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Abstract | A 60-day feeding trial was performed to assess the effects of replacing soybean meal (SBM) with
fermented copra meal (FCM) on growth, feed utilization, survival, and enzyme activity of hybrid saline-
tolerant tilapia (Oreochromis niloticus x Oreochromis mossambicus) juveniles. Soybean meal was replaced with
fermented copra meal at 25%, 50%, 75% and 100% (by weight). Five iso-nitrogenous (at 38% CP) and iso-
lipidic (at 5% CL) formulated diets were fed to hybrid tilapia juveniles (0.42 g + 0.07) following a complete
randomized statistical design. Weight gain, specific growth rate (SGR), protein efficiency ratio (PER)
and protein retention (PR) showed no significant differences up to 50% FCM replacement. Significantly
decreasing growth performance indices and feed conversion ratio (FCR) relative to the full soybean meal
control were observed in 75% and 100% FCM replacement levels (P < 0.05). Carcass composition did not
differ significantly in all treatments (P < 0.05). High survival was observed in all treatments and feed intake
showed no significant difference among treatments. Protease and amylase activities was significantly reduced
at 75% and 100% FCM inclusion which can be linked to the reduction in growth and feed utilization in the
present study. Results of the study showed that fermented copra meal can replace soybean meal up to 50% in
the diet of hybrid saline tilapia without compromising growth, feed utilization, and survival.
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Introduction of protein in fish diet formulations (Kokou ez al,
2016). However, as the animal growing industry

Soybean meal contains the highest plant protein sector expands the demand for soybean meal has
content and has the best essential amino acid also risen. Consequently, the cost of soybean meal
profile making it widely adapted as a primary source in the global market has significantly increased
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(FAO, 2023). The increase in soybean meal price has
spurred research interests in alternative sources of
dietary proteins to replace soybean meal in aquatic
animal feeds. Microbial fermentation of plant-based
biomass has shown promising potential as a cheap
and sustainable alternative protein source in aquatic
teed formulations.

Fermented copra meal also referred to as protein-
enriched copra meal is a product of solid-state
fermentation which allows the bioconversion of copra
meal to a highly digestible and high protein biomass
ideal as an alternative feed ingredient to replace
soybean meal. Copra meal is originally processed
from by-products of coconut oil extraction and
has been incorporated into livestock and fish diets.
However, the high fiber content of copra meal when
used as feed is known to inhibit digestion and impede
nutrient absorption resulting in growth suppression
in monogastric animals (Jurairat ez al., 2022). There
have been several technological innovations done
attempting to reduce the fiber contents of copra meal
and to improve its protein composition but were met
with limited success. Also, it has been reported that
fermentation of copra meal with a selected group
of microbes, that produces cellulose and mannan
hydrolyzing enzymes, has decreased the fiber content
of this biomass (Pham, 2017). Kraikaew ez al.
(2020) also reported that enzymes with endo-B-D-
mannanase activity can be used to decrease the fiber
contents of agricultural biomass byproducts such as
copra meal to improve its digestibility and feed value.
Moreover, it was shown that fermentation of palm
kernel meal using different cellulosic fungi (Sundu ez
al., 2021) and cellulosic bacteria (Alshelmani ez al.,
2021) could improve the feed value of this biomass.
This fermented biomass has been reported to replace
soybean meal in about 15-20% of broiler chicken diets.
However, most of these earlier works were focused on
the chemical aspect of fermentation specifically on the
details of the fermentation process and information
on the evaluation of the feed value and effects of these
fermented biomass to the physiology of cultured
aquatic animals has been scarce.

Tilapia is one of the major food fish species that
are widely cultivated in tropical regions. The unique
characteristic of tilapia facilitated its continued
growth and in 2022 despite the increase in price due
to inflation tilapia production globally was predicted
to increase to about 2-4% (Globefish, 2023). Recently

the global production of tilapia has exhibited a positive
trend as genetic selection has improved. New tilapia
strains exhibiting fast growth, disease resistance,
and high salinity tolerance have been introduced in
industrial-scale production. With the introduction of
salinity-tolerant strains, tilapia production is no longer
limited to freshwater environments and production
in sea cages opens an unlimited opportunity for
future expansion. However, as tilapia production
intensifies and expands, it is envisioned that feeds and
feed ingredients will be the major limiting factor in
the growth of the tilapia industry (Guerrero, 2019).
'The industry requires a sustainable and economically
viable feed ingredient to support the growth of the
tilapia industry.

'The present study was conducted to evaluate fermented
copra meal as a replacement for soybean meal in the
diet of saline-tolerant hybrid tilapia (Oreochromis
niloticus x O. mossambicus) reared in seawater.

Materials and Methods

Diet preparation

Fermented copra meal registered as PECM"” was used
in this study. PECM" is a commercialized product of
the University of the Philippines Los Banos and is
produced through the solid-state fermentation of copra
cake with Aspergillus niger. Detailed fermentation is
described in the work of Hatta and Sundou (2009)
and Pham (2017). Five iso-nitrogenous and iso-lipidic
diets were formulated containing different levels of
FCM. Diet ingredients and composition analysis of
the diets are shown in Table 1. Dietary treatments
were formulated to substitute soybean meal with
FCM, by weight, at different levels 25%, 50%, 75%,
and 100%, respectively. Formulated diet with full
soybean meal as the main protein source was used as
the control treatment. All dry ingredients were mixed
in a mechanical mixer until homogenous, and then
oil and wheat flour were added. The moist mash was
passed through a laboratory scale cold extruder. The
feed pellets formed were then collected, oven-dried
for 24 hours, stored in airtight containers and kept at
4°C in a refrigerator until feeding.

Growth trial

Juvenile hybrid saline-tolerant tilapia at day 21-old
were purchased from a local tilapia hatchery and
reared in the University of the Philippines-Visayas
Multi-species Hatchery, Miagao, Iloilo, Philippines.
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Table 1: Dier composition and pproximate analysis, (% dary matter), of control, 25%, 50%, 75% and 100% FCM
replacement levels of soybean meal.
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Ingredients Control (g100g™) 25%(g100g™)  50% (g 100g™) 75% (g100g™) 100% (g 100g™)
Sardine meal 15.00 15.00 15.00 15.00 15.00
Soybean meal defatted 47.00 35.25 23.50 11.75 0.00
Fermented copra meal 0.00 11.75 23.50 35.25 47.00
Soybean Oil 1.50 1.50 1.40 1.00 1.00

Wheat flour 24.70 24.70 25.80 26.30 27.00
Vitamin premix’ 2.50 2.50 2.50 2.50 2.50

Trace mineral premix? 0.50 0.50 0.50 0.50 0.50

Rice bran 11.50 11.50 10.50 10.40 9.70
Proximate analysis (% dry matter)

Protein 38.29 + 0.88° 38.05 + 0.65° 37.94 + 0.88° 37.7 £ 0.55* 37.12 + 0.40°
Lipid 5.46 £ 0.22* 5.55 £ 0.07* 5.61 £ 0.04* 5.75 £ 0.10° 5.90 + 0.14
Fiber 7.64 + 0.05* 7.70 + 0.04* 7.75 + 0.06* 7.95 +0.07 8.13 +0.06*
Ash 8.35 +0.28* 8.39 £+ 0.37* 8.61 +0.28* 8.79 +0.30* 9.19 + 0.40°
NFE 40.26+ 0.132 40.26+ 0.02* 40.31+ 0.18* 39.81+ 0.12¢ 39.66+ 0.20?

Vitamin premix (mg/kg Diet): Vitamin 4 (7.2), D3 (2.68), E (16), B1 (160), B2 (160), B6 (100), B12 (40), niacin (800), calcium
pantothenate (400), biotin (0.8), folic acid (36), and ethoxyquin (10). All chemicals used were obtained from Merck- Sigma Aldrich Inc.,
Darmstadt, Germany. *Trace mineral premix (mg/kg diet): iron (800), manganese (200), zinc (800), copper (80), iodine (36), cobalt (0.4
mg), and selenium (4). All chemicals used were obtained from Merck-Sigma Aldrich Inc., Darmstadt, Germany. Sardine meal, proximate
composition (% dry matter), protein (57.5), lipid (10.0), ash (28.5), fiber (0.1), Nitrogen free extract (3.9). Rice bran, proximate composition
(% dry matter), protein (18.7), lipid (15.9), ash (8.8), fiber (5.8), Nitrogen free extract (50.8). Soybean meal, proximate composition (% dry
matter), protein (47.8), lipid (3.2), ash (5), fiber (7), Nitrogen free extract (37). Rice bran, Sardine and Soybean meals were obtained from

Pacifica Agrivet Supplies, Inc. Philippines.

Fish were acclimated to the experimental conditions
for 2 weeks before the feeding trial. The experimental
fish (0.46g + 0.03) were stocked in a 50-L rectangular
plastic container at 20 fish per replicate container. The
trial was performed following a complete randomized
design with five treatments run in four replicates per
treatment. Feeding was done by “ad libitum” four
times daily (8 am, 11 am, 2 pm, 5 pm) for 8 weeks.
Uneaten diets were collected before the provision of
the next ration. The collected uneaten feeds are dried
and weighed and values are used in the calculation
of the total feed intake. The experimental setup is a
continuous flow system, with a flow rate of 100 ml/
min, that received sea water coming from a reservoir,
continually supplied with seawater by an electric
pump. Salinity was maintained at 30-35 ppt and
aeration was supplied in each tank. Total fish biomass
sampling was performed every 10 days.

Proximate analysis

Analyses of the diets and carcass total protein,
lipid, moisture, and ash were determined following
the standard analytical method of AOAC (1995).
Moisture content was quantified by drying on an
oven at 105°C. Crude protein was determined by

the Kjeldahl distillation method. Crude lipid was
analysed by Bligh and Dyer (1995). Ash content
was determined by combusting the samples in an
electric furnace at 550°C for 6 hours. Crude fiber was
quantified by gravimetric determination following a
sequential acid and base digestion.

Digestive enzyme analysis

Digestive tracts were dissected and homogenized in
respective enzyme buffers, sodium-calcium acetate
buffer (pH 7.5) for protease assay, and citrate-
phosphate buffer (pH 7.0) for amylase and lipase
assay. The homogenates were centrifuged (4,000 rpm,
15 mins, 4°C) and the supernatants were collected
and used as the crude digestive enzymes in the assays.

Protease activity was assayed according to the method
of Folin and Ciocalteu (1927) using casein as a
substrate. Amylase activity assay was done following
the method of Bernfield (1955) using buffered starch
as substrate. Lipase activity assay was determined
based on the method described by Borlongan (1990).
Protein concentration (mg ml') was determined
using Bradford method using bovine serum albumin

(BSA) as protein standard (Bradford, 1976).
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Calculations and statistical analysis
Growth performance, survival and feed utilization
were calculated as follows:

Weight gain (%) = (final weight —initial weight) x 100/
initial weight

Survival (%) = 100 x (final number of fish) / (initial
number of fish)

Specific growth rate (SGR, % day™) = 100 x (Ln final

Wt — Ln initial Wt)/days of culture
Feed conversion ratio (FCR) = Feed consumed (g, dry
weight) / weight gain (g, wet weight)
Protein Efficiency Ratio (PER) = (Final weight — Initial
weight) / dietary protein intake

Protein Retention Efficiency = [(final protein in carcass x

Jfinal weight carcass, dry basis) - (initial protein carcass x

initial weight carcass, dry basis)] / [(total feed intake, dry

basis) x crude protein]

Results were expressed as means + standard error of
means. Statistical analyses were carried out in SPSS
16. Data was analyzed using one-way analysis of
variance (ANOVA) using Tukey’s test of multiple

comparisons at 95% significance level.
Results and Discussion

Growth performance

Table 2 presents growth and feed utilization after 60
days of rearing. Survival was high (93-100%) and not
affected by the dietary treatments (P < 0.05). Weight

gain and specific growth rate were found similar
in fish fed with control diet and diets with 25%
and 50% FCM replacements. However, significant
reduction was observed at 75% and 100 % SBM
replacement with FCM (P < 0.05). Feed intake did
not significantly differ in all treatments which indicate
that acceptability of diet was similar in the duration
of the experiment. Feed conversion ratio significantly
increased at 75% and 100% SBM replacement with
FCM. Consequently, protein efliciency ratio and
protein retention showed no significant difference
between control, 25% and 50% levels of FCM
replacement but significantly decreased at 75% and
100% levels of replacement.

Carcass composition

The proximate whole-body composition of
experimental fish at the start and end of the
experiment are presented in Table 3. Protein and lipid
contents in carcass showed no significant difference
among the treatments (P > 0.05). Also, no significant
difference was observed among treatments in terms
of ash content and moisture. From the results of
the study, carcass composition was not significantly
affected by the diet composition.

Digestive enzyme activities

Specific enzyme activities of experimental treatments
are shown in Figures 1, 2, 3. Protease and amylase
enzyme activities were significantly higher in the

control, the 25%,and the 50% FCM levels as compared

Table 2: Growth performance of hybrid saline tilapia (O. niloticus x O. mossambicus) juvenile fed with different

fermented copra meal replacement levels.

T1 (Control) T2 (25% FCM)
Survival (%) 95 +2.89* 93.75 + 3.75*
Weight gain (%) 847 + 32.40° 773 £47.60%
Feed intake (g fish™) 5.64 +0.09* 5.40 + 0.20°
SGR (% day™) 3.75 £ 0.07¢ 3.60 + 0.09*
Feed conversion ratio 1.69 = 0.05° 1.64 = 0.02°
Protein efficiency ratio ~ 2.47 + 0.09* 2.51+0.12°
Protein retention 24.2 +1.20° 24.0 £ 0.77°

T3 (50% FCM) T4(75% FCM) T5 (100% FCM)
98.75 + 1.25* 100 = 0.00° 100 = 0.00°

761 = 18.70® 681 = 18.40° 530 + 12.90¢
5.37 + 0.09* 5.44 + 0.06* 5.72 + 0.04*

3.59 £ 0.04 3.42 + 0.04° 3.07 £ 0.03¢

1.68 + 0.01* 1.96 + 0.02° 2.61 +0.03¢

2.36 +0.03 1.99 + 0.02° 1.49 + 0.02¢

23.9 £ 0.26 20.5 £ 0.24° 16.26 + 0.21°

Table 3: Carcass composition (% dry weight) of hybrid saline tilapia (O. niloticus x O. mossambicus) juvenile fed with

different FCM levels after 60 days growth trial.

Initial Control 25%FCM 50%FCM 75%FCM 100%FCM
Protein (%) 43.84 £0.32 61.83 + 0.90° 62.53 + 0.86° 62.89 + 0.94 63.12 + 0.57¢ 63.27 £ 0.94°
Lipid (%) 22.28 + 0.38 23.39 £ 0.16* 23.41 £ 0.06* 23.41 £ 0.02* 23.63 £ 0.13% 24.58 + 0.08*
Ash (%) 4.76 £ 0.20 4.91+ 0.15° 5.34+0.38° 5.02 +0.30° 5.88 +0.13¢ 6.03 £ 0.25*
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to the treatments at 75% and 100% FCM replacement
levels. The protease and amylase enzyme activities in
the control, the 25%, and the 50% FCM levels were
statistically similar. No significant differences were
recorded in the protease and amylase activities in the
75% and 100% FCM replacement groups. Specific
enzyme activity for lipase showed no significant
difference among treatments.
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Figure 1: Effect of replacing soybean meal with different FCM levels
on specific protease activity of hybrid saline tilapia (Oreochromis
niloticus x O. mossambicus) juvenile. Data are expressed as mean *
SE. Bars assigned different superscripts were significantly different
(P < 0.05).
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Figure 2: Effect of replacing soybean meal with different FCM levels
on amylase activity of hybrid saline tilapia (Oreochromis niloticus x
O. mossambicus) juvenile. Data are expressed as mean + SE. Bars

assigned different superscripts were significantly different (P < 0.05).
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Figure 3: Effect of replacing soybean meal with different FCM levels

on lipase activity of hybrid saline tilapia (Oreochromis niloticus x

O. mossambicus) juvenile. Data are expressed as mean + SE. Bars

assigned different superscripts were significantly different (P < 0.05).

Control

The current study assessed the growth, survival,
teed conversion and digestive enzyme activities of
hybrid saline tilapia (O. niloticus x O. mossambicus)
ted formulated diets with fermented copra meal
replacing soybean meal at dietary levels of 0%, 25%,

50%, 75%, and 100%. Results indicate that FCM
can substitute up to 50% of soybean meal without
causing a significant reduction in growth and FCR
of hybrid saline tilapia (O. niloticus x O. mossambicus).
Weight gain, PER, and SGR showed no significant
difference with the control, the 25%, and 50% FCM
replacement levels. The findings of the present study
observed a higher replacement level of soybean meal
with FCM as compared to the reports done in earlier
works. Olude ez al. (2008) reported that soaked
copra meal could only replace 30% of soybean in the
formulated feeds of O. niloticus without compromising
growth and nutrient utilization. Similarly, the report
of Mukhopadhyay and Ray (1999) has shown that
30% and 40% of fermented sesame seed meal as
replacement SBM is optimum in the formulated diet
of Indian carp (Labeo rohita).

Also, Deng ez al. (2015) has demonstrated that rubber
seed meal could only replace SBM at 10-30% in the
diet without affecting the growth performance of the
hybrid tilapia (O. niloticus x O. aureus). Moreover, a
recent report of Chatvijitkul (2016) showed that
lipid-extracted distillers dried grains could replace
30% of SBM diets of hybrid tilapia (O. niloticus x O.
aureus). Similar studies on SBM replacement with
plant-based proteins has demonstrated that 20-30%
dietary SBM could be replaced with biofloc meal
(Mabroke e al., 2019), Leucaena meal (Pratiwy e al.,
2020) and peanut meal (Silva ez al., 2017) without
causing growth reduction in Nile tilapia (O. niloticus).

Results suggest that FCR increased with increasing
FCM replacement of SBM. Feed conversion ratio
was found significantly higher in treatments with 75%
and 100% FCM dietary inclusion (P < 0.05) while no
significant difference between control, 25%, and 50%
FCM levels were observed. Moreover, an increase in
FCR in the diet was accompanied by a reduction in
specific growth rates. Similar observation was reported
in previous studies when increasing the substitution of
soybean meal by plant-based proteins such as biofloc
meal (Mabroke ez al., 2019), Leucaena meal (Pratiwy
et al., 2020), and peanut meal (Silva ez a/.,2017) in O.
niloticus diet. The limitation in the inclusion of plant-
based ingredients in fish feed has been attributed
to the high content of anti-nutrients that affect the
digestive physiology of fish (Paranamana ez a/., 2014).
The higher replacement level of soybean meal with
FCM in the present study could have been due to the
fermentation of copra meal. Copra meal, a by-product
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of the coconut oil processing industry is known to
have low feed value. However, Sundu ez a/. (2009)
has shown that its nutrient digestibility and its amino
acid profile could be improved by fermentation. The
solid-state fermentation using selective microbial
agents has been also shown to remove major anti-
nutrients present in copra meal, such as tannins and
phytic acids (Hatta and Sundou, 2009; Kraikaew ez
al., 2020), and may explain the high inclusion level of
this ingredient as observed in the present study.

Result of the present study also suggests that the
protein efficiency ratio decreased with increasing
SBM replacement levels. Dietary inclusion of FCM
higher than 75% replacement significantly reduced
specific growth rate and protein efficiency ratio in the
diet of hybrid saline tilapia (P < 0.05). Similar to our
findings, Sun ez a/. (2015) reported significant PER
reduction at highest SBM substitution level of 24%
with fermented cottonseed meal in the diet of black
sea bream. Mabroke ez al. (2019) also observed body
protein reduction of Tilapia in the treatment with a
higher than 30% SBM substitution by Biofloc meal in
the diet. Recent study by Deng ez a/. (2015) observed
PER reduction at 40% rubber seed meal or the
highest SBM substitution level used in the study of
hybrid tilapia (Oreochromis niloticus x O. aureus) diet.
All of these works indicated that nutrient digestion
and absorption are linked with the high content of
anti-nutrients in these ingredients used to replace the
soybean meal.

Further, results of the present study suggest that the
growth inhibition and decrease in protein efficiency
ratio in fish maintained with higher replacement of
soybean meal with FCM, at 75% and 100%, is not
associated with decreased feed intake. Feed intake
values showed no significant differences in all
treatments with FCM and the control diet indicating
that FCM inclusion did not affect diet palatability.
Similar to our results, earlier reports also suggest that
palatability is not affected by SBM substitution with
plant protein sources such as rubber seed meal in Nile
tilapia (Deng e al., 2015), hydrolyzed feather meal
in hybrid tilapia (Zhang ez al., 2014) and fermented
cottonseed meal in black sea bream (Sun ef al,
2015). Thus, it is most likely that growth depression
observed at high dietary inclusion of FCM could not
be associated with feed intake or palatability of the
diet but could be associated with factors present at

high FCM replacement levels in the diet of hybrid

saline-tolerant tilapia.

In the present study, the inhibition of digestive enzyme
activities further supports the inhibitory effects of
higher replacement levels of soybean meal with
FCM in hybrid tilapia. Digestive enzyme activities
have been used as an efficient quantitative index in
the evaluation of the nutrient quality in a formulated
diet (Rungruangsak-Torrissen, 2014). Moreover,
it has been previously documented that enhanced
digestive enzyme activities have been associated with
feed nutrient availability, efficient nutrient utilization,
and enhanced growth in juvenile tilapia (Montoya-
Mejia et al., 2017). Digestive protease activity of
hybrid saline-tolerant tilapia in the present study
was inhibited at inclusion levels of FCM at 75%
and 100% FCM levels. This suggests that protease
inhibitors might be present in FCM which can
cause negative effects at high inclusion in the diet
of hybrid saline-tolerant tilapia juvenile. Protease
inhibitors are common anti-nutrient substances in
many plant-based ingredients and have been reported
to be associated with depressed growth in animals
fed diets containing significant amounts of plant-
based ingredients (Berilis ez al., 2017; Prabu ez al.,
2017; Silva et al., 2017). In earlier works, it has been
shown that a decrease in digestive protease has been
associated with a decreasing protein efficiency ratio,
specific growth rate, and increasing feed conversion
ratio as reported in hybrid tilapia Oreochromis niloticus
x O. aureus (Lin and Luo, 2011). Moreover, digestive
amylase activity shows that the inclusion of FCM
from 25-50 % showed no significant reduction in
the amylase activity of tilapia hybrid, however, higher
inclusion (at 75 and 100%) leads to a significant
reduction in the activity of amylase.

Similar to these earlier findings, results in the present
study indicate that the significant inhibition of the
digestive protease and amylase activities at 75% and
100% FCM replacement of soybean meal is also
associated with decreased protein efficiency ratio,
protein/lipid retentions and consequently suppression
of specific growth rate and weight gain of the hybrid
saline-tolerant tilapia. It is tempting to speculate that
anti-nutritional factors (ANF’s) in the form of enzyme
inhibitors, particularly in protease and amylase, may
be present in FCM and may explain the inhibition of
enzyme activities at higher soybean meal replacement
with FCM. Anti-nutritional factors (ANF’) are

known to interfere with the digestive enzymes in
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the gastro-intestinal tract and inhibit digestion
and absorption (Wilson, 2003; Berilis ez a/., 2017).
Limitations on the inclusion levels of plant ingredients
for most fish species are said to be due to the presence
of anti-nutritional factors (ANFs) which impair the
utilization of nutrients resulting in reduced growth,
nutrient utilization, and feed efficiency (Prabu ez al.,
2017).Earlier report has shown thatunprocessed copra
meal contains non-starch polysaccharides (NSP’s) in
the form of water-soluble galactomannans and water-
insoluble mannan oligosaccharides (Knudsen, 1997).
Galactomannan as an antinutrient was shown to
increase the digestive nutrient viscosity that impairs
intestinal nutrient absorption in carp (Hossain ez al,
2001), decreased feed conversion efficiency in tilapia,
(Hossain ez al., 2003), and reduced intestinal glucose
uptake in rainbow trout, (Storebakken, 1985). These
NSP’s may have caused the decrease in amylase and
protease digestive enzyme activities associated with
the growth depression of tilapia as observed in higher
replacement of soybean meal (> 50%) with FCM in
the present study.

However, the anti-nutrients present in fermented
copra meal were not evaluated in the present study
but this aspect could be a good subject for future
investigations. Furthermore, there was no significant
difference detected in carcass composition in all
treatments. The proximate analysis data of this study
indicated that moisture, protein, lipid, and ash content
of whole-body composition in saline tilapia hybrid
fingerlings were not affected by the dietary FCM

replacement levels.

Conclusions and Recommendations

The present study concluded that fermented copra
meal can replace soybean meal up to 50% dietary
inclusion without causing negative effects on growth
performance, survival, feed utilization and digestive
enzyme activities of saline-tolerant tilapia hybrid
(Oreochromis niloticus x O. mossambicus). Growth based
on weight gain, protein efficiency ratio, specific growth
rate, and feed utilization reduction was prominent in
75% and 100% FCM replacement of soybean meal.
Feed intake did not show significant difference among
treatments therefore dietary inclusion of FCM did
not affect palatability of the diet. However, enzyme
activity revealed that protease and amylase activities
were inhibited at 75% and 100% FCM replacement

of soybean meal. The reduced growth performance

of fish-fed diet at high replacement level of soybean
meal with FCM (75% and 100%) is associated with
the inhibition of digestive protease and amylase
enzyme activities. In conclusion, the result of this
study indicates that fermented copra meal could be
used to replace up to 50% of soybean meal without
adversely affecting the overall growth performance
and feed conversion ratio of hybrid saline-tolerant
tilapia.

Acknowledgements

'The Department of Science and Technology Student
Research Support Fund and Accelerated Science
and Technology Human Resource Development
Programme of the Philippine government is
acknowledged for the scholarship and thesis grant.
In addition, the Office of the Vice Chancellor for
Research and Extension, University of the Philippines
Visayas is acknowledged for their financial support.
'The Department of Science and Technology, Inland
Aquatic Resources Division of the Philippine
Council for Agriculture, Aquatic and Natural
Resources Research and Development project is also
acknowledged for their support of this work under the
project on field testing and performance evaluation of
saline tolerant Philippine tilapia strains cultured in
different geographical brackish water ecosystems is
also acknowledged.

Novelty Statement

The present work describes the of a
biotechnologically-generated and sustainable high-
protein feed ingredient, produced by the fermentation
of copra meal as a substitute for soybean meal in
the diet of seawater-cultured tilapia. This ingredient
can replace 50 % of imported soybean meal in the
formulated diet of tilapia. This feed ingredient
can lower the reliance of aquaculture on the use of
imported soybean meal and may lower the production
cost.

use

Author’s Contribution

Pia Amabelle M. Flores, Connie Fay Komilus
and Rex Ferdinand M. Traifalgar: Designed and
formulated the conceptual framework of the study
Pia Amabelle M. Flores,and EmelynJoyMameloco:
Participated in the conduct of the experiment,
gathering of data and analysis of the samples.

2024 | Special issue 1 | Page 231

[N .
Sals Links

“*@Researchers



OPEN aACCESS

Sarhad Journal of Agriculture

Rex Ferdinand M. Traifalgar, Pia Amabelle M.
Flores, Connie Fay Komilus and EmelynJoy
Mameloco: Performed the statistical data analysis
and writing of the manuscript.

All authors have read, agreed and have approved the
final manuscript for publication

Canﬂict of interest
All authors have declared no conflict of interest.

References

AOAC, 1995. Official Methods of Analysis. 15®
Ed., association of official analytical chemists,
Wiashington, D.C. USA, pp. 1094.

Alshelmani, ML.I., U.E. Kaka, A. Abdalla, A.M.
Humam and H.U. Zamani. 2021. Effect of
tfeeding fermented and non-fermented palm
kernel cake on the performance of broiler
chickens. A review. ]J. World’s Poult. Sci., 77(2):
377-388. https://doi.org/10.1080/00439339.20
21.1910472

Berillis, P., S. Martin and E. Mente. 2017.
Histological methods to assess the effect of diet
and a single meal on the liver and intestine of
rainbow trout: Fishmeal and fish oil replacement
with plant protein and oil. In: Trends in fisheries
and aquatic animal health. (ed. P. Berillis.)
Bentham Sci. Publ. Sharjah, UAE, pp. 262-276.
https://doi.org/10.2174/978168108580711701
0014

Bernfeld, P.,, 1955. Amylases, o and . Methods
Enzymol., 1: 149-158. https://doi.
org/10.1016/0076-6879(55)01021-5

Bligh, E.G. and WJ. Dyer. 1995. A rapid method
of total lipid extraction and purification. Can.
J. Biochem. Physiol., 37: 911-917. https://doi.
0rg/10.1139/059-099

Borlongan, 1.G., 1990. Studies on the digestive
lipases of milkfish, Chanos chanos. Aquaculture,
89: 315-325. https://doi.org/10.1016/0044-
8486(90)90135-A

Bradford, M., 1976. A rapid and sensitive method
for the quantification of microgram properties
of protein utilizing the principle of protein-dye
binding. Anal. Biochem., 72: 248-254. https://
doi.org/10.1006/abi0.1976.9999

Chatvijitkul, S., 2016. Lipid-extracted distillers
dried grains with solubles (LE-DDGS) as a
partial replacement for soybean meal in hybrid
tilapia (Oreochromis niloticus x Oreochromis

aureus). Aquaculture, 459: 131-136. https://doi.
org/10.1016/j.aquaculture.2016.03.023

Deng, J., K. Mai, L. Chen, H. Mi and L. Zhang.
2015. Effects of replacing soybean meal with
rubber seed meal on growth, antioxidant
capacity, non-specific immune response,
and resistance to Aeromonas hydrophila in
tilapia (Oreochromis niloticus x O. aureus). Fish
Shellfish. Immunol., 44: 436-444. https://doi.
org/10.1016/;.£s1.2015.03.018

FAO, 2023. Fisheries department, fishery
information, data and statistics unit (www.fao.
org/fi/statist/ FISOFT/FISHPLUS.asp.)

Folin, O. and V. Ciocalteu. 1927. On tyrosine and
tryptophane determinations in proteins. J. Biol.
Chem., 73: 627-650. https://doi.org/10.1016/
S0021-9258(18)84277-6

Globefish, 2023. Information and analysis on
markets and trade of Fisheries and Aquaculture
Products. FAO, Rome.

Guerrero, R.D., 2019. Farmed tilapia production
in the Philippines is declining: What has
happened and what can be done. Philipp. J. Sci.,
148:11-15.

Hatta, U. and B. Sundou. 2009. Eftects of copra
meal fermented by Aspergillus niger and
Trichoderma spp. on performance of broiler.
Proceedings of the 1% International Seminar
on Animal Industry 2009 Faculty of Animal
Science, Bogor  Agricultural  University.
Indonesia. pp. 332-335. http://repository.ipb.
ac.id/handle/123456789/33962.

Hossain, M.A., U. Focken and K. Becker. 2001.
Galactomannan-rich endosperm of Sesbania
(Sesbania  aculeate) seeds responsible for
retardation of growth and feed utilisation in
common carp, Gyprinus carpio L. Aquaculture,
203: 121-132. https://doi.org/10.1016/50044-
8486(01)00617-2

Hossain, M.A., U. Focken and K. Becker. 2003.
Antinutritive effects of galactomannan-rich
endosperm of Sesbania (Sesbania aculeata)
seeds on growth and feed utilization in tilapia,
Oreochromis  niloticus. Aquacult. Res., 34:
1171-1179.  https://doi.org/10.1046/j.1365-
2109.2003.00924.x

Jurairat, R., N. Massalin and K. Suttipun. 2022.
Nutritional improvement of copra meal for swine
feed. Biocatal. Agric. Biotechnol., 39: 102273.
https://doi.org/10.1016/j.bcab.2021.102273

Knudsen, K.E.B., 1997. Carbohydrate and

2024 | Special issue 1 | Page 232

.0 .
ot Links
GResearchers


https://doi.org/10.1080/00439339.2021.1910472
https://doi.org/10.1080/00439339.2021.1910472
https://doi.org/10.2174/9781681085807117010014
https://doi.org/10.2174/9781681085807117010014
https://doi.org/10.1016/0076-6879(55)01021-5
https://doi.org/10.1016/0076-6879(55)01021-5
https://doi.org/10.1139/o59-099
https://doi.org/10.1139/o59-099
https://doi.org/10.1016/0044-8486(90)90135-A
https://doi.org/10.1016/0044-8486(90)90135-A
https://doi.org/10.1006/abio.1976.9999
https://doi.org/10.1006/abio.1976.9999
https://doi.org/10.1016/j.aquaculture.2016.03.023
https://doi.org/10.1016/j.aquaculture.2016.03.023
https://doi.org/10.1016/j.fsi.2015.03.018
https://doi.org/10.1016/j.fsi.2015.03.018
http://www.fao.org/fi/statist/ FISOFT/FISHPLUS.asp.
http://www.fao.org/fi/statist/ FISOFT/FISHPLUS.asp.
https://doi.org/10.1016/S0021-9258(18)84277-6
https://doi.org/10.1016/S0021-9258(18)84277-6
http://repository.ipb.ac.id/handle/123456789/33962
http://repository.ipb.ac.id/handle/123456789/33962
https://doi.org/10.1016/S0044-8486(01)00617-2
https://doi.org/10.1016/S0044-8486(01)00617-2
https://doi.org/10.1046/j.1365-2109.2003.00924.x
https://doi.org/10.1046/j.1365-2109.2003.00924.x
https://doi.org/10.1016/j.bcab.2021.102273

OPEN aACCESS

Sarhad Journal of Agriculture

lignin contents of plant materials used in
animal feeding. Anim. Feed Sci. Technol.,
67: 319-338. https://doi.org/10.1016/S0377-
8401(97)00009-6

Kokou, F., G. Rigos, M. Kentouri and M. Alexis.
2016. Effects of DL-methionine supplemented
dietary soy protein concentrate on growth
performance and intestinal enzyme activity of
gilthead sea bream (Sparus aurata L.). Aquacult.
Int., 24: 257-271. https://doi.org/10.1007/
$10499-015-9923-6

Kraikaew, J., S. Morakul and S. Keawsompong.
2020. Nutritional improvement of copra meal
using mannanase and Saccharomyces cerevisiae.
Biotech., 10: 274. https://doi.org/10.1007/
$13205-020-02271-9

Lin, S. and L. Luo. 2011. Effects of different levels
of soybean meal inclusion in replacement for
fish meal on growth, digestive enzymes and
transaminase activities in practical diets for
juvenile tilapia, Oreochromis niloticus x O. aureus.
Anim. Feed Sci. Technol., 168: 80-87. https://
doi.org/10.1016/j.anifeedsci.2011.03.012

Mabroke, R.S., O.M. El-Husseiny, A.E.N.F.A.
Zidan, A.A.Tahoun,and A. Suloma. 2019. Floc
meal as a potential substitute for soybean meal
in tilapia diets under bio floc system conditions.
J. Oceanol. Limnol., 37: 313-320. https://doi.
org/10.1007/s00343-019-7222-1

Montoya-Mejia, M., M. Garcia-Ulloa, A.
Hernindez-Llamas, H. Nolasco-Soria and
H. Rodriguez-Gonzilez. 2017. Digestibility,
growth, blood chemistry, and enzyme activity
of Juvenile Oreochromis niloticus fed isocaloric
diets containing animal and plant by-products.
Rev. Bras. Zootecn., 46: 873-882. https://doi.
0rg/10.1590/51806-92902017001200001

Mukhopadhyay, N. and A.K. Ray. 1999. Effect of
termentation on the nutritive value of sesame
seed meal in the diets for Rohu, Labeo robita
(Hamilton) fingerlings. Aquacult. Nutr., 5:
229-236. https://doi.org/10.1046/j.1365-
2095.1999.00101.x

Olude, O., W. Alegbeleye and S. Obasa. 2008. The
use of soaked copra meal as a partial substitute
for soybean meal in the diet of Nile tilapia
(Oreochromis niloticus) fingerlings. Volume 20,
Article # 169. http://www.lrrd.org/1rrd20/10/
0lud20169.htm.

Paranamana, N., K. Gamage and V. Bulugahapitiya.

2014. Nutritional and anti-nutritional contents

of alternative plant feed ingredients for fish feed
formulation. Indian J. Anim. Sci., 85: 212-215.
https://doi.org/10.56093/ijans.v85i2.46619

Pham, L.J., 2017. A process of producing protein-
enriched copra meal as a feed ingredient for
the livestock and aquaculture industry. Patent
Publication No. PH1/2017/000081(A1).

Prabu, E., C.B.T. Rajagopalsamy, B. Abhilan,
R. Santhakumar, I. Jeevagan, J.M. Andro
and Renuhadevi. 2017.Factors in fish feed
ingredients and their effects in fish. J. Aquac.
Trop., 32: 149-167.

Pratiwy, F., T. Kurniasih, 1. Iskandar and Y.
Dhahiyat. 2020. Replacement of soybean meal
with leucaena leaf meal fermented by proteolytic
bacteria in diets of nile tilapia (Oreochromis
niloticus). Int. J. Fish. Aquat. Stud., 8: 160-163.

Rungruangsak-Torrissen, K., 2014. Atlantic
Salmon, Sa/mo salar L.: Food utilization,
protein growth efficiency and maturation.
In: Salmon biology,ecological impacts and
economic importance. (eds. P°.T.L., Woo and
D.J. Noakes), Nova Science Publishers, New
York, pp. 121-154.

Silva,R.M.,F.Damasceno,M.Rocha,M.M. Sartori,
M. Barros and L. Pezzato. 2017. Replacement
of soybean meal by peanut meal in diets for
juvenile Nile tilapia, Oreochromis niloticus. Lat.
Am. J. Aquat. Res., 45: 1044-1053. https://doi.
org/10.3856/vol45-issue5-fulltext-19

Storebakken, T., 1985. Binders in fish feed: I.
Effect of alginate and guar gum on growth,
digestibility, feed intake and passage
through the gastrointestinal tract of rainbow
trout. Aquaculture, 47: 11-26. https://doi.
org/10.1016/0044-8486(85)90004-3

Sun, H., J.W. Tang, X.H. Yao, Y.F. Wu, X. Wang,
Y. Liu and B. Lou. 2015. Partial substitution
of fish meal with fermented cottonseed meal
in juvenile black sea bream (Acanthopagrus
schlegelii) diets. Aquaculture, 446: 30-36. https://
doi.org/10.1016/j.aquaculture.2015.04.020

Sundu, B.A.,;A. Kumar and J. Dingle. 2009. Feeding
value of copra meal for broilers. World’s Poult.
Sci. J., 65: 481-489. https://doi.org/10.1017/
S0043933909000348

Sundu, B., A. Adjis, S. Sarjuni, S. Mozin, U. Hatta.
2021. Fermented palm kernel meal by different
fungi in broiler diets. In: IOP Conf. Ser. Earth
Environ. Sci., 788: 012041

Wilson, R.P,, 2003. Amino acids and proteins.

2024 | Special issue 1 | Page 233

.0 .
ot Links
GResearchers


https://doi.org/10.1016/S0377-8401(97)00009-6
https://doi.org/10.1016/S0377-8401(97)00009-6
https://doi.org/10.1007/s10499-015-9923-6
https://doi.org/10.1007/s10499-015-9923-6
https://doi.org/10.1007/s13205-020-02271-9
https://doi.org/10.1007/s13205-020-02271-9
https://doi.org/10.1016/j.anifeedsci.2011.03.012
https://doi.org/10.1016/j.anifeedsci.2011.03.012
https://doi.org/10.1007/s00343-019-7222-1
https://doi.org/10.1007/s00343-019-7222-1
https://doi.org/10.1590/s1806-92902017001200001
https://doi.org/10.1590/s1806-92902017001200001
https://doi.org/10.1046/j.1365-2095.1999.00101.x
https://doi.org/10.1046/j.1365-2095.1999.00101.x
http://www.lrrd.org/lrrd20/10/olud20169.htm
http://www.lrrd.org/lrrd20/10/olud20169.htm
https://doi.org/10.56093/ijans.v85i2.46619
https://doi.org/10.3856/vol45-issue5-fulltext-19
https://doi.org/10.3856/vol45-issue5-fulltext-19
https://doi.org/10.1016/0044-8486(85)90004-3
https://doi.org/10.1016/0044-8486(85)90004-3
https://doi.org/10.1016/j.aquaculture.2015.04.020
https://doi.org/10.1016/j.aquaculture.2015.04.020
https://doi.org/10.1017/S0043933909000348
https://doi.org/10.1017/S0043933909000348

OPEN aACCESS

Sarhad Journal of Agriculture

Fish Nutr. Third Ed. pp. 143-179. https://doi.
0rg/10.1016/B978-012319652-1/50004-5
Zhang, Z., L. Xu, W. Liu, Y. Yang, Z. Du, and
Z. Zhou. 2014. Effects of partially replacing
dietary soybean meal or cottonseed meal with

completely hydrolyzed feather meal (defatted

rice bran as the carrier) on production, cytokines,
adhesive gut bacteria, and disease resistance
in hybrid tilapia (Oreochromis niloticus 9
Oreochromis aureus 3). Fish Shellfish Immunol.,
41:  517-525.  https://doi.org/10.1016/].
£s1.2014.09.039

2024 | Special issue 1 | Page 234

O 0
Qols Links
“*@Researchers


https://doi.org/10.1016/B978-012319652-1/50004-5
https://doi.org/10.1016/B978-012319652-1/50004-5
https://doi.org/10.1016/j.fsi.2014.09.039
https://doi.org/10.1016/j.fsi.2014.09.039

