Use of chicken feather meal
fermented with Bacillus subtilis
in diets to increase the
digestive enzymes activity and
nutrient digestibility of silver
pompano Trachinotus blochii

(Lacepede,1801)

by Indra Suharman

Submission date: 08-Apr-2023 01:58PM (UTC+0700)
Submission ID: 2058911237

File name: F1000Research_vol_10-25_2021.pdf (1.11M)
Word count: 8966

Character count: 46943



F1OOOResearch

F1000Research 2021, 10:25 Last updated: 06 APR 2021

RESEARCH ;“I[CLL

'.) Check for updates

Use of chicken feather meal fermented with Bacillus

subtilis in diets to increase the digestive enzymes activity and

nutrient digestibility of silver pompano Trachinotus blochii

(Lacepede, 1801) [version 2; peer review: 2 approved]

Adelina Adelina’, Feli Feliatra

Indra Suharman ‘1

2, Yusni Ikhwan Siregar

2 Iskandar Putra':'1,

1Dr-.\partmr-.\nt of Aguaculture, Faculty of Fisheries and Marine Science, Universitas Riau, Pekanbaru, 28293, Indonesia
2Dr-.\partmr-}nt of Marine Science, Faculty of Fisheries and Marine Science, Universitas Riau, Pekanbaru, 28293, Indonesia

V2 First published: 15 Jan 2021, 10:25
https://doi.org/10.12688/f1000research.26834.1

Latest published: 25 Mar 2021, 10:25
https://doi.org/10.12688/f1000research.26834.2

Abstract

Background: Feather has the potential to be used as a fish feed
ingredient because it has high protein content (80-85%), and is rich in
amino acids arginine, leucine, isoleucine and valine. However, the
protein consists mainly of keratin, which is classified as fiber that is
difficult to digest. Therefore, to improve digestibility, thef&#atin
protein is degraded using microbial Bacillus subtilis. This study aimed
to determine the digestibility of fermented feather meal (FFM) in silver
pompano (Trachinotus blochii) diets and to observe the histological
structure of their intestines after digestion.

Methods: The method used was a one factor experiment with five
treatments and three replications each, which were: diet without FFM,
diet containing 10% FFM, 20%, 30% and 40%. The diets were given to
juvenile silver pompano (with average body weight of 8.56 + 0.18 g)
and stocked in 15 similar 20-L plastic jars with 10 fish per jarin a
density of 100 L capacity container. Eexperimental diets were given
three times daily at approximately 8.00 AM, 12.00 PM and 5.00 PM to
arent satiation for 60 days.

Results: The results showed that the use of FFM increased the activity
of digestive enzymes (protease and lipase), but reduced the amylase
activity of silver pompano, which was significantly different between
treatments (P <0.05). Meanwhile, the diet containing 20% FFM
produced the higast feed and protein, which are 37.05% and 67.24%,
respectively. This was significantly different from other treatments (P
<0.05), and was effectivelyfflbsorbed by fish intestines.

Conclusion: The addition of chicken feather meal fermented with
Bacillus subtilis could increase the activity of protease and lipase
enzymes and nutrient digestibility of silver pompano but not amylase
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added the information about density of fish per plasticjar. We
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Methods). We have developed the discussion (in Discussion). We
have corrected the conclusion (in Conclusion).

Any further responses from the reviewers can be found at
the end of the article

Introduction

Feathers are by-products from chicken slaughterhouses, and
production has continued to increase along with the rise in
population and increased demand for chicken as a source of
animal protein. Feather waste with poor management causes
problems for human health because feathers are a source of
odors and disease. Feathers are very difficult to degrade, and
the decomposition process takes a long time, which has an
impact on soil quality'.

Utilization of feather waste is not optimal, and thus far, only
a small portion is used to make dusters, vehicle seats, plant
fertilizer, handicrafts, and shuttlecocks. In terms of nutrient
content, feather meals are high in protein (80-83%) and rich in
amino acids arginine, cystine, leucine, isoleucine, and valine”.
Hence, they have the potential to be used as fish feed ingre-
dients. However, 90% of the protein is composed of beta-
keratin, a component that is classified as a difficult to digest
fiber’. Keratin consists of cystine disulfide and hydrogen
bonds, as well as hydrophobic interactions. The disulfide bonds
between the cystine amino acids make the protein difficult to
digest by proteolytic enzymes’. Therefore, to utilize feather as
fish feed ingredient, the keratin needs to be degraded first.

Heterotrophic bacteria found in the ocean have the potential to
break down complex organic matter into simpler components’.
In addition, a hydrolysis technique using microbes has been
found to degrade keratin in feather protein using Bacillus
licheniformis® and Bacillus subtilis’. The keratinase enzyme
produced by B. licheniformis can also hydrolyze various
proteins including collagen, elastin, and keratin, as well as
increase the digestibility of feather meal protein®. High or low
digestibility of feather meal in feed is largely determined by
the role of digestive enzymes. Bacteria of the genus Bacillus
have a major role in the digestive tract of fish’ because they
produce several extracellular enzymes such as proteases,
lipases, and amylases. These enzymes catalyze the breakdown
of complex nutrients (proteins, lipids and carbohydrates) into
simple components, thereby increasing digestibility®. Adelina
et al.” showed that the digestibility of feed protein contain-
ing feather meal in white snapper (Lates calcarifer, Bloch)
was 39.09%, increasing to 48.75% after fermentation using
Bacillus subtilis.
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Measuring the performance of feed absorption in fish diges-
tive systems involves observing the histological structure of
the intestine, which is an important organ responsible for diges-
tion and absorption’. In addition, feed of good quality is not
only based on the nutriional constituents, but also on other
components that aid easy digestion and absorption. As long
as the food is in the intestine, the nutrients are broken down
by various enzymes into a form that can be absorbed, and
then enter the circulatory system for use in physiological
processes and growth.

ﬁerefore, this study aimed to examine the digestibility and
absorption of feed containing fermented feather meal (FFM)
in the intestine of silver pompano (Trachinotus blochii,
Lacepede). This fish was chosen because of its important
economic value: its market demand is quite high at local and
international levels, particularly in Singapore, Japan, Taiwan,
Hong Kong, and China'’.

Methods
Ethical statement
cal approval for the study was obtained from Syiah
ﬂh University Research and Ethics Guidelines, Section of
nimal Care and Use in Research (Ethic Code No: 958 /2015).
All rts were made to lessen harm to the animals by apply-
pl e Syiah Kuala University Research and Ethics Guidelines,
ection of Animal Care and Use in Research ethical code.

Feather meal fermentation using Bacillus subtilis

Broiler chicken feathers were collected from the local
market, washed with clean water, sterilized by steaming at 100°C
for 15 minutes, cooled at room temperature, and then dried
in an oven at 60°C for six hours. Dried chicken feathers were
grinded using a disk mill into feather meal. The material used
for fermentation was Bacillus subtilis (GenBank accession
no. JXI 5.1), which was collected in the Marine Micro-
biology ratory of the Faculty of Fisheries and Marine
Science, University of Riau, Indonesia''. Isolated B. subtilis
was vortexed for inoculum, then transferred by dropping as
much as 50 p into a nutrient agar (NA) medium. The bacteria
were flattened using a sprier, then incubated for 24 hours.
The bacteria were then purified four times on the NA medium
to obtain pure B subtilis colonies. Pure B. subtilis was
transferred to nutrient broth liquid media for propagation.
B. subtilis was then used as a fermenter for chicken feather
fermentation. The fe tation process was carried out by
sterilizing the feathers m an oven at 100°C for 15 minutes, then
cooling. The sterile outcome was placed in five Petri dishes
(2 g each), adding 10 ml of pure B. subtilis, and incubating
at 50°C, pH 8 for 72 hours”. The FFM was then ready
to be used as fish feed ingredient.

Diet preparation

The experimental diet used was artificial feed with a protein
content of about 40—41%. The ingredients were purchased
from the local market and weighed according to the formu-
lations qfuh]c I, mixed until homogeneous, molded into
pellets, and then dried in an oven at 60°C. The dry pellets
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Table 1. Formulation and proximate composition of experimental diets.

Ingredient (%) Diet PO Diet P1

(0% FEM)  (10% FEM)

Fish meal 65 43
FEM' 0 10
Tofu waste 23 29
Wheat meal & 7
Witamin mix 2 2
Mineral mix 2 2
Fish oil 2 2
Chromic oxide 1 1

Proximate composition (%)

Crude protein 41.45 41.88
Crude lipids 2.08 2.27
Moisture 7.49 7.04
Ash 9.18 12.63
Crude fiber 7.51 7.66
NFE* 32.29 29.52
Chromic oxide 0.69 0.80

FFM = fermented feather meal.

Diet P2 DietP3  Diet P4
(20% FFM)  (30%FEM) (40% FFM)
32 16 0
20 30 40
34 38 a1
8 10 13
2 2 2
2 2 2
2 2 2
1 1 1
41.46 40.93 40.34
2.21 233 246
6.62 9.29 716
9.17 5.84 586
7.88 7.34 7.78
32.66 34.27 36.40
0.78 0.80 0.74

Witamin a (mg/100 g diet): thiamin 5.0; riboflavin 5.0; Ca-pantothenate 10.0; niacin 2.0;
pyridoxin 4.0; biotin 0.6; folic acid 1.5; cyanocobalamin 0.01; inositel 200; p-aminobenzeic acid 5.0;
dion 4.0; vit A palmitate 15.0; chole-calciferol 1.9; a-tocopherol 20.0; cholin chloride 300.0.

Mineral mix {mg/100 g diet): KHZPO4 412; CaCO3 282; Ca (H2PD4) 618; FeCl3.4H20 166; ZnS04
InS04 6.3; CuS04 2; CuS04.7H20) 0.05; K] 0.15; Dextrin 450; Cellulose 553.51.

NFE = nitrogen-free extract; calculated = 100-{%CP+¥%CL+% moisture+%ash+9%CF).

were then analyzed in accordance AOA thods". Crude
protein  (Nx6.25) was measured using the micro-Kjeldahl
nitrogen determination meth rude lipid was determined by
the ether-extraction method. Moisture was determined by oven-
drying at 105°C until a constant weight was achieved. Ash
content was measured after placing the samples in a muffle
furnace at 550°C for 24 hours. The results of the proximate
composition are shown in Table 1.

Study design 24

This experiment used a completely randomized design (CRD).
Five levels of FFM were tested, namely: PO (0% FFM), P1 (10%
FFM), P2 (20% FFM), P3 (30% FFM), and P4 (40% FFM).
Every treatment was replicated three times.

Feeding trial and digestibility study

The juvenile silver pompano were purchased from Batam
Marine Aquaculture Center (BPBL) located in Setoko islands,
Batam city were placed and acclimatised in 400- L plastic I%
for a week. After the acclimation, juvenile silver pompano wi
mean body weight of 8.56 = (.18 g were randomly distributed
into 15 similar 20-L plastic jars filled with 15-L water (10 fish
per jar with three repli n per treatment). They were then fed
three times daily at 8.00 AM, 12.00 PM, and 17.00 PM until
apparent satiation. All leftover feeds were collected after one
hour, and subsequently, fresh feces were collected by siphoning
after 4-5 hours. Feces were also collected every morning
before feeding time. All fecal samples were pooled until suf-
ficient amounts had been obtained for chemical analysis. They

were then completely dried in an oven at 60°C, ground using a
laboratory grinder, and kept in a refrigerator at 16°C until fur-
ther analysis. The protein, lipid, carbohydrate, and chromic
oxide content of the feed and feces were analyzed using AOAC
methods'’ as mention ve. After 60 days of the feeding test,
two fish were taken Irom each plastic tank, anesthetized with
tricaine methanesulfonate (MS-222) and their i?slines were
removed and frozen at -80°C until analysis for the activity of
protease, lipase, and amylase enzymes. Intestinal retrieval was
carried out 18 hours after consumption of the last feed .

Variables observed and measured

a. Protease, lipase, and amylase enzymes activity of fish

Two fish were taken from each test or six fish from each
treatment, and their intestines were removed. The stine was
weighed, and a Tris buffer solution was added (20 mM Tris HCI,
I mM EDTA, 10 mM CaCl2, pH 7.5) at a ratio of 10%. It was
then put into an effendorfl tube and centrifuged at 12,000 rpm
for 10 min a temperature of 4°C. The supernatant was
taken and the activities of protease, lipase, and amylase
enzymes were analyzed. Protease activity was determined using
the method that was previously used by Bergmeyer et al.”.
001 M e buffer (pH 8) was added into 2% casein
substrates. The mixture was ubated at 37°C for 10 min, mixed
with 0.1 M TCA and re-incubated at 37°C for 10 min. The
mixture was centrifuged at 4000 rpm for 10 min, mixed with
5.0 mL Na,CO, and 1 mL reagent Follin (1:2). The absorb-
ance was checked using  spectrophotometer  (UV-1800,
Shimadzu Europa, Duisburg, Germany) at 578 nm. Lipase
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activity was analyzed accordio Borlongan". 1.5 mL olive
oil was mixed with 1.5 mL of 0.1 M HCI wri buffer at pH
8.0. The mixture was incubated for 6 h at 37°C, pursued by
adding 3 mL ethyl alcohol (95%). 0.01 N NaOH was applied
to titrate the mixture by using 0.9% thymolphthalein ethanol
as an indicator. Analysis of amylase activity was based on
Bernfield'. The reaction mixture consiste citra  buffer
solution (pH 5.7) and starch solution 1%. e mixture was
incubated for 30 min at 20°C, mixed with 2 mL DNS and
poached for 5 min. The absorbance was measured by using a
spectrophotometer  (UV-1800, Shimadzu Europa, Duisburg,
Germany ) at 550 nm.

b. Fish intestine histology

Histological analysis was conducted to observe the struc-
ture of the intestinal wall after being given a test feed contain-
ing FFM. At the end of maintenance, the intestines of the test
fishes from each treatment were removed, and histologically
prepared to observe the condition using the Olympus
binocular microscope model CX 21. The observations were
then compared to determine the differences between the treat-
ments. Goblet cells, congestion and hemorrhage in the intestinal
tissues among treatments was compared. The preparation method
was carried out according to Dellman et al' The fish was
dissected and their intestines were taken cut to a thickness of
0.5 ¢m and then fixed in 10% formalin solution for 24 hours.
The dehydration process was carried out, which begins
by putting the sample in a bottle containing 30%, 50%, 70%,
90% and 100% alcohol for 45 minutes each, which aims to
remove the moisture content from the cells / tissues and replace
it with alcohol. Then the sample was inserted into xylol 1 and
xylol 2 for 45 minutes each for dealcoholization.

Data analysis

Enzyme actBf¥ data (protease, lipase, and amylase) and feed
digestibility were analyzed using analysis of variance (ANOVA).
Duncan’s Multiple Range Test (DMRT) was um to deter-
mine the differences between the treatments. e analysis
was performed using SPSS v
notations (a, b, ¢) are used to mark significant differences at
a significance level of p<0.05. Histology of the intestine was
descriptively analyzed by comparing the conditions for each
treatment.

Results

Protease, lipase, and amylase enzyme activity

Protease, lipase, and amylase enzymes activily measurements
in the intestine of silver pompano with FEM feed can be seen
in Figure 1, Figure 2, and Figure 3, respectively. The results
showed that protease and lipase enzyme activities were higher
at the end of the observation compared to the beginning. In
contrast, amylase activity was higher at the beginning than the
end.

Qlea se, and amylase enzyme activities in the intestine
of fish fed with FFM (P1, P2, P3 and P4) were found to be
higher than in those without FFM (PO) and were signifi-
cantly different (p<0.05) between the treatments. The highest

18.0 software. Alphabelic
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Figure 1. Changes in protease enzyme activity in the intestine
of silver pompano. PO = FFM 0%, P1 = FEM 10%, P2 = FFM 20%,
P3 = FFM 30%, and P4 = FFM 40%.
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Figure 2. Changes in lipase enzyme activity in the intestine
of silver pompano. PO = FFM 0%, P1 = FEM 10%, P2 = FFM 20%,
P3 = FFM 30%, and P4 = FFM 40%.
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Figure 3. Changes in amylase enzyme activity in the intestinal
of silver pompano. PO = FEM 0%, P1 = FFM 10%, P2 = FFM 20%,
P3 = FFM 30%, and P4 = FFM 40%.

protease activity was found in the P3 (30% FFM) diet, ﬁich
was significantly different from other treatments (p<(0.05). The
highest lipase and amylase enzyme activities were found in the
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P4 (40% FFM diet), which were significantly different from
other treatments (p<0.05).

Digestibility of protein, lipid, and carbohydrate

Feed digestibility is strongly influenced by digestive enzymes
that breakdown nutrients and make them easily absorbed. The
feed containing FFM resulted in the levels of digestibility of
proteins, lipids and carbohydrates shown in Table 2.

The fermentation of feather meal using B. subtilis resulted
in increased digestibility. The feed without FFM (P0) had
the lowest digestibility comp@@d to those that contain FFM
(Pl, P2, P3, and P4) and was significantly different from
the other treatments (p<0.05). Feed 20% FFM (P2) had
the highest digestibility but was not significantly different
(p=0.05) from feed containing 30% FFM (P3).

The use of different FFM percentages in feed resulted in dif-
ferent levels of digestibility of nutrients (proteins, lipids, and
carbohydrates). The feed without FFM (P0) had the lowest
protein digestibility cor ed to feed containing FFM (PI,
P2, P3, and P4) and was significantly different from the
other ftreatments (p<0.05). Meanwhile, the feed contain-
ing 20% FFM (P2) had the highest digestibility, and was sig-
nificantly different (p<0.05) from the other treatments. 30%
FFM (P3) and 40% FFM (P4) feeds had lower protein digest-
ibility compared to those containing 20% FFM (P2). Feed
without FEM (PO} had lipid digestibility that was sig-
nificantly different (p=0.05) from those with FFM (PI, P2,
P3 and P4). In addition, feed without FFM (P0) had the low-
est carbohydrate digeslibililyaompa:ed to feed with FFM
(Pl, P2, P3, and P4) and was significantly different from

ther treatments (p<0.05), whereas feed containing HEPA
(PI, P2, P3 and P4) had carbohydrate digestibility that was
not significantly different between treatments (p=0.05).

Intestine histology of silver pompano
The intestinal histology of silver pompano fed with FFM is
presented in Figure 4.

Figure 4 shows that fish fed without FFM (P0) have normal
intestinal conditions and can easily digest food. The intestine
of Pl treated fish (109% FFM) was seen to produce goblet
cells that facilitate absorption. Those fed with 20% FEM (P2)
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produced more goblet cells in the intestine, suggesting they are
able to effectively absorb feed. The use of 30% FFM in feed
(P3) resulted in congestion (capillary tissue full of blood) and
hemorrhage (blood spreads to the tissues) in the intestinal tissue
of the fish. This is characterized by erythrocytes that leak
out of blood vessels into the mucus membrane of intestinal
tissue. Furthermore, the use of more FFM in feed (40%, P4)
caused damage to the intestinal tissue (necrosis), and the
villous wall became irritated. The rest of the feed was seen
accumulating in the intestine, which suggests that [feed
containing high FFM (40%) is not properly absorbed, but
rather causes intestinal damage.

Discussion

Protease and lipase enzyme activity was higher at the
end of the experiment than at the beginning. This is in
contrast to amylase, for quh activity was higher at the
beginning'". The activity ol protease, lipase, and amylase
enzymes of silver pompano can be detected during the larva
stage, and tends to increase with age”. Protease activity in
batik grouper larvae (Epinephelus microdon) was shown to
increase with age”. Enzyme activity tends to increase with fish
age because with age the digestive organs develop and enter
the definitive phase: therefore, the consumption of exogenous
feed is increased, which is a source of energy to trigger enzyme
activity. In addition, high activity is related to the role of the
pancreas in secreting enzymes. When an enzyme is secreted
in small amounts, the activity will be low. However, when
itis secreted in large amounts, the activity will increase.

Amylase activity was seen to be lower at the end than at the
beginning of the observation'’. The activity increased up to
the 24th day, then decreased to the 30th day of observation".
The decrease in enzyme activity is influenced by the length
of its reaction with the substrate. A longer reaction causes
the enzyme to lose some of its activity. The reduced amylase
activity in fish is also influenced by low concentrations in the
digestive tract or concentrations that have exceeded the optimal
limit. Furthermore, this decrease might be due to the feeding
habits of carnivorous fish such as silver pompano which is lower
amylase activity than protease and lipase enzymes. Hence, even
though the fish consumes a high amount of the substrate, as
long as the amylase concentration is low, the activity will not
increase.

Table 2. Feed and nutrient (protein, lipid and carbohydrate) digestibility.

Parameter Diet PO Diet P1 Diet P2 Diet P3 Diet P4
(FFM 0) (FFM 10) (FFM 20) (FFM 30) (FFM 40)

Protein digestibility (%) 51.4522.97% 61.78+1.77 682522.12° 6297:2.61 59.48+2 .42

Lipid digestibility (%) 42.29+1.91%  43.19+032° 45214213 42194173 41.76+£1.76°

Carbohydrate 45.01£2.64* 53.16+1.44° 55.19+164° 540522.75° 52.8522.72

digestibility (%)

Feed digestibility (%) 22.07+1.93¢ 31.481@- 3738+1.72° 33.82+1.91% | 29.05+2 28"

*Data values are the mean and standard deviation. The means with different superscripts (a, b, c)in the same

row were significantly different (p < 0.05).
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Diet P3 (FFM 30) Diet P4 (FFM 40)

Figure 4. The intestinal histology of silver pompano fed
with fermented feather meal. TMK = tunica muscularis,
5P = leftover feed, SG = goblet cells (muccus cells), K = congestion,
H = hemorrhage, 1 = irritation/erosion, N = necrosis coloration,
HE = Hematoxylin Eosin, enlargement 1000x.

The results also showed that the protease enzyme activity of
fish fed with FFM (P1, P2, P3 and P4) was higher those
without FFM (P0), and was significantly different (F <0.05)
between the treatments. The higheslarolease enzyme activity
was found in 30% FFM feed and was significantly different
from other treatments (p<(.05). Jayadi” stated that the increase
in protease activity is caused by the exogenous feed con-
sumed, which stimulates the increase in digestive enzyme activ-
ity. The production of these enzymes is strongly influenced by
the amount of protein in the feed. In addition, Lundstedt
et al” stated that protease activity is strongly influenced by
the amount of active protease, the feed, and the quality of the diet.

The feed that contained no FFM in this study was able to
stimulate an increase in lipase enzyme activity. However, the
more FFM (40%) in the feed, the higher the lipase activity
was found to be, and activity was significantly different
between treatments (p<0.05). This is supported by Duc et al.”,
who stated that some Bacillus species produce extracellular
enzymes such as proteases, lipases, amylase, and cellulases
that facilitate feed digestion. In addition, several factors that
influence enzyme activity according to Yamin and Palinggi'
are the nature of the substrate, the type of enzyme, and the
environmental conditions in the digestive tract.

Amylase activity was higher with increasing FFM in the
feed, and was significantly different (p<0.05) between treal-
ments. Chor et al.” stated that activity is influenced by feed
composition, carbohydrate content, and fish feeding habits. Chor
et al.” also stated that the lipase and protease activity ol omniv-
orous fish was higher than amylase. Furthermore, omnivorous
species of fish have amylase levels and an amylase-protease
ratio that is higher than those of camivorous types.

Feed without FFM (P0) had the lowest digestibility com-
pared to those with FFM (P1, P2, P3, and P4). Feed containing
20% FFM (P2) had the highest digestibility but was not sig-
nificantly different (p=0.05) from feed containing 30% FFM

F1000Research 2021, 10:25 Last updated: 06 APR 2021

(P3). Mazotto et al’ and Brandelli et al.® stated that B. subtilis
produces protease, lipase, and amylase that are useful in
improving the quality of proteins and breaking down complex
nutrients into simple absorbable molecules, thereby increas-
ing digestibility in feed without FFM™. Digestibility values
of artificial feed depends on the level of fish reception and
the available enzymes. Therefore, the addition of exogenous
enzyme has the potential to optimize feed digestibility. In
addition, when the protein, lipid, and carbohydrate content
correspond to the enzyme activity, digestibility will increase.

Feed that contained FFM had a higher protein digestibil-
ity than those without it. This is supported by Zerdani et al.”,
who stated that processing feather meal with B. :'icheniﬁ;@
increased the digestibility of the protein by 54.20%. e
results of this study showed that feed and protein digestibility
are best obtained in fish fed with 20% FFM (P2)*. The
digestibility of proteins is determined by exogenous and endog-
enous factors. The exogenous factors are the interactions
of proteins with polyphenols, carbohydrates, lipids, and pro-
tease inhibitors. The endogenous factors are related to the
characterization of protein structures such as ftertiary, gua-
ternary, and structures that can be damaged by heat. When
compared with the results of Adelina et al’, in which feed
containing 10% FFM fermented by B. subtilis in white snap-
per produced 48.75% protein digestibility, the value of this
study was higher (67.24%).

Feed without FFM (P0) had lipid digestibility that was not
significantly different (p>0.05) from that of feed containing
FFM (P1, P2, P3 and P4). Marzugi and Anjusary” stated that
high or low digestibility is influenced by lipase enzyme activ-
ity. Therefore, the more the lipid in the feed, the higher the
activity of lipase. Furthermore, digestibility is influenced by sev-
eral factors including protein and carbohydrate components, the
process of making the feed, the particle size, type and size of
fish and the amount of feed consumed*".

Feed without FFM (P0) had the lowest hydrate digest-
ibility compared to those containing FFM (P1, P2, P3, and P4)
and was significantly different (p<0.05), whereas those con-
taining FFB.n(Pl. P2, P3 and P4) had carbohydrate digest-
ibility that was not significantly different between treatments
(p=0.05). This correlated with higher amylase activity in fish
fed with FFM compared to those without FFM. Marzugi and
Anjusary” stated that fish do not have adequate carbohydrate
digestive enzymes in their digestive tract, hence the digest-
ibility value of this nutrient is generally low. However, FFM
fermentation using B. subtilis in this study was able to pro-
duce higher amylase activity and increase the digestibility of
carbohydrates.

Fish fed with no FFM (P0) showed a normal intestine on histo-
logical examination, and can therefore properly digest feed”.
The intestine has an important role in food digestion, especially
in nutrient absorption. Fujaya™ stated that nutrients are not
directly absorbed, but are first broken down into their simpler
components in the form of amino acids, fatty acids, and glucose.
Specifically for proteins, the degradation process occurs in
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the stomach by pepsin and in the intestine by trypsin™. Mean-
while, fish intestine after treatment P1 (10% FFM) was seen to
produce goblet cells. These cells produce mucus, which has a
role in facilitating absorption and transportation of feed mol-
ecules through membranes, as well as providing protection
against micro-organisms in the intestine . The test feed containing
109% FFM was seen to be absorbed by the intestine of silver
pompano’. Feather protein degraded by the B. subtilis enzyme
could be digested and effectively absorbed by the intestines
of broiler chickens, and did not damage their intestinal func-
tion. However, the intestine of P1 fish showed congestion.
Kalaiyarasi et al” stated that this is an event of vessel dilation
due to increased blood volume in the circulatory system.

The intestine of fish fed with a diet containing 20% FFM
(P2) produced more goblet «cells, which means they
effectively absorb nutrients'. Fish digestive activity requires
a lot of enzyme secretion; therefore, the intestine stimulates
goblet cells to produce more mucus to protect the r lining
against damage and irritation”. Probiotic bacteria regulate the
microbial environment in fish intestines and block pathogenic
micro-organisms by releasing amylase, protease, cellulase,
and lipase, which help to hydrolyze nutrients. They also facili-
tate the breakdown of carbohydrates, proteins, and lipid into
smaller molecules.

The use of 30% FFM in feed (P3) resulted in congestion and
hemorrhage of the fish intestinal tissue. This is characterized
by erythrocyte leakage in the mucus membrane. The hemor-
rhage that occurs in the intestine can be caused by several
agents such as foreign materials or objects that enter into the
digestive tract, causing damage to the wall™.

In fish fed with 40% FFM (P4), the intestine had more severe

damage (necrosis) and the villi wall was irritated. Furthermore,
the rest of the feed piled up in the intestine, which showed that

References
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40% FFM is quite high and is not properly absorbed, caus-
ing damage. The necrosis that occurs is characterized by the
appearance ol damaged tissue'. Necrosis is death of a cell
or tissue after an advanced stage of degeneration. This can be
caused by trauma or an interruption in blood supply in cer-
tain areas”. The necrotic tissues have several characteristics
including an abnormal pale color, brittleness, and poor consist-
ency. Hence, erosion or irritation of intestinal villi causes the
loss of some epithelium in the lining of mucosa, causing it to
become thinner. This will in tum cause disruption of nutrients
absorption, leading to malnutrition and even death™.

Conclusion

The use of FFM in feed resulted in increased activity of
digestive enzymes (protease, lipase) in silver pompano. The more
FFM there was in the feed, the higher the activities of the
enzymes were. The digestibility of nutrients (proteins, lipids, and
carbohydrates) in feed that contained FFM was better than in
feed without FFM. While 20% FFM in feed was efficiently
digested and absorbed, 40% FFM could not be digested or
absorbed, but rather caused intestinal irritation and necrosis.

Data availability
Figsh@Pl Raw data of Cr203 and proximate composition of
diets. https://doi.org/10.6084/m9.figshare. 1 3109486.v1*,

Figshare: Raw data of enzyme activity. htips://doiorg/10.6084/
mY.figshare. 13109495 v1%.

Figshare: Raw data of feed and nutrient digestibility. htips://
doi.org/10.6084/m9 figshare.13109501.v17".

Figshare: Intestinal
m9.figshare. 13109498 v1¥,

histology. https://doi.org/ 10.6084/

Data are available under the terms of the Creative Commons
Attribution 4.0 International license (CC-BY 4.0).

1 Okareh OT, Awe AD, Sridhar MKC: Effect of processed feather waste as mulch
crop growth and soil fertilization. / Agric and Eco Res Int. 2015; 4(1): 25-35.
lisher Full Text

2. Tiwary E, Gupta R: Rapid conversion of chicken feather to feather meal
using dimeric keratinase from Bacillus licheniformis ER-15. | Bioproces
[gtechnig. 2012; 20 4.
isher Full Text
3 Pandian C, Pandiyan MT, Sur 1 A, etal.: H gical profile and
erythrocyte indices in different breeds of poultry. Int) Livest Res. 2012; 2{3):

=03,
ﬁrence Source

4. Mazotto AM, Coelho RR, Cedrola SM, et ol.: Keratinase production by three
Bacillus spp. using feather meal and whole feather as substrate in a
submerged fermentation. € Res. 2011;2011: 523780,

PubMed Abstract | Publisl Il Text | Free Full Text

5. Feliatra F, Effendil, Yanti 5L: Characteristic genetics of heterotrophic
bacteria in Siak River Estuary, Riau F . Ind ia as Prospective
Anti-pathegenic Bacteria to Fish and Shrimps. | Pure Appl Microbiol. 2018;

12(4): 1801-1808.
Publisher Full Text
6. Brandelli &, Sala L, Kalil 5): Microbial enzymes for bioconversion of poultry
waste into added-value products. Food Res Int 2015;73:3-12,
Publisher Full Text

7 Feliatra F, Hamdani R, Lukistyowatil, et al: Sensitivity of Heterotrophic
Bacteria in the Low-5alinity Water Areas and Estuary in Siak District
toward Pathogenic Bacteria in Fish. Int | Micobiol. 2015; 2019: 7456410,
PubMed Abstract | Publisher Full Text | Free Full Text

B, Adelina A, FeliatraF, Siregar ¥, et al: Utilization of feather meal fermented
Bacillus subtilis to replace fish meal in the diet of silver pompano,
Trachinotus blochii (Lacepede, 1801). AACL Bioflux. 2020; 13({1): 100-108.
Reference Source

9. Adejumo IO, Adetunji CO: Production and luation of bi
feather meal using immobilised and crude enzyme from Bacillus subtilis
on broiler chickens. Braziliian fournal of Biological Sciences. 2018; 5{10):
405-416.

Publisher Full Text

Page 8 of 17




20.

21,

22,

23,

24,

Ransangan |, Abdullah A, Roli Z, et ol Betanoda virus infection in Golden
pempano, Trachinotus blochii fingerlings cultured in deep-sea cage
culture facility in Langkawi, Malaysia, ulture. 2011; 315(3/4): 327-334.
Publisher Full Text

Feliatra F, Lukistyowati, Yoswaty, et al.: Phylogenetic analysis to compare
populations of acid tolerant Inctarla isolated frn m the gastrointestinal
tract of two different prawn bergii and
Penaeus monodon. AACL Bmﬂu;r. 2016; X2): 360-367.

Reference Source

Deesi M: Bacillus licheniformis keratinase activity in breaking keratin

icken feathers. BSc Thesis, Faculty of Math and Science, Bogor Agricultural
wsity. Bogor. [in Indonesia.]. 2002; 13.
AOAC: Official methods of analysis of ADAC International. 15th edition,
AOAC 53 International, Gaithersburg, Maryland, USA. 2012; 1263,
Reference Source

Yamin M, Palinggi NN: Protease enzyme activity and digestive conditions
in the gut of tiger grouper (Epinephelus fuscoguttotus) after feeding. furnal
Riset Akuokultur. [in Indonesian]. 2007; 2(2): 281-288.

Reference Source

meyer HU, Grassi M: Methods of enzymatic analysis. Vol. II. 3rd eds.

o Chemie, Weinhein. 1983; 539.

ngan IG: Studies on the digestive lipases of milkfish, Chanos chanos.

ulture. 1990; 89(3-4): 315-325.
Bernfeld P: Amylase a and b. In: Methods in Enzymology, Colowick, 5.P. and
N.O. Kaplan (Eds.). Academic Press, New York. 1955; 149-152.
Dellman HD, Brown EM: Textbook of Veterinary histology. Eds. II1. UI Press,
Jakarta. 1992; 279,
Reference Source

Pranata A, Haryati, Karim MY: Development of enzyme activity in silver
larvae (Trachi blachii, L 1801). J Sci Technol. [in
[ndnnesna n]. 2014; 14{3): 19%-208.
Reference Source
Jayadi: B | and physiological memal
requirements and larva of the batik grouper (Epi don]
Postgraduate Program. Hasanuddin Unlversn:)' Makassar. [in [ndnnesnan]
105,
rence Source

Moguel-Hernandez I, Pena R, Nolasco-5oria H, et al.: Development of
digestive enzyme activity in spotted rose snapper, Lutjonus guttatus

indachner, 1869) larvae. fish Physiol Biochem. 2014; 40{3): 839-848.

Med Abstract | Publisher Full Text
Lundstedt LM, Melo |FB, MnralesG Dlgennm enzy me and metabolic profile
Siluriformes) in response to diet
composman Com hem Physiol B Biochem Mol Biol. 2004; 137(3): 331-339.
PubMed Abstract lisher Full Text
Duc LH, Hong H A, Barbosa TM, et ol Characterization of Bacillus probiotics

ilable for human use. | Appl Environ Microbiol. 2004; 7004 ): 2161-2171.

ed Abstract | Publisher Full Text | Free Full Text

Chor, WK, Lim LS, Shapawi R: Evaluation of feather meal as a dietary protein
source for African catfish fry Clarias gariepinus. | Fish Aguat Sci. 2013; 8(E):

F ystoma c.

25,

26.

27.

29,

31.

35.

37.

F1000Research 2021, 10:25 Last updated: 06 APR 2021

697-705.
Publisher Fuxl

Almeide DLC, Lundstedt LM, Moraes G: Digestive enzyme responses of
tambaqui (Colossoma macropomum) fed on different levels of protein and
ipid. Aguacuiture Nutrition. 2006; 12{6): 443-450.

lisher Full Text

Zerdanil, Faid M, Malki A: Feather wastes digestion by new isolated strains
lus sp. in Morocco. African journal of Biotechnology: 2004; 3(1): 67-70.
lisher Full Text

Guo X, Yao H, Chen Z: Effect of heat, rutin and disulfide bend reduction on

in vitro pepsin digestibility of Chinese tartary buckwheat protein factions.

Food Chemistry. 2007; 102(1): 118-122.

Publisher Full Text

Marzugi M, Anjusary DN: Digestion of feed nutrients with different levels of
ein and lipid in juvenile grouper sand (Epinephelus corollicola). jurmal
dan Teknologi Kelautan Tropis. [in Indonesian]. 2013; 5{2): 311-323.
Haloi K, Kalita M, Math R: The study on the histopathological changes of
h of Channa p Bloch. By used pesticide endosulfan. The
Global journal of Science Frontier Research Biological Sciences. 2013; 13(2): 1-6.
Reference Source

FujayaY: Fish Fisiology: The basis of fisheries technology development. First
. Rineka Putra. [in Indonesian]. |akarta. 2004; 165,
ence Source

Arman 5, Ucuncu 5L Hi ization of ict cichlid
(Amatitlonia nigrofasciata) intestinal goblet cells. Pokistan | Zool. 2017; 49{2):

424,
%rence Source

Kalaiyarasi T, Jayakumar M, Jawahar P, et al: Histological changes in the gill
and liver of marine spotted Catfish, Arius maculotus from sewage disposal
site, Therespuram off Thoothukudi Southeast Coast of India. | Entomaol Zool
Stud. 2017, 5(5): 1710-1715.

Reference Source

Fa roug A Application of probiotics, prebiotics and symbiotics in feed to
p thei I and survival of Oreochromis niloticus tilapia
ed by Streptococcus agolactioe. Bogor Agricultural University. Bogor.
donesian]. 2011; 78.

Flumb |4, Hanson LA: Health maintenance and principal microbial diseases
of cultured fishes. CRC Press Inc. USA. 1994; 264
Publisher Full Text

Suharman: data of Cr203 and proximate composition of diets.
figshare. Da 020.

http:/ hwww, rg/10.6084/m9.figshare.13109486.v1

Suharman: data of enzyme activity. figshare. Dataset. 2020,

http:/ fiwww.dei.org/10.6084/m9.figshare.13109495.v1
data of feed and nutrient digestibility. figshare. Dataset.

2020.
http:/ fiww, rg/10.6084/m9.figshare.13109501.v1
Suharman: tinal histology. figshare. Figure. 2020

http:/ fiwww.dei.org/10.6084/m9.figshare.13109498.v1

Page 9 of 17




F1O0OOResearch F1000Research 2021, 10:25 Last updated: 06 APR 2021

Open Peer Review

Current Peer Review Status: v Vv

Reviewer Report 06 April 2021

https://doi.org/10.5256/f1000research.55545.r82250

© 2021 Nugroho R. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

v

Rudy Agung Nugroho
amal Physiology, Development and Molecular Laboratory, Department of Biology, Faculty of
Mathematic and Natural Science, Mulawarman University, Samarinda, Indonesia

I am glad to read that the manuscript has now improved significantly from the previous version.
The corrections which have been made by the authors are satisfactory. I can now recommend this
paper for indexing. Best of luck for the future research.

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Animal/Fish Physiology, Fish nutrition, Biochemistry.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 01 April 2021

https://doi.org/10.5256/f1000research.55545.r82251

© 2021 Caipang C. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

v

Christopheraarlowe A. Caipang
Department of Biology, College of Liberal Arts, Sciences, and Education, University of San Agustin,
Ioilo City, Philippines

I have read the revisions made by the authors and they have addressed the issues that I raised in
the previous version of the submission. They have also cited some of the limitations that they
encountered in the conduct of the experiment. However, they should take into consideration

Page 10 of 17




F1O0OOResearch F1000Research 2021, 10:25 Last updated: 06 APR 2021

these limitations and should minimize these in their future works.

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Fish health management, immunology
I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 05 March 2021

https://doi.org/10.5256/f1000research.29631.r79933

© 2021 Nugroho R. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

?

dy Agung Nugroho
Animal Physiology, Development and Molecular Laboratory, Department of Biology, Faculty of
Mathematic and Natural Science, M.ulawarman University, Samarinda, Indonesia

1
Review report for the work entitle: Use of chicken feather meal fermented with Bacillus subtilis in
diets to increase the digestive enzymes activity and nutrient digestibility of silver pompano
Trachinotus blochii (Lacepede, 1801).
This work is informative, has a great result, and benefit for the knowledge of fisheries fields.
However, there are some points should be addressed to the author(s) and need to be clarified.

Title

Abstract
Background: please add scientific name of silver pompano for the first appear in this section.

Methods: the term P1, P2, P3, P4 can be deleted, it is unused in this abstract.
Conclusion, please be more specific, it is stated that the addition of Chicken feather meal
fermented with B. subtilis could increase the activity of digestive enzyme, but the result found that

the amylase activity of silver pompano was reduced.

Introduction
Acceptable.

Materials and Methods
1.Itis stated that ” The sterile outcome was placed in five Petri dishes (2 g each), adding 10 ml|
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of pure B. subtilis, and incubating at 50°C, pH 8 for 72 hours 12. The FFM was then ready to
be used as fish feed ingredient.” Does the FFM that was resulted from five Petri dishes was
enough for the whole study?

2. Please mention the density of fish in each plastic tank, and how much water in each plastic
tank.

3. Please be specific on how the protease, amylase and lipase activity were determined, there
should be any of equations.

4.1n analysis of intestine histology: it is mention that the observations were then compared to
determine the differences between the treatments. Please state what variable that was
compared among the treatments (Goblet, histopathology?).
Results
Adequate.

Discussion

Please discuss why amylase activity was lower at the end of the study in relation with FFM. This in
contrast with the statement that feed with FFM had the higher digestibility, though was not
significantly different among treatments.

Conclusion
Sufficient.

References
Sufficient.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Partly

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Partly

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.
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Reviewer Expertise: Animal/Fish Physiology, Fish nutrition, Biochemistry.

I confirm that I have read this submission and believe thatI have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Author Response 17 Mar 2021

Indra Suharman, Universitas Riau, Pekanbaru, Indonesia

1. Comment :

Please add scientific name of silver pompano for the first appear in this section.
Respond :

We have added this information in the background of abstract.

2. Comment :

The term P1, P2, P3, P4 can be deleted, it is unused in this abstract.
Respond :

We have deleted this information in the method of abstract.

3. Comment :

Please be more specific, it is stated that the addition of Chicken feather meal fermented
with B. subtilis could increase the activity of digestive enzyme, but the result found that the
amylase activity of silver pompano was reduced.

Respond :

We have explained more specific this statement in the conclusion of abstract.

4. Comment :

It is stated that ” The sterile outcome was placed in five Petri dishes (2 g each), adding 10 ml
of pure B. subtilis, and incubating at 50°C, pH 8 for 72 hours 12. The FFM was then ready to
be used as fish feed ingredient.” Does the FFM that was resulted from five Petri dishes was
enough for the whole study?

Respond :

We only used the FFM that was resulted from five petri dishes for the proximate
composition analysis after fermentation.

5. Comment :

Please mention the density of fish in each plastic tank, and how much water in each plastic
tank.

Respond :

We have added this information in the material and method section.

6. Comment :

Please be specific on how the protease, amylase and lipase activity were determined, there
should be any of equations.

Respond :

We have added this information in the material and method section.

The activity of protease, amylase and lipase enzymes were determined by following
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methods that were previously used by Bergmeyer et al. (1983), Borlongan (1990) and
Bernfield (1955) respectively which the equations were involved in these methods.

7. Comment :

In analysis of intestine histology: it is mention that the observations were then compared to
determine the differences between the treatments. Please state what variable that was
compared among the treatments (Goblet, histopathology?).

Respond :

We have mentioned this information in the material and method section.

8. Comment :

Please discuss why amylase activity was lower at the end of the study in relation with FFM.
This in contrast with the statement that feed with FFM had the higher digestibility, though
was not significantly different among treatments.

Respond :

We have developed the discussionas suggested by the reviewer in the discussion section.

Competing Interests: No competing interests were disclosed

Reviewer Report 08 February 2021
https://doi.org/10.5256/f1000research.29631.r77534

© 2021 Caipang C. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

? Christopher Marlowe A. Caipang
Department of Biology, College of Liberal Arts, Sciences, and Education, University of San Agustin,
Iloilo City, Philippines

This manuscript describes the use of chicken feather meal fermented with Bacillus subtilis to
increase digestibility and digestive enzyme activity in pompano. Results showed that FFM
enhanced digestive protease and lipase but not amylase. Supplementation with 20% fermented
FFM resulted in higher digestibility of nutrients.

The results presented are straightforward. However, there are certain issues in the methodology
that I think the authors need to address:
1. Please provide data that the fermentation of feather meal with Bacilus resulted in the partial
breakdown down the composition.

2. For the nutrient digestibility studies, how did the authors prevent leaching of the nutrients
from feces during collection?

3. The initial levels of amylase were high. Theoretically, the levels of the digestive enzymes will
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be more or less similar with the PO levels. In the case of amylase, there is a wide discrepancy
between PO and the initial. Please explain this phenomenon.

4. Kindly explain why no analyses were done within the 60 day of feeding. An analysis for 2-3
sampling points within the feeding period will give us a better picture of the trends of the
enzyme activity.

5. Please explain why very few fish were used for the experiment.

6. Please provide a better resolution of the histological slides that will clearly show changes in
some of the morphological/cellular structures to indicate the effect of the FFM.
I hope that these issues will be addressed by the authors when they revise their manuscript.

Is the work clearly and accurately presented and does it cite the current literature?
Partly

Is the study design appropriate and is the work technically sound?

Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Partly

If applicable, is the statistical analysis and its interpretation appropriate?

Yes

Are all the source data underlying the results available to ensure full reproducibility?
Partly

Are the conclusions drawn adequately supported by the results?

Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Fish health management, immunology

I confirm that I have read this submission and believe thatI have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Author Response 18 Mar 2021

Indra Suharman, Universitas Riau, Pekanbaru, Indonesia

1. Comment:

Please provide data that the fermentation of feather meal with Bacilus resulted in the partial
breakdown down the composition.

Respond:

Page 15 of 17




F1O0OOResearch F1000Research 2021, 10:25 Last updated: 06 APR 2021

We have published the data of fermentation of feather meal in IOP Conference Series :
Earth and Environmental Science (2019).

2. Comment:

For the nutrient digestibility studies, how did the authors prevent leaching of the nutrients
from feces during collection?

Respond:

To prevent leaching of the nutrients from feces during collection, we directly collected the
feces that are released by the fish by siphoning (siphoning method).

3. Comment:

The initial levels of amylase were high. Theoretically, the levels of the digestive enzymes will
be more or less similar with the PO levels. In the case of amylase, there is a wide discrepancy
between PO and the initial. Please explain this phenomenon.

Respond:

This phenomenon might be affected by feeding habits and biochemical composition of diet.
Other studies indicated that the amylase activity largely depends on the feeding habits of
fish. We have added more discussion in the discussion section.

4. Comment:

Kindly explain why no analyses were done within the 60 day of feeding. An analysis for 2-3
sampling points within the feeding period will give us a better picture of the trends of the
enzyme activity.

Respond:

Because we only want to know the enzyme activity at the beginning and the end of the
experiment.

5. Comment:

Please explain why very few fish were used for the experiment.

Respond:

We have used a total of 150 fish that were distributed into 15 identical 20-L plastic jars at a
density of 10 fish per jar. We have made a corrrection in the material and method section.

6. Comment:

Please provide a better resolution of the histological slides that will clearly show changes in
some of the morphological/cellular structures to indicate the effect of the FFM.

Respond:

We only have this resolution of the histological slides.

Competing Interests: No competing interests were disclosed
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