continue
given that there are no other attractive economic activities in the area.’s Suppose the level
of operation costs remains the same. Table 13 gives an estimate of the profitability when
the average catch decreases 30%, 40%, and 50% of the present level. If the catch
decreases by 30%, the profitability would be reduced to from 2 to 4 % per month. In the
case of a 50% decrease, there would be no profit. Same picture applies to in-shore
shrimp trawl fishing, when the possible changing profitability is calculated in the same way.

1 The catch of shrimp in off-shore areas has also been decreasing in recent years. Consequently,
off-shore boats sometimes come into in-shore areas. The catch by the in-shore shrimp trawlers is
reported to be decreased as well.

15 Anchovy purse seine fishing seems to be getting popular in the Thandwe area as an alternative
high income source. The level of potential income is shown in Figure 7. However, compared to shrimp
fishing, the initial investment cost is quite high, and entry may not be so easy.
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Table 13, Changes of Profitability According to Change in Catch

(% month)
Present Catch Catch Catch
Decreased by | Decreased | Decreased by
30% by 40% 50%
Case of Minimum 9.50 3.82 1.93 0.00
Investment Cost
Case of Maximum 7.13 2.87 1.45 0.00
Investment Cost

Source: Authors: Survey

Short term income fluctuations noted earlier occur under this long-term decreasing
trend of catch per boat. The average income gradually decreases, and income fluctuation
is inevitable. This suggests that fishermen with negative income are very likely to increase
in future. Some may have to exit from shrimp fishing.

If fishing efforts continue to increase at the present level, shrimp fishing will not be an
attractive economic opportunity as it stands now. New entry will stop at some point.
However, it is possible that shrimp resources are overexploited to the extent that recov-
ery isno longer possible by that time.'¢ In such a case, the dynamic improvement of the
economy of small-scale fishing which occurred in the past 10 years will no longer be

sustainable.

16 According to interviews conducted at a Japanese shrimp export company in Yangon, if shrimp
fishing continues at the present level, shrimp will be depleted in the coastal waters of Myanmar
within 10 years. If fishing boats with higher levels of equipment are used, the resource depletion will

proceed much faster (October 2006).
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Conclusion

Globalization of Myanmar’s fishing industry led to growing shrimp exports from the
mid 1990’s. Based on a village case study, this paper examined the impact of this global-
ization on the economic status of small-scale fishermen. Major findings of the analysis are
as follow.

Entry into small-scale shrimp fishing became very active from the mid 1990’s due to
growing shrimp exports. In addition to those fishermen who had been shrimp fishing since
the socialist period, there were many new entries from other sectors.

Financial constraint was not a serious threat to entry into shrimp fishing. The initial
requirement for purchasing fishing gear and boats remained in a scale that could be met by
the accumulation of capital from fishing activities together with financial assistance from
relatives and loans from traders.

Income that can be obtained from shrimp fishing is far larger than income from other
sectors. Indeed, it is more than farm income or major non-farm income. Further, the
profitability of shrimp fishing is much higher than that of other types such as sardine or
anchovy fishing. High income and high profitability have been the main incentive for entry
into shrimp fishing. Thus, small-scale fishing in the coastal areas, at least with those who
own shrimp boats, has received great benefit from the expansion of shrimp exports.

However, high income from shrimp fishing is probably not sustainable in the mid and
long term because of the increasing competition due to continuous entry into shrimp
fishing. This “Tragedy of Commons” is continuing steadily and rapidly. With the expansion
of small-scale trawl fishing for shrimp, the shrimp resource can be easily overexploited.
When income fluctuates under a long-term declining trend of catch, more fishermen may
have to exit the shrimp fishing business. If some kind of the fishing resource management
is not begun soon, the dynamism that improved the economy of small-scale fishermen in
the coastal areas of Myanmar in the past 10 years will not be sustainable in the future.

Based on this case study, even it is confined to a single village tract, several points
can be made on fishing resource management for sustainable development of Myanmar’s
fishery sector.

First, it is very important to grasp the changing status of fishing resources according
to each variety of fish. Without good understanding and monitoring of the existing fishing
resources in Myanmar waters, appropriate resource management as well as its utilization
schemes cannot be formulated. For that purpose, resource monitoring and management
system/ institutions need to be established for collection of information and data at the
very local level and for analyzing them in the ministry headquarter.
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Second, it is also very critical to understand the economic factors of expansion and
declining of different type of fishing. The case study clearly showed that economic
incentives certainly have an influence on the fishing efforts by specific fishing gears in quite
a short period of time. For that purpose, it is necessary to grasp and monitor the current
status of economy of fishing at the very local level as well the marketing condition (both
domestic and international) of those fishery products.

Two ways of gathering information will be effective. One is the periodic collection
(weekly and monthly) of landing of major fishes, their prices and important inputs cost
such as diesel oils. Second is conducting fishery economic surveys in the major fishing
points once a year in different areas (such as Tanintharyi, Rakhine and Ayeyarwaddy) to
analyze and check the profitability of different types of fishing. These studies can cover
in-shore, off-shore and inland fisheries. By combining the information and analysis from
these two sources, policy makers will be able to monitor as well as forecast the changes
of production and it would enhance the capacity of policy formulation for future
development.

Third, by collecting and analyzing the information on the resource status and economic
status of different type of fishing, it is also indispensable to disseminate the information/
analysis to the fishermen, fishing community and marketing intermediaries. It is well known
now that the proper resource management cannot be achieved with the legal / administra-
tive enforcement alone, but public awareness and participation of local community is
critical making those efforts effective in real terms. To encourage the participation, the
access to these kinds of information needs to be extended to every stakeholder in the
fishery sector.
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Appendix Table, Estimation of Income for fishing Boat Owners

Shrimp Sardine |Anchovy
Gillnet Gillnet |Purse Sene
Number of Samples 32 30 11
Average Operating Months Months 5.8 4.0 6.0
Average Operating Day per Month| Days 16 17 21

Tiger 0.7

White 1.8

Catch (Viss / day) Pink L6

( 1viss is equal to 1.63 kilogram] Flower

Sardine 250 250
Anchovy 400

Tiger 13,000

White 8,000

Pink 4,000

Selling Price (Kyat/ viss) | Flower
Sardine 250 250
Anchovy, 400
Owners Gross revenue @ Kyat _ [2,840432 | 2,459,930 [33,075,000
(A) Wage payment to crew Kyat 1,136,173 983,972 21,498,750
(B) Current Cost 798455] 433,606 | 1,997,500
- Fuel ) Kyat 555,820 387,119 | 1,200,000
- Net Purchasing Kyat 200,000 0 0
- Fishing net maintenance Kyat 42635 46487 | 797,500
(C) Depreciation Cost Kyat 32,175 144,675 | 1,575,000
- -Boat and engine Kyat 32,175 32,175 495,000
- -Fishing net 112,500 | 1,080,000
(D) Interest payment Kyat 7,500 0 0
(E) License fees Kyat . 10,950 6,450 35,500
(F) Total Costt (A+B+C+D+E) Kyat 1,985,253 | 1,568,703 |25,106,750
(G) Owner’s Net Revenue Kyat 855,179 891,227 | 7,968,250
(H) Revenue as Crew Kyat 378,724 327,991 0
(I) Owners Annual Total Income

Note 1: The shared of the crews are converted to monetary terms and treated as hired wages
Note 2: Shrimp gill net is only can be used for one year, Thus there is no depreciation cost
Note 3: If the sardine and shrimp fishers use the same boat and engine, half of the depreciation
cost is accounted for each fishing venture

Note 4: Licenses fees for crew are paid by the owner

Note5: The wages for labor of an owner working as a crew as well

Sources: Authors’ Survey
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The Successful Control of Leucaena (Bawzagaing) Toxicosis in Myanmar
Sheep with Freeze-dried IBT- Goettinger Bioreactor Grown Syngestes jonesii

Aung Aung!, Tin Ngwe!, Udo ter Meulen? and Helge B6hnel®

ABSTRACT

Subcultures of Synergestes jonesii, a species of rumen bacteria were supplied
by Mr. R. Anderson. It was said that this bacterium was a strict anaerobic bacteria. These
bacteria were multiplied under anaerobic conditions using IBT-Goettinger Bioreactor at
the Institute of Biotechnolgy, University of Goettingen, Germany. Then the suspensions
were freeze-dried and carried to Myanmar for field experiment. Feeding trail was
conducted at the Department of Physiology and Biochemistry, University of Veterinary
Science, Myanmar. Nine sheep of Myanmar breed with similar age (6-8 weeks) and
liveweight ranging form 12-22 kg from Pyawbwe area were allocated in 3 groups
(3 sheep in each group) with CRD design. The animals from group I were fed with normal
feedstuffs (rice straw + sesame + rice bran) and the other groups were fed on rice straw
supplemented with leucaena at 40 % of total diet. The diets were isonotrogenous at 17 %
of CP. The animals from group III were inoculated with Freeze-dried Synergestes jonesii
to investigate in vivo mimosine degradation while the animals from group II were
inoculated without bacteria. There were no clinical symptoms of leucaena toxicosis in the
animals of group III while the animals of group II showed clinical symptoms of leucaena
toxicosis. Moreover, body temperature of the animals from group II (39.3-40.6 °C) was
higher than that (37.7-37.8 °C) of animals from group I and III. Besides the achievements
such asrice straw intake, digestibilities of nutrients, daily nutrient intake, digestible nutrient
intakes and nitrogen retention of group II were statistically lower while those
achievements of group III were almost the same to those of group I. It could be
concluded that S. jonesii can maintain its ability to degrade mimosine after freeze-dried.
Therefore freeze-dried S. jonesii could be recommended to improve the usage of leucaena
fodder as ruminant feed in Myanmar.

Key words; digestibilities of nutrients, mimosine, nutrient intake, rice straw intake,
rumen bacteria

! Department of Physiology and Biochemistry, University of Veterinary Science, Myanmar

? Institute of Animal Physiology and Nutrition in the Tropics and Subtropics, Georg-August
Universitit, Géttingen, Germany

* Institute of Tropical Animal Health, Georg-August Universitit, Gottingen, Germany
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Introduction

Ruminants have an important economic role in village systems to provide draft
power, meat, manure, hides and milk in most countries of South-East-Asia. There is an
evident that high human population densities will continue to ensure that the first priority of
land use must be on production of food and plantation crops. In global consideration, this
demographic pressure leads to a greater emphasis on the development of livestock and
agricultural systems. Therefore, ruminants are important to provide draft power, meat,
manure hides and milk especially at the village systems in most countries of Sout-East-
Asia.

The animals, especially monogastric animals, often compete with human beings
for food resources. However, ruminants play an important role in this aspect because of
their ability to convert feed that cannot be used by monogastric animals into meat and milk
for human consumption. It is well recognized that rice straw is the main feedstuff for
ruminants in Myanmar during dry season. Despite its widespread use and availability,
straw has severe nutritional limitations for ruminants in particular, because of its low
digestibility, low crude protein contents, high insilica, lignin and low intakes. Its nutritive
value, 2.5% CP (Tin Ngwe et al., 1993b), digestibility (DDM-50.5%, DOM-58.2%,
DCP-21.2 % & DCF- 36.4 % in the report of Tin Ngwe, et al., 1993a) and palatability
are quite low. Therefore, cattle and buffaloes cannot maintain their live weight when rice
straw is fed as a sole diet. Wanapat et al. (1984) mentioned that the liveweight changes of
cattle and buffaloes after feeding rice straw only were — 1.34g/d and — 108 g/d respec-
tively. Thus, ruminants cannot maintain their liveweight when rice straw is fed as sole diet.
Supplementation with protein rich feedstuffis one of the common ways to overcome the
low quality nutritive value of rice straw, however still being the main limiting factor in
ruminants in tropical countries. It is because; supplementation with fodder leaves is often
the only source of nitrogen for ruminants during dry season. Leguminous forages may
provide specific substrates and nutrients, such as protein. Cellwalls are better fermentable
than those of straw and essential minerals and vitamins, which increase microbial activity
in the rumen. Therefore, leucaena forage is one of the options to be used as supplement.
It is widely used as feed forage for cattle in tropical agriculture (Shelton 1998). Itis used
as a protein source in urea-molasses multinutrient blocks for ruminants in Myanmar
(NiNi Maw et al., 2002).

Although Leucaena leucocephala (leucaena) is one of the recommended
forages, it is not a fully satisfied feed for ruminants. It contains a toxic amino acid, mimosine
that has antimitotic and depilatory effects on animals. Mimosine is an alkaloid,
B-3-hydroxy-4 pyridone and it is a toxic non-protein free amino acid. The concentration
of mimosine in the leaves and seeds of L. leucocephala (leucaena) varies with the
different types and strains of the plant. Ter Meulen et al. (1979) found that mimosine
concentration in samples of plants grown in Zaire were 7.19 % and 12.13 % of the total
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protein in the leaves and seeds. Therefore it was recommended that leucaena should be
fed up to 30% of total diet (Sethi and Kulkarni, 1990). Kumar (1996) reported although
leucaena toxicosis can be controlled with mineral supplements, it was not cost benefit for
livestock production. Later as biological solution, the anaerobic rumen bacteria,
Synergestes jonesii was found in the rumen of which pummels some countries in the
Americas and South-East Asia (Jones, 1979). He has proved in 1981, that these bacte-
ria can completely degrade mimosine in Australia and subsequently to Africa and China
(Jones, 1981). However, the use of these bacteria has still limitations for end users in
deed, because it is a strict anaerobic bacterium and takes long time to grow on media
plates. Moreover, there are some limitations such as storage and inoculation for end users
are still needed to be solved. Therefore this was conducted with the intention for the
easier way of storage for the end users.

This experiment was carried out with the following objectives;

1. To test the maintenance on mimosine degrability of S. jonesii after freeze-drying,
2. To control mimosine toxicity in Myanmar sheep,

3. To improve the usage of leucaena forage as ruminant feed in Myanmar.

Material and Methods

Subculture of S. jonensii, the ramen bacteria responsible for mimosine degrad-
ability was provided by Mr. Anderson. These bacteria were multiplied at the Institute of
Biotechnology in the Tropics, University of Goettingen, Germany using IBT-Goettinger
Bioreactor anaerobic condition and suspension was freeze-dried for field experiment
(Aung Aung et al., 2007). The feeding trial was carried out at the Department of Physiol-
ogy and Biochemistry, University of Veterinary, Myanmar.

Source of rice straw

Rice straw used in this experiment was collected from the farms of Department

Agn‘cultflra}l Research, Yezin, Myanmar. Rice straw was obtained from the paddy har-
vested within May and July,

Manipulation of feedstuffs and experimental animals

Rice straw was dried under sunlight until the weight became constant and stored
under the shade. The leucaena leaves around the University of Veterinary Science were
collected and dried and kept under the shade. The sesame cakes were also bought from
the animal feed distributors in Yezin, Nine sheep of local breed from Pyawbwe area
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(pear the University of Veterinary Science, Myanmar) with similar age (6- 8 weeks) and
ll\feweight ranging from 12 kg to 20 kg were used to evaluate detoxification of mimosine
With digestion trial. Each animal was kept in individual metabolic cages that enabled
complete collection of dung and urine, and determination of voluntary intake of rice straw.

e diets were formulated (17 % CP of total diet) according to the recommendation for
nutrient requirement of sheep (NRC, 1985).The animals were fed on supplements
preceding rice straw ad libitum. Water was also given free access. Feeding regime can
be seen in Table 1. Animals from group II and ITI were supplemented with leucaena at 40
% of total diet according recommendation of Aung Aung (2007). The experimental
period was carried out from August to November, 2005. The temperature during the
experimental period ranged from 28-32 °C.

Experimental design, period and sample collection

The animals were allocated in a complete randomised design (CRD) including 10
anmimals in each group.

Group I control animals fed without leucaena leaves

Group II control animals fed leucaena inoculated no bacteria

Group III animals inoculated with freeze-dried S. jonesii
(4.37 x 10'/ bottle)

Freeze-dried bacteria were resuspended with normal saline and the animals were
drenched with a syringe (Fig. 1).

Digestion trial was carried out to determine digestibility by conventional collection
method. It consisted of 7 d for preliminary experiment, 14 d for feeding trial and 5 con-
secutive days for collection of faecal and urine samples. Daily samples of rice straw feed,
sesame meal, rice bran and leucaena leaves were taken and rice straw residues were
removed, weighed and sampled before next morning feeding. During collection period,
faeces samples were taken (5 % of the total mass) weighed, and put into the plastic
bottles. Two to three drops of formaldehyde solution was put into the bottles to prevent

the putrefaction. For the collection of urine, sulphuric acid was added into the urine to
become pH 4.
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Observations

The presence of the clinjcal signs and symptoms of mimosine toxicity for the

animals were observed daily. Moreover, the daily body temperatures of the animals were
recorded. '

Chemical analysis

The samples of feeds and residues collected during voluntary periods were
analysed for dry matter (DM), organic matter (OM), crude protein (CP) and, and ether
extract (EE) by the methods described by AOAC (1984) and, neutral detergent fibre
(NDF) and acid detergent fibre (ADF) according to the methods of Goering and van
Soest (1970). Faeces were dried under sunlight until weight became constant at ambient

temperature for chemical analysis and this facilitated in grinding faecal samples. Urine
samples were analysed for protein content.

Statistical analysis

Data were analysed using Microsoft Excel (office 2003 Professional) and subject

to statistical analysis of variance. The means were compared by Duncan’s multiple range
test (DMRT) at P< 0.05 by using SPSS 11.5 for windows.

Results

Clinical symptoms of Leucaena toxicosis

It was observe that body temperature of animals from treated contrgl group rlange;dl
from 39.3-40.6 °C while the animals from group I and Il had 37.7-37.8 °C. Tl.le c mllc
signs such as alopecia (Fig. 2), decreased in feed intake, dullness and drooling saliva

were observed after one week of experiment. Nontheless, the animals of group\l]l showed
no clinical symptoms, :

Chemical composition of feedstuffs and diets

The chemical composition of feedstuffs and diets are presented in Table 2 and 3.

As the diets were isonitrogenously formulated, there was no difference between chemical
constituent of diets.
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Voluntary feed intake

Fig 3. shows comparison of rice straw intake of animals from three groups
(Yo BW). All animals showed increased in rice straw intake till day 7 of experiment.
However, the animals from group Il showed decreased rice straw intake after that while
the others were having improvement in rice straw intake. It can be found that voluntary
intake of group was lower than others. They ingested 25.71 g /kg BW °75/d rice straw
whereas the other groups ingesting more than 27 g /kg BW %7/d.

Digestibilities of nutrients and nutritive values of diets

The digestibilities of nutrients are shown in Table 4. Among these findings, dry
matter digestibility of group Il is 58.64 % and it is significantly lower than that of other
groups (P<0.05). The percent OM digestibilities of group I and III (63.02-66.64 %)
were also significantly higher than that of group I (P<0.05). Digestibility of protein and
ether extract of group Il are 64.89 % and 68.89 %, whereas those of other groups are
higher than 70 %. In this experiment, it was also found that mimosine affected on the
digestibilities of fibres (ADF and NDF) of group II (50.39 and 56.46%) which were
statistically lower than those of group I and Il showing relative similarity to group I (P<0.05).
According to these findings, digestibilities of nutrients in treatment groups ITI was almost
the same to group I that animals fed without leucaena leaf meal.

Nutritive values of dietary treatments are shown in Table 5. TDN, % DM of
group Il was 62.82 and significantly lower than other groups. Although no significant

difference between DCP, % DM of groups was found, that of group I1 (12.77 %) was
numerically lower than others.

Daily nutrient intakes and digestible nutrient intakes

Daily nutrient intakes are presented Table 6. Although DMIof group I (57.35 g/
kg BW %75/d) was not significantly different from other groups (P<0.05). However, in
comparison of DDM], that of group II was significantly lower. OMI of group III was
similar to group I while that of group II showed significantly lower than that of group L.
The DOMI of group II was entirely different with findings of other groups (P<0.05).

CPI & DCPI of dietary treatments are also shown in the Table 6 and 7. Although,
CPI of group I is almost the same to others, DCPI of that showed statistically unsatisfied
finding when compared with others (P<0.05). However, comparing EEI and DEEI,
significant differences among the groups were not observed. In comparison of daily
intakes and digestible intake of fibre fractions, those of group I could not show satisfac-
tory achievements. TDN intakes of animals are also shown in Table 7. That of group II
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(33.31 g/ BW kg®"%/ d) also showed unsatisfactory effect while that of group III was
statistically comparable to that of group I. .

Nitrogen utilization

Table 8, shows nitrogen utilization of experiment. There was no si gnificant
difference of nitrogen intake of the groups, but faecal nitrogen of group I1 (0.82 g/d/
kgBW°7) was significantly higher than that of others. Moreover, other treatment groups
showed relatively the same value of nitrogen retention and faecal nitro gen with those of
group I. However, urine nitrogen all groups was the same. There was also no significant
difference between the groups incubated with different microbes. As faecal nitrogen of
group I was significantly higher than that of others, nitrogen retention (0.68 g/kg BW°-7s/
d) of this group showed significantly lower than that of other groups.

Discussion

Toxic symptom of leucaena mimosine

As shown in Fig. 2, control sheep inoculated with no mj

hair after 7 d of experiment. This finding similar to earlier re;oﬁéil;:;zi};?:;d 11098684:) ‘
They reported that sheep shed the hairs after 6-7 d of feedin g leucaena Re:is t 3
(1978) also found loss of hair in sheep 7 d after infusion of mimosine Moreox;er theftg e
effects of leucaena feeding observed in this experiment are simjilar :co those re : ort c;) )filc
cattle in earlier studies (Jones ez al,, 1978; Jones and Hegarty, 1984). In the e)? e iment.
of Szyszka et al. (1980), the goats lost hair after two weeks (;f exper.iment shé)w?:l b
other signs. The signs of toxicity in 4 crossbred calves indicated that rumen microorgalzﬁ
isms were une}ble to break down mimosine or DHP to non-toxijc metabolites, unlike
Hawaiian ruminants (Jones and Megarrity, 1983). In the experiment of Ram et al. (1994)
the ca.llv.es ona so[e diet of leucaena had loss of appetite and loss of weight gains with
emaclafwn, alopecia, loss of hair from the tail switch, scaly skin, ear and eye lesion, mouth
ulceraittlon and .drooling viscid saliva and these are the same to the findings in this
experiment. As in treatment groups inoculated with mimosine degrading bacteria showed
no clinical signs, it meant that there was no toxicity in those animals also they ate the toxic
level of leucaena leaf meal as group II. Samata et al. (1994) have discussed that
occurrence of leucaena toxicity has two phases. Phase I is caused by mimosine itself and

phase I is brought about by 3-4 DHP.
The body temperature of the sheep associated with toxic symptoms had

39.3-40.6 °C. This finding was similar to that of Hegarty et al. (1964). They found that
body temperature of sheep was 105 °F (40.56 °C) after 4 d of infusion of mimosine. That
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sheep was died of mimosine toxicity 5 d after infusion. The cause of increase in tempera-
ture is not clear. DHP inhibit iodine uptake (Hearty et al., 1976) and then it can lead to
overload of thyroid gland in acute case. The overload of thyroid gland might cause
increased body temperature. However, in the experiment of Jones et al. (1978), rectal
temperature of all cattle showing toxic symptoms were normal.

Chemical composition of leucaena and diets

The % DM of leucaena in this experiment is a little bit lower than earlier reports
(Sobale, 1978; Yadav and Yadav, 1988; Hilal et al., 1991, NiNi Maw et al., 2002). In
their reports, leucaena contains more than 91 % DM. Dry matter content of leucaena in
this study is 89.32 % and it might be due the weather condition of research period, but
this is similar to the findings of Gupta and Atreja (1998a). This experiment was conducted
during the raining season of Myanmar and there might be some moisture content in leucaena
meal. It is also found that leucaena used in this experiment contained 91.0 % OM and
similar to former report (91.22 % OM) of Ni Ni Maw et al. (2002). Crude protein
content of leucaena in this study (22.72 %) is lower than that from the reports of Sobale
(1978) and Kale (1979). In their report, leucaena contained 29 % of CP. However, it is
simlar to other reports (Yadav and Yadav, 1988; Hilal et al., 1991, Ni Ni Maw et al.,
2002). Especially leucaena used in this study was from the same area and CP content is
almost the same to the report of Ni Ni Maw et al.(2002). However, it is higher than in the
report of Aletor and Omdara (1993). Ether extract of leucaena in this experiment is 5.27
%. This finding is higher than that of report from Gieseke (1984) but lower that from some
reports (Aletor and Omdara, 1993). The finding of NDF content is almost the same to
the report of Ni Ni Maw et al. (2002), but ADF content is lower than that of their finding.

In this experiment all diets were isonitrogenous and protein contents (17.3 -17.5%)
covered the need of animals according to NRC (1985) and this is also almost the same to
protein content (18 % of total DM) used by Singh et al. (2002). However, NDF content
of diet for group I is a little higher than that of other treatment groups and lower in acid
detergent fibre. It might be due to higher content of readily degradable fibre in sesame
cake. These findings are in agreement to the findings of Tin Ngwe (1990). He discussed
that although protein content in sesame cake is lower than that of groundnut cake, protein
digestibility of sesame cake in ruminants is higher because of favouring the cellulolytic
bacteria by these readily degradable fibres. Other chemical compositions are almost the
same to all diets. Increased amount of EE in the diet for group I might be due to excess

amount of sesame than in other diets. Beside, inclusion of rice bran also increased
EE content in the diet for group 1.
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Nutrient intakes and nitrogen retention

As shown in Table and Fig. 3, rice straw intake of animals from group II were
decreased after one week of experiment while the other treatments showing comparable
intake of rice straw to group I. This might be due to influence of rice straw intake
influenced on DM intake. This reduction of DM intake after 7 d of experiment was similar
to reports for Australian Kimberley Shorthorn steers (Jones and Hegarty, 1984).
Nutrients intakes (Table 6) of animals were also same to other reports (Haque et al.,

1997; Fraser et al., 2000).

However, in the experiment of Gupta and Atreja (1998a), DM decreased intake
in cattle supplemented leucaena 50 % of total diets and above was found after 14 d of
experiment. The different duration for reduction of intake was associated with
appearance of toxic symptoms. The difference of appearance of toxic symptoms and
beginning of decreased intake might be due to different adaptability of animals to leucaena
mimosine.

Dry matter intake (g/kgBW?®*) of group Il is also significantly lower (Fig 2.). The
animals from group Il refused and were monotonous to eat leucaena after one week of
experiment. However, force-feeding of leucaena was used for that control group although
sheep from other treatment groups could eat all of leucaena supplemented. Gupta and
Atreja (1998a) also discussed that decreased intake was declined due to an attempt of
animals to rediice intake of toxic mimosine. The reduction of feed intake in calves fed
more than toxic level of mimosine was also found in India (Ram et al., 1994).

It was discussed that mimosine was degraded as DHP in the rumen and then DHP
might be responsible for the depressed appetite of the calves (Jones and Hegarty, 1984).
Therefore, decline in RSDMI and DMI in group II was possibly due effect of mimosine
toxicity and similar to report of Gupta and Atraja (1998b). The increased feed intake was
associated with a reduction in circulating DHP, since feed intake of steers also increases
dramatically when leucaena is replaced by cowpea hay in the diet (Jones ez al., 1978).
Toxic symptoms of leucaena such as loss of appetite, reduced DM intake were brought

-about by DHP (Samata et al., 1994).

Nitrogen retention of group II was also significantly lower than other groups
(Fig. 6). The growing bull calves showed better nitrogen retention when they were fed ad
libidum of leucaena (Sobale et al., 1978). However, mimosine intake in their experiment
was lower than daily accepTable intake. According to increased in faecal nitrogen in
animals from group II, nitrogen retention (g /kgB W®”) was lower than that of others. This
might be due to decreased digestibility of protein although there were no differences of
nitrogen intake and urine nitrogen between the groups. This finding was in agreement
agreed with the report of Hindrichsen et al. (2002). They reported that faecal nitrogen
output increased linearly with increasing levels of supplementation with leucaena.
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However, the animals from group III did not show this positive linear regression as they
were inoculated with freeze-dried S. jonesii.

Correspondence of mimosine on digestibility of nutrients

As shown in Fig 4, digestibility of nutrients in control group I and III were
statistically higher than group II. In the experiment of Bosni et al. (1995) digestibilities of
DM, OM, NDF, and ADF of sheep supplemented with leucaenaat 257 g/d (22.2 % DM
of total feed) were 50.1%6, 52.6%, 46.3 % and 41.3 % respectively. All these digestibilities
were lower than those found in this study. The higher digestibility of nutrients in the
experiment might be due to supplementation of sesame cake. Tin Ngwe (1990) discussed
that sesame cake has gradually degradable fibre, which provide energy for the cellulolytic
bacteria. Apart form the findings of group I, the achievements of this experiment were
similar to the findings of Haque et al. (1997) as experimental processes were similar to
each other. They also used concentrates as supplement to reach required amounts of
nutrients. In the experiment of Yami et al. (2000) goats fed more than 40 % leucaena of
total diet showed lower DM digestibility to goats fed 15 % and 30 % leucaena
respectively. In this experiment digestibilities of nutrients of sheep from group II were
statistically lower than others (p<0.05). This might be due to interference of mimosine on
activity of cellulytic microbes (Ruskin, 1977) because of lack of DHP degrading bacteria.
Gupta and Atreja (1998b) also discussed that DHP has inhibitory effect on the microbial
species.

This inhibitory effect of mimosine and DHP on ruminal microbes in the rumen
control animal (group I) may be due to blockage of mimosine on cell division. In various
biological systems, DNA, RNA and protein synthesis are inhibited by mimosine. Ward
and Harris (1976) suggested that primary action of mimosine on the inhibition of wool
biosynthesis in vivo was the inhibition of follicle cell DNA and consequently of cell
division. In the presence of mimosine, DNA synthesis was reduced according to the
lower (3 H) thymidine uptake (Serrano et al., 1983). It was suggested that mimosine
might inhibit DNA replication at its origin in Chinese Hamster cell (Mosca et al., 1995;
Tsvetkow et al., 1997). Lin et al. (1996) also expressed that gly cell line was sensitive to
mimosine because it might inhibit both the mitochondrial and systolic forms by making a
complex with serine hydromethyl transferase. Moreover, Mikhailov et al. (2000)
expressed that treatment of the cycling cell population with 400 mg mimosine caused
inhibition of DNA replication and it indicated that the effects of mimosine on DNA
synthesis and cell cycle might be a result of introduction of breaks into DNA. A single
break in a key gene can kill a cell or cause it to kill itself by apoptosis (Goodsell, 2005).
In the animals inoculated with mimosine degrading ruminal bacteria, those bacteria
colonized in the rumen. This colonization might lead to increase the degradation of mimosine
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of
and DHP to non-toxic substances. Therefore, it might be no interference on the activity

cellulolytic bacteria and then those animals showed comparable digestibilities of nutrients
1o those of animals from group 1.

Conclusion

According to these findings, freeze-dried S. jonesii can maintain its abllltybcl)f
mimosine degradation. It could be recommended that freeze- drying 1s a suitable
preservative method for S. jonesii for the end users.
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Table 1. Feeding regime

Feed Stuffs Groupl Group II & 111
Urea treated rice straw Ad lib. ad lib.
Sesame meal 30 % of total diet 20 % of total diet
Rice Bran 32 % of total diet -

Leucaena leaf meal - 40 % of total diet

Table 2. Chemical composition of feedstuffs

Chemical composition
Feedstuffs DM%  OM% CP% EE% NDF% ADF%
Rice straw 89.94 84.21 2.7 1.85 40.71 61.31
Leucaena leaf 89.32 91.00 22.92 5.27 22.72 13.71
Sesame meal 86.13 84.00 37.03 10.5 17.42 9.63
Rice bran 91.91 89.94 12.22 12.51 31.62 9.34

Table 3. Chemical composition of diets

Chemical composition
Groups DM%  OM% CP% EE% NDF% ADF%
Group I 89.47  86.04 17.30 5.84 38.59 2243

Group III 89.19  86.70 17.57 5.58 37.56  23.25
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Table 4. Digestibility of nutrients

Description SEM
(%) I II 111

DM 66.64" 58.64b 63.39° 0.55

OM 69.70° 62.47° 66.10° 0.73

Cp 74.87¢ 64.61° 71.55° 0.73

EE 79.73 68.87" 75.482 0.64

NDF 67.31° 56.46° 64.92° 0.66

ADF 61.90° 50.39¢ 58.172 0.90

* Means in each row followed by the same letter do not differ significantly at p<0.05
by DMRT. ‘

Table 5. Nutritive values

Description SEM
I n I1I ‘

TDN, %DM  70.06™ 62.82b 69.35° 0.83

DCP, %DM 14.90N8 12.77Ns 14,7208 3.67

* Means in each row followed by the same letter.do not differ si gnificantly at p<0.05
by DMRT.

NS =not significant
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Table 6. Daily nutrient intakes

Description Groups SEM
(g/d) I II 11

DMI 477.17 487.65 461.23 13.54
OMI 450.53 491.32 453.63 13.57
CPI 90.75 103.63 100.32 4.30
EEI 31.00 26.64 25.40 1.56
NDFI 206.70 210.12 198.33 5.84
ADFI 120.19 142.48 129.87 3.75
(g /kgBW?75/d)

RSDMI 28.85** 2571 28.80 0.55
DMI 63.722 57.35° 62.47% 0.55
OMI 62.88° 54,72 60.77% 0.28
CPI 13.69M8 13.06Ms 13.08Ns 0.35
EEI 4.41Ns 3.63Ns 3.74Ns 0.13
ADFI 16.612 15.9® 18.01° 0.28
NDFI 27.922 23.32°0 26.852 0.37

* Means in each row followed by the same letter do not differ significantly at p< 0.05
by DMRT.

NS =not significant




Table 7. Digestible nutrient intakes

Description | Groups SEM
(g/d) I I 111

DDMI 318.38 293.51 301.41 9.14
DOMI 288.13 265.26 272.24 7.17
DCPI 74.96 64.89 71.83 3.14
DEEI 24.68 17.90 19.18 1.18
DNDFI 139.34 122.49 130.20 4.42
DADFI 83.33 71.72 75.47 2.08
(g /kng075/d)

DDMI 41.98*2 29.96° 39.82¢2 0.74
DOMI 39.08*2 31.36° 36.46° 0.54
DCPI 10.11%*2 6.39° 9.322 0.29
DEEI .~ 333N 194N 245N (.13
DADFI 11.28*2 8.30° 10.03¢ 0.19
DNDFI 18.95%a 13.66®  17.18 0.37

TDNI 43.25%2 33.31° 39.19° 1.24

* Means in each row followed by the same letter do not differ significantly at p<0.05
by DMRT.

NS =not significant
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Table 8. Nitrogen retention

Description Groups SEM
g/d/kgBWOo7? I II 11

N, Intake 2,19 2.09%  2.09% .32
Faecal N, 0.53° 0.832 0.69° 0.51
Urine N, 0.57N  0.58N  0.49™ 0,15

N, Retention 1.09° 0.68° 091 0.17

* Means in each row followed by the same letter do not differ significantly at p< 0.05
by DMRT.

NS =not significant



a i

Fig. 1, Oral inoculation of freeze-dried S. jonesii

Fig. 2, Animal showing toxic symptoms of leucaena
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Evaluation of Elephant Grass Quality Pennisetum purpureum c.v marker
through In vitro Gas Production Using Rumen Inoculum of Fistulated Bull

Tin Ngwe V", Aye Aye Khaing ?, Myo Kywe 2,
Khin San Mu ¥ and Mar Mar Kyu ?

ABSTRACT

The biomass production, the chemical compositions and the digestion of elephant
grass (Pennisetum purpureum c.v marker) through the gas production analysis method
were investigated. Elephant grass was grown at the Department of Agronomy, Yezin
Agricultural University from November 2006 to May 2007. The experimental design was
completely randomized design (CRD) with three replications. Treatments were six sowing
times started from November to April monthly. The fistulated 262 kg body weight was
. used as a donor of rumen inoculum for the in vitro gas analysis at the laboratory of
Department of Physiology and Biochemistry, University of Veterinary Science, Yezin. Six
treatments of elephant grass harvested at 1, 2, 3,4, 5 and 6 months after planting (MAP)
were used in this study. The dry matter (DM), organic matter (OM) and crude protein
(CP) yield plant" were the lowest at 1 MAP and highest at 6 MAP. The DM content of
the grass harvested at 1 MAP was 13.7% and significantly (P<0.05) lower than those
(30.1and 34.1%) at 5 and 6 MAP, respectively. The CP content of the grass harvested at
1 MAP was 9.1% and significantly (P<0.05) higher than those (5.8,4.0, 3.5, 3.2 and
3.2%)at 1,2, 3, 4, 5 and 6 MAP, respectively. The acid detergent lignin (ADL) content
of the grass at 1 MAP was 2.0% and significantly (P<0.05) lower than those of others.
The gas production (ml/200 mg) of the grass harvested at 6 MAP at the incubation 0f 24,
36 and 48 hours were 23.4, 32.9 and 36.5 and significantly (P<0.05) higher than those of
others. The rapidly degradable fraction (a, %) was 4.8% and found to be the highest at 1
MAP and the slowly degradable fraction (b,%) of the grass harvested at 4, 5, and 6
MAP were significantly (P<0.05) higher than those of others.

Key words: Chemical compositions, crude protein yield, degradation constants, dry matter
yield, forage grass, organic matter yield.

l)Department of Physiology and Biochemistry, University of Veterinary Science, Yezin, Nay Pyi Taw
2 Department of Agronomy, Yezin Agricultural University, Yezin, Nay Pyi Taw
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1. Introduction

- The factors limiting livestock production in Myanmar are high losses due to animal
disease, the feed supplied to most livestock is seriously inadequate quantitatively and/or
qualitatively; little use of pasture to maintain grazing animals and traditional systems of
livestock management contain serious faults and livestock owners. Pastures are of such
poor quality that supplementary feeding is necessary in Myanmar. A simple and effective
ways to increase livestock production is to grow improved pastures. Throughout Myanmar;
extensive areas of idle land could grow excellent pasture. At present most of the pasture
consists of low rank, poor quality grasses and a limited range of edible shrubs. During
prolonged dry periods, grazing animals subsist on dry matter roughages of poor quality.
The overgrazing increases erosion when the monsoon begins and accelerates a vicious
circle of deterioration.

Some 89% of Buffaloes and 80% of the cattle in Myanmar are owned by small
holder farmers. Most of these animals are used as draught animals and draught power is
economically important to the farmers for growing of rice, wheat, pulses, oil seed crops,
etc. Whatever grazing is done on paddy bunds, fallow land and common grazing grounds,
crops residues after harvest also contributes to the feeding of ruminant animals. Livestock
production in Myanmar can be increased through increasing the output per animal and the
productivity per unit area of land. A major factor in increasing livestock productivity will
be improvement of animal nutrition and feed supplies. Improved animal disease and parasite
control, breeding and management will also be important, but initially a major emphasis
must be placed on providing better nutrition (Whiteman, 1980).

The ruminant animal is particularly valuable because of its ability to convert forages,
- roughages and by products, which cannot be used, directly in human nutrition. The
importance of animal products in human nutrition has been recognized because of the role
of animal proteins in relation to the quality of the hurnan diet. In some areas where improved
disease control and management schemes have been instituted increasing animal populations
have led to overgrazing of rangelands. The expansion of arable agriculture into traditional
grazing lands also reduces animal forage resources (Pearse, 1970).

The increment of cattle and buffalo were 8.7 and 8.6 % respectively from 2000
to 2004 which were lower than those of sheep and goats. The increment of pigs was 31.3
% from 2000 to 2004 and was found to be the highest among the livestock in Myanmar.
It was found that the milking cows were 11.6% of the total cattle population. Total milk
animal increased 10.9 % from 2000 to 2004. It was noted that there was no increment of
milk yield per animal during 2000 to 2004. It should be born in mind that the genetics,

* Corresponding author: Tin Ngwe; e-mail: zeyakyaw03@mail4u.com.mm
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nutrition, disease etc. might be the limiting factors to improve the milk yield. Total milk
production was increased 9.4 % from 2000 to 2004. The eggs primary production in
2000 was 88,000 and 111,000 metric tons in 2004 respectively and it was increased
26.1 % from 2000 to 2004. Hen eggs production was also promoted 22.0 % during
200- 2004 It was found that the ruminant increment was much lower than those of chicken
and pigs. It might be due to feedstufTs scarcity and improper feeding strategy (FAO,
2005).

As amethod of land utilization, grazing is of enormous importance on a world
scale (Hodgson, 1990). Approximately 25 percent of the total land area of the world is
classified as grazing lands, and grazing animals also make substantial use of the cropping
lands which occupy a further 10-15 per cent of the land area. Natural grassland is grassland
where there is an absence of sown or planted species. The vegetation is constantly changing
as aresult of changing climate, natural plant migration and evolution, and natural fires and
cyclones. The rate of change is of course greatly increased by the activities of man by
introducing grazing animals, removing trees and shrubs, and burning vegetation.

The factors which define the local ecosystem are firstly the characteristics of physical
environment, climatic, edaphic (soil) and physiographic. Secondly there are biotic influences
such as the natural fauna of the area domestic grazing animals, firing, clearing and other
modifications made by man (Humphrey, 1984).

Many research workers in Myanmar are extensively carrying out to improve
ruminant production at their best effort with available resources of feedstuff especially rice
straw as a basal diet (Tin Ngwe et al., 1989; Tin Ngwe, 1990; Tin Ngwe et al., 1993a;
Tin Ngwe et al., 1993b; Mar Mar Kyi et al, 1998; Yan Naing Soe, 2001; Aung Aung et
al.,2001; Ni Ni Maw et al., 2002; Tin Ngwe, 2003; Tin Ngwe et al., 2004; Khin San
Mu et al., 2005; Khin Htay Myint et al., 2006; Tin Maung Soe et al., 2007 etc.).

However, dairy productions in Myanmar mainly depend on the concentrate based
diet and some of farms used excessive amount of concentrate resulting with high cost of
feed (Tin Ngwe et al., 2005; Tin Maung Soe et al., 2007). That was due to feeding of low
quality roughages such as rice straw. If dairy farmers expect the good performance of
dairy production with low cost of feed, they have to engage the proper utilization of
pasture.

Therefore, the objective of the present study was to investigate the biomass
production, the chemical compositions and the digestion of elephant grass through the gas
production analysis method so as to introduce the premature utilization of pasture for
ruminant production in Myanmar.
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2. Materials and Methods
2.1. Sowing and plantation of elephant grass

Elephant grass was grown at the Department of Agronomy, Yezin Agricultural
University from November, 2006 to May, 2007. The experimental design was.completely
randomized design (CRD) with three replications. Treatments were six sowing times started
from November to April monthly.

The basal nodes were cut consisting of three nodes in each piece as plantir'lg
materials. Two nodes were buried in the soiled and one node was just above the soil. |
Three stem cuttings were planted at every planting time in each pot and then two stem
cuttings were removed 10— 15 days after. The pots were filled with 20 kg of soil in each

pot. Soil pH is 6.5. All treatments were harvested at 24 May, 2007. Watering and weeding
were done as necessary.

2.2. Chemical compositions and in vitro gas analysis

2.2.1 Chemical analysis

Dried residues were analyzed for dry matter (DM) and organic matter

- (OM) by the method described by AOAC (1970) and analyzed for neutral detergent

fibre (NDF) and acid detergent fibre (ADF) by Goering and Van Soest (1970). Nm:o gen

was determined by using Kjeldahl method (Foss 2020 digestor and Foss 2100 Kjeltec

distillation unit) and crude protein (CP) was calculated as 6.25xN (AOAC, .1 970). All

chemical analyses were carried out at the laboratory of Department of Physiology and
Biochemistry, University of Veterinary Science, Yezin.

2.2.2 Experimental animal, experimental feed and experimental period

The fistulated 262 kg body weight was used as a donor of rumen inoc;ulum ﬁ?r the
in vitro gas analysis at the laboratory of Department of Physiology and Biochemistry,
University of Veterinary Science, Yezin.

~ Six samples with three replicates used in this study were as follows:
(1) Elephant grass harvested at 1 month after planting (MAP)

(2) Elephant grass harvested at 2 MAP

(3) Elephant grass harvested at 3 MAP -

(4) Elephant grass harvested at 4 MAP
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(5) Elephant grass harvested at 5 MAP
(6) Elephant grass harvested at 6 MAP

2.2.3. Experimental procedure
Day before incubation

The Menke and Steingass (1988) gas production technique was used. The samples
were ground to pass through 1 mm sieve, and 200 + 10 mg of samples were weighed in
a small polypropylene weighing spoon. The weighing spoon containing feed sample to a
glass rod with a rubber adapter was fixed and the sample were transferred quantitatively,
to the closed end of the syringe. Each sample was weighed in triplicates. With every batch
of incubations, 3 syringes were used as blank (i.e., without feedstuff), 3 syringes for
concentrate reference standard and 3 syringes for roughage reference standard. After
weighing of all samples, Vaseline was applied to the pistons which were then inserted into
the syringes. The samples should not be blown out through the nozzle. The silicone tube
were clamped and fitted to the nozzle. Syringes were kept in an incubator or a water bath
set at 39°C.

Day of incubation

The medium prepared on the previous day in a water bath was kept and set at
39°C, and carbon dioxide was bubbled slowly for 15 to 20 minutes. The medium was
kept continuously stirred with a magnetic stirrer. Then the rumen fluid was collected from
arumen fistulated animal. Reducing solution was prepared and added to the medium. The
medium should turn to pink and eventually colourless. Rumen fluid was measured to 650
ml and added to the medium. Carbon dioxide was continued to bubble through the medium.
Rumen inoculum was dispensed to 30 ml into the syringe through the silicone tube fitted to
nozzle. The gas bubble was pushed out, and closed the silicone tube with the clamps. The
volume was recorded and put the syringe on the rotor of the incubator or in a water bath
set at 39°C. The reading was recorded at the incubation period of 1, 3, 6,9, 12, 18, 24,
36 and 48 hours. If the syringe was full of the gas, the silicone tube was unclamped, the
gas was pushed out, the tube was clamped, and the reading was recorded and kept in the
incubator. The gas production (GP) data were then fitted to the equation GP=a + b
(1-e ) (Drskov E.R, 1985), where g, b and c are constants and GP is the gas production
from the substrate at time 7.
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2.2.3. Statistical analysis

The data were analyzed by using IRRI STAT software version-5 with mean
comparison at LSD 5 % level.

Results and Discussion

The yield of DM, OM and CP plant™! are shown in Table 1. The yield of DM,
OM and CP plant of elephant grass harvested at 1 MAP were 5.43,4.45and 0.49 g,
respectively. It was found that the yield of DM, OM and CP of the grass increased as the
months harvested gradually advanced. The DM and OM of the grass harvested at 1
MAP were significantly (P<0.05) lower than those of others. The contents of DM and
OM at 6 MAP were found to be the highest. The DM, OM and CP at 6 MAP were
59.22,51.75 and 1.87, respectively and they were significantly (P< 0.05) higher than
those of others. Therefore, if one would expect higher DM, OM and CP yield, advanced
age of the grass could be more preferable.

Table 2 presents the chemical compositions of elephant grass harvested at
different MAP. The DM contents were 13.7,21.3,25.4, 30.0, 30.1 and 34.1% for the
grass harvested at 1, 2, 3, 4, 5 and 6 MAP, respectively. The DM content of the grass
was the lowest at 1 MAP and significantly (P<0.05) lower than those of others. The
changes of OM contents of the grass were not found and it would indicate that the gross
energy content and minerals contents of the grass might be similar to each other regardless
of MAP in this experiment. The CP contents were 9.1, 5.8, 4.0, 3.5, 3.2 and 3.2% for the
grass harvested at 1, 2, 3, 4, 5 and 6 MAP, respectively. The CP content of the grass was
the highest at 1 MAP and it was significantly (P<0.05) higher than those of others. The
pattern of CP content of the grass at MAP was reversed in comparison with the DM
content as the months harvested advanced. This finding was agreed with the report of
Bogdon (1977) that the CP content decreased as the growth of the grass progressed.
Therefore, it would indicate that the higher CP content of the grass harvested at 1 MAP
could not represent the higher yield of CP because of lower DM content (table 1 and 2).
The yield of CP of the grass harvested at 6 MAP was nearly three times more than that of
1 MAP (1.87% vs 0.49%)), although the CP content of the grass harvested at 6 MAP was
nearly three times less than that of 1 MAP (9.1% vs 3.2%). The contents NDF, ADF,
ADL, Hemicellulose and cellulose of the grass gradually increased as the plant growth
advanced. The contents of NDF, ADF, ADL, Hemicellulose and cellulose were the lowest
at 1 MAP and they were significantly lower than those of the grass harvested at 2, 3,4, 5
and 6 MAP.
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Gas production (ml/200mg) and degradation constants of elephant grass at dif-
ferent MAP are shown in Table 3 and Table 4. The gas productions of the grass harvested
at each MAP at incubation times were relatively similar to one another. The gas production
of the grass harvested at 6 MAP was significantly (P<0.05) lower than those of the grass
harvested at 1, 2, 3, 4 and S MAP at the incubation times of 3, 6 and 9 hours. Beyond 18
hours of incubation times, the gas production of the grass harvested at 6 MAP was found
to be the highest. However, the gas productions of the grass harvested at 6 MAP were
23.5,32.9 and 36.5 ml/200mg for 24, 36 and 48 hours incubation times, respectively
and they were significantly higher than those of the grass harvested at 1,2, 3,4 and 5
MAP. It would indicate that the higher amount of gas production of the grass harvested at
1,2, 3,4 and 5 MAP at earlier incubation times might be due to high inclusion of soluble
carbohydrates and the higher amount of gas production of the grass harvested at 6 MAP
at later incubation times might be due to high fibre contents which were slowly degradable
(Table 2 and Table 3). This was agreed with the report of Vadivello (1995) in which the
stem of rice straw with lower CP and higher NDF was more digestible. This was supported
by the degradation constants shown in the Table 4. It was found that the a constant of the
grass harvested at 6 MAP was the lowest and it was significantly (P<0.05) lower than
those of others. The reversed pattern of b constant was found in comparison with constant
a. The rate of gas production (¢,% h'!) increased as the growth of the grass advanced.
That might be due to higher contents of NDF and ADF which gradually increased with
advanced age of the grass.

Contents of (%,DM basis) of NDF and ADF in compared with that of CP at
different MAP are presented in fig.1. It was found that the CP content was gradually
decreased as the NDF and ADF contents increased with the age of the grass. Contents
(%,DM basis) of NDF and ADF in compared with that of lignin at different months after
planting are shown in Fig. 2. It was found that the lignin content was the reversed pattern
in compared with CP as the NDF and ADF contents increased. Fig. 3 shows the contents
of CP (%,DM basis) in compared with that of DM at the different months after planting.
The DM content and CP content were in reversed direction to each other. All these
figures would indicate that the time of harvesting is important for the proper management
of the elephant grass to enable to have the maximal nutritive values as well as biomass
production.

In conclusion, the DM content of the grass was the lowest at 1 MAP and it was
significantly lower than those of others. It was found that the yield of DM, OM and CP of
the grass increased as the months harvested gradually advanced. The higher amount of
gas production of the grass harvested at 4 and 6 MAP at later incubation times was also
investigated. Therefore, it is postulated that it would be more preferable to harvest at
advanced growth regarding with higher DM, OM and CP yield and higher gas production.
Further study of OM and CP degradation in the rumen and feeding trial using the ruminant
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animals should be carried out for further information of the degradation patterns and
digestibility which would indicate the utmost advantage of harvesting time of elephant

grass.
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Table 1. Yield of DM, OM and CP plant ! at different months after planting

Month Yieldof DM D Yield of OM 2 Yield of CP
. lant! lant! lant’!
after planting p(g) p(g) p(g)
1 5.432 4.45° 0.49°
2 30.74° 26.81° 1.80b¢
3 34,630 30.20° 1.38°
4 35.55P 31.08° 1.24°
5 43.05° 37.44° 1.37°
6 59.22¢ 51.75¢ 1.87¢

D DM: Dry matter, OM: Organic matter, CP: Crude protein,

2 All values except DM are on DM basis Significant differences between treatments means over the
whole experiment within the same column are indicated by dissimilar superscript.
a,b,c:P<0.05

Table 2. Chemical compositions of elephant grass at different months after planting

Months

afier | DMP |OM?2| CP | NDF | ADF | ADL | Hemi- | Cellulose
planting cellulose

Imonth | 13.72 | 82.0° | 9.1° | 64.4* | 37.9* | 2.00 | 26.5° 35.8
2month | 213> | 87.2° | 5.8° | 71.5% | 43.2° | 4.1° | 284 39.1°
3month | 254b | 87.2° | 4.0c | 72.2° | 4426 | 5.8° | 28.0% 38.4
4month | 30.0% | 87.4° | 3.5 | 73.0° | 43.1° | 5.1° | 29.8b 38.0°
Smonth | 30.1¢ | 87.0° | 3.2¢ | 73.0v | 44.2° | 5.5° [ 28.8® 38.80
6month | 34.1° | 87.4° | 3.2¢ [ 73.5° [ 44.6° | 520 | 29.0® 39.4°

D pM: Dry matter, OM: Organic matter, CP: Crude protein,

3 All values except DM are on DM basis

Significant differences between treatments means over the whole experiment within the same
column are indicated by dissimilar superscript.
a,b,c:P<0.05
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Table 3. Gas production (ml/200mg) of elephant grass at the different months after planting

Months Incubation time

after (hour)
planting 1 3 6 9 12 18 24 36 48
1 month 1.8 3.6° 6.1° 8.6* 115 18.4* 19.12 25.9° 29.28

2month [ 2 40 | 68 | 93 | 125 20.4% 21.1% | 27.9% | 31.5®
3month [ 14 360 | 64+ | 93 | 125 18.6® 182* | 235% [ 26.0®

dmonth [ 18 | 36 | 65 | 9.0* | 131 | 218 | 225 | 305 | 338
smonth | 15 | 29 | 620 [ 920 | 125 | 213> [ 216> | 286* | 315*

6month | 14 | 210 | 47 [ 69 | 112 | 2100 235 | 329 | 365

Significant differences between treatments means over the whole experiment within the same column
are indicated by dissimilar superscript.
a,b,c:P<0.05

Table 4. Degradation constants of gas production of elephant grass at different months

after planting
after plantin
Description” Months after planting
-1 2 3 4 5 6
A(ml) 4.8 - 5.0° 4.8 4.82 3.0% 2.5%
B(ml) 20.22 22.5% 18.22 25.8b 24.5b 27.5°
- Rate ot gas _
production 3.90° 5.23b 6.10° 6.21° 5.63° 5.68"
(%) _
a+b (ml) 25.0 27.5 23.0 29.0 27.5 30.0

Exponential equation: GP=a + b (1-e )

a: Rapidly degradable fraction

b: Slowly degradable fraction

¢: Rate of degradation of b.

a + b: Potentially degradable fraction.

Significant differences between treatments means over the whole experiment within the same

row are indicated by dissimilar superscript.
a, b, c: P<0.05
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Fig.1 Contents (%,DM basis) of NDF and ADF in compared with that
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The Study on Quality and Safety Production of Some Value-added
Seafood

Khin Maung Win!
ABSTRACT

Fishand shrimp meat balls and sausages were manufactured in good manufacturing
practice, GMP and good hygienic practice, GHP. Inaddition to these, other pre-requisite
programmes, PRP(s), such as sanitation standard operating procedures, SSOP was also
applied in the production of better and wholesome quality. For safety purpose, the potential
health risk hazards of physical, chemical and biological natures were prevented, and it
was also screened down to the critical limits of acceptability. On-line processing steps
were monitored and corrective action taken on spot at each defective point(s), i.e. critical
control point(s), CCP(s). Discussion and suggestion were presented, with some hints for
future improvement of production, packaging, labeling, marketing and preparation for
serving of the products.

Introduction

People’s Pearl and Fishery Corporation, has produced fish balls and sausages
for the first time in Myanmar in 1974. In small pilot scale, these were produced the
ready-to-eat RTE, products and introduced to public during that time. Based on the
technology and experience, a group of research workers of Institute of Fisheries
Technology, headed by the Instructor himself, was again produced the value-added products
with advanced formulation in 1995. From that time onwards, similar products of foreign
joint-ventured origins were gradually appeared in mini markets and supermarkets.

Approximately, eight to ten brands of ball and sausage of pork, beef, chicken,
fish and shrimp are available in Yangon markets. Though the Ready fo Eat products have
increasingly accepted by the lifestyle of citizens, but there are not known report of
consumption in volume and price structures.

Imitation of crab stick, fish cake, patties, battered and breaded fish stick may be
made from surimi as base materials. (a kind of fish sausage) and however, value-added
fishery products has more promising market access at present.

'Instructor, Post-Harvest Fisheries Technology
Institute of Fisheries Technology, Department of Fisheries



Objectives

To produce wholesome value-added products, VAPs according to good

manufacturing practice

To increase nutrition value and palatability

To prevent health hazard contaminants to food

To ensure food safety in value-added product : VAPs

To introduce food directives to producers

To initiate Hazard Analysis and Critical Control Point: HACCP plan in value
added products: VAPs production

To promote export trade for VAPs.

Materials and Methods

Raw material selection

Low-cost-commercial marine fish / shrimp species
Freshwater food fish / shrimp
Surimi, ready-made white fresh meat

Selection of raw material of fish shrimp species are shown in Table 1

Extraction of meat and yields

Mechanical deboner for small marine fish species

Yield approx. 30 ~ 35% weight, gm

Hand scrap meat, big-size fish

Yield approx. 35 ~45% weight, gm

Peeled, deveined cleaned marine / freshwater shrimp species
Yield appropx. 30~ 50% weights, gm




Ingredients

The followings ingredients were used for the production of fish and shrimp balls:
e Tapioca starch/ flour, powder

Edible oil, liquid

Household salt, NaCl, crystal

Sugar, crystal

MSG Monosodium Glutamate /Ajinomoto, crystal

Curry powder

Pepper powder

Garlic

Ginger

Ice crumbs

Color, food grade, syrup
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Generic manufacturing flow diagram for value-added seafood
(Balls &Sausages)

Fresh freshwater / seawater fish / shrimp whole
Dressed, cleaned

Raw cleaned fish / shrimp

lExtraction of meat; mechanical,
manual
Fish meat, shrimp meat
Ready-made ———— Surimi
Grind with salt, ice crumb

Jel-strength sticky meat

Pre-prepared paste, crystal, powder——» Ingredients®
Mix all ingredients, then color

Mixed, flavoured uncooked raw meat

lForming to ball, sausage by food
stuffer
Uncooked balls, sausage
Steam-cooked over boiling water 100
l °C for 10-12min.

Steamed Balls & Sausages
Cooled in air blowing fan
Products
Sensory / physical inspection &
v packaged
PS tray, PE film vacuum sealer— Packaged, Labeled products
Stored at/lower (-) 10°C freezer for
Approx. 2 months

v

Stored products
Dispatched to market in cold chain

Displayed in market
1 Chilled cabinet & (+) 4 °C ~

Consumers
(Prepared & served)
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Raw/ ingredients Mixed % by weight Value-added seafood
FB SB FS SS
. Raw meat fish 100 100 - 100 -
. Raw fish/shrimp 100 - 100 - 100
o Ingredients
. Tapioca flour % 15 15 20 20
. Edible oil % 20 2.0 1.5 1.5
J Salt, NaCl % 1.75 1.75 1.75 1.75
. Sugar % 0.1 0.1 0.1 0.1
. M.S.G % 0.1 0.1 0.1 0.1
. Pepper
. Ginger paste to taste
. Garlic
. Curry powder
. Food color —desirable
. Ice crumbs % 25~35
Machinery, equipment and packaging materials of production line

e Meat machinery

e Meat/Fish deboner

e Meat grinder/ mincer

e Meat mixer

e Meat stuffer

e Equipments

e Electronic oven

s Vacuum sealer

e Heatsealer

e Freezer/refrigerator

e Laminating machine

e Airblowfan :

e Testequipments/instruments

e Incubator, bacteriological

e Oven, hotair

e Test meter, pH, brine, petri-film, scale, timer

¢ Nutrition lab (protein, fat, ash, moistureetc.)

o Cooking utensils, pot, metal sieves, knives, cups, bowls

e Packaging materials, PE wrap film, PS Foam tray

®

Label paper, mfd. / exp. dt., product name

Machinery and equipment used in the preparation of the value-added products of
fish and shrimp ball and sausage are shown in Plate I and II.
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Product processing

Raw fish and shrimp meat was collected by hand extraction or peeling and
deveining( (removal of intestine). Meat deboner (bone remover) was used for fish meat.
Salt and ice crumbs was introduced to meat grinder and ground for 53-8 minutes till the
meat became sticky, resilient or in other word smooth, homogenous and yielding high
jel-strength.

All ingredients except color syrup added to meat in meat mixer and blended to
attain desirable color of meat. Balls and sausages were formed by passing through food
stuffer. Then, placing these over boiling water for 10-12 minutes. The VAPs in metal
sieves were steamed and cooked, then was air cooled by air blowing fan.

Packaging was made with PS foam tray and PE wrap film, label, mentioning
product name, in addition to these, manufactured and expiry date, instruction for storage,
preparation and serving instruction were printed.

Product description of value-added seafood (balls and sausages)
e Productname :  Fish/shrimp balls/sausages

e Producttypes :  Semi-processed immediate product, snack, fast-food moisture
content > 65%, moist solid balls @ 2.5cm sausages
@2cmxL 10-20cm

e Rawmaterial :  Freshwater/marine fish / shrimp species

o Ingredients = :  Starch (flour), salt, sugar, edible oil food color, herbal
indigenous plant spice (pepper, garlic, ginger & leaves)

e Processingsteps : 12 no. steps

e Packaging :  PE/PVDC synthetic casing (skin) or natural meat origin

collagen casing PE wrap film, PS tray, PP cup, outer insulated
PS Foam box, Label-paper / PE Laminate, vacuum / heat

sealer

e Storage :  Chilled temp. Refrigerator + (+) 4 °C freezer £ (-) 10°C

o Shelflife : 12 wksinrefrigerator, chilled cabinet 2 months in freezer

. Transport :  Insulated / refrigerated truck, insulated PS Foam box or
HDPE box

¢ Distribution :  Individual packet 200 ~ 220 gm approx. in cold chain
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Intended user . General public, institutional, holiday makers, picnic fast-food

Labelrequirement:  No use of harmful health risk preservatives nutritional value,

instruction for storage warning to remove PE film when eaten
(if used)

Regulatory application: Production with GMP practice or HACCP, ISO system,
Myanmar DoF specification

Risk grading :  Low healthrisk hazard food (heating essential)
Preparation/serving: Apply heating/ boil, fry, roast, bake, smoke, grill

Results and discussion

Results

Nutritional value, proximate of value-added seafood were analyzed at Thaketa Central

Fish Inspection Laboratory, Department of Fisheries and the results was shown in
Table 2. ‘

Processing data of fish and shrimp balls and sausages with regard to type of products,
ingredients and yields are shown in Table 3.

Sensory evaluation has shown with some results these are: The taste test was
conducted by specially trained panelists using a nine point Hedonic scale, Hedonic
scalel, point means extremely dislike and 9, extremely like and 5, border line score.
Average score of each product, these are shown in Table 4.

Physical inspection

It was usually carried out at the end of production before being packaged for
marketing. Some representative sample of 5% weight was inspected, in these
inspections,such as appearance, texture, odour and flavour were assessed. Table

Bacteriological analysis

Regarding these, the bacteria content to the products and type of the bacteria were
analyzed and checked the safe limit. Table 6.

HACCP plan for value-added seafood.

Hazard Analysis and Critical Control Point: HACCP, plans were used forthe product
at every step from raw material of fish/shrimp, ingredients, step of production and
correction actions were taken when necessary. Table 7
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o Consumer acceptance

In order to know public reaction to the products, A Consumers Acceptance
Survey was conducted at Myanmar Fisheries Federation: MFF, Compound at
Fisheries Trade Fair, Yangon, during Dec.2007 to Jan. 2008. The survey lasted for
five days. Four Consumers groups were categorized with age group and economic
status. It was found that younger generation age >15 and housewives were very
much favourable to the products. Table 8

e Shelflife of valued-added Products: VAPs

Quality of food is also very much depends on its shelflife. So, an experiment was
conducted to assess the shelflife of fish / shrimp balls / sausages in a few years ago.
The products were kept under different conditions, such as room temperature, ice
condition and freezer. At room temperature it was good only for two days. When the
products were stored in refrigerator, it could last for 14 days, however, there was
mild changed and quality has some deterioration.

Similarly, when these were in freezer with under -15° C, it could store over 2 weeks,
however, frost might appear and quality deteriorated. The shelflife might be extended
with the use of suitable preservatives. Details regarding stored conditions, quality
description and shelflife are shown in Table 9.

Discussion
Discussions in briefs are as follows:

e Products of fish and shrimp balls and sausages were good demand in Myanmar in
markets.

o The product of high valued food fishes such as Nge gyin, Mrigal, Nga myit chin,
Rohu and Nga-phae Featherback give better flavour and palatability.

o By mixing with low value commerecial fish, production cost could be lower.

 Byproduct from trimmings of fillet fish such as snapper, sea bass and catfish (nga
dan) may be used as a good source of raw meat for balls and sausages.

e The applif:ation of Hazard Analysis and Critical Control Point: HACCP plan and
Prerequisite Program: PRPs will ensure food safety and quality wholesomeness.

e The use of surimi (akind of fish sausage)as raw material will cost more than local
raw fishes.
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The product will improved with the blending of traditional herbal spices such as
pepper, garlic, clove, ginger, lemon grass and bale leaves. In addition to these,
steam-cooking would make the product safer.

These experiment products used less jel-strength than those of other commercial
brands, these products utilized surimi as raw material.

Both neither chemicals, additives nor preservative was used in the products.

Suggestion for future works

All the products of such types should be manufactured without use of food retaining
skin called PE or PVDC casings.( Plastic casing)

The longer shelflife could be achieved with use of the common casing.

Since no casing is used in sausage manufacturing and thus, they were exposed
and naked; meat was sticky and will cause more dehydration and color faded.

By using PVDC casing and healthy laminated outer packaging with vacuum seal
which will improve food quality without chilled medium.
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Table 1 Selection of species of raw fish and shrimp

Local name of fish/

Common name ienti i
Shrimp Scientific name Size range (gm)
Shwenga
Ngapa l-way Sea bream Nemipterus japonicus 50~120
Kakadit Lizard fish Saurida tumbil 80 ~ 150
Ngamyitchin Sea bass Lates calcarifer 1000 ~ 1800

Rohu Labeo rohita 1000 ~ 2500
Ye cho pazun tote Freshwater Macrobrachium

giant prawn rosenbergii 60-180
Khun gyan pazun Pink shrimp Metapenaeus spp. 20-30

Table 2 Nutritional values of raw material of fish and shrimp

Nutritional value (%)

Name of products Moisture _Crudeprotein _ Fat  Carbohydrate Mineral
Fishball, FB 69.5 18.9 2.5 7.0 2.1
Fish sausage, FS 68.1 19.9 2.3 2.0
Shrimp ball, SB 64.8 21.8 2.7 1.8
Shrimp sausage, SS 65.2 22.0 3.0 1.9

Table 3 Product composition of balls and sausages

Meat of . Cooked .
Name of products ~ fishand shrimp Ingr(;dlge ™ meat Y;/eld Approxn:late
(gm) (gm) (%) waste (%)
Fish ball: FB 12,000 43,600 15,000 125 2.0
Fish sausage: FS 12,000 42,000 15,500 130 2.1
Shrimp ball: SB 10,000 3,000 12,500 125 2.2
Shrimp sausage: SS 10,000 3,500 12,725 127 2.6
Table 4 Products sensory evaluation
Products Quality attributes and score Overall

Appearance | Odour | Texture | Flavour acceptance
Fish ball: FB - 7.1 6.9 7.3 6.6 6.9
Fish sausage: FS 6.8 7.3 7.0 6.9 7.0
Shrimp ball: SB 7.4 6.6 6.4 7.6 7.0
Shrimp sausage: SS 6.9 7.4 7.1 6.9 7.1
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Table S Physical inspections of the value-added products.

gm/
Products Pack | pH |Size & mode of] Appearance | Texture | Odor Flavour |Some defects.
age package (cm) (occasional)
Fishball: FB | 160 | 5.8 |PS tray & label| White-milky| Soft & Fishy, | Fishy, []Trace of spine
=10 PE film granular | spicy | spicy scale, herbal
F. sausage: FS L13xB7 spices
5.6 |L15xB9 Chocolate- |» 0 n
Shrimp bal: SB 15100 Orange-red u
+
S. sausage: SS 5.9 |L13xB7 " 0 ) Sweet, [ & shell
Shrimp, | spicy
155 spicy
+ 10 | 5.4 |L15xB9 u ] 1 u
4]
175
+10
Table 6 Bacteriological analyses the products
Total plate Coliform/ | Staphylococcus|Salmonellal  Vibrios | Mould
Products count (gm) Esche(g):a coli aureus (gm) 3Sem MPN, 25gm | (gm)
Fish ball, FB 3.5x10! 4/1 3 Nil Nil Nil
Fish sausage, FS 2.5x10! 6/0 2 u n "
Shrimp ball, SB 4.0x10' 82 6 u n u
hrimp sausage. SS 3.9x10! 2/0 6 u 0 o
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Table 7 HACCP plan used for value-added seafood

Critical Critical Monitoring

Corrective . :
p:i::‘?(lfl’ Hazards limit Who What How When action Record Verification
Raw Phy: -spine, | Acceptable |ln charge Hazards -Visual Each [ Rejectraw | Raw Lab tests
materials scale, metal, -Physical batch | chilled at 0] receipt
receipt water, dye, check C
fish/ taint .
shrimp Chem: toxic,

histamine,
lube oil
Bio: -
pathogens
parasite
Ingredient | Phy: -foreign Store . . . -Branded | Ingredient .
collection | matter . purchase ingredients| store
Chem.:- - ic -Follow
Bio: -mold ) instruction
Production | Phy:- - |No time Production | -Time control |- . Check ¥ Production| Inspection
-Grinding | Chem: - delayed IC -Temp. control | Temperature hourly
-Mixing detergents |cook -Job Time
-Forming " | sanitizers |product at sequential -GMP
-Cooking 100 °C control GHP
-Packaging | contaminants -PRPs SOP
program SSOP
Storage Bio: - -Max, -Market . -Visual . No delay -Market -Inspection
dispatch / pathogens |2wks manager - -Recall -Sensory
delivery -Minimal Temperature test
market temperature -Time
display 0°C
Preparation/| Bio: - Cook, fry  |Labstalt - Taste test . Max 160 Lab-test | Lab test
serving pathogens |at +160 °C contamination °C oil (Sensory)

Table 8 Consumer acceptance of the value-added products with reference to scale
Acceptance: Hedonic scale : 1-9 point

Consumer group Strongly dislike Border line Strongly like
1 2 3 4 5 6 7 8 9
Age: years < 15 year X X X X
16-45 X X X X
> 45 X X X
Economic group
Low -middle X % X
Wealthy X X
Works of life
Schooling age X x X x
Office workers X X x
House wives X x X
Relished as: Snack X X X X
Prepared curry X X X
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ShBelﬂife, days
0-13-17-
217 114714
a. Just manufactured -Product characteristics: fishy, X1 -1 - -
shrimp-meaty, spicy, resilient
texture
b. At room temp. + 30 °C | -Gradual loss of balls/sausages x| -1 - -
quality attributes: appearance,
fla—vour, odour, texture, mold
setsin
c. Iced condition wet, -Moist condition encourages -l x| - -
moist (+) 0~ (+) 5°C bacteriological growth.
-mouldy & slimy, off-flavour,
unpleasant smell appears.
d. Refrigerated storage -Appearance of productaltered- | - | - | X | -
chilled cabinet; show colour faded.
case temp. = 4°C -Dehydration proceeds, quality
attributes shows mild changes,
deterioration set-in.
e. In freezer store -15°C | -Noalterationinqualityattribute | - | - | - | x
-Dehydration and oxidation may
occur if poorly packaged.
f. During transport to -Frost may appear inside the X| x| - -
consumers, markets Package.
products temp. -15 °C -The time, condition of insulation
to room temp. = 30 °C of box,
ambient temp. may cause erious
quality loss
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Plate I Machinery and equipment used in the production of valuc-added products

|
el

Physical inspection of the products
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Plate II. Machinery and equipment used in the preparation of value-added products

Meat mixer
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Effects of Groundnut and Black Gram Residues on In Situ Degradation of
Rice Straw and Wheat Straw Based Diets

Tin Maung Soe', Khin San Mu? and Tin Ngwe?

ABSTRACT

The nutrient constraints in most crop residues are of low nitrogen content, high
proportion of cell wall constituents, poor digestibility and low voluntary intake. The
supplementation of groundnut and black gram residues to the rice straw-based diet did
not increase the nutrient digestibility of diets. It might be due to inclusion of readily
fermentable carbohydrate (RFC) in the rice bran and sesame meal used as supplements
to provide the energy and protein in the rice straw-based diet. A rumen-fistulated bull,
262 kg body weight was used to investigate the degradation effects of rice straw and
wheat straw, and added with groundnut residue and black gram residue by in situ nylon
bag method. Six treatments used in this study were rice straw only (RS), wheat straw only
(WS), 65% rice straw + 35% groundnut residue (RSGN), 65% rice straw + 35% black
gram residue (RSBG), 65% wheat straw + 35% groundnut residue (WSGN) and 65%
wheat straw +35% black gram residue (WSBG). The organic matter (OM) disappearance
of RSBG treatment was higher than that of RS treatment at 1, 3, 6, 24, 48 and 96 h
incubation times and significant difference (P<0.05) was observed at 24 h. The OM
disappearance of RSGN treatment at 1, 3, 6 and 24 h was higher than that of RS treatment
and significant differences were found at 3 (P<0.05), 6 (P<0.01) and 24 h (P<0.05). At
48,72 and 96 h, OM disappearance of RS treatment was higher than that of WS treatment.
The OM disappearance of WSGN treatment was higher than that of WS treatment
throughout incubation times and the values were significantly different at 12 (P<0.01), 72
(P<0.01) and 96 h (P<0.05), respectively. The degradation rate of rice straw in the
rumen of fistulated bull was found to be higher than that of wheat straw. The supplementation
o0f 35% of groundnut or black gram residue to either rice straw or wheat straw resulted in
higher ruminal OM degradation in compared with rice straw or wheat straw which was
excluded of concentrate, respectively.

Key words: Degradation rate, nylon bag, readily fermentable carbohydrate, rumen-
fistulated bull, supplements.
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Introduction

Myanmar which is an agricultural-based country, cereal crops such as rice, maize
and various kinds of legume are cultivated widely in all parts of the country. These crop
residues are used as animal feed during the dry period of feed shortage. As expansion of
crop areas due to population growth has reduced grazing lands, pastoralists have started
to grow crops. As aresult, the two specialized activities (pastoralism and arable cropping)
are both developing towards mixed crop-livestock systems (Winrock International, 1992
and De Grandi, 1996). To alleviate feed shortage in the dry season, farmers collect crop
residues and store them for later use in stall feeding (Songué, 1997).

The crop residues that are rich in fibre and low in protein are abundantly utilized
as effective feed for ruminants in Myanmar. The nutrient constraints in most crop residues
(rice straw, wheat straw, groundnut, black gram, green gram, red gram, lablab bean etc.)
are of low nitrogen content, high proportion of cell wall constituents, poor digestibility and
low voluntary intake.

Tin Maung Soe et al. (2007) reported that the supplementation of groundnut and
black gram residues to the rice straw-based diet did not increase the nutrient digestibility
of diets although the proportion of nitrogen retention to nitrogen intake of RSGN and
RSBG diets tended to increase in compared with that of RS diet. It might be due to
inclusion of readily fermentable carbohydrate (RFC) in the rice bran and sesame meal
used as supplements to provide the energy and protein in the rice straw-based diet.
Therefore, RSGN and RSBG diets were similar to the RS diet, although they are
supplemented with the groundnut and black gram residues, respectively.

In the review (Durand, 1987), it was stated that the inclusion of starchy
concentrates in mixed diets has long been found to reduce fibre digestion and a stimulatory
effect of low amounts of RFC (5-10% for the substrates) on cellulose has been reported.
However, only few in vivo experiments support these observations. Some researchers
have recently shown that addition of 15% sugar beet pulp in an untreated straw diet could
increase straw dry matter disappearance from the nylon bags by about 6-10%. Degradable
f} glucans present in the pulp might be more effective than starch or molasses. However,
degradation of ammonia-treated straw was not improved by beet pulp addition.

In this experiment, if the control diet (rice straw diet) is excluded of rice bran and
sesame meal, further investigation is to be carried out on the effect of groundnut and black
gram residues, and to study these effects on other straw such as wheat straw. Therefore,
this experiment is conducted to evaluate the effect of groundnut and black gram residues
when they are supplemented to rice straw and wheat straw in situ nylon bag method.
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Materials and Methods

A rumen-fistulated bull, 262 kg body weight was used to investigate the degradation
effects of rice straw and wheat straw, and added with groundnut residue and black gram
residue. Six treatments used in this study were as follows:

1. Ricestraw (RS)

Wheat straw (WS)

65% Rice straw + 35% Groundnut residue (RSGN)
65% Rice straw + 35% Black gram residue (RSBG)
65% Wheat straw + 35% Groundnut residue. (WSGN)
65% Wheat straw + 35% Black gram residue (WSBG)

AN O S i

Before the commencement of this study, the maintenance ration containing rice
straw 6 kg and groundnut meal 500 g was fed to the experimental animal for 14 days, and
that maintenance ration was continually fed in the experimental period for the same ruminal
condition. The experimental period lasted 4 days for each treatment and 24 days for six
treatments.

Experimental procedure

The dry matter and organic matter degradation of each diet was measured by the
nylon bag method in the rumen of bull (@rskov and McDonald, 1979).

P =atb (I - %)

Rice straw, wheat straw, groundnut residue and black gram residue by nylon bag
measurement were ground to pass through a2 mm sieve. Abag size of 13.5 cm and 8.5
cm, with pore size of 50 microns was used in this study. Eight incubation times were taken
for each diet. For each incubation time, triplicates of nylon bag were introduced into the
rumen. Thus twenty four bags were required to complete incubation of one diet. The bags
were dried in a hot air oven at 100°C for four hours and placed in a room for one day to
getair dried weight. About 5 g of ground sample was weighed into the bag and then three
bags for each incubation time were closed with a plastic tie and tied with plastic string.
The bags were then suspended in the rumen by tying the string to the bamboo stick which
was placed outside the cannular. The nylon bag containing ground sample for each diet
was incubated in the rumen for 1, 3, 6, 12, 24, 48, 72 and 96 h. Three bags for each
incubation time from the rumen withdrawn after 1, 3, 6, 12, 24, 48, 72 and 96 h, washed
immediately and stored at 4°C. At the end of incubation period, all bags were washed
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with cold water for about one hour under running tap water while rubbing gently between
thumb and fingers until the water runs clear and then dried under sunlight for one day.
Then the bags were dried in a hot air oven at 60°C for 48 h and then spread on a table at
room temperature for 48 h. The weights of bags with dried residue were recorded. The
residues were then taken out from each bags and placed to the plastic bag, and stored for
the chemical analysis.

Chemical analysis

Dried residues were analyzed for dry matter and organic matter by the method
described by AOAC (1970). All of the chemical analyses were carried out at the
Laboratory of Department of Physiology and Biochemistry, University of Veterinary
Science, Yezin.

Statistical analysis

Data were statistically analysed and means were compared by the Student’s
ttest.

Results
Chemical composition of treatments

Chemical compositions of treatments are presented in Table 1. All values except
dry matter were expressed in DM basis. The DM contents of RS, WS, RSGN, RSBG,
WSGN, and WSBG treatments were 93.49, 93.32, 92.89, 92.72, 92.78 and 92.61%,
respectively. The CP contents of these experimental treatments were 4.96, 3.25, 7.41,
6.46, 6.29 and 5.34%, respectively. The percentages of NDF contents of these treatments
were 69.97, 72.39, 66.35, 68.07, 67.92 and 69.65, and ADF contents of these treatments
were 42.30,41.71,43.07, 44.34, 42.68 and 43.95, respectively.

Organic matter disappearance

The OM disappearances of treatments are shown in figure 1, figure 2, figure 3,
figure 4 and figure 5. At 1, 3, 6,24 (P<0.05), 48 and 96 h, OM disappearance of RSBG
treatment was higher than that of RS treatment. The OM disappearance of RSGN treatment
at 1,3 (P<0.05), 6 (P<0.01) and 24 h (P<0.05) were higher than that of RS treatment.
At 48, 72 and 96 h, OM disappearance of RS treatment was higher than that of WS
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treatment. The OM disappearance of W'S treatment at 48 and 72 h was slightly lower
than that of WSBG treatment. At 1, 3, 6, 12 (P<0.01), 48, 72 (P<0.01) and 96 h (P<0.05),
OM disappearance of WSGN treatment was higher than that of WS treatment.

The OM disappearances (%) of RS and WS were nearly the same from 0to 12
h and then the disappearance (%) of rice straw was gradually higher than that of wheat
straw. The disappearance of RS was the lowest, and that of RSGN and RSBG were the
same before the incubation time 12 hand then RSGN degradation was higher than RSBG
The OM disappearance of WS was lower than that of WSBG and OM disappearance of
WSGN was higher than that of WSBG The comparative OM degradation of RSGN and
WSGN was nearly the same in the rumen of fistulated bull. Black gram residue
supplementation to the rice straw showed higher OM disappearance (%) compared with |
wheat straw supplemented with black gram residue.

Discussion

The in situ organic matter disappearances of RSGN and RSBG were highly
degraded in the rumen followed by RS at 1, 3, 6, 12 and 24 h incubation. This would
indicate that supplementation of groundnut and black gram to rice straw increased organic
matter degradation in the rumen. The degradation rates (c) of dry matter and organic
matter for RS, RSGN and RSBG were relatively similar to each other (Table 2). However
the values of (a) and (a + b) for RSGN and RSBG were found to be higher than that of
RS. This would indicate that the supplementation of groundnut and black gram residues
to rice straw increase dry matter and organic matter degradation in the rumen compared
to those of rice straw alone.

In the rumen, the organic matter disappearances (%) of rice straw and wheat
straw were not significantly different from 0 to 12 h and after then the disappearance (%)
of rice straw was gradually higher than that of wheat straw. That might be due to the
different content of hemicellulose in rice straw and wheat straw. The NDF content of
wheat straw was higher than that of rice straw although the ADF content of wheat straw
and rice straw were the same (Table 1). Beever, Coelho da Silva, Prescott and Armstrong
(1972) stated that hemicellulose is more digestible in the hind gut than is cellulose. Weston
and Hogan (1968) stated that a higher digestion rate for NDF in the intestine than in the
rumen. Rice straw contains much more silica (12-16%) and less lignin (6-7%) than wheat
straw which contains 3-5% silica and 10-12% lignin (Jackson, 1978). Bailey (1973)

" reported that lignin is associated with the hemicellulose via covalent and non covalent

interaction. A high lignin to hemicellulose suggests that a large proportion of hemicellulose
was interacting with lignin and therefore was less digestible than hemicellulose from a feed
with a low lignin to hemicellulose (Weiss, Fisher and Erickson, 1989).
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The organic matter disappearance of RS was higher than that of WS. The rumen
degradation of groundnut residue was higher than that of black gram residue (Tin Ngwe
et al., 2006, unpublished). Although the organic matter disappearance of WSBG was
lower than that of WSGN, organic matter disappearance of RSBG was higher than that
of RSGN. That might be due to, inclusion of some nutrients in the black gram residue,
which were deficient in rice straw and not able to be supplied by groundnut residue. This
was in line with the study of Williams, Innes and Moor (1984) that it was possible that fish
meal contained some nutrients which were not supplied by soybean meal for the stimulation
of straw degradation.

The organic matter disappearance of RSGN was relatively lower than that of
WSGN. This effect might be due to inclusion of easily digestible fibre in the groundnut
residue which stimulates the fibre degradation in the rumen. Tin Ngwe et al. (1993) reported
that supplementation of sesame meal showed higher digestibility in compared with straw
based diet supplemented with groundnut meal. However, the digestibility of straw based
diet supplemented with groundnut meal was higher than that of straw-based diet
supplemented with sesame meal when chick pea husk were added to diets.

Conclusion

In accordance with the results mentioned above, the following conclusions were
elaborated.

(1) The OM disappearance of rice straw in the rumen in situ nylon bag
method was found to be higher than that of wheat straw.

(2) The supplementation of 35% of groundnut or black gram residue to
either rice straw or wheat straw resulted in higher ruminal OM
degradation in compared with rice straw or wheat straw which was
excluded of concentrate, respectively.
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Table 1 Chemical composition of treatments

Description” DM? oM CP NDF ADF

RS 93.49 81.16 4.96 69.97 42.30
WS 93.32 85.84 3.25 72.39 41.71
RSGN 92.89 84.20 7.41 66.35 43.07
RSBG 92.72 84.36 6.46 68.07 44.34
WSGN 92.78 87.27 6.29 67.92 42.68
WSBG 92.61 87.43 5.34 69.65 43.95

DDM: Dry matter, OM: Organic matter, CP: Crude protein,
NDF: Neutral detergent fibre, ADF: Acid detergent fibre,

2) All values except DM are on DM basis
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Table 2 Degradation constants of respective diets in the rumen of fistulated bull

Description RS WS RSGN WSGN RSBG WSBG
DM

a, % 3.0 7.0 11.5 12.0 10.0 7.0

b, % 48.5 37.5 42.5 42.5 47.5 41.5

c,%h’! 1.24 1.37 1.26 1.31 1.22 1.28

a+b, % 51.5 44.5 54.0 54.5 57.5 48.5
OM

a, % 0.0 5.0 5.0 7.0 5.0 5.0

b, % 51.5 39.0 47.0 46.0 49.0 42.0

c,%h 1.20 1.22 1.29 1.30 1.25 1.25

a+b, % 51.5 44.0 52.0 53.0 54.0 47.0

a: Rapidly degradable fraction,

b: Slowly degradable fraction,

a+b: Potentially degradable fraction,
c: Rate of degradation,

h: per hour
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CHERRY EYE

Surgical Correction of Prolapsed
Membrana Nictitan Glands

Dr. Myint Wynn

ABSTRACT

Cherry eye is one of the eye diseases encountered in small animal practice. Defi-
nition, possible causes, clincal symptoms, diagnosis, surgical anatomy and correction

methods are discussed.
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1. Introduction
* Cherry eye is a disease of lower lacrimal gland which is often seen in small animal

practice. The third eye lid (nictitating membrane) consists of mobile cartilage cov-
ered by conjunctiva. Behind the cartilage, on the eyeball side, is the lower lacrimal
gland, which is properly called the "nictitating membrane gland" or "nictitans
gland".

For reasons that are poorly understood, this gland sometimes swells to five or more
time (that of) its normal thickness. As it does so, it lifts the nictitating membrane
away from the surface of the eye. Once this problem occurs, the continued swelling
of the nictitating membrane couses the third eyelid to flip over. The gland appears as
around, glistening pink mass at the inner corner of the eye (medial canthus), for this
reason, the condition is called "cherry eye".

Once exposed by swelling, the gland can irritate the cornea, causing conjunctivitis
until the cherry eye is treated. Therefore, epiphora or mucoid discharges and mild to
severe conjunctivitis are usually concurrent. Protrusion of the gland can affect one
or both eyes.

Cherry eye is a hereditary disease and sometimes it can be seen in both parent and
its offsprings of the some group. There is no age limitation and cherry eye can be
seen in yound puppies as well as in the older ones. Beagle, Boxer, Bull dog, Blood
hound, Boston Terrier, Cocker Spaniel, Lhasa Apso and SharPei are the breeds at
risk for cherry eye.

Surgical removal of the exposed portion of the gland is the treatment of choice in the
past seventies to eighties. But because of the gland is responsible for production of a
portion of aqueous tear film, sacrificing valuable glandular tissue may cause Kerato-
conjunctivitis Sicca (KCS) or Dry Eye at a later time. For this reason, replacement
without excision and with presservation of entire gland offers an advantage over the

alternative method for partial total gland resection.
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2. Materials and Methods
2.1 Anatomy and Physiology of Lacrinal Glands"

s 2aginsd Secdoa chvough the Ortm

Muprors past of Ixp wus ol

* There are two lacrimal glands in cats and dogs: the nictitans gland and the orbital
lacrinal gland. They each produce approximately one-half of the tear volume.

* The nictitans gland is the lacrimal gland of the nictitating membrane and it is wrapped
around the vertial cartilage of the third eyelid.

* The orbital lacrimal gland lies internal to the lateral orbital ligament, directly below
the zygomatic process of the frontal bone.

* Parasympathetic innervation of the lacrimal gland originates with the trigeminal nerve,
courses through the inner ear with the facial nerve, and distributes superficially as

divisions of the facial nerve

Blood supply is by the capillaries of orbital, auricular and auriculo-palpebral vessels.
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2.2 Case Reports
2.2.1 Laylay
o’ Terrier
4% m.o, 12lbs
Bi-lateral, neticed for 2 weeks.
Tumor size = 7.5mm in length
Pre-med?- over night fasting (9.30 hrs)
- Inj: Atr opine : 0.5 mg S/
- Inj: Ketamine 50 mg zim
GirA - Thiopentone sodium
Calculated dosage 20-35 mg/kg
1.2x20 =109.09mg
24
1.2x35 =190.90mg
22
Givendose =200 mg

Case 2.2.1 Lay Lay
Pre.Op




Case Report 2.2.2 TORRY
O, Shi-Tzux Terrier cross
6m.o, 14 lbs
Uni-lateral cherry eye,

Noticed for 2 weeks by owners with signs of conjunctivitis and epiphora
Tumor size = 8 mm in length
Pre-medication + overnight fasting (10 hrs)
- Inj: Atropine 0.5 mg S/c
- Inj: Ketamine 50 mg 1/M
G.A Thiopentone sodium
Calculated dose ~20-35mg/kg
14x20 =127.27mg
2.2

14 x 35 =222.72mg
22

Given dose =175mg
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Case 2.2.2

Ligation of blood vessels by 5/0 chromic catgut
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Excision of the gland

3. Discussion

3.1. Common disorders of lacrimal apparatus include insufficient tearing ( i.e kerato con
junctivitis sicca, kes), prolapse of the gland of the nictitating membrane (cherry eye), and
over flow tearing (i.e epiphora)

Keratoconjunctivitis sicca (KCS) occurs when tear secretion is deficient and the
cornea and conjunctiva become desiccated. Aqueous tear deficiency leads to excessive
mucus build up; corneal pigmentation, vasularisation and keratinization; and dense corneal
scars. KCS is a dif ficult disorder to manage and one of the most frequent causes of canine
visual loss. Introduction of topical cyclosporine has greatly reduced the morbidity of KCS
and increased the convenience of treatment.

Epiphora or overflow tearing, can be a cosmetic problem or an indication of occular
pain necessitation diagnosis. Irritation of the eye, distichiasis (eyelashes touching the eye),
trichiasis (misdirected facial hairs touching the eye), entropion, and dacryocystitis (inflam-
matory block age of the naso-lacrinal drainage duct) cause eplphore.

Prolapse of the nictitating membrane gland is a cosmetic problem. Hypertrophy
and prolapse of the mictitating membracem gland , i.e gland of the third eyelid, presents
unattracted appearance often accompanied by recurrent conjunctivitis.

Although the exact cause of the condition is unceratain, glandular hyperplasia and
improper development of the connective tissue at the base of the gland perhaps allow the
protrusion to occur. And this condition has been referred as " Cheery Eye".

3.2 Protrusion of the hypertrophied superficialgland is the common clinical symptom ofthe
cherry eye. The enlarged gland becomes approximately (8x5 mm) in size, and protrudes
from behind the third eyelid. Epiphora or mucoid discharge and mild to severe conjunctivitis
are usually seen. Development of cherry eye is very quick in some animals and the size of
(4x2 mm) growth may reach within two weeks.
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3.3 In Myanmar, Terrier, Shi-Tzu, Pekingese and cross-breds of these breeds are frequently
found with defect of cherry eye. Incidence of uni-lateral and bilateral are nearly the same.
Most cases are seen in younger age, but some cases are found in older dogs. Occurrence of
cherry eye, one after another in the same dog is seen in some cases. But, it takes some time
to develop.

4. Treatment options

Surgical removal of the prolapsed gland was the treatment of choice in the 70's and
80's. The opreation was done under local anasthesia or general anasthesia.

But, the choice for surgical excision became controversial among the practitioners
in the 90's. Some surgeons believed that keratoconjunctivitis sicca (KCS) may develop ata
later time after removal of gland which is responsible for the production of half of the tear
film. So, they avoid surgical removal and recommend to choose "the replacement therapy."

But replacement therapy is suitable for the early stage of glandular development or
small sized cherry eye and if the gland continues to develop, irritation to eyeball may occur
and it has to do surgical correction as the last attempt.

Besides, KCS is not found in all cases after surgery, therefore some srugeons
preferred to use surgical method for the treatment of cherry eye.

According to the experience of surgical cases, there were no complications of
KCS, found post.operation. But, protective bandaging to the eyes should be applied on the
operation day to prevent bleeding by self-trauma.

4.1 "Surgical Excision Method"

The animal is given general anaesthesia and all the aseptic preparations are
made for surgery.

The thin conjunctival covering is clamped with small mosquito forceps at the medial
and lateral free edge extremilies, thus exposing the prolapsed gland. Then, small blood
vessels supplied to the gland are clamped and ligated with 4/0 or 5/0 chromic catgut. After
this, exposed gland is dissected free with a small, blunt-tipped scissors. The cartilage of the
third eyelid can be removed, but it is better to omit the carti lage.

Some of the small vessels located at the base of the gland may have to be coagu-
lated or ligated to control haemorrhage. Spraying with adrenaline and nomal saline solution
can also be used in controlling haemorrhage.

As the third eyelid is thin in its center, it may be perforated during removal of the
gland. Such a defect should be repaired with 4/0 or 5/0 surgical gut, tying the knots on the
extermal surface of the 3" eyelid.
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"Replacement therapy"

Replacement therapy can be used instead of surgical excision, so as the gland can

be replaced / repositioned and can restore and preserve its normal nictitans fuction.

Surgical Technique (Saunders', 2000)

Expose the globe for repostioning of nictitating membrane and nictitans gland. (A)
Extend the nictitating membrane and incise the palebral conjuctiva of the fornix. (B)
With 3/0 nonabsorbable monotilament suture, take a long bite of periosteum along the
orbital rim. The needle should traverse medially to laterally through the rim and not
perpendicularly (towards the eyeball). Pass the suture back through incision, the dor-
sally through the prolapsed gland, exiting on the dorsal bulbar face (C)
Reflect the nictitating membrane downward.
* Pass the suture back through the exit hole in the apex of the gland taking a horizontal
bite through the dorsal prominence of the gland.
* The final pass of suture begins again at the previous exit hole and passes ventrally
through the gland, exiting through the conjuctival incision, within which both suture
ends are securely tied (D)
Post operative care and Complications
*  Administer topical broad-speetrum antibiotic 3~4 times daily for 7 days. Parenteral
antibiotic and anti-inflammatory drugs can be given 4~5 consecutive days.
* Complications are uncommon, but include reprolapse of the gland and infection of
the surgical site.
* Epiphora may be noticeably relieved on the morning often surgery; the full effects
of operation

can best be evaluated 10 days after suigery.
* Post-op bleeding may be found in some cases because of self-trauma (rubbing the
head against the wall or scratching) therefore thorough, protective bandaging to the
eyes should be applied on the operation day.
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Verification of Studies of Food Safety of Hazards in Dried Snakehead Fish
Products

Tint Wai!
ABSTRACT

This paper presents a verification study into the levels of nitrite found in dry snake
head fish. Dried snakehead fish were purchased and collected from various markets and
manufacturing sites during December 2004 to March 2006. The dried fish were analyzed
for nitrite at the quality control laboratory located at Thaketa. A mixture of sodium nitrite
(¥ann seinn) and salt are used as preservatives while imparting the pink colour associ-
ated with the product. Sodium nitrite can be extremely toxic to human body. Nitrite has
been implicated in a variety of long term health effects and its toxicity has been evaluated
on a number of occasions. The most recent study was conducted by the joint FAO/WHO
expert committee on food additives. The study recommends as Acceptable Daily Intake
(ADI) of 0.07 mg/kg/bodyweight/day (as nitrite ion). Nitrite can combine with secondary
or tertiary amines to form N-nitroso derivatives. Certain N-nitroso compounds have been
shown to produce cancers in a wide range of laboratory animals (Codex 1988). When
combined with saliva and digestive enzymes, sodium nitrite technically has the potential to
create a cancer-causing compound known as nitrosamine. Results of the present study
detected levels of nitrite above the international standard. Inaccurate measurement and
mixing of sodium nitrite in the dry form and a lack of process control during manufacture
were found to be the primary causes of excess levels in finished product. The application
of Good Manufacturing Practices and HACCP concept in the production of dry snake
head fish are also discussed.

! Staff Officer, Export and Quality Control Laboratory, Department of Fisheries.
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Introduction

Myanmar, one of the developing countries in South East Asia, is richly endowed
with an abundance of natural resources. The fisheries sector is of considerable
importance to the national economy as a major source of nutrition for the local
population, and from foreign exchange contributions from exports.

Currently there are 140 fish processing establishments in Myanmar. The annual
production of fish products has increased on a yearly basis of 2004-05, total reaching
255 780.14 metric tons. Exports were worth US$ 346.92 1million for the same year and
the major markets being China, Japan, EU, Middle East and ASEAN member countries.

There are many species of fresh water and marine fish which are processed as
traditional fish products. These are broadly classified as dried and salted, fermented pastes
and sauces, minced fish meal, smoked, canned and cured fish products. There is a
significant requirement for the adoption of food safety practices throughout the supply
chain in the production and handling of these products.

The Department of Fisheries is the Government agency tasked with the responsi-
bility for the inspection, licensing of all export oriented and domestic fish processing plants
in Myanmar. One of the departments’ primary roles is to ensure public health by
implementing and monitoring the compliance with domestic and importing country food
legislation.

Justification

Dried snakehead fish is a popular fresh water species occasionally consumed by
the general public of Myanmar. Current processing methods suggest potential of a signifi-
cant hazard due to excessive levels of sodium nitrite used as a preservative /antibacterial
agent. Associated with the consumption levels is the potential for conversion of sodium
nitrite to nitrosamine a recognized carcinogenic chemical. This popular product is
prepared in many ways such as by shallow frying, with curry and tomato syrup or grilled
before serving. Dried snakehead fish is produced in Ayeyawady, Yangon and Bago
Divisions and is an important product for local consumption.

Currently under Myanmar food legislation there is no regulatory limit for sodium nitrite in
fish and fish products. Given the potential toxic nature of derivatives from sodium nitrite
and the resultant potential for adverse health effects, this screening study will prove
valuable in determining potential exposure levels from snakehead fish consumption.
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The aim of this study is to assess the levels of sodium nitrite in dried snake head and
determine if current application methods result in product safe for public consumption.

Materials and Methods

Dry snake head fish were collected from the markets and production sites of
Pantanaw, Pegu and Twante from December 2004 to March 2006. The samples were
analyzed for:

Moisture content

Protein

Salt

Ash

Total Volatile Basic Nitrogen: TVBN
Mould

Nitrite according to SEAFDEC (MFRD) Laboratory manual on Analytical
Methods and Procedures for fish and fishery products 2 Edition ,1992.

The method for nitrite analysis uses sulphalilamide which combines with the nitrite

under acid conditions to become a diazotized salt. The diazotized salt then combines with
naphthyl ethylene diamine to form the reddish-violet color of azo dye. The intensity of the
colour is proportional to the concentration of nitrite present. The azo dye is measured by
spectrophotometer for absorbance at a wavelength of 540 nm.

Recommended limits and guidelines

Currently in Myanmar there is no national regulatory limit for sodium nitrite in dry
fish products. Singaporean food regulations (1988) set the residue limit of 10 ppm for
sodium nitrite in fish sausage and fishham. The Australian standard for residue in meats is
125 mg per kilogram maximum permissible limit.

According to the Japanese Food Sanitation Law (2001), sodium nitrite is a
permissible food additive and permitted for use in fish sausage, fish ham, fish roe and
smoked fish to prevent the growth of the bacteria Clostridium botulinum. The most
recent study conducted by the joint FAO/WHO expert committee on food additives
recommends an Acceptable Daily Intake (ADI) of 0.07 mg/kg/bodyweight/day (as nitrite
ion). The U.S. Department of Agriculture (USDA) in Meat Inspection Regulations cites
the use of nitrites, nitrates, or combinations of them cannot result in more than 200 parts
per million (ppm), calculated as sodium nitrite, in the finished product.

i
i
!
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Result and Discussion
Results summary

*  Thenitrite results varied significantly between manufacturers and batches of product
from the same manufacturer. The range was 10.9 to 89 mg/kg.

* Nitrite residues were in excess of recommendations for fish products but significantly
less than those applied to meat products. Conclusion to be drawn from this result is
given the risk from pathogenic bacteria to consumers and the inconclusive case against

nitrite the residue levels found during the study do not pose a significant risk to
consumers.

e  Moisture levels ranged from 17-34%

e  Saltlevelsranged from 1-10%

Moisture

Moisture is a key requirement for bacterial growth. The removal of moisture isa
primary preservation method for dried products. The moisture content of dried snakehead
fish ranges from 17 to 38 % (Table 1). The results indicate moisture contents from the
same production site differ significantly during the sampling period.

The variable moisture contents may be attributed to a number of factors. These
include the uncontrolled condition of drying the products and the absorption of
atmospheric moisture during the wet season due to a lack of packaging.

The high variability of the results has anumber of potential undesirable outcomes
from a food safety perspective. Higherlevels of moisture may lead to potential food
hazards including allowing the growth of pathogenic bacteria likely to be present as a
result of open air drying, the presence of no protective packaging and poor personal
hygiene practices of processors. Moisture levels while not sufficient to allow bacterial
growth may allow the growth of moulds which may have adverse health effects.

Salt

Salt content varied from 1 to 10 % in the samples (Table 1). Salt is frequently
used in dried products to inhibit bacterial growth. The combination of salt and drying
reduces water activity (available moisture) which has a preservative effect by creating an
environment in which insufficient water is available to sustain bacterial growth. The
variability in salt levels from the same producer at different sampling times again indicates
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lack of a consistent manufacturing process. Levels of less than 4% salt are considered to
have little or no inhibitory effect on bacteria. Given the variable salt and moisture results it
would be difficult to determine the safety of this product from bacteria.

Nitrite

The results of the nitrite residues are shown in Table 2. The results indicate that
although the nitrite content forall samples exceeds the Singaporean limit they are
significantly less than both from the Australian limit for processed meats (125 mg/kg) and
the US limits for processed meats (200 mg/kg). This would indicate that the levels of
nitrite in dried snakehead fish do not represent a significant hazard to consumers. The high
variability in residue levels between samples indicates the need for national production
guidelines for producers and appropriate facilities and equipment to be used including
scales to measure salt and sodium nitrite.

The results are insufficient to give an indication as to the significance of moulds in
this product. Given high variability in moisture levels between samples combined with a
lack of moisture proof packaging it may be assumed that the potential for mould growth is
significant. In future monitoring activities water activity (AW) should be measured. This
will give an indication as to the potential for mould growth.

Moulds in dried fish products have not been extensively studied and the potential
health implications from consumption are not widely appreciated. Often National regula-
tions do not include limits or guidelines for moulds.

Recommendations

e Need to develop a guide and education program for producers and the supply chain
on appropriate production and handling methods

®  Need to for regulators to promote accurate measuring practices when mixing
ingredients

e Development of a national limit for nitrite supported by training and educations
programs

e  Measure water activity (AW) as part of product monitoring by a competent
authority

¢  Encourage the use of moisture proof packaging for finished product

e Promotion of GMP, GHP and HACCP practices in manufacturing
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e  Education and training for workers and processors on GMP, GHP

e National or ASEAN standard for dried fish products including nitrite residues and
moulds based on risk based approach

e Need for clear documented guidelines (specification) to provide guidance on
manufacturing methods
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Table 1. Nutritional values of dry snakehead fish

Place Mcz‘i;:)ure Pr(::/t;in Fat (%) ‘2;“,})’ *;X(ZN Salt (%)

1 |Ayeyawady | 19.05 67.81 21 95 33891 13
2 |Bago 35.78 50.17 25 115 278.50 449
3 |Twante 3032 56.40 15 110 278.55 433
4 |Ayeyawady | 33.65 50.39 2.5 | 130 375.60 27
5 |Bago 38.13 4808 23 115. 462.70 36

6 |Twante 3025 5432 21 120 419.16 40
7 |Ayeyawady | 19.84 55.717 6.0 13.1 204.40 6.8

8 |Bago 17.32 60.7 6.5 15.5 251.71 7.01
9 |Twante 18.5 59.18 70 17.5 295.71 10.08
10 |MOH* - | 205 66.14 7.0 62 - -

*Ministry of Health  * Total volactile basic nitrogen
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Table 2. Nitrite content in dry snake head fish

ST Markets and manufacturing sites Nitrite content
No mg/kg
1. Than zay /Chinese market (Yangon) 36.3
2. Theingyizay (Yangon) 55.4
3. Pantanow(Ayeyawady Division) 27.4
4.  Phayagyi Village (Bago Division) 55.8
5. Kyone pyaw Township (Ayeyawady) 27.8
6. Waw (Bago Division) 88.6
7. Thar paung 10.9
8.  Maubin 27.6
9.  Thanatpin 354
10. Wakhema 46.6
11.  Twante 12.8
12. Kyone pyaw 27.8
13. Eaime 66.3
14, Inmma 23.9

Table 3. Mould colony per gram
Products Purchase area Mould Species

Contents/mg identified
(Range)

Dry snake Yangon 10-350 Aspergillus

-head fish

Dry snake Bago 50-60 Penicillin

-head fish
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Appendix 1. Process flow diagram of dry snake head fish production

1.Rawfish

receiving

2. Beheading

3. Slicing and

butterfly
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Mixing with
salt and nitrite

!

4.Soaking with
salt and nitrite
(5:1)

|

5. Leave overnight
in cement jar

|

6. Washing with
water

|

7. Sun dry for 3days

8. Finished products
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Studies on the Effective Components in Silkworm Pupa Meal as Feed
Ingredients for Common Carp (Cyprinus carpio)

Aung Naing Oo' and Shuichi Satoh?

ABSTRACT

Silkworm pupa (Bombyx mori) meal is a by-product available from silk industry
that is rich in protein and lipid. In the first experiment, the availability of silkworm pupa
products for carp feeds was investigated. Four isonitrogenous (crude protein: 42.0%)
and isocaloric (gross energy: 5.1 kcal/g) diets were formulated: a control fishmeal based
diet with 9% oil (3% Pollock liver oil and 6% soybean oil), three test diets with raw dried
silkworm pupa meal replacing 26% of the fish meal of the diet (SPM), defatted pupa meal
replacing 20% fishmeal of the diet (dSPM) and silkworm pupa oil replacing 6% of the oil
mix used in the control diet (SPO). Each diet was offered to duplicate groups of 20
common carp (initial mean weight 7.4g) maintained in 60L aquaria for 12 weeks. The
incorporation of silkworm pupa products in the diets resulted in a slight decrease in growth
for the dSPM group compared to the control group. A distinct reduction of the a-toco-
pherol level in hepatopancreas tissue of the SPM fish indicated the poor lipid quality of
dried silkworm pupa meal. The second experiment was an elaboration of the first, and
intended to test the efficacy of the components from silkworm meal at different levels in
carp diet. Besides, the same control diet used in the first study, this trial employed four
other test diets (isocaloric, 5.1 kcal/g); two diets with pupa oil replacing the oil mix either
partially (6%; diet PO1) or wholly (9%; PO2) and two other diets with defatted pupae
meal replacing fish meal either at 20% (DP1) or at 10% (DP2). The diets were fed to
common carp (initial mean weight 5 g) in duplicate groups for 12 weeks. The fish receiv-
ing the pupae oil diets (PO1 & PO2) showed growth comparable to the control group,
while those fed on the diets containing defatted pupae meal (DP1 & DP2) gave inferior
responses. This study has demonstrated that although the dried silkworm pupa meal could
partially substitute the fish meal in carp diet, ill-effects of the oxidized oil portion from the
ingredient has to be taken care of. On the other hand, the oil from silkworm pupae after
filtration with celite could effectively replace fish oil in total, whereas the defatted pupa
meal could substitute partially the fishmeal in carp diets in combination with other protein
sources.

1  Fisheries Officer, Department of Fisheries, Ministry of Livestock and Fisheries, Yangon.

2  Professor, Laboratory of Fish Nutrition, Department of Marine Biosciences, Tokyo Univer-
sity of Marine Science and Technology, Konan, Minato, Tokyo 108-8477,

Japan.
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Introduction

Development of cost-effective fish feed is an important aspect of aquaculture
research considering the availability of ingredients and the requirements of the culture
species. Fishmeal (as protein source) and fish oil (as lipid source) are the conventional
ingredients in all types of fish feed. The cost of these ingredients is high due to their
increasing demand worldwide. Therefore, for over the last decade, the research empha-
sis has been to find proper substitutes for the two ingredients. Alternative feed ingredients
would be more cost effective for incorporation in diets, especially those destined for
warm water fish species such as carp, tilapia, and catfish (Rumsey, 1993). A number of
published reports are available regarding the efficacy of plant feedstuffs and ingredients
of animal origin as alternative protein sources in fish feeds (Watanabe et al., 1991; Abdel-
Warith ef al., 2001). Again, the challenge of finding environmentally and economically
sustainable ingredients raises questions about the future suitability and availability of fish
oil. As the demand for fish oil increases relative to supply, the price increases, making
other lipid sources economically competitive. The combination of fish oil and other lipids
would be useful in reducing dietary unsaturation levels and prolonging lipid stability by
lowering lipid peroxidation during feed storage. Many researchers have also looked into
the animal oil sources in the diets of various fish species for replacing the fish oil (Chou &
Shiau, 1999; Martino et al., 2002). Ingredients from terrestrial animal origin such as
meat meal or meat and bone meal may contain a recently discovered pathogen; the prion,
responsible for bovine spongiform encephalopathy (BSE). That is the reason why these
raw materials are not allowed to be used in animal feeds in the European Community
although fish are not suspectible to prions (Métailler and Guillaume, 2001). Recently, in
Japan, use of meat meal or meat and bone meal in animal feeds including fish feeds were
prohibited. Therefore, the present nutritional research intended to look for other locally
available animal waste by-products for developing a cost-effective fish feed.

, One such alternative is silkworm pupae, which is available as a by-product from
silk industry and is rich in protein and lipid contents. Silkworm pupae meal has been
tested as a partial fish meal replacement in diets of carp Cyprinus carpio (Takeuchi et
al., 1989) and fish fed on 12% silkworm pupae meal showed almost the same growth
and feed efficiency as those on other diets containing the same levels of protein and lipid.
Silkworm pupae meal has been evaluated in diets for carp, Cyprinus carpio (Nandeesha
et al., 1990), and catfish species like Heteropneustes fossilis (Hossain et al., 1993),
and Clarias batrachus (Habib et al., 1994) and it has been suggested that a high percent
of silkworm pupae meal could replace fishmeal without affecting the growth. Not only in
freshwater fish feed, but also in marine fish feed for Japanese flounder (Paralichthys
olivaceus), silkworm pupae meal could replace 20% of protein of dietary fish meal, and
where amino acid supplementation was not required at the crude protein levels of
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45-48% in test diets (Kikuchi and Takeuchi, 2002). Therefore, silkworm pupae meal can
generally be accepted for replacement of fishmeal up toa considerable level to develop
cost-effective fish feed. In recent years, oil is often extracted from pupa and two products
viz., defatted pupa meal and pupa oil are commercially available. The efficacy of pupa oil
in comparison with sardine oil asan additional energy source in the diet of common carp
has investigated by Nandeesha et al. (1999). With this background knowledge, it is
possible to include silkworm pupae meal and oil as cost-effective ingredients in aquatic

feed.

The objective of the present study was to determine the efficacy of lipid and
protein components from silkworm pupa meal as sources in common carp diets. The first
study was on the availability of silkworm pupae products (dried silkworm pupae meal,
defatted silkworm pupae meal, and filtered silkworm pupae oil) for carps. Based on this
information, the second trial was designed to substitute fishmeal and oil with defatted

pupa meal and pupa ol to clearly examine the effect of the lipid and protein components
from pupa meal as sources in carp diets.

Materials and Methods

Silkworm Pupae Products

Silkworm pupae products used in this experiment were produced by the
following procedures (Fig.1). The oil was extracted (thrice) from the raw dried silkworm
pupae meal using hexane at the temperature of 65-67°C, filtered and evaporated at 60°C.
This was followed by additional filtration using Celite to reduce the oxidized fractions in
the oil used in the experiments. The oil-extracted wet pupa meal was dried at 82-95°C
for 24 h to obtain the defatted pupa meal. The raw dry silkworm pupae meal contained
crude protein 59.2%, crude lipid 26.5% and the acid value of the lipid was 33.4.
Defatted silkworm pupae meal had a crude protein of 82.3% and residual lipid of 3.0%.
The silkworm pupae oil filtered by Celite consists of crude lipid 98% and had an acid
value 5.4. The main fatty acids of silkworm pupa oil are palmitic acid (16:0), oleic acid
(18:1n-9) and a-linolenic acid (18:3n-3) (Table 1).

Two experiments were conducted by the use of above mentioned silkworm pupae
products.
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Feed Preparing

Expt. I: Fourisonitrogenous and isocaloric diets were prepared. The control
diet (C) contained 50% fishmeal as protein source and 9% of an oil mix (3% pollock liver
oil & 6% soybean oil) as lipid source. Three test diets were formulated: dry silkworm
pupae meal replaced 26% of the fishmeal in SPM diet and it also contained 5% of oil mix
(3% Pollock liver oil & 2% soybean oil); In dSPM diet fish meal was substituted by 20%
defatted silkworm pupae meal and it also included 12% of oil mix (6% pollock liver oil &
6% soybean oil). The SPO diet was a 50% fish meal diet, similar to the control diet, but
the lipid sources were silkworm pupae oil 6% and pollock liver oil 3% (Table 2). Dry
silkworm pupa and defatted silkworm pupae meal was ground (ZM 1, Retch grinder,
Germany) to get a fine power before mixing with other ingredients. All ingredients were
mixed well and pelletized. Pellets were dried in vacuum freeze dryer (REL-206, Kyowa

Vacuum Tech. Co. Ltd., Tokyo, Japan) and stored at 5°C until used. The
proximate composition and major fatty acids content of the experimental diets are shown
in Tables 2 and 3 respectively.

Expt. II: The same quality of silkworm pupae oil and defatted silkworm pupae
meal used in the previous experiment was employed in this study. Five isocaloric diets
were prepared. The control diet contained 50 % fishmeal and 9% oils (3% Pollock liver
oil and 6% soybean oil) as protein and lipid sources, respectively. Among the four test
diets, two contained 50% fish meal and silkworm pupae oil replacing the oil mix either
partially (6% of the oil mix; PO1) or wholly (9% of the oil mix; PO2) and another two
diets contained about 11% oil mix (pollock liver oil and pupae oil) and defatted pupae
meal replacing fish meal either at 20% (DP1) or at 10% (DP2). The DP2 diet also
combined 15% defatted soybean as a protein source. The diet preparation was as per the
description in Expt. I. The proximate composition and fatty acid profile of the experimen-
tal diets are shown in Tables 2 and 3.

Fish and feeding methods

Both of the feeding trials were conducted using juvenile common carp Cyprinus
carpio purchased from Sankyo Suisan Co. Ltd. (Tokyo, Japan). Prior to the trials, fish
were kept on a commercial diet (Nippon Formula Feed Mfg. Co. Ltd., Yokohama,
Japan) in 60L indoor tanks for about 5 months. At the start of the feeding trials, fish
weighing about 7g (20 fish per tank) and 5g (25 fish per tank) were randomly allotted to
eight and ten 60L glass tanks in Expt. I and II, respectively. Another 20 fish (Expt.I) and
25 fish (Expt.IT) were sampled and kept frozen at -20°C for initial whole body proximate -
composition analysis. The tanks were set up in a flow through city-water system that was
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passed through activated carbon filters for de-chlorinization and the flow rate was
maintained at 500ml/min. The tanks were continuously aerated and duplicate groups of
fish were fed each of the experimental diets three times per day, six days a week to near
satiation. Both of the feeding trials were 12 weeks long and the water temperature was
24.3+1.5°CinExpt.Iand 23.3 +2.3°C in Expt. II. during the culture period.

Analytical methods

Fish were weighed every 3 weeks to calculate the live weight gain and feed
performance. Prior to every biometric assessment the fish were starved for 24 h, lightly
anaesthetized with ethylene glycol monophenyl ether (300 p.p.m) and weighed individu-
ally. At the end of the experiment, 10 fish from each diet group were sampled for whole
body analysis. The fish were minced with a centrifugal mill (ZM 1, Retch) fitted witha
0.5mm screen. The homogenate was stored at -28°C until analysis. Another 10 fish from
each group were sampled for blood and hepatopancreas. Anti-coagulated whole blood
was drawn from the caudal vein of the fish with heparinized syringes and transferred to
hematocrit tubes for measuring the hematocrit value. The hepatopancreas collected from
the fish and preserved at -28°C for further lipid and vitamin E analyses. The sampling
regimes were almost same in experiment I and I1.

Sample of the experimental diets and whole body samples were analyzed for
proximate composition (AOAC., 1990) and gross energy by auto calculating bomb
calorimeter (CA-4P, Shimadzu, J apan). Total phosphorus content of the diets wasmeasured
spectrophotometrically (UV 265 FW, Shimadzu, Japan) using the methods described by
Satoh et al. (1984). Total lipid from carp hepatopancreas were separated to neutral lipid
and phospholipids fractions by using silica gel cartridges (Sep-Pack, Waters, Milford,
MA, USA). Fatty acid methy] esters were prepared from the total lipids of diets and the
polar lipids of tissue by saponification and methylesterification (A. O. C. S., 1990). Al-
pha-tocopherol was extracted from hepatopancreas tissue samples using the saponifica-
tion method of Buttriss and Diplock (1984) as described by Akhtar (1999). Hematocrit
(Hct) values were determined by centrifugation (MC-150, Tomy Tech., USA) at 4500
rpm for 5 min at room temperature.

Statistical analysis

For statistical comparisons, data from the different treatments were assessed by
analysis of variance (ANOVA; SYSTAT 8.0 software, SPSS Inc., Chicago, USA). Dif-
ferences among means were considered significant at P <0.05. Post hoc analyses were
performed using Tukey test (P level 0.05) to resolve the differences among means of
duplicate groups.
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Results

The experimental diets in experiment I contained crude protein in the range
41.5 - 42.4% and crude lipid between 15.1 and 17.1%. As expected, the gross energy
content of the experimental diets maintained an almost identical level between 5.0 to 5.2
kcal/g of diet (Table 2). The total saturated and n-3 PUFA fatty acids levels were higher
in silkworm pupa oil containing diets — SPM & SPO, compared to control & dSPM. The
later two diets, which also contained soybean oil, were rich in n-6 PUFA (Table 3). In
experiment I, the crude protein content of the diets ranged from 41.1% to 43.1% and
lipid content ranged from 15.2 to 15.6%. The experimental diets were resulted in isoca-
loric (5.1 +0.1 kcal/g diet) and met the fatty acid requirement of common carp. However
there were some differences in individual fatty acids and their major groups. The fatty
acids profiles of the diets matched the dietary oil sources and their proportions. The
silkworm pupae oil-containing test diets were rich in saturates, monoenes, and n-3 PUFAs
while the soybean oil containing control diet was rich in n-6 PUFAs. The test diets were
rich with palmitic, oleic, and a-linolenic acids. :

The fish growth and feed performance are presented in Table 4. In the experi-
ment I, the final average body weights of the fish were not significantly different (P>0.05).
Compared to the control group, the fish from the SPM diet were significantly inferior in
feed gain ratio whereas the dSPM and SPO groups were not markedly different. The
control group was significantly higher than the test groups, excluding dSPM fish, in
protein efficiency ratio. The survival rate (%) in the treatment groups were not markedly
different, nevertheless the percentage was lowest for the SPM group. In the experiment
I1, the difference in average body weight of fish from PO1 and DP2 was significant
(P<0.05). The growth rate of the fish fed on pupa oil replaced PO1 and PO2 were
comparabple to that of the control fish. Besides, compared to the control group, there
were no significant differences in growth of fish fed on defatted silk worm pupae meal
substituted DP1 and DP2 diets. Survival rate (%) was not significantly different among
the treatment groups. '

While the moisture content and crude ash were lower crude protein, crude lipid
and gross energy were higher among the final fish compared to their initial counterparts in
experiment I and II (Table 5). In the experiment I, the whole body crude protein of the
fish fed SPO was significantly higher than that of the control and dSPM fish, but the
content of SPM and dSPM groups were not significantly different compared to the
control group. In the experiment II, carp fed DP1 had slightly lower whole body lipid
content and higher moisture content compared to other groups, but there were no
statistically significant differences among the treatment groups. The crude protein content

and crude ash content in the whole body of the fish were also not affected by the
treatments.
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Fatty acid composition of the carp’s hepatopancreas polar lipid is shown in
table 6. The pattern was typical of fatty acid polar lipid fractions, with high
saturated and polyunsaturated fatty acids, and clearly reflected the composition of the
dietary lipid. In the experiment I, except for the n-6 PUFA, differences were not found in
total saturates, monoenes, n-3 PUFA and total PUFA level among the treatment groups.
Although, there is no statistically significant difference in the PUFA content among the
treatment groups, the PUFA content of SPM fish was slightly lower than the other fish.
The main fatty acid DHA also followed the pattern of PUFA levels and the content in
SPM fish was slightly lower than the other fish. In the experiment II, the fatty acids
composition of the polar lipid fraction of the hepatopancreas were resulted the
differences in total saturates, n-6 PUFA, and total PUFA level among the treatments

groups.

'Hematocrit values of the fish in experiment I were not statistically significant
difference among the treatment groups. All of the experiment fish had hematocrit values
above the mean percent 31.3% reported for healthy common carps (Klontz, 1994). In
the experiment II, the hematocrit value was highest for the fish fed PO2 and it was signifi-
cantly different from the control and DP1 groups. However, rest of the values was similar
to the control (Table 7).

Vitamin E content of the hepatopancreas and muscle of carp in both experiments
is shown in table 7. In the experiment I, accumulation of vitamin E in hepatopancreatic
tissue was least in SPM fish (157.1 + 16.0 ug/g) and highest in SPO fish. There was no
marked difference between SPM fish and the control fish. The content in dSPM fish was
not significantly different from SPO fish. The content of vitamin E in SPM and control fish
was significantly lower than that of dSPM and SPO fish. The vitamin E content was
determined in the hepatopancreas and muscle of carp from the different dietary groups in
the experiment II. Its content in the tissues did not indicate any changes to suspect the
oxidative stability of the pupa oil.

Discussion

With regard to growth performance in carp, no significant difference was
observed between the silkworm pupae products containing test diets and the fishmeal
based control diet. Though the growth of fish fed the diet containing 26 % silkworm pupa
was comparable to the control group, its feed utilization was significantly inferior as
indicated by the feed gain ratio. The dried meal was high in lipid and linolenic acid content.
When supplemented as protein and lipid sources at 12% level in the carp diet, it gave
growth and feed efficiency almost similar to those on other diets containing the same
levels of protein and lipid (Takeuchi ef al., 1989). Again it replaced fishmeal partially or
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completely in carp and other fish diets, a similar performance was observed (Nandeesha
et al., 1990, Hossain er al., 1991, Habib et al., 1994). Nandeesha et al. (1 990)
reported that non-defatted silkworm pupa meal could replace up to 27% of the dietary
protein without hampering the fish growth. Partial replacement studies with the defatted
product have been reported in carp and Deccan mahseer, Tor khudree (Nandeesha er
al., 1990, Shyama and Keshavanath, 1993). Although Nandeesha ez al. (1990) reported
that the growth performance deteriorated upon inclusion of 20% defatted meal, in the
present study we did not observed any such change deemed to be statistically significant.
In earlier studies on carp the same group had shown that the non-defatted pupa meal was
superior to defatted product (Nandeesha et al., 1990), the reason being the loss of
attractants and appetite stimulants due to oil extraction.

In the experiment I of present study the defatted pupae meal treated group is
comparable to control group in feed gain ratio and protein efficiency ratio. The filtered
silkworm pupa oil when incorporated at 6% in the diet gave specific growth rate and feed
gain ratio comparable to control fish while protein efficiency ratio was lower. The present
experiment revealed that silkworm pupa oil combined with the Pollock liver oil could be
successfully used in carp feed. After the 12-week culture period, even though the survival
rate of fish among the treatment groups was not statistically different, it was lower for the
SPM diet-group compared to the rest. It is suspected that this may have been due to the
oxidized lipid in dried silkworm pupa meal although the diet contained 50mg/g diet of the
antioxidant vitamin E. Silkworm pupa meal is considered as conventional feedstuffand an
appropriate processing method can improve its availability to fish. The first experiment
demonstrated this; the silkworm pupa oil extracted from pupa meal and filtered by Celite,
as well as the residual defatted pupa meal could replace the fishmeal and fish oil in carp
diet. With adequate supplementation of vitamin E, the silkworm pupa oil filtered by Celite
could replace the fish oil, and defatted pupa meal could substitute 10% of fish meal in
carp diet. In the experiment II, carp fed the silkworm pupa oil partially and wholly re-
placed diets (PO1 and PO2) showed growth performance comparable to control fish
while the fish fed the defatted pupa meal DP1 (20% of diet) and DP2 (10% of diet) gave
inferior response compared to control group (Table 4). Different oils can produce similar
growth of fish, provided the qualitative and quantitative requirements for essential fatty
acids are met (Steffens, 1995). In this study too, when silkworm pupa oil replaced fish oil

partially and wholly, growth performance, and feed gain ratio was comparable to that of
control fish.

Considering the defatted pupa meal substituted diets, a similar response in growth
performance and feed utilization has been also reported when defatted pupa meal was
employed in carp diets (Nandeesha et al., 1990). They suggested that inclusion of
defatted pupa meal beyond 10% might not be good for growth. On the contrary, Shyama
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and Keshavanath (1993) observed good growth when 50% defatted silkworm pupa
meal replaced fish meal in diet for Tor khudree. On the basis of our results and other
similar reports it seems that large amounts of the defatted meal cannot be employed in
diets due to its poor protein quality, besides the lack of the fat fraction. Though the protein
content of the defatted pupa meal (82.3%) was higher than that of the raw silkworm
pupa meal (59.2%), the former appears to have a different amino acid profile compared
to latter. Takeuchi (1999) reported that over heating of a protein can cause losses of
amino acids by oxidation and ultimately decrease the availability of some of them such as
lysine. The oil extraction from the pupa meal and the subsequent drying (82-95°C) may
have led to a decrease in the availability of amino acid to carp from ingredient, apart from
the loss of appetite stimulants. Information on animal feed resources describes that
silkworm pupa meal contains the exoskeleton and contents of the body cavity. Chitin, a
component of the exoskeleton, contains approximately 25% of the crude protein content,
which is not composed of amino acids and is indigestible. This is probably why we
observed that defatted pupa meal could replace fish meal only up to 10% of diet.
However, when combined with soybean meal in carp diet there was no negative effect on
fish growth.

In the study of Takeuchi et al. (1989), 12% pupa meal containing diet did not
have any distinct effect on the proximate composition of the whole body tissue. Higher
deposition of fat and protein in fish treated with pupa oil as well as sardine oil compared
to control fish fed on oil-excluded diet has been reported by Nandeesha et al. (1999).
Common carp in the present study receiving the dried silkworm pupae meal (SPM) and
filtered pupae oil (SPO).had slightly greater fat deposition butit was not statistically
different compared to control and defatted pupae meal fish. The replacement of silkworm
pupa oil as well as pupa meal did not result in any significant difference in the whole body
composition of carp in the experiment I1. In this study, different dietary protein ingredient
combinations in carp diets did not affect the protein levels of the whole body. However
the DP1 group with the lowest growth had relatively less amounts of lipid and greater
moisture content in whole body tissue, but these differences were not statistically different
from the rest. The two levels of pupa oil employed in the experimental diets did not
produce any significant changes in fish whole body composition, similar to reports with
Chinook salmon (Dosanjh et al., 1988), with palm oil in African catfish Ng et al.,
2003). The different oils employed in the diets, did not affect the whole body composition
of the fish, and provided their fatty acid requirement is met by the particular oil.

The fatty acid compositions of the body lipids basically match that of the dietary
lipids. Satoh (1991) has indicated that dietary lipids affect the fatty acid composition of
phospholipids to a greater degree than those in the neutral lipids. The significant decrease
of linoleic (18:2n-6) and linolenic (18:3n-3) acid in phospholipid of hepatopancreas tissue
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in Expt. I and in Expt. Il suggested that carp converted the dietary 18:2n-6 to 20:4n-6
and 22:5n-6 and 18:3n-3 to 22:6n-3 in phospholipid fraction (Farkas ef al., 1980). It has
been reported that the oxidized lipid destroys the a-tocopherol originally present in the
diet, causing its deficiency (Watanabe er al., 1982) that may lead to a decrease in
18:2n-6, 20:4n-6, 20:5n-3 and 22:6n-3 in the hepatopancreas polar lipid fraction of young
carp (Watanabe er al., 1977) and adult carp (Watanabe and Takashima, 1977). Klaus
Eder (1999) reported in rat, that the presence of oxidized oil in dietary lipid would lower
the 20:4n-6 and 22:6n-3 level in liver polar lipid fatty acid. In this study, the suspected
dietary oxidized oil portion in SPM diet led to lower levels of 20:4n-6 and 22:6n-3 in
hepatopancreas polar lipid fraction, though statistically insignificant. Various levels of pupa
oil substitution in test diets did not significantly affect the polar lipid fatty acidcomposition
in hepatopancreas in the experiment II. In this study, the polar lipid fatty acid composi-
tions clearly reflected those of the dietary lipids. A decrease in 22:6n-3 in carp hepato-
pancreas polar lipid that can be caused by feeding oxidized oil was not observed in the
experiment II. Thus, it appears that the pupae oil filtered by Celite can safely be incorpo-
rated into carp feeds as an effective alternate to fish oil.

Silkworm pupa products incorporated in carp diets did not have any significant
impact on hematocrit values. Murai and Andrews (1974) reported that the high levels of
oxidized menhaden oil and low levels of a-tocopherol in channel catfish diet resulted in
reduced hematocrit levels. Rainbow trout fed highly or extremely oxidized oils without
DL-a-tocopherol acetate supplementation, exhibited lower haematocrit value but the fish
fed diet containing highly oxidized oil supplied with DL-a-tocopherol acetate (33mg/kg
of diet), and showed the same level of hematocrit value compared to fresh oil-diet fed fish
(Moccia, et al., 1984). In the present study no significant decrease in the haematocrit
values were observed despite the possibility of inclusion of oxidized oils from the
silkworm pupae meal. The fish receiving the greater amount of pupae oil (PO2) had the
highest hematocrit value (40.2%), while the values for the rest of the fish was in the range
(35.1 t0 38.1%), quite similar to that of healthy common carp (26 to 39%; Klontz, 1994).
It is interesting that fish fed on diets with pupa oil alone had higher hematocrit value than
that of the control diet and diet with a lower proportion of pupae oil. The replacement of
fish meal with defatted pupa meal did not influence the hematocrit value.

Differences were noted for the vitamin E content of carp hepatopancreas among
fish from the various treatments, although all the diets contained vitamin E 50mg/100g of
diet. Watanabe et al. (1981) reported that feeding diets containing 15 to 20% of pollock
liver oil resulted in an increased requirement for a-tocopherol in carp. Again Satoh et al.,
(1986) reported that the elevation of the dietary lipid levels from 5 to 15% in the tilapia
diet containing 50mg of a-tocopherol reduced the concentration of a-tocopherol in the
whole body. Sakai et al. (1992) also reported that the yellow tail fed on brown fish meal
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diets supplemented with 40 mg a-tocopherol/100g and 9% of sardine oils of high and low

POVs (100 and 4.7 respectively) exhibited clear differences in the a-tocopherol content
of liver tissue. Potentially negative health effect associated with dietary lipids can be
attributed to their rancidity. Many fish diets contain relatively hi gh levels of polyunsatu-
rated fatty acids, which are particularly susceptible to oxidation. Various products of lipid
oxidation may react with proteins, vitamins, and other dietary components to limit their
nutritional value. This result is in good agreement with that of Satoh (1991), where he
assumed that the oxidized lipids were destroyed by the a-tocopherol originally present in
the diet. As far as the decrease in a-tocopherol in hepatopancreas of the fish from the
control group, it could be due to the high amount of the lipid contained in their diets
(15%). In the experiment II, employing pupa oil filtered by celite at various level in carp
diets, did not affect the vitamin E level in hepatopancreas and muscle tissues, as in the
case of oxidized lipid. Dietary oil status significantly influences the vitamin E content in
liverand muscle tissue. At identical vitamin E inclusion levels, when dietary fresh oils were
compared to oxidized oils, the latter caused a decrease in the tocopherol concentration in
tissues of rainbow trout (Hungeral., 198 1), and African catfish (Baker and Davies,
1997). Confirming the observations based on fatty acid profiles, the tissue vitamin levels
recorded in this study leaves no doubt about the good quality of filtered pupae oil.

Conclusion

In the first trial investigation of the availability silkworm pupae meal products in
carp diets, it was known that the dried silkworm pupae meal (27% of diet) replaced diet
group showed comparable growth performance to that of control fish, but the oxidative
oil effect of the significantly decreasing of vitamin E content in hepatopancreas tissue was
observed in this treatment group. Thus dried silkworm pupae meal replacing level should
be reduced and/or vitamin E adding level should be adjusted to optimum level at high
dietary lipid level (15% of diet) of carp diets were seen in this experiment. From the first
and second trials of this study, silkworm pupae oil extracted by hexane from silkworm
pupae meal and filtrated by Celite to reduce the oxidative contents in this oil, had
effectively replaced oil mix either partially or wholly in carp diets.

Poor quality of protein component in the silkworm pupae meal was clearly
observed in this study. In the first trial, defatted pupae meal 20% substitution in carp diet
showed slightly inferior response of growth performance and feed utilization. In the
second trial, when we again confirmed the protein quality of pupae meal, diet contained
defatted pupae meal 20% and oil mix (fish oil 2.8% + pupae oil 8%) showed significantly
lower growth response compared to control diet group. However, defatted pupae meal
10% replaced fish meal and combined with soybean meal supplied with oil mix (fish oil
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2% + pupae oil 9%) diet treatment group could be comparable to control group fish. It
was clearly known that significantly inferior growth response of defatted pupae meal
20% replaced diets group was the effect of the poor protein quality of defatted pupae
meal. The efficacy of growth stimulant of the protein and lipid component from silkworm
pupae meal in carp diets determined in this study.

Table 1. Crude protein, lipid content of the silkworm pupae products and main fatty acid
composition of the filtered silkworm pupa oil used in the formulated diets.

Ingredients Crude protein (%) Crude protein (%)
Silkworm pupae meal 59.2 26.5 (AV:33.4)*
Defatted silkworm pupae meal 823 3.0
Silkworm pupae oil ‘ - 98.0 (AV: 5.4)*
Fatty acid % Area
16:0 222
16:1n-7 1.2
18:0 6.8
18:1n 324
18:2n-6 5.5
18:3n-3 31.0
Others 0.9

* Acid value
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Table 2. Composition of the experimental diets in experiment I and 11

Experiment No. I II
Ingredients (%) Diet code Diet code
C SPM  dSPM SPO C POl PO2 DPI Dp2

Jack mackerel meal 27 26 50 50 50 50 26 26

Silk worm pupae meal - 2% - - - - - - -

Defatted silk worm

Pupae meal - - 20 - - - - 20 10

Defatted soybean meal - - - - - - - - 15

Pollock liver oil 3 3 6 3 3 3 - 2.8 2

Soybean oil 6 2 6 0 6 - - - -
Silk worm pupae oil' - - - 6 - 6 9 8 9
Wheat flour 25 25 25 25 25 25 25 25 25
Mineral premixture? 1 1 1 1 1 1 1 1 1
Vitamin premixture 15 15 1.5 1.5 3 3 3 3 3
Others? 86 86 86 86 86 86 8.6 8.6 8.6
Cellulose 49 59 59 49 34 34 34 5.6 04
Nutrient contents (dry basis)

Crude protein (%) 415 418 422 424 431 429 428 418 41.]
Crude lipid (%) 161 171 164 15.1 152 154 153 15.6 153
Crude ash (%) 113 93 94 118 109 11.0 109 87 88
Moisture (%) 47 38 24 24 40 33 34 2.5 2.1
Gross energy (kcal/g) 5.1 52 52 50 5.1 5.1 5.1 5.1 52
Phosphorous (mg/g) 248 192 198 271 224 223 226 189 184

ISilkworm pupae oil filtered by Celite, Nippon Chemical feed Co. Ltd., Yokohama, Japan.

Composition (g 100"'g): NaCl (5), MgSO,.7H,0(74.5), FeC;H,0,.nH,0 (12.5), ZnSO,.7H,0 (1.77),
MnSO,.5H,0(0.81), CuSO,.SH,0 (0.16), AICI, 6H,0 (0.05), CoCl,.6H,0 (0.015), KIO, (0.005), Cellu-

lose (5.2).

3Others: Pregelatinized starch, 5%; Choline chloride, 0.5%; Vitamin E (50%), 0.1%; Ca (H,PO,),, 3%,
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Table 3. The main fatty acids composition of the diets in experiment I and I1.

Expt. no. I II
Fatty acids Diet code Diet code

(% area) C SPM dSPM SPO C POl PO2 DPlI  DP2
16:0 13.1 166 125 190 141 193 215 200 209
16:1n-7 32 24 39 39 30 38 21 26 25
18:0 34 47 34 44 32 43 5.1 52 50
18:1 219 243 219 253 221 254 284 279 285
18:2n-6 313 152 283 73 304 67 17 78 81
18:3n-3 31 211 41 151 28 152 220 205 220
20:1 35 26 49 31 26 26 05 21 0.8
20:4n-6 03 0.2 03 03 04 04 03 02 02
20:5n-3 48 3.1 54 56 49 5.1 26 34 27
22:1 35 22 38 26 20 19 03 1.8 14
22:5n-3 0.8 04 06 09 09 09 0.8 0.5 0.5
22:6n-3 45 24 37 51 6.8 83 54 3.7 32
Total '
Saturates 193 232 187 264 199 262 283 270 275
Monoenes 320 316 35 349 297 336 313 343 33.1
n-3 PUFA 139 276 149 276 166 306 310 289 292
n-6 PUFA 318 154 287 19 310 74 89 82 85
PUFA 457 430 436 355 476 380 392 371 373
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Table 4. Growth performance, feed utilization and survival rate of carp in experiment

Iand II.
Av. body wt. (g) £SD .
Diet SGR  FGR PER TGC  Survival
no. Initial Final (%/day) (%)
Expt. I
C 74+0.5 125.9+32.2 338 0.84° 3.01° 0.0015 97.5
SPM 74+0.6 123.3+32.1 335 1.05° 2.38 0.0015 715
dSPM  74+0.6 103.7+23.3 3.15 0.92® 2.64% 0.0014 92.5
>\\\ SPO 74x0.5 121.6+24.1 334 0.96* 2,520 0.0015 925
'{é’ Expt. II-
; C 5.02+0.1 107.9+£3.1* 3.65 0.81* 3.00° 0.0016 98

‘ POl 5.10+0.1 111.3£8.5 367 0.82° 294 0.0016 100

/ PO2 50101  1082£33% 366 083  289% 00016 100
& DPI 502400  916+04 346 092 268 00014 100
)

7 DP2  497+01  99.8£07% 357  091°  272*  000I15* 100

SGR; Specific growth rate (%/day), FGR; Feed gain ratio, PER; Protein efficiency ratio,

TGC; Thermal unit growth coefficient o )
Values within the same column not sharing the same letters are statistically different (P<0.05)




Table 5. Proximate composition of fish whole body before and after the feeding trials
in experiment I and II.

Dietno. Crudeprotein ¢ gelinid(%)  Moistwre(%)  Crudeash (%)

(%)

Expt. I

Initial fish 13.0 1.8 81.6 3.2
C 14.9° 6.9 74.9 2.6
SPM 15.12® 7.4 74.6 2.6
dSPM 14.7 7.0 75.4 2.7
SPO 15.4° 7.4 74.3 2.8
Expt. II:

Initial fish 14.3 2.6 80.1 33
C 15.4 7.7 74.3 2.9
POl 15.7 7.6 74.2 3.0
PO2 15.6 7.9 74.3 2.8
DP1 15.5 6.9 75.2 3.0
DP2 15.7 7.3 74.6 2.8

Values within the same column not sharing the same letters are statistically different
(P<0.05)



Table 6. Fatty acid compositions of polar lipid from carp hepatopancreas in
experiment [ and II

Expt. no. I il
Fatty acids Diet code Diet code
(oarea) C SPM dSPM SPO C POl PO2 DPI DP2
160 238 247 233 241  21.0° 224" 228" 226> 228°
180 86 94 92 94 13 73 82 82 84
18:1 109 130 116 109 86°  10.I° 106° 9.7* 93®
18:2n6 7.7¢  55% 7.8  28° 73 23* 31" 30° 3.1b
-é’, 18:3n-3 03* 17° 0.5° 1.5° 020  14® 19 19 14°
W 20:1 33 35 35 30 15 17 10 22 17
Q! 20:4n-6 28 26 27 35 43 38" 36 31° 33
ﬂ 20:5n-3 23 28 32 39 2.8*% 34° 23* 35 36b
/ 22:5n-3 13*  12*  1.6° 17% 1.4®  14® 12°  ]4® ]7°
fl‘z' 22:6n-3 290 252 274 298 374 379 373 368 371
7" Total
Saturates 336 350 334 350 29.1° 304%* 31.5% 31.5% 3]9°
Monoenes 161 182 172 157 115 134 132 132 124
n-3 PUFA 332 312 331 372 424 454 448 454 454
n-6 PUFA 13.0* 9.7*  12.3* 7.5° 144° 7.8* 81° 73° 76°
PUFA 462 409 454 447 569° 53.2° 52.9° 52.7° 530°

Values within the same row not sharing the same letters are statistically different (£<0.05).

PUFA, polyunsaturated fatty acids.
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Table 7. Hematocrit value and vitamin E content in carp after 12 weeks in experiment

I and II.

. . Vitamin E*
Diet no. Hematocrit! Hepatopanctreas Muscle
Expt. 1
C 408+34 247.7+2.7° -
SPM 41.4+1.8 157.1 +£16.0* -
dSPM 414+29 451.3 £ 35.4° -
SPO 46.0x1.2 586.8 + 98.6° -
Expt. 11
C 35.6+1.3° 537.5+324 12.8+ 1.9
PO1 37.6 £ 0.4 548.5+0.3 12.1£0.1
PO2 40.2 £ 2.1° 573.2+26.1 125+1.3
DP1 38.1 £ 0.4% 633.7+108.2 13.8+0.2
DP2 35.1+£1.12 570.6 £ 89.4 13.3+1.4

Values within the same column not sharing the same letters are statistically different

(P<0.05).
1 (%, n=10)
2(ng/g, n=10)




Silkworm pupae meal

Extraction with hexane

| l

Extract Residue
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Filtration
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Evaporation (60°C) Drying (82-95°C)
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Silkworm pupae oil Defatted silkworm pupae meal

Fig. 1. A simplified schematic diagram showing the procedures of oil extraction from

silkworm pupa meal, refining process of pupa oil and production of defatted
pupa meal.
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Carcass E\?aluation Data

0:03 (9-2)

Avg

Avg

Avg

%

Leg

Leg

Breast

%

Breast

. Le .

No| Entry |No L‘:I\;e D::tss D\r:: S wtg dre; | Meat| Meat| wt | dre; | Meat 3;:??,2 ‘:’k';)g
e | k&) | % ke)| wt | (kg)| % | (kg | wt | (ke)

1. |Control | x |2.80] 1.90 | 68.0 J0.43]22.6] 0.23 ] 12.1 ]| 0.34 }17.9] 0.19 | 100 | 0.22

x 12.30] 1.60 | 70.0 [0.38]23.8{ 0.21 | 13.1 | 033 |206] 0.20 | 125 | 0.19

Avgl2.60] 1.75 | 69.0 [0.41[23.2| 0.22 | 12.6 | 0.34 [193]| 020 | 11.3 [ 0.21

2. |H x |3.00] 2.12 | 71.0 |0.46]22.0] 0.23 | 109 | 0.49 |23.1] 0.27 | 127 | 0.24

x |2.80] 1.96 | 70.0 }0.41]209} 023} 11.7 | 0.36 |18.4] 0.24 | 123 | 0.24

Avgl2.90| 2.04 | 70.5 |0.44]21.5] 0.23 | 11.3 | 043 |20.8] 0.26 | 125 | 0.24

3.lAa X |2.801 1.94 | 69.3 |0.40]20.6] 0.20 | 10.3 | 0.42 |21.7] 026 | 13.4 | 0.22

x 12501 1.75 | 70.0 |0.38]21.7] 0.22 | 12.6 | 0.42 |24.0] 022 | 126 | 0.20

Avgl2.651 1.85 | 69.7 0.39]21.2} 0.21 | 11.4 | 0.42 |22.8] 024 | 13.0 | 0.21

4.|D X l290]2.10 | 72.4 [0.43]20.5] 0.21 | 10.0 | 0.43 |20.5] 0.24 | 11.4 | 0.24

x |2.40] 1.50 | 62.5 l0.32]21.3f0.20 | 13.3 | 040 |26.7] 0.22 | 147 | 0.21

Avgl2.70] 1.80 | 67.5 |0.38]20.9] 0.21 | 11.7 | 0.42 |23.6| 0.23 | 13.1 | 0.23

s. |E X |3.10] 2.35 | 75.8 J0.50]21.3] 024 | 102 | 0.60 |25.5] 032 | 13.6 | 0.26

x 12801 2.00 | 71.4 lo.4a{22.0] 0.21 | 10.5 | 0.42 |21.0] 025 | 125 | 0.22

. Avgl3.00l 2.18 | 73.6 10.47]21.7] 023 | 10.4 | 0.51 |23.3] 029 | 13.1 | 0.24

6.l X |2.70] 1.94 | 71.9 lo.40]20.6] 0.20 | 10.3 | 0.44 |22.7]| 024 | 124 | 0.26

x 1240} 1.72 | 71.9 Jo28]16.3} 0.18 ] 10.5 | 038 |22.0] 0.22 | 12.8 | 0.22

Avglass| 1.86 | 72.9 l034]18.5] 0.19] 10.4 | 0.36 {224 0.23 | 126 | 0.24

7.3 X 1280l 2.00 | 71.4 lo.42]|21.0] 022 | 11.0 | 044 [22.0] 025 | 125 | 0.22

x |2.50] 1.80 | 72.0 lo32]17.8] 020 11.1 | 0.40 |22.2] 020 | 11.1 | 0.22

Avgloesl 190 | 71.7 Jo37|19.4] 021} 11.1 | 042 [22.1] 023 | 11.8 | 0.22

8. ]lc X 1280l 2.14 | 76.4 |0.48]22.4| 0.27] 126 | 0.48 |22.4] 027 | 12.6 | 0.26

X 1240l 1.80 | 75.0 |0.38]21.1] 0.19]| 10.6 | 0.42 [23.3] 0.21 | 11.7 | 0.22

Avelseol 1.97 | 75.7 |o.43]21.8] 0.23 ] 11.6 | 0.45 |22.9] 024 | 122 | 0.24

9 |1 X 1260l 1.95 | 75.0 [0.42]21.5] 024 | 123 ] 0.36 |18.5] 024 | 123 | 0.23

X 12401 1.74 | 72.5 |0.38]21.8{ 020 11.5 | 0.38 |21.8] 0.20 | 11.5 | 0.22

Avels sol 1.85 | 73.8 lo.40]21.7) 022 119 | 037 |202] 022 | 11.9 | 023

10.|B X la80l 2.15 | 76.8 l0.42]19.5) 0.23] 107 | 0.50 |23.3] 0.26 | 12.1 | 0.24

A"‘,g 2301 1.76 | 76.5 |0.39)22.2] 0.22 ] 12.5 | 0.36 |20.5] 0.22 | 125 | 0.20

x |255] 1.96 | 76.7 04112091023 116 043 |21.9] 024 | 123 | 0.22

1L.|F L |2:60] 1.90 | 73.1 |0.37119.5 024|126 036 |19.0] 0.20 | 105 | 0.26

Ave 2.40] 1.75 | 72.9 lo.34]|19.4] 0.23 ] 13.1 | 0.36 |20.6] 0.20 | 11.4 | 0.24

2500 1.83 | 73.0 J0.36]19.5] 0.24 | 129 | 0.36 |19.8] 0.20 | 11.0 | 0.25

Test |Avg|2.66] 1.91 | 72.2 |0.40]20.9] 0.22 |11.53| 0.41 |21.7] 023 | 123 | 0.23
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Carcass Evaluation Data

03 (§-0)

Avg| Avg | Avg |y oo | o | Leg | Leg |Breast| % | Breast :
No| Entry | No L‘::e D{::S D:'vetss wtg dre; Megt Niegl wt | dre; | Meat h‘z;gi’i; \(\Cg)g
&) | o) | % kg)| wt | (k)| % | (kg) | wt | (kg)

1. | Control X l2.601 2.00 | 76.9 |0.32]16.0] 0.19 ] 9.5 | 0.41 |20.5 0.28 14.0 0.26
x [290] 1.88 | 64.8 |0.41]21.8] 0.20 ] 10.6 | 0.45 | 23.9 0.29 154 | 0.22

Avgl2.751 1.94 | 70.9 {0.37]19.1 020]103] 0.43 222 0.29 15.0 0.24

2. |H X 13.20] 2.30 | 71.9 |0.49]21.3] 0.28 | 12.2 | 0.60 |26.0 0.33 144 0.25
x |2.60] 1.94 | 74.6 |0.42]21.7]| 0.24 ] 12.4 | 0.49 25.3] 0.31 16.0 0.24

Avgl290] 2.12 | 73.1 |0.46|21.7] 0.26 12.3] 0.55 |25.9] 0.32 15.1 0.25

3.]A X | 32| 244 ] 763 ]0.53]21.7] 0.27 | 11.1 | 0.49 ]20.] 0.33 13.5 0.24
x | 2712151 79.6 |]0.35]16.3] 0.22 ] 10.2] 0.52 | 24.2 0.29 13.5 0.25

Avg| 3.0 | 2.30 | 76.7 |0.44]19.1] 0.25 | 10.9] 0.51 |22.2| 0.31 13.5 | 0.25

4.|D X |3.1]217]700047]21.7] 0.23 | 10.6 ] 0.51 |23.5] 0.31 14.3 0.25
x | 261 185]71.2037]20.0]0.19]10.3] 046 |24.9] 0.29 15.7 | 0.21

Avgl 2.9 | 2.01 | 69.3 |0.42]20.9] 0.21 | 10.4 | 0.49 |24.4 0.30 14.9 0.23

5. |E X 129]217]74.8 |0.50]23.0] 0.26 | 12.0 ] 0.51 |23.5 0.35 16.1 0.24
x | 29210 72.4 |0.45]21.4] 0.22 ]| 10.5] 0.55 ]26.2 0.31 14.8 0.23

Avgl| 29| 2.14 | 73.8 |0.48]22.4] 0.24 | 11.2| 0.53 |24.8 0.33 15.4 0.24

6.1G X | 291207] 71.4 |0.42]20.3] 0.21 | 10.1 ] 0.44 |21.3 0.30 14.5 0.22
x | 29| 1.96 | 67.6 |0.38]19.4] 0.20 ] 10.2 | 0.50 ]25.5] 0.32 16.3 0.22

Avgl 29 | 2.02 | 69.7 |0.40]19.8} 0.21 | 10.4 | 0.47 |23.3] 03] 15.3 0.22

X | 321220688 {0.50]22.7] 027] 123} 0.50 |22.7| 0.30 13.6 0.25

7.3 x |26 1.88]723]036]19.2] 0.19|10.1| 0.45 |23.9] 0.28 149 | 0.21
Avgl 29| 2.04 | 70.4 |0.43]21.1] 023 | 11.3 | 0.48 |23.5]| 0.29 14.2 0.23

X 129 209]721]045]|21.5]024|11.8] 0.50 | 23.9] 033 15.8 0.24

8.]C x 12812121757 ]044]20.8{024]|11.3] 0.44 |20.8] 0.35 16.5 0.26
Avgl 291 2.11 | 72.8 }0.45]|21.3] 0.24 | 11.4 | 0.47 |22.3]| 0.34 16.1 0.25

X 3.0 | 2.22 | 74.0 [0.50]22.5] 0.26 | 11.7 | 0.51 |23.0] 0.32 14.4 0.24

9. 11 X 124 1.74|725]038|21.8]0.22]12.6| 0.45 }253] 0.28 16.1 0.20
Avgl 27| 1.98 | 73.3 |0.44]22.2{ 0.24 | 12.1 ] 0.48 |24.2] 0.30 152 | 0.22

X 32| 2321725]1050|21.6] 026} 11.2]| 0.59 |25.4| 037 16.0 0.24

10.{B X 12411.77173.8035]19.8]0.19110.7] 0.44 |24.9] 0.29 16.4 0.22
Avg 28 | 2.05 | 73.2 |0.43]21.0] 0.23 | 11.2| 0.52 |25.4] 0.33 16.1 0.23

X 271182 16741036/19.8]0.20 | 11.0] 0.45 |24.7 0.29 15.9 0.21

11.{F X | 271 188]69.6|040]21.3]0.2010.6] 0.46 |24.5 0.29 154 0.21
Avg 271 185|685 ]0.38]20.51 0.20 | 10.8 | 0.46 |24.9 0.29 15.7 0.21

Test [Avg| 2.8 | 2.06 | 73.6 |0.42 204/ 023]11.2] 0.49 ]23.8] 0.31 15.1 0.24
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DOC -7 Week Meat Test Result (8-11-2005 — 26-1-2007)
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Carcass Evaluation Data

03 (6-0)

Ay g| Avg | Avg Leel % [ Leg | Leg |Breast] % | Breast | Breast .
No| Entry | No Lv'v‘;e D‘r:tss D::tss wtg dre; Megt Megt wt |dre;| Meat | Meat \x:;)g
ke)| kg) | % (kg)| wt [(kg)| % | (kg) | wt (kg) %

1. (Control | X [2.6]1.98] 76 [0.39] 20 [0.28] 14 | 0.41 | 21 | 0.22 11 | o.21
x |30 23] 77 |0.47] 20 |J0.26] 11 | 0.55 | 24 | 0.33 14 | 0.26

Avg| 2.8 |2.14| 76 |0.43] 20 |0.27| 13 | 0.48 | 22 | 0.28 13 | 0.24

2.|F X |3.11232] 75 l0.43] 19 |]0.23] 10 | 0.44 | 19 | 0.30 13 | 0.26
x 1281222 79 |o.so] 23 J0.24] 11 | 0.52 | 23 | 0.29 13 | 0.22

Avg| 3.0|229] 78 |0.47| 21 |0.25] 11 | 0.48 | 21 | 0.30 13 .| 0.24

3.|A X 1291210 72 |o.4a8] 23 |0.27]| 13 | 0.44 | 21 | 0.24 11 | o023
x | 261200 77 l0.44] 22 |0.25]| 13 | 0.43 | 22 | 0.24 12 | 022

Avg| 2.8 |2.05]| 75 |0.46] 22 |0.26] 13 | 0.44 | 22 | 0.22 12 | 023

4.|E X |271200] 74 |0.43] 22 J0.22] 11 | 0.42 ] 21 | 0.26 11 | o022
x |2612.10] 71 |o.as] 21 J0.24] 11 | 049 | 23 | 0.24 12 | 022
Avgl2712.05] 77 lo.44| 22 |0.23]| 11 | 0.46 | 22 | 0.21 12 | 022

5.1D X |261190]| 73 |0.39] 21 |J0o.22] 12 | 041 | 22 | 0.25 11 | o021
x |27]200] 74 |0.45| 23 |023] 12 | 045 ] 23 | 0.23 13 | 0.20
Avgl2711.95| 74 |0.42] 22 |0.28] 14 | 043 | 22 | 0.26 12 | 0.21

6.]C X |291212] 73 |0o.46] 22 |0.24| 11 | 0.46 | 22 | 0.24 12 | 0.24
x |270198] 73 |o.42] 21 |0.22] 11 | 0.46 | 23 | 0.25 12 | 023
Avgl2.812.05| 73 |0.44] 22 |023]| 11 | 0.46 | 22 | 0.22 12 | 024

7.11 X ]29]|220] 76 |0.48] 22 |0.24] 11 | 0.48 | 22 | 0.25 10 | 0.23
x |27011.98]| 73 |0.40] 20 |0.22] 11 | 0.46 | 23 | 0.24 13 | 0.21
Avgl281209]| 75 |0.44] 21 |0.23] 11 | 0.47 | 23 | 0.24 12 | 022

8.|B X 13.0]220]| 73 |0.56] 26 |0.32] 15 | 0.46 | 21 | 0.30 11 | 0.24
x |28]2.10] 75 l0.42] 20 |0.22] 11 | 0.50 | 24 | 0.27 14 | 025

Avgl 29| 2.14| 74 |0.49] 43 |0.27] 13 | 0.48 | 22 | 0.34 13 | 0.25

9.|G X 1321242 76 0.50] 21 J0.29] 12 | 0.56 | 23 | 0.30 14 | 0.28
X |311240] 77 |0.50] 21 |0.23] 10 | 0.58 | 24 | 0.32 13 ] 0.22

Avgl 321241 77 lo.so| 21 |o26] 11 | 057 ] 24 | 024 | 13 | 025

10.|H X |261200] 77 l0.42] 21 |o.20] 10 | 0.48 | 24 | 0.25 12 | 022
X |2.81215] 77 |0.42] 20 |o20] 9 | 040 | 19 | 0.25 12 | 022
Avgl2712.10]| 78 lo.42] 20 |[0.20] 10 | 0.44 | 21 | 0.25 12 | 022

11.1J X 130|228 76 |0.44| 19 |024] 11 | 0.50 | 22 | 0.23 10 | 0.26
X126 21| 81 [042] 20]0.24] 11 J 046 | 22 | 0.24 11 | 024

Avglog ] 22| 79 lo.43]| 20 |0.24] 11 | 0.48 | 22 | 0.24 11 | 025

Test |Avg|2.8{2.13] 76 |0.4s] 21 |0.24] 11 | 047 | 22 | 0.26 12 | 024




O

0:03 (9)

JooG-Joo?:ngr)eq:§5

Jooo- Joommg)oeq:§5

mcEplimep

§2905(6) | §22905(00) | §2903() | §2¢5()
oonEcopSayiqed > ;J' ° 1 rogof | Joon | JerBop
opSagSieomnsaq goo goo goo goo
sovsomieq 2% 6 %0 6o
seplraeomteq 0G6 o6 | om0 -
808§ 509 o065 | ooe.g | ooc0.0
oorEeepbiosd J-0.09 | o4 o | 9B.g.op | o) e o0p
egr0badicepSicsd Jg0oo | o6 Joo | JJG.on | o0.0. 00
AN dhundd Jo22-9 | Joge-9 | Jege-9 | Jepgeo
SrgBSmmecwr S 0.8 | o9 5. o0 5. 90
FCR J | e s | -Jse




(O

i

DOC -7 Week Meat Test Result (28-12-2007 — 15-2-2008)

3 (o)

5 (2)
s | 2 e | s &S 0D | o
e
5 - §5: 05 colod e e eoo/oé ca)/ouS 2078 oo:s St F
op |2260m:¢ 290 Ll 81§ o | eom % |Body 1531 C
& o % | eco: eq " (kg) | R
e 3%
_ (ke)
on | Control G Go Je e 965 - - J- bofs. oeo|U- Gb
gl H e[| % | - S A i
o b 9 1| Ju| e 90 ) 9 g0 6. gool J. 9o
¢l E |oo|®[®[eg] g | ° ? | & 6999099
ol BT I R I e I - | 286 952[u- 52
1 J el ol ol 90 - - @B . 900 J. 90
on (13 Jl el o ol 90 - - J- 63 [6. GBol J. go
on B oo [ 9o | g | o0 Ge . - 9 (6. go0lJe G2
e F e Ll p| o Go - - J- 66 6. o2l J- 69
o01 o | 96 | 90 | op Go ) Q o [6. 9@olJ: o
ool € | oo | 2| eo Go ) s | G 6. Jooh J Gl
o
J- e
o]
J 62
J
J-2?
(o]
J 29
?
J- 39
?
| Test J- G«‘D
* o0 | Jog | oo | 90 | o5 | o9 B. 9J9|J- G°
Avg: J




@03 (0-2)

DOC -7 Week Meat Test Result (28-12-2007 — 15-2-2008)

o s | » | ¢ (220 Ave | Ave
3é&: Do 1 o | B [BS |meo| F
0 |:b0m0d| o sra:co. Gmésa:co. P [ ca6: | oot [mecct| oo C
; q comt| 3 | A% | &% | R
(ke “O1 ™ | ea | ko | Ge) | (ko)
o. | Control G [og- o] oG [go.be| o9 J& 129 941U bogle- 2e] . €
Je K o |60 g9 og oo. 0| op | Jg |oo- 88 e o)og ) J 90
o- D 9 |9-00| 4 PsreY o | Jo |90 26]J- 26¢|C. 2p | T
G- E o0 [go. 0E op (U999 o0 | e [26- g0 Eg o |0
. G o log.o6| o fo.of o6 | Jo |99 o] Blof6. Go 169
8. é e lpo-eo| o4 |6 © | Jo |9Jgolu6yo| o
0- i J o-o) oo a-eel @ f Jo fae oJlk Eeol®. 5ol 52
& B 00 [p6. j5| oG foo. 96 oo | o .00(). 6o | 9 e 70
e F C [PJ 99| °J [U2 29 € | J° |30 29fJ 2?° 6. 96 - co
o o [po-99f °J [i€-2) o2 | Je |oe-98 299 o ) 7
o 6 Jog-oo| o [pg-g9] o2 | U5 |66 o[} 999(6. g0 6
. o
6. 66 J 93
o (9
@. 90’) J' 9J
o
6. 2¢
o
6. e
G.?Jo
o
| Test . 09, | UG ® 6.9
> PR ooy ¥ oe | oo 277 Bogf g0
Avg 0 0. 9 o




-260-

Carcass Evaluation Data

23 (9-0)

Avg| Avg Avg Le % | Leg | Leg |Breast] % | Breast | Breast .
No| Entry | No L’;xe Dvr:',tss Dxtss wtg Dres: Mest l\/iegt wt |Dres:| Meat Nleat \(\::g)g
ke)| k) | % kg) | wt | (kg)| % | (kg) | wt | (kg) Yo
1. E X |2.90]2.12| 73 [0.500] 24 |0.315] 15 [0.490| 23 | 0.280 13 10.221
x [2.60] 1.88] 72 10.430] 23 ]0.240{ 13 |0.450| 24 | 0.235 13 10.210
Avg|2.75] 2.00 | 73 ]0.465| 23 ]0.278| 14 [0.470| 24 0.258 13 ]0.216
2. J X 12.90] 2.11 | 73 |0.415] 20 [0.268] 13 |0.490]| 23 | 0.260 12 ]0.235
x [3.00{2.19] 73 lo.490| 22 |0.270] 12 |0.510]| 23 | 0.270 12 10.220
Avg|2.95] 2.15| 73 [0.453] 21 [0.269] 13 [0.500) 23 0.265 12 |0.228
3. G X |2.90] 2.12| 73 |o.470{ 22 [0.280] 13 |0.440| 21 | 0.235 11 {0.220
x |2.80]2.01] 72 |o.440] 22 [0.260] 13 |0.440] 22 | 0.250 12 |0.225
Avg|2.85]2.07| 72 |0.455] 22 [0.270] 13 ]0.440| 21 | 0.243 12 ]0.223
4.| Control | X |2.90]2.05| 71 |0.480] 23 [0.270] 13 [0.490] 24 | 0.270 13 ]0.235
x |2.70] 1.88 | 70 |o0.440] 23 |o0.250] 13 |0.390] 21 | 0.220 12 10.210
Avg|2.80] 1.97 | 70 |0.460] 23 ]0.260{ 13 |0.440| 22 0.245 12 ]0.223
S. A X |3.00] 220 73 [0.480] 22 |0.280] 13 |0.500| 23 | 0.280 13 10.230
x |2.30]1.64] 71 |o.400] 24 0.235] 14 |0.410] 25 ] 0.240 15 10.210
Avgl|2.65|1.92| 72 |0.440] 23 [0.258] 13 0.455] 24 0.260 14 |0.220
6. F X |2.70] 1.92 | 71 lo.420] 22 |0.260] 14 |0.400] 21 | 0.210 11 ]0.235
x |2.50] 1.85 | 74 |0.450| 24 [0.260| 14 |[0.450| 24 | 0.270 15 10.210
Avgl|2.60] 1.89 | 73 |0.435] 23 |0.260] 14 |0.425| 23 | 0.240 13 ]0.223
7. H X {2901 2.10| 72 |o.s00] 24 }0.300f 14 |0.540] 26 } 0.310 15 10.240
x |2.60]1.90] 73 |0.440] 23 [0.250| 13 |0.500| 26 | 0.290 15 ]0.240
Avg|2.75| 2.00 ] 73 |0.470] 24 |0.275] 14 |0.520] 26 | 0.300 15 ]0.240
8. B X |2.90] 2.12 | 73 |0.460} 22 [0.265] 13 |0.520| 25 | 0.300 14 10.260
x [2.40]1.75 | 73 |0.430] 25 |0.240| 14 |0.460] 26 | 0.250 14 10.200
Avgl2.65|1.94| 73 |0.445] 23 (0.253] 13 ]0.490] 25 | 0.275 14 |0.230
9. I X 13.10] 2.16 | 70 Jo.460| 21 |0.270] 13 |0.510] 25 | 0.300 14 ]0.240
x |3.10]2.14 | 69 ]0.520] 24 |0.280] 13 |0.470| 22 | 0.260 12 10.220
Avg
10] D X |3.10] 2.15] 69 [0.490] 23 ]0.275] 13 |0.500] 23 | 0.280 13 10.230
x |2.70] 1.86 | 69 |0.415] 22 {0.240{ 13 |0.470] 25 | 0.275 15 [0.200
Avg|2.60] 1.81] 70 |0.360] 20 |0.210{ 12 [0.440| 24 | 0.260 14 ]0.210
1] C X |2.65]1.84] 69 (0.388] 21 ]0.225] 12 |0.455] 25 | 0.268 15 ]0.205
x |2.50]1.85] 74 |0.440] 24 |0.260] 14 |0.440| 24 | 0.290 16 ]0.230
Avg|2.50| 1.83 | 73 |0.400] 22 |0.220] 12 |0.510| 28 | 0.310 17 ]0.215
2.50| 1.84 | 74 |0.420] 23 [0.240{ 13 [0.475]| 26 | 0.300 16 |0.223
Test |Avg|2.75] 1.98 | 72 |0.447| 23 [0.260] 13 |0.470| 24 | 0.267 13 ]0.223
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Table 1. Alist of properties of Royal jelly for internal and external uses

Internal uses

External uses

Tonic

Stimulant — physical performance,
Better memory, learning
Capacity and self-confidence
General health improvement
Anorexia

Increased appetite

Skin conditioning

Sexual desire and performance
Influenza

Increased resistance to vital
infections

Good for high blood pressure
Anaemia

Arteriosclerosis

Lower cholesterol levels

Good for chronic and incurable
disorders

Skin conditioning

Epithelial stimulation and re-growth
Anti-wrinkle

Sebaceous secretion (fat secretions of

skin glands)
Normalized
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Table 2. Composition of Royal jelly ( From Lercker et al., 1984 and 1992)

Composition Minimum Maximum
Water 57% 70%
Protein (N x 6.25) 17% of dry wt. 45% of dry wt.
Sugar 18% of dry " 52% ofdry "
Lipid 3.5% of dry " 19% ofdry "
Minerals 2% ofdry " 3% ofdry "
Table 3. Vitamin content of Royal jelly in sugar/gram of fresh weight
( Vecchi et at, 1988)
Range Thiamin Rib9ﬂa Pa'ntot}.le- Pyl:ido- N?a Fo!ic Inositol Biotin
€ -vin nic acid Xme -Cin acid
Minimum 1.44 5 159 1.0 48 0.130 80 1.1
Maximum 6.70 25 265 48.0 88 0.530 350 19.8
Table .4. Alist of some effects of Royal jelly on human
Applications Description References

1ature babies and those
nutritional deficiencies
rrious origins

8-100 mg orally, improvement of general
condition; increase in weight and
appetite, red blood cells a haemglobin

rly(70-75years)anorexic
zssed and low blood
;ure patients

20mg injected every second day
improvements on all accounts

20 mg taken orally every second day,
improvements as above
Improvements of asthenia, nervous
breakdown, emotional problems and
counteraction of side effects of
psychoactive drugs

Mixture of Royal jelly, honey and
ginseng, improvements in weight

a gain and psychological conditions,
but changes of blood characteristics.
Stimulating effect comparable to

that by proteins, effect assumed to be due
to activity of enzymatic complexes
5-30 mg/ml injected into burn blisters,
improved re-growth of skin

hiatry

mnic tuberculosis

ulation metabolism

nd healing

Malossi & Grand , 1956
Prasper and Ragazirti, 1956
Prosperi, et al., 1956
Quadric, 1956
Destrem,1956

Destrem, 1956

Telatin, 1956

Borgia et al., 1984

Martinetti and Caracisti
1956

Gimble et al., 1962
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Fig. 8. A cell-bar frame containing two cell bars each with twenty wax-cell cups is ready
to be placed in the swarm box.
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Production of Queens and Package Bees

Fig. 10. Removing a cell-bar frame trom a cell-builder (Photo courtesy of H. York)

The hive and the honey bee

Fig. 11. Growth of larvae in queen cells. A. One day after grafting; B. Two days after
grafting. C. Three days after grafting. (Photos courtesy of J.E. Eckert)
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Fig. 12 A. Three day old queen larva floating in Royal jelly. The cell is almost ready
for harvest. B. Five day old queen larva in a newly sealed cell just before

pupation. A good quantity of Royal jelly is left.

Fig. 13 A .Special frame with queen cells for queen tearing or Royal jelly
for harvesting. These cells have already been sealed and are too old for
collection of Royal jelly. However, queens may be raised from these
cells if they are introduced into queen-less hives. B Queen cells of the
right age for Royal jelly harvesting.
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Upper. The steps for removing Royal jelly from a queen cell and a diagram of a simple
suction device for the collection of Royal jelly from queen cups. Lower. A small vacuum
pump can be adapted for the collection of larger quantities of Royal jelly. Note that all the
queen cells have been cut down in size to facilitate removal of the larvae and the Royal jelly.

To
Vacuom

Fig. 15 Royal jelly collecting tube
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Effect of Equilibration Period on Viability of Frozen-thawed Striped Catfish -
(Pangasius hypophthalmus) Spermatozoa

Myint Wai', Myint Thein?, Than Kyaw?* and Maung Chit*
ABSTRACT

Success of semen cryopreservation in each species has been determined by many
factors such as extender, cryoprotectant, equilibrium time, freezing procedure, thawing
temperature etc. Among these, determination of appropriate equilibrium period was a
key factor for viability of frozen- thawed fish spermatozoa. Four equilibrium periods
(0, 10, 20 and 30 minutes) were tested for their effect for post thawed mobility of striped
catfish spermatozoa. Of these, 0 minute was suggested as control. Milt (semen) from
three adult males of striped catfish was collected by striping method. Collected milt was
thoroughly mixed with honey in Ringer extender (one part milt with three parts extender)
and stored at 4°C before use. Glycerol 10%, DMSO 10% and Propylene Glycol 15%
* used as cryoprotective agents. One ml each of extended milt was dispensed into three
sets cryo-vials. Each set included 12 units of 1.5 ml cryo-vials (Costar, USA). A total of
36 cryo-vials were used. A fier equilibrium all vials were cryopreserved in liquid nitrogen
for 3-5 days by using two steps freezing methods. After keeping in liquid nitrogen for

3-5 days, vials were thawed and examined their motility under stereomicroscope. -
Viability of spermatozoa was determined by their post-thawed motility. Post thawed
motility percent in all treatment groups were not differed greatly. In conclusion effective
equilibrium period ranged between 0 - 30 minutes in semen cryopreservation of striped
catfish. Better post thawed viability of striped catfish spermatozoa could be obtained
when the equilibrium period of 10 minutes is used.

! Professor/Head, Dept. of Anatomy, Univ. of Vet. Sci., Yezin
2 Rector, Univ. of Vet. Sci., Yezin
* Professor/Head, Dept. of Surgery and Reproduction, Univ. of Vet. Sci., Yezin

4 Assist. Director, District Fisheries Department, Yezin




Introduction

Success of semen cryopreservation in each fish species has been determined by
many specific factors such as extender, cryoprotectant, equilibration period, freezing pro-
cedure, thawing temperature, etc. Consequently, no common method of semen
cryopreservation for all fish species could be established. Each species had its own
procedures and equipments for successful cryopreservation protocol. Among these,
determination of appropriate equilibration time was a key factor for viability of
frozen-thawed fish spermatozoa.

When the cells are placed in the solution containing CPAs, they shrink because
water rapidly leaves the cell to dilute the high concentration of extra cellular CPAs. But,
with time, CPAs enter the cells so that the intracellular concentration gradually about the
same as that of extra cellular. Under these circumstances, water re-enters the cells and the
cell size is about the same as it was before CPAs was added (Ferguson, 1984). The time
needed to regain the cell size to its normal is the equilibration period. In other word, the
period of time between mixing the cryoprotectant with the cell suspension and the
beginning of the cooling process is called the equilibration period (Mazur, 1984).

Equilibration, which should take place at ambient temperature, allows time for the
cryoprotective agent to penetrate the cells, with larger and less permeable cells require a
longer equilibration period. During this period the cell suspension may be dispensed into
vials and otherwise manipulated in preparation for freezing. The optimal equilibration time
should be determined empirically for the cells being cryopreserved to maximize later
recovery (Simione, 1998).

For most cells, Mazur (1984) reported that equilibration should occur for at least
15 minutes but no longer than 45-60 minutes. Chao (1991) also reported that equilibra-
tion time never exceed one hour for many fish species. If the equilibration time is too long,
the CPAs will toxic to the cells. However, Dong ef al, (2005) reported that the equilibra-
tion time of 60 min was beneficial for the cryopreservation of shipped sperm samples of
diploid Pacific Oysters, Crassostrea gigas. Differently, Jamieson (1991) reported that
fish spermatozoa, unlike those of mammals, did not require an equilibration period
because spermatozoa are small and the penetration of cryoprotectants is rapid. The need
of equilibration time for fish sperm cryopreservation is obviously controversial among
investigators. However, there is a general concept that the equilibration time is a key
factor for cell survival in any conventional cryopreservation. Therefore, it is needed to
investigate the effect of different equilibration time on the viability of frozen-thawed
spermatozoa of striped catfish.
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Materials and Methods

Milt (semen) from three adult males of striped catfish was collected during the
middle of spawning season (the end of July) by stripping method (gently massage of the
lower part of abdomen). Collected Milt was thoroughly mixed and suspended in the
honey in Ringer extender (one part milt with three parts extender) and stored at 4°C
before use. According to the previous experiment, three CPAs at their appropriate
concentrations (Glycerol 10%, DMSO 10% and Propylene Glycol 15%) and four
different equilibration periods (0, 10, 20 and 30 minutes) were tested for their effect on

post thawed motility of striped catfish spermatozoa. Of these, 0 minute was suggested as
control.

One ml each of extended milt was dispensed into three sets of cryo-vials. Each
set included 12 units of 1.5 ml cryo-vials (Costar, USA). A total of 36 cryo-vials were
used. Three different CPAs (Glycerol 10%, DMSO 10% and Propylene Glycol 15%)
were added to each set of vials by using micropipette. As soon as after addition of CPAs,
three vials each from every treatment group underwent cryostorage by two steps freezing
method (without equilibration period or control group). Another three vials each from

different treatment groups were equilibrated (for 10, 20 and 30 minutes respectively) at

4°C and then all vials were cryopreserved in liquid nitrogen for 3-5 days by using two
steps freezing method.

After keeping in liquid nitrogen for 3-5 days, vials were thawed at 37°C (In DHK
tissue bath shaker, Japan) and examined their motility under stereomicroscope at x 400
magnification. Viability of spermatozoa was determined by their post-thawed motility.
Spermatozoa showing forward movement in linear motion were counted as motile
spermatozoa. Data were further confirmed by using Improved Neubauer Type
Haemocytometer (Arthur and Thomas Co., Philadelphia) in accordance with the method
used by Parish (2003). Statistical analysis was made by using SPSS version 12.0 (2000).
Data were subjected by analysis of variance (ANOVA). The Duncan’s Multiple Range
Test (DMRT) was used to compare the treatment means.

Result

Percent motilities of spermatozoa of all treatments were tabulated in Table (1).
Post thawed maotility percent in different treatment groups was not differed greatly.
Propylene glycol in 15% concentration could maintain the highest motility percent in 10
minutes equilibration period. However, the difference between treatment groups is not

significant.
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Discussion

As described by Simione (1998), equilibration allowed time for the cryoprotec-
tive agent to penetrate the cells, with larger and less permeable cells require a longer
equilibration period. However, fish spermatozoa are usually small, consequently, the
penetration of cryoprotectants is rapid (Jamieson 1991), and no equilibration period is
required (Toner and Fowler, 2002). Gwo et al. (2005) also used the equilibration period
of 5-20 minutes for cryopreservation of Pacific bluefin tuna semen. Lahnsteiner et al.
(2000) reported that the optimal sperm equilibration period in the extender was 5 minutes
or less in cyprinid fishes. These statements were in agreement with present findings. The
best motility percents were achieved when the extended semen were equilibrated for
about ten minutes. However, no significant difference in motility percents was found in the

control and all treatment groups.

Dong et al. (2005) also pointed out that in case of the cryopreservation of Pacific
oysters, temperatures at which sperm samples were equilibrated with cryoprotectant
before freezing varied from 0 to 26 °C with time intervals ranging from 0 to 60 min. In
general, shorter equilibrations time were considered to be more effective in retaining
post-thaw sperm quality, but long equilibration (e.g., 60 min) with the cryoprotectant at
low concentrations (< 10%) may not decrease percent fertilization. In case of
cryopreservation for mirror carp semen, Akcay ef al. (2004) used the equilibration
period of 45 minutes at 4°C. These reports were in contrast with present finding. In the
present study, shorter equilibration period (0-10 min) yielded the best post-thawed

motility.

Toner and Fowler (2002) reviewed the reports of various investigators concern-
ing the effect of equilibration time on post thawed motility of fish sperm. Increasing
the equilibration period from 5 to 60 minutes and the DMSO concentration from 10 to
30% lowered the post-thaw motility of yellowfin seabream spermatozoa (Gwo, 1994).
In seabream, the fertilizing ability of frozen-thawed sperm decreased in DMSO
extender when the equilibration period exceeded two minutes (Billard, 1978). A similar
effect was observed after one hour in grey mullet (Chao, Chen and Liao, 1975).
However, Tabata and Mizuta (1997) found that an equilibration time of 10 to 60 minutes
had no effect on the fertility of frozen-thawed spermatozoa of hirame.

In rainbow trout, Ogier de Baulny (1997) observed that DMSO needed
10 minutes to penetrate into spermatozoa although the fertilization capacity of
frozen-thawed spermatozoa was the same with or without equilibration period. With glycerol
as cryoprotectant, the motility rate of frozen-thawed spermatozoa of bluefin tuna (Thunnus
thynnus L.) was increased at long equilibration periods (30 minutes) compared to short
ones (10 minutes), but the opposite was recorded for DMSO. Since penetration of
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glycerol is slow, an equilibration time may be necessary (Suquet et al., 2000). Jackowski
et al. (1980) also noted that cryoprotective additives have different rates of diffusion into
the cell. For example, the rate of diffusion for propylene glycol into oocytes is relatively
fast (5-7 min) compared to the rate of diffusion for DMSO (20-30 min) or glycerol
(>60 min). This report was in accordance with present finding. Cryoprotective ability of
propylene glycol was higher when shorter equilibration period was used. In conclusion, in
case of semen cryopreservation in striped catfish, effective equilibration period ranged
between 0 minute and 30 minutes. Better post thawed viability of striped catfish
spermatozoa could be obtained when the equilibration period of 10 minutes is used.

Table 1. Effect of different equilibration period on post-thawed motility of striped catfish

spermatozoa
Percent motility at different equilibration period
CPA and %
0 Min 10 Min 20 Min 30 Min
PG 15% 74+1.87° 78+1.22° 74+1.87° 73+1.22°
Glycerol 10% 70 £1.58° 73+£1.22° 73+1.22° 72+1.22°
DMSO 10% 65+1.58" 67+1.22° 65+1.58"° 64+1.87°

s Different superscripts in the same row differ significantly (p<0.01)
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A Comparative Study on the Effects of Different Leaf Protein Supplementation
on the Performance of Pyar Zein Growing Calves Fed Rice Straw Based Diet

'Yan Naing Soe and ?Mi Mi Thaw
ABSTRACT

A study was conducted to evaluate the voluntary feed intake, digestibility and
pqrfonnance of local Pyar Zein growing calves fed on rice straw based diet supplemented
with Lez.lcaena leucocephala, Gliricidia and Rumex K- 1 livestock fodder. Four local
Pyar Zein growing calves live weight averaging 89.4+16.3 kg were allocated to four
dietary treatments in a 4 x 4 Latin square design. The animals were offered rice straw ad,
libitum and supplemented with a kind of fodder and concentrates at 1% of live wei ght
each at fresh basis. Dietary treatments were Rice straw + Leucaena + Concentrate
(RSLC), Rice straw + Gliricidia + Concentrate (RSGC), Rice straw + Rumex K-1 +
Concentrate (RSRC) and Rice straw + Concentrate (RSC). Preference of animals to
consume fodder leaf in ranking order of Leucaena, Gliricidia and Rumex K-1 were
first, second and third respectively. Total dry matter intakes (DMI) of all dietary
treatments were not significantly different. There were no differences of nutrient digestibil-
ity except for DM and ADF (p<0.05). Higher digestibility of DM was observed in RSRC
(p<0.05) diet compared to the other treatments (52.8, 52.7 and 52.3% for RSLC, RSGC
and RSC respectively). Higher digestibility of ADF was also observed in RSRC diet
(p<0.05) compared to RSLC, RSGC and RSC. Average daily gain (ADG) of growing
calves were not found significantly in all dietary treatments (p<0.05), however, numeri-
cally highest ADG was observed in RSRC diet (479 g/d). Rumex K-1 is one of the
prgmising fodders to supplement rice straw to improve nutrient intake, digestibility and
animals’ performance. Leucaena and Gliricidia may also be useful nitrogen supplement
in areas where cattle are fed on rice straw or low quality roughages. Fodder supplemen-
tation rate in this study (20% of total diet DM) could not improve DMI compared to
NRC (1976) recommendation but it could improve digestibility. It is therefore suggested
that fodder supplementation rate for rice straw based diet should be higher than 20% as
DM basis and consideration must be taken into account for toxicity of secondary
compounds that contain in fodder leaves. It is suggested that fodder leaf supplementation
is required for optimal efficiency of utilization of rice straw by cattle with deficient in
nitrogen or protein. Crude Protein content of total diet should be higher than 8% and
roughage to concentrate ratio should be maintained at 50:50 to improve performance of

cattle.

Key words: Pyar Zein cattle, Leucaena, Gliricidia, Rumex K-1, livestock fodder

! Assistant Director, Livestock Breeding and Veterinary Department, Lashio District, Northern Shan

State, Myanmar
2 Research Officer, Livestock Research and Development Section, Livestock Breeding and Veterinary

Department, Yangon, Myanmar
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1. Introduction

Productivity and efficiency of livestock production per animal unit in developing
countries is considerably less than in the more-developed world. Because forages and
grasses for the ruminant livestock in the tropics are generally low in nitrogen and digestible
nutrients (Leng, 1990). Grasses in wet season and cereal straws in dry season are the
major roughage sources for ruminants. Among the roughages, rice straw is the most
abundant crop residue and used as a major source of roughage for cattle in Myanmar
(Yan Naing Soe, 2001). Cattle and buffaloes fed rice straw alone cannot maintain even
the live weight due to its low nutrient composition. Low nutritive value of rice straw
contributed to low palatability, low voluntary intake and low digestibility. To overcome
these constraints it could be supplemented with other protein sources to increase intake
of digestible nutrients (Doyle, Devendra and Pearce, 1986).

Seasonal availability and high fluctuation price of protein rich livestock feeds such
as oil cakes and cereal byproducts also are limitations for smallholder farmers to meet the
nutrient requirement of their livestock especially for ruminant animals. The utilization of
cereal straws may be improved by supplementation with fodder tree foliages and legumes
to improve the supply of fermentation nitrogen, carbohydrates and micronutrients
(Devendra, 1990). Dutta et al (1999) also mentioned that foliage from legume trees offer
an economic alternative to costly protein supplements.

Department of Forestry has launched Dry Zone Greening Project in central dry
zone of Myanmar with the support of JICA. This project aimed to conserve environment
by the establishment of agro-forestry tree plantation and it could cover Mandalay, Sagaing
and Magwe Divisions. Agro-forestry trees consist of Leucaena, Gliricidia, Cassia gluaca,
Cassia siamea and Neem. Ni Ni Maw et al (2006) stated that the potential role of tree
foliages in ruminant nutrition are high nitrogen sources, as a source of un-degradable
protein, provision of vitamins and minerals for rumen microbes and high digestibility.

Forage from legume trees such as L. leucocephala and Gliricidia sepium can
be used as nitrogen sources in supplementary feeds (Mjema-Mweta et al., 1995) and
also be used in combination with other locally available feed resources in formulating on
farm supplementation (Ondiek et al., 2000). L. leucocephala has been shown to be a
promising forage for animal production (Wongsrikeao et al., 1985) and Than Kyaw (2005)
also stated that L. leucephala has already been adopted and very common in Myanmar
but farmers do not pay much attention to its use as animal feed. Gliricidia has been
grown very recently and Rumex K-1 livestock fodder is also newly introduced livestock
fodder in Myanmar. The objectives of this study were to:
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1. Find out the voluntary intake of rice straw when supplemented with different
leaf protein sources.

2. Investigate the dry matter, crude protein and fibre digestibility of different leaf
- protein.

3. Study the response of leaf protein supplementation on live weight gain in grow-
ing calves.

2. Materials and Methods
2.1. Location and experimental period

The study was conducted at Livestock Research and Development farm,
Livestock Breeding and Veterinary Department, Mingaladon Township, Yangon from
8 February to 21 May 2006.

2.2. Experimental animals and their management

Four local Pyar Zein growing calves, age between 12 to 18 months old were
used to evaluate four dietary treatments during successive period. Their mean initial live
weight before entering to the study was (89.4+16.3) kg. Before commencement of the
trial, all animals were treated against internal and exteral parasites by Ivermectin 1% and
Clorsulon injection at the rate of 50 kg per 1 ml (Ivocip plus, Cipla Ltd, India) and also
were vaccinated against Haemorrhagic Septicaemia, Anthrax and O Type Foot and Mouth
Disease (Recommended Vaccination Programme, Biologics Production Section, LBVD).
Animals were confined in individual, well ventilated stalls.

One percent of live weight of fresh fodder leaf was offered to the animals in two
equal portion before giving the rice straw. Respective amount of concentrates (1% of live
weight) were given at two equal parts before rice straw were fed to ensure complete
intake of concentrates. Rice straw was offered ad libitum by giving a weighed amount
twice a day, providing 10% in excess of the previous day intake, at 8: 00 hr and 14:00 hr
so that there was always some left-over in the next feeding time. Amounts of all feeds
offered and refused were monitored for calculating intake levels. Clean water was
provided free of choice to all animals.

Animals were weighed before morning feeding at the end of every trial on three
successive days. Digital weighing machine for cattle was used to determine the live weight
of animals. The amount of supplementation in each trial was adjusted on the basis of live
weight. Each feeding trial consisted of 5 days preliminary, 15 days experimental and last
3 days during experimental period for sample collection.
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2.3. Experimental design

The growing calves were randomly allocated to receive four dietary treatments

according to 4 x 4 Latin Square design. Table 1 shows the experimental design of
dietary treatments.

Table 1. Experimental design

Calf No. Period 1 Period 2 Period 3 Period 4
1 RSLC RSRC RSGC RSC
2 RSC RSLC RSRC RSGC
3 RSRC RSGC RSC RSLC
4 RSGC RSC RSLC RSRC

RSLC: Rice Straw+Leucaena+Concentrate
RSRC: Rice Straw+RumexK-1 +Concentrate
RSGC: Rice Straw+Gliricidia+Concentrate
RSC: Rice Straw+Concentrate

2.4. Supplements and diet preparation

Calf concentrates consisted of rice bran, pea bran, sesame cake and chick pea
husk with the proportion of 30, 20, 30 and 20% respectively as fresh basis. Fodder leaf
was harvested every day and directly fed to animals on fresh basis.

2.5. Analytical methods

Dry matter (DM) and Crude Protein (CP) in feed and faeces were determined
according to the methods of AOAC (1980). Neutral Detergent Fiber (NDF) and Acid
Detergent Fiber (ADF) were determined by the method of Goering and Van Soest (1970).

2.6. Statistical analysis

Data were subjected to analyze by the Analysis of Variance and treatment means
were compared by using Duncan’s new multiple range Test (Steel and Torrie, 1980).
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3.RESULTS
3.1. Chemical composition of feedstuff and experimental diets

The chemical composition of rice straw, Leucaena, Gliricidia, Rumex K-1 fodder
and concentrates are shown in table 2. The dry matter, organic matter, crude protein,
ADF and NDF inrice straw were 97.5, 76.2, 3.56, 66.5 and 49.2% respectively. The
CP content in Leucaena, Gliricidia, Rumex K-1 and concentrates were 22.1, 21.32,

29.94 and 16.7% respectively.

Table 2. Chemical composition of rice straw, tree fodders and concentrate on % dry

matter basis.
Name of sample %DM basis
DM OM CP NDF ADF

Rice straw 97.50 76.20 3.56 66.5 49.2
Leucaena leaf 22.36 18.15 22.10 32.1 15.8
Gliricidia leaf 30.05 5.14 21.32 65.6 35.7
Rumex K-1 leaf 6.38 3.25 29.94 69.2 28.5
Concentrate 71.32 67.87 16.70 60.3 25.7

Each of experimental diet contained a kind of fodder as 1% of live weight of animal as
fresh basis. Dry Matter content of all experimental diets except no fodder supplemented
diet (RSC) were almost similar. Crude Protein contents of RSLC, RSRC, RSGC and
RSC were 8.6, 9.6, 7.3 and 7.1% respectively. NDF and ADF contents also were
similar in all experimental diets. Chemical composition of experimental diets was shown in
table 3.

Table 3. Chemical composition of diets

Name of sample %DM basis

DM OM CpP NDF ADF
RSLC 71.0 69.2 8.6 62.0 40.3
RSGC 69.6 72.5 7.3 65.0 43.0
RSRC 70.6 65.1 9.6 64.6 40.7

RSC 88.7 73.9 7.1 64.8 42.8
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3.2. Palatability order of the different type of fodders

According to the selection behaviour of the animals, it was observed that Leucaena
leaf supplementation was consumed within short period of time (<15 minutes) and fol-

lowed by Gliricidia and Rumex K-1 (>30 minutes). Table 4 shows the palatability order
of different types of fodders.

Table 4. Palatability order of the different type of fodders

Sr Name of fodder Palatability Ranking  Time taken to consume
1 Leucaena 1 <15 minutes

2 Gliricidia 2 20-30 minutes

3 Rumex K-1 3 >30 minutes

3.3. Voluntary dry matter intake and crude protein intake

Table 5 shows mean values of daily dry matter intake, crude protein intake and
digestibility of different fodder supplemented diets. Dry matter intake of RSLC, RSGC,
RSRC and RSC calculated based on 100 kg BW were 2.53, 2.60, 2.87 and 2.64 kg/
day respectively. However daily dry matter intakes of different fodders were numerically
differed, there were no significant differences observed. Mean values of daily crude pro-

tein intakes of RSLC, RSGC, RSRC and RSC were 226, 246, 213 and 188 g/day
respectively. '

3.4. Dry matter digestibility and crude protein digestibility

Dry matter digestibility for RSLC, RSGC, RSRC and RSC were 52.8, 52.7,
57.4 and 52.3% respectively. Highest DM digestibility was observed significantly in Rumex
K supplemented diet. Crude protein digestibility for RSLC, RSGC, RSRC and RSC
were 41.1, 53.1, 44.3 and 49.5% respectively. Highest CP digestibility was observed in
RSGC diet but all dietary treatments were not significantly differed. Table 5 also shows
the digestibility of experimental diets.

3.5. Neutral Detergent Fibre and Acid Detergent Fibre intake

Intakes of Neutral Detergent Fibre in RSLC, RSGC, RSRC and RSC were
1.69, 1.66, 1.9 and 1.71 kg per 100 kg live weight respectively. Numerically highest
NDF intake was observed in Rumex K-1 containing diet (RSRC) but NDF intake in all
diets were not differed significantly. Acid Detergent Fibre intakes of RSLC, RSGC, RSRC
and RSC diets were 1.09, 1.05, 1.26 and 1.13 kg per 100 kg live weight respectively.
ADF intakes were not significantly differed among experimental diets.



-308-

3.6. Neutral Detergent Fibre digestibility and Acid Detergent Fibre digestibility

Digestibility of NDF of RSLC, RSGC, RSRC and RSC diet were found to be
40.5,39.8,46.3 and 43% respectively but not differed significantly. While in digestibility
of Acid Detergent Fibre, significant differences (P<0.05) were observed in all experimen-
tal diets. RSRC and RSLC diet shows highest (48.4%) and lowest (34.2%) respectively.
ADF digestibility of RSLC diet was similar to those of RSGC diet. RSRC and RSC diet
also show similar ADF digestibility.

Table 5. Voluntary dry matter, crude protein intake and digestibility (100 kg live weight)

Parameter Diet P value
RSLC RSGC RSRC RSC (P<0.05)
DM Intake (kg) 2.53 2.60 2.87 2.64 NS
DM Digestibility 52.8° 52.7° 57.4° 52.3*°  P<0.05
Crude Protein Intake (g) 226 246 213 188 NS
CP Digestibility 41.1 53.1 44.3 49.5 NS
NDF intake (kg) 1.69 1.66 1.90 1.71 NS
NDF Digestibility 40.49 39.8 46.26 43.00 NS
ADF intake (kg) 1.09 1.05 1.26 1.13 NS
ADF Digestibility 34.19° 34.51° 48.44% 43.17° P<0.05

a,b and ¢ means bearing different superscripts are significantly different (P<0.05)

3.7. Roughage to concentrate ratio and inclusion rate of fodder leaf in total diet

Roughage to concentrate ratio of RSLC, RSGC, RSRC and RSC diets were
49:51,49:51,45:55 and 37:63 respectively. All diets except RSC diet used in this study
were almost similar (approximately 50:50). Fodder leaf proportion to the total diet as
DM basis in RSLC and RSGC diet were 21:79 and 27:73 respectively where as in
RSRC diet was 9:91 but RSC diet was 0:100 due to absence of fodder supplementation
in RSC diet. Table 6 shows Roughages to concentrate ratio and inclusion rate of fodder
leaf in the total diet DM of experimental diets.
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Table 6. Roughages to concentrate ratio and inclusion rate of fodder leaf in the total diet

(DM) of experimental diets
Parameter Diet
RSLC RSGC RSRC RSC
Roughage: Concentrate 49:51 49:51 45:55 37:63
Fodder leaf, % of total diet DM 21:79 27:73 9:91 0:100

3.8. Average Daily Gain (ADG) and Feed Gain Ratio (FGR)

Average Daily Gains on calves receiving different fodder supplemented diets were
shown in Table 7. ADG of RSLC, RSGC, RSRC and RSC were 469,413,479 and 416
g/day respectively but there was not observed significantly. Percent live weight gains of
calves fed on different diets of above order were 0.46, 0.41, 0.50 and 0.41. Feed gain
ratio for RSLC, RSGC, RSRC and RSC were 5.33, 6.35, 5.97 and 6.35 respectively.

Table 7. Average Daily Gain and Feed Gain Ratio

Parameter Diet P value
(Mean value) RSLC RSGC RSRC RSC (P<0.05)
Initial live weight (kg) 99.68 100.80 99.55 99.93 NS
Final live weight (kg) 109.06 109.05 109.13 108.25 NS
Live weight change (kg) 9.38 8.25 9.58 8.33 NS
Days of measurement 20 20 20 20

ADG (g) 468.75 412.50 478.75 416.25 NS
ADG, % LW 0.46 041 0.50 0.41 NS
DMI (kg/day) 2.50 2.62 2.86 2.64 NS
FGR (kg DMl/kg ADG) 5.33 6.35 5.97 6.35 NS

4. DISCUSSION

4.1. Chemical composition of feedstuff and diets

The dry matter content of rice straw used in this experiment was 97.5% and
which was relatively higher than those of 91.2% (Yan Naing Soe, 2001), 93.9% (Tin
Ngwe, Mar Mar Kyi, Cho Cho Thein and Zaw Win Maung, 1993a) and 95.2%
(Wongsrikeao, Wanapat and Taesakul, 1985) but organic matter content (76.2%) was
lower than the value (82.0%) reported by Tin Ngwe et al (1993a), (83.5%) reported by
Yan Naing Soe (2001) and (83.7%) reported by Wongsrikeao et al (1985). The crude
protein content of rice straw used in this study was 3.56% and that was relatively higher
than those of 3.27% (Yan Naing Soe, 2001), reported value of 2.5% (Tin Ngwe et al.,
1993a) and 2.6% (Wanapat et al., 1985). The different chemical composition of rice
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straw indicated the differences among rice varieties, storage method and environmental
factors. Rice straw used in this experiment was stacked in open air and fed to animals
directly. The experiment was carried out during the hottest months of the year. For those .
reasons, the DM content of rice straw in this experiment was relatively higher than those
of reference values. The straws Neutral Detergent Fibre (NDF) and Acid Detergent
Fibre (ADF) contents were comparable to other published values (Wanapat et al, 1985
and Wongsrikeao et al. 1985). Mean Crude protein (CP) content of Leucaena leaf in this
study was 22.1% and which was similar to values reported by Ni Ni Maw et al (2006)
and Devendra (1992) but lower than 29.6% value reported by Dutta et al (1999). Mean
value of CP for Gliricidia was 21.32% and which was lower than observation of Ni Ni
Maw et al., 2006 (18.64%) and 14.7% reported by Devendra (1992). Crude Protein
content of Rumex K-1 used in this study (29.94%) was felt within the value of product
specifications, 28-34% CP at DM basis (http://www.romax.com.cn).

Higher and lower CP content were found in RSRC and RSC diet which may be
due to different CP content of fodder leaves included in the diets.

4.2. Palatability of fodder

Palatability of tree fodder has been attempted to assess through short term intake
trials. These trials do not take into consideration the fact that animals can be trained to
consume fodder which they do not like the first day they are exposed to it. Palatability of
tree fodders in this study was assessed by period of time needed to consume specific type
of fodder by animals completely. Of the tree fodders, Leucaena had highest palatability
but its containing diet showed numerically low DMI. Reluctance to eating Gliricidia leaves
may be due to its odour (Brewbaker, 1986), astringency and post-negative influences of
tannins on the epithelium of oral cavity of the animals (Aganga and Tshwenyane, 2003).
Lowry (1990) also mentioned that in some parts of the world the use of Gliricidia is
limited for ruminants by unpalatability.

However Rumex K does not contain tannin according to product specification
(http://www.romax.com.cn) and it was observed that cattle taken some times to
complete consumption of Rumex K-1 (<30 minutes) and it may be due to its sour taste.




-311-

4.3. Voluntary dry matter and crude protein intake

Total dry matter intake of Rumex K-1 supplemented diet in the present study was
higher (2.87 kg/day) than in the other treatments calculated based on 100 kg live weight
but not differed significantly. NRC (1976) recommended that thin yearling steers should
be provided high quality roughages at the rate of 3% of live weight as dry matter basis.
Voluntary dry matter intakes of this study were slightly lower than (<3%)NRC recom-
mendation but it means that animals fed only on high quality roughages. In this study
animals were supplemented with green fodders as well as concentrates. It is therefore
DMI may be lower than NRC due to substitution of concentrate to roughages. Another
reason for lower DMI compared to NRC (1976) was due to animals suffered from heat
stress during experimental period which was summer in Myanmar. Leng at al (1991) also
found that in tropical countries, often low intakes of poor quality forage by ruminant may

be imposed by a combination of metabolic heat stress, high environmental temperature
and humidity.

Preston and Leng (1987) stated that 20% of the dry matter of a diet in the form of
green forage is enough to meet the requirement for microbial nutrients. Green fodder
supplementation rate for RSLC and RSGC diets in this study were agreed with them
while in RSRC diet, it was very much lower than their recommendation. On the other
hand fodder supplementation rate in this study was contrary to Devendra (1988) and

who suggested that optimum dietary level on DM basis of leguminous fodder should be
30-50% for practical application.

To just maintain the live weight of cattle, high level of forage tree supplementation
at1.1% of live weight or 33% of total diet DM of either Leucaena (Moran et al., 1983)
or Gliricidia (Doyle et al., 1986) on rice straw based diets are required. Palatability can
be an important factor for the voluntary intake of fodder (Ralph, 1999) however, in this
study, palatability could not determine the voluntary intake or DMI of all experimental

diets may be due to lower supplementation rate of tree fodder (>0.3% Live weight) than
recommendations made by other workers.

Due to very low dry matter content (6.38%) of Rumex K-1 and based on the
feeding level (1% of live weight of fresh basis), its dry matter intake was very much
Substituted with rice straw (9:91) to maintain required DMI for animals themselves.
Devendra (1992) stated that voluntary feed intake is influenced a very large extent by the
dietary crude protein content. A low protein and high fibre content are major limitation for
the utilization of rice straws. Crude protein content of different fodders used in this study
were higher than 20% and could be used as protein supplement to improve rice straw

utilization. Numerically highest DMI was observed in RSRC diet may be due to its highest
CP content.
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Numerically highest CPI was observed in RSGC diet but treatment means
were not significant. Although, Rumex K-1 provided highest CP (29.94%) to the diet,
CPI for it containing diet showed lower than RSLC and RSGC due to its lower
supplementation rate at DM basis. Figure 1 shows the mean intakes of DM, CP, NDF
and ADF.

Meanintake of eoxperimontal diots

[
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Figure 1. Mean Intakes of DM, CP, NDF and ADF of four dietary treatients

4.4. Dry matter digestibility and crude protein digestibility

Apparent digestibility (%) of DM and ADF exhibited a higher trend (p<0.05) in
Rumex K-1 supplemented diet resulting in higher dry matter intake than in other treat-
ments. Preston and Leng (1987) mentioned that diet less than 8% CP are considered
deficient as they cannot provide the minimum ammonia levels required for microbial ac-
tivities in the rumen. Rumex K-1 does not contain tannins, highest CP content of its con-
taining diet (9.6%) compared to other diets and it will be rapidly degraded in the rumen,
providing high level of NH3-N which favoured to increase microbial activities and pro-
mote digestibility of its supplemented diet. In the RSLC and RSGC diets, Leucaena and
Gliricidia respectively contained tannin and which bound to plant protein. Tannin deter-
mines leaf protein to be digested slowly and provide lower ammonia nitrogen into the
rumen insufficiently for optimum microbial activities which could lower digestibility. How-
ever, Leucena and Gliricidia may contain different levels of tannin, crude protein digest-
ibility of all experimental diets were not differed significantly due to there was no signifi-
cant differences in DMI, CPl and CP content of the diets. Figure 2 shows the apparent
digestibility of four dietary treatments.
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Figure 2. Apparent digestibility of DM, CP, NDF and ADF of four dietary treatments

4.5. Neutral Detergent Fibre and Acid Detergent Fibre intake

NDF intakes of all experimental diets in this study were not observed signifi-
cantly. It may be due to NDF contents of different leaf protein sources except Leucaena
were similar and amount fed to animals were also the same (calculated on the 1% of live
weight) because live weight of experimental animals were almost the same. Even though
highest and lowest ADF content were observed in Rice straw and Leucaena leaf respec-
tively, Acid Detergent Fibre intakes of all experimental diets were not differed signifi-

cantly. Possible reason for similar intakes of NDF and ADF on experimental diets was
lower supplementation rate (>0.3% of live weight at DM basis) of green fodder which
contributed to lower intakes. -

4.6. Neutral Detergent Fibre and Acid Detergent Fibre digestibility

Dige‘stibiﬁt'y O.I']\leutra] Detergent Fiber of RSLC, RSGC, RSRC and RSC diet
were not d1.ﬂe.red131gn_|11cantly. [tmay be due to NDF contents and intakes of different
_dlets were similar in this experiment, RSRC diet showed numericaily highest in Digestibil-
ity of NDF.

The ADF digestibilit
cantly different (P>0.05), RS
RSLC diet. RSRC diet prov
among all experiment
in the rumen that con
microbial activity an

y of RSLC, RSGC, RSRC and RSC diets showed signifi-
RC diet was found in hi ghest ADF digestibility and lowest in
ided highest CP (9.6%) and highest intake of DM and ADF
al diets. RSRC diet contained more soluble and fermentable protein

tributed to highest ammonia concentration in the rumen for efficient
d it creates efficient ADF digestibility.
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4.7. Roughages and concentrate ratio and inclusion rate of fodder leaf in total
diet

Roughage to concentrate ratio of RSLC, RSGC, RSRC and RSC diets were
49:51,49:51,45:55 and 37:63 respectively. All diets except RSC diet used in this study
were almost similar (approximately 50:50) in roughage to concentrate ratio. Those diets
provided ADG of 412 to 480 g/d and FGR at 5.3-6.4 were higher than observation of
Wanapat and Wachrapakorn (1990) who found that rice straw was used as a sole source
of roughage with concentrate at 50:50 could achieve on Average Daily Gain of 526.9 g/d
and FCR at 12 for fattening beef buffaloes. NRC (1976) stated that average daily gain is
related to the amount and nature of the various metabolites that are absorbed from the
digestive tract and these metabolites are determined by the microbial fermentation in the
rumen, which in turn is influenced by the proportion of roughage and concentrate in the
diet.

Fodder leaf proportion to the total diet as DM basis in RSLC and RSGC diet
were 21:79 and 27:73 respectively. RSRC diet was 9:91 but RSC diet was 0:100 due to
low DM content of Rumex K-1 and absence of fodder supplementation in RSC diet.
Prestonand Leng (1987) stated that 20% of DM of total diet in the form of green forage
is enough to meet the requirement for the microbial nutrients. Recommendation made by
Devendra (1988) on the optimum dietary level of fodder tree was 30-50%of the total
ration on DM basis and that was higher than Preston and Leng (1987). Fodder leaf
supplementation rate of RSLC and RSGC diet in this study were felt within their recom-
mendations but RSRC diet was found contrary. It has two reasons, first is fodder supple-
mentation rate in this experiment was based on the 1% of live weight as fresh basis and
secondly, DM content of Rumex K-1 fodder was very low (6.38%).

4.8. Average Daily Gain (ADG) and Feed Gain Ratio (FGR)

Average Daily Gain (ADG) of growing calves fed on all experimental diets were
not significantly different. Numerically highest ADG was observed in calves receiving
Rumex K-1 supplemented rice straw based diet however, numerically highest Feed Gain
Ratio (FGR) was found in Leucaena supplemented diet due to its low dry matter intake
.and moderately high ADG compared to other treatments. This indicated that Rumex K-1
1s one of the most suitable protein rich forage to supplement rice straw. The reason may
be due to its higher protein content, no tannin content, higher degradability in the rumen
compared with either Leucaena or Gliricidia forage, which results in high fermentable
nitrogen available in the rumen and it stimulates rumen function. Numerical ly higher dry
matter intake and higher digestibility (P<0.05) of RSRC diet tended to increase overall
nutrient intakes of animals which may provide higher average daily gain of animals. Figure
3 and 4 shows the average daily gain (ADG) and feed gain ratio (FGR) respectively.
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Figure 4. Feed gain ratio of four dietary treatments
5. CONCLUSION

The discussion in this experiment defines and hi ghlights the potential use of three

types of leaf supplements required for optimal efficiency of utilization of rice straw by
clattle with deficient in nitrogen or protein. Rumex K-1 is one of the most suitable protein
rich forages to supplement rice straw. The China ministry of Agriculture, mentioned that
Rumex K-1 is the development of efficient high quality livestock forage and it’s varieties
Stan.d as perennial herbaceous plant of long life, fast growing, high yiela and high yielding
period of 10-15 years (http://www.romax.com.cn). Leucaezm;nd Glirfcfdiadleaves Ca;
al.so be used as supplement to rice straw based diet to improve palatability and nutrient
digestibility of rice straw but attention is also needed to focus on secondary compound.
which limiting the nutritional values of tree fodders. Diet containing Leucaena less than
30% of'total -diet ts generally safe for ruminants to avoid mimosing toxicity (Hiremath,
198 I). In this study, fodder supplementation rate was only focused on the 1% of live
Welght ofanimals as fresh basis and observations were not differed significantly. Animal
performances in all treatments were not s; gnificantly different in this experiment may be
(%ue 1:0 experimental periods for each treatment were short (3 weeks) Effects of long term
feeding and high supplementation rate of leguminous fodders should be explored to achieve
conerete information on animal performance that could be promising for low cost rumi-
nant production. It is therefore furthur investi gation on higher supplementation rates and
long term feeding of tree fodders on animal performance will be needed.
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Tannin bio-assays were not conducted in this study and observations were not
focused on the effects of tannins. Although fodder supplementations may increase rice
straw to improve nitrogen content of total diet, on average, it could provide only 8% of
CP which could just maintain the minimum level of rumen microbes.

Roughage to concentrate ratio in this study was acceptable for beef fattening to
achieve good performance. According to the observations from this study, 20% inclusion
rate of green fodder to total diet could not improve ADG significantly. Moran et al (1983)
also mentioned that an ideal forage supplementation should maintain or increase intake of
basal diet rather than substitute for it.

Following recommendations were made to improve performance of local cattle:

1. Fodder supplementation rate should be increased to 30% as total diet DM to
improve nitrogen utilization by animals and it could reduce the risk of mimosine
toxicity when Leucaena is supplemented

2. Total diet CP must be maintained at 10-12% to improve DMI, digestibility
and ADG

3. Roughage to concentrate ratio should be maintain at 50:50
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Selective Breeding and Proper Management of Village Chicken
Saw Plei Saw!

ABSTRACT

Nucleus stocks of indigenous chicken were selected from Sittagaung (Chittagong)
breeds and naked neck chicken. Chicken hatched from the nucleus stock are rigidly
selected on the basis of health and fast growing characters: The standard criteria for
selection of good breeders have been followed. Ahousing system and feeding method
which may be practicable for the farmers has been described. Vaccination programme is
also recommended. A proper management system is necessary for the increase of

production by the indigenous chicken. It is anticipated that a further improvement and
establishment of an indigenous breed is feasible in the near future.

Introduction

The farmers of Myanmar depend mainly on the crop production for their
livelihood and give very little attention to the livestock production as one of the means for
their income. Most of them keep a few livestock in their backyards, but they do not
consider the livestock production as an important source of income for their households.
They mainly keep their livestock according to tradition and do not care much about the
productivity of these stocks. One survey record taken in Thanlyin and Taikkyi Township,
Yangon Division showed that 50% of the village chickens reared in backyards are lost
through diseases and predators. One of the reasons that the farmers do not invest into the
livestock production is because of the poor performance of the indigenous breeds and the
unstable price of the livestock products. In Myanmar more than 80% of the poultry
population are of indigenous breeds and therefore jt is important that the performance of
these poultry are improved to make it much practicable for the farmers to invest into
livestock production for an additional household income. The livestock marketing system

should also be improved so that there will be mutual benefit for both the farmers and the
traders.

The Myanmar indigenous chickens are well known for their hardiness and
resistance to various diseases. They thrive well on limited nutrition. All the modern
breeds of poultry are the descendents of the jungle fowls which are also the ancestors of
Myanmar indigenous chickens. In this experiment a simple and effective selective
breeding method is used for the improvement of village chicken. A good management and

' E.C Member, Myanmar Academy of Agricultural, Forestry, Livestock and Fishery Sciences.
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nutritional improvement is introduced to boost up the performance of the selected chickc?n.
The experimental results showed a tremendous increase of production in laying capacity
and weight gain. It is anticipated that a further improvement and establishment of an
indigenous breed is feasible in the near future.

The objectives of this experiment are:
1. Toimprove the existing potential of indigenous chicken through selective breeding.
2. Toestablish a standard poultry breed which is of a true indigenous characters.

3. To contribute towards the conservation of genetic resources in Myanmar through
preservation of Myanmar’s indigenous chicken.

4. To introduce a proper management system for better performance and control of
diseases.

5. Toextend the poultry farming knowledge to the farmers and convince them that the
indigenous poultry farming s practicable and profitable.

Materials and Methods

Nucleus stock: The poultry selected for the experiments are obtained frox.n
Henzada township, Thanlyin Township and Taikkyi township. The breed selected is
locally known as Sittagaung breed, but the phenotype of the chicken from each township
showed variable colour and body conformation. They are obtained from the farrnc?rs who
are interested in rearing chicken and maintain a good stock chicken of large size and
having growth potential are chosen for the experiment. One cockerel and eight pulletsare
initially selected as the nucleus stock.

Selective breeding: Chicken hatched from the nucleus stock is selected very
rigidly. Only the healthy and fast growing chickens are chosen for future breeding. The
cock selected out of the brood have the following characters. They are fast grower, carry
themselves erect, deep-chested with broad back and possess strong bone. The hens
selected are of good size and weight, deep chested broad back with wide pelvic girdle.

Housing: In back yard farming system the farmers do not provide a separate
poultry house for their stock. The poultry sleep on trees or in the cow shed or under the
eves of houses. They are let to roam freely during the day. This type of free range system
favours the spread of diseases and prone to loss through predators. A simple and cheap
poultry shed enclosed within a fence is quite feasible for rearing indigenous chicken. The
shed is constructed with thatched roof with sleep perch erected at three to four feet above
the ground. A fence enclosing an area of 15' x 12" and 6ft high is enough for 12 adult
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chickens. During the phase of a disease outbreak village Chicken are blamed for the

spread of discase. It they are reared within enclosure the cause for spreading of diseases
by the village chicken will be checked.

Feeding: I'the poultry are reared within an enclosure. it is important that they are
properly fed. A good nutrition cannot be ignored if the poultry is expected to be produc-
tive. Under the free range system the poultry can roam about and scavenge for their
nutritional requirements. If they are reared under an intensive system the farmers must

provide for their nutrition. An economical and practicable poultry feed can be formulated
for rearing indigenous chicken at the village level. Table 1.

Management of indigenous chicken: A proper management system is also
necessary for the increase of production of indigenous chicken. The reason for low
productivity of indigenous chicken is their poor growth rate, low egg laying capacity and
loss due to diseases. These problems can be reduced through proper management
system. The duration of broodiness of a hen can be shortened through proper manage-

ment and hence improve production. The physical stimulants of broodiness can be easily
managed through the removal of the cause. Fig. 1.

Vaccn‘latlon programme: The chicken are regularly vaccinated against the com-
mon poultry diseases using the loc

ally produced vaccines which are easily available for

the farmers. The vaccination programme is shown in Table. 2.

Results and Findings

The standard body weijg} o . :
. ght of indigeno h of maturity
(24-26 Wks) is approximately genous chicken at the age

<0 . 80 tickles for hens and 120 tickles for cocks. In this
continuing experiment the specially selected hens for nucleus stock have an average weight
of95tickles and the cock weighs at 135 tickles. The cock from the nucleus stock has two
tone colour of fealhers Wwith silver back and wings and black colour on its breast. The
hens are of various coloyr including barred, grey, black and red feather. Plate. 1.

After continuous selection the chicken having the required traits reveal the
phenotypic characters of black grey and red plate. 2.

Thg increase of body weight obtained after the first and second selection is
presented in Table. 3,

The maximum growth rate is recorded between the ages of 14-22 Wks. Fig.
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In the earlier experiment the average egg laying capacity of indigenous chicken is
recorded as 197 eggs per year and the hatching interval has improved to an average

range of 70 days - 84 days.

Discussion

_ Inlivestock production the productivity is governed by their breed, the nutrition
provided for them and a proper management system. All these factors have been
considered when this experiment is designed in order to develop the performance of
Myanmar indigenous chicken. There are precedents that a high performing poultry breeds
are obtained through vigorous selection without any crossing between breeds. During the
decades within the sixties and seventies of the twentieth century, Rhode Island Red breed
has been very popular in Myanmar. They are known for their good performance and easy
to manage characters. They are obtained by selective breeding. Another breed called
New Hempshire is also obtained through selective breeding of RIR. Therefore it is much
logical to develop a high performing breed out of the indi genous chicken. There is a
potential in these indigenous chicken to be developed in to a commercial stock suitable
for the farmers in Myanmar. These chickens may not be as productive as the modern
commercial breeds but they have the advantage of consumers’ high preference for their
meat and eggs and they fetch much better price than the exotic breeds. A standard
procedure for measurement of productivity in poultry is to calculate the feed conversion
ratio or to measure the amount of feed which is converted into the egg mass. Such
measurement may be justified interms of productivity but it may not always imply to the
economic benefit. Another way of measuring the productivity of chicken is to calculate the
cost of feed consumed by a chicken to attain the weight of 1kg and compare the price of
chicken meat to the feed cost. This latter method of calculation is much practicable to
apply in the production of indigenous chicken. The productivity of livestock is also by the
utilization of less input including feed, Land use and Labour. These factors have been
considered and the experiment leading to the development of Myanmar’s indigenous
chicken is carried out.

In this continuing research work, the first part of experiment covers the
performance of indigenous chicken interns of egg laying capacity and hatching intervals.
In this former experiment the annual egg production was recorded as 197 eggs per hen
per year and the brooding cycles has improved from 3 cycles to 5 cycles per year.

In this experiment priority is given to growth rate of indigenous chicken and
therefore rigid selection has been made on chicken having fast growing characters. When
the first nucleus stock was selected the hens have an average weight of 95 tickles and the
cock weights 135 tickles. After the second batch of rigid selection the hens have an
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average weight of 1 viss and 5 tickles while the cock weights 1 viss and 50 tickles at

24 weeks of age. The hens started laying at 22 weeks old and reach 50% lay at the age

of 25 weeks. An increase rate in weight gain was observed between the ages of 14 to
22 weeks. There is a potential for the growth curve to shift to the lefi resulting in a better
growthif further selection is carried out from the existing stock. Although the indigenous
chicken cannot match the modern broilers chicken in terms of growth rate but they are
very much competitive with the meat production of cockerels from laying breeds or dual
purpose breeds. In this present study the indigenous chicken attain the weight of 1 viss at

the age 0f 22 weeks and there is still a potential for improvement for selecting the fast
growers out of the breeding stock.

Back yards farming at the village level are practiced under the free range system
ry limited feeding of easily available feed stuff. This feeding system does not meet
tritional requirement of back yard chicken. Moreover this free range system
mes the problem for village chicken to be an agent of disease carriers. During the
outbreak of Avian Influenza in Asia and South East Asia countries, the village chicken has
been blamed as the major agent for spreading the disease. In fact main problem is not the
village chicken but the management system. There has been no evidence that the
indigenous breeds of chicken are more susceptible to avian influenza virus. The village
chickens are not the reservoirs for avian influenza virus like the wild birds or domestic
ducks. Therefore they do not pose to be of any threat more than any other breeds of
poultry if they are reared under confinement. In Myanmar indigenous chicken constitute
more than 8.0% of the total poultry populations and they are one of the assets of the
farmers. By unprgving the management System at village level the poultry production can
be protected during the crisis of avian influenza disease outbreak. The farmers have
enough land space and agricultural by products which can be used for livestock
production. It is important to provide the farmers with the knowledge that if the

indigenous chickens are properly managed, they can provide a much lucrative return and
help increase the total income for their households,

with ve
the nu
beco

Acknowledgements

The. author would like to thank his colleagues Dr. Min Soe, Dr. Sann Aung and

Dr. Htun Sein for their suggestions and constructive criticisms provided during the
experiment.



-326-

Table 1. Feed formulation guide to feeding indigenous chicken

Ingredients Chick feed 0-8 week Adult chicken 8 weeks
above
Broken rice 30% 25%
Maize 25% 30%
Groundnut cake 10% 10%
Sesame cake 5% 5%
Rick bran 5% 10%
Wheat bran 5% 5%
Sunflower seed cake 0/5% 5/0%
Cotton seed cake 5/0% 0/5%
Dried fish meal 8% 5%
Green feed 7% 5%
CP 18% 16.98%
ME 2278 kcal/kg 2366 kcal/’kg

Source: Veterinary Assay Laboratory,

Physical Stimulants Hormonal Stimulants
~ BROODINESS /
1. Tactile Stimulation 1. Oestrogen
2. Dimlylitarea 2. Progesterone
3. Wamth 3. Prolactin

Fig. 1. Factor influencing the broodiness ofahen.
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Vaccine Route Age at Vaccination
Newcastle I Eye drop 7 day

Fowl pox mild Wing web 14 day

New castle 1, Eye drop 21 day

Fowl pox standard Wing web 14 week

Newcastle 1> Orally Every 2 month
Fowl cholera

s/c injection

3 M.O repeat every 6 M

Table 3. Weekly growth rate of indigenous chicken through selection

Age in weeks First selection Second selection
Av weight (tickles) Av. Weight (tickles)
i n=13 n=10
Egg weight 2.5t 30t
Doc 2.0t 25t
2 WO - 36t
4 WO 85t 881t
6 WO - 16.2 t
8 WO 165t 222t
10 WO - 23.7t
12 WO 285t 316t
14 WO - 433t
16 WO 49.0t 533t
18 WO - 722t
20 WO 70.0 t 82.14t
22 WO - 99.20 t
24 WO lv.5t lv.5t¢t
26 WO : Tv.16t
28 WO 1v.20t lv.24t
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