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Abstract The effect of prebiotic xylooligosaccha-
rides (XOS) on the growth performance and digestive
enzyme activities of the allogynogenetic crucian carp,
Carassius auratus gibelio, was investigated. XOS was
added to fish basal semi-purified diets at three
concentrations by dry feed weight: diet 1, 50 mg kg™ ";
diet2, 100 mgkg~'; diet 3,200 mgkg ', respectively.
Twelve aquaria (n = 20) with three replicates for each
treatment group (diets 1-3) and control treated without
XOS were used. Weights of all collected carp from
each aquarium were determined at the initial phase and
at the end of the experiment, and the carp survival was
also determined by counting the individuals in each
aquarium. After 45 days, there were significant differ-
ences (P < 0.05) in the relative gain rate (RGR), and
daily weight gain (DWG) of diets 1-3 were compared
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with the control. However, the survival rate was not
affected (P > 0.05) by the dietary treatments. For
enzymatic analysis, dissection produced a crude mix-
ture of intestine and hepatopancreas of each segment to
measure. The protease activity in the intestine and
hepatopancreas content of fish in diet 2 (487.37 &
20.58 U g ! and 20.52 £ 1.93 U g~') were signifi-
cantly different (P < 0.05) from that in the control
(428.13 £ 2326 U g 'and 12.81 + 1.52 U g~ ") and
diet 3 (428.00 2378 Ug™' and 14.04 £ 1.59
U g'). Amylase activity in the intestine was signif-
icantly higher for diet 2 compared to diet 1 and the
control. As for amylase in the hepatopancreas, assays
showed higher activity in diet 2 (P < 0.05) compared
to the rest.

Keywords Xylooligosaccharides - Prebiotic -
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Introduction

The increasing economic and social concerns of
decreasing the use of antibiotics and other chemicals
used in fish farming have encouraged more environ-
mentally friendly approaches for increasing growth
(Verschuere et al. 2000). Therefore, the need for
alternative techniques is increasing, and the contribu-
tion of prebiotics such as xylooligosaccharides (XOS)
may be considerable. XOS, fructooligosaccharides
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(FOS), inulin, and other related carbohydrates have
received considerable attention because of the health
benefits they are believed to confer on the host
(Mussatto and Mancilha 2007; Cerezuela et al. 2008).
These so-called prebiotic carbohydrates are defined as
“nondigestible food ingredient(s) that beneficially
affect host health by selectively stimulating the
growth and/or activity of one or a limited number of
bacteria in the colon” (Gibson and Roberfroid 1995).
The biological functions of these prebiotics are not
fully understood (Boehm et al. 2005). However, there
is evidence that they play an important role in
generating a colonic microflora that comprises pre-
dominantly bifidobacteria in young mammals
(Houdijk et al. 1998; Erney et al. 2000; Costalos
et al. 2008). Moreover, due to the decrease of the
intestinal pH caused by their fermentation, oligosac-
charides added as prebiotics provoke an increase of
animal growth and the availability of minerals (Crit-
tenden and Playne 1996; Spring 1999; Rivero-Urgell
and Santamaria-Orleans 2001; Valancony et al. 2001;
Olsen et al. 2001; Mussatto and Mancilha 2007).
Thus, the popularity of oligosaccharide as a food and
feed ingredient has strongly increased, mainly in the
last few years.

Xylooligosaccharides (XOS) are xylose-based olig-
omers and have some specific characteristics that are
driving research efforts to develop applications in
fields related to the food and feed industries. Like other
oligosaccharides, XOS are non-digestible and act as
prebiotics promoting the growth of beneficial bifido-
bacteria in the colon of animals (Crittenden and Playne
1996; Torrecillas et al. 2007). Besides their effects in
the large bowel, a range of additional biological
activities such as antioxidant activity and a protective
effect against lipid peroxidation were reported for XOS
(Meyer 2004; Tuohy et al. 2005; Mussatto and Man-
cilha 2007). This study was designed to evaluate the
application of XOS as a feed additive in the diet of
allogynogenetic crucian carp, one of the most valuable
freshwater fish species cultured in China.

Materials and methods
Diets and experimental design

Four treatments were carried out with allogynoge-
netic crucian carp (Carassius auratus gibelio).
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Twelve aquaria were used with three replicates by
batch for three experimental and one control batch.
The ingredients and chemical composition of the
basal diets used in the experiment were according to
Lovell (1989, 1998). The basal diet formulation and
proximate composition are shown in Table 1.

The XOS was incorporated in diet 1 at 50 mg kg™
of dry feed weight. Diet 2 contained XOS at
100 mg kg™ of dry feed weight, and diet 3 was
supplemented with 200 mg kg~'. The control batch
received the basal diet. These ingredients and the XOS
at definite concentration were mixed, extruded, and
air-dried at room temperature. The diets were kept at
—20°C until used. All ingredients and chemicals used
were purchased from Sangon and East China Phar-
maceuticals Company, Shanghai, China, and Longli
Biotechnology Co., Shandong, China.

Healthy juveniles of the allogynogenetic crucian
carp provided by the Fish Hatchery of Hangzhou,
China, were acclimated in two concrete tanks (each
measuring 400 x 150 x 100 cm) and were fed with
basal feed twice daily for 2 weeks. Then healthy carp

1

Table 1 Formulation and proximate composition of basal
diets

Ingredients (%)  Proximate (% wet
composition weight)

Casein 32 Crude protein ~ 36.11

Gelatin 8 Crude fat 3.67

Dextrine 28 Crude ash 12.52

Cellulose 19 Gross energy 15.44

MJ Kg™)

Fat® 6 Moisture 6.53

Carboxy methyl cellulose 2

Mineral premix® 4

Vitamin premix® 1

# The mixture of fish oil and lard (1:1)

® Mineral premix (%): KAI(SOy4),, 0.159; CaCOs, 18.101;
Ca(H,POy,),, 44.601; MgSQO,, 5.216; CoCl,, 0.07; KCI, 16.553;
ferric citrate (5H,0), 1.338; sodium selenite, 0.004;
MnSO4-H20, 0.07; KI, 0.014; ZnSO,, 0.192; NaH,PO,,
13.605; CuSO4-5H,0, 0.075

© Vitamin premix: thiamin hydrochloride, 10 mgkg™';
riboflavin, 20 mg kg™'; calcium pantothenate, 40 mg kg™";
nicotinic acid, 50 mg kgfl; pyridoxine hydrochloride,
10 mg kg™ '; folic acid, 5 mgkg™'; inositol, 400 mg kg™";
choline chloride, 2000 mg kg~'; menadione, 10 mg kg™";
cholecalciferol, 1500 IU; biotin, 1 mg kgfl; vitamin By,
0.02 mg kgfl; vitamin A, 3000 IU; vitamin E, 50 IU;

vitamin C, 200 mg kg~
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were distributed into 12 aquaria with an initial
stocking density of 20 crucian carp per aquarium in
the Laboratory of Aquaculture for 45 days of culture.
All carp had similar initial weights (16.88-17.56 g).
The experiment was conducted as a completely
randomized design with four treatments (diets 1-3
and control).

Crucian carp were fed three times daily at 6:00,
12:00, and 18:00. Every day the food remaining in
the aquaria was cleaned by siphoning before the
second daily feeding. The survival was surveyed
daily. Every third day, each aquarium was partially
cleaned, including the crucian carp feces, and the
water was partially changed (about 50%).

The aquaria were supplied with running fresh
water that had been filtered through a special cotton
filter (flow rate: 1 1 min™"), then passed successively
through a tungsten heater and degassing column
packed with plastic rings (Zhenhua Electric Indus-
trial Co., Ltd., China). The temperature range of the
aquarium was 24-26°C. The water temperature was
maintained by an air-conditioning apparatus
installed in the laboratory at 28°C. The photoperiod
was 12 h light and 12 h dark. The temperature and
dissolved oxygen of water were measured daily, and
analyses of total ammonium, nitrite, and pH levels
were performed weekly using the Hach kit model
DREL 2400 (Hach Company, Loveland, CO).
Dissolved oxygen was maintained above 6 mg 17"
by aeration.

Sampling and analytical methods

The proximate composition including crude protein,
crude fat, crude ash, gross energy, and moisture of
basal diets was determined according to Zhang and
Zhu (1998). Crude protein was determined using the
Kjeltec Analyzer Unit (2300, Sweden), and crude fat
was determined using the Soxtec Auto Extraction
Unit (2050, Sweden). Gross energy was determined
with an adiabatic bomb calorimeter (PARR 1281,
USA). Weights of all crucian carp were determined at
the beginning (initial weight) and at the end (final
weight) of the experiment. At the same time, crucian
carp survival was determined by counting the indi-
viduals in each aquarium. The relative gain rate (%)
(RGR) was determined as follows: [mean final weight
(g) — mean initial weight (g)]/mean initial weight
(g) x 100%, and the daily weight gain (DWG) was

calculated as: [mean final weight (g) — mean initial
weight (g)]/45 days.

For enzymatic analysis, six allogynogenetic crucian
carp fasted for 24 h were collected from each aquarium
at the end of the trial and anesthetized in diluted MS-
222 (ethyl 3-aminobenzoate methanesulfonate, Tri-
caine; Sigma) (1:2,500) in order to study the effect of
XOS based on digestive enzyme activities. Intestine
and hepatopancreas were dissected at 4°C and rinsed
with cold distilled water according to the method of
Huang et al. (1996, 1999). Their content was extracted
and diluted 1/10 (w/v) and homogenized separately in
PBS at pH 7.5 (1 g/10 ml) using a hand-held glass
homogenizer at 4°C. The homogenate was then
centrifuged at 4°C at 15,000 x g for 15 min. The
supernatant was then stored at 4°C prior to analysis. All
enzymatic assays were conducted within 24 h after
extraction. Protease activity was measured by the
method of Lowry et al. (1951) using Folin-phenol
reagent, and amylase activity was quantified using a
solution to reveal non-hydrolyzed starch (Jiang 1982;
Worthington 1993). Enzyme activities including pro-
tease and amylase were both expressed as U g~
intestine/hepatopancreas content.

Statistical analysis

Statistical analysis using one-way analysis of variance
(ANOVA; Statistical Analysis System, SAS, version
6.03) and t-test was performed to find significant
differences between the experiments (diets 1-3) and
control. A significance level of P < 0.05 was used.

Results
Growth performances

Total ammonium (0-0.2 mg l_l), nitrite  (0-0.1
mg 171), and pH (7.0-7.4) were stable, and there was
no obvious effect of XOS on the water quality in the
present trial. Initial and final weights of allogynoge-
netic crucian carp given the four diets are shown in
Table 2. Survival rate was not affected by the dietary
treatments after 45 days of culture. At the beginning,
no significant difference was observed in the initial
weight between diets 1-3 and control (P > 0.05).
There were significant differences (P < 0.05) in the
RGR and DWG of diets 1-3 compared with the control.
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Table 2 Growth performances of allogynogenetic crucian carp fed with (diets 1-3) or without (control) diets supplemented with

XO0S

Group/treatment Diet 1 Diet 2 Diet 3 Control

Initial weight (g) 17.16 £ 0.17* 17.18 £ 0.11* 17.15 £ 0.12* 17.18 £ 0.21*
Final weight (g) 2226 + 0.92° 23.04 £ 0.86" 21.67 £ 1.15% 20.58 £+ 1.19*
Survival rate (%) 100* 100* 100* 100*

RGR (%) 0.30 £ 0.01° 0.34 £ 0.01° 0.26 + 0.01° 0.20 £ 0.01*
DWG (g d ™" 0.1138 =+ 0.0075"¢ 0.1313 + 0.0084° 0.1011 + 0.0088" 0.0755 + 0.0030"

Diet 1, 50 mg kg_l by dry feed weight; diet 2, 100 mg kg_1 by dry feed weight; diet 3, 200 mg kg_1 by dry feed weight

RGR, relative gain rate; DWG, daily weight gain

Results were presented as means + SE of triplicate observations (n = 30)

Means in the same row with different superscripts were significantly different (P < 0.05)

However, there were no remarkable differences
(P > 0.05) in final weight between diet 1 and diet 2.
As for RGR, diet 2 showed the highest value
(0.34 + 0.01%) compared to the others, and there
were also no significant differences (P > 0.05) in RGR
between diet 1 and diet 3. Fish fed on diet 2 displayed a
higher weight (P < 0.05) DWG (0.1313 £ 0.0084 g
day™") compared to the fish that received diet 3
(0.1011 £ 0.0088 g dayfl) (Table 2). Nevertheless,
there was no significant difference (P > 0.05) in DWG
of diet 1 compared with diet 2 and diet 3.

Enzyme activity

After 45 days of culture, the protease activity in the
intestinal content of crucian carp on diet 2 was
significantly different (P < 0.05) with that of the
control and diet 3 fish, but there was no significant
difference (P > 0.05) between diet 2 and diet 1
(Fig. 1a). Amylase activity was significantly higher
for diet 2 compared to diet 1 and the control
(Fig. 1b); however, there was no significant differ-
ence between diet 2 and diet 3 (Fig. 1b).

Data for specific activity of protease and amylase in
the hepatopancreas content of allogynogenetic crucian
carp fed a basal diet (control) and three diets containing
different concentrations of XOS (diets 1-3) at the end
of the 45 days of culture are illustrated in Fig. 2. The
protease activity in hepatopancreas content was
remarkably higher (P < 0.05) in diet 2 (20.52 +
193 U g7 ") compared with diet 3 (14.04 £ 1.59
U g_l) and the control (12.81 = 1.52 U g_l)
(Fig. 2a). However, there was no difference

@ Springer

550
(a)
a
500 ba
&
S b b
> 450+
Z
3]
]
g 400t
3
©
—
~
350 [
300 n - ;
Control Diet-1 Diet-2 Diet-3
60 a
(b) ac
50
C
&
2 40
= b
Z
S 30r
(5]
kS
g 20r
<
10
0 N . -
Control Diet-1 Diet-2 Diet-3

Fig. 1 Specific activity of protease (a) and amylase (b) in
intestinal content of allogynogenetic crucian carp fed a basal
diet (control) and three diets containing different concentra-
tions XOS (diets 1-3) at the end of the 45 days of culture.
Means with different superscripts were significantly different
(P < 0.05)
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Fig. 2 Specific activity of protease (a) and amylase (b) in
hepatopancreas content of allogynogenetic crucian carp fed a
basal diet (control) and three diets containing different
concentrations XOS (diets 1-3) at the end of the 45 days of
culture. Means with different superscripts were significantly
different (P < 0.05)

Amylase activity (U/g)
wn

(P > 0.05) between diet 3 and the control, although the
average value of protease activity in diet 3 presented an
increasing trend (Fig. 2a). As for amylase in hepato-
pancreas content, assays showed higher activity in diet
2 (P <0.05) as compared to the rest. However,
although the amylase in diet 1 and diet 3 added with
XOS had a relatively higher activity, there was no
significant difference (P > 0.05) compared to that of
the control (Fig. 2b).

Discussion

To our knowledge, there are some data available
concerning the in vivo use of XOS in rats (Yuan

et al. 2005) and pigs (Moura et al. 2007). Olsen et al.
(2001) observed that a diet supplemented with 15%
inulin caused harmful effects in Arctic charr (Salv-
elinus alpinus L.). However, their previous studies
(Ringg et al. 1998; Ringg and Olsen 1999) showed
that dietary fatty acids and carbohydrates altered the
bacterial flora of the gastrointestinal tract of fish.
Similar findings were obtained by Li and Gatlin
(2004, 2005), who investigated the effect of com-
mercial prebiotics Grobiotic'™ AE and Grobiotic™
supplemented in diets of hybrid striped bass (Morone
chrysops x M. saxatilis) growth and showed that the
prebiotic promoted the growth performance. The
results of this present study clearly indicated that diet
supplemented with XOS at a suitable concentration
(50 and 100 mg kg™") could improve the growth
performance of allogynogenetic crucian carp
(Table 2). The beneficial influence of XOS on growth
was possibly due to an alteration of the intestinal
microflora. However, a detailed study of intestinal
microflora was needed. Lactic acid bacteria had been
considered beneficial residents of the fish intestinal
ecosystem because of producing bacteriocins and
thus positively affecting the host’s microflora (Ringg
et al. 1998; Irianto and Austin 2002; Ringg et al.
2006). Some reports have shown that XOS, as well as
other prebiotic ingredients, may promote the main-
tenance of lactic acid-producing bacteria (Mussatto
and Mancilha 2007; Moura et al. 2007). However,
the hypothesis needed to be tested by further studies
in allogynogenetic crucian carp.

Fish fed the diet supplemented with 100 mg kg™
(diet 2) XOS had consistently better growth perfor-
mances throughout the feeding trial compared to fish
fed the other diets with 50 mg kg~ ' and 200 mg kg™
XOS (diet 1 and diet 3, respectively). It indicated that
there was no positive correlation between the amount
of XOS and the growth performance of carp according
to the present study. Furthermore, no significant
difference in final weight was observed between diet
3 treated with 200 mg kg~ XOS and the control.
Thus, the highest concentration of XOS might have
affected digestibility of other nutrients and therefore
accounted for the less improved performance of diet 3.

The fish gut microbiota played a role in host
health, and the establishment of a normal gut flora
could be regarded as complementary to the estab-
lishment of digestive enzymes (Ringg and Gatesoupe
1998). Thus, the better enzyme activities of groups

1
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treated with prebiotic XOS might be associated with
the manipulation of the carp’s gut flora towards a
potentially more beneficial microbial community.
The addition of prebiotic XOS with a certain content
improved digestive enzymes, including protease and
amylase, which might consequently explain the better
growth performances observed with the same sup-
plemented diets. The different concentrations of XOS
could affect the enzyme activities differently, and
diet 2 induced a stronger stimulation than the others.
This stimulation of amylase activities was correlated
with the growth performance and therefore might
explain this increase. As for protease, it had the same
result as the previous one.

In summary, the results of the study presented here
show the effect of prebiotic XOS on the growth
performance of carp, and also on digestive enzymes,
including protease and amylase. In our research, use
of a 100 mg kg~ supplement of prebiotic XOS in the
carp diet was recommended based on results of this
study. The successful use of XOS in carp culture will
require knowledge of such gut flora-function rela-
tionships. This work could be extended to include the
use of many different prebiotics in carp ponds.
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