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ABSTRACT
This experiment was performed to investigate the effects of replacing fish meal in the diet of Cyprinus carpio var. jian 
(average weight 19.44±0.06 g) by yeast hydrolysate (YH), on growth, intestinal histology and function. Six hundred fish 
were assigned into five groups and fed with five isonitrogenous and isocaloric diets replacing fishmeal by 0% (G1), 1% 
(G2), 3% (G3), 5% (G4) and 7%  (G5) YH.  YH supplementation at 3% level significantly increased average body weight, 
daily growth index, feed intake, condition factor, specific growth rate, intestinal villi length and digestive and brush-border 
enzymes activity compared to the control group (p<0.05). Moreover, YH supplementation significantly increased (p<0.05) 
intestinal lipase, γ-GT, Na+/K+-ATPase and AKP expression levels. Intestinal Claudin-7 and Occludin mRNA levels in 
fish of dietary group G5 were significantly higher (p<0.05) than that in the control group. Replacing fish meal with 3% 
YH increased growth performance, intestinal digestion and absorption, as well as improved intestinal villi length without 
triggering any negative effects on intestinal tight junction structure.
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Introduction
Rising price and higher demand for fish meal (Ding 

et al., 2015) resulted in a new thrust to substitute fish meal 
in aquafeed  with less expensive and environment friendly 
protein sources. A number of studies have focused on 
plant,   animal and single cell protein sources during the last 
decades.  In depth study revealed that the usage of several 
plant proteins in aquafeeds caused growth inhibition and 
alterations of intestinal morphology (Baeverfjord, 1996).
This was because of imbalance, anti-nutritional factors 
and poor palatability of the plant proteins (Krogdahl et al., 
2003). Animal protein sources were regarded as fish 
meal substitutes because they have high protein content 
and no anti-nutritional factors (Mohanta et al., 2012). In 
recent years, some studies found that high level of fish 
meal substitution by animal protein caused some negative 
effects, such as hepatic steatosis, growth inhibition and 
lower survival rate of fish (Hu et al., 2013). Yeast has 
been recognised as a potential alternative to fish meal 
among single cell proteins. Studies on the use of yeast as 
a substitute in aquafeeds has been performed in different 
species including freshwater fish (Yuan et al., 2017) and 
sea fish (Pongpet et al., 2016). Some studies found that 
yeast played a crucial role in growth and immunity of 

fish. This was because yeast contain bioactive peptides, 
vitamins, free nucleotide and mannan oligosaccharide 
(MOS). Previous studies demonstrated that MOS 
improved growth (Dimitroglou et al., 2010) and innate 
immunity (Sang et al., 2009) and modulate the intestinal 
microbiota of fish (Dimitroglou et al., 2010). However, 
literature regarding mechanism of replacing fish meal by 
yeast on fish growth are still limited.

Yeast is used  as a protein source and a probiotic 
in aquaculture, which is attributable to the structural 
components viz., mannan oligosaccharides (MOS) and 
β-glucan in yeast (Gause and Trushenski, 2011). However, 
these components exist in the cell wall and are not easily 
absorbed by animals. With the development of fermentation 
technology, yeast hydrolysate is obtained through 
enzymatic hydrolysis, which is a mixture containing 
amino acids, peptides, MOS and β-glucan. These nutrients 
are more easily absorbed by animals compared to yeast. 
Earlier study found that protein hydrolysate has different 
physiological function, such as antioxidant activity 
(Penaramos and Xiong, 2001). This may be ascribed to 
the cooperative effects of a number of peptides, including 
their ability to scavenge free radicals (Moure et al., 2006). 
Besides, it was reported that protein hydrolysate also 
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could boost immunity in rat (Yamauchi and Suetsuna, 
1993), which is mainly due to the fact that the protein 
hydrolysate containing peptides have a potential effect 
on the immunological responses (Chen et al., 1995). 
Furthermore, protein hydrolysates could improve fish 
growth in different species, such as salmon (Salmo salar) 
(Berge and Storebakken, 1996), crucian carp (Carassius 
auratus gibelio) (Gui et al., 2010) and sea bream 
(Acanthopagrus latus) (Ehsani et al., 2014). However, 
studies regarding the application of yeast hydrolysate 
in aquafeed are lacking and therefore the present study 
investigated the effect of fish meal replacement by yeast 
hydrolysate in juvenile Jian carp. 

Intestine is the site where nutrients are digested 
and absorbed, which is aided by activity of intestinal 
enzymes, comprising digestive enzymes and brush-border 
enzymes (Zhao et al., 2012). Besides digestion and 
absorption, intestine has barrier function preventing 
invasion of harmful substances (Huang et al., 2015). 
Intestinal mucosal barrier is regulated by the paracellular 
pathway and the transcellular pathway. It was previously 
demonstrated that the intestinal mucosal enterocytes are 
linked by tight junction (TJ) proteins (Huang et al., 2015). 
TJ proteins contain cytosolic proteins zonula occludens-1 
(ZO-1) and transmembrane proteins, such as occludin and 
claudin, which connect the transmembrane proteins with 
the cytoskeletal actins (Fanning et al., 1998). Therefore, 
barrier function of intestinal epithelial cells is regulated 
by TJ proteins. Some studies reported that the intestinal 
barrier function of fish could be affected by many factors, 

such as additives category (Jiang et al., 2017) and feeding 
rates (Xu et al., 2016). However, studies regarding effect 
of dietary yeast supplement on intestine in fish are still quite 
few. 

Jian carp (Cyprinus carpio var. jian) is an important 
economic freshwater fish that is distributed across the 
world. FAO reported that the global production of common 
carp was approximately 4.26 million t in 2017 (FAO, 
2018). In fact, dietary supplementation level of fish meal 
in carp is about 8%. Therefore, it could approximately 
save 0.34 million t of fish meal per year. In view of this, 
the study aimed to assess effects of replacing fish meal by 
yeast hydrolysate (YH) on growth, intestinal histology and 
function of Jian carp, which could provide new insights 
into an alternative to fish meal.

Materials and methods
Composition of diets 

Ingredients and composition of the diets are given 
in Table 1. Five experimental diets replacing fish meal 
by YH 0% (G1), 1% (G2), 3% (G3), 5% (G4) and 7% 
(G5) were formulated. YH was obtained from Guangdong 
Hinabiotech Co., Ltd., China. It was derived from 
enzymatic hydrolysis of yeast using papain and had 
56.50% crude protein, 0.5% crude lipid, 4.4% moisture 
and 9.6% ash. Carbohydrate source used was wheat flour. 
Protein was mainly sourced from rapeseed meal, soybean 
meal, fish meal and cottonseed meal. All ingredients were 
ground into powder and weighed, then mixed with oil. 
Finally, water was added to the mixture and the diets were 
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Table 1. Ingredients and proximate composition of the diets

Ingredients %
                                                           Diets
G1 G2 G3 G4 G5

Fish meal 8.00 7.52 5.92 4.31 2.75
Yeast hydrolyate 0.00 1.00 3.00 5.00 7.00
Soybean meal 26.80 26.80 26.80 26.80 26.80
Rapeseed meal 12.00 12.00 12.00 12.00 12.00
Cottonseed meal 13.00 13.00 13.00 13.00 13.00
Wheat flour 26.54 26.54 26.54 26.54 26.54
Wheat bran 8.00 7.38 6.85 6.34 5.77
Fish oil 1.28 1.38 1.51 1.63 1.76
Soybean oil 1.28 1.28 1.28 1.28 1.28
Ca(H2PO4)2 1.80 1.80 1.80 1.80 1.80
Salt 0.30 0.30 0.30 0.30 0.30
Premix a 1.00 1.00 1.00 1.00 1.00
Proximate composition (drymatter basis)
Crude protein 34.63 34.52 34.37 34.67 34.78
Crude lipid 5.21 5.31 5.28 5.39 5.37
Moisture 9.06 8.60 8.73 9.19 8.99
Ash 7.72 7.43 7.26 7.36 7.44
Energy (MJ kg-1) 18.14 18.15 18.08 18.23 17.83
a Premix supplied minerals and vitamins comprising CuSO4·5H2O, FeSO4·7H2O, ZnSO4·7H2O, MnSO4·4H2O, Na2SeO3, KI, CoCl2·6H2O, Vitamin A, 
Vitamin D, Vitamin E, Vitamin K3, Vitamin B1, Vitamin B2,Vitamin B5, Vitamin B6, Vitamin B12, Vitamin C, Pantothenate, Folic acid and Choline.
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made using a pellet mill (Guangyuan Engineering Co., 
Ltd., China) and  stored at -20°C, after drying.
Experimental fish and design

Experimental fish were bought from the Freshwater 
Fisheries Research Institute of Jiangsu Province, China. 
Six hundred healthy fish (average weight 19.44±0.06 g) 
were distributed into five groups, each group in four cages 
(2.0 × 1.0 × 1.7 m)  anchored in a pond. In order to ensure 
water quality,  quarter of water in the pond was exchanged 
biweekly. Fish were acclimated for 14 days and fed with a 
commercial diet. After acclimation, the experimental fish 
groups were fed with one of five diets with four replicates 
for each diet. All experimental fish were fed three times 
daily for 10 weeks. During the experimental period, water 
temperature ranged from 23-29°C, pH ranged between  
6.6 - 7.4 and dissolved oxygen level was recorded at 6.5 
mg l-1.

Prior to sampling, experimental fish were starved for 
24 h. Three fish from each cage were anesthetised using 
MS-222 (Sigma-Aldrich, USA) and body weight and length 
of these sampled fish were measured. Hepatopancreas 
and viscera were removed and weighed carefully. The 
proximal intestine of fish was collected for  histotlogical, 
enzymes activity and real-time PCR analysis. Two fishes 
were selected from each cage for whole body proximate 
composition analysis.

Proximate composition analysis  

Proximate composition of whole body and diets 
were estimated following standard protocols (AOAC, 
1995): Crude protein was analysed by Kjeldahl method; 
crude lipid by ether extraction and gross energy level by 
Bomb Calorimeter (Parr 1281, USA). Moisture content 
was analysed after drying in oven and ash content was 
analysed after combustion at 550°C for 4 h.

Intestinal enzymes activity assay

Samples from proximal intestine was weighed and 
then homogenised with 9 volumes of ice cold normal 
saline. The homogenate was centrifuged at 4000 g for  
10 min. The supernatant was stored in refrigerator (-20°C) 
for intestinal enzymes activity assay. Lipase level was 
quantified by the  method of Gjellesvik et al. (1992). 
Protease activity was analysed using Folin phenol reagent 
(Cupp-Enyard, 2008); creatine kinase (CK) activity was 
determined following the procedures stated by Weng  
et al. (2002);  amylase activity was determined based 
on the procedures detailed by Furne et al. (2005); AKP 
and γ-GT activities were quantified based on the method 
detailed by Engstad et al. (1992) and Rosalki et al. (1970) 
and  Na+/K+-ATPase was measured according to the 
procedures by McCormick (1993). 

Intestinal histology

Samples from intestine were initially fixed in 4% 
formalin overnight and dehydrated using different graded 
ethanol concentrations. Then they were cleared in  xylene 
and  embedded in paraffin wax, tissue sections were cut in 
a microtome (Leica RM2235, Germany) at 6 μm thickness. 
Finally, the sections were stained with hematoxylin and 
eosin (H&E) and stained sections were photographed 
using a  compound microscope (Nikon, Japan).

RNA extraction and expression

RNA was isolated from intestine (about 50 mg) of 
fish using Trizol reagent (Takara, Japan). The quality and 
concentration of isolated RNA was analysed using ultra-
micro spectrophotometer (Thermo scientific, USA) and  
purity of RNA  was determined based on OD260/OD280 
ratio. Then the first-strand cDNA was synthesised using 
reverse transcription kit (Takara, Japan). 

The primers for real-time PCR were designed by 
Premier program version 5.0 (Premier, Canada) (Table 2). 
All primers used in this experiment were sourced from 
Generay (Shanghai) Biotech Co., Ltd., China. The 
polymerase chain reaction (PCR) conditions used were: 
94°C for 5 s, 60°C for 30 s, followed by a melt curve 
analysis of 15 s from 95 to 60°C, 1 min for 60°C and then 
up to 95°C for 15 s. Finally, the gene relative expression 
level was calculated according to the 2-ΔΔct method:

Calculation of growth parameters

Feed intake (FI, g fish-1) = Feed intake in each cage (g) /   
Number of fishes in the cage

Average body weight (ABW) = [(Final body weight)+(Initial
body weight)]/2

Daily growth index (DGI, %) = [(Final body weight)1/3 -
(Initial body weight)1/3] ×100/days

Specific growth rate (SGR, % day−1) = [ln (Final body
weight) - ln (Initial body weight)] × 100/days

Condition factor (CF%) = Body weight (g) × 100/Body
length (cm)3

Hepatosomatic index (HSI, %) = Hepatopancreas weight 
(g) × 100/Body weight (g)

Viscerasomatic index (VSI, %) = Viscera weight (g) × 100/
Body weight (g)

Statistical analysis

The experimental data was analysed by SPSS 19.0 
(SPSS Inc., Chicago, American) using one-way ANOVA 
after testing the normality and homogeneity of variances 
of data. The significant difference level is set at p<0.05. 
The data are expressed as means±standard error of the 
mean (SEM).
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Table 2. Nucleotide sequences of the primers used for real-time PCR
Function Gene Primer type Sequence Genbank Accession no.
Housekeeping gene 40S Sense GGAAGTGGCAAGGAGAAG AB012087

Anti-sense GGAGAGGTGGACAGACAT
Tight junction protein genes Claudin-3c Sense TCACGGCACAAGTCATCTGG JQ767157.1

Anti-sense CGGTGGACAGTAACCGGGTTG
Claudin-7 Sense CCCCAATGGAAGATGTCTGC JQ767155.1

Anti-sense AAACGTACTCCTTGCTGCTG
Occludin Sense ATCGGTTCAGTACAATCAGG KF975606

Anti-sense GACAATGAAGCCCATAACAA
ZO-1 Sense GCGAAATGACACGGGCTAT KY290394.1

Anti-sense CTCTGTTGTGGTTGAGTGTAGGC
Digestive enzyme genes Lipase Sense GCGAAATGACACGGGCTAT JF411610.1

Anti-sense CTCTGTTGTGGTTGAGTGTAGGC
Amylase Sense GGCTGGATTCAGAGTAGA JN032758

Anti-sense CAAGTGGTATTGAGGGTC
Absorptive enzyme genes AKP Sense ACCAATGCTCAGGTCCCA JF411614

Anti-sense CGCTCACTCCAACCGTAC
Na+/K+-ATP Sense TGCCAGAACTTCTCCACA JN032759

Anti-sense AGCGATACCCATAGCCAC
γ-GT Sense GTGGCTCAGCGGTAGATG JF411613

Anti-sense CCACTTTGTTCCCGTATTG
AKP: alkaline phosphatase; γ-GT: γ-glutamyltranspeptidase

Results
Effects of experimental diets on the growth of Jian carp

As can be seen from Table 3, ABW, ADI, SGR 
and FI of fish significantly increased (p<0.05) with YH 
supplementation level from 0% to 3%, but decreased with 
further increase in YH levels. Besides, 3% YH significantly 
increased CF of fish compared to the control diet (p<0.05). 
No significant difference (p>0.05) was observed for HSI 
and VSI among all groups.
Effects of experimental diets on the whole body 
composition of Jian carp

The whole body composition of juvenile Jian carp is 
given in Table 4. No significant differences (p>0.05) were 
observed for ash, moisture and crude protein among all 
groups. Ether extract and gross energy of fish in G3 were 
significantly higher than that in the control group (p<0.05)

Effects of experimental diets on intestinal enzymes activity 
of Jian carp

YH supplementation levels affected the intestinal 
enzymes activity of juvenile Jian carp (Table 5). Protease, 
lipase, amylase, CK and activities increased with YH levels 
from 0 to 3% (p<0.05), with the maximum value observed 
in fish fed 3% YH; 1 and 3% YH significantly increased 
the Na+/K+-ATPase and AKP activities compared to the 
control diet (p<0.05).
mRNA levels of digestive and brush-border enzymes

As can be seen from Fig. 1, YH supplement 
significantly increased (p<0.05) intestinal lipase, AKP, 
Na+/K+-ATPase and γ-GT expression levels of juvenile 
Jian carp of treated groups compared to the control group. 
Intestinal Amylase mRNA level of fish fed 3 and 5% YH 
was significantly higher than that in fish fed the control 
diet (p<0.05).
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Table 3. Growth and body parameters of juvenile Jian carp fed different experimental diets
Items                                                                              Diets

G1 G2 G3 G4 G5
ABW (g) 82.26±2.42a 90.35±4.30ab 99.01±4.24b 89.94±6.17ab 87.92±5.45ab

DGI (%) 3.67±0.09a 3.93±0.15ab 4.20±0.12b 3.92±0.20ab 3.84±0.19ab

SGR (%) 2.88±0.06a 3.02±0.09ab 3.17±0.06b 3.01±0.11ab 2.96±0.11ab

FI (g fish-1) 115.67±4.04a 125.65±6.91ab 143.39±6.94b 129.20±12.01ab 126.31±7.63ab

CF (%) 1.98±0.01a 2.09±0.07ab 2.17±0.05b 2.10±0.03ab 1.98±0.04a

HSI (%) 7.78±0.08 7.77±0.03 7.94±0.08 7.88±0.16 7.69±0.10
VSI (%) 1.19±0.03 1.23±0.03 1.27±0.01 1.21±0.04 1.18±0.04
Values are means±S.E.M of four replications. Means in the same line with different superscripts are significantly different (p<0.05). 
ABW-average body weight; DGI-daily growth index; SGR-specific growth rate; FI-feed intake; CF-condition factor; HSI-hepatosomatic index;  
VSI-viscerasomatic index
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Fig. 1. Expression levels of Lipase (A), Amylase (B), AKP (C), Na+/K+-ATPase (D) and γ-GT (E) in proximal intestine of juvenile 
Jian carp. AKP : alkaline phosphatase; γ-GT : γ-glutamyltransferase; Values are means ± S.E.M of four replicates. Bars with 
different letters are significantly different (p<0.05)
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Table 4. Whole body composition (% wet weight basis) of juvenile Jian carp fed experimental diets

Parameters
                                                                       Diets
G1 G2 G3 G4 G5

Ash (%) 2.91±0.20 2.98±0.10 2.83±0.18 2.76±0.13 2.48±0.27
Moisture (%) 76.71±0.36 76.36±0.24 76.27±0.43 75.97±0.34 76.36±0.80
Crude protein (%) 15.82±0.23 15.68±0.18 15.43±0.20 15.63±0.16 15.02±0.47
Ether extract (%) 3.94±0.14a 4.09±0.14a 4.72±0.29b 4.25±0.08ab 4.19±0.24ab

Gross energy (MJ kg-1) 21.91±0.36a 22.35±0.24ab 23.55±0.28c 23.17±0.25bc 22.15±0.20a

Values are means±S.E.M of four replications. Means in the same line with different superscripts are significantly different (p<0.05).

Table 5. Effects of FM replacement by YH on proximal intestinal digestive and brush-border membrane enzymes activity of juvenile 
Jian carp fed experimental diets

Items
                                                                        Diets
G1 G2 G3 G4 G5

Protease (U mg-1) 67.86±1.79a 72.98±4.37ab 82.17±3.49b 67.36±3.11a 66.86±1.94a

Lipase (U mg-1) 23.21±0.53a 27.41±2.88ab 29.08±0.87b 26.67 0.94ab 24.82±0.81ab

Amylase (U mg-1) 0.18±0.00a 0.19±0.01a 0.21±0.00b 0.19±0.00a 0.17±0.00a

CK (U g-1) 2.54±0.03a 2.95±0.14ab 3.09±0.17b 2.75±0.05ab 2.49±0.12a

Na+/K+-ATPase (U g-1) 0.63±0.01a 0.77±0.01b 0.78±0.03b 0.70±0.02a 0.66±0.02a

AKP (U g-1) 0.78±0.03a 0.98±0.07b 0.98±0.03b 0.72±0.03a 0.64±0.05a

γ-GT (U g-1) 69.53±1.47a 80.92±2.39ab 86.65±4.88b 72.5±1.33a 69.77±3.13a

Values are means±S.E.M of four replications. Means in the same line with different superscripts are significantly different (p<0.05).
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Effects of experimental diets on the intestinal histology of 
Jian carp

As evident from Figs. 2 and 3 intestinal villi length 
increased with YH level increase from 0 to 3%, with the 
highest values  in the fish fed 3% YH, which decreased 
with further increase in supplementation level.
Expression levels of tight junction proteins

No significant difference was observed for Claudin-3c 
expression levels in intestine among all groups (Fig. 4). 
Claudin-7 mRNA level in fish fed 3 and 7% YH were 
significantly higher than that in fish fed the control diet 
(p<0.05). Occludin mRNA level in fish of G2 and G5  
diet groups significantly increased compared to the 
control group (p<0.05). ZO-1 mRNA level in fish from G4 
diet group was significantly higher than that in the control 
group (p<0.05).

Discussion
In this study, 3% YH significantly increased ABW, 

ADI and SGR of juvenile Jian carp. This result might be 
ascribed to growth promoting function of MOS in yeast 
(Dimitroglou et al., 2010). Similar findings were observed 
in different species, such as sea bream (Dimitroglou  
et al., 2010), sunshine bass (Gause and Trushenski, 2011) 
and Nile tilapia (Oreochromis niloticus) (Desaleb et al., 
2008). Unlike the above cases, He et al. (2011) found that 
the growth of tilapia was not affected by additional levels 
of yeast fermentation product. This discrepancy between 
the findings is reasonable because of the difference in 
yeast species, fish species and fish life stages (Tovar  

et al., 2002). However, growth performance of juvenile 
Jian carp decreased with further  increase in YH levels 
in this experiment. Imbalance of essential amino acids 
may account for this result (Yuan et al., 2017). The result 
was in line with the report of Roa et al. (2010) who 
found that 70 and 100% of dietary fishmeal replacement 
with yeast resulted in poor growth of pacu (Piaractus 
mesopotamicus).

In the present study, 3% YH increased CF of fish 
compared to the control diet. It was not surprising since 
CF was positively correlated with specific growth rate  as 
reported by Harpaz et al. (2005). The result was found in 
line with the growth of fish in this study. On the contrary, 
Kafilzadeh et al. (2013) reported that Saccharomyces 
cerevisiae supplementation levels had no effect on CF 
of oscar fish (Astronotus ocellatus). In addition, in the 
present study both HSI and VSI showed no significant 
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Fig. 2. Longitudinal sections of the intestine of juvenile Jian carp fed with diets. (a) G1, (b) G2, (c) G3, (d) G4 and (e) G5
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Fig. 4. Expression levels of (a) Claudin-3c, (b) Claudin-7, (c) Occludin and (d) ZO-1 in proximal intestine of different dietery groups 
of juvenile Jian carp. Values are means ± S.E.M of four replicates. Bars with different letters are significantly different (p<0.05)

difference among all groups. Similarly, HSI and VSI of 
seabass juveniles were not affected by brewer’s yeast 
inclusion levels (Oliva-Teles and Goncalves, 2001). 
Also, Kafilzadeh et al. (2013) found S. cerevisiae 
supplementation levels had no effects on HSI and VSI of 
oscar fish. 

In this study, we found that 3% YH increased ether 
extract and gross energy of fish compared to the control 
diet. This could be attributed to the fact that crude protein 
and gross energy of fish are influenced by dietary energy 
intake (Lanari et al., 1999). Generally, energy intake of 
fish increased with increasing food intake. Excessive 
energy would trigger crude lipid accumulation of fish. 
This explanation was supported by data of FI in this study. 
Similar findings were obtained by Lara-Flores et al. (2003) 
who reported dietary supplementation of yeast increased 
ether extract of Nile tilapia. However, no difference in 
crude lipid has been reported in earlier studies (Carter 
and Hauler, 2000). Differences in results as compared 
to published reports could be attributed to differences in 
species of fish and yeast (Tovar et al., 2002). 

Nutrient digestion and absorption in intestine 
mainly depends on intestinal digestive and brush-border 

membrane enzymes. Therefore, intestinal enzymes activity 
was generally used as an indicator of fish digestion and 
absorption (Wu et al., 2013). In this study, protease, lipase 
and amylase contents of fish fed 3% YH significantly 
increased compared to the control group, suggesting that 
replacing fish meal with YH at appropriate levels could 
increase intestinal digestive ability of fish. The increased 
digestive enzyme activity was helpful for absorption of 
nutrients, thereby contributing to increasing  that growth 
performance of fish. Previous study reported that yeast 
could synthesise and secrete different polyamines, which 
participates in the differentiation and maturation of 
intestinal cells in animals (Buts et al., 1993). A similar 
finding has been reported in seabass (Tovar et al., 2002). 
Furthermore, the brush-border enzymes including CK, 
Na+/K+-ATPase, AKP andγ-GT, are involved in nutrient 
absorption of fish (Zhao et al., 2012). CK plays a crucial 
role in energy metabolism (Decking et al., 2001). γ-GT 
and Na+/K+-ATPase are involved in the active transport 
and absorption of amino acids (Ogawa et al., 1998). 
AKP activities reflects absorptive ability of the intestine 
(Cuvier-Peres and Kestemont, 2001). In this study, CK, 
γ-GT, Na+/K+-ATPase and AKP activities increased as YH 
levels increased from 0 to 3%, with the maximum value 
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observed in fish fed 3% YH. However, these enzymes 
activity decreased with further increase in YH levels. 
The present results indicated that 3% YH enhanced the 
absorption of nutrients and smilar result was reported in 
seabass  by Tovar et al. (2002). Intestinal digestion and 
absorption of fish positively have a strong relationship 
with intestinal morphology. Microvilli length in intestine 
is positively related with the absorptive surface area 
of intestine (Yan and Zhou, 2006). Previous literature 
reported that different nutritional factors had effects on 
maturation and differentiation of intestinal cells (Dufour 
et al., 1988). In this current study, 3% YH significantly 
increased intestinal villi length of juvenile Jian carp. 
This result suggested that replacing fish meal with YH at 
moderate levels increased intestinal absorptive capacity 
of fish. Previous study found that microvilli length was 
positively related to the intestinal absorptive surface area 
(Yan and Zhou, 2006). Therefore, microvilli length could 
reflect absorption ability of fish instestine. Similarly, 
a study in Nile tilapia demonstrated that baker’s yeast 
improved intestinal microvilli (Ran et al., 2015). 

Tight junction (TJ) proteins structure plays a crucial 
role in maintaining the physical barrier function in animals 
(Fanning et al., 1998). Occludin is an integral membrane 
protein, which participate in maintaining the integrity and 
barrier function of the TJ structure (Hossain and Hirata, 
2008). Claudins are the family of transmembrane proteins, 
which maintain stabilisation of intercellular TJ structure 
and determine selective paracellular permeability of 
epithelial surfaces (Groschwitz and Hogan, 2009). ZO-1 
is one of linker proteins, which link cytoskeleton proteins 
to plasma membrane (Hossain and Hirata, 2008). In this 
current study, YH supplement levels could not decrease the 
TJ proteins mRNA level, indicating that dietary YH did not 
disrupt intestinal barrier function of fish. This was because 
the decrease in TJ proteins mRNA levels were observed 
in injured intestine of fish (Huang et al., 2015). However, 
no information is available about the relationship between 
YH and TJ structure in fish. Therefore, further research is 
warranted to deepen our knowledge on the mechanisms of 
YH response to barrier function in fish. 

In conclusion, replacing fish meal with 3% YH 
increased growth performance, intestinal digestive and 
brush-border enzymes activity, and improved intestinal 
villus length without exerting any adverse effects on the 
intestinal TJ structure of Jian carp.
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