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ABSTRACT

The aim of this research was to investigate the impacts of polyphenols-supplemented diet on growth, body 
composition and gene expressions of insulin-like growth factor (IGF) and growth hormone (GH) in Labeo rohita 
fingerlings fed canola meal-based diets. Two plant extracts; Salvadora persica and Salvadora oleoides were used to 
assess the efficacy of L. rohita. Twelve test diets, including control (no supplementation) and supplemented with S. 
persica, S. oleoides and their mixture at the levels of 200, 400 and 800 mg/kg, were formulated. The gene expression 
of IGFs and GH was observed to be regulated significantly (p< 0.05) in the liver tissue of fingerlings when fed with 
supplemented diet. The highest expression of GH was observed at 200 mg/kg mixture diet. The results of growth 
performance showed that maximum weight gain% (215%) and SGR (1.63) was recorded at 200 mg/kg mixture diet. 
The results of carcass analysis showed that they were significantly (p< 0.05) influenced by supplemented diet when 
compared with control diet. As growth performance is under genetic control, the synthesis and release of IGF are 
stimulated by binding of GH to receptors present in the liver. Conclusively, the results showed that rohu fingerlings 
shown the best results of growth performance, body composition and gene expression of IGF and GH, when fed on 
mixture of S. persica and S. oleoides at 200 mg/kg.
Keywords: Gene expression; growth hormone; growth performance; insulin-like growth factors; polyphenols 

ABSTRAK

Matlamat penyelidikan ini adalah untuk mengkaji kesan diet tambahan polifenol ke atas tumbesaran, komposisi 
badan dan pengekspresan gen faktor tumbesaran seperti insulin (IGF) dan hormon tumbesaran (GH) pada anak Labeo 
rohita yang diberi diet berasaskan canola. Dua ekstrak tumbuhan; Salvadora persica dan Salvadora oleoides digunakan 
untuk menilai keberkesanan L. rohita. Dua belas ujian diet, termasuk kawalan (tiada suplemen) dan tambahan suplemen 
S. persica, S. oleoides serta gabungannya pada tahap 200, 400 dan 800 mg/kg telah diformulasi. Pengekspresan 
gen IGF dan GH diperhatikan telah dikawal dengan ketara (p<0.05) dalam tisu hati anak apabila diberi makanan 
tambahan. Pengekspresan tertinggi GH diperhatikan pada diet gabungan 200 mg/kg. Keputusan prestasi tumbesaran 
menunjukkan peningkatan% berat badan maksimum (215%) dan SGR (1.63) direkodkan pada diet gabungan 200 mg/
kg. Keputusan analisis karkas menunjukkan bahawa mereka secara signifikan (p< 0.05) dipengaruhi oleh diet tambahan 
jika dibandingkan dengan diet kawalan. Oleh kerana prestasi tumbesaran berada di bawah kawalan genetik, sintesis 
dan pembebasan IGF dirangsang oleh pengikatan GH kepada reseptor yang terdapat dalam hati. Secara konklusif, 
keputusan menunjukkan bahawa anak rohu menunjukkan hasil terbaik dalam prestasi tumbesaran, komposisi badan 
dan pengekspresan gen IGF dan GH apabila diberi makan gabungan S. persica dan S. oleoides pada 200 mg/kg.
Kata kunci: Faktor tumbesaran seperti insulin; hormon tumbesaran; pengekspresan gen; polifenol; prestasi tumbesaran
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INTRODUCTION

The paucity of proteinaceous foods even in highly 
developed regions can be overcome with suitable 
aquaculture development. Since the last few decades, 
the aquaculture industry has been popularized and served 
us with highly rich source of nutrients in the form of 
fish (Béné et al. 2016). A large proportion of essential 
micronutrients and proteins are present in fish and fish 
items that are of absolute importance for good health 
and achieving nutritional requirements (Reverter et al. 
2017). Over few decades, the use of fish meal has become 
intensive, rendering it a highly expensive ingredient to be 
used for feed formulation (Salin et al. 2018). The most 
important factors of aquaculture to gain highest output 
are feed and feeding. The use of fish meal is one of the 
principle expenses that are faced by fish cultivators; as 
they spend a large part of their farming income in gaining 
high quality feed. So, it has become the major interest 
of most of the aquaculturists to supply cost-effective and 
good quality fish feed to fish farmers (Alhazzaa, Nichols 
& Carter 2019).

Canola meal is a high-quality protein source being 
rich in all essential amino acids and minerals (Yigit 
& Olmez 2009). Second to soybean meal, it is highly 
nutritional plant protein source (Glencross 2016). 
Because of its favorable amino acid content, canola oil 
is used in aquaculture industry to replace fish oil. It has 
12% crude fiber, 35% crude protein, 3.5% residual oil 
and 6% ash (Burel & Kaushik 2008). However, due to 
several anti-nutritional factors (ANFs) like saponins, 
tannins and glucosinolates; canola meal use in fish feed 
is limited. These ANFs are the reason of low feed intake, 
poor nutrient digestibility, and disturbed digestive system 
in monogastric fishes (Landero et al. 2011).

Polyphenols or phenolic compounds belongs to 
one of the amplest categories of phytochemicals found 
in plant kingdom and are largely available (Maqsood et 
al. 2014). These plant polyphenols are very important 
part of the fish feed and have been utilized largely to 
prevent oxidative stress (Nijveldt et al. 2001). To fulfill 
the protein demands in short interval of time, the growth 
boosting substances are continuously being manipulated 
in aquaculture. The use of synthetic chemicals in the feed 
improves growth and reproductive performance, however, 
produces drug resistance and other problems which 
affect the sustainable establishment of aquaculture, food 
security and human health (Ming et al. 2012). Inclusion of 
herbal-enriched diets in aquaculture provided us positive 

outcomes in terms of immunity, growth performance and 
stress resistance (Amin et al. 2019; Moustafa et al. 2020). 
Therefore, to enhance fish immunity and to improve anti-
stress activity via nutritional ways is the main concern for 
researchers. Salvadora persica and Salvadora oleoides 
from genus Salvadora and family Salvadoraceaeare are 
the two common species. S. persica is locally called 
miswak or toothbrush tree (Salehi & Sh 2006). Its extract 
has tannins, terpenes, alkaloids, carbohydrates, sterols 
and flavonoids. In addition, the phytochemicals analysis 
showed that extract of S. persica has low content of 
saponins, anthraquinones and coumarins (Verma et al. 
2009). S. oleoides is grown on large scale in Saudi Arabia, 
India, and Pakistan. Its common names are badapilu, 
meethajal, and virdhpilu (Mathur 2015). Phytochemicals 
screening also showed that stem, leaves and seeds of S. 
oleoides have highest concentrations of hydrocarbons 
(41.3%), phenolic compounds (25.7%), and flavonoids, 
respectively. It is observed that the methanolic extract of 
aerial parts of plant contain fatty acid, tannins, vitamin C, 
urosolic acid, chlorides, resins, and stearic acid (Geetha, 
Manavalan & Venkappayya 2010).

The metabolic and physiological processes of fish 
need to be studied in response to dietary alterations, in 
order to have better knowledge of fishmeal replacers 
and plant by-products on fish body performance. 
Nutrigenomics is the analysis of gene expression pattern 
to check the effects of feed on genome of fish (Mutch, 
Wahli & Williamson 2005). The insulin-like growth 
factors (IGF-1) and growth hormone (GH) in fish control 
the growth performance (Tatar, Bartke & Antebi 2003). 
Genes that encode the expressions of IGF-1 and GH 
can be influenced by the dietary protein intake source. 
The nutrient metabolism, growth and development are 
affected by the fish nutritional status that regulate the 
actions of both IGF-I and IGF-II (Kumar et al. 2017). 
L. rohita is well known for its adaptability to grow fast 
in confined water areas. It is herbivorous being highly 
selective in its natural food (Singh, Gaur & Chari 2006). 
L. rohita was selected in the present research study 
due to its fast growth rate, good taste, high nutritional 
status, adaptability to climate, high market demand and 
economic value in Pakistan (Wahab, Rahman & Milstein 
2002). The main objective of the current research study 
was to evaluate the impacts of polyphenols, derived from 
S. persica and S. oleoides, on gene expression of IGF-1 
and GH, body composition and growth performance of 
fingerlings of L. rohita.
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MATERIALS AND METHODS

FORMULATION OF TEST DIETS

First, basal diet was made by mixing dietary feed 
ingredients. All the feed ingredients were purchased from 
local market and analyzed chemically according to AOAC 
(AOAC 2005). Chemical composition of feed ingredients 
is shown in Table 1. Polyphenols enriched S. persica and S. 
oleoides extract was used in the study, which was obtained 
directly from the Department of Chemistry, Government 
College University, Faisalabad. Feed ingredients were 
crushed to powder form in grinding machine and sieved 
by a mesh of size 0.5 mm in diameter. Ingredients 

composition (%) of polyphenols-supplemented diets is 
shown in Table 2. Then, water (15%) and fish oil were 
added gradually into the mixture to make dough. Then, 
the dough was passed via feed pelleting machine to form 
pellets of size 0.2-0.3 mm diameter; not bigger than 
fish mouth size. Twelve test diets including control (no 
supplementation) and supplemented with S. persica, S. 
oleoides and their mixture (1:1) at the levels of 200, 400 
and 800 mg/kg were formulated. The supplements were 
dissolved in water and sprayed over the pellets which 
were dried in oven at 55 °C. At last, pellets were stored 
at room temperature in separate plastic boxes. 

FIGURE 1. Pictorial representation of agarose gel. M is marker 
ladder of 100 bp 

TABLE 1. Chemical composition (%) of feed ingredients

Ingredients
Dry matter

(%)
Crude Protein

(%)
Crude Fat

(%)
Crude Fiber

(%)
Ash
(%)

Gross 
Energy
(kcal/g)

Carbohydrates

Fish meal 90.4 47.4 6.60 1.70 23.5 2.03 16.0

Wheat flour 91.5 09.1 2.52 2.03 2.60 2.67 79.3

Corn-gluten 60% 91.3 58.8 4.65 1.20 1.93 4.23 28.6

Rice polish 93.9 10.2 12.4 11.2 09.8 3.27 48.3

Canola meal 90.7 37.9 4.91 3.73 12.3 3.43 34.9
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FISH AND EXPERIMENTAL CONDITIONS

The experiment was conducted at the Fish Nutrition 
Laboratory, Department of Zoology, Government 
College University, Faisalabad, Pakistan. The L. rohita 
fingerlings (6.57 ± 0.02 g) were bought from Government 
Fish Seed Hatchery, Faisalabad. The fingerlings were 
transferred to lab in oxygen containing plastic bags. 
Fish were given basal fish diet for 14 days. Each tank 
was supplemented with separate air pump for proper 
aeration during the whole experimental period. All 
tanks were covered with thin net to prevent accidental 
eescape of fish. Dissolved oxygen (6.0 ± 0.9 mg/L) and 
temperature (25.0 ± 0.8 °C) were sustained throughout 
the period. A total of 150 fingerlings were distributed 
equally into 12 tanks with triplicates (50 L water 
carrying capacity). Feeding trial was conducted following 
completely randomized design (CRD) in triplicates. The 
total duration of the experimental period was 70 days.

FEEDING TRIAL

Fish was fed twice a day at 5% of live wet weight of fish. 
Tanks were washed and water was changed after every 
feeding interval to clean any uneaten feed particles. Feces 
were collected after 2 h via fecal collecting tube twice a 
day. Proper care was taken to prevent breaking of fecal 
strings that can cause leaching of nutrients. Then, feces 
were weighed (5 g) and stored for further analysis. 

GENE EXPRESSION
ISOLATION OF RNA

Experimental fish was dissected very carefully to 
extract liver tissue of L. rohita fingerlings and stored 
instantly in TRIzol reagent for further process. After 
RNA extraction, the purity of total RNA was checked by 
NanoDrop micro-volume spectrophotometer. 

 TABLE 2. Ingredients composition (%) of basal diet

Ingredients Ratio (%)

Canola meal 50

Fish meal 15

Wheat flour 11

Rice polish 13

Fish oil 7

Ascorbic acid 1

Vitamin Premix* 1

Mineral premix** 1

Chromic Oxide 1

               Note: *Vitamin (Vit.) premix kg-1: Vit. A: 15,000,000 IU, Vit. C: 15,000 mg,
               Vit. E: 30000 IU, Vit. B2: 7000 mg, Vit. B6: 4000 mg, Vit. B12: 40 mg,
               Vit. D3: 3,000,000 IU, Vit. K3: 8000 mg, Ca pantothenate: 12,000 mg,
               Nicotinic acid: 60,000 mg, Folic acid: 1500 mg
               **Mineral premix (kg-1): Se: 3 mg, I: 40 mg, Co: 40 mg, Cu: 600 mg, Fe: 1000 mg, 
               Mn: 2000 mg, Zn: 3000mg, Na: 45 g, Mg: 55 g, P: 135 g, Ca: 155 g       
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FIRST STRAND cDNA SYNTHESIS

The complete total RNA isolated from liver tissue 
of L. rohita fingerlings was reverse transcribed into 
complementary DNA with 20 µL total volume of using 
RevertAid First Strand cDNA Synthesis Kit (Thermo 
Scientific, #k1622) with manufacturer’s instructions. The 
samples of cDNA were then stored at -80 °C.

REVERSE TRANSCRIPTASE-QUANTITATIVE 
POLYMERASE CHAIN REACTION (RT-qPCR)

Ten µL reaction mixture containing 5 µL SYBR® Green, 
1 µL forward primer, 1 µL reverse primer and 3 µL cDNA 
was prepared. β-actin was used as a reference gene and a 
house keeping gene as in Irm et al. (2020). It is commonly 
used as an internal reference for gene expression studies. 

The process was divided into three steps. First step was 
at 90 °C for 3 min. Second step comprised of 50 cycles, 
each cycle with three sub steps: (a) at 95 °C for 15 s, (b) at 
60 °C for 30 s, (c) at 72 °C for 30 s. Third step comprised 
of 71 cycles, began at 60 °C and increased every 10 s up 
to 95 °C. Variations in gene expression (fold changes) 
were calculated by ΔΔCt method (Livak & Schmittgen 
2001; Zhong et al. 2012). The primers were designed by 
following the protocols of Ye et al. (2012). Furthermore, 
following Kayama et al. (2021), cross amplification, 
hairpin loops, and dimer probability were investigated. 
The sequences of forward and reverse primers are given 
in Table 3. The annealing temperature and efficiency of 
primers were 45-50 ℃ and 98-99%, respectively. The 
agarose gel image of PCR is presented in Figure 1.
 

TABLE 3. Primers used for RT-qPCR analysis followed (Mun et al. 2019)

Gene Primer sequence (5’–3’)a
Amplicon Size 

(bp)
Accession Number

Gh
F: GAA CTG ATG CCA GCC ATG A

87
XM_051106058.1

R: AGC TAC AGA GTG CAG TTT G

ghr-1 F: CCA TCA GAT GAG CAA CTT CTG AAA AGT
122

XM_051106058.1

R: ACT TCC TGG TGA ATC AGC CTT A

ghr-2
F: CAC AGA CTT CTA CGC TCA GGT CA

97
XM_051106058.1

R: TGA GTT GCT GTC CAG GAG ACA

igf-1
F: GTC TGT GGA GAG CGA GGC TTT

115
  XM_051107790.1

R: AAC CTT GGG TGC TCT TGG CAT G

i g f - 1 
ra

F: CTAAGGGCGTGGTTAAGCAC
121

XM_051134507.1

R: TTGTTGGCGTTGAGGTATGC

i g f - 1 
rb

F: AGG GAC GAG CCA GAG ACG
126

XM_051114311.1

R:TTC AGA GGA GGG AGG TTG

act-β
F: GTG ATG TGA CGC TGG ACC AAT C

114
XM_051096690.1

R: CCA TGT CAT CCC AGT TGG TCA CAA T

Abbreviations; gh=Growth hormone, ghr-1=Growth hormone receptor-1, ghr-2=Growth hormone receptor-2, igf-1= Insulin-like growth factor-1, igf-1 
ra= Insulin like growth factor-1 receptor a, igf-1 rb= Insulin like growth factor-1 receptor b, act-β=β-Actin



3362 

 

a 

 

b 

 

c 

 FIGURE 2. Relative mRNA expression of (a) GH (b) GHR-1 (c) GHR-2 in liver 
of L. rohita fingerlings fed on polyphenols-supplemented diets

a 
 

b 

 
c 

 FIGURE 3. Relative mRNA expression of (a) IGF (b) IGF-1 Ra (c) IGF-1 Rb in 
liver of L. rohita fingerlings fed on polyphenols-supplemented diets
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GROWTH PERFORMANCE

To check the feed and growth performance, fingerlings 
of each tank were bulk weighed at the start and 
completion of trial and calculated by using following 
standard formulae (Hussain et al. 2015).

(1)

(2)

(3)

CHEMICAL ANALYSIS OF PROXIMATE BODY 
COMPOSITION

Fish body was analyzed by the standard methods of 
AOAC (2005) to find out their proximate composition. 
The crude protein and fat were determined with the 
micro-Kjeldahl apparatus and with the Soxtec HT2 1045 
system, respectively. The moisture content was checked 
by placing the fish in oven at 105 °C for 12 h and ash 
content by burning the fish body in electric furnace at 
650 °C for 12 h. 

STATISTICAL ANALYSIS

Data of gene expression, growth performance and body 
composition of fingerlings was evaluated statistically 
by two-way analysis of variance (Steel, Torrie & Dickey 
1996). The differences among means were compared 
by Tukey’s Honesty Significant Difference Test and 
considered significant at p<0.05 (Snedecor & Cochran 
1991). The CoStat-computer package (Version 6.303, 
PMB 320, Monterey, CA, 93940 USA) was utilized for 
statistical analysis.

RESULTS

EXPRESSION OF INSULIN-LIKE GROWTH FACTORS AND 
GROWTH HORMONE

After the 70 days of feeding period, the results showed 
that expressions of IGF and GH in the liver were noticed 

to be regulated significantly (p< 0.05) when fed with 
test diets having different levels of polyphenols. The IGF 
and GH gene expression were increased significantly in 
supplemented test diets when compared to control diet. 
The highest GH expression (55.32) and GHR-2 (39.52) 
were observed at 200 mg/kg mixture diet (Figure 2(a), 
2(c)) which was significantly improved than other 
diets. Improved GHR-1 gene expression (44.78) was 
present in fish treated with 400 mg/kg of mixture 
diet while lowest GHR-2 expression (22.87) when fed 
with S. oleoides at 400 mg/kg (Figure 2(c)). At 800 
mg/kg mixture diet, maximum (44.78) GHR-1 gene 
expression was noted (Figure 2(b)). The highest IGF-1 
gene expression (36.67) at 400 mg/kg S. persica based 
diet was obtained when compared to control diet (Figure 
3(a)). IGF-1 Ra and lowest IGF-1 Rb expression was 
observed at 400 mg/kg S. oleoides and mixture diet 
(Figure 3(b), 3(c)). 

GROWTH PERFORMANCE

Growth performance was affected significantly in 
fingerlings fed with polyphenol supplemented diet as 
compared to control diet. The maximum specific growth 
rate (SGR) (1.63) and weight gain (WG) % (215%) was 
noticed in fingerlings fed with diet having 200 mg/kg 
polyphenols followed by 400 mg/kg (WG%: 192%, SGR: 
1.53) (Table 4). In S. oleoides based diet, highest value 
of WG% and SGR was observed at 400 mg/kg followed 
by 200 and 800 mg/kg diet. The highest level (800 
mg/kg) of S. oleoides in diet decreased the weight gain 
(141%) of fingerlings. WG of fingerlings at 800 mg/kg in 
S. oleoides based diet was lower than the other two levels 
but still higher than control level. All the experimental 
groups showed the significant increase in the WG and 
SGR when compared to control group. The lowest value 
of FCR (1.04) was observed at 200 mg/kg diet in mixture 
diet followed by S. persica based diet. 

BODY COMPOSITION

Proximate analysis of body composition showed that 
fingerlings fed on mixture diet at 200 mg/kg had highest 
(63%) crude protein. The protein content in mixture 
diet increased with the increase in polyphenols levels. 
In S. oleoides based diet, highest protein content was 
observed at 200 mg/kg (59%) followed by control in diet 
(88%) (Table 5). In S. persica based diet, at 200 mg/kg 
significant increase in protein content was noticed while 

Weight gain %=
  Final weight (g)-Initial weight(g)

 Initial weight ×100 (1) 

  

FCR=
 Total dry feed intake (g)

 Wet weight gain (g)  (2) 

  

SGR = 
  [ln (final weight) - ln (initial weight )]

 Duration of trial in day ×100 (3) 

 

Weight gain %=
  Final weight (g)-Initial weight(g)

 Initial weight ×100 (1) 

  

FCR=
 Total dry feed intake (g)

 Wet weight gain (g)  (2) 

  

SGR = 
  [ln (final weight) - ln (initial weight )]

 Duration of trial in day ×100 (3) 

 

Weight gain %=
  Final weight (g)-Initial weight(g)

 Initial weight ×100 (1) 

  

FCR=
 Total dry feed intake (g)

 Wet weight gain (g)  (2) 

  

SGR = 
  [ln (final weight) - ln (initial weight )]

 Duration of trial in day ×100 (3) 
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TABLE 4. Growth performance of L. rohita fingerlings fed polyphenols-supplemented canola meal-based diet

Test Diets Polyphenols
Levels 

(mg/kg)
Initial weight Final weight Weight Gain (%) FCR SGR

T1

S. persica

0 7.30±0.33 17.4±0.11bd 138.9±12.4bd 1.53±0.05aa 1.24±0.07bc

T2 200 7.6±0.12 21.4±0.27ba 181.3±1.40ba 1.29±0.04ad 1.47±0.007ba

T3 400 7.30±0.17 19.4±0.06bb 165.6±5.74bb 1.37±0.01ac 1.39±0.03ba

T4 800 7.32±0.20 18.6±0.07bc 154±7.36bc 1.49±0.03ab 1.33±0.04bb

T5

S. oleoides

0 7.30±0.33 17.4±0.11cd 138.6±12.4cd 1.52±0.05ba 1.23±0.07cb

T6 200 7.43±0.03 18.9±0.04ca 154.9±1.61ca 1.36±0.02bc 1.33±0.009ca

T7 400 7.30±0.17 19.9±0.05cb 173.0±7.10cb 1.28±0.04bd 1.43±0.03ca

T8 800 7.22±0.06 17.4±0.03cc 141.5±1.84cc 1.41±0.01bb 1.25±0.01cb

T9

Mixture

0 7.30±0.33 17.4±0.11ad 138.2±12.4ad 1.51±0.05ca 1.22±0.07ad

T10 200 7.37±0.32 23.2±0.09aa 215.3±12.6aa 1.04±0.02cc 1.63±0.05aa

T11 400 7.43±0.26 21.7±0.17ab 192.4±12.7ab 1.11±0.04cb 1.53±0.06ab

T12 800 7.45±0.04 20.5±0.10ac 174.7±3.12ac 1.08±0.01cc 1.44±0.01ac

Means in columns with distinct superscripts are significantly different at p< 0.05. Data are means of three replicates

at 400 mg/kg and control, no significant effect was seen 
between these two levels. The lowest value of protein 
content in all three diet groups was observed when 
fed with 800 mg/kg supplementation of polyphenols. 
Maximum fat content (15%) was observed in mixture diet 
when supplemented at 800 mg/kg. In all supplemented 
diets, ash and moisture content of the fish body were 
found to be minimum at 200 mg/kg in diet. 

DISCUSSION

Plant extracts having active biomolecules or phytochemicals 
are being administered orally to augment the growth of 

farmed species and is considered a strategy of considerable 
attention nowadays (Abdel-Tawwab & Monier 2018; 
Adeshina et al. 2019). These possess anti-inflammatory, 
anti-microbial, immunostimulatory, antioxidant, growth 
promoting and microbiota regulation abilities (Reverter 
et al. 2017). Fish growth performance is under genetic 
control and it is mainly affected by various physiological 
and environmental factors such as temperature and 
photoperiod (Ranjan et al. 2018). The synthesis and 
release of IGF is stimulated by binding of GH to receptors 
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TABLE 5. Body composition (%) of L. rohita fingerlings fed on polyphenols-supplemented diets

Test diets Polyphenols Levels 
(mg/kg) Protein Fat Ash Moisture

T1 S. persica 0 58.8±0.39bd 13.5±0.33bc 10.2±0.37ba 17.5±0.32bc

T2 200 62.2±0.28ba 13.4±0.28bd 8.1±0.43bd 16.3±0.34bd

T3 400 58.3±0.33bb 14.3±0.14bb 8.9±0.07bc 18.5±0.24bb

T4 800 54.6±0.14bc 15.2±0.39ba 9.6±0.25bb 20.6±0.34ba

T5 S. oleoides 0 58.4±0.39cb 13.7±0.33ac 10.4±0.37aa 17.5±0.32ad

T6 200 59.8±0.15ca 12.8±0.07ad 9.6±0.02ad 17.8±0.22ac

T7 400 55.9±0.28cc 15.4±0.14ab 9.9±0.03ab 18.8±0.37ab

T8 800 51.7±0.03cd 16.2±0.05aa 10.4±0.04aa 21.7±0.22aa

T9 Mixture 0 58.3±0.39ac 13.8±0.33cc 10.2±0.37ca 17.7±0.32cb

T10 200 63.4±0.27aa 13.1±0.28cd 7.8±0.04cd 15.7±0.03cd

T11 400 60.6±0.37ab 14.2±0.15cb 8.5±0.05cc 16.7±0.03cc

T12 800 56.4±0.14ad 15.6±0.30ca 9.6±0.25cb 18.4±0.03ca

 Means in columns with distinct superscripts are significantly different at p< 0.05. Data are means of three replicates

present in the target organ specifically in the liver 
(Miandare et al. 2016). Many studies have documented 
previously that GH and IGF expression were affected 
by adding supplements into fish feed (Tan et al. 2017).  
Kumar et al. (2017) reported that nutritional status of fish 
feed affected the IGF-1 expression in many fish species. 
In this study, GH and IGF-1 expression was significantly 
affected by diet supplemented with polyphenols. The 
results of our study are in accordance with results of 
Kumar et al. (2017) who stated that addition of de-oiled 

rice bran in the feed of L. rohita significantly affected 
IGF-I expression. In our study, the growth of fingerlings 
showed a significant increase when given 200 mg/kg 
polyphenols in diet (Table 4). The growth results showed 
a positive correlation with IGF-I and IGF-II expression. 
In line with our studies, Hoseinifar et al. (2017) recorded 
an upregulation of GH, IGF-1 and IGF-2 gene expression 
in liver and brain of common carp, by using polyphenol-
enriched extract of date palm for the period of 60 days. 
Safari et al. (2020) found the improvement in GH 
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gene expression and in turn, the release of IGF while 
feeding the Beluga sturgeon on diet supplemented with 
dietary tannins (polyphenols). This effect increased in 
dose-dependent manner. The basic mode of action of 
polyphenols is to improve the gastrointestinal function 
and morphology and ultimately the enhanced fish growth 
and nutritional results (El-Bakary & El-Gammal 2010). 
Similarly in juvenile puffer fish, expression of IGF-1 
gene showed significant results when added vitamin C 
in the diet (Cheng et al. 2018). Gómez Requeni et al. 
(2004) findings were in line with our results in that the 
addition of plant protein into feed of Gilthead sea bream 
(Sparus aurata) affected the GH expression. Midhun et al. 
(2016) stated the upregulation of GH and IGF-1 in brain 
and skeletal muscles of Nile tilapia when treated with 
polyphenolic curcumin. 

In the present study, the L. rohita fingerlings fed 
with 200 mg/kg polyphenols showed the best growth 
performance. The highest weight gain of fingerlings 
was observed in mixture diet at 200 mg/kg. The growth 
determining phenomenon of polyphenols in fish feed is 
quite variable such as some polyphenols have been found 
to increase the growth rate in Parrotfish (Wang et al. 
2003), African catfish (Turan & Akyurt 2005) and Yellow 
perch (Lee & Dabrowski 2004). Satisfying results of 
WG% (125%), SGR (1.80) and FCR (2.13) were obtained 
by Jahazi et al. (2020), while feeding the polyphenols 
extracted from chestnut (0.2%) supplemented diet to 
the common carp. The experiment conducted by Zhang 
and Wen (2012) supported our results that addition of 
chlorogenic acid into fish feed at 200 mg/kg improved 
the growth performance. Although in Angelfish juveniles, 
no effect on growth was recorded (Blom, Dabrowski 
& Ebeling 2000).  It was observed that the growth 
performance of L. rohita fingerlings was significantly 
improved at lowest level, indicating that lower dose 
of polyphenols is suitable for enhancing the growth of 
fish. The maximum feed intake was recorded at 200 mg/
kg diet. The lowest feed intake was observed at higher 
level 800 mg/kg, which means that highest concentration 
affects the palatability of feed and reduced the feed 
intake ultimately leading to low weight gain. Omnes et 
al. (2017) reported that addition of dietary tannin into 
feed of European seabass (Dicentrarchus labrax) reduced 
the feed intake of Cyprinus carpio when added above 
10 g/kg diet. Such disparity can be due to difference in 
supplementation levels of the polyphenols than ours. 
Zhong et al. (2020) also found significant effect of tea 
polyphenols at 50 mg/kg on the growth performance of 

Black carp. Furthermore, Xu et al. (2019) described the 
growth promoting effects, WG% (861%), FCR (1.33) of 
quercetin (source of polyphenols) at 0.4mg/kg in Grass 
carp.

From our study, it is obvious that the increase in 
polyphenol level and its positive outcomes showed 
inverse relation after an optimal limit. It is also 
supported by Halliwell (2007), who said that phenolic 
compounds at high concentrations can lead to toxicity 
of host animal. The highest crude protein and crude fat 
content were present at the lowest level of combination 
diet, which supports the fact that at lower dose, 
polyphenols give better results. According to Deng et 
al. (2011), the increased fat and protein content in the 
fish body explained that flavonoid content in the plant 
extracts increased the ingestion of food, absorption and 
metabolism of nutrients. Similarly, with the increase of 
polyphenols level, improved fat and protein contents in 
the body were observed in Grass carp (Liang et al. 2012).

CONCLUSION

It was concluded that polyphenols extracted from S. 
persica and S. oleoides supplemented in canola meal 
are useful to achieve upregulated gene expressions 
of insulin-like growth factors and growth hormone, 
maximum growth performance and proximate body 
composition of L. rohita. Mixture of both polyphenols 
at 200 mg/kg worked well because of their synergistic 
action. Overall, these polyphenols can serve as functional 
feed ingredients so that successful fish farming is possible.
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SUPPLEMENTARY FILES

Details of how the RNA was extracted, the concentration 
and purity of the samples and how it was stored.

1. Dissection of the experimental fish was done very 
carefully and extracted liver tissue of L. rohita fingerlings 
and collected in eppendorf for the gene expression study 
and stored instantly in TRIzol reagent for further 
process. 

2.  The cell or tissue samples were homogenized so that all 
fractions of the sample could be identical in composition. 
Tissue was homogenized through tissuelyser. Beads 
were added into eppendorf and set it into tissuelyser for 
30-50 sec. 

3.  TRIzol reagent method is used to isolate the RNA 
of L. rohita fingerlings from liver and brain (including 
pituitary). 

a.  Homogenized sample was taken in a fresh eppendorf 
tube
b.  1 mL TRIzol reagent (Invitrogen, Germany) per 50 mg 
samples was added in the homogenized sample
c.  200 µL chloroform was added in the homogenate 
sample
d.  Vortex the sample for 30 s and place it immediately 
in ice box
e.  Centrifuge the sample at 12000 rpm for 15 min at 4 
°C to get separation phase
f.  After centrifugation separation phase was formed and 
transfer the upper phase in fresh nuclease free eppendorf 
tube
g.  0.5 mL isopropanol was added and centrifuged it at 
12000 rpm for 10 min at 4 °C to get a pellet
h.  Washed the pellet with 1 mL 70% ethanol, centrifuged 
it at 7500 rpm for 10 min at 4 °C and removed the 
supernatant
i.  The pellet was then air dried in eppendorf tube stand
j.  20 µL RNase free H2O was added to dissolve RNA 
pallet in eppendorf tube

Concentration of chemicals for RNA extraction by TRIzol reagent method

Sr. No Chemicals Concentration

1 TRIzol reagent 1 ml

2 Chloroform 200 µl

3 Ethanol 70% 1 ml

4 Isopropanol O.5 ml

5 RNase free H2O 20 l

4.  The purity of total RNA was checked by NanoDrop 
micro-volume spectrophotometer. First placed a drop of 
double distilled water at the lens of spectrophotometer 
and then loaded 1 µl RNA sample at the less. Click the 
‘measure’ button and record the readings.
5.   RNA was stored at -20 ℃ until it was use.


