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ABSTRACT 
 

Very many scientific findings have reported the hypoglycemic effect of different extracts of 
ginger,Zingiber officinale, few have delved into the effect of the raw extract and the possible 
mechanisms of action while very few have explained this effect of the cooked extract of the spice, the 
form in which it is most commonly consumed. Hence, this study aimed at determining the effect of raw 
and cooked ginger extracts on pancreatic amylase activity in normal and streptozotocin-induced 
diabetic rats. Seventy male Albino rats were divided into 7 groups and were treated thus: A- normal or 
negative control, B- normal rats given raw ginger extract; C-  normal rats given cooked ginger extract; 
D- diabetic control;  E- diabetic rats given raw ginger extract; F- diabetic rats given cooked ginger 
extract;  and  G- diabetic rats given glibenclamide. The extracts were administered as a single daily oral 
dosage of 4ml/kg body weight for 4 weeks after which the animals were sacrificed and the pancreas 
removed for pancreatic amylase activity assay. ANOVA and LSD were used to compare the mean of the 
data. Both extracts increased the enzyme activity in normal and diabetic rats. This increase, though 
lower in cooked extract, was still significant (p< 0.05). The acute and chronic effect of the extracts and 
after starch load followed a similar trend with the extracts prolonging the peak blood glucose level to 
1.5 hours at the chronic state. Ginger extracts and the anti diabetic drug did not inhibit the activity of 
pancreatic amylase, hence, this is not a possible mechanism for the hypoglycemic effect of the spice 
though these effect a longer time for the blood glucose to reach its peak value after chronic 
administration.  
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INTRODUCTION 
 
Ginger is a food adjunct grown and used all over the 
world. The Roscoe type which is the white species of 
Zingiber officinale is more commonly grown and 
consumed than the Rubra which is the red type. Coupled 
with its use as spice ginger had also been reported to 
exert medicinal effect such as: anti diabetic (Mozaffari-
Khosravi et al, 2014; Mahluji et al., 2013), hypolipidemic 
(Elshater et al, 2009; Al-Amin et al, 2006), anti-
inflammatory (Ojewole, 2006)  as well as in the treatment 
of nausea, constipation and other intestinal disorders 

(Baliga et al., 2012) and cancer prevention (Shukla and 
Singh, 2007). 

Several studies have reported the hypoglycemic 
effect of different extracts and forms of the spice, few of 
these have explored the use of ginger juice while very 
few have identified the possible mechanisms of action. 
Sharma amd Shukla (1977) reported the hypoglycemic 
effect of ginger juice in normal and diabetic rats while 
Akhani et al., 2004 and Elshater et al., 009 reported 
similar    effect    of the   juice in   diabetic  rats. Aqueous,  
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methanolic, ethanolic extracts as well as ginger powder 
and the 6-gingerol isolate were also observed to lower 
blood glucose significantly in drug-induced diabetic 
animals and type 2 diabetic patients (Mahliji et al., 2013; 
Sukalingam et al., 2013; Abdulrazaq et al., 2012, Jafri et 
al., 2011; Ojewole et al., 2006) but few scientific reports 
were made on the mechanisms of action of this effect.  

The possible mechanisms of action of the anti 
diabetic effect of ginger may be : the modulation of 
antioxidant enzymes and inflammatory cytokines 
(Morakinyo et al,. 2011); activation of antioxidant 
enzymes thus preventing oxidative damage which 
exacerbate diabetic complications (Shanmugam et 
al.,2011);  increased insulin secretion and insulin 
sensitivity (Iranloye et al., 2011); acting as anti glycating 
agents ( Saraswat et al., 2010) and acting like insulin in 
vitro study (Broadhurst et al., 2000). All these were 
channeled towards prevention of diabetic complications 
but did not elucidate the effect of ginger on postprandial 
blood glucose as modulated by the digestive enzymes. In  
vitro study had reported the activation of amylase isolated 
from rats by ginger ( Rao et al., 2003) while another 
similar but more recent study observed an inhibitory 
effect ( Akinyemi et al, 2010).  Chronic consumption of 
ginger-enriched diets was found to increase α-amylase 
activity in the small intestine but reduced it in the large 
intestine significantly in albino rats (Nwachuckwu and 
Ohiri, 2012).   

The conflicting nature of these scientific findings as 
well as the abject scarcity of scientific reports on this 
effect about cooked ginger extract requires further 
research study on this concept. In view of this, this study 
examined the modulatory effect of raw and cooked ginger 
extracts on pancreatic amylase activity which may be a 
possible mechanism of action of the hypoglycemic 
activity of the spice. 
 
MATERIALS AND METHOD 
 
Preparation of extracts 
 
Fresh ginger rhizomes (Zingiber officinale Roscoe) was 
purchased from Bodija market in Ibadan, Nigeria The 
method used by Elshater et al., 2009 was used to 
prepare the raw extract with slight modification. The spice 
was washed, weighed, peeled, weighed and wet-milled 
using plate attrition mill (Amuda Plate mill, India). This 
was then sieved using cheese cloth and was stored in 
plastic jars at 2

o
C until use. 

Cooked ginger was prepared by boiling the raw 
ginger extract for 1 hour on the medium burner of a 3-
burner Thermo cool gas cooker, India. This was allowed 
to cool and stored in a plastic jar at 2

o
C until use. 

 
Collection of rats 
 
Male albino rats (70) of weight range 140-170g were 
purchased from the Experimental Animals Unit of the 

Department of Veterinary Physiology, University of 
Ibadan, Ibadan, Nigeria. These were acclimatized for two 
weeks and were fed rats pellets and tap water ad libitum. 
These were grouped according to weight in seven plastic 
cages with 10 rats in each group. All animals were 
treated in accordance with the ethical approval 
(NHREC/05/01/2008a) obtained from the U.I/ U.C.H. 
Ethical Review Committee of the College of Medicine,  
University of Ibadan, Ibadan, Nigeria. 
 
EXPERIMENTATION 
 
Rat Grouping 
 
The seven groups of rats were designated thus: A- 
normal control group, B- normal rats given raw ginger 
extract (4ml/kg body weight daily for 4 weeks), C- normal 
rats given cooked ginger extract, D- diabetic control 
group, E- diabetic rats given raw ginger extract, F- 
diabetic rats given cooked ginger extract and G- diabetic 
rats given glibenclamide (5mg/kg body weight), The 
control groups were given distilled water instead of ginger 
extract. 
 
Induction of diabetes 
 
Diabetes  was induced by intra peritoneal  injection of  
streptozotocin (Sigma Aldrich, Germany) at  60mg/kg 
body weight as used  by Al-Amin et al, 2006 and fasting 
blood glucose (FBG) was monitored until stable 
hyperglycemia was confirmed using ACCUCHEK Active 
Glucometer, Roche, Germany. 
 
Acute and chronic effect 
 
This was determined following the method of Tomo et al., 
2004 with slight modification.  Blood glucose of overnight 
fasted rats was recorded after which starch and extracts 
were given at 2g/kg body weight and 4ml/kg body weight 
respectively with a feeding cannula. Blood glucose was 
then recorded at 30, 60, 90, 120, 150 and 180 minutes.  
For the chronic effect this was repeated after 4 weeks 
extracts’ administration. 
 
Pancreatic amylase activity assay 
 
After 4 weeks of extracts administration, the animals 
were sacrificed by cervical dislocation and the pancreas 
removed washed with Phosphate Buffered Saline (PBS- 
pH 7.2) and the amylase activity was determined using 
Abnova Amylase Activity reagent kit, Taiwan.  Tissue 
homogenate was prepared by crushing 1g of pancreas 
with 5ml of cold PBS in ice cold mortar and pestle. This 
was then centrifuged at 10,000rpm for15 minutes at

 
4

o
C 

Into 1.5ml eppendorf tubes 20µl of supernatant was 
measured after which 380µl of Substrate was added. This 
was vortexed briefly and incubated for 5 minutes at 37

o
C 

after    which    40µl   of the  stop solution was added and  
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mixing was done by vortexing. This was centrifuged at 
14,000rpm for 5 minutes after which the optical density 
was read at 595nm. For blank the sample was replaced 
with distilled water. The optical density of blank, distilled 
water and the calibrator were also read at the 
wavelength.  The amylase activity was calculated as 
follows (OD- Optical density):  
 
 
Amylase activity (U/L)     =   ODsample – ODblank    ×   550 
                                             ODcalibrator - ODwater 

 
Statistical analyses 
 
All data are expressed as mean ± standard deviation. 
Comparison between the groups was done using 
Analysis of Variance while Least Significant Difference 
was used to compare each group with others (p < 0.05). 
 
 
RESULTS AND DISCUSSION  
 
Acute effect 
 
Pancreatic amylase is an enzyme involved in the 
digestion of carbohydrates in the small intestine thus 
contributing to the hepatic blood glucose via absorption 
from the small intestine. After the starch and extract load 
immediately after diabetes was induced, the blood 
glucose reached the peak value at 1 hr in almost all the 
groups. This was in line with the reports of Tomo et al., 
2004 who observed a peak value in blood glucose at 60 
minutes after oral administration of starch and amylase 
inhibitor isolated from white kidney beans (Phaseolus 
vulgaris) but in the negative control group the peak value, 
though higher than the experimental group, was 
observed at 50 minutes. In the negative control the blood 
glucose increased by 16 and 10% at 30 and 60 minutes 
but reduced by 5.2, 6.9, 5.0 and 3.4% consequently as 
can be deduced from Table 1. 

Variation in BG was noticed in B with 10 and 10% 
increase at 30 and 60 minutes coupled with the 6.8, 8.2, 
8.8 and 8.0%  reduction at 90, 120, 150 and 180 minutes 
respectively. In the diabetic control group (D), a high 
increase (13.9%) was observed at 60 minutes 
postprandial but slowly reduced afterwards. In Groups E, 
F and G the increase in BG at 30 and 60 minutes was 
about 4.0% while the disappearing rate after 60 minutes 
was higher than that of diabetic control though this was 
not significant (p<0.05). 
 
Chronic effect 
 
The major noticeable observation in the chronic effect is 
that the peak value of BG in the groups treated with 
extracts and drug have shifted from 60 minutes to 90 
minutes (Table 2). There was a marked positive 
difference (p<0.05)  between the increasing rates of BG 

before 90 minutes and after this time in both normal and 
diabetic groups treated with ginger extracts and drug 
respectively. This may be as a result of increase in the 
digestion, absorption and utilization of glucose by the 
body cells which is a reflection of changes in various 
biochemical parameters involved in glucose metabolism. 
In the negative control group the BG significantly 
increased (p< 0.05) more than the increase observed in 
the acute effect and the increase in the disappearing rate 
of BG after 60 minutes was not significant (p<0.05. In the 
diabetic control both the increasing and disappearing 
rates of BG before and after 60 minutes respectively 
were significantly lower than in the acute effect thus 
reflecting the inhibition of biochemical parameters 
involved in anabolism and catabolism. 

In overall, the increase in FBG at the first day ginger 
administration (acute effect)  observed from 0 minute to  
60 minutes in A,B,C,D,E,F was 30.60, 33.40, 29.00, 
40.33, 31.00, 33,67 and 27.34 respectively while after 4 
weeks ( chronic effect the FBG ) the increase observed 
from 0 to 90 minutes in B,C,E, F. G H was 37.10, 40.20, 
32.33, 29.00 and 28.00mg/dl but in A and B this was 
36.40 and 36.33 respectively with the peak values 
observed at 60 minutes. 
 
Pancreatic Amylase activity 
 
Four weeks of ginger extracts and drug administration 
resulted in a significant increase (p< 0.05) in pancreatic 
amylase activity in both normal and diabetic rats (Table 
3). This must have resulted into the marked increase in 
blood glucose after starch load in the chronic effect of the 
extracts (Table 2) compared to the acute effect. Another 
factor that may be responsible for this is the absorption of 
glucose into the blood. The enzyme activity was highest 
in both normal and diabetic rats given raw ginger extract 
though the values were significantly different in these two 
groups (p< 0.05). .Raw and cooked ginger extracts 
increased the enzyme activity by 28 and 7% respectively 
in normal rats while in diabetic rats the increase was 50, 
31 and 32% by raw extract, cooked extract and drug 
respectively as can be deduced from Table 3. 

Nwachuckwu and Ohiri in 2012 also reported an 
increase in the amylase activity in the small intestine from 
238.00 U/L in the control group to 263.50 U/L in the 
albino rats fed diet 2.5% ginger for 8 weeks but the 
amylase activity in the large intestine was significantly 
reduced.  The increase in pancreatic amylase activity by 
was also reported by Rao et al., 2003 on the other hand, 
Akinyemi et al.,2010 reported an inhibitory effect of 
aqueous ginger extract on the enzyme. Even though the 
effect on the amylase activity in the small intestine as 
reported by Nwachuckwu and Ohiri in 2012 followed the 
same trend with the observation of this study, the exists 
disparity in the values obtained. This may be due to 
differences in the sites of the enzyme as well as in the 
duration of ginger administration.  
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             Table1. Acute effect of ginger, extracts on blood glucose (mg/dl) after starch load  
 

Groups BG/SD 
0min 

 BG/SD 30 
min 

BG/SD  
60 min 

BG/SD 
90 min 

BG/SD  120 
min 

BG/SD  
150 min 

BG/SD 180 
min 

A 110.90/5.5 128.80/7.2 141.50/5.4 134.10/6.6 124.80/6.5 118.50/3.3 114.30/3.7 
B 110.90/6.7 128.00/7.2 144.30/5.4 134.40/6.6 123.40/6.5 112.80/7.3 103.70/5.3 
C 114.00/3.5 129.00/5.5 143.00/6.3 127.20/4.6 121.40/3.2 115.20/6.5 112.00/4.5 
D 379.00/4.6 393.00/5.3 419.33/5.9 402.33/9.6 395.67/7.1 386.00/5.3 376.33/6.0 
E 373.67/7.6 389.00/6.9 404.67/9.8 395.67/13.3 385.00/8.2 373.33/8.6 375.00/4.4 
F 381.33/4.5 394.00/5.0 415.00/5.3 394.67/3.8 384.33/4.0 379.69/1.2 371.67/1.5 
G 374.33/8.4 390.64/7.6 400.00/6.6 401.67/18.2 386.33/12.5 377.67/12.1 372.61/5.1 

 

             BG/SD- Blood glucose ± standard deviation 
 
 
 
       Table2. Chronic effect (4 weeks) of extracts on blood glucose (mg/dl) after starch load 
 

Groups BG/SD  0min  BG/SD  
30min 

BG/SD  
60min 

BG/SD  
90min 

BG/SD  
120min 

BG/SD   
150min 

BG/SD  
180min 

A 110.30/5.6 136.70/4.5 146.70/5.6 136.80/6.8 125.70/4.4 118.40/3.4 112.50/6.0 
B 82.50/2.1 97.30/6.9 109.70/5.3 119.60/3.4 112.90/8.8 102.60/8.9 93.10/7.4 
C 85.00/3.2 100.40/5.6 113.00/8.8 125.2/4.0 111.80/7.5 102.40/7.8 91.60/8.8 
D 431.00/3.6 452.00/7.6 467.33/4.5 459.00/4.4 450.33/2.1 447.67/3.5 440.33/9.5 
E 114.67/2.5 127.67/1.5 137.33/2.9 147.00/1.7 130.67/1.5 124.00/2.7 115.67/2.1 
F 115.33/1.2 128.67/0.6 138.33/1.2 144.33/4.0 135.67/4.7 125.57/4.7 114.33/4.9 
G 115.00/2.0 130.67/4.6 142.33/5.7 143.00/9.6 131.33/3.8 123.33/4.4 114.67/3.5 

 

      BG/SD- Blood glucose ± standard deviation 

 

 
                                                         Table3. Effect of ginger extracts on pancreatic amylase activity 
                                                         in normal and diabetic rats 
 

Group Amylase activity (U/L) 
A 423.97 ± 5.13 
B 543.90 ± 2.44 
C 454.59 ± 3.14 
D 356.10 ± 2.45 
E 532.37 ±  2.17 
F 466.29  ±  1.76 
G 469.26 ±  0.65 

            
                                           
CONCLUSION AND RECOMMENDATION 
 
Both raw and cooked ginger extracts increased 
pancreatic amylase activity in normal and diabetic rats 
but the raw form increased it more than the cooked form. 
The effect of the drug was similar to that of the cooked 
extract in diabetic rats. This effect was reflected in the 
chronic effect of the extracts on blood glucose after 
starch load by the marked increase in the hepatic blood 
glucose which was significantly lower in the acute effect. 
It can thus be deduced that inhibition of pancreatic 
amylase is not a possible mechanism for the 
hypoglycemic effect of both ginger and the drug hence 
other feasible channels need to be explored among 
which is the effect on glucose absorption. More still, the 
increasing disappearing rate of glucose from the blood 
after 90 minutes (chronic effect) denotes increased 
uptake and utilization of glucose by the body cells which 
also needs to be ascertained. 

ACKNOWLEDGMENT 
 
We jointly appreciate the financial support of the Oyo 
State Scholarship Board under the leadership of the state 
governor, Senator Isiak Abiola Ajimobi, without which this 
study would not have had a timely commencement as 
well as the financial support of the management of the 
Institute of Agricultural Research and Training, Apata, 
Ibadan without which this research would not have had a 
timely completion. 
 
 
REFERENCES 
 
Abdulrazaq NB, Cho MM, Win NN, Zaman R, Rahman MT (2012). 

Beneficial effects of ginger (Zingiber officinale) on carbohydrate 
metabolism in streptozotocin-induced diabetic rats. Bri. J. Nutri. 
108(7): 1194-1201. 

Akhani SP, Vishwakarma SL, Goyal RK (2004). Anti diabetic activity of 
Zingiber officinale in streptozotocin-induced Type 1 diabetic rats. J. 
Pharm Pharmacol. 56:101-105. 



66  Int. Res. J. Basic Clin. Stud. 
 
 
 
Akinyemi AJ, Obon G, Akindahunsi AA (2010). Inhibitory effect of 

aqueous extracts of two varieties of ginger on α-amylase.α-
glucosidase and acetyl cholinesterase activities. Federal University 
of Technology, Akure Institutional .Repository, www.hdl.handle.net 

Baliga MS, Shivashankara AR, Hanianka R, Palatty PL, Arora R, Fayad 
R (2012). Ginger (Zingiber officinale Roscoe): An ancient remedy 
and modern drug in gastrointestinal disorders. In Bioactive foods 
as dietary intervention for liver and gastrointestinal diseases : 187-
197. Elsevier Inc. 

Broadhurst CL, Polansky MM, Anderson RA ( 2000). Insulin-like 
biological activity of culinary and medicinal plant aqueous extracts 
in vitro. J. Agric. Food Chem. 48(3): 849-852.  

Elshater AA, Salman MMA, Moussa MMA (2009) Effect of Ginger 
extract consumption on levels of blood glucose, lipid profile and 
kidney functions in alloxan-induced diabetic rats. Egypt Acad. J. 
Biol. Sci.; 2(1): 153-162 

Iranloye BO, Arikawe AP, Rotimi G, Sobade AO (2011). Anti diabetic 
and antioxidant effects of Zingiber officinale on alloxan-induced 
and insulin resistant diabetic male rats. Nig. J. Physiol. Sci. 26(1): 
89-96. 

Jafri SA, Abass S, Qasim M (2011). Hypoglycemic effect of Ginger 
(Zingiber officinale) in alloxan-induced diabetic rats( Rattus 
norvagicus). Pakistan Vet. J. 31(2): 160-162. 

Mahluji S, Attari VE, Mabassori M, Payahoo L, Ostadrahimi A, Golzari 
SEJ ( 2013). Effect of ginger (Zingiber officinale) on plasma 
glucose level, HbA1c and insulin sensitivity in type 2 diabetic 
patients. Int. J. Food Sci. Nutri. 64(6): 682-686. 

Morakinyo AO, Akindele AJ, Ahmed Z (2011). Modulation of antioxidant 
enzymes and inflammatory cytokines: possible mechanism of anti 
diabetic effect of ginger extracts. Afr. J. Biomed. Res. 14(3): 195-
202. 

Mozaffari-Khosravi H, Talaei B, Jalali BA, Najarzadeh A, Mozayan MR 
(2014). The effect of ginger powder supplementation on insulin  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

resistanc and glycemic indices in patients with Type 2 diabetes: A 
randomized double-blind placebo-controlled trial. Complementary 
Therapies in Medicine. 22(1): 9-16. 

Nwachuckwu N, Ohiri  RC (2012).  Effect of chronic intake of Zingiber 
officinale (ginger) –enriched diet on the gastro intestinal sections of 
albino rats. Afr. J. Food Sci. 6(12): 330-334. 

Ojewole JAO (2006). Analgesic, Antiinflammatory and Hypoglycemic 
effects of Ethanol extract of Zingiber officinale (Roscoe) rhizomes 
in mice and rats. Phytotherapy Res. 20: 764-772. 

Rao.RR, Platel K, Srinivasan K (2003). In vitro influence of spices and 
spice-active principles on digestive enzymes of rat pancreas and 
small intestine. Molecular Nutrition and Food Research; 47(6): 
408-412. 

Saraswat M, Suryanarayana P, Reddy PY, Patil MA, Balakrisshna N, 
Reddy GB (2010). Antiglycating potential of Zingiber officinale and 
gelay of diabetic cataract in rats. Molecular Vision; 16: 1525-1537. 

Shanmugam KR, Mallikarjuna K, Nishanti K, Kuo CH,  Reddy KS 
(2010). Protective effect of dietary ginger on anti oxidant enzymes 
and oxidative damage in experimental diabetic rat tissues. Food 
Chemistry; 124(4): 1436-1442. 

Tomo M.A, Gil-Exojo I, Romero de Tejada A, Campillo JE (2004). 
Hypoglycemic and anorexigenic activities of an α-amylase inhibitor 
from white kidney beans (Phaseolus vulgaris). In Wistar rats. Bri. J. 
Nutri. 92: 785-790. 

Sharma M, Shukla S (1977). Hypoglycemic effect of ginger. J. Res. 
Indian Yoga and Homoeopathy. 12: 127-130. 

Shukla Y, Singh M (2007). Cancer preventive properties of ginger: A 
brief review. Food Chem. Toxicol. 45(5): 683-690. 

Sukalingam K, Ganesan K, Gani SB (2013). Hypoglycemic effect of 6-
gingerol, an active principle of ginger in streptozotocin-induced 
diabetic rats. J. Pharmacol Toxicol. Stud. 1(2): 23-30. 

 
 
 

How to cite this article: Adeniyi P.O. and Sanusi  R.A. 
(2014). Raw and Cooked Ginger (Zingiber Officinale 
Roscoe) Extracts Alter Pancreatic Amylase Activity in 
Normal and Steptozotocin-Induced Diabetic Rats. Int. 
Res.J. Basic Clin. Stud. 2(6):62-66 


