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Abstract
The study was conducted to investigate the effects of stachyose on immune responses, gut morphology,
growth, and disease resistance in Nile tilapia (Oreochromis niloticus). Fishes were distributed randomly
into �fteen 150 L glass tanks with 20 �sh tank− 1 and fed control (0 g/kg), 2 g/kg, 4 g/kg, 8 g/kg, and 16
g/kg of stachyose. After eight weeks of experimental feeding, skin mucus and serum innate immune
parameters (lysozyme, alternative complement, phagocytosis, peroxidase), and growth performance
(weight gain, speci�c growth rate, feed conversion ratio) were analysed, and disease resistance against
Streptococcus agalactiae was also determined. Supplementation of stachyose revealed that serum
lysozyme, serum and mucus peroxidase activities, weight gain and disease resistance against
Streptococcus agalactiae were signi�cantly (P ≤ 0.05) higher compared to control fed �sh. In contrast,
speci�c growth ratio, phagocytic activity and mucus lysozyme did not show signi�cant (P > 0.05)
differences.

Introduction
Soya bean meal (SBM) is added to �sh diets as a protein source, and contains a high proportion of
indigestible carbohydrates such as polysaccharides and oligosaccharides. Stachyose is an
oligosaccharide found in soybean and SBM at high concentration, and is an α- galactooligosaccharide
containing α-(1,6) linked galactose molecules bound terminally to sucrose. Animals can not digest
galactooligosaccharides due to the absence of the enzyme α- galactosidases, but is fermented by
bene�cial bacteria. (Mul and Perry. 1994, Choct et al. 2010). Previously, stachyose was considered as an
anti-nutritional factor (ANF) due to its negative impact on growth and feed intake (Cai et al. 2012, Choct
et al. 2010), but recently stachyose is suggested as a potential prebiotic in food industry due to its
bene�cial properties (Paci�ci et al. 2017, Li et al. 2017)

Prebiotics have gained considerable attention in recent years as alternatives for chemotherapeutic agents
in aquaculture practices for stimulating the growth and activity of gut microbiome which in turn improves
the host health (Gibson and Roberfroid. 1995). In aquaculture, supplementation of prebiotics ameliorate
growth, feed e�ciency, immune response, survival rate, disease resistance and modulation of
gastrointestinal (GI) microorganisms (e.g. Ringø et al. 2010, 2014; Ringø and Song, 2016; Amenyogbe et
al. 2020; Hasan and Banerjee. 2020). The mechanism of action of prebiotics involves (1) proliferation of
bene�cial indigenous bacteria which in turn enhance the production of nutrients such as short chain fatty
acids like propionate, butyrate etc (Hoseininfar et al. 2016), (2) increase binding of fatty acids to
carbohydrates receptors on immune cells and intestinal epithelial cells, (3) partial absorption of prebiotics
from the intestinal tract into the bloodstream making them available for contact with the immune system
(Seifert and Watzl, 2007; Cerezuela et al., 2011).

Several studies has investigated the effect of stachyose on intestinal microbiota, gut morphology, bowel
and mucosal barrier functions in juvenile turbot (Scophthalmus maximus) and mice (Li et al., 2013, Li et
al., 2017, Paci�ci et al., 2017, Yang et al., 2018). However, no studies on the effect of stachyose have been
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reported in Nile tilapia (Onchorynchus niloticus). Hence, the present study aims to investigate the effect
of stachyose on non speci�c immune response, disease resistance and growth in Nile tilapia.

Materials And Methods
Feed preparation

Five experimental diets were prepared by incorporating dietary stachyose (Xi’an Rongsheng Bio
Technology Co., Ltd) to the feed: Diet 1- 0 g/kg(Control),, Diet 2- 2 g/kg, Diet 3- 4 g/kg, Diet 4 8 g/kg, Diet 5
-16 g/kg (Table 1). For the preparation of the pellets, all the ingredients were weighed and thoroughly
mixed with oil and water to produce stiff dough. The ingredients were weighed and mixed well with water
and oil to make the dough which was made into pellets using a pelletizer. The pellets were dried overnight
in an oven at 500C and stored at 40C until use.

Fishes and experimental design

Nile tilapia (Oreochromis niloticus) were purchased from Chiang Mai Patana Farm, Chiang Mai, Thailand.
Fishes were tank acclimatized in 3000 L tanks for two weeks and fed with control diet. 300 healthy �shes
with average weight of 11.25 ± 0.1g were randomly distributed into 15 glass aquariums (150 L) (in
triplicates), with 20 �shes in each tank. Fish were fed daily twice until adlibitum. The feeding trial lasted
for eight weeks. The water was changed upto 50% daily to maintain water quality.

Growth performance

Fishes were weighed after the feeding trial. Weight gain, feed conversion ratio (FCR), speci�c growth rate
(SGR), and survival rate of the �shes were calculated. Weight gain = Final weight (g) – Initial weight (g) /
Initial Weight x100, SGR = ln �nal weight - ln initial weight / Days on trial x 100, FCR = Dry weight of feed
consumed (g) / Increase in wet weight of �sh (g), SR (%) = Final �sh number / initial �sh number x 100

Sample preparation and immunological analysis

Sample collection

After eight weeks of feeding, four �shes were randomly caught for immune response analysis. Skin
mucus was collected as described by Ross et al. (2000) and Zou et al. (2016). Brie�y, two �shes from
each tank were anaesthesized using clove oil and placed in individual polythene bags containing 10 ml
Nacl (50 mM). The �shes were gently rubbed for 1-2 min and the mucus collected was transferred to
sterile centrifuge tubes. The samples were centrifuged at 1500 x g at 40C for 10 min and stored at -800 C
until use.

For serum analysis, the blood was collected from the caudal vein with a 1 ml syringe and transferred into
a micro centrifuge tube without anticoagulant. It was allowed to clot at 40 C for 4 hours. The serum was
separated by centrifugation at 1.500 x g for 5 min at 40C and stored at -200 C until further use.
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Blood leukocytes were separated according to Chung and Secombes (1988). Brie�y, 1 mL of blood was
diluted with 2ml of RPMI 1640 (Roswell Park Memorial Institute 1640) (Gibthai) and mixed with 3 ml of
Histopaque (Sigma) taken in a 15 ml tube, centrifuged at 400 x g for 30 min at room temperature. A white
buffy coat of leukocytes cells was observed �oating on the top of the Histopaque. Opaque interfaces
were carefully transferred to15 ml tube and mixed with phosphate buffer solution (PBS, pH 7.4) to make
a total 6 ml and centrifuged at 250 x g for 10 min. The residue was washed 3 times. The isolated
leukocytes was resuspended in PBS and adjusted to the required cell numbers for phagocytosis.

Phagocytic activity

Phagocytic activity was measured as described previously by Yoshida and Kitao (1991) with some
modi�cations. Brie�y, the numbers of leucocytes was adjusted to 2 x 106 cells mL-1, l and added to
coverslip and incubated for 2 hrs. Un-adhered cells were removed by RPMI 1640 medium. 0.2 ml of latex
particles L4530 (Sigma-Aldrich) (2 x 107 particles ml-1) was added to the coverslip and incubated for 2
hrs at 200 C. The coverslips was washed with the medium, and �xed with differential quick staining. The
coverslip was observed under the microscope (Leica) and the number of phagocytosed cells per 300 cells
was counted. Phagocytic activity was determined by:

Phagocytic activity = Number of phagocytizing cells/ Number of total cells X 100.

Lysozyme activity

Lysozyme activity was measured as described by Parry et al. (1965). Brie�y, 25 μL of mucus and serum
were added into 96-well plate in triplicate. 175 μL of Micrococcus lysodeikticus (Sigma Aldrich - USA)
suspension (0.3 mg mL−1 in 0.1 M citrate phosphate buffer, pH 5.8) was added to each well. After
thorough mixing, change in turbidity was analyzed at 540 nm at an interval of 30 seconds for 5 min
maintaining the temperature at 25°C using a micro‐plate reader. The equivalent unit of activity of the
sample was determined as μg mL−1 serum and compared with the standard. The serum lysozyme activity
was measured and expressed in µg mL-1.

Respiratory burst assay

Respiratory burst activity of phagocytes was estimated by nitrobluetetrazolium reduction as described by
Secombes (1990) with slight modi�cations. Brie�y, 175µl of leucocytes (6 x106 cells / ml) and 25µl of
NBT (1 mg/ ml) were added to 96 well plate in triplicate, and incubated for 2hr at 250C. The supernatant
was removed and 125µl 100% methanol was added. The plate was then incubated at room temperature
for 5 min. The wells were washed with 70% methanol and allowed to air dry. After drying, 125 µl 2 N
potassium hydroxide (KOH) and 150 µl dimethyl sulphoxide (DMSO) was added. The OD was measured
at 655 nm in a microplate reader against blank (KOH and DMSO)

Alternative complement activity (ACH50)
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ACH50 activity of serum and mucus was determined according to Yano (1992). Brie�y, rabbit RBC
(RaRBC) suspension was prepared in EGTA-Mg-GVB and cell number was adjusted to 2 x 108 cells ml -1 .
Serum and mucus were serially diluted (0.1- 0.25 ml) in EGTA- Mg- GVB in test tubes. RaRBC suspension
was added and the tubes were incubated at 200C for 90 min with shaking at intervals. For blank, the
same protocol was followed except that the sample was not added and for total lysis tube, 0.1 ml of
RaRBC suspension was added to 3.4 ml of distilled water. 3.15 ml of ice cold saline was added to the
tubes and centrifuged for 5 min, 1600 x g at 40C. The absorbance was measured at 414 nm. The amount
of serum with 50 % haemolysis was detected and value was expressed in units ml‐1.

Peroxidase assay

Peroxidase activity was measured according to Quade and Roth (1997) and Cordero et al. (2016). Brie�y,
5 µl of serum or mucus were added to 96 well ELISA plates. Afterwards, 45 µl of Hank’s balanced salt
solution (HBSS) and 100 µl of solution containing 40 ml distilled water, 10 µl of H2O2 and one tablet of 3,
3’, 5, 5’- tetramethylbenzidine (TMB) were added. Subsequently, the reaction was stopped by adding 50µl
of H2SO4. The OD was measured at 450 nm against blank. One unit of peroxidase activity was de�ned as

the amount that produces an absorbance change of 1. It is expressed in units mg-1. The experiment was
performed in triplicate.

Disease resistance

At the end of the feeding trial, nine �sh from each aquarium were randomly sampled for testing. The �sh
were intraperitoneally injected with 0.1 ml of Streptococcus agalactiae in 0.85 % saline (107 CFU ml-1).
Dead �sh were counted and removed daily. After 15 days, relative percent survival was calculated as
follows.

Relative percent survival (%) =100 - (Percentage of mortality in treated group / Percentage of mortality in
control group) x 100

Statistical analysis

The experiments were performed in triplicate (n=3) and the data are represented as mean ± SD. The data
obtained were analysed by Duncans multiple range test using SAS computer program. The results were
considered to be signi�cant when P≤ 0.05.

Results
Growth performance

The growth performance in Nile tilapia fed with different concentrations of stachyose is shown in Table
2. Although weight gain was signi�cantly (P ≤ 0.05) improved in the group fed with 16 g kg -1  stachyose,
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no signi�cant (P > 0.05) differences were observed in SGR. Lowest FCR value was revealed in control fed
�sh.

Immune parameters

Serum and mucus immune responses in Nile tilapia fed Diet 1- 0 g/kg(Control),, Diet 2- 2 g/kg, Diet 3- 4
g/kg, Diet 4 8 g/kg, Diet 5 -16 g/kg are shown in Fig. 1- 4. Signi�cant (P ≤ 0.05) ameliorate serum
lysozyme activity was revealed in the treatment groups when compared to the control group and the
�shes fed with Diet 2 g showed the highest activity (Fig 1). No signi�cant (P > 0.05) difference in serum
lysozyme activity was observed by feeding �sh Diet 4. Mucus lysozyme activity revealed no signi�cant
difference between the treatment groups (Fig 2), while peroxidase activity in serum and mucus showed
signi�cant (P ≤ 0.05) increase in �sh fed Diet 3, Diet 4 and Diet 5, with highest activity in dietary group 5
(Fig 3-4). Although the phagocytic activity revealed an increased trend (P ≤ 0.05), with highest activity for
Diet 3 (Fig. 5).

Disease resistance

Calculated survival rates of Nile tilapa, 15 days after injection of S. agalactiae are shown in Fig. 6, and the
results revealed enhanced resistance by stachyose administration. The relative percent survival rates post
challenge was highest in the 16 g/kg fed group (96.3%) followed by 8 g/kg (88.89%), 4 g/kg (81.48%),
and 2 g/kg (77.78%), and the lowest survival rate was revealed in the control group (70.37%).

Discussion
Plant based ingredients are a cost effective substitute of �sh meal in aquaculture (Olsen and Hasan,
2012; Naylor et al., 2009). Stachyose is an oligosaccharide generally considered to be an anti-nutritional
factor (ANF) due to its role in minimizing growth and feeding e�ciency in animals if ingested in high
levels (Choct et al., 2010). However, several studies suggested thet stachyose is a potential prebiotic
candidate which enhance the proliferation of bene�cial gut bacteria and promoting intestinal health
(Mussatto and Mancilha, 2007; Li et al., 2013; Li, et al., 2017; Paci�ci et al., 2017).

The present study showed increase in weight gain in stachyose fed group, but the highest weight gain
was observed in the 16 g/kg fed group. These results are in contrast to Cai et al. (2012) where stachyose
and ra�nose reported minor role in soybean induced growth retardation in silver crucian carp (Carassius
auratus gibelio). In avian models, Jiang et al. (2006) observed depressed body weight in broiler chickens
fed with stachyose. In accordance to the present study, administration of moderate levels of stachyose
for a period of 12 weeks resulted in signi�cant increase in the growth, digestive enzyme activity and
improved gut morphology in juvenile turbot (Hu et al., 2015). Sorensen et al. (2011) reported that
administration of stachyose did not revealed negative effects on protein or fat digestibility and the
intestinal structure in Atlantic salmon (Salmo salar L.). These effects may be due to the association of
the oligosaccharide to other ANFs present in the SBM (Hu et al., 2015). The con�icting result in various
studies may be due to that certain factors such as duration of experiment, dietary administration levels of
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stachyose, model organism, diet, rearing environment and tolerance of ANFs (Choct et al., 2010, Sorensen
et al., 2011).

Elevation of immune response in �shes by administration of prebiotics is important in aquaculture
(Ahmadi et al., 2014; Sohn et al., 2000). The present study is the �rst one to evaluate the role of stachyose
on various mucus and serum immune response in Nile tilapia, and revealed a signi�cant increase in the
mucus and serum immune parameters, disease resistance in stachyose fed �sh. Serum lysozyme activity
signi�cantly increased in �sh fed 2 g/kg of stachyose. Lysozyme is an important parameter ofthe non-
speci�c immune response (Saurabh and Sahoo, 2008). In accordance with the results of the present
study, Xu et al. (2017) evaluated the effect of ra�nose (a group of oligosaccharides in soya beans), and
reported that myeloperoxidase and respiratory burst (NBT) activities were signi�cantly higher in hybrid
sturgeon (Acipenser baerii Brandt ×A. schrenckii Brandt ) fed ra�nose supplemented diets. In contrast,
Wang et al. (2016) observed that lysozyme activity signi�cantly decreased in juvenile turbot fed 60 %
SBM. Likewise, in the present study, the mucus, seum peroxidase and phagocytic activities were
signi�cantly improved by stachyose administration.

Oligosaccharides improve the non-speci�c immune response by (1) proliferation of lactic acid bacteria
which inhibits the growth of pathogenic microbes and (2) enhancing the immunoglobulin levels,
lysozyme activity, complements and reactive oxygen species (ROS) which are detrimental to the �sh
pathogens (Hoseinifar et al., 2016; Dasbet al., 2009; Meng et al., 2017; Dawood et al., 2016). The increase
in survival evealed in the present study may be due to enhancement of innate immune parameters in Nile
tilapia or alteration of the bene�cial intestinal microbiota which enhances gut health. Ma et al. (2017)
demonstrated that high dose of stachyose caused an increase in bi�dobacterium and lactic acid bacteria
resulting in signi�cant enhancement in immunological parameter. However, this is an preliminary study
and identi�cation of exact mechanism of action need further studies.

Conclusion
The present study reveals the potential use of stachyose a dietary supplement. The eight weeks growth
trial showed an signi�cant increase in weight gain and innate immune parameters, and disease
resistance against S. agalactiae. However, further information is needed on the effect of stachyose on
digestive enzyme activities, gut microbiota, gut histology and metabolisms.
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Tables
Table 1: Formulation and proximate composition of experiment diet (% dry matter)
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Ingredients Diets (g kg-1)  

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5

Fish meal 270 270 270 270 270

Corn meal 200 200 200 200 200

Soybean meal 270 270 270 270 270

Wheat �our 60 60 60 60 60

Rice bran 150 150 150 150 150

Stachyose 0 2 4 8 16

Cellulose 30 28 26 22 14

Soybean oil 5 5 5 5 5

Premix1 10 10 10 10 10

Vitamin C 5 5 5 5 5

Proximate composition (% dry matter basis)

Dry matter  (%)                  96.73

Ash (%)                               0.07

Fiber (%)                             0.00

Energy (cal/g)                     3890

Crude Protein (%)               0.00

Crude lipid (%)                   0.16

Table 1. Vitamin and trace mineral mix supplemented as follows (IU kg–1 or g kg–1 diet): retinyl acetate
1,085,000 IU; cholecalciferol 217,000 IU; D, L-a-tocopherol acetate 0.5 g; thiamin nitrate 0.5 g; pyridoxine
hydrochloride 0.5 g; niacin 3 g; folic 0.05 g; cyanocobalamin 10 g; Ca pantothenate 1 g kg-1; inositol 0.5 g;
zinc 1 g; copper 0.25 g; manganese 1.32 g; iodine 0.05 g; sodium 7.85 g.

Table 2: Growth performances and feed utilization of the Nile tilapia fed different levels of stachyose
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Treatment groups FCR WG

 (g)

SGR

(%)

Survival rate (%)

Diet 1 1.02 ± 0.02c 56.80 ± 1.97 b 4.01 ± 0.07 a 95

Diet 2 1.07 ± 0.01c 58.04 ± 2.12 b 4.07 ± 0.09 a 95

Diet 3 1.02 ± 0.02 bc 59.61 ± 0.71 b 4.10 ± 0.03 a 93.3

Diet 4 1.08 ± 0.01b 54.50± 0.97 b 3.93 ± 0.04 a 93.3

Diet  5 1.22 ± 0.01 a 62.03 ± 1.95 a 4.16 ± 0.06 a 96.67

Table 2: . Diet 1 (control), Diet 2 (2 g kg-1), Diet 3 (4g kg -1), Diet 4 (8 4g kg -1)  and Diet 5 (16 g kg -1 ).
Values are presented as the mean ± SE.Means in the same row with different superscripts are
significantly different (P < 0.05).

Figures

Figure 1
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Serum lysozyme activity of Nile tilapia, O. niloticus fed different diets: Diet 1 (control), Diet 2 (2 g kg-1),
Diet 3 (4g kg -1), Diet 4 (8 4g kg -1) and Diet 5 (16 g kg -1 )(mean ± S.E.). Columns sharing the same
superscript letter are not significantly different (P < 0.05).

Figure 2

Mucus lysozyme activity of Nile tilapia, O. niloticus fed different diets: Diet 1 (control), Diet 2 (2 g kg-1),
Diet 3 (4g kg -1), Diet 4 (8 4g kg -1) and Diet 5 (16 g kg -1) (mean ± S.E.). Columns sharing the same
superscript letter are not significantly different (P < 0.05).
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Figure 3

Serum peroxidase activity of Nile tilapia, O. niloticus fed different diets: Diet 1 (control), Diet 2 (2 g kg-1),
Diet 3 (4g kg -1), Diet 4 (8 4g kg -1) and Diet 5 (16 g kg -1)(mean ± S.E.). Columns sharing the same
superscript letter are not significantly different (P < 0.05).
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Figure 4

Mucusperoxidase activity of Nile tilapia, O. niloticus fed different diets: Diet 1 (control), Diet 2 (2 g kg-1),
Diet 3 (4g kg -1), Diet 4 (8 4g kg -1) and Diet 5 (16 g kg -1)(mean ± S.E.). Columns sharing the same
superscript letter are not significantly different (P < 0.05).
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Figure 5

Phagocytic activity of Nile tilapia, O. niloticus fed different diets: Diet 1 (control), Diet 2 (2 g kg-1), Diet 3
(4g kg -1), Diet 4 (8 4g kg -1) and Diet 5 (16 g kg-1) (mean ± S.E.). Columns sharing the same superscript
letter are not significantly different (P < 0.05).
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Figure 6

Survival rate of Nile tilapia, O. niloticus fed different diets: Diet 1 (control), Diet 2 (2 g kg-1), Diet 3 (4g kg
-1), Diet 4 (8 4g kg -1) and Diet 5 (16 g kg-1)(mean ± S.E.).


