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Abstract  A 12-week feeding trial was conducted to evaluate the effects of dietary stachyose on the growth performance, digestive 
enzymes activities and intestinal structures of juvenile turbot (Scophthalmus maximus L). Five isonitrogenous (49.58% crude protein) 
and isolipidic (10.50% crude lipid) diets were formulated to contain 0 (Control), 0.625% (S-0.625), 1.25% (S-1.25), 2.5% (S-2.5) and 
5% (S-5) stachyose, respectively. With the increase of stachyose level, the growth performance and feed utilization of turbot, such as 
the specific growth rate, final mean body weight, weight gain rate and feed efficiency, increased significantly (P < 0.05) and then 
stabilized. The feed intake of fish fed S-5 was significantly higher (P < 0.05) than that of fish in other groups. The activities of trypsin, 
intestinal caseinolytic, stomach and intestinal amylase were significantly influenced by stachyose (P < 0.05). The highest values of 
trypsin and intestinal caseinolytic activities were observed in group S-1.25, while the highest activity of stomach amylase and the 
lowest activity of intestine amylase were observed in group S-5. No lesion or damage was found on the distal intestine structures of 
fish from all treatments, while the height of simple folds in the distal intestine was significantly increased (P < 0.05) when 1.25% or 
2.5% stachyose was added in the diets. These results indicated that moderate level of stachyose (1.25%) improves the growth per-
formance, feed utilization, digestive enzyme activities and the distal intestine structures of juvenile turbot.  
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1 Introduction 
Plant ingredients are the most important and cost-ef- 

fective alternatives of fish meal in the aqua-feed industry 
(Naylor et al., 2009; USDA, 2009; Olsen and Hasan, 
2012). However, high levels of plant protein in diets de-
pressed the growth performance and feed utilization of 
fish, especially the carnivorous fish (Day and Plascencia- 
Gonzalez, 2002; Chou et al., 2004; Deng et al., 2006; 
Hernández et al., 2007). These negative effects of plant 
protein on fish were mainly due to the anti-nutritional 
factors (ANFs) in plant materials (Mussatto et al., 2007; 
Choct et al., 2010). 

Oligosaccharide is generally considered as an ANF be-
cause of its negative effects on the growth performance 
and feed utilization of animals (Choct et al., 2010). Of all 
species of oligosaccharides, stachyose is one of the most 
predominant ANF in plant ingredients, for example, the 
stachyose content in soybean meal is up to 5%–6% (Cern- 
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ing-Beroard and Filiatre, 1976; Francis et al., 2001; Choct 
et al., 2010; Sørensen et al., 2011). Structurally, stachyose 
is an α-galacto-oligosaccharide consisting of two mole-
cules of α-(1, 6) linked galactose that bound to a terminal 
sucrose unit. Usually it can’t be digested by animals due 
to the absence of α-galactosidase, whereas it can be fer-
mented by intestinal bacteria (Mul and Perry, 1994; 
Zhang et al., 2003; Choct et al., 2010). Several studies 
have reported that stachyose depresses the growth per-
formance and feed utilization of fish (Kaushik et al., 1995; 
Refstie et al., 1998; Cai, 2006), piglets (Pan et al., 2002; 
Zhang et al., 2003) and broiler (Irish and Balnave, 1993; 
Jiang et al., 2006).  

Though stachyose is an ANF, it also shows some bene-
ficial properties. It can serve as the substrate for the 
growth of anaerobic bacteria to improve the gut health, 
and produce short chain fatty acids (SCFA) or other nu-
trients that are beneficial to host (Mussatto et al., 2007). 
Stachyose has been used as a probiotic that improves the 
health of humans (Hayakawa et al., 1990; Gibson et al., 
2000), piglets (Risley and Lohrmann 1998), chicken 
(Spring et al., 2000) and fish (Deng et al., 2009a). All of 
these positive effects of stachyose are attracting more and 
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more attentions from aqua feed manufacturers, and thus 
more information about stachyose is needed.  

Turbot (Scophthalmus maximus L) is a marine flatfish 
with high commercial values, and is originally farmed in 
Europe. Since 1990s, it is gradually appreciated by Chi-
nese consumers and now is extensively cultured in China. 
The aim of the present study was to investigate the effects 
of dietary stachyose on the growth performance, digestive 
enzyme activities and distal intestinal morphology of ju-
venile turbot. 

2 Materials and Methods 
2.1 Experimental Diets 

The compositions of the 5 experimental diets were 
presented in Table 1. The basal diet was formulated to 
contain 49.58% (dry matter, DM) crude protein and 
10.5% (DM) crude lipid. Stachyose was added to the 
basal diet to obtain five levels of dietary stachyose (0, 
0.625%, 1.25%, 2.5%, 5% DM) (91.45% stachyose, 
Xi’an Rongsheng Bio Technology Co., Ltd.), named con-
trol, S-0.625, S-1.25, S-2.5, S-5, respectively. 

Ingredients were ground into fine powder through 200 

µm mesh. All ingredients were thoroughly mixed with the 
oil, and then water was added to produce stiff dough. The 
dough was pelleted using F-26 (II) screw extruder (South 
China University of Technology, China) through a 4.5-mm 
die. The moist pellets were dried for about 8 h in a venti-
lated oven at 50℃. The dry pellets were broken up, sieved 
into proper pellet size and stored at −20℃ until used. 

Table 1 Formulation and proximate composition of the 
experimental diets (% dry matter) 

Ingredient (%) Control S-0.625 S-1.25 S-2.5 S-5

Fish meal 67.00 67.00 67.00 67.00 67.00
α-starch 16.00 16.00 16.00 16.00 16.00
Menhaden fish oil 3.50 3.50 3.50 3.50 3.50
Soybean lecithin 0.50 0.50 0.50 0.50 0.50
Choline chloride 0.30 0.30 0.30 0.30 0.30

Vitamin premix 1.00 1.00 1.00 1.00 1.00

Mineral premix 0.50 0.50 0.50 0.50 0.50
Ca(H2PO3)2 0.50 0.50 0.50 0.50 0.50
Y2O3 0.05 0.05 0.05 0.05 0.05
Stachyose 0 0.68 1.37 2.73 5.47
Microcrystalline cellulose 10.65 9.97 9.28 7.92 5.18
Analyzed nutrients compositions (dry matter basis) 

Crude protein 48.45 48.62 48.33 47.99 47.99

Crude lipid 9.40 9.19 9.02 8.74 9.14

Ash 8.41 8.26 8.23 8.40 8.64

Notes: Fish meal, α-starch and menhaden fish oil were obtained 
from Great Seven Bio-tech (Shandong, China). Fish meal: crude 
protein 74% dry matter, crude lipid 9.7% dry matter. Vitamin 
premix (mg kg−1 diet): thiamin, 25; riboflavin (80%), 45; pyri- 
doxine HCl, 20; vitamin B12, 10; vitamin K3, 10; inositol, 800; 
pantothenic acid, 60; niacin acid, 200; folic acid, 20; biotin (2%), 60; 
retinyl acetate, 32; cholecalciferol, 5; α-tocopherol, 240; ethoxyquin 
3; ascorbic acid 2000; Microcrystalline cellulose, 6470. Mineral 
premix (mg kg−1 diet): MgSO4·7H2O, 1200; CuSO4·5H2O, 10; 
FeSO4·H2O, 80; ZnSO4·H2O, 50; MnSO4·H2O, 45; CoCl2·6H2O 
(1%), 50; Ca(IO3)2 (1%), 60; Na2SeO3 (1%), 20; Zeolite, 3485. 
91.45% stachyose, Xi’an Rongsheng Bio Technology Co., Ltd. 

 

2.2 Feeding Trial 

Juvenile turbot (S. maximus) were obtained from a 
commercial farm in Laizhou, China. Prior to the experi-
ment, fish were acclimated to a commercial diet with 
50% crude protein and 11% crude lipid (Great Seven 
Bio-Tech Co. Ltd, Qingdao, China) for two weeks. Then 
the fish were fasted for 24 h and weighed. A total of 450 
fish (initial weight 4.63 g ± 0.01 g) were randomly distrib-
uted to 15 cylindrical fiberglass tanks (200 L) in an indoor 
rearing system with flow-through water, 30 each. Diets 
were randomly assigned to tanks, 3 each. 

The feeding trial lasted for 12 weeks. Fish were slowly 
hand-fed to apparent satiation twice daily (at 7:30 and 
19:30). The uneaten pellets were removed by siphoning 
daily and the feed consumption was recorded weekly. The 
number and weight of dead fish were recorded. 

During the feeding period, the water temperature was 
controlled at 15–19℃, pH at 7.5–8.0, the salinity at 
30–33, the ammonia nitrogen lower than 0.4 mg L−1, the 
nitrite lower than 0.1 mg L−1, and dissolved oxygen higher 
than 7.0 mg L−1. Aeration was continuous. 

2.3 Sample Collection 

A sample of 20 fish at the onset of feeding experiment 
and 4 fish per tank at the end were collected and stored at 
−20℃ for the determination of whole body composition. 
At the end of the feeding trial, fish were fasted for 24 h, 
anesthetized with eugenol (1:10000) (purity 99%, Shang- 
hai Reagent Corp, Shanghai, China), and then counted 
and weighed. Intestine and stomach samples for digestive 
enzymes analysis were taken from other ten fish per tank 
and frozen immediately in liquid nitrogen before being 
stored at −80℃. 

From each tank three fish were dissected to obtain liver 
and intestine samples. The body weight, body length, 
liver weight and visceral weight of these fish were mea- 
sured to calculate condition factor, hepatosomatic index 
and viscerosomatic index. Then the middle segments of 
the distal intestines from these fish were sampled (0.5 cm) 
for histological analysis. The rings were cut-open and 
rinsed in saline (9 g L−1 NaCl) to remove eventual re-
maining gut contents. Bonn's stationary liquid (mixture of 
saturated water solution of picric acid, 40% formalin, and 
acetic acid at a ratio of 15:5:1) was used to fix the sam-
ples for the future use. 

2.4 Chemical Analysis 

2.4.1 Composition analysis 

Feed ingredients, experimental diets and whole fish 
samples were analyzed in duplicates for contents of 
moisture, crude protein, crude lipid and ash using stan-
dard methods of AOAC (1995). Samples were dried to a 
stabilized weight at 105℃ to determine moisture levels. 
Crude protein was determined by measuring nitrogen 
(N×6.25) using the Kjeldahl method (2300-Auto-ana- 
lyzer, FOSS, Denmark), crude lipid by ether extraction 
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using Soxhlet method (36680-analyer, BUCHI, Switzer-
land), and ash by combustion at 550℃. 

2.4.2 Digestive enzyme activity 

Pepsin activity was determined colorimetrically ac- 
cording to Anson (1938) with slight modifications. Bo-
vine hemoglobin (Sigma Chemical Co., St. Louis, MO, 
USA) was used as the substrate. The soluble fraction was 
determined by Folin-phenol reagent (AppliChem, Darm-
stadt Germany). One unit of protease activity was defined 
as 1 μg tyrosine liberated by hydrolyzing bovine hemo-
globin in 1 min at 37℃. Enzyme activity was expressed 
as units per mg tissue protein. 

Intestinal caseinolytic activity was determined colori- 
metrically according to Lowry et al. (1951) and Song et al. 
(2011) with slight modifications. Casein (Sigma Chemical 
Co., St. Louis, MO, USA) was used as the substrate. The 
soluble fraction was determined by Folin-phenol reagent. 
One unit of protease activity was defined as 1 μg tyrosine 
liberated by hydrolyzing casein in 1 min at 37℃. Enzyme 
activity was expressed as units per mg tissue protein. 

Trypsin activity was determined colorimetrically as 
described by Holm et al. (1988) and Tseng et al. (1982) 
with slight modifications. This method used the Na-ben- 
zoyl-arginine-p-nitroanilide (BAPNA) (Sigma Chemical 
Co., St. Louis, MO, USA) as the substrate. One unit was 
defined as 1 μmol p-nitroanilide (PNA) by catalyzing 
BAPNA in 1 min at 37℃. Enzyme activity was expressed 
as units per g tissue protein. 

Intestinal and stomach amylase activities were deter- 
mined according to the Somogy-Nelson colorimetric 
method described by Hidalgo et al. (1999) with slight 
modifications. Starch (Sigma Chemical Co., St. Louis, 
MO, USA) was used as the substrate. One unit was de-
fined as the amount of enzyme catalyzing 10 mg starch 
hydrolyzed in 30 min at 37℃. Enzyme activity was ex-
pressed as units per mg tissue protein. 

2.4.3 Intestine morphology 

After fixation, the distal intestines were successively 
dehydrated in ethanol, equilibrated in xylene and embed- 
ded in paraffin wax according to standard histological 
procedures (Baeverfjord and Krogdahl, 1996). Then the 
samples were sliced into 7 μm longitudinal sections fol- 
lowing the axis of gut lumen using a Lecia Jung RM 2016 
rotary microtome (German) and stained with Hematoxy-
lin-Eosin (H&E).  

The distal intestines slides were examined under a 
Nikon eclipse Ti-S microscope (Japan) for lesions fol-
lowing the description of Baeverfjord and Krogdahl 
(1996), Escaffre et al. (2007) and Bonaldo et al. (2011). 
The intestine structure was shown in Fig.1. The height of 
the simple fold (hSF), the height of the complex fold 
(hCF), the total length of the intestinal epithelium over 
500 μm distance (lIE), the height of the microvillus 
(hMV), and the thickness of the muscularis (tM) were 
chosen as the easily assessable markers for the morpho-
logical changes of the distal intestine. The macro-mor- 

phological parameters were measured by a semi-auto- 
matic computer-assisting system as follows: all simple 
folds and complex folds were measured for hSF and hCF 
separately, and 8, 20, and 20 measurements were meas-
ured for lIE, hMV, and tM respectively per fish. Because 
of the variable numbers of observations per individual 
fish, mean values of simple folds and complex folds per 
fish were used in the subsequent analysis. 

 

Fig.1 The intestinal structure. hSF, the height of the sim-
ple fold; hCF, the height of the complex fold; lIE, the total 
length of the intestinal epithelium over 500 μm distance; 
hMV, the height of the microvillus estimated (height of 
the PAS positive stained zone); tM, the thickness of the 
muscularis. 

2.5 Calculations  

2.5.1 Growth responses 

f iCumulative survival (%) 100 /A A= × , 

f i iWeight gain rate ( , %) 100 ( ) /WGR W W W= × − , 

1 1/3 1/3
f i(% d ) 100 ( ) /DGC W W d− = × − , 

0.75 0.75
i f(( /1000) ( /1000) ) / 2MBW W W= + , 

1 1(g kg  MBW d ) / /FI DI MBW d− − = , 

f iFeed efficiency ( ) = ( ) /FE W W DI− , 

where Ai and Af is the initial and final amount of fish, 
respectively; Wi and Wf is the initial and final mean body 
weight (g), respectively; d is the feeding days, DGC is 
daily growth coefficient, MBW is mean metabolic body 
weight, FI is feed intake, DI is the dry feed intake per fish 
(g, DM fish−1). 

2.5.2 Body index 

3
b bCondition factor ( , %) 100 /CF W L= × , 
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l bHepatosomatic index ( , %) 100 /HSI W W= × , 

v bViscerosomatic index ( , %) 100 /VSI W W= × , 

where Wb is the fish body weight (g), Wl and Wv is the 
fish liver and viscera weight (g) respectively, Lb is the 
fish body length (cm). 

2.6 Statistical Analysis 

Data from each treatment were subjected to one-way 
analysis of variance (ANOVA) using SPSS 16.0 for win-
dows. When overall differences are significant (P < 0.05), 
Tukey’s test is used to compare the means among treat- 

ments. 

3 Results 
3.1 Survival, Growth Performance and 

Somatic Indexes 

No significant difference (P > 0.05) was observed on 
the survival of fish from all treatments (Table 2). The 
growth performance, including the final mean body 
weight (Wf), weight gain rate (WGR) and specific growth 
rate (SGR), significantly increased (P < 0.05) and then 
stabilized (P > 0.05) with the increase of dietary stachyose 
level. The highest SGR, Wf and WGR were observed in  

Table 2 Effects of dietary stachyose on survival, growth performance, feed utilization and somatic indexes of juvenile turbot 

Item Control S-0.625 S-1.25 S-2.5 S-5 

Survival (%) 99.43 ± 0.57 100 ± 0 100 ± 0 100 ± 0 100 ± 0 
Wi (g) 4.63 ± 0.02 4.63 ± 0.01 4.65 ± 0.01 4.64 ± 0.01 4.63 ± 0.01 
Wf (g) 23.41 ± 0.56ab 21.28 ± 0.70a 26.24 ± 0.48c 25.23 ± 1.38bc 24.86 ± 0.14bc 
WGR (%) 399.57 ± 17.55ab 359.66 ± 14.25a 473.48 ± 22.27c 443.33 ± 28.44bc 428.50 ± 4.96bc 
SGR (% d−1) 1.93 ± 0.03ab 1.81 ± 0.04a 2.08 ± 0.05c 2.01 ± 0.06bc 1.98 ± 0.01bc 
FE 1.10 ± 0.03abc 1.03 ± 0.01a 1.15 ± 0.01c 1.12 ± 0.03bc 1.05 ± 0.01ab 
FI (%) 1.45 ± 0.03a 1.48 ± 0.01ab 1.45 ± 0.04a 1.46 ± 0.02a 1.55 ± 0.01b 
CF (%) 1.94 ± 0.11 1.88 ± 0.05 1.95 ± 0.03 1.92 ± 0.04 1.96 ± 0.05 
HSI (%) 0.95 ± 0.06 0.93 ± 0.11 1.12 ± 0.02 1.11 ± 0.10 1.01 ± 0.19 
VSI (%) 4.52 ± 0.13 4.66 ± 0.24 4.63 ± 0.09 4.59 ± 0.09 4.42 ± 0.09 

Notes: Values are means ± S. E (n =3); Values within the same row with different letters are significantly different (P < 0.05). 
 
group S-1.25 (P < 0.05). Fish in group S-1.25 showed 
significantly higher (P < 0.05) feed efficiency values (FE) 
than that of fish fed with S-0.625 and S-5 diets. The feed 
intake (FI) of group S-5 was significantly (P < 0.05) 
higher than that of fish from other treatments. There was 
no significant difference (P > 0.05) on the condition factor 
(CF), hepatosomatic index (HSI) or viscerosomatic index  
 

(VSI) of fish among treatments. 

3.2 Body Composition 

The whole-body moisture, protein, lipid or ash content 
of fish from all treatments showed no significant differ-
ence (P > 0.05) (Table 3). 

Table 3 Effects of dietary stachyose on whole-body compositions of juvenile turbot 

Item Control S-0.625 S-1.25 S-2.5 S-5 

Moisture content (%) 77.46 ± 0.10 77.80 ± 0.28 77.72 ± 0.24 78.00 ± 0.41 77.66 ± 0.15 
Protein content (%) 15.86 ± 0.08 15.71 ± 0.20 15.51 ± 0.07 15.42 ± 0.04 15.67 ± 0.06 
Lipid content (%) 4.44 ± 0.11 4.00 ± 0.33 4.13 ± 0.15 4.03 ± 0.48 4.25 ± 0.19 
Ash content (%) 3.78 ± 0.07 3.64 ± 0.02 3.55 ± 0.07 3.58 ± 0.11 3.60 ± 0.09 

Notes: Values are means ± S.E (n =3); Values within the same row with different letters are significantly different (P < 0.05). 
 

3.3 Digestive Enzyme Activity 

The activities of trypsin and intestinal caseinolytic first 
increased (P < 0.05), and then stabilized (P < 0.05) with 
the increasing of the dietary stachyose level, with the 
highest value observed in group S-1.25 (Table 4). The ac-
tivity of stomach amylase significantly increased (P < 0.05)  

by the addition of stachyose, and fish from group S-5 
showed the highest value (P < 0.05). Fish from the control 
showed significantly higher (P < 0.05) intestinal amylase 
activity than that of fish fed other diets. With the in-
creased dietary stachyose level, the activity of pepsin 
firstly increased slightly and then stabilized, and no dif-
ference was observed (P > 0.05). 

Table 4 Effects of dietary stachyose on digestive enzymes of juvenile turbot 

Item Control S-0.625 S-1.25 S-2.5 S-5 

Pepsin (U (mg prot)−1) 36.62 ± 6.92 27.60 ± 8.93 54.56 ± 8.93 39.17 ± 9.24 54.72 ± 9.47 
Trypsin (U (g prot)−1) 11.67 ± 1.47ab 13.41 ± 0.66bc 18.04 ± 0.90c 9.83 ± 1.24ab 6.89 ± 2.94a 
Intestinal caseinolytic activity (U (mg prot)−1) 15.21 ± 1.97a 15.72 ± 1.44a 23.78 ± 2.52b 23.61 ± 0.75b 23.63 ± 0.56b

Stomach amylase (U (mg prot)−1) 0.19 ± 0.04ab 0.09 ± 0.01a 0.30 ± 0.05bc 0.30 ± 0.01bc 0.43 ± 0.12c 
Intestinal amylase (U (mg prot)−1) 0.21 ± 0.03b 0.09 ± 0.01a 0.14 ± 0.02ab 0.13 ± 0.03ab 0.08 ± 0.02a 

Notes: Values are means ± S.E (n =3); Values within the same row with different letters are significantly different (P < 0.05). 
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3.4 Morphology and Morphometry of 
Distal Intestine 

No lesion or damage was found in the distal intestine 
of fish from all treatments (Fig.2). The mucosa were 
highly developed and showed two kinds of folds: simple 
folds and complex folds characterized by multiple 
branches. The epithelium of the mucosal folds consisted  

 

of a single layer of epithelium cells, and there were nu-
merous goblet cells and intraepithelial lymphocytes among 
them. The microvillous border and mucus covered on the 
apical surface of epithelium cell. The epithelium cell 
showed various degrees of cytoplasmic supranuclear 
vacuolation, and its nuclei were evenly polarized and ba-
sally located. The lamina propria and submucosa existed 
below the mucosa and presented similar width.  

 

Fig.2 Effects of dietary stachyose on distal intestine morphology of juvenile turbot. Control-DI, distal intestine of fish 
from control treatment; S-0.625-DI, distal intestine of fish from S-0.625 treatment; S-1.25-DI, distal intestine of fish from 
S-1.25 treatment; S-2.5-DI, distal intestine of fish from S-2.5 treatment; S-5-DI, distal intestine of fish from S-5 treat-
ment.  

Table 5 Effects of dietary stachyose on distal intestine morphometry of juvenile turbot 

Item Control S-0.625 S-1.25 S-2.5 S-5 

hSF (μm) 286.88 ± 25.70a 363.76 ± 31.17ab 407.84 ± 3.99b 427.51 ± 29.33b 391.91 ± 44.22ab 
hCF (μm) 852.61 ± 61.47 801.04 ± 75.83 839.58 ± 11.53 928.13 ± 23.30 956.73 ± 78.12 
lIE (μm) 2139.49 ± 76.10 2134.14 ± 136.92 2235.15 ± 61.63 2259.01 ± 76.28 2278.14 ± 128.17 
hMV (μm) 2.75 ± 0.09 2.85 ± 0.02 2.67 ± 0.05 2.75 ± 0.23 2.75 ± 0.17 
tM (μm) 70.80 ± 4.68 59.08 ± 4.73 71.25 ± 5.17 59.61 ± 9.83 71.82 ± 9.86 

Notes: Values are means ± S.E (n =3); Values within the same row with different letters are significantly different (P < 0.05). 
 

The height of simple fold from distal intestine (Table 5) 
was significantly increased (P < 0.05) when 1.25% and 
2.5% stachyose were added in diets. The height of the 

complex fold (hCF), total length of intestinal epithelium 
over 500 μm distance (lIE), thickness of muscularis esti-
mated (hMV) or thickness of muscularis (tM) in the distal 
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intestine of fish from all treatments showed no significant 
differences (P > 0.05). However, with the increase of die-
tary stachyose content, the hCF and lIE were first slightly 
increased and then stabilized (P > 0.05). 

4 Discussion 
Stachyose is generally considered as an anti-nutritional 

factor (ANF) because it depresses the growth perfor- 
mance and feed utilization of animals (Irish and Balnave, 
1993; Pan et al., 2002; Zhang et al., 2003; Jiang et al., 
2006; Deng et al., 2009a) via its detrimental effects in-
cluding flatulence and intestine disturbance (Mussatto et al., 
2007; Choct et al., 2010; Hart et al., 2010), as well as 
diarrhea (Wiggins, 1984; Pan et al., 2002; Zhang et al., 
2001). However, in the present study, limited negative 
effects of dietary stachyose (0.625%–5%) were observed 
on the growth performance, feed utilization, digestive 
enzyme activities and distal intestine structures of turbot. 
Recent studies also reported that the addition of 3% 
stachyose in diet showed no detrimental effect on the 
growth performance, feed utilization, digestive enzymes 
activities and distal intestine structure of Atlantic salmon 
(Sørensen et al., 2011). Feeding allogynogenetic silver 
crucian carp and piglets with 3.4% dietary stachyose (Cai 
et al., 2012) and 1%–2% dietary stachyose (Zhang et al., 
2001), respectively, also showed similar results. Sørensen 
et al. (2011) and Cai et al. (2012) suggested that the addi-
tion of stachyose in fish diet alone may not result in the 
soybean meal-induced negative effects. The negative ef-
fects of soybean meal might be due to the interaction of 
oligosaccharides with other ANFs. As stachyose could 
only be utilized by the gut bacteria, the higher stachyose 
fermentation capability of the intestinal microflora may 
contribute to these results (Jiang et al., 2006). However, it 
has been reported that higher level stachyose could de-
press growth performance and feed utilization of fish 
(Kaushik et al., 1995; Refstie et al., 1998; Cai, 2006), 
piglets (Pan et al., 2002; Zhang et al., 2003) and broiler 
(Irish and Balnave, 1993; Jiang et al., 2006). Different 
factors might contribute to the various results observed in 
different studies, e.g., the experiment duration, the source, 
type and concentration of stachyose, the basal diet, the 
species and age of experimental animal, rearing environ-
ment and tolerance of ANF of animals (Choct et al., 2010; 
Sørensen et al., 2011).  

Stachyose has been accepted as a functional food or a 
probiotic because of its positive effects on human and 
animals, and has been applied as a food ingredient (Ref-
stie et al., 2005; Mussatto et al., 2007; Grisdale-Helland 
et al., 2008; Sørensen et al., 2011). In this study, im-
proved growth performance and feed utilization, in-
creased activities of different digestive enzymes, and in-
creased areas and cells for the digestion and absorption of 
nutrients in the distal intestine were observed. The similar 
results were observed in Atlantic salmon (3% strachyose) 
(Sørensen et al., 2011), Japanese flounder (2.61% starch- 
yose) (Deng et al., 2009b), and allogynogenetic silver 
crucian carp (3.4% stachyose) (Cai et al., 2012). This 

might be due to the beneficial effects of the degradation 
products of stachyose by intestinal microorganisms, such 
as short chain fatty acids (SCFA), which could up-regu- 
late gene expression of digestive enzymes (Lilleeng et al., 
2007; Mi et al., 2011; Sørensen et al., 2011). These nu-
trients could also improve the growth of certain microor-
ganisms in the intestine, which may produce exogenous 
digestive enzymes to improve the digestive ability of host 
(Moriarty, 1996, 1998; Mussatto et al., 2007). The im-
proved intestinal microflora could improve gut health and 
protect intestinal structure of the host, and the nutrients 
produced by microorganisms could also improve intesti-
nal cell proliferation and differentiation and decrease 
apoptosis (Macfarlane et al., 2008; Sørensen et al., 2011). 
All these reasons might lead to the improved digestive 
ability and intestinal structure by stachyose in this study. 
Consequently, the beneficial effects of stachyose on intes-
tinal properties could improve the growth performance 
and feed utilization. 

5 Conclusions 
In this study, a moderate level of stachyose (1.25%) 

added to the diet improved growth performance, digestive 
enzymes activities and distal intestinal morphology of 
turbot. High levels of dietary stachyose (2.5%–5%) 
showed limited negative effects. The present results pro-
vide further insight into the use of stachyose in aquafeed. 
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