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Abstract 
This study was conducted to determine effects of dietary administration of different levels of 
ginger (Zingiber officinale) extract on digestive enzymes activity and liver composition of 
Mesopotamichthys sharpeyi during eight weeks. In this respect, 192 M. sharpeyi fingerlings 
(with initial weight 11.67 ± 0.32 g) were divided into three ginger extract (0.1%, 0.5%, 1%) 
treatment groups in triplicates. Control group did not receive ginger extract. Feeding of fish was 
done based on three percent of body weight. At the end of the experiment, digestive enzyme 
activity (Amylase, Trypsin and Alkaline Phosphatase) and liver lipid and glycogen contents 
were measured. Results showed applying ginger extract enhanced activity of digestive enzymes 
differently. Amylase activity improved but, Trypsin activity not affected (P<0.05). The highest 
ALP activity occurred under 1% supplemented diet, but overall, no significant difference was 
observed compared with control. The highest level of glycogen concentration was observed in 
1% ginger extract supplemented diet (P<0.05). The highest liver lipid concentration was 
observed in treatment 2 (P<0.05). In general, it is concluded that addition of ginger extract to 
feed increases activity of some digestive enzymes and stored energy compounds in the liver of 
Mesopotamichthys sharpeyi fingerlings. 
 

Keywords: Mesopotamichthys sharpeyi, Ginger extract, Digestive enzyme activity, Liver 
composition. 

  
1. Introduction 

Employing methods that facilitate nutrients digestion 

process is the first priority in aquaculture (Francis et al., 

2005). Considering that in aquaculture farms, 40 to 50 

percent of production costs is for feed (Abowei and 

Ekubo, 2011), so appropriate nutrition is necessary in 

order to improve production and enhance economic 

efficiency (Craig and Helfrich, 2002). Since chemical 

supplements and fertilizers cause side effects and 

bacterial resistance, employing natural food additives, 

such as herbal extracts and biomass is recommended by 

WHO (Levic et al., 2008). Herbal additives lead to 

greater digestive enzymes secretion and improving 

appetite, feeding rate and food efficiency (Jiang et al., 

2007) yielding greater fish growth and biomass 
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production (Saravana Bhavan et al., 2012).  

Protein, lipid and carbohydrates are three sources of 

fish energy (Shirmohammadi, 1997). Physiological 

status of fish and environmental conditions influence 

fish growth rate (Alliot et al., 1974).  

Ginger (Zingiber officinale) is a herb (Judd et al., 

2002) used as digestive stimulant since ancient times 

(Platel and Srinivasan, 2000). It is shown ginger 

stimulates growth of aquatic organisms (El-Desouky 

et al., 2012). Nya and Austin (2011) and 

Venkataramalingam et al. (2007) reported increment 

of gastric enzyme activity after consumption of 

ginger as a food additive in Oncorhynchus mykiss 

and Penaeus monodon, respectively. Also, Haghighi 

and Sharif Rohani (2013) indicated that dietary 

powdered ginger rhizome stimulated the immune 

system in the rainbow trout.  
Mesopotamichthys sharpeyi (Benni fish) is a 

native fish with relatively high commercial value, 
recently introduced to aquaculture industry of 
Southern provinces of Iran (Mousavi et al., 2012). It 
has a high value in sport fishing and economic 
fishery in Iraq and is the second most important fish 
after Tenaulusa illisha (Coad, 1992). Information 
about biology, physiology, growth and diseases of 
Barbus sharpeyi as a native species is very important 
and can be useful for propagation and culturing of 
this species. There are many reports on benni fish in 
Iran and Middle East. For example, Al Mukhtar et al. 
(2006) reported that the fecundity of benni fish 
increased directly with the size of fish and Gonado 
Somatic Index (GSI) and maturity stage indicated that 
spawning time of this species is during March and 
April. Basak Kahkesh et al. (2011) have observed that 
the brood stocks of benni fish with mean weight 
1350 g and 2 years old are the best brood stocks for 
spawning and artificial propagation and maximum 
fecundity obtained in this stage. Zakeri and Minabi 
(2013) reported that feeding with 3% BW/day ratio 
was optimal for growth of B. sharpeyi juvenile at water 
temperature 28 °C. Also, Mousavi et al. (2012) showed 
that Eugenol can be used as a substitute of MS-222 for 
anesthesising of this species. However, there are few 

studies on digestion process and gastric enzymes in this 
species. Study of enzyme activity in fishes can clarify 
ambiguities of nutritional physiology and resolve 
arguments on nutritional disorders (Kuzmina, 1996; 
Kuzmina and Skvortsova, 2001). This study was 
conducted to determine effects of ginger extract on 
digestive enzyme activity and liver composition in 
Mesopotamichthys sharpeyi. 

2. Materials and Methods 

2.1. Ginger Extraction 

500 g of ginger was crushed and dried, then mixed 

in an oven at 50 ° C. The resulting powder was 

weighed and mixed with 80% ethanol (1:9 W/V) and 

let to soak for three days at room temperature. The 

resulting mixture was thoroughly mixed with a 

magnet stirrer and filtered through Whatman No. 42 

filter paper. Then, the obtained liquid was distilled in 

a rotary (at 78 °C) to extract alcohol. After distillation, 

the extract was poured in an autoclaved sealed glass 

and kept at 4 °C before adding in food (Zargari, 

1997). Five ml of Ginger extract was delivered to 

Central Laboratory of Ahvaz Jundi Shapur University 

of Medical Sciences for GC/Mass analysis.  

2.2. Feeding 

192 Benni fish (with average weight of 11.67± 

0.32 g) were transferred from Ahvaz Shahid Maleki 

Aquaculture center to Wet laboratory, Khorramshahr 

University of Marine Science and Technology, and 

randomly distributed between 12 Fiberglass tanks 

(with 300 liters capacity). The fish were acclimatized 

in fiberglass tanks for two weeks and in this period, 

feeding was performed three times a day based on 

three per cent of body weight by commercial pellete 

diet. In this experiment, four treatments (included 

four levels of the ginger extract including 0% 

(control group), 0.1% (group 1), 0.5% (group 2) and 
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1% (group 3) of ginger extract per kg food) were 

considered in triplicates. For the next 8 weeks, the fish 

were fed with diets containing different levels of 

Ginger extract. Daily, 20% of the water volume was 

exchanged and water quality parameters including 

temperature (26±1 ° C), dissolved oxygen (7.22 ±0.07 

mg/l) and pH (7.42 ±0.18) were measured. The basic 

diet was composed of protein (49.39%), carbohydrate 

(22.65%), lipid (8.26%), ash (9.3%) and moisture 

(10.37%). 

2.3. Sampling and Enzyme Assays 

Experimental and control fish were euthanized with 

Eugenol and their liver and intestine collected, washed 

by normal saline and then, kept in freezer at -80 °C 

(Lemieux, 1999). Enzyme extraction was performed 

by adding homogeneous buffer solution (Tris-Hcl 50 

mM, KCL 50 mM and CaCL 20mM) into the samples 

in ratio of 1 to 9 (V/W) at pH 7.5 (Mohammadi 

Azarm et al., 2012) before homogenization with 

homogenizer (Model: IKA®TI8 basic). Homogenized 

samples were poured into 1.5 ml Eppendorf tubes. 

The homogenates were centrifuged in a refrigerated 

centrifuge (K System Centurion Model) at 4 °C at 

1200×g for 30 min (Mohammadi Azaram et al., 

2012). Then, the resulting supernatant was dipensed 

into 1.5 Eppendorf tubes and used for enzyme assays. 

Protein content of the enzyme extract was measured 

following Bradford (1976). 

Trypsin enzyme assay was performed based on 

Furne et al. (2005). Amylase and ALP activity was 

measured using Pars Azmoon biochemical photometric 

Kit, Tehran, Iran.  

2.4. Liver Glycogen and Lipid Assay 

Liver glycogen and lipid contents were measured 

by the method of Lu et al., (1970) and Frings et al., 

(1972), respectively. 

2.5. Statistical Analysis 

One-way ANOVA analysis and Tukey’s post-test 

(SPSS version 16) were used for comparing of 

means of the treatments and significant differences at 

0.05 probability level. 

3. Results 

Major components of ginger ethanolic extract are 

Zingiberen (21%), Beta-Sesquiphelandrene (7.98%), 

Cyclohexene (6.38%), Benzene (5.1%) and Zingiberone 

(4.34%). The results of GC/Mass analysis of ginger 

showed the following components:  

1,1 Diethoxy ethan (0.12%), 2-Propenoic acid 

(0.09%), Ethyl Isothiocyanate (0.12%), Methyl 

Pyrazine (0.02%), Trimethyl Silane (0.65%), 2-

Heptanone (0.03%), Benzen (0.03%), Methyl Ester 

(0.13%), Thiapentyl Mercaptan (0.02%), Cyclopentane 

(0.02%), 2,3 Methylenedioxy- B- Methyl- B-

Nitrostyrene (0.02%), Difuorobenzene (0.02%), 6-

Mthyl-5-Hepten-2-One (0.11%), Morpholine-4-

Carboldehyde (0.03%), Octanal (0.18%), Cyclohexane 

(0.03%), Beta-Phellandrene (0.08%), 1,8-Cineole 

(0.47%), Oxirane (0.11%), 2-Cyclohexene (0.03%), 

Pyrazine (0.07%), 1-Piperidinyloxy (0.05%), 1,2-Epoxy-

p-menth- 8- ene (0.06%), Alpha-Terpinolene (0.1%), 

Nonanal (0.05%), N- (2- Acetylcyclopentylidene) 

cyclohexylamine (0.02%), Cyclohexanone (0.02%), 

Camphor (0.08%), 4H-Pyran-4-one (0.12%), 4,7,7-

Trimethylbicyclo heptan (0.02%), Borneol (0.85%), 3-

Ethyl-4- (3-methyl- 3H-imidazol-4- ylmethyl (0.04%), 

3-Cyclohexen (0.06%), 4-Amino-1-Methyl-3-

nitropyrazole (0.04%), Alpha terpineol (0.44%), 

Decanal (0.47%), Beta-Citronellol (0.03%), 2,3-

Dihydro-Benzofuran (0.08%), Z-Citral (0.08%), 

Methyl Phenidate (0.08%), 1,4-Cyclohexadiene 

(0.11%), 2-Decenal (0.17%), 2,6- Octadienal 
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(0.11%), Oxazolidine (0.02%), Acetic Acid (0.06%), 

2,4-Decadienal (0.53%), 3-Octen-1-ol (0.03%), 2,4-

Decadienal (1.28%), 1,4-Pentadiene (0.09%), Alpha-

Terpinene (0.08%), 2 (1H) -Pyridinone (0.03%), 3-

Dodecen (0.26%), Cyclohexene (0.11%), Alpha-

Copaene (0.13%), Cyclohexanone (0.04%), Beta-

Elemene (0.41%), Benzaldehyde (0.19%), 2-Nonenoic 

acid (0.1%), Calarene (0.09%), Germacrene-D 

(0.03%), Gamma-Elemene (0.46%), Trans-beta-

Farnesene (0.39%), 1H-Cycloprop[e]azulene (0.14%), 

Naphthalene (0.19%), Benzene (5.1%), Zingiberene 

(21.17%), Naphthalene (1.4%), Cyclohexene (6.38%), 

Epi-biocyclosesquiphellandrene (0.15%), Selina-3,7 

(11) -diene (0.31%), Beta-Sesquiphelandrene (7.98%), 

Trans-Gamma-Bisabolene (0.19%), Oplopenone 

(0.15%), Elomol (0.61%), 2-Furanmethanol (0.08%), 

1,6,10-dodecatrien-3-ol (0.46%), Beta-Bisabolene 

(0.65%), Lime oil (0.88%), Torreyol (0.26%), 

Cyclohexene (1.16%), Zingiberone (4.34%), Beta- 

Selinenol (0.26%), 5,5-Epoxymethano-2,2,6-trimethyl-

7-oxabicyclo (0.07%), Beta-bisabolene (1.03%), 

Ethanone (1.05%), 2-Naphthalenemethanol (0.47%), 

Oxetane (0.41%), Cyclopropanementhanol (0.17%), 

Farensyl acetate (0.3%), n-Hezadecanoic Acid 

(0.32%), Palmitic Acid (0.32%), Cis-6-Shagaol 

(9.35%), Butane (4.98%), methanol (1.17%), 2-Ethyl-

1-methylenspiro[2.5]octan (1.75%). 

Data of digestive enzymes activity for trypsin, 

amylase, and alkaline phosphatase as well as 

glycogen and lipid contents are presented in Table 1. 

Results showed no significant difference in Trypsin 

enzyme activity between treatments and control 

group (P>0.05).  

The highest and the least amylase activity were 

observed between treatments 3 and 1 with significant 

difference as well as with control, respectively 

(P<0.05). Activity rate of ALP was increased 

significantly in treatment 3 compared with control 

(P<0.05). The results also showed that ginger extract 

significantly (p<0.05) increased glycogen level in 

treatment 3 and moderately in treatment two 

compared with control group. The highest liver lipid 

content was observed in treatment 2 and significantly 

different from control and other treatments (P<0.05). 

4. Discussion 

Digestion is a key process in animal metabolism 

since it determines the availability of nutrients needed 

for all biological functions and a prinicipal tool in 

studying the nutritional condition and adaptation of 

the organism to dietary change (Gisbert et al., 2009). 

Table 1: Effects of Ginger extract on activities of Trypsin, Amylase, ALP and Glycogen and Lipid contents of liver of 

Mesopotamichthys sharpeyi fingerlings (mu.min-1/mg protein) (Mean ± SE) 

Treatments 

Parameter Control T1 T2 T3 

Trypsin 2.63±0.69 3.22±0.76 3.27±0.23 2.97±0.06 

Amylase 906.69±84.70b 747.21±39.91b 935.95±40.38ab 1187.22±68.07a 

ALP 264.95±48.36b 506.16±115.46ab 635.03±108.97ab 1078.68±209.54a 

Glycogen 20.29±1.56c 24.43±1.46cb 33.02±4.19b 53.40±2.11a 

Lipid 67.33±8.74c 139.50±21.54b 215.33±14.57a 136.33±15.23b 

* Different letters in the same line presented significant differences between treatments (p<0.05). 
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Medicinal Herbs contain compounds that improve 

appetite and increase digestive efficiency  and as such 

act as  digestive stimulants through bile secretion and 

facilitated pancreatic enzyme activities (Platel et al., 

2002, Barreto et al., 2008) leading to improved growth 

rate (Yu et al., 2008). Platel and Srinivasan (2000) 

investigated the effects of some plants and bacteria on 

trypsin secretion in upper parts of the fish gut. Trypsin 

activity is considered as a nutritional condition 

indicator of fish and its secretion is consistent with the 

pancreas activity (Sunde et al., 2001). Recent studies 

showed that protease-based digestion was considered as 

an important component for carnivorous and 

herbivorous fishes (Rungraungsak-Torrissen et al., 

2008). Although, Ginger contains digestive stimulants 

such as thiol protease (Herawati and Marjuki, 2011), 

gingerol, gingiber and camphene (Venkataramalingam 

et al., 2007) which increase activity of trypsin 

(Herawati and Marjuki, 2011), in this investigation, no 

significant differences were observed between 

treatments and control. Nya and Austin (2011) reported 

adding of supplementary Ginger and Garlic to the diet 

of Onchorhynchus mykiss at the levels of 0.5 and 1 

g/100 g food showed the lowest trypsin activity. 

Venkataramalingam et al. (2007) reported that oral 

administration of enriched Artemia by as much as 25% 

(W/W) Ginger in diets of post larvae of Penaeus 

monodon led to significant increase in protease activity 

in shrimp.  

Similarly, improved amylase activity under 

various herbal additives has been reported by many 

researchers (Yu et al., 2008; Sankar et al., 2011; 

Saravana Bhavan et al., 2012). Venkataramalingam 

et al. (2007) reported that administration of Artemia 

enriched by 25 % (W/W) ginger biomass to post 

larvae of Black Tiger prawn, significantly increased 

the amylase activity of larvae, a finding supported by 

findings of this research (Table 1).  High amylase 

activity (as shown in treatment 3) is probably due to 

the active compounds in Ginger (Grzanna, 2005) 

which stimulate gastrointestinal tract activity, reduce 

the passing time of food from gastrointestinal tract and 

quickly discharge it (Khan et al., 2012. Platel and 

Srinivasan, 2004). On the other hand, the autonomous 

nervous system (ANS) is stimulated by active 

compounds in Ginger (Uzodike and Ilodibe, 2010) 

and as such have a positive effect on cholecystokinin 

activity (Pilichiewicz et al., 2008) stimulating 

intestine and pancreas (Cudennec et al., 2008) which 

in turn, lead to increased secretion of amylase into 

intestine. This effect of ginger and its effect on 

improving bacterial growth in the digestive tract 

(Sutherland et al., 2009, Sugita et al., 1997), which 

also improves amylase activity indicate that amylase 

activity is affected more than proteases such as 

Trypsin (Tenglaroenkul et al., 2000).  

Alkaline phosphatase is often considered as an 

indicator of nutrient absorption (Silva et al., 2010) and 

plays a role in mineralization of aquatic skeleton, 

transfer of phosphate and hydrolysis of phosphorylated 

proteins (Letelier et al., 1985). High levels of alkaline 

phosphatase in intestine indicated high capacity of 

nutrients absorption, intestine growth and development 

and final fish growth (Nya and Austin, 2011). There is 

a significant difference in terms of alkaline 

phosphatase activity between treatment 3 and control 

groups (P<0.05). Nya and Austin (2011) observed 

the highest level of alkaline phosphatase activity in 

treatments of rainbow trout with added Garlic and 

Ginger supplements in their diets, Ginger is a plant 

containing minerals including iron, calcium and 

phosphorus (Govindarajan, 1982). Plants and food 

additives increase absorption of essential nutrients 

leading to better growth of organisms (Windisch et 

al., 2008). Since, the amount of digested proteins by 

trypsin in intestine in treatments is higher than 

control group, the high levels of alkaline phosphatase, 

which is involved in the hydrolysis of phosphorylated 

protein, appears to be reasonable. The results of this 

study showed that Ginger extract had a positive 

impact on the level of liver glycogen content. There is 

no report on effects of Ginger extract on fish liver 
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glycogen. The results of this study are consistent 

with results from studies in other organisms. Jothivel 

et al. (2007) by adding Costus pictus methanolic 

extract (family: Zingiberaceae) to the rat diet, 

observed significant increase in the level of liver 

glycogen. Akhani et al. (2004) observed that Ginger 

extract significantly reduced levels of blood glucose 

and increased level of insulin. Insulin is an anabolic 

hormone that stimulates uptake of glucose by muscle 

and adipose tissue, increases glucose into glycogen or 

lipid for deposition and prevents generating glucose 

(Glycolysis process) from liver (Caroll and Matz, 

1983). Higher content of liver glycogen observed in 

treatment 3 is probably due to facilitated production of 

insulin from pancreatic B cells under influence of 

compounds of Ginger extract such as Gingerol and 

Shagol (Heimes et al., 2009; Chakraborty et al., 2012). 

Also, inorganic nutrients in medicinal herbs affect 

to hypoglycemic activity (Castro, 1998). Mineral 

elements such as calcium, potassium and chromium 

play an important role in insulin releasing from 

pancreatic B cells (Underwood and Mertz, 1986). 

Other possible effect of Ginger is inhibition of liver 

phosphorylase to prevent decomposition of stored 

glycogen in the liver and increase enzymes activity 

that promote glycogen synthesis. Also, it is postulated 

that inhibition of glucose-6-phosphatase activity, and 

thereby reducing catalysis of glucose-phosphate to 

glucose, could consequently lower blood glucose 

(Zhang and Tan, 2003).  

The results of this study in terms of liver lipid 

levels showed that the highest lipid concentration in 

liver was observed in treatment 2 and had significant 

differences with control and other treatment groups. 

Also, Significant differences were observed between 

the treatment 1 and control group (P<0.05). 

Lipogenesis is done in liver or muscle tissues (Segner 

and Bohm, 1994). It is generally believed that high 

levels of dietary lipid may be deposited in hepatocytes 

which are a physiological response to entrance of extra 

lipid to body and it increases body energy (Mosconi-

Bac, 1987). Verma et al. (2004) suggested that by 

affecting on the liver, Ginger reduces cholesterol 

biosynthesis and induces converting cholesterol into 

bile acids, and increases its excretion. In this study, 

increment of liver lipid in treatment 2, containing 0.5 % 

of Ginger extract, probably is due to the effect of 

Ginger in stimulating insulin secretion from pancreatic 

cells. Because, insulin increases glucose consumption 

by different tissues and automatically increases lipid 

reserves (Roy et al., 2003). Also, it increases the 

transport of glucose into hepatocytes. When, liver 

glycogen concentration reaches to 5 to 6 percent, 

glycogen synthesis is inhibited and extra glucose is 

used to lipid in liver. Also, Ginger contains vitamin A 

which is converted to retinoid which leads to lipid 

storage in the form of triglycerides (Murray et al., 

2009). Also, by prolactin secretion, lipid storage is 

increased (Riyazi et al., 2007). According to the results 

obtained from this study, it is concluded that addition of 

ginger extract to feed increases activity of some 

digestive enzymes and stored energy compounds in the 

liver of Mesopotamichthys sharpeyi fingerlings. 
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