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Abstract: This study's main goal was to assess how Fructooligosaccharide (FOS) and
Xylooligosaccharide (XOS) affect the growth and hematology of Hypophthalmichthys molitrix
(Silver Carp). FOS and XOS are rich in plant sugars that occur naturally in many fruits and
vegetables and are also known for their digestibility, non-carcinogenic activity, lowering
mortality, and increasing survival rates. For the experiment, 180 fish were collected from research
ponds and allocated for sixty days in control (commercial feed) and experimental sets (FOS and
XOS). A completely randomized design (CRD) was applied as the experimental design to
compare treatment means. Fish in T2 with XOS gain more weight (0.685+0.082g) than T1 with
FOS (0.529+0.075g) and TO with commercial feed (0.35+0.037g). T2 had the greatest length gain
(0.560+0.055cm), compared to T1 (0.505+0.049cm) and TO (0.347+0.055cm). In comparison to
T1 (1.260+£0.112g) and TO (1.156+0.11g), T2 had a greater specific growth rate (SGR)
(1.364+0.161g), and compared to T1 (2.012+0.176) and TO (2.230+0.187), T2 had a reduced feed
conversion ratio (FCR) (1.787+0.154). The highest survival rate was shown in T2 (95%). T2 had
higher average RBCx106/uL values (3.04440.19) than T1 (2.628+0.184) and TO (2.192+0.115),
among other data. T2 had more WBCsx103/uL (32.68+£0.279) than T1 (31.78+£0.214) and TO
(30.42+0.186). The mean hemoglobin levels (g/dL) in TO, T1, and T2 were 5.106+0.029,
5.276+0.034 and 5.566+0.045, respectively. Weekly, all physicochemical parameters were
monitored and maintained regularly. The findings indicated that, in comparison to FOS and
commercial feed, adding XOS in fish feed proved to be more effective at enhancing H. molitrix's
growth and hematology.

Keywords: Fructooligosaccharide (FOS), growth performance, hematology,
Hypophthalmichthys molitrix, Xylooligosaccharide (XOS)

INTRODUCTION

Aquaculture is the farming of aquatic organisms, including fish, shellfish, algae,
and other aquatic flora and fauna, under controlled, optimal conditions. This sector has
experienced tremendous growth in recent decades. According to recent reports, global
aquaculture production increased by 32% between 2010 and 2018 (FAO, 2020).
Aquaculture is one of the most active arenasi of the global food production system and

serves as a valuable source of essential detaya nutrients for the world's population (Naylor
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et al., 2023). While marine production predominates in America, Europe, and Oceania,
inland aquaculture makes up the majority of aquaculture production in Asia and Africa
(Verdegem et al., 2023). With an annual growth rate of 6.8%, aquaculture's production
has reached 122.6 million metric tons with an estimated value of 281.5 billion US dollars
(Prakoso et al., 2023). More than 90% of the world's aquaculture production originates
from developing countries (Harikrishnan et al., 2022). Carps, cyprinids, and tilapia are
among the freshwater fish species dominating the aquaculture production (Malik et al.,

2020; Fatima et al., 2026).

The fisheries sector plays a vital role in ensuring food security, providing means of
subsistence for those living along the coast, generating export earnings, and strengthening
economic development (Memon, 2016). Fish is an excellent source of vitamin A and D,
omega-3 fatty acids, high-quality proteins, and other nutrients that contribute to human
health and disease prevention (Tacon, 2022; Nazir et al., 2025). Pakistan possesses
extensive inland and marine fisheries resources, including the Arabian Sea, rivers, lakes,
and dams. Inland fisheries are mainly distributed across Punjab, Sindh, and Khyber
Pakhtunkhwa, including Gilgit Baltistan, whereas marine fisheries are concentrated along

the coastal regions of Sindh and Balochistan (Khan and Abbas, 2023).

Silver carp (Hypophthalmichthys molitrix) is a freshwater species naturally
inhabiting rivers, reservoirs, lakes, seams, and ponds and is widely cultured in aquaculture
systems (Zu et al., 2023). Owing to its filter-feeding behavior, this species is extensively
utilized in China for the biological control of cyanobacterial blooms in eutrophic water
bodies (Zhou et al., 2022). It contains a high protein content and contributes substantially
to global freshwater aquaculture production. Morphologically, the species is
characterized by a deep and laterally compressed body. It exhibits a silvery coloration
with a darker dorsal surface and a whitish ventral region; with age, the dorsal surface may

develop an olive-green hue (Jawdhari et al., 2022).

Fructooligosaccharides (FOS) are short-chain carbohydrates composed of two to
ten fructose units produced via enzymatic hydrolysis of inulin (Hoseinifar et al., 2014).
FOS has been reported to alleviate the adverse effects of disease caused by pathogens like
Streptococcus iniae and Vibrio harveyi. By enhancing immune responses, FOS can
reduce the severity of disease, lower mortality rates, and improve the overall health and

survival of fish (Eissa et al., 2024). Xylooligosaccharides (XOS) are prebiotic
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oligosaccharides consisting of two to ten xylose units connected through glycosidic
linkages (Aachary and Prapulla, 2011). Due to its non-toxicity, high water solubility,
digestibility, and beneficial effects on the intestinal microbiota, XOS has attracted
considerable attention for its potential health-promoting properties in aquatic organisms

(Abasubong et al., 2022).

Fish growth performance is commonly evaluated through parameters such as
growth rate, feed utilization efficiency, and total productivity (Lugert et al., 2016; Maan
et al., 2025). Previous studies have demonstrated that dietary supplementation with FOS
can improve weight gain, specific growth rate (SGR), feed conversion efficiency (FCE),
and survival in aquatic animals (Ahmed et al., 2019). On the other side, hematology, the
study of blood and its components, is widely used to assess the physiological condition
and health status of fish (Fazio et al., 2019). Hematological alterations in fish may indicate
nutritional deficiencies, environmental stress, toxic exposure, or disease conditions.
Therefore, hematological monitoring is an important tool for optimizing aquaculture
management practices, selecting superior breeding stocks, and enhancing fish welfare,

productivity, and overall farm performance (Witeska et al., 2022).

Although FOS and XOS have been widely investigated as dietary prebiotics in
several aquaculture species, information regarding their effects on growth performance,
feed utilization, hematological characteristics, and health status of H. molitrix remains
limited. Most previous studies have been focused on individual prebiotics or on
commercially important species like tilapia and salmonids, while comparatively little
attention has been given to silver carp. Therefore, the current study aimed to fill that
research gap by evaluating the effect of FOS and XOS on the growth and hematology of

silver carp.

MATERIAL AND METHOD

Research Area and Collection of Samples

The trial was conducted for two months at Fisheries Research Farms, Department
of Zoology, Wildlife and Fisheries, UAF, Faisalabad. It started on September 18th, 2024,
and ended on November 6th, 2024. 180 healthy Hypophthalmichthys molitrix were
collected, weighing three to five grams on average. Local Ethics Committee principles
have been followed with ethical approval number 1224 dated 29-01-2024, University of

Agriculture, Faisalabad.
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Fish Stocking

Fish were taken from fisheries research ponds and placed in 9 glass aquaria with 20
H. molitrix fingerlings each. The trial was set up as the experimental groups (T1 and T2)
and the control group (TO) with replicates. Commercial pelleted feed was given to the
control group (T0), while Fructooligosaccharide (FOS) and Xylooligosaccharide (XOS)
were given to the experimental groups.

Feed Preparation

Experimental diets were prepared by supplementing commercial fish feed with 3%
Fructooligosaccharide (FOS) and 3% Xylooligosaccharide (XOS), replacing an
equivalent proportion of the basal diet. Three dietary treatments were established: TO
(Control diet); T1 (97% basal diet+ 3% FOS), and T2 (97% basal diet+ 3% XOS). Fish
were fed at a rate of 3% of their body weight per day throughout the experimental period.

Basal feed composition includes fish meal, wheat meal, yeast, germ meal, shrimp
meal, vitamins, and mineral supplements as per the manufacturer's declaration. FOS and
XOS are prebiotic oligosaccharides that can be made for an experimental diet using
enzymes such as fructosyltransferase, which turns sucrose into FOS, and xylanase, which
hydrolyzes xylan, which is found in plant cell walls, to create XOS. To prevent
contamination, the feed was stored in polythene bags after it was prepared. A daily
feeding schedule was created, and twice a day, the fish were fed at 8:30 am and 4:30 pm
for an assessment of growth performance.

Growth Parameters

Throughout the trial period, a variety of growth measures were assessed to gauge
the fish's progress. These measurements include body weight in grams and length in cm.
Crucial metrics such as survival percentage, feed conversion ratio (FCR), and specific
growth rate (SGR) were computed as well.

Weight Gain (g) Specific Growth Ratio

Final Weight (Wf) - Initial Weight (Wl) SGR = In (final weight) - In (initial weight) %100
No of trial (days)

Length Gain (cm) .
Final length (cm) - Initial length (cm) Survival Percentage

Sp (%) _ Number of harvested fish %100

Number of stocked fish

Feed Conversion Ratio
Total feed given (grams
FCR = g (g )

Wet weight gain (grams)
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Determination of Hematological Parameter
A hematocytometer was used to measure the total RBCs and WBC counts for blood
chemistry. Initially, the blood sample was split into two sections. Hematological indices

such as hemoglobin, hematocrit

RBCs, and WBCs were determined in the first section using 10 percent EDTA
(ethylene diamine tetraacetic acid). A 100 microliter blood sample was incubated in micro
flat-bottomed plates for forty minutes at 37 degrees Celsius, primarily to facilitate cell
adhesion. The saline buffer was then utilized for washing, and was done three times in
order to obtain a precise count. This approach was used to calculate the hematological
parameters, including mean cell volume and mean cell hemoglobin (MCH) (Saravanan et

al., 2011; Haroon et al., 2026).

Smears were made and stained for leukocyte differential staining. At 4 degrees
Celsius, the second portion of the blood sample was allowed to coagulate overnight. The
clotted sample was then kept for later use after being centrifuged for fifteen minutes at

4000 rpm.

Physico-Chemical Parameters of Water

On each trial day, a number of significant limnological parameters, including pH,
dissolved oxygen (mg/L), temperature (°C), total hardness, total alkalinity, and salinity of
water, were assessed. Temperature, dissolved oxygen (DO), and pH levels were measured
using electronic meters such as the HANNA HI-8424 and a pH meter. The total hardness
and total alkalinity of water were measured using standard methods. Using the proper
equipment and established techniques, the goal was to methodically monitor and assess
several water quality indicators.

Statistical Analyses

The analysis of variance (ANOVA) under completely randomized design (CRD)
were performed to identify significant differences among treatment groups. All data were

subjected to normality and homogeneity of variance tests before further analysis.

RESULT
Physicochemical Parameters
Fish survival, growth, and distribution are significantly impacted by a number of

physicochemical factors, including temperature, pH, DO, total hardness, and total
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alkalinity (Jin et al., 2022). The values of the limnological parameters for TO, T1, and T2

at 8 weeks are shown in Table 1.

Table 1: Limnological

arameters of TO, T1 and T2

Parameter TO T1 T2
Temperature (°C) 21.842.35 21.875+2.39 21.975+2.39
pH 5.0125+0.47 5.0+0.59 5.0375+0.63
DO (mg/L) 7.17+£0.19 7.3125+0.17 7.321+0.17
Total hardness 163.8125+0.971 163.425+0.96 163.0625+1.11

191.15+0.61

194.737€1.36

194.725+1.46

Total alkalinity

Growth Performance

Table 2 illustrates the considerable differences in weight gain, length gain, and SGR
noted between TO, T1, and T2. In comparison to the TO and T1 treatments, the SGR, WG,
and length gain were noticeably greater in the T2 treatment. Conversely, the control group
(TO) that was devoid of FOS and XOS powder displayed the lowest length increase, WG,
and SGR. FCR was shown to be lower in T1 and T2 than in TO, as shown in Table 2 and
Graphs 1-4. Compared to T1 (90%) and TO (75%), the survival rate (SR) of H. molitrix
was higher in T2 (95%).

Table 2: Impact of FOS and XOS on the growth performance of H. molitrix

Parameter T0 T1 T2 P HighlySignificant/

value Significant
/Not significant
AW (g) 4.385+0.84 | 6.001+1.19 | 7.314+1.57 | 0.001 Highly Significant
3

WG (g) 0.354+0.037 | 0.529+0.08 | 0.69+0.082 | 0.000 | Highly Significant
AL (cm) | 4.759+0.80 | 5.945+1.17 | 6.540+1.26 | 0.02 Significant

LG (cm) 0.35+£0.05 | 0.514£0.05 | 0.56+0.06 | 0.001 Highly Significant
SGR 1.16£0.12 | 1.26+0.112 | 1.4+0.161 | 0.046 Significant

FCR 2.234£0.187 | 2.013£0.17 | 1.840.154 | 0.000 | Highly Significant

Ns=not significant, **=Highly Significant, *=Significant, AW= Average weight, WG= Weight
gain, SGR= Specific growth rate, FCR= Feed conversion Ratio, Diets: TO= Commercial feed, T1=
Basal diet + 3% FOS, T2= Basal diet + 3% XOS
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Figure 1: Average weight gain of H. molitrix
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Figure 4: FCR of H. molitrix

Hematological Parameters

Fish blood samples involved in tests were gathered at the conclusion of the trial.
The study included three treatment groups: the experimental groups, T1 and T2, and the
control group, TO. As seen in Table 3, there were highly significant variations in RBCs,

WBCs, hematocrit, and hemoglobin between TO, T1, and T2. T2 had substantially more
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RBCs, WBCs, hematocrit, and hemoglobin than TO and T1. In contrast, the commercially

fed control group had the lowest hemoglobin level, hematocrit, WBCs, and RBCs.

Table 3: Effect of FOS and XOS on the hematological parameter of H. molitrix

Parameter TO T1 T2 P value | Highly significant/
Significant/ Not
significant

RBCs 2.2+40.12 2.63+0.184 | 3.04+0.19 | 0.001 Highly significant

WBCs 30.42+0.19 | 31.8+¢0.214 | 32.7+0.28 | 0.000 Highly significant

Hemoglobin | 5.101+£0.03 | 5.25+0.034 | 5.54+0.05 | 0.000 Highly significant

Hematocrit 22.8+1.04 | 28.8+1.23 | 34.7+1.7 0.000 Highly significant

DISCUSSION

This experiment was conducted at the Microbiology and Immunology Laboratory,
Department of Zoology, Wildlife and Fisheries, University of Agriculture, Faisalabad.
The research was carried out to assess the effect of Fructooligosaccharide (FOS) and
Xylooligosaccharide (XOS) on the growth and hematology of Hypophthalmichthys

molitrix (Silver carp).

FOS and XOS are well-established prebiotics that cannot be digested by the host
but can be selectively utilized by beneficial intestinal microorganisms. Their
supplementation promotes the proliferation of probiotic bacteria such as Lactobacillus
and Bifidobacterium, resulting in improved gut microbial balance and intestinal health.
Enhanced microbial fermentation of prebiotics produces short-chain fatty acids (SCFAs),
which contribute to intestinal epithelial integrity, improve nutrient absorption, and
provide additional energy for metabolic processes. Furthermore, FOS has been reported
to possess antioxidant and immunomodulatory properties that help mitigate oxidative
stress, inflammation and cellular damage, thereby supporting physiological homeostasis

and overall fish health (Zhang et al., 2024).

The beneficial effects of XOS have also been documented in aquaculture species,
especially as a fermentable substrate for beneficial gut microorganisms (Aachary and
Prapulla, 2011). Through microbial fermentation, XOS enhances the production of
metabolites that improve digestive efficiency and nutrient utilization. Additionally, the
resulting SCFAs provide energy to intestinal epithelial cells, promote gut development,

and strengthen the intestinal barrier, ultimately leading to improved growth performance
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and health status (Shimoda et al., 2011). Similar beneficial effects of dietary XOS on
growth, body composition and immune responses have been reported in juvenile Sobaity

Seabream (Sparidentex hasta) (Morshedi et al., 2018).

In the present study, fish fed XOS-supplemented diets exhibited significantly
greater weight gain, length gain, and specific growth rate (SGR) than those in the control
group. These improvements may be attributed to enhanced nutrient digestibility and
absorption resulting from improved gut microbial activity. Similar findings have been
reported by Zhang et al. (2020), who observed improvements in final body weight, weight
gain, and SGR in juvenile grass carp fed XOS-supplemented diets. Feed conversion ratio
(FCR) was lower in the XOS-treated group than in the control group, indicating more
efficient utilization of dietary nutrients. This improved feed efficiency is likely associated
with enhanced digestive processes and increased nutrient availability resulting from

prebiotic-mediated modulation of the intestinal microbiota.

The hematological parameters measured in this study, including hemoglobin
concentration, hematocrit value, red blood cell count (RBCs), and white blood cell count
(WBCs), were significantly elevated in fish receiving XOS supplementation compared
with the control group. These improvements suggest enhanced physiological condition
and immune status. Increased RBCs and hemoglobin levels may improve oxygen
transport capacity and metabolic efficiency, thereby supporting growth. Similarly,
elevated WBCs indicate stimulation of the immune system and improved disease
resistance. Comparable improvements in growth performance and hematological
characteristics have been reported in Labeo rohita (rohu) fingerlings fed XOS-containing

diets (Khizar et al. 2024).

Overall, the improved growth performance, feed utilization, survival, and
hematological responses observed in silver carp are likely mediated through the prebiotic
effects of XOS on gut microbiota composition and activity. All the related factors
contribute to the superior performance of fish receiving XOS. In addition, the
maintenance of suitable water quality parameters throughout the experimental duration
ensured that the observed improvements were primarily associated with dietary treatment

rather than environmental variation.
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CONCLUSION

The findings of the present study demonstrated that xylooligosaccharide (XOS)
significantly enhanced the hematology and growth performance of Hypophthalmichthys
molitrix. Fish fed XOS-supplemented diets exhibited superior growth responses, feed
conversion ratio (FCR) and specific growth rate (SGR) compared with those receiving
fructooligosaccharide (FOS) or the control diet. Further, the improved hematological
parameters suggested a positive effect of XOS on the physiological conditions of the fish

suggesting XOS being a promising prebiotic feed additive for silver carp aquaculture.
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