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Abstract

This experiment aimed to investigate the effects of replacing fish meal with
chicken meal on growth performance, feed utilization, digestive enzyme activity,
and antioxidant capacity in juvenile yellow catfish (Pelteobagrus fulvidraco).
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Abstract: An 8-week feeding trial was conducted to evaluate the effects of
replacing fish meal (FM) with poultry by-product meal (PBM) on growth per-
formance, feed utilization, digestive enzyme activities, and antioxidant capac-
ity of juvenile yellow catfish (Pelteobagrus fulvidraco). Six iso-nitrogenous and
iso-lipidic diets were formulated with PBM replacing FM at 0%, 10%, 20%,
30%, 40%, and 60% (corresponding to PBM supplementation levels of 0, 5.25%,
10.51%, 15.77%, 21.03%, and 31.54%, respectively). All diets contained 45%
crude protein and 10% crude lipid. A total of 540 juvenile yellow catfish with
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an initial body weight of (2.17$+%0.02) g were randomly allocated into 6 groups
with 3 replicates per group and 30 fish per replicate. The results showed that
survival rate was not significantly affected by FM replacement level (P>0.05).
Weight gain rate (WGR), specific growth rate (SGR), feed efficiency (FE), and
protein efficiency ratio (PER) significantly increased when FM replacement in-
creased from 0% to 20% (P<0.05), but significantly decreased when FM replace-
ment increased from 30% to 60% (P<0.05). Condition factor (CF), intraperi-
toneal fat ratio (IPF), and viscerosomatic index (VSI) were not significantly
affected by FM replacement (P>0.05). No significant differences were observed
in dry matter, crude protein, crude lipid, or ash contents of whole body and
muscle among all groups (P>0.05). Stomach pepsin (PEP) activity in the con-
trol group was significantly lower than in other groups (P<0.05). Stomach
amylase (AMY) activity significantly increased when FM replacement exceeded
10% compared to the control (P<0.05). Foregut AMY activity in the 10% FM
replacement group was significantly higher than in the control (P<0.05), and
liver AMY activity in the 30% FM replacement group was significantly higher
than in the control (P<0.05). Serum aspartate aminotransferase (AST) activity
showed no significant differences among FM replacement groups compared to
the control (P>0.05). However, serum alanine aminotransferase (ALT) activity
and triglyceride (TG) and total cholesterol (TC) contents reached their highest
values in the 30% FM replacement group, which were significantly higher than
in the control (P<0.05). Liver superoxide dismutase (SOD) activity peaked
in the 20% FM replacement group and was significantly higher than in the
control (P<0.05). Liver malondialdehyde (MDA) content in the 40% and 60%
FM replacement groups was significantly higher than in the control (P<0.05).
No significant differences were found in liver catalase (CAT) activity among
all groups (P>0.05). Using WGR as the evaluation index, broken-line model
analysis estimated the optimal FM replacement level with PBM to be 20.84%.

Keywords: Pelteobagrus fulvidraco; poultry by-product meal; fish meal; growth
performance; feed utilization; antioxidant capacity

1. Introduction

Fish meal has traditionally been the primary protein source in aquafeeds due
to its balanced amino acid profile, high digestibility, and palatability. How-
ever, increasing demand and limited supply have driven up costs and raised
sustainability concerns. Poultry by-product meal has emerged as a promising
alternative protein source, with crude protein content ranging from 65% to 73%
and crude lipid content from 9% to 12%. Previous studies have demonstrated
successful FM replacement with PBM in various fish species including Nibea
miichthioides, Scophthalmus maeoticus, and Rachycentron canadum. However,
the optimal replacement level varies among species, and excessive replacement
may negatively affect growth performance, feed utilization, and physiological
status. This study investigated the effects of graded levels of FM replacement

chinarxiv.org/items/chinaxiv-201711.01745 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.01745

ChinaRxiv [$X]

with PBM on juvenile yellow catfish to determine the optimal inclusion level.

1.1 Experimental Diets

Six experimental diets were formulated to be iso-nitrogenous (45% crude pro-
tein) and iso-lipidic (10% crude lipid). PBM was included at 0, 5.25%, 10.51%,
15.77%, 21.03%, and 31.54% to replace 0, 10%, 20%, 30%, 40%, and 60% of
FM, respectively. The diet compositions and nutrient levels are presented in ,
and amino acid compositions are shown in .

1.2 Experimental Animals and Feeding Management

Juvenile yellow catfish were obtained from a commercial hatchery and ac-
climated for two weeks. A total of 540 fish with an initial body weight of
(2.17$+£8$0.02) g were randomly distributed into 18 fiberglass tanks (300 L
capacity) at a density of 30 fish per tank. Each diet was randomly assigned
to three replicate tanks. Fish were hand-fed to apparent satiation twice daily
(07:30 and 17:00) for 8 weeks. Water temperature was maintained at 26.0-
29.5°C, pH at 7.5-8.0, and dissolved oxygen above 6.0 mg/L.

1.3 Sample Collection

At the end of the feeding trial, fish were fasted for 24 hours before sampling.
Fish from each tank were anesthetized and weighed. Five fish per tank were
randomly selected for whole-body composition analysis. Blood samples were
collected from the caudal vein of three fish per tank and centrifuged at 3000
r/min for 10 minutes to obtain serum, which was stored at -80°C for analysis.
Liver and intestine samples were collected for enzyme activity assays.

1.5 Statistical Analysis

All data were expressed as mean+SD and analyzed using SPSS 17.0 software.
One-way ANOVA was performed followed by Turkey’ s multiple comparison test.
Differences were considered significant at P<0.05.

2. Results

2.1 Growth Performance and Feed Utilization Growth performance and
feed utilization parameters are presented in . Survival rate was 100% across all
groups and was not significantly affected by FM replacement (P>0.05). WGR
and SGR significantly increased when FM replacement increased from 0% to
20% (P<0.05), but significantly decreased when FM replacement increased from
30% to 60% (P<0.05). CF, VSI, and IPF showed no significant differences
among groups (P>0.05). Based on WGR, broken-line model analysis estimated
the optimal FM replacement level to be 20.84% [Figure 1: see original paper].
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2.2 Digestive Enzyme Activities Feed utilization and digestive enzyme ac-
tivities are shown in . FE and PER were significantly higher in the 20% FM
replacement group compared to the control (P<0.05). Stomach PEP activity in
the control group was significantly lower than in other groups (P<0.05). Stom-
ach AMY activity significantly increased when FM replacement exceeded 10%
(P<0.05). Foregut AMY activity in the 10% FM replacement group was signifi-
cantly higher than in the control (P<0.05). Liver AMY activity in the 30% FM
replacement group was significantly higher than in the control (P<0.05).

2.3 Body Composition Whole-body and muscle proximate composition are
presented in . No significant differences were observed in dry matter, crude
protein, crude lipid, or ash contents of whole body or muscle among all groups
(P>0.05).

2.4 Serum Biochemical Indices Serum biochemical parameters are shown
in . Total protein (TP) and albumin (ALB) showed no significant differences
among groups (P>0.05). Aspartate aminotransferase (AST) activity was not
significantly affected by FM replacement (P>0.05). However, alanine amino-
transferase (ALT) activity and triglyceride (TG) and total cholesterol (TC)
contents reached their highest values in the 30% FM replacement group, which
were significantly higher than in the control (P<0.05).

2.5 Antioxidant Capacity Antioxidant indices are presented in . Liver su-
peroxide dismutase (SOD) activity peaked in the 20% FM replacement group
and was significantly higher than in the control (P<0.05). Liver malondialde-
hyde (MDA) content in the 40% and 60% FM replacement groups was signif-
icantly higher than in the control (P<0.05). No significant differences were
found in liver catalase (CAT) activity among all groups (P>0.05).

3. Discussion

The present study demonstrated that FM replacement with PBM up to 20% im-
proved growth performance and feed utilization in juvenile yellow catfish, while
higher replacement levels (30-60%) negatively affected these parameters. This
is consistent with findings in other species such as Cyprinus carpio and Morone
chrysops x M. sazxatilis, where moderate PBM inclusion enhanced performance
but excessive replacement impaired growth. The optimal replacement level of
20.84% determined by broken-line analysis suggests that PBM can partially
substitute FM without compromising growth.

The increased digestive enzyme activities (PEP and AMY) observed with PBM
inclusion indicate enhanced digestive function, possibly due to the presence
of bioactive peptides in PBM. However, the elevated ALT activity and lipid
metabolism indicators (TG and TC) at 30% replacement suggest potential
metabolic stress at higher inclusion levels.
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The antioxidant capacity results showed that SOD activity increased at 20%
replacement, indicating improved antioxidant defense, while MDA accumulation
at 40-60% replacement suggests oxidative damage at high PBM levels. This
may be attributed to imbalanced amino acid profiles or anti-nutritional factors
in PBM at high inclusion rates.

4. Conclusion

Based on growth performance, feed utilization, and physiological responses, the
optimal FM replacement level with PBM for juvenile yellow catfish is 20.84%.
Replacement levels up to 20% can enhance growth and antioxidant capacity,
while higher inclusion levels may cause metabolic stress and oxidative damage.

References

[1] Chinese Academic Journals Cooperation. Research progress on fish meal
replacement in feeds[J]. Fisheries Science, 1995(13):25-26.

[2] Li Ming. Application of poultry by-product meal in aquafeeds[J]. Feed In-
dustry, 1995(12):30.

[3] WANG Y, GUO J H, BUREAU D P, et al. Replacement of fish meal
by rendered animal protein ingredients in feeds for cuneate drum (Nibea mi-
ichthioides)[J]. Aquaculture, 2006, 252(2/3/4):476-483.

[4] TURKER A, YIGIT M, ERGUN S, et al. Potential of poultry by-product
meal as a substitute for fishmeal in diets for Black Sea turbot Scophthalmus
maeoticus: growth and nutrient utilization in winter[J]. Israeli Journal of Aqua-
culture- Bamidgeh, 2005, 57(1):49-61.

[5] ZHOU Q C, ZHAO J, LI P, et al. Evaluation of poultry by-product meal
in commercial diets for juvenile cobia (Rachycentron canadum)[J]. Aquaculture,
2011, 322/323:122-127.

[6] Chen Ligiao, Ai Qinghui, et al. Effects of fish meal replacement on growth and
physiology of aquatic animals[J]. Acta Hydrobiologica Sinica, 2013, 25(1):171-
181.

[7] Liu Xiaogang, Zhou Hongqi, et al. ATPase activity and fish nutritional phys-
iology[J]. Aquaculture, 2006(15):39-41.

[8] AOAC. Official methods of analysis of Official Analytical Chemists Interna-
tional[S]. 16th ed. Arlington, VA: Association of Official Analytical Chemists,
1995.

[9] YANG Y, XIE S Q, CUI Y B, et al. Partial and total replacement of fish
meal with poultry by-product meal in diets for gibel carp, Carassius auratus
gibelio Bloch[J]. Aquaculture Research, 2006, 37(1):40-48.

chinarxiv.org/items/chinaxiv-201711.01745 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.01745

ChinaRxiv [$X]

[10] KURESHY N, DAVIS D A, ARNOLD C R. Partial replacement of fish meal
with meat-and-bone meal, flash-dried poultry by-product meal, and enzyme-
digested poultry by-product meal in practical diets for juvenile red drum (Sci-
aenops ocellatus)[J]. North American Journal of Aquaculture, 2000, 62(4):266-
272.

[11] SHAPAWI R, NG W K, MUSTAFA S. Replacement of fish meal with
poultry by-product meal in diets formulated for humpback grouper, Cromileptes
altivelis[J]. Aquaculture, 2007, 273(1):118-126.

[12] YANG Y, XIE S, CUI Y, et al. Effect of replacement of dietary fish meal
by meat and bone meal and poultry by-product meal on growth and feed uti-
lization of gibel carp, Carassius auratus gibelio[J]. Aquaculture Nutrition, 2004,
10(5):289-294.

[13] YIGIT M, ERDEM M, KOSHIO S, et al. Substituting fish meal with poultry
by-product meal in diets for Black Sea turbot Psetta maeotica[J]. Aquaculture
Nutrition, 2006, 12(5):340-347.

[14] GAYLORD T G, RAWLES S D. The modification of poultry by-product
meal for use in hybrid striped bass Morone chrysops x M. sazatilis diets[J].
Journal-World Aquaculture Society, 2005, 36(3):363-374.

[15] EMRE Y, SEVGILI H, DILER I. Replacing fish meal with poultry by-
product meal in practical diets for mirror carp (Cyprinus carpio) fingerlings|[J].
Turkish Journal of Fisheries and Aquatic Sciences, 2003, 85:81-85.

[16] RAWLES S D, RICHE M, GAYLORD T G, et al. Evaluation of poultry
by-product meal in commercial diets for hybrid striped bass (Morone chrysops

x M. sazatilis ) in recirculated tank production[]]. Aquaculture, 2006,
259(1/2/3/4):377-389.

[17] NENGAS I, ALEXIS M N, DAVIES S J. High inclusion levels of poultry
meals and related by-products in diets for gilthead seabream Sparus aurata L.[J].
Aquaculture, 1999, 179(1/2/3/4):13-23.

[18] FASAKIN E A, SERWATA R D, DAVIES S J. Comparative utilization
of rendered animal derived products with or without composite mixture of soy-
bean meal in hybrid tilapia (Oreochromis niloticus X Oreochromis mossambicus)
diets[J]. Aquaculture, 2005, 249(1/2/3/4):329-338.

[19] Zhang Yan. Effects of poultry by-product meal replacement of fish meal on
growth and physiology of fish[D]. Ningbo: Ningbo University, 2016.

[20] Wang Fang, Li Jun, et al. Effects of meat and bone meal replacement of
fish meal on growth performance of fish[J]. Marine Fisheries, 2011, 35(2):268-
275.

[21] Liu Bo, et al. Effects of different protein sources in feed on antioxidant
capacity of aquatic animals[J]. Freshwater Fisheries, 2011(5):129-131, 141.

chinarxiv.org/items/chinaxiv-201711.01745 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.01745

ChinaRxiv [$X]

[22] HU M H, WANG Y J, WANG Q, et al. Replacement of fish meal by ren-
dered animal protein ingredients with lysine and methionine supplementation
to practical diets for gibel carp, Carassius auratus gibeliolJ]. Aquaculture, 2008,
275(1/2/3/4):260-265.

[23] TAKAGI S, HOSOKAWA H, SHIMENO S, et al. Utilization of poultry
by-product meal in a diet for red sea bream Pagrus magjor[J]. Nippon Suisan
Gakkaishi, 2000, 66(3):428-438.

[24] Zhou Qicun, et al. Effects of different lipid sources in feed on growth
and body composition of yellow catfish[J]. Acta Hydrobiologica Sinica, 2012,
24(1):160-167.

[25] Wang Wu, et al. Research progress on protein source replacement in
aquafeeds[J]. Scientific Fish Culture, 2013, 22(7):43-45.

[26] Chen Liqiao, et al. Effects of soybean meal replacement of fish meal on
growth and antioxidant capacity of Litopenaeus vannameilJ]. Acta Hydrobio-
logica Sinica, 2015, 27(9):2784-2792.

[27] Zhang Haitao, et al. Effects of meat and bone meal replacement of fish meal
on growth and body composition of large yellow croaker[J]. Marine Science, 2013,
37(2):281-289.

[28] MACHLIN L J, BENDICH A. Free radical tissue damage: protective role
of antioxidant nutrients[J]. The FASEB Journal, 1987, 1(6):441-445.

[29] LIN C C, LIANG J H. Effect of antioxidants on the oxidative stability of
chicken breast meat in a dispersion system[J]. Journal of Food Science, 2002,
67(2):530-533.

TABLE:1 Composition and nutrient levels of experimental diets (DM basis)
TABLE:2 Amino acid composition of experimental diets (DM basis)

TABLE:3 Effect of fish meal replacement with poultry by-product meal on
growth performance of juvenile yellow catfish (Pelteobagrus fulvidraco)

TABLE:4 Effects of fish meal replacement with poultry by-product meal on
feed utilization and digestive enzyme activities of juvenile yellow catfish (Pel-
teobagrus fulvidraco)

TABLE:5 Effects of fish meal replacement with poultry by-product meal on
proximate nutritional components in whole body and muscle of juvenile yellow
catfish (Pelteobagrus fulvidraco)

TABLE:6 Effects of fish meal replacement with poultry by-product meal on
serum biochemical indices of juvenile yellow catfish (Pelteobagrus fulvidraco)

TABLE:7 Effects of fish meal replacement with poultry by-product meal on
antioxidant indices of juvenile yellow catfish (Pelteobagrus fulvidraco)

chinarxiv.org/items/chinaxiv-201711.01745 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.01745

ChinaRxiv [$X]

FIGURE:1 Broken-line model analysis of the relationship between the replace-
ment ratio of fish meal by poultry by-product meal and WGR of juvenile yellow
catfish (Pelteobagrus fulvidraco)

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.
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