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Abstract
Background and Objective: Alternative feed ingredients is needed to reduce and replace fish meal use in milkfish production. One of
the alternative feed ingredients that has potential to be milkfish feed is palm kernel meal (PKM). The ability of milkfish to utilize PKM
formulated in feed can be analized through performance of growth rate and gult health (biometric condition and histological structure
of gut). This study aimed to evaluate the effect of PKM inclusion as a fish feed ingredient for milkfish (Chanos  chanos) on growth
performance, biometric condition and histological structure of gut. Materials and Methods: A total of 200 fish sample were divided into
four treatments followed by five replications. Each of experimental treatment had a different inclusion level of PKM, namely treatment
control: 0% PKM (commercial diet), treatment A: 16.36% PKM, treatment B: 45.08% PKM and treatment C: 61.14% PKM. The feeding trial
last for 45 days with the feeding frequency of twice a day, according to 5% of body weight. Results: The result show that treatment A
did not adversely affect growth performance and gut health of milkfish. Although, there was no significant difference in the relative gut
length and the average length of gut villi among treatments, histologically, it was known that the feed with high iclusion level of PKM
may caused damage to the milkfish gut tissue Conclusion: The use of PKM in milkfish feed formulations high as 16.36% did not shown
adverse effect on growth performance and gut health. Nevertheless, if the inclusion level of PKM was too high, it may damage the gut
tissue structure. Consequently, the growth rate and feed efficiency of fish will reduced.
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INTRODUCTION

Milkfish, (Chanos chanos, Forskall 1755) is one of the
major consumption fish for people of Indonesia, Philippines
and Taiwan1.Previous research reported that  yearly
production of milkfish in Indonesia, Philippines and  Taiwan
reach 300,000t with a commercial value   approaching US$
380 million2,3. In addition, milkfish also contains essential
nutrient content for human in form of Eicosapentaenoic Acid
(EPA), Docosahexaenoic Acid (DHA), omega-3, omega-6 and
omega-94.

Fish feed is the substantial component in fish farming,
constitutes to 80% of the total operational cost5. Currently, the
major source of dietary protein in fish feed is still being
dominated by fish meal. Up to 2006, the fish farming sector
spent 3,724,000 t of fish meal which potentially generates a
scarcity of stock and increased price6,7. According to
Chandrapal8, the use of fish meal as the main source of protein
for milkfish feed was no longer relevant, due to not
economical and environmentally friendly, thus various efforts
of finding alternative feed ingredient in accordance with
milkfish nutrition requirement were continually improved.
Several alternative feed ingredients have been tested in
milkfish  feed  formulations, for instance rice bran9, peas
(Pisum sativum)10, copra meal11, earthworm meal12 and
soybean meal13.

Palm Kernel Meal (PKM) is one of the alternative feed
ingredients that have potential to be milkfish feed. This
ingredient is a by-product of palm oil processing, available in
abundant quantity particularly in tropical countries and does
not compete with human14-16. According to Sundu et al.17, PKM
contained approximately 14-21% crude protein, 8-17% crude
lipid, 3-6% ash and 4,998 kcal kgG1 gross energy. PKM has been
used as an established ingredient for processed feed of
ruminant and poultry18,19. Until now, information underlying
the use of PKM in the aqua culture field is still very limited.
Some studies have reported that PKM had been formulated in
feed of hybrid catfish (Clarias  macrocephalus)14,  hybrid red
tilapia15 and  nile tilapia Oreochromis  niloticus20,21. In addition,
Lim et al.21 proved that tilapia fed by inclusion of 30% PKM
showed the same growth rate as the control feed.

Gut performance has linked to the growth and the health
of fish. According to Raskovic et al.22, the monitoring of gut
performance was indispensable due to the important role of
gut in the digestive process and nutrient absorption from the
feed. Analysis of digestive organs with histological approaches
is considered a good indicator to assess the nutritional status
of fish (malnutrition), starvation and  negative effect of
feed23,24. To date, the suitability of the inclusion of PKM as an
alternative  feed  ingredient  and  its  relation  to  the biometric

and histological structure of milkfish gut is still not widely
studied. Thus, this research aimed to evaluate the effect of
inclusion of PKM as fish feed ingredient for milkfish (Chanos
chanos) on growth performance, biometric condition and the
histological structure of gut.

MATERIALS AND METHODS

Total of 250 milkfish with a range of weight from 4-5 g
and total length from 6-7 cm were obtained from Fish
Breeding Center of Batee Iliek, Bireuen District, Aceh Province,
Indonesia. Fish were transported to Aquaculture Laboratory,
Faculty   of   Agriculture,  Al Muslim  University  by using a
closed  system  equipped  with   an   aeration   system.   The
fish acclimatisation was performed for seven days in
30×40×50 cm3 fiber  glass  tank,  containing  30  L  brackish 
water (salinity ranged from 13-15 parts per thousand). During
acclimatisation, fish were fed by commercial diet (35% protein,
10% moisture content, 13% ash, 5% crude lipid and  7% crude
fiber) with a frequency of three times a day.

PKM was obtained from oil palm processing mill located
in Gandapura Sub-district, Bireuen District, Aceh Province,
Indonesia. Before use, PKM was dried and pounded into
homogeneous meal by using a flour mill machine. The milkfish
maintenance was in 30×40×50 cm3 fiber glas tank,
containing 30 L brackish water (salinity ranged from 13-15
parts per thousand) and equipped with aeration. The number
of tested fish was 10 for each fiber glass tank.  The  feeding
trial last for 45 days with the feeding frequency of twice a day,
according to 5% of body weight. Fish faeces were stripped
every day using siphon method and the water was completely
changed every 10 days.

The fish were divided into four treatments followed by
five replications. Each of experimental treatment had a
different inclusion level of PKM, namely treatment control: 0%
PKM (commercial diet), treatment A: 16.36% PKM, treatment
B: 45.08% PKM and treatment C: 61.14% PKM. The diet was
formed in pellet shape by using manual pellet press machine.
The description of ingredients of the experimental diets is
presented in Table 1.

Proximate analysis: The proximate analysis of the
experimental diets(crude protein, moisture content, ash
content, crude lipid and  crude fiber) was conducted at the
Laboratory of Nutrition and Feed Technology, Faculty of
Agriculture, Syiah Kuala University. The method to determine
protein referred to the Kjeldhal method25, the determination
of moisture content was done by using the Karl Fischer
method26, ash content and crude fiber by combustion in a
muffle furnace at 600EC27, while crude lipid was measured by
using the Soklet method26.
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Table 1: Ingredient composition of the experimental diets
Treatments
-------------------------------------------------------------------------------------------------------------------------------------------------------------

Ingredient (g/1000 g diet) Control A B C
Fish meal Commercial diet 601.0 313.8 153.2
Palm kernel meal (PKM) Commercial diet 163.6 450.8 611.4
Bran meal Commercial diet 106.9 106.9 106.9
Wheat flour Commercial diet 108.5 108.5 108.5
Mineral premix Commercial diet 10 10 10
Vitamin premix Commercial diet 10 10 10
Total 1000 1000 1000

Biological and feed efficacy measurements: The main
observed parameters in this study consisted of relative gut
length, the average length of gut villi and histological
structure of gut, while the supporting observed parameters
consisted of survival rate, specific  growth  rate,  average
length growth and  feed efficiency. The relative gut length was
measured by using the following formula by Berumen et al.28:

  GL(cm)RGL % 100
TL(cm)

 

where, RGL is the relative gut length (%), GL is the gut length
(cm) and  TL is the total length of fish (cm). The measurement
of the average length of gut villi was conducted by using a
micrometer (Mitutoyo 293-340-30, error 0.001 mm, Japan) and
observed under a microscope (Olympus CX 31, Tokyo, Japan)
with 40x magnification. The average length of gut villi was
calculated by using formula referring to German and Horn29,
as follows:

lg rg ug bgpv pv pv pv
PRV
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where, PRV is the average length of gut villi (µm), pvlg is the
length of left gut villi (µm), pvrg is the length of right gut villi
(µm), pvug is the length of upper gut villi (µm) and  pvbg is the
length of bottom gut villi (µm). Then, survival rate of fish was
measured by using following formula by Berkeley et al.30:

NtSR (%) = ×100
No

where, SR is the survival rate (%), Nt is the number of fish that
live at the end of feeding trial period (fish) and  No is the
number of fish that live at the early stage of maintenance
(fish). Specific Growth Rate (SGR) was analyzed by using
equation by Hakim et al.31, as shown below:

lnWt lnWoSGR (%/ day) 100
t


 


where, SGR is daily specific growth rate (% dayG1), Wt is the
final weight of fish (g), Wo is the initial weight of fish (g) and 
t is feeding days (days). The average length growth of milkfish
was measured by using equation by Acaret al.32, as shown
below:

Pm = Pt-Po

where, Pm is the average length growth of fish (cm), Pt is the
average length of fish at the end of feeding days (cm), Po is
the average length of initial fish (cm). Then, feed  efficiency
was measured using equation by Handeland et al.33 2008, as
shown below:

 Wt D Wo
Fe(%) 100

F
 

 

where, Fe is feed efficiency (%), Wt is final weight of fish (g),
Wo is initial weight of fish (g), D is the weight of dead fish
during the feeding trial (g) and  F is the  amount  of  feed
intake (g).The chemical and physical parameters of
maintenance media were observed at every change of water
including temperature, dissolved oxygen, pH and salinity. The
result of measurement showed that the temperature during
maintenance period in every treatment ranged from 27-29EC,
the dissolved oxygen ranged from 5.7-6.3 mg LG1, pH value
ranged from 6.7-7.9 and salinity ranged from 13-15 ppt. The
value of chemical and physical parameters of maintenance
media remained in the optimum range which supports the
growth of milkfish34.

Histology: The preparation of milkfish gut histological section
was conducted at Pathology Laboratory, Faculty of Veterinary
Medicine, Syiah Kuala University by using a histotechnique
method including sampling, fixation, dehydration, purification,
infiltration, planting, cutting, deparaffinization and staining.
Fish gut were taken by using a scalpel, then were placed in a
bowl that has been added with preservative Buffered Neutral
Formalin (BNF). The process of removing water was performed 
by soaking  the  tissue  in  graded alcohol solution from 80, 90
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Table 2: Proximate composition of experimental diets
Treatments
----------------------------------------------------------------------------------------------------------------------------------------------------------------

Proximate Control A B C
Crude protein (%) 35.15 26.56 24.32 22.66
Crude lipid (%) 5.21 13.00 12.19 11.65
Crude fibre (%) 7.00 30.27 34.61 37.06
Ash (%) 13.10 7.28 10.84 11.45
Moisture (%) 10.03 9.05 8.11 8.61

and 95% to absolute alcohol35. The sectioning of paraffin
blocks was done by using microtome with a thickness of five
microns. Gut section was floated in warm water and  then was
put on a hotplate for 10-15 min until all the water evaporated.
The staining process was done by soaking preparation with
hematoxylin for seven minutes followed by eosin for three
minutes. Micrographs were generated  using  a  digital
camera-equipped microscope. Structure of gut in each
treatment was analyzed descriptively.

Statistical analysis: Data analysis was performed using
analysis of variance (one-way ANOVA) on relative gut length,
the average length of gut villi, survival rate, daily specific
growth rate, average length growth and  feed efficiency. The
confidence interval used in the Duncan test was 95% (p<0.05).
The statistical software used in this document was SPSS
version 22 program (SPSS Inc., Michigan Avenue, Chicago, IL,
USA) for Macintosh.

RESULT

Proximate content: The highest crude protein content in diet
with inclusion of PKM was found in treatment A (26.56%).
However, crude protein content in treatment A remained
lower than that of the control treatment (commercial diet). In
general, experimental diet had lower ash content than
commercial diet (Table 2). The lowest percentage of ash
content was found in treatment A (7.28%) followed by
treatment C and B which were 11.45 and 10.84% respectively.
In addition, the feed with PKM inclusion had higher crude lipid
and crude fiber content than commercial feed. The highest
crude lipid content was found in treatment  A  (13%),  while
the highest crude fiber content was found in treatment C
(37.06%).

Relative gut length and average length of gut villi: Relative
gut length of milkfish did not differ significantly between
treatment (p>0.05). Quantitatively, the highest gut length
value was found in the control treatment (255.66%), while the
lowest gut length value was found in treatment B (241.20%) 

Fig. 1: Relative gut length of milkfish (Chanos chanos) fed
experimental diets for 45 days
Treatment control: 0% PKM (commercial diet), treatment A: 16.36%
PKM, treatment B: 45.08% PKM and treatment C: 61.14% PKM

Fig. 2: Average length of gut villi of milkfish (Chanos chanos)
fed experimental diets for 45 days
Treatment control: 0% PKM (commercial diet), treatment A: 16.36%
PKM, treatment B: 45.08% PKM and treatment C: 61.14% PKM

(Fig. 1). Similar results were also seen from the average length
of gut villi, where did not present significant differences
among treatments (p>0.05). The highest average length of gut
villi (153.75 µm) was found in control treatment, while the
lowest value (128 µm) was found in treatment C (Fig. 2).
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Table 3: Growth performance and feed utilization of milkfish (Chanos chanos) fed experimental diets for 45 days
Treatments
------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Parameters Control A B C
SR (%) 86.66±2.86a 88.33±2.88a 88.33±2.88a 78.33±2.88b

SGR (% dayG1) 1.10±0.03a 1.33±0.03a 0.92±0.051b 0.70±0.055b

Pm (cm) 4.10±0.10a 4.70±0.10a 3.30±0.15b 2.60±0.15b

Fe (%) 21.51±0.50a 25.32±0.06a 17.33±0.21a 13.96±0.29b

SR: Survival rate, SGR: Specific growth rate, Pm: Average length growth, Fe: Feed efficiency, Values shown as Mean±STD. The different letters indicate significant
differences (p<0.05)

Fig. 3: Histological structure of gut of milkfish  (Chanos  chanos)  in  each  treatment  (a)  Treatment  control,  (b)  Treatment A,
(c) Treatment B and (d) Treatment C. Se: Serosa layer, M: tunica muskularis, S: Submucosa layer, Lp: Lamina Propia. Scale
Bar. 600 :m. Magnification 100×

Growth and feed efficiency: The highest survival rate of
milkfish was obtained in treatment A and B (88.33±2.89%)
while the lowest survival rate was found in treatment C
(78.33±2.88%). There was no significant difference between
the milkfish survival rate in the control treatment, treatment
A and treatment B  (p>0.05).  Nevertheless,  the  survival rate
of milkfish decreased significantly in treatment  C  (p<0.05)
(Table 3). The use of PKM in treatment A was able to produce
specific growth rate that was not different from control
treatment with a value of 1.33±0.03% dayG1 (p>0.05).
However, the value of specific growth rate decreased
significantly in treatments B and C (p<0.05). Similar result was
also found in average length growth and feed efficiency value,
where significant difference was not observed between

treatment A and control treatment (p>0.05). Nevertheless, the
value of average length growth and feed efficiency were
slightly reduced in treatments B and C (p<0.05).

Histology of gut: Histologically, milkfish gut comprised of
several major parts namely serous layer, tunica muscularis,
submucosa and  lamina propia. The result showed that control
treatment had normal histological structure of gut and it was
seen from the gut fragments that tend to be round in shape
with a regular arrangement of lamina propia. Change in
histological structure of gut was very blatant in treatment B
and C. In this treatment, the lamina propia showed an irregular
shape. (opposite with control treatment and treatment A)
accompanied by thickening of tunica muscularis layer (Fig. 3).
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DISCUSSION

The gut performance has a close correlation with the
digestive process and nutrient absorption of  fish.  According
to Grosell et al.36, the  gastrointestinal  tract  (including gut)
had various  functions  such  as  nutrient  absorption  and 
ionic and  osmotic  regulation.  Furthermore,  according   to
Dolomat ov et al.37, the gut also played an important role in
regulating water balance, electrolyte and immunity. Some
researchers began to use parameters of gut health to evaluate
the effectivity of using alternative feed source and condition
of fish health due to pollutants exposure, for instance, in
Lateolabrax  japonicus38, Solea  solea39,  Oncorhynchus
mykiss40 and  Dicentrarchus  labrax41.
The result of this study showed that the relative gut

length of milkfish in each of treatment reached twice of a total
length of the fish body. The milkfish gut had longer size than
carnivorous fish and was shorter than herbivorous fish, so it
tended to be classified into omnivorous fish. The length of fish
gut was affected by phylogeny factors, the age of  fish, the
type of food  consumed  and  fish  physiological  conditions.
Paujiah et al.42 revealed that insectivorous carnivorous fish
such as Rhyacichthys   aspro  had a shorter gut, which was 0.69
time of their body length. Conversely, herbivorous fish-eating
plants such as Sicyopterus  ouwensi  had a longer gut, which
was 5.54 times of their body length. According to Starck43, the
presence of stomach and the structure of animal feed that was
easily digested were causes of rapid digestion of food in
carnivorous fish.
There are no significant differences in the relative gut

length among treatments. It was assumed to be caused by a
relatively short maintenance period. Hoseinifar et al .44 have
stated that the change in gut length rarely occurred except in
fish exposed to the same type of food over a long period.
Similar results were also seen in the average length of gut villi
where there was no significant difference among treatments.
This showed that feed containing PKM did not have a negative
effect caused length abnormality of gut villi length. Some
similar results had also been revealed by several other feed
formulation such as the addition of clove oil in the feed of
Pangasianodon hypophthalmus45 and Cyprinus carpio46.
Commonly, the average length of gut villi of milkfish is lower
than carnivorous fish. Omnivorous fish tend to have gut
structures with shorter villi than carnivorous fish. Hence, it
requires longer digestive time and tract. The length value of
gut villi in this research was ranging from 128-153.75 µm
which was lower than the length of gut villi of Pangasius
hypophthalmus   which   was   ranging   from   500-600   µm45.

Although, there was no significant difference in the
relative gut length and the average length of gut villi among
treatments, histologically, it was known that the feed with
high inclusion level of PKM may caused damage to the
milkfish gut tissue. The observed damage encompassed the
irregular shape of gut structure, thickening of the tunica
muscularis layer accompanied with the occurrence of lysis in
gut lamina propia. This was assumed to be caused by high
crude fiber content in the  feed  which was led to performance
disturbances and  damage   to  gut  tissue. One similar
research by Poleksic et al.47 revealed that substitution of
excessive soybean meal could have a negative impact on gut
performance which can be signaled by an increasing in
leukocyte infiltration in epithelium, increasing in mucus
production and  occurrence of gut inflammation.
Fish are required to adapt to the presence of food sources

in their environment even though these types of food are not
suitable with their nutritional needs. This has the potential to
reduce food nutrient uptake capacity, energy transfer ability,
growth and physiology performance of gut48. Histological
damage of gut can also occur if feed containing pathological
compound. These pathological feeds can cause disturbance of
palatability, low nutrient digestibilities, changes in nutrient
balance, intestinal dysfunction, gut  dysfunction, change in
gut microflora, goitrogenesis, pancreas hypertrophy and 
hypoglycemia48. The damage structure of gut in treatment B
and C was presumably the cause of declining growth rate  
and fish feed efficiency.
Based on the measurement result of growth parameter,

it was known that the high inclusion level of PKM (45.08 and
61.14%) could reduce the survival rate, specific growth rate,
average length growth and feed efficiency in milkfish. Besides
pertinent to histological damage of gut, this was also assumed
to be related to the high crude fiber in experimental diet. The
crude fiber content in the experimental diet particularly in
treatment B and C had a high value (30.27-37.06%). This is the
common problem with feed ingredients derived from plants
because it can reduce digestibility, thus, the fish growth was
not optimal.

CONCLUSION

The use of PKM in milkfish feed formulation as high as
16.36% did not shown adverse  effect on  growth performance
and  gut  health.  Nevertheless, if the inclusion level of PKM
was too high, it may damage the gut tissue structure.
Consequently,  the  growth  rate  and  feed efficiency of fish
will  reduced.  Further  research  involving   efforts  to  enhance
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digestibility and nutritive value of PKM-based feed as well as
analysis of their physiological effects on other digestive organs
is still necessary.
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