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Abstract
To investigate the effects of fermented soybean residue on growth performance,
plasma biochemical indices, and antioxidant capacity of Jian carp, five isoni-
trogenous and isolipidic experimental diets were formulated by supplementing 0
(FSR0, as control), 6% (FSR6), 12% (FSR12), 18% (FSR18), and 24% (FSR24)
fermented soybean residue to replace soybean meal in the basal diet, and fed
to Jian carp with an initial body weight of 8.49 g for 9 weeks. Each diet was
assigned three replicates, with 30 fish per replicate. The results showed that
the FSR12 group exhibited significantly higher specific growth rate (SGR) and
protein efficiency ratio (PER) than other groups (P<0.05), along with the low-
est feed intake (FI) and feed conversion ratio (FCR). With increasing dietary
fermented soybean residue levels, the viscera-somatic index (VSI) of Jian carp
decreased significantly (P<0.05), whereas the hepatosomatic index (HSI) dis-
played a trend of initially increasing then decreasing. No significant differences
were detected among groups in plasma alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), alkaline phosphatase (ALP), and glutathione per-
oxidase (GPx) activities, glucose (Glu) and triglyceride (TG) concentrations, or
GPx/superoxide dismutase (SOD) ratio (P>0.05). Plasma total protein (TP)
content in the FSR12 group was significantly higher than that in the control,
FSR6, and FSR24 groups (P<0.05), but did not differ significantly from the
FSR18 group (P>0.05). The control group showed significantly higher plasma
total cholesterol (TC) and malondialdehyde (MDA) contents than all experimen-
tal groups (P<0.05), while its plasma SOD and catalase (CAT) activities were
significantly lower (P<0.05). Based on specific growth rate as the evaluation
criterion, regression analysis determined that the optimal supplementation level
of fermented soybean residue in Jian carp diets was 10.2%; however, excessive
levels would inhibit growth while enhancing systemic antioxidant capacity.
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Full Text
Abstract
This study investigated the effects of fermented soybean residue (FSR) on
growth performance, plasma biochemical indexes, and antioxidant capacity of
Jian carp (Cyprinus carpio var. Jian). Five isonitrogenous and isolipidic experi-
mental diets were formulated by supplementing 0% (FSR0, control), 6% (FSR6),
12% (FSR12), 18% (FSR18), and 24% (FSR24) FSR to replace soybean meal
in basal diets. These diets were fed to Jian carp with an initial body weight of
8.49 g for 9 weeks. Each diet was assigned to three replicates, with 30 fish per
replicate. The results showed that the specific growth rate (SGR) and protein
efficiency ratio (PER) of fish in the FSR12 group were significantly higher than
those in other groups (P<0.05), while feed intake (FI) and feed conversion ratio
(FCR) were the lowest in this group. The viscera somatic index (VSI) decreased
significantly with increasing dietary FSR levels (P<0.05), whereas the hepatoso-
matic index (HSI) first increased and then decreased. No significant differences
were observed among groups in plasma alanine aminotransferase (ALT), as-
partate aminotransferase (AST), alkaline phosphatase (ALP), and glutathione
peroxidase (GPx) activities, glucose (Glu) and triglyceride (TG) contents, or
GPx/superoxide dismutase (SOD) ratio (P>0.05). Plasma total protein (TP)
content in the FSR12 group was significantly higher than that in the control,
FSR6, and FSR24 groups (P<0.05), but did not differ significantly from the
FSR18 group (P>0.05). Plasma total cholesterol (TC) and malondialdehyde
(MDA) contents in the control group were significantly higher than those in all
experimental groups (P<0.05), while plasma SOD and catalase (CAT) activities
were significantly lower (P<0.05). Regression analysis based on SGR indicated
that the optimal dietary FSR supplementation level for Jian carp was 10.2%.
Excessive supplementation levels inhibited growth but enhanced antioxidant
capacity.

Keywords: Jian carp; fermented soybean residue; growth; antioxidant capac-
ity; biochemical indexes

Introduction
Protein sources are critical components of aquafeeds that substantially affect
feed costs. Therefore, investigating fish nutritional metabolism mechanisms
and identifying alternatives to fishmeal protein have long been research priori-
ties for nutritionists. In recent years, food processing by-products have attracted
widespread attention from feed manufacturers [1]. Soybean residue (SR) is a by-
product of soymilk or tofu processing, with substantial annual output in Asian
countries where soybean consumption is high. Currently, China’s annual SR
production exceeds 2.8 million tons [2], with the Li Rang Town in Liangping Dis-
trict, Chongqing alone producing over 10,000 tons annually. China’s abundant
SR resources offer promising prospects for development and utilization.
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SR is rich in protein, fat, fiber, minerals, monosaccharides, oligosaccharides,
and dietary fiber [2], though nutrient composition varies with soybean variety
and processing method [3]. As a high-quality human food, SR exhibits multi-
ple beneficial effects, including antioxidant activity [4], cardiovascular disease
prevention [5], reduced hepatic fat deposition, and health maintenance [6-7].
Previous studies have demonstrated SR as a protein source in diets for rumi-
nants [8], pigs [9], and broilers [10]. However, research on SR application in
fish remains limited [11], possibly due to drying costs and the presence of fiber,
phytic acid, and other antinutritional factors [2].

Research has shown that fermentation of SR with Lactobacillus, Bacillus, As-
pergillus flavus, or yeast can enhance its nutritional value [12-13]. To date, no
studies have investigated fermented soybean residue in Jian carp (Cyprinus car-
pio var. Jian). Therefore, this experiment utilized solid-state fermented SR
to examine its effects on growth performance, body composition, plasma bio-
chemical indexes, and antioxidant capacity of Jian carp, aiming to provide a
theoretical basis for SR utilization.

1.1 Experimental Diets

Soybean residue was purchased from Liangping District, Chongqing, as a by-
product of soybean processing. The SR was subjected to solid-state fermenta-
tion using a mixed culture of Bacillus subtilis, lactic acid bacteria, and yeast
(fermentation pH 7.0, temperature 28°C, duration 72 h) to produce fermented
soybean residue, following methods described by Tang et al. [14] and Li et al. [15].
The proximate nutrient and amino acid contents of SR and FSR are presented
in Table 1 .

A basal diet was formulated using fishmeal, soybean meal, rapeseed meal, and
cottonseed protein as primary protein sources, with soybean oil as the lipid
source. Fermented soybean residue was added at 0% (control), 6%, 12%, 18%,
and 24% to replace soybean meal, with adjustments to soybean meal content
to balance crude protein levels, resulting in five isonitrogenous and isolipidic
experimental diets (designated FSR0, FSR6, FSR12, FSR18, and FSR24). Diet
composition and nutrient levels are shown in Table 2 . All dietary ingredi-
ents were ground through an 80-mesh sieve, mixed using the stepwise dilution
method, and processed into 2.0 mm diameter pellets. The pellets were air-dried
and stored at 4°C until use.

The premix provided the following per kg of diet: VA 16.67 mg, VD� 3.33 mg,
VE 26.67 mg, VC 333.33 mg, VB� 8 mg, VB� 4 mg, VB�� 0.03 mg, VK� 3.33 mg,
riboflavin 3.33 mg, inositol 66.67 mg, pantothenic acid 20 mg, niacin 23.33 mg,
folic acid 1.33 mg, biotin 0.04 mg, ethoxyquin 100 mg, wheat middling 9.39 g,
KCl 133.33 mg, KI 40 mg, CoCl�・6H�O 4.67 mg, CuSO�・5H�O 9.33 mg, FeSO�・
H�O 266.67 mg, ZnSO�・H�O 133.33 mg, MnSO�・H�O 53.33 mg, Na�SeO�・5H�O
43.33 mg, MgSO�・7H�O 2,000 mg, Ca(H�PO�)�・H�O 13.33 g, and NaCl 90.67
mg.
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1.2 Feeding Management

A total of 450 healthy Jian carp with uniform size (average body weight 8.49
g) were selected and randomly divided into five groups, with three replicates
per group and 30 fish per replicate. Fish were cultured in indoor freshwater
recirculating aquaria (effective volume 250 L) for 9 weeks. The daily feeding
rate was 3-5% of body weight, with three feedings daily at 08:00, 12:30, and
17:00. Water source was aerated tap water. During the experimental period,
water temperature was maintained at 26.2±0.5°C, pH at 7.3±0.5, dissolved
oxygen >6.8 mg/L, ammonia nitrogen <0.48 mg/L, and nitrite nitrogen <0.06
mg/L.

1.3 Sample Preparation and Analysis

At the end of the feeding trial, fish were fasted for 24 h before weighing. Three
fish per replicate were randomly selected as whole-body samples for body compo-
sition analysis. Four fish per replicate were randomly selected, anesthetized with
MS-222, measured for body length and height, and dissected to obtain viscera
and hepatopancreas for morphological measurements. Five fish per replicate
were randomly selected for blood collection from the caudal vein using dispos-
able sterile syringes. Blood was anticoagulated with heparin and potassium
oxalate-sodium fluoride (for plasma glucose determination), immediately cen-
trifuged at 1,000×g for 10 min at 4°C, and plasma was collected and stored at
-20°C until analysis.

Feed ingredients and whole-body samples were dried at 105°C to constant weight.
Crude protein content was determined by the Kjeldahl method, crude lipid by
Soxhlet extraction, and crude ash by combustion at 550°C. Phytic acid content
was determined according to Vaintraub et al. [16], and trypsin inhibitor content
according to Smith et al. [17]. Diet samples were hydrolyzed with 6 mol/L HCl
at 110°C for 22 h, and amino acid contents were determined using a 4.6 mm×60
mm analytical column on a Hitachi 8800 amino acid analyzer.

Plasma metabolic indexes were measured using a Hitachi 7100 automatic bio-
chemical analyzer, including ALT, AST, ALP activities, and glucose, total
cholesterol (TC), and triglyceride (TG) contents. Plasma total protein (TP)
and malondialdehyde (MDA) contents, and superoxide dismutase (SOD), cata-
lase (CAT), and glutathione peroxidase (GPx) activities were determined using
assay kits from Nanjing Jiancheng Bioengineering Institute. Protein content
was determined by the Coomassie brilliant blue method.

1.4 Calculation Formulas

Specific growth rate (SGR, %/d) = 100 × [lnW� –lnW�] / t
Protein efficiency ratio (PER, %) = 100 × (W� –W�) / (F × F�)
Feed conversion ratio (FCR) = F / (W� –W�)
Feed intake (FI, %/d) = F / [(W� + W�) / 2] / t
Survival rate (SR, %) = 100 × N� / N�
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Condition factor (CF, g/cm³) = 100 × W� / L³
Viscera somatic index (VSI, %) = 100 × W� / W�
Hepatosomatic index (HSI, %) = 100 × W� / W�

Where: W� (g) and W� (g) are final and initial body weight; t (d) is the exper-
imental duration; F (g) is average feed intake per fish; F� (%) is dietary crude
protein content; N� and N� are final and initial fish number; L (cm) is body
length; W� (g) is viscera weight; W� (g) is hepatopancreas weight.

1.5 Data Processing and Analysis

Data were analyzed using one-way ANOVA in SPSS 17.0. If significant dif-
ferences were detected, Tukey’s multiple comparison test was performed with
significance level set at P<0.05. All data are expressed as mean ± standard
error (mean ± SE).

2.1 Effects of Fermented Soybean Residue on Growth Per-
formance of Jian Carp
As shown in Table 3 , final body weight, specific growth rate, and protein
efficiency ratio of Jian carp increased initially and then decreased with increasing
dietary FSR levels, reaching maximum values at 12% FSR supplementation and
minimum values at 24% supplementation, with significant differences between
these groups (P<0.05). Quadratic curve fitting of the relationship between
FSR supplementation level (x) and SGR (y) yielded the regression equation y
= -0.0019x² + 0.0397x + 2.764 (R² = 0.9712) (Figure 1 [Figure 1: see original
paper]), from which the optimal FSR level for maximum SGR was calculated
as 10.2%. Conversely, feed intake and feed conversion ratio were lowest at 12%
FSR supplementation, significantly lower than other groups (P<0.05). Survival
rate was 100% in all groups.

2.2 Effects of Fermented Soybean Residue on Morphologi-
cal Measurements and Body Composition of Jian Carp
As shown in Table 4 , viscera somatic index was significantly lower in groups
with FSR supplementation levels �12% compared to the control group (P<0.05).
Hepatosomatic index increased initially and then decreased with increasing FSR
levels, reaching its maximum in the FSR12 group, which was significantly higher
than all groups except FSR6 (P<0.05). No significant differences were observed
among groups in condition factor or whole-body moisture, crude protein, crude
lipid, and ash contents (P>0.05).
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2.3 Effects of Fermented Soybean Residue on Plasma Bio-
chemical Indexes of Jian Carp
As shown in Table 5 , no significant differences were detected among groups
in plasma ALT, AST, and ALP activities or glucose and triglyceride contents
(P>0.05). Plasma total protein content in the FSR12 group was significantly
higher than that in the control, FSR6, and FSR24 groups (P<0.05), but did not
differ significantly from the FSR18 group (P>0.05). Plasma total cholesterol
content in the control group was significantly higher than that in all experimen-
tal groups (P<0.05).

2.4 Effects of Fermented Soybean Residue on Plasma An-
tioxidant Indexes of Jian Carp
As shown in Table 6 , plasma superoxide dismutase and catalase activities in all
experimental groups were significantly higher than those in the control group
(P<0.05). Plasma malondialdehyde content in the control group was signifi-
cantly higher than that in the FSR12, FSR18, and FSR24 groups (P<0.05),
but did not differ significantly from the FSR6 group (P>0.05). The cata-
lase/superoxide dismutase ratio in the FSR18 and FSR24 groups was signifi-
cantly higher than that in the control group and other experimental groups
(P<0.05). No significant differences were observed among groups in plasma
glutathione peroxidase activity or glutathione peroxidase/superoxide dismutase
ratio (P>0.05).

3 Discussion
3.1 Effects of Fermented Soybean Residue on Growth Performance of
Jian Carp

Numerous studies have demonstrated that biological fermentation effectively en-
hances the nutritional value of plant proteins. Fermentation reportedly increases
protein and small peptide contents, thereby improving feed nutritional value
[3,18]. As shown in Table 1, fermentation significantly improved SR nutritional
quality by increasing nutrient content and reducing antinutritional factors. SR
has achieved favorable production results as a protein feed for livestock [10,19].
The present study confirms that 10.2% dietary FSR supplementation effectively
improved growth performance in Jian carp, indicating that FSR is a feasible
protein source for fish feeds. Similar improvements in growth performance have
been reported in pigs [20] and broilers [21] fed fermented soybean meal, as well
as in Atlantic salmon [22], rainbow trout [23], and Macrobrachium nipponense
[24]. This may be attributed to fermentation enhancing nutrient content [18]
and reducing antinutritional factors [25-26], thereby promoting animal growth.
Furthermore, studies have shown that dietary fermented soybean meal neither
altered intestinal morphology in rainbow trout [23] nor caused intestinal lesions
in Atlantic salmon [22]. Subsequent research confirmed that dietary supple-
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mentation with Bacillus subtilis-fermented soybean meal significantly improved
hepatic and posterior intestinal histomorphology in grouper [27]. These findings
suggest that feed fermentation benefits digestive tract health in both terrestrial
livestock and aquatic animals.

In this experiment, 24% FSR supplementation significantly reduced growth rate
in Jian carp without decreasing feed intake, indicating that FSR palatability
was not the limiting factor. While fermentation can enhance digestive enzyme
activity and digestibility, and the Bacillus subtilis and lactic acid bacteria in fer-
mented products are considered probiotics that promote fish growth and health
[28], the high crude fiber and antinutritional factor (trypsin inhibitor) contents
remaining after fermentation may limit high-dose application in Jian carp feeds,
warranting further investigation.

The results also showed that FSR supplementation level significantly affected
hepatosomatic index, which peaked at 12% supplementation. Given that ex-
perimental fish weighed less than 50 g and were in the liver development stage,
this suggests that FSR promoted healthy liver development and consequently
enhanced growth. Studies in mice [6] and hamsters [7] found that dietary SR
increased hepatic expression of sterol 14�-demethylase (CYP51) and peroxisome
proliferator-activated receptor � (PPAR�) genes, thereby reducing hepatic fat
deposition. Soy protein is known to be rich in isoflavones that decrease hepatic
lipogenesis [29]. These results indicate that SR or FSR benefits liver health.
The observed reduction in viscera somatic index was independent of hepatoso-
matic index changes, possibly reflecting reduced mesenteric fat deposition in
fish, which merits further attention and investigation.

3.2 Effects of Fermented Soybean Residue on Plasma Biochemical
Indexes and Antioxidant Capacity of Jian Carp

Plasma biochemical indexes reflect fish physiological and nutritional status.
Studies have shown that SR can regulate plasma glucose in diabetic mice [30],
and fermented mulberry leaves can improve plasma glucose in largemouth bass
[31]. However, FSR supplementation did not significantly affect plasma glucose
in Jian carp, possibly due to differences in experimental animals and materials.
Nevertheless, FSR significantly reduced plasma total cholesterol, consistent with
findings in red sea bream [32] and studies showing cholesterol reduction in rats
[33] and Syrian hamsters [7]. Soy protein has been reported to improve blood
lipid profiles [30], indicating that FSR participates in lipid metabolism regula-
tion. Additionally, SR plays important roles in preventing hypercholesterolemia
[34] and hyperlipidemia [7], associated with enhanced hepatic �-oxidation-related
gene expression [6]. Conversely, Lim et al. [35] found that blood biochemical in-
dexes in tilapia were unaffected by soybean meal fermentation, suggesting that
further research is needed on the relationship between fish nutrition and clinical
medicine.

Studies have demonstrated that fermented plant products can enhance non-
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specific immune responses and antioxidant capacity in fish [21,36]. Soybean
residue has been identified as a potential source of antioxidant components
[2,37-38]. The present study found that dietary FSR supplementation signif-
icantly reduced plasma malondialdehyde content while increasing superoxide
dismutase and catalase activities. Similar improvements in antioxidant capac-
ity have been reported in black sea bream fed fermented soybean meal [38] and in
Macrobrachium nipponense [25], possibly due to the presence of isoflavones and
antioxidants in fermented products. Limited research exists on fish nutrition
and antioxidant capacity [39], and since SR is rich in antioxidant substances,
further investigation into its antioxidant mechanisms is warranted.

4 Conclusions
1. Fermented soybean residue is a feasible protein source for Jian carp diets.

2. The optimal dietary supplementation level of fermented soybean residue
for Jian carp is 10.2%, which improves growth performance. Excessive
supplementation (24%) inhibits growth but enhances antioxidant capacity.

References
[1] SCIALABBA E H, JAN O, TOSTIVINT C, et al. Food wastage footprint:
impacts on natural resources. Summary report[M]. 2013.
[2] LI B, QIAO M Y, LU F. Composition, nutrition, and utilization of okara
(soybean residue)[J]. Food Reviews International, 2012, 28(3): 231–252.
[3] WENG C V, YANG K L C A U, LIU S Q. Okara (soybean residue)
biotransformation by yeast Yarrowia lipolytica[J]. International Journal of Food
Microbiology, 2016, 235: 1–9.
[4] ZHU Y P, FAN J F, CHENG Y Q, et al. Improvement of the antioxidant
activity of Chinese traditional fermented okara (Meitauza) using Bacillus
subtilis B2[J]. Food Control, 2008, 19(7): 654–661.
[5] DEVI M K A, GONDI M, SAKTHIVELU G, et al. Functional attributes
of soybean seeds and products, with reference to isoflavone content and
antioxidant activity[J]. Food Chemistry, 2009, 114(3): 771–776.
[6] KIM H S, YU O K, BYUN M S, et al. Okara, a soybean by-product,
prevents high fat diet-induced obesity and improves serum lipid profiles in
C57BL/6J mice[J]. Food Science and Biotechnology, 2016, 25(2): 607–613.
[7] VILLANUEVA M J, YOKOYAMA W H, HONG Y J, et al. Effect of
high-fat diets supplemented with okara soybean by-product on lipid profiles of
plasma, liver and faeces in Syrian hamsters[J]. Food Chemistry, 2011, 124(1):
72–79.
[8] RAHMAN M M, ABDULLAH R B, KHADIJAH W E, et al. Feed intake, di-
gestibility and growth performance of goats offered Napier grass supplemented
with molasses protected palm kernel cake and soya waste[J]. Asian Journal of
Animal and Veterinary Advances, 2013, 8(8): 527–534.
[9] KIM S W, VAN H E, JI F, et al. Fermented soybean meal as a vegetable

chinarxiv.org/items/chinaxiv-201812.00519 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00519


protein source for nursery pigs: �. Effects on growth performance of nursery
pigs[J]. Journal of Animal Science, 2010, 88(1): 214-224.
[10] SINHA S, SINHA A, MAHTO D, et al. Study on the growth performance
of the broiler after feeding of okara meal containing with or without non-starch
polysaccharides degrading enzyme[J]. Veterinary World, 2013, 6(6): 325–328.
[11] WONG M H, TANG L Y, KWOK F S. The use of enzyme-digested
soybean residue for feeding common carp[J]. Biomedical and Environmental
Sciences, 1996, 9(4): 418–423.
[12] RASHAD M M, MAHMOUD A E, ABDOU H M, et al. Improvement of
nutritional quality and antioxidant activities of yeast fermented soybean curd
residue[J]. African Journal of Biotechnology, 2011, 10(28): 5504–5513.
[13] 余永红, 邓泽元, 李静, 等. 面包串珠霉发酵对豆渣成分影响研究 [J]. 食品科学, 2005(9):
129-131.
[14] TANG J W, SUN H, YAO X H, et al. Effects of replacement of soy-
bean meal by fermented cottonseed meal on growth performance, serum
biochemical parameters and immune function of yellow-feathered broilers[J].
Asian-Australasian Journal of Animal Sciences, 2012, 25(3): 393-400.
[15] LI S, SANG Y, DAN Z, et al. Optimization of fermentation conditions for
crude polysaccharides by Morchella esculenta, using soybean curd residue[J].
Industrial Crops & Products, 2013, 50(10): 666-672.
[16] VAINTRAUB I A, LAPTEVA N A. Colorimetric determination of phytate
in unpurified extracts of seeds and the products of their processing[J]. Analyti-
cal Biochemistry, 1988, 175(1): 227–230.
[17] SMITH C, VAN MEGEN W, TWAALFHOVEN L, et al. The determina-
tion of trypsin inhibitor levels in foodstuffs[J]. Journal of the Science of Food
& Agriculture, 2010, 31(4): 341–350.
[18] HONG K J, LEE C H, KIM S W. Aspergillus oryzae GB-107 fermentation
improves nutritional quality of food soybeans and feed soybean meals[J].
Journal of Medicinal Food, 2004, 7(4): 430–435.
[19] HARTHAN L B, CHERNEY D J R. Okara as a protein supplement affects
feed intake and milk composition of ewes and growth performance of lambs[J].
Animal Nutrition, 2017, 3(2): 171–174.
[20] KIM S S, PHAM M A, KIM K W, et al. Effects of microbial fermentation
of soybean on growth performances, phosphorus availability, and antioxidant
activity in diets for juvenile olive flounder (Paralichthys olivaceus)[J]. Food
Science and Biotechnology, 2010, 19(6): 1605–1610.
[21] FENG J, LIU X, XU Z R, et al. Effects of Aspergillus oryzae 3.042
fermented soybean meal on growth performance and plasma biochemical
parameters in broilers[J]. Animal Feed Science and Technology, 2007, 134(3/4):
235–242.
[22] REFSTIE S, SAHLSTRÖM S, BRÅTHEN E, et al. Lactic acid fermenta-
tion eliminates indigestible carbohydrates and antinutritional factors in soybean
meal for Atlantic salmon (Salmo salar)[J]. Aquaculture, 2005, 246(1/2/3/4):
331–345.
[23] YAMAMOTO T, IWASHITA Y, MATSUNARI H, et al. Influence of
fermentation conditions for soybean meal in a non-fish meal diet on the growth

chinarxiv.org/items/chinaxiv-201812.00519 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00519


performance and physiological condition of rainbow trout Oncorhynchus
mykiss[J]. Aquaculture, 2010, 309(1/2/3/4): 173–180.
[24] DING Z L, ZHANG Y X, YE J Y, et al. An evaluation of replacing fish
meal with fermented soybean meal in the diet of Macrobrachium nipponense:
growth, nonspecific immunity, and resistance to Aeromonas hydrophila[J]. Fish
& Shellfish Immunology, 2015, 44(1): 295–301.
[25] WANG Y, LIU X T, WANG H L, et al. Optimization of processing
conditions for solid-state fermented soybean meal and its effects on growth
performance and nutrient digestibility of weanling pigs[J]. Livestock Science,
2014, 170: 91–99.
[26] REDDY N R, PIERSON M D. Reduction in antinutritional and toxic
components in plant foods by fermentation[J]. Food Research International,
1994, 27(3): 281–290.
[27] SHIU Y L, HSIEH S L, GUEI W C, et al. Using Bacillus subtilis
E20-fermented soybean meal as replacement for fish meal in the diet of orange-
spotted grouper (Epinephelus coioides, Hamilton)[J]. Aquaculture Research,
2015, 46(6): 1403–1416.
[28] NAYAK S K. Probiotics and immunity: a fish perspective[J]. Fish &
Shellfish Immunology, 2010, 29(1): 2–14.
[29] TORRES N, TORRE-VILLALVAZO I, TOVAR A R. Regulation of lipid
metabolism by soy protein and its implication in diseases mediated by lipid
disorders[J]. Journal of Nutritional Biochemistry, 2006, 17(6): 365–373.
[30] 徐虹, 蔺新英, 王芸, 等. 豆渣粉对糖尿病小鼠血糖血脂及肝肾组织形态的影响 [J]. 营养学报,
2000, 22(2): 171–174.
[31] 赵鹏飞, 彭祥和, 陈拥军, 等. 高脂或低蛋白日粮中添加发酵桑叶对大口黑鲈生长、代谢与抗氧
化能力的影响 [J]. 淡水渔业, 2016, 46(6): 86–91.
[32] AZARM H M, LEE S M. Effects of partial substitution of dietary fish
meal by fermented soybean meal on growth performance, amino acid and
biochemical parameters of juvenile black sea bream Acanthopagrus schlegeli[J].
Aquaculture Research, 2014, 45(6): 994–1003.
[33] MATSUMOTO K, WATANABE Y S, YOKOYAMA S I. Okara, soybean
residue, prevents obesity in a diet-induced murine obesity model[J]. Bioscience,
Biotechnology, and Biochemistry, 2007, 71(3): 720–727.
[34] ROSSI E A, CAVALLINI D C U, CARLOS I Z, et al. Intake of isoflavone-
supplemented soy yogurt fermented with Enterococcus faecium lowers serum
total cholesterol and non-HDL cholesterol of hypercholesterolemic rats[J].
European Food Research and Technology, 2008, 228(2): 275–282.
[35] LIM S J, LEE K J. A microbial fermentation of soybean and cottonseed
meal increases antioxidant activity and gossypol detoxification in diets for Nile
tilapia, Oreochromis niloticus[J]. Journal of the World Aquaculture Society,
2011, 42(4): 494–503.
[36] ASHIDA T, TAKEL Y, TAKAGAKI M, et al. The dietary effects of
a fermented vegetable product on glutathione peroxidase activity and lipid
peroxidation of Japanese flounder Paralichthys olivaceus[J]. Fisheries Science,
2006, 72(1): 179–184.
[37] AMIN I, MUKHRIZAH O. Antioxidant capacity of methanolic and water

chinarxiv.org/items/chinaxiv-201812.00519 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00519


extracts prepared from food-processing by-products[J]. Journal of the Science
of Food & Agriculture, 2010, 86(5): 778–784.
[38] JANKOWIAK L, TRIFUNOVIC O, BOOM R M, et al. The potential of
crude okara for isoflavone production[J]. Journal of Food Engineering, 2014,
124: 166–172.
[39] MOURENTE G, DÍAZ-SALVAGO E, BELL J G, et al. Increased activities
of hepatic antioxidant defence enzymes in juvenile gilthead sea bream (Sparus
aurata, L.) fed dietary oxidised oil: attenuation by dietary vitamin E[J].
Aquaculture, 2002, 214(1/2/3/4): 343–361.

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

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201812.00519 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00519

	Effects of Fermented Okara on Growth Performance, Plasma Biochemical Indices, and Antioxidant Capacity in Jian Carp (Postprint)
	Abstract
	Full Text
	Abstract
	Introduction
	1.1 Experimental Diets
	1.2 Feeding Management
	1.3 Sample Preparation and Analysis
	1.4 Calculation Formulas
	1.5 Data Processing and Analysis

	2.1 Effects of Fermented Soybean Residue on Growth Performance of Jian Carp
	2.2 Effects of Fermented Soybean Residue on Morphological Measurements and Body Composition of Jian Carp
	2.3 Effects of Fermented Soybean Residue on Plasma Biochemical Indexes of Jian Carp
	2.4 Effects of Fermented Soybean Residue on Plasma Antioxidant Indexes of Jian Carp
	3 Discussion
	3.1 Effects of Fermented Soybean Residue on Growth Performance of Jian Carp
	3.2 Effects of Fermented Soybean Residue on Plasma Biochemical Indexes and Antioxidant Capacity of Jian Carp

	4 Conclusions
	References


