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abstract
The aim of the study was to determine the effects of prebiotic gos on muscle histomorphometry 
and the total lipid, total cholesterol content and fatty acids profile in the meat of common carp. The 
60-day-long experiment was performed on one-year-old fish. Three diets were used in the experi-
ment: control diet 1 (c) with no microbiota affecting feed additives, diet 2 (B1) with 1% of gos, 
and diet 3 (B2) with 2% of GOS. At the end of the trial, 16 individuals from each treatment group 
were used for the analyses. Fish meat from the B1 group had significantly higher lipid content 
compared to B2, but neither B1 nor B2 groups were different from the control group. The percent-
ages of sfa, mufa, pufa, indexes n-3/n-6, pufa/sfa, ai and Ti, and total cholesterol content 
were not affected, in contrast to C14:0, C16:1 n-7, C18:0, C18:2 n-6, C20:4 n-6, and total n-6 FA. 
GOS significantly increased the percentage of normal fibres, while the lower amount of fibre atro-
phy and splitting was observed. The results confirm that diet supplemented with 2% GOS may be 
recommended as feed additive in carp nutrition due to positive effects on some fatty acids profiles 
and muscle microstructure.
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To meet the growing demand for foods of animal origin, it is necessary to in-
crease the efficiency of animal farming. One of the basic sectors of agriculture that 
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has been developing rapidly over the past few years is fish farming (Godfray et 
al., 2010; Kurdomanov et al., 2019). However, it is necessary to reduce produc-
tion costs by improving disease resistance and therefore improving survival, feed 
efficiency, and the growth performance of farmed fish species. To modulate the in-
testinal microflora, feed additives and supplements such as probiotics and prebiotics 
are used. Prebiotics are fermented by beneficial bacteria such as Lactobacillus and 
Bifidobacterium, and can alter the composition of organisms in the gut microbiome, 
leading to a decrease in the growth of potentially pathogenic microbes living in the 
gastrointestinal tract and to an increase in the number of health-beneficial microbiota 
(Guerreiro et al., 2015; Grisdale-Helland et al., 2008; Macfarlane et al., 2006; Talpur 
et al., 2014). Prebiotics as non-digestible feed additives have the ability to bind water 
in the intestinal lumen, increasing the volume of the intestinal contents, making them 
a very good fermentation substrate for probiotics (Mazurkiewicz et al., 2008). All 
currently accepted prebiotics are carbohydrates, polyphenols and polyunsaturated 
fatty acids (Gibson et al., 2017; Lockyer and Stanner, 2019).

Moreover, prebiotics were used as feed additives to improve the efficiency of cy-
prinids production, growth performance, gut microbiota and the activity of digestive 
enzymes (Markowiak and Śliżewska, 2018; Cao et al., 2019; Dawood and Koshio, 
2016; Ebrahimi et al., 2012; Hoffmann et al., 2017; Hoseinifar et al., 2016; Mousavi 
et al., 2016; Guerreiro et al., 2017 a; Wang et al., 2020). The addition of prebiotics 
to feed may improve nutrient metabolism and meat quality, as evidenced by an in-
crease in the percentage of protein, fat, minerals and carbohydrates (Cao et al., 2019; 
Puchała and Pilarczyk, 2007; Sun et al., 2017; Hussein et al., 2016; Scholz-Ahrens 
et al., 2007). Several studies indicated that prebiotics, such as fructooligosaccharides 
(FOS), xylooligosaccharides (XOS), galactooligosaccharides (GOS), and immuno-
gen can affect haematological and serum biochemical parameters (Ebrahimi et al., 
2012; Mousavi et al., 2016; Akhter et al., 2015; Ziółkowska et al., 2020). Despite the 
potential benefits of prebiotics to performance, as noted in a wide variety of animal 
species, information pertaining to their application in aquaculture is abundant, but 
it is extremely limited with respect to their influence on lipid composition and fatty 
acids profile. 

Lipids are deposited in adipose tissue and, in smaller amounts, in the liver and 
muscles. Intramuscular fat (IMF) content has a beneficial effect on the taste, juici-
ness and firmness of fish meat (Hocquette et al., 2010). An appropriate type of fatty 
acid may contribute to preventing the development of coronary diseases, which is 
why fish consumption in the world is systematically increasing (Levitan et al., 2010; 
Schmidt et al., 2005; Leaf et al., 2003; Guillen et al., 2019). Many studies carried out 
over the years have shown that prebiotics may contribute to increased fish weight 
gain (Guerreiro et al., 2015; Kurdomanov et al., 2019; Mazurkiewicz et al., 2008). 
However, faster weight gain can result in the destruction of muscle fibre. A conse-
quence of this may be the appearance of histopathological changes in the muscle 
(Bogucka et al., 2018).

The prebiotic used in the experiment was trans-galactooligosaccharide, GOS 
(trade name: Bi2tos, Clasado Biosciences Ltd., Jersey, UK). It is manufactured by 
enzymatic transgalactosylation of the milk lactose by the whole cells of Bifidobac-
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terium bifidum 41171 and specifically promotes growth of Bifidobacterium spp. 
(Tzortzis et al., 2005). The genome of Bifidobacterium spp. encodes carbohydrate-
degrading enzymes with a high affinity to GOS (Pokusaeva et al., 2011). In fer-
mentation experiments carried out by Tzortzis et al. (2005) B. bifidum showed an 
increased preference towards the produced galactooligosaccharide mixture, display-
ing a higher growth rate and short-chain fatty acid production when compared with 
commercially available oligosaccharides. Bifidobacterium, a member of the Actino-
bacteria group, is present in fish gut and plays an important role in inflammation of 
the intestine (Banerjee and Ray, 2017; Wang et al., 2020).

The aim of the present study was to analyse the effects of dietary supplementa-
tion with 1% and 2% trans-galactooligosaccharide (GOS) on lipid composition and 
muscle microstructure of common carp. Carp is an important economic fish cultured 
in Poland, and our country is the largest carp producer in the European Union (FAO, 
2020). The research conducted by Hoseinifar et al. (2016) revealed that different 
prebiotics modulate carp growth and immune response differently, and GOS seems 
to be the most suitable prebiotic.  

material and methods

Studies on live animals were carried out in strict accordance with the recommen-
dations of the National Ethics Commission (Warsaw, Poland). All members of the 
research staff were trained in animal care, handling, and euthanasia. Fish health and 
welfare and the environmental conditions in the experimental tanks were checked 
twice daily by visual observation of animal behaviour and by checking water quality 
parameters such as oxygen saturation, temperature, and water flow. 

fish culture and experimental diets
The 60-day growth trial was carried out at the Experimental Station for Feed 

Production Technology and Aquaculture in Muchocin (Poland). Three hundred one-
year-old common carp (mean body weight 180 g) were used. The fish were randomly 
stocked into 12 concrete ponds (40 m3) at a density of 25 fish per pond in accord-
ance with Horváth et al. (2002). The experiment was carried out in four replications 
(four ponds per treatment). Each pond was equipped with an automatic band feeder 
allowing for the continuous supply of feed throughout a daily 12-hour period. The 
calculated daily feed dose for each pond was given every day at 9:00 a.m.; its con-
sumption was controlled visually twice a day, with the rate corrected if needed. The 
daily feed dose was restricted to assure that all feed supplied was consumed. The 
feeding rate was calculated in consideration of the fish biomass in each pond, which 
was corrected every 10 days on the basis of control by the bulk weighing of all fish; 
measurements of the current average daily water temperature and prior-day feed 
consumption were used for additional correction according to Miyatake’s (1997) 
recommendations, which resulted in a feeding rate ranging from 1.8 to 3.3% of the 
fish biomass. A constant flow of water in the experimental system was ensured by an 
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open-flow system with a mechanical pre-filtration chamber. During the experimental 
period, control of water physio-chemical parameters was carried out with the use of 
microcomputer oxymeter Elmetron CO-315. Measurements were taken of the aver-
age daily water temperature and pH, which ranged from 17.7°C to 22.7°C and 7.2 
to 7.6 respectively. Dissolved oxygen was kept above 3.5 mg O2/L, and hypoxia 
conditions were not observed in the experiment (details are described in Ziółkowska 
et al., 2020). 

The experimental diets were calculated as isonitrogenous (35.1% crude protein) 
and isoenergetic (18.5 MJ kg–1) with less than 4% of crude fibre and were formulated 
according to common carp nutritional requirements (NRC, 2011; De Silva and An-
derson, 1995; Takeuchi et al., 2002). The extrusion conditions used to prepare the 
feed were described in detail by Ziółkowska et al. (2020). Three experimental diets 
were used: control diet 1 (C) without feed additives, diet 2 with 1% of GOS (B1) and 
diet 3 (B2) with 2% of GOS (Table 1). Details of feed intake, utilisation, and growth 
parameters are given in Ziółkowska et al. (2020). 

Table 1. Dietary formulation and proximate composition of feed

Ingredient
Composition (%)

C B1 B2

1 2 3 4

Fish meal1 12.3 12.3 12.3

Blood meal2 10.0 10.0 10.0

DDGS3 11.0 11.0 11.0

Soybean meal4 15.0 15.0 15.0

Rapeseed meal5 10.0 10.0 10.0

Wheat meal 32.8 31.8 30.8

Fish oil6 4.6 4.6 4.6

Soybean lecithin7 1.0 1.0 1.0

Vitamin-mineral premix8 1.5 1.5 1.5

Vitamin premix9 0.1 0.1 0.1

Choline chloride 0.2 0.2 0.2

Fodder chalk 1.5 1.5 1.5

Prebiotic10 0.0 1.0 2.0

Proximate composition (% dry matter)

Crude protein 35.06

Crude lipid 9.08

Crude fibre 3.93

Total phosphorus 0.83

Calcium 1.36

Ash 7.17
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Table 1 – contd.

1 2 3 4

Gross energy (MJ·kg–1) 18.51

Essential amino acids (g/100 g of crude protein)

Arginine 4.53

Histidine 2.8

Lysine 3.5

Tryptophan 1.04

Phenylalanine + Tyrosine 4.96

Methionine + Cysteine 1.75

Threonine 3.13

Leucine 6.72

Isoleucine 3.9

Valine 4.97
1Danish fishmeal, Type F, 72% total protein, 12% fat, FF Skagen, Denmark.
2AP 301 P, 92% total protein, APC (GB) Ltd, Ings Road, Doncaster, UK. 
3Stillage >45% total protein, <6% ash.
4Toasted, 46–47% total protein. 
533% total protein, 2% fat. 
6Agro-fish, Kartoszyno, Poland. 
7BergaPure, deoiled lecithin, 97% pure lecithin, Berg + Schmidt GmbH & Co. KG, Hamburg, Germany. 

8Polfamix W, BASF Polska Ltd. Kutno, Poland – 1 kg contains: vitamin A 1000000 IU, vitamin D3 200000 IU, 
vitamin E 1.5 g, vitamin K 0.2 g, vitamin B1 0.05 g, vitamin B2 0.4 g, vitamin B12 0.001 g, nicotinic acid 2.5 g, 
D-calcium pantothenate 1.0 g, choline chloride 7.5 g, folic acid 0.1 g, methionine 150.0 g, lysine 150.0 g, Fe 2.5 
g, Mn 6.5 g, Cu 0.8 g, Co 0.04 g, Zn 4.0 g, I 0.008 g, carrier up to 1000.0 g. 

9Vitazol AD3E, BIOWET Drwalew, Poland – 1 kg contains: vitamin A 50000 IU, vitamin D3 5000 IU, vita-
min E 30.0 mg, vitamin C 100.0 mg. 

10Bi2tos® trans-galactooligosaccharide (GOS), Clasado Ltd.

During the experiment the fish were anesthetised by immersion in 130 mgL–1 tric-
aine methanesulfonate (MS–222, Sigma Aldrich) for weighing at 10-day intervals 
for feed rate control. Body weight gain (BWG), feed intake (FI), feed conversion 
ratio (FCR), specific growth rate (SGR), protein efficiency ratio (PER) and percent-
age weight gain (PWG) were calculated (details are described in Ziółkowska et al., 
2020). At the end of the experiment four fish per pond were euthanised by immer-
sion in 500 mg L−1 of MS–222 (Topic Popovic et al., 2012) for tissue sampling for 
chemical and histomorphological analysis. After sedation, the animals were decapi-
tated according to the American Veterinary Medical Association Guidelines for the 
Euthanasia of Animals (Leary et al., 2013). In accordance with Polish law and an EU 
directive (no 2010/63/EU), the experiments conducted in this study did not require 
approval from the Local Ethical Committee for Experiments on Animals in Poznań. 
The number of individuals subjected to analyses was based on earlier studies per-
formed by Hoffmann et al. (2020) and Józefiak et al. (2019) to provide a necessary 
sample size for laboratory and statistical analysis, and to avoid unnecessary animal 
sacrifice (according to 4R policy).
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nutritional composition
The fillet samples (n=16/treatment) were taken for analyses from the large side 

muscle of fish body above the lateral line (Musculus rectus dorsalis). Fillets were 
transported on dry ice at –78°C and then stored at –20°C until analysed. Nutritional 
analyses were conducted at University of Molise (Italy).

Total cholesterol determination
Total cholesterol (TCH) was extracted from the meat samples using the method 

of Maraschiello et al. (1996) and then quantified using HPLC system. A Kontron 
HPLC (Kontron Instruments, Milan, Italy) model 535, equipped with a Kinetex 5μ 
C18 reverse-phase column (150 × 4.6 mm × 5 μm; Phenomenex, Torrance, CA), was 
used. The HPLC mobile phase consisted of acetonitrile and 2-propanol (55:45, vol/
vol) at a flow rate of 1.0 mL/min. The detection wavelength was 210 nm. The quanti-
tation of muscle cholesterol content was based on the external standard method using 
a pure cholesterol standard (Sigma, St. Louis, MO).

Total lipid and fatty acid composition
Total lipids (TL) were extracted following the chloroform-methanol extraction 

procedure (Folch et al., 1957). Following lipid extraction, fatty acids (FA) were 
quantified as methyl esters (FAME) using a gas chromatograph GC Trace 2000 
(ThermoQuest EC Instruments) equipped with a flame ionisation detector (260°C) 
and a fused silica capillary Column (Zebron ZB-88, Phenomenex, Torrance, CA, 
USA) with a 100 m × 0.25 mm × 0.20 μm film thickness. Helium was used as carrier 
gas. The oven temperature program was 100°C for 5 min then increasing at 4°C/min 
up to 240°C where it was maintained for 30 min. Results were expressed as percent-
age of the total FA identified. To assess the nutritional implications, the ratio of n-6 to 
n-3 FA (n-6/n-3) and the ratio of polyunsaturated FA (PUFA) to saturated FA (SFA) 
(P/S) were calculated. Moreover, the fat quality indexes (atherosclerotic index (AI) 
and thrombogenic index (TI)) were calculated, according to the formulas suggested 
by Ulbricht and Southgate (1991): 

AI = [12:0 + (4×14:0) + 16:0]/[n-6 PUFA + n-3 PUFA + MUFA];
TI = [14:0 + 16:0 + 18:0]/[(0.5×MUFA) + (0.5×n-6 PUFA) + (3×n-3 PUFA) + 

(n-3 PUFA/n-6 PUFA)]

histological analyses
Directly after euthanasia the samples of the dorsal rectus muscle (Musculus rec-

tus dorsalis) were taken for histological analyses. Each sample was taken from in-
dividual fish, thus sample n of the samples represents n of the fish (n=16/treatment). 
Collected samples were frozen in liquid nitrogen at approximately –196°C until pro-
cessed in a cryostat (Thermo Shandon/Thermo Fisher Scientific, UK). Histological 
analyses were conducted at the Bydgoszcz University of Science and Technology 
(Poland). The muscle was cut into 10 μm sections using a cryostat. The material 



Effect of GOS on fat and muscle microstructure in carp 311

prepared in this way was subjected to HE (hematoxylin and eosin) staining to as-
sess fibre diameter, fibre density and histopathological changes, red oil staining to 
determine intramuscular fat content, and NADH-TR (tetrazolium reductase) activ-
ity to distinguish muscle fibre types differing in enzymatic activity. Muscle tissue 
image recording was performed using a NIKON Ci-L microscope equipped with  
a NIKON DS-Fi3 camera and NIS ELEMENTS software, which was used to meas-
ure fibre diameter and fibre density, and to determine the extent of histopathological 
changes such as giant fibres and fibre necrosis with phagocytosis per 0.5 mm2. Con-
nective tissue hypertrophy was determined as follows: 0 – no hypertrophy, 1 + hyper- 
trophy.

statistical analyses
Statistical calculations were made using STATISTICA 13.1 software (Dell, 

Round Rock, TX, USA, 2018). Data were tested for normality by the Shapiro-Wilk 
test and for homogeneity of variances by use of the Levene’s test. Growth parameters 
were calculated for each replicate (4 fish for pond, n=4). Four fish per pond were 
collected for chemical and histological analyses (16 fish for each treatment, n=16).  
The statistically significant difference (at P≤0.05) between treatments was checked 
using one-way analysis of variance (ANOVA) followed by Duncan’s multiple range 
tests.

results

nutritional composition
Total lipids (TL), total cholesterol (TCH) content and fatty acid (FA) composi-

tion are reported in Table 2. Meat samples from fish fed 1% of GOS (group B1) had 
higher (P<0.05) TL content compared with the B2 group (2% of prebiotics) but not 
with respect to the C group (P>0.05); similarly, no significant differences in fat con-
tent (P>0.05) were found between C and B2 groups. TCH content determined in the 
present study (ranging from 42.02 to 45.83 mg/100 g) was not affected by prebiotic 
treatment (P>0.05). In the present study, saturated fatty acids (SFA), monounsatu-
rated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA) percentages of the 
total lipid were not affected (P>0.05) by prebiotic treatment. Dietary inclusion of 1% 
or 2% GOS significantly affected (P<0.05) content of myristic (C14:0), palmitoleic 
(C16:1 n-7), stearic (C18:0), linoleic (C18:2 n-6), arachidonic (C20:4 n-6) and total 
n-6 fatty acids. Myristic acid (C14:0) was significantly lower in B1 and B2 groups 
(P <0.05) compared to the control group. Furthermore, stearic acid (C18:0) was sig-
nificantly lower in the B1 and the control groups than in the B2 group (P<0.05). 
For individual MUFA values, palmitoleic acid (C16:1 n-7) was significantly higher 
(P<0.05) in the meat of group B1 compared to those of the control and B2 groups, 
whereas for the individual PUFA acid, linoleic acid (C18:2 n-6) results were lower 
in the B1 and B2 groups compared with the control group (P<0.05), and arachidonic 
acid (C20:4 n-6) was significantly higher (P<0.05) in the B2 group compared to the 
B1 and control groups. 
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Table 2. Effect of GOS administration on total lipids and cholesterol contents, fatty acid composition 
(% of total fatty acids), and nutritional ratios in meat of common carp (Cyprinus carpio)

Items
Experimental groups

SEM P-valueC
n=16

B1
n=16

B2
n=16

Total lipids (g/100 g) 2.47 ab 3.21 a 2.23 b 0.17 0.046

Total cholesterol (mg/100 g) 42.02 45.83 44.55 0.78 0.127

Fatty acid

C14:0 1.39 a 1.18 b 1.12 b 0.04 0.006

C16:0 20.19 20.87 20.42 0.16 0.220

C16:1n-7 6.21 b 6.57 a 5.94 b 0.11 0.034

C18:0 4.53 b 4.70 b 5.06 a 0.06 0.001

C18:1n-9 44.61 44.78 44.35 0.42 0.917

C18:2 n-6 14.02 a 12.93 b 12.92 b 0.14 0.001

C18:3 n-6 2.35 2.08 2.17 0.06 0.197

C20:1n-9 0.51 0.53 0.68 0.04 0.110

C20:4 n-6 1.50 b 1.78 b 2.15 a 0.13 0.045

C20:5 n-3 0.82 0.83 0.88 0.05 0.887

C22:5 n-3 0.73 0.53 0.63 0.05 0.287

C22:6 n-3 3.14 3.22 3.68 0.19 0.385

Partial sum

ΣSFA 26.11 26.75 26.60 0.16 0.241

ΣMUFA 51.33 51.88 50.97 0.42 0.649

ΣPUFA 22.56 21.37 22.43 0.33 0.323

Total n-6 17.87 a 16.79 b 17.24 ab 0.18 0.043

Total n-3 4.59 4.57 5.19 0.26 0.563

Nutritional ratios

n-3/n-6 0.26 0.27 0.30 0.01 0.562

n-6/n-3 3.89 3.67 3.32 0.19 0.338

PUFA/SFA 0.86 0.80 0.84 0.01 0.137

AI 0.35 0.35 0.34 0.00 0.143

TI 0.54 0.56 0.53 0.01 0.371

C – Control; B1 – 1% Bi2tos®, B2 – 2% Bi2tos®.
SEM – standard error mean.
a, b – values significantly differ at P<0.05 level.

Fish fed a diet of 1% of GOS reduced the content of total n-6 FA compared 
with the control group (P<0.05); the intermediate value was shown with 2% of GOS 
(P>0.05). A higher amount of n-6 FA in the control group owes itself to the precursor 
of the n-6 family, the linoleic acid, quantitatively the most concentrated n-6 PUFA. 
Significantly, no differences were found between the experimental groups for the to-
tal amount of n-3 long chain PUFA, as well as for indexes for human health n-3/n-6, 
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n-6/n-3 and PUFA/SFA ratios. In the present study, no statistically significant differ-
ences between the groups were found for AI and TI.

Taking into account the general FA profile, total MUFA were the most abundant 
FA (ranging from 50.97 to 51.88%), followed in descending order by SFA (ranging 
from 26.11 to 26.75%) and PUFA (ranging from 21.37 to 22.46%). Quantitatively, 
the oleic acid (C18:1 n-9) was the most concentrated fatty acid, followed by palmitic 
(C16:0), linoleic acid (C18:2 n-6) and palmitoleic acid (C16:1 n-7). Regarding the 
composition of the single PUFA n-3, docosahexaenoic acid (DHA, C22:6 n-3) was 
the highest of the fatty acids. 

histological analyses
The results of muscle histological measurements are shown in Table 3. 

Table 3. The effect of GOS on histological measurements of muscle fibres of common carp (Cyprinus carpio)

Items C
n=16

B1
n=16

B2
n=16 SEM P-value

Fibre diameter (µm) 48.32 50.18 52.14 0.816 0.144

Muscle fibre density 
(fibres n/1.5 mm2) 
Muscle fibre type (%)
αW

106.60

100

117.00

100

117.00

100

3.703

–

0.422

–

Normal fibres (%) 93.81 b 95.06 ab 96.31 a 0.004 0.021

Fibre atrophy (%) 3.23 a 2.73 ab 1.58 b 0.003 0.016

Fibre splitting (%) 2.96 2.22 2.11 0.002 0.208

Connective tissue hypertrophy (%) 80.00 54.00 38.00

C – Control; B1 – 1% Bi2tos®, B2 – 2% Bi2tos®.
SEM – standard error mean.
a, b – values significantly differ at P<0.05 level.

Analyses showed muscle is characterised by a glycolytic metabolism, 100% 
white fibres – αW, because the activity of the oxygen enzyme (oxidoreductase) – 
tetrazolium reductase has not been shown (Figure 1 A). Red oil staining showed 
that intramuscular fat is distributed around the muscle fibres (Figure 1 B). Figu- 
re 1 C showed histopathological changes. It can be seen that as the concentration of 
GOS added to the feed increases, the percentage of normal fibres increases (P<0.05). 
The group of animals receiving 2% transgalacto-oligosaccharide was characterised 
by the highest percentage of normal fibres (96.31%) compared to the control group 
(93.81%). Statistical analyses showed a significantly lower percentage of atrophy 
fibres in the groups supplemented with prebiotic (P<0.05). The most favourable val-
ues   were obtained in the research group supplemented with a 2% prebiotic (group B2 
– 1.58%) compared to the control group (3.23%). Similar differences were noted for 
splitting, but statistical analyses did not confirm this. The microscopic image of the 
muscle showed no changes such as giant fibres or fibre necrosis with phagocytosis. 
Figure 1 D showed connective tissue. It was observed that as the prebiotic added was 
increased, the connective tissue hypertrophy decreased.
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Figure 1. (A) Muscle fibre types: αW (glycolytic) NADH-TR (NADH-tetrazolium reductase) activity 
staining, magnification ×100; (B) intramuscular fat (arrow), red oil staining, magnification ×200; (C) 
fibre splitting – 1 (arrows), hematoxylin and eosin (HE) staining, magnification ×200; (D) atrophy fibre 
– 1 (arrow), connective tissue overgrowth – 2 (arrow), hematoxylin and eosin (HE) stain, magnification 

×100

Figure 2. Cross sectional area of white muscles without fibres atrophy (C – Control; B1 – 1% Bi2tos®, 
B2 – 2% Bi2tos®)
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Due to the presence of only white glycolytic fibres (Figure 1 A), the diameters of 
these fibres were analysed. In both the control group and the B1 group we observed 
the largest percentage share of white muscle fibre diameters in the range of 31–40 
µm and 41–50 µm, respectively (Figure 2). On the other hand, increasing the prebi-
otic addition to 2% (group B2) resulted in an increase in thickness of white muscle 
fibres in the 51–60 µm and 41–50 µm range. In all three groups, the lowest percent-
age was white muscle fibres, which was in the range <20 µm (1–2%). However, the 
analyses showed no statistically significant differences in the discussed ranges. 

discussion

nutritional composition
Lipids extracted from fatty fish meat, which includes common carp, are pre-

dominantly composed of triacylglycerols. As many results confirm, GOS is able to 
decrease serum triacylglycerol concentrations by enhancing lipoprotein catabolism. 
The triacylglycerol-lowering action of GOS is due to the inhibition of lipogenic en-
zymes, e.g., acetyl-CoA carboxylase (ACC), fatty acid synthase (FAS), malic en-
zyme (ME), ATP citrate lyase (ACLY), and glucose-6-phosphate dehydrogenase 
(G6PD) (Guerreiro et al., 2017 a; Ulbricht and Southgate, 1991; Delzenne and Kok, 
2001; Delzenne et al., 2002; Wang et al., 2016 a). As the analyses by Guerreiro et 
al. (2015) showed, lipogenic enzyme activities (FAS, ME and G6PD) were lower 
in European sea bass (Dicentrarchus labrax) that were fed diets including xylooli-
gosaccharides (XOS, Qingdao, FTZ United International Inc., China) than in the 
other groups. The lipid-lowering effect of GOS may result from the inhibition of the 
expression of genes and proteins, including liver enzymes responsible for glucose 
metabolism, which reduces the accumulation of fat (Sun et al., 2017). In this study 
we confirmed that GOS supplementation did not affect the total lipid (TL) level in 
the meat of the analysed common carp. The highest TL level was determined in the 
B1 and the lowest in the B2 group, but neither B1 nor B2 groups were different from 
the control group. The same results were confirmed by Dimitroglou et al. (2010) for 
gilthead seabream (Sparus aurata) fed with a diet supplemented with MOS. The 
absence of a lipid-lowering effect of GOS used in the present study may result from 
the fish adapting to the experimental diets. As Guerreiro et al. (2017 b) confirmed, 
it is possible that fish gut bacteria community and digestive enzymatic activity had 
to adapt to the dietary modification. Results of studies on the effect of prebiotics on 
animal health are often contradictory given that several factors may affect the fer-
mentability of prebiotics. One of these factors is the type and dose of the prebiotic. 
The study of Biggs et al. (2007) demonstrated that excessively high prebiotic dose 
may have a negative impact on the gastrointestinal system and may delay the growth 
of animals. This could be related to the inability of gut bacteria to ferment the high 
amount of prebiotic provided in the diet. The opposite hypothesis is that GOS, as  
a prebiotic with a low degree of polymerisation (PD), at a dose of 1% and 2%, was 
too weak in relation to the enzymes responsible for lipid metabolism. Our fat results 
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are to the contrary to those of Munir et al. (2016), who found that GOS (Vivinal®, 
Friesland Campina Domo, The Netherlands) reduced lipid amount (about 1.4%) 
compared with the control group of snakehead (Channa striata) fingerlings. In turn, 
Mansour et al. (2012) observed increased total lipid in giant sturgeon (Huso huso) 
fed with a diet supplemented with MOS (ActiveMOS®, Biorigin, Lencois Paulista, 
Säo Paulo, Brazil), which may be beneficial from a consumer point of view, because 
intramuscular fat can have a positive effect on the juiciness and taste of meat. 

Content of the cholesterol in the meat depends on the fish species (species fea-
ture) (Moreira et al., 2001), is not correlated with fat content (Piironen et al., 2002), 
and is affected by several factors, among them the PUFA content (Guillen et al., 
2019; Kinsella, 1986). The total cholesterol (TCH) content determined in the pre-
sent study was not affected by prebiotic treatment (P>0.05). As numerous studies 
confirm, synthetically produced prebiotics may increase the production of acetate, 
propionate and butyrate (Jackson and Lovegrove, 2012). Analysis of the hipolipi-
demic properties of short-chain FOS in humans confirmed that propionate inhibits 
cholesterol synthesis by inhibiting both 3-hydroxy-3-methylglutaryl-CoA (HMG-
CoA) synthase and HMG-CoA reductase (Bornet et al., 2002). In vitro studies of rat 
hepatocytes confirmed inhibition of cholesterol synthesis by prebiotics due to the 
impaired absorption of acetate by liver cells (Jackson and Lovegrove, 2012). To bet-
ter understanding the effect of the prebiotic supplement on cholesterol homeostasis, 
it would be necessary to analyse the expression of genes involved in bile acid syn-
thesis and the synthesis, esterification, and excretion of cholesterol. The desirability 
of such studies has been confirmed by Zhu et al. (Zhu et al., 2018), who analysed the 
expression of genes responsible for cholesterol metabolism in rainbow trout (Onco-
rhynchus mykiss) fed a plant-based diet.

The fatty acid (FA) proportion of meat is considered an important index for meat 
quality. Fish fat is characterised by a significant amount of PUFA and is commonly 
recognised as the main source of n-3 FA. Fish meat is a rich source of a mixture of ei-
cosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), but the levels of these 
dietary nutrients vary appreciably among different fish species (Kris-Etherton et al., 
2000; Steffens and Wirth, 2005). To our knowledge, there is very little information in 
the literature on the effect of prebiotics on the fatty acid profile in fish meat. 

In the present study, we showed that GOS supplementation affected myristic 
(C14:0), palmitoleic (C16:1 n-7), stearic (C18:0), linoleic (C18:2 n-6), arachidonic 
(C20:4 n-6) and total n-6 FA percentages, but had no stimulating effect on other FA 
profiles. This confirms the hypothesis that diet supplementation with prebiotic may 
modify the expression of genes responsible for the expression of lipogenic enzymes. 
Studies of rats fed a mixture of inulin and oligofructose have shown that it caused  
a reduction in body weight gain and visceral fat, which may be significant in the 
regulation of fatty acid metabolism in the liver. An effective inhibitor of de novo fatty 
acid synthesis is propionate, a product of prebiotic metabolism (Sun et al., 2017; 
Demigné et al., 1995). The present study confirmed that GOS supplementation sig-
nificantly reduced myristic acid in the B1 and B2 groups, and increased stearic acid 
in the B2 group compared to groups B1 and C. Myristic acid causes a significant 
increase in total cholesterol and LDL content in serum, therefore the obtained result 
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seems to be a beneficial effect of GOS supplementation (Table 4). Stearic acid, in 
contrast to other saturated fatty acids (such as lauric, myristic and palmitic acids), 
does not increase serum cholesterol, and therefore does not increase the risk of coro-
nary heart disease. This is because stearic acid quickly turns into monounsaturated 
oleic acid (C18:1 n-9). Piccolo et al. (2013) reported that MOS diet (ECHOMOS; 
Mazzoleni Prodotti Zootecnici, Cologno al Serio, BG, Italy) seemed to improve the 
synthesis of some fatty acids such as C16:0, C18:0 and C18:1n-9 in the meat of 
sharpsnout seabream (Diplodus puntazzo).

From a physiological point of view, elongated and unsaturated fatty acid deriva-
tives are more important than their parent fatty acids. These acids are arachidonic 
acid (AA) in the case of the n-6 series and eicosapentaenoic acid (EPA) and doco-
sahexaenoic acid (DHA) in the case of the n-3 series (Steffens and Wirth, 2005). 
Freshwater fish thanks to their Δ5 and Δ6 desaturase systems are capable of elon-
gation and desaturation of linoleic acid and α-linolenic acid, while the marine fish 
have a limited ability to synthesise long-chain polyunsaturated fatty acids from n-6 
and n-3 series (Steffens and Wirth, 2007). Prebiotics produce changes in the global 
composition of the intestine flora and affect its growth and metabolic activities. This 
can increase the levels of long-chain PUFAs as bacteria have the enzymes necessary 
to elongate and desaturate fatty acids (Macfarlane et al., 2006). In our studies we 
confirmed significantly higher content of arachidonic acid in the B2 group compared 
to B1 and C groups (Table 2). This is probably a confirmation of desaturase and 
elongase activities. Kindt et al. (2018) confirmed that the gut microbiota promotes 
hepatic fatty acid desaturation and elongation in mice (Δ-9 desaturation of palmitate 
[C16:0] to palmitoleate [C16:1 n-7] and elongation of α-linolenic [C18:3 n-6] to 
dihomo-γ-linolenic acid [DGLA, C20:3 n-6]). The linoleic-lowering effect of GOS 
confirmed in our research is difficult to explain due to the lack of available data. Pic-
colo et al. (2012) showed no statistically significant differences in the content of this 
acid between groups treated with prebiotics (mannan oligosaccharide and inulin).

Some studies reported that prebiotics can alter lipid metabolism and improve 
the ratio of PUFA/SFA and n-3/n-6 in chicken meat (Velasco et al., 2010; Tavan-
iello et al., 2018), which is beneficial to human health. In our study, we confirm 
no significant differences in terms of these ratios between GOS-treated and control 
groups. Despite the fact that 1% GOS supplementation resulted in a lower total n-6 
FA content (the negative effect is marked in Table 4), the analyses confirmed the ap-
propriate n-6/n-3 ratio. Similarly, no statistically significant differences were found 
for the atherogenic index (AI) and the thrombogenic index (TI), which is the criteria 
for evaluating the level and interrelation through which some fatty acids may have 
atherogenic or thrombogenic properties, respectively. Our results are in line with 
Piccolo et al. (2013), who confirmed no significant differences in AI and TI content 
between groups. AI and TI indexes express the proportion of selected saturated to 
unsaturated fatty acids, and are considered better indicators of atherogenicity and 
thrombogenicity than the PUFA/SFA ratio. It is assumed that the lower their value, 
the more beneficial the fatty acid profile in terms of health for the consumer (Ulbricht 
and Southgate, 1991).
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histological analyses
Individual muscle fibres are the basic unit of muscle tissue. Depending on the 

metabolic and structural properties, red and white fibres can be distinguished. White 
fibres have a rapid shrinkage rate but are prone to fatigue. Red fibres shrink more 
slowly with less force and are resistant to fatigue. In red fibres, the main metabol-
ic pathway is aerobic change and anaerobic change in white fibres. Carp muscle 
masses are mainly made of white, glycolytic fibres. A fish that increases its body 
weight increases primarily the amount of white fibres, which can constitute about 
90% of the total volume of muscle tissue. Analyses of the tested material showed  
a 100% predominance of white muscle fibres, which is close to the results obtained 
by Zimmerman and Lowery (1999), Weatherley and Gill (1989), and Karahmet et 
al. (2014). Due to the 100% content of white muscle fibres, the diameters of normal 
white muscle normal fibres were analysed and then assigned to appropriate classes. 
Karahmet et al. (2014) showed that the average diameter of muscle fibres in rainbow 
trout (Oncorhynchus mykiss) is in the range 31–40 µm and 41–50 µm, whereas in 
brown trout (Salmo trutta) and alpine trout (Salvelinus alpinus) the average diameter 
is at intervals of 21–30 µm and 31–40 µm. These studies are in line with ours, in 
which the largest amount of muscle fibres was assigned to the class of muscle fibres 
with a diameter of 31–40 µm and 41–50 µm. In fish, we observe both hypertrophic 
and hyperplastic growth of muscle fibres. Hyperplastic growth is regulated mainly 
by the Myogenic Regulatory Factor myoD, for the proliferation of myoblasts. The 
expression of the myoD gene in muscle fibres is associated with intense proliferation 
of satellite cells associated with intense hyperplasia and the mechanisms of hypertro-
phy (Carani et al., 2013). Both hypertrophic and hyperplastic growth result in a large 
variety of muscle fibre diameters. The large variety of muscle fibre diameters that 
we also observe in our research gives the muscles a mosaic-like appearance. This is 
characteristic of fish meat, as demonstrated by Johnston et al. (1975) and Listrat et al. 
(2016). Priester et al. (2011) also showed that as the size of the black seabass (Cen-
tropristis striata) increased, the average diameter of the muscle cells increased pro-
portionally from 36 μm to 280 μm. There were no statistically significant differences 
in the diameter and density of muscle fibres between the experimental groups. These 
results differ from those obtained by Rabah (2005) and Johnston et al. (1975). John-
ston et al. (1975) stated that as the total number of white muscle fibres in the Atlantic 
salmon (Salmo salar) increased, their density also decreased. This study also showed 
a statistically significant reduction in the percentage of atrophy fibres (C – 3.23%; 
B2 – 1.58%). Atrophy fibres arise as a result of, e.g., aging and hereditary muscle 
disorders, but also of hypoxia, or deficiency of ingredients in the food ration, e.g., 
vitamin E or selenium (Hugh et al., 1976). Wang et al. (2016 b) demonstrated the ef-
fect of vitamin E deficiency on muscle myopathies as manifested by muscle atrophy. 
Moreover, hypoxic stress or an increased presence of copper may also contribute to 
the development of muscle fibre atrophy (Harper and Wolf, 2009; Maharajana et al., 
2016). In muscles which we studied, the experimental factor reduced the number of 
atrophy fibres. The larger diameter of the muscle fibres was observed in the research 
groups, yet the higher fibre density per unit area is associated with the smaller thick-
ness of the connective tissue. A smaller amount of connective tissue was observed 



Effect of GOS on fat and muscle microstructure in carp 319

in the research groups. Hypertrophy of connective tissue can exert pressure on the 
surrounding blood vessels, which in turn can contribute to a decrease in blood supply 
to the fibres, and thus to degenerative changes.

In many fish, the number of muscle fibres increases throughout the life cycle (Sun 
et al., 2017). Therefore, GOS supplementation in the diet can promote the develop-
ment of fish muscles and contribute to the improvement of meat quality, although the 
mechanism is still unknown (Table 4).

Table 4. Effect of GOS supplementation on lipid metabolism and meat microstructure of common carp 
(Cyprinus carpio) compared to the C group

Parameters* B1 B2

Nutritional composition

TL ± ±

C14:0 + +

C16:1 n-7 + ±

C18:0 ± +

C18:2 n-6 - -

C20:4 n-6 ± +

total n-6 - ±

Histological analyses

normal fibres ± +

fibre atrophy ± +

*parameters for which statistically significant differences between treatment groups were found at P<0.05.
B1 – 1% Bi2tos®, B2 – 2% Bi2tos®. 
Positive effect (+), negative effect (-) and neutral effect (±) of GOS compared to the control group.

conclusions
The results of the present study revealed that prebiotics could be a potential di-

etary additive for farmed common carp. GOS had a positive effect on some muscle 
fatty acid profiles and stimulated conversion of fatty acids to their long-chain un-
saturated derivatives in the case of the n-6 series (C20:4 n6). That there were no 
differences in the total cholesterol content between the experimental groups may 
indicate maintenance of the metabolic balance of this sterol due to the prebiotic used. 
The supplementation of feed with 2% GOS positively affected meat microstructure 
and slightly increased the percentage of normal fibres, while it slightly decreased 
the percentage both of split values and of fibre atrophy. Further research on the ef-
fects of prebiotics on lipid metabolism should be carried out because this topic is  
not fully explored, especially in the case of the fatty acid profile. Research on  
the effect of prebiotics on different species of fish on the basis of a comparative  
study will help identify the best prebiotic to change the intestinal microflora of the 
species.
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