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Introduction: Duqqa is a condiment, consisting of black pepper, cumin, sesame, coriander 
and high amount of salt. Reducing salt and adding other beneficial items to traditional duqqa 
can make it suitable dietary supplement for diabetes management. The current study aimed to 
assess the effect of a modified duqqa on diabetes and its complications in diabetic rats. 
Methods: The modified duqqa was formulated by mixing grounded fermented wheat, sesame, 
coriander, cumin, chicory leaves, cinnamon, turmeric and date seeds powder and studied 
in diabetic rats which were developed by streptozotocin-nicotinamide injection. Thirty-two 
rats were divided into four groups (n = 8) including non-diabetic, diabetic control and the 
other two groups fed on balanced diet supplemented with either 10 or 20% of duqqa prior the 
induction of diabetes (for one week) to the end of the experiment (8 weeks). 
Results: The dietary supplementation with 10 and 20% of the formulated duqqa prior the 
induction of diabetes did not delay the onset of diabetes in rats but produced reduction 
(32.56% and 50.47%, respectively) in the glucose levels of diabetic rats. Also, diabetic rats fed 
on the formulated duqqa showed insulin concentrations higher than that of diabetic control 
rats. Feeding diabetic rats on the formulated duqqa reversed the elevation of kidney lipid 
peroxidation and nitric oxide, limited the disturbance in the lipid profile as well as liver and 
kidney functions and elevated both serum and femur magnesium concentrations.
Conclusion: The results indicated the hypoglycemic effect of the formulated duqqa and its 
efficiency in delaying diabetes complications.  
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A B S T R A C T

Introduction
Type 2 diabetes mellitus, the heterogeneous metabolic 
disorders, is identified by hyperglycemia as a result of 
insulin secretion deficiency or insulin action defect. The 
prolonged hyperglycemia is associated with increasing 
reactive oxygen species (ROS) which results in oxidative 
stress (1). Hyperglycemia accompanied with oxidative 
stress catalyzes the detrimental pathways of polyol, 
protein kinase C, advanced glycation end products 
and hexosamines which result in redox imbalance, 
modification of gene expression and altered transcription 

factors which further increase oxidative stress (2). 
The uncontrolled hyperglycemia and oxidative stress 
are related to specific microvascular complications 
influencing the eyes, kidneys and nerves in addition to 
an expanded hazard for cardiovascular disease (3). The 
number of people with diabetes in 2017 was estimated 
at around 451 million worldwide and the prevalence of 
diabetes is expected to increase to 693 million by 2045 (4).

The burden of diabetes is not limited to its symptoms 
and complications only, but also the diabetes’ treatment is 
a financial burden, especially in low-income countries (5). 

http://www.herbmedpharmacol.com                      doi: 10.34172/jhp.2021.24

https://orcid.org/0000-0003-4223-000X
http://orcid.org/0000-0002-7459-0483
http://www.herbmedpharmacol.com
https://doi.org/10.34172/jhp.2021.24


Journal of Herbmed Pharmacology, Volume 10, Number 2, April 2021http://www.herbmedpharmacol.com 219

Anti-diabetic effect of formulated duqqa

Alternative and complementary plant-derived therapies 
may be a good choice to reduce not only the cost of using 
conventional medications (including hypoglycemic drugs 
and insulin) but also the side effects of these medications. 

Duqqa or dukkah is a condiment, which consists of 
salt, black pepper, ground cumin, sesame and coriander. 
Commonly it is eaten in Egypt besides bread. Although 
it is of Egyptian origin, its good taste made it spread in 
several other countries.

In the current study, an attempt has been made to assess 
the effect of a modified duqqa as popular and cheap 
condiment on diabetes and to evaluate its complications 
in diabetes rat model.

Materials and Methods
Materials
Plant materials, sesame (Sesamum indicum), coriander 
(Coriandrum sativum), cumin (Cuminum cyminum), 
cinnamon (Cinnamomum verum), black pepper (Piper 
nigrum), turmeric (Curcuma longa), date palm (Phoenix 
dactylifera) seed powder, wheat (Triticum aestivum) and 
chicory leaves (Cichorium intybus) were obtained from 
local market, Giza, Egypt. Starter cultures of Streptococcus 
thermophilus, Lactobacillus acidophilus and Lactobacillus 
plantarum were obtained from Chr. Hansen’s Laboratory, 
Copenhagen, Denmark. Chemicals and pure reagents 
were purchased from Sigma (Sigma-Aldrich, St. Louis, 
MO, USA).

Animals
Adult male Wistar rats weighing 196.69 ± 12.3 g as mean 
± SD (11 weeks old) were used. Animals were provided 
by the animal house of National Research Centre, Cairo, 
Egypt. The animals were kept individually in stainless 
steel metabolic cages at room temperature (24 ± 2ºC and 
40%-60% relative humidity) under 12 hours light and 
dark cycles and allowed free access to food and water. All 
animals’ procedures were carried out according to the 
Medical Research Ethics Committee, National Research 
Centre, Cairo, Egypt, and followed the recommendations 
of the National Institutes of Health Guide for Care and 
Use of Laboratory Animals (Publication No. 85-23, 
revised 1985).

Methods
Preparation of common dried fermented wheat-milk 
mixture (Kishk)
Buffalo’s milk was fermented by the starter cultures. Wheat 
grains (Triticum aestivum) were cooked in boiled water 
and sun-dried, then cracked to obtain crushed wheat 
that was added to the fermented buffalo’s milk with the 
ratio of 1:2 w/w with mixing to prepare kishk dough. Salt 
(1.5 %) was added and the dough was incubated at room 
temperature for one day, then formed into small balls and 
dried in hot air oven at 50ºC for 24 hours.

Preparation of duqqa 
Traditional duqqa is a condiment, which consists of 
high amount of salt, black pepper, ground cumin and 
sesame. In this study, the modified duqqa (Figure 1) was 
formulated by mixing grounded fermented Kishk (150 g), 
sesame (200 g), coriander (200 g), cumin (200 g), chicory 
leaves (70 g), cinnamon (70 g), turmeric (70 g), date seeds 
(15 g), salt (15 g) and black pepper (10 g) to form one 
kilogram of duqqa.

Proximate analysis of duqqa
The proximate analysis (moisture, ash, crude fat, crude 
fiber and nitrogen content) was carried out according to 
the methods of (6). Moisture was determined in an air 
dryer oven at 105°C for 3 hours and the dried weight was 
recorded after the constant weight. Ash was determined 
by ignition of the sample in a muffle furnace at 600°C 
until in which it was carbon free. Crude fat was extracted 
in Soxhlet apparatus using diethyl ether. Crude fiber 
was determined as residue after acid digestion followed 
by alkali digestion. Nitrogen content was determined by 
Kjeldahl method and used in the calculation of protein. 

Preparation of animals’ diets
Balanced diet, minerals and vitamin mixtures were 
prepared as in Table 1 in accordance with AIN-9 (7). 
Ten and twenty grams from duqqa were mixed with the 
balanced diet to give diets supplemented with 10% and 
20% of duqqa respectively. The contents of protein, fat, 
crude fiber and carbohydrate of the 10 and 20 g duqqa 
were reduced from casein protein, corn oil, cellulose and 
starch.

Induction of diabetes 
Diabetes was induced by single intraperitoneal injection 
(60 mg/kg) of streptozotocin (STZ, from Sigma Chemical 
Co.) dissolved in0.1 M cold citrate buffer (pH 4.5) with 
a pre-nicotinamide (120 mg/kg) injection to reduce 
pancreatic destruction (8). The onset of diabetes was 
confirmed from the higher level of fasting blood glucose 
(FBG) using a glucometer (One Touch, LifeScan, Zug, 
Switzerland) after 72 hours of STZ injection. The 
animal’s tail vein was pricked to collect blood for the FBG 
determination. Animals with FBG above 200 mg/dL were 
marked as diabetic.

Figure 1. Formulated duqqa (dukka).
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Design of the animals study
Thirty-two rats were divided after one week acclimatization 
into four groups (8 rats in each group) as follows:
• G1: non-diabetic group was considered as the control 

group where rats received a balanced diet.
• G2: diabetic control group where rats induced by 

diabetes at the 8th day of the experiment and fed on 
balanced diet.

• G3: diabetic + 10% duqqa where rats fed on balanced 
diet supplemented with 10% of duqqa from the first 
day to the last day of the experiment and were induced 
diabetic at the 8th day of the experiment.

• G4: diabetic + 20% duqqa where rats fed on balanced 
diet supplemented with 20% of duqqa from the first 
day to the last day of the experiment and were induced 
diabetic at the 8th day of the experiment.

During the experiment, urine volume as well as water 
and food intake were recorded daily. After 8 weeks (end 
of the experiment) total food intake, body weight gain and 
feed efficiency ratio (body weight gain/total food intake) 
were calculated. Blood samples were collected from all 
rats after overnight fast then the rats were dissected. Liver, 
kidney and femur were immediately separated from each 
rat and weighed. Femur of each rat was burned at 600°C 
using muffle to be converted into ash, which was later 
used in the estimation of calcium and magnesium. 

Biochemical analysis
Serum of each rat was analyzed for insulin (using 
sandwich ELIZA detection kit, Sinogeneclon Biotech Co., 
Ltd.), fasting blood glucose levels according to Trinder (9), 
total cholesterol according to Watson (10), high-density 
lipoprotein cholesterol (HDL-C) using the method of 
Burstein et al (11), low-density lipoprotein cholesterol 

(LDL-C) according to Schriewer et al (12) and triglyceride 
according to the method of Megraw et al (13). Cholesterol/
HDL-C ratio was also calculated. The activities of aspartate 
transaminase (AST) and alanine transaminase (ALT) 
were determined according to Reitman and Frankel (14). 
Total protein and albumin were determined according to 
Rheinhold (15) and Doumas et al (16) in succession. The 
activity of lactate dehydrogenase (LDH) was determined 
according to Zimmerman and Weinstein (17). The levels 
of creatinine and urea were determined depending on 
Larsen (18) and Fawcett and Scott (19) in succession as 
indicators of kidney functions. Kidney lipid peroxidation 
(MDA) and nitric oxide (NO) were determined according 
to Ohkawa et al (20), and Montgomery and Dymock (21), 
respectively. Serum magnesium was determined according 
to Smith (22). Femur calcium and magnesium were 
determined by the atomic absorption spectrophotometer 
apparatus (model IL atomic absorption/air ethylene).

Statistical analysis
Statistical analyses were done using SPSS version 16. The 
results were expressed as mean ± standard error (SE) and 
analyzed statistically using one-way analysis of variance 
(ANOVA) followed by Duncan test. The statistical 
significance of difference was taken at P ≤ 0.05. 

Results
The formulated duqqa contained 5.62% moisture, 16.80% 
protein, 33.87% fat, 5.43% ash, 11.82% crude fiber and 
26.46% carbohydrate (by the difference). Thus 100 g of 
formulated duqqa could provide 477.87 calories. 

Effect of dietary supplementation with the formulated 
duqqa on the growth performance parameters
As is observed from Table 2, there were no significant 
(P > 0.05) differences in total food intake between the 
groups. However, diabetic control group recorded 
body weight gain and food efficiency ratio significantly 
(P  ≤ 0.05) less than those of normal rats group. Diabetic 
rats fed on balanced diets supplemented with either 10 or 
20% of the formulated duqqa recorded weight gain and 
food efficiency ratio significantly higher (P  ≤ 0.05) than 
those of diabetic control group. Water intake and urine 
volume of diabetic control rats were significantly higher 
(P  ≤ 0.05) than those of normal rats, while water intake 
and urine volume of the diabetic rats fed on balanced diets 
supplemented with either 10 or 20% of the formulated 
duqqa were significantly less (P  ≤ 0.05) than those of 
diabetic control rats.

Effect of dietary supplementation with the formulated 
duqqa on pancreas weight, glucose and insulin
Figure 2 (A, B and C) illustrates pancreas weight, 
fasting glucose levels and fasting insulin concentrations 
respectively of normal and diabetic rats. Diabetic 
control group recorded the lowest pancreas weight 

Table 1. Composition of the prepared animals’ diets (g/100 g)

Ingredients
Diets

Balanced 10% duqqa 20% duqqa

Protein

Casein 12.00* 10.32 8.64

Fat

Corn oil 10.00 6.61 3.23

Carbohydrate

Sucrose 10.00 10.00 10.00

Starch 58.5 54.75 50.99

Minerals mixture 3.50 3.50 3.50

Vitamin mixture 1.00 1.00 1.00

Cellulose (fiber) 5.00 3.82 2.64

10% duqqa - 10.00 -

20% duqqa - - 20.00

* 12 g casein has been estimated to contain 10 g protein. 10 g of duqqa 
provided 1.68 g protein, 3.39 g fat, 1.18 g fiber and 2.65g carbohydrate 
and 20g of duqqa provided 3.36 g protein, 6.77 g fat, 2.36 g fiber and 
5.30 g carbohydrate. 
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(0.6 g) when compared to the other groups. The dietary 
supplementation with either 10% or 20% of the formulated 
duqqa prior the induction of diabetes did not afford any 
prophylactic effect against streptozotocin-nicotinamide 
induced diabetes in rats and did not delay the onset of 

diabetes in rats. Glucose level of diabetic control rats 
(237.25 mg/dL) were significantly (P  ≤ 0.05) higher than 
those of normal rats, while dietary supplementation 
with 10 and 20% of the formulated duqqa produced 
reduction (32.56 and 50.47%, respectively) in the glucose 
levels in comparison to diabetic control group. Insulin 
concentrations of diabetic control rats (3.01 mU/L) were 
significantly less (P  ≤ 0.05) than those of normal rats. On 
the other side, dietary supplementation with 10 and 20% 
of the formulated duqqa resulted in a rise (18.6% and 
53.16%, respectively) in the insulin concentrations in 
comparison to diabetic control group.

Effect of dietary supplementation with the formulated 
duqqa on lipid profile
As shown in Table 3, cholesterol, triglyceride and LDL-C 
levels as well as cholesterol /HDL ratio of diabetic control 
rats were significantly higher (P  ≤ 0.05) than those of 
normal rats. Diabetic control group recorded the lowest 
level of HDL-C (29.72 mg/dL) when compared to the 
other groups. On the other side, dietary supplementation 
with 10 and 20% of the formulated duqqa suppressed the 
elevations of cholesterol, triglycerides and LDL-C levels 
as well as cholesterol/HDL ratio. HDL-C level of diabetic 
rats fed on balanced diets supplemented with either 10% 
or 20% of the formulated duqqa were significantly higher 
(P  ≤ 0.05) than that of diabetic control rats.

Effect of dietary supplementation with the formulated 
duqqa on liver weight and functions
As shown in Table 4, diabetic control group recorded 
the highest relative liver weight (3.15%) when compared 
to the other groups. AST, ALT and LDH activities of 
diabetic control rats were significantly higher (P  ≤ 0.05) 
than those of normal rats while total protein and albumin 
concentrations of diabetic control rats were significantly 
less (P  ≤ 0.05) than those of normal rats. On the other 
side, dietary supplementation with 10% and 20% of the 
formulated duqqa suppressed the elevations of AST, ALT 
and LDH activities and combated the reductions in total 
protein and albumin.

Table 2. Growth performance parameters of normal and diabetic groups

Normal control Diabetic control Diabetic + 10% duqqa Diabetic + 20% duqqa

Initial body weight (g) 196.62a ± 2.86 196.75a ± 5.75 196.75a ± 3.31 196.62a ± 5.61

Final body weight (g) 250.62c ± 3.96 206.37a ± 4.08 233.62b ± 6.25 238.75bc ± 3.97

Body weight gain (g) 54.00b ± 5.38 9.62a ± 8.56 36.87b ± 4.14 42.12b ± 3.24

Total food intake (g) 770.87a ± 28.64 810.25a ± 15.27 767.00a ± 25.51 779.12a ± 18.90

Food efficiency ratio 0.07c ± 0.007 0.01a ± 0.010 0.05b ± 0.005 0.05bc ± 0.005

Water intake (mL/d) 30.70a ± 1.54 82.77c ± 2.12 52.03b ± 3.65 51.80b ± 3.14

Urine volume (mL/d) 8.95a ± 1.18 15.06b ± 1.21 10.12a ± 0.74 9.50a ± 1.51

In each row same letters mean non-significant difference; different letters mean the significance among the tested groups. The confidence level is 
95%. The data are expressed as mean values ± standard error.

Figure 2. Pancreas weight (A), fasting glucose levels (B) and fasting 
insulin concentrations (C) of normal and diabetic rats. 
On bars of each figure (A, B and C) the same letters mean non-significant 
difference; different letters mean the significance among the tested 
groups. The confidence level is 95%. The data are expressed as mean 
values ± standard error.
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Effect of dietary supplementation with the formulated 
duqqa on the kidney weight, functions and oxidative 
markers
Table 5 presents kidney weight, functions and oxidative 
markers of normal and diabetic groups. Significant 
(P  ≤ 0.05) elevations of kidney relative weight, creatinine, 
urea, MDA and NO were observed in the diabetic control 
rats in comparison to normal rats. Dietary supplementation 
with 10% and 20% of the formulated duqqa suppressed 
the elevations of creatinine and urea concentrations. Also, 
MDA and NO significantly decreased in diabetic rats fed 
on balanced diets supplemented with either 10% or 20% of 
the formulated duqqa.

Effect of dietary supplementation with the formulated 
duqqa on serum and femur electrolytes
No significant difference in the serum magnesium was 

found between normal and diabetic control groups 
(Table 6) while serum magnesium significantly increased 
in diabetic rats fed on balanced diets supplemented with 
either 10% or 20% of the formulated duqqa. Diabetic 
control group recorded the lowest femur weight (0.64 g) 
and femur magnesium concentration (2.91 mg/g) when 
compared to the other groups. Also, slight decrease (non-
significant) in femur calcium concentration was observed 
in diabetic control rats. Femur magnesium concentrations 
of diabetic rats fed on balanced diets supplemented 
with either 10% or 20% of the formulated duqqa were 
significantly (P  ≤ 0.05) higher than that of diabetic control 
rats. 

Discussion
In view of the fact that type 2 diabetes and its complications 
are prevalent (23) and can be managed using plant-

Table 3. Lipid profile of various groups at the end of the experiment

Normal control Diabetic control Diabetic + 10% duqqa Diabetic + 20% duqqa

Cholesterol (mg/dL) 88.27a ± 6.20 114.11b ± 5.32 97.73a ± 4.68 91.76a ± 4.53

Triglycerides (mg/dL) 95.95a ± 3.15 116.13b ± 3.08 99.03a ± 3.05 94.97a ± 2.12

HDL-C (mg/dL) 41.45c ± 1.17 29.72a ± 0.71 35.00b ± 0.82 36.17b ± 0.77

LDL-C (mg/dL) 29.54a ± 0.93 61.02c ± 1.41 39.40b ± 0.92 36.79b ± 1.03

Cholesterol/HDL ratio 2.13a ± 0.14 3.84c ± 0.14 2.79b ± 0.13 2.53b ± 0.10

In each row the same letters mean non-significant difference; different letters mean the significance among the tested groups. The confidence level is 
95%. The data are expressed as mean values ± standard error. HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol.

Table 4. The weight and functions of liver at the end of the experiment

Normal control Diabetic control Diabetic + 10% duqqa Diabetic + 20% duqqa

Liver weight (g) 5.67a ± 0.24 6.47b ± 0.30 6.19ab ± 0.13 6.25ab ± 0.22

Liver relative weight (%) 2.26a ± 0.08 3.15c ± 0.19 2.66b ± 0.07 2.62b ± 0.09

ALT (U/l) 28.87a ± 0.97 34.50c ± 1.05 31.87b ± 0.69 30.50ab ± 0.57

AST (U/l) 51.50a ± 1.25 61.25c ± 1.30 55.62b ± 0.92 53.50ab ± 1.05

Total Protein 7.66c ± 0.14 5.16a ± 0.21 6.12b ± 0.26 6.40b ± 0.17

Albumin 4.95c ± 0.10 2.97a ± 0.17 3.62b ± 0.15 4.02b ± 0.28

LDH 241.00a ± 7.06 344.75d ± 7.43 298.87c ± 7.36 267.62b ± 6.63

In each row the same letters mean non-significant difference; different letters mean significance among the tested groups. The confidence level is 
95%. The data are expressed as mean values ± standard error. ALT: alanine transaminase; AST: aspartate transaminase; LDH: lactate dehydrogenase. 

Table 5. Kidney weight, functions and oxidative markers of various groups at the end of the experiment

Normal control Diabetic control Diabetic + 10% duqqa Diabetic + 20% duqqa

Kidney weight (g) 1.50a ± 0.05 1.70a ± 0.10 1.54a ± 0.07 1.55a ± 0.03

Kidney relative weight (%) 0.60a ± 0.08 0.83b ± 0.06 0.66a ± 0.04 0.65a ± 0.02

Creatinine (mg/dL) 0.43a ± 0.03 0.81c ± 0.03 0.56b ± 0.02 0.51b ± 0.02

Urea (mg/dL) 25.76a ± 0.76 34.69c ± 0.95 28.89b ± 1.13 26.66ab ± 0.93

MDA (nmol/g tissue) 11.82a ± 0.73 18.05b ± 1.34 14.50a ± 0.92 13.31a ± 0.94

NO (umol/g tissue) 52.94a ± 2.59 66.61b ± 4.59 60.07ab ± 2.37 56.14a ± 3.32

In each row the same letters mean non-significant difference; different letters mean the significance among the tested groups. The confidence level 
is 95%. The data are expressed as mean values ± standard error. MDA: malondialdehyde; NO: nitric oxide.
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derived therapies (2), this study has been intended to 
assess the effect of formulated duqqa as popular and 
cheap condiment on diabetes and its complications in 
streptozotocin- nicotinamide induced diabetic rat model. 
In the current study, the traditional duqqa (salt, ground 
cumin, sesame and coriander) was formulated with 
modification via reducing salt and adding some other 
ingredients (ground chicory leaves, cinnamon, date seed 
powder and fermented wheat) to maximize its effects on 
diabetes and subsequent complications. 

Injection with nicotinamide prior streptozotocin has 
been demonstrated to induce experimental type 2 diabetes 
in rat since nicotinamide is considered partially safeguard 
from the damage effect of streptozotocin on pancreatic 
B-cells which secrete insulin (24). The entrance of 
streptozotocin into B-cells through the glucose transporter 
GLUT2 results in DNA damage which causes increased 
activity of poly (ADP-ribose) polymerase (PARP-1). 
The excessive activity of this enzyme causes depletion of 
intracellular NAD+ and ATP, thus insulin-secreting cells 
succumb to necrosis. While nicotinamide inhibits this 
enzyme and partially protects insulin-secreting cells (25). 
Indeed, in the current study, streptozotocin- nicotinamide 
induced hyperglycemia and hypoinsulinemia. 

The reduction in body weight gain of diabetic control in 
addition to the increase of water and food intake occurred 
owing to hyperglycemia. Kajal and Singh (1) mentioned 
that hyperglycemia is associated with increased food 
and water intake as well as muscles loss and protein 
catabolism which result in body weight loss. In the current 
study, water intake and urine volume were found to be 
decreased in the rats fed on the formulated duqqa, which 
may be due to the hypoglycemic effect of the formulated 
duqqa. The hypoglycemic effect of the formulated duqqa 
is attributed to their ingredients. Cumin seeds afford 
hypoglycemic effect in diabetic rats due to their content 
of volatile oil, fiber, niacin, copper and other bioactive 
compounds (26,27). Also, cumin extracts decreased 
glycosylated hemoglobin in diabetic patients (28). It was 
proved that coriander seeds extract had hypoglycemic 
effect in streptozotocin-nicotinamide diabetic rat model 
in addition to its ability to increase insulin release from 
pancreas due to the presence of linalool and other 
active constituents (1) such as flavonoids, polyphenols, 

β-carotenoids, tannins, monounsaturated fatty acids and 
polyunsaturated fatty acids (29) which may contribute to 
the hypoglycemic effect of the formulated duqqa. Sesame 
seeds also contributed in the hypoglycemic effect of duqqa 
due to their content of some anti-diabetic lignans such 
as sesamin (30), phenolic compounds and dietary fibers 
(31). Sesame oil exhibited anti-diabetic effect, mitigated 
the oxidative stress and safely showed synergistic effect 
with hypoglycemic drugs (32). Fermented wheat was 
fermented using the lactic acid bacteria that are responsible 
for the fermentation process and production of vitamins, 
antioxidants biologically active peptides and other 
beneficial compounds during the fermentation process, 
which may be useful in reducing cholesterol and high 
blood glucose (33). Additionally, the hypoglycemic effect 
of the formulated duqqa is attributed to chicory leaves that 
contain inulin and chicoric acid. Peng et al (34) reported 
that chicoric acid could stimulate the insulin-independent 
glucose uptake and phosphorylation of protein kinase B 
(Akt). 

It was found in a previous study that injection with 
streptozotocin alone mediated dislipidemia (35). Similarly, 
in the present work streptozotocin-nicotinamide mediated 
dislipidemia, this was attributed to the absence or the 
insufficient of the insulin leading to disturbance of the lipid 
metabolism (36). The insulin concentration was found 
to be improved in the rats fed on the formulated duqqa, 
which may be contributed to preventing dislipidemia and 
subsequent cardiovascular complications. Sesamin in 
the sesame seeds is effective in increasing the excretion 
of cholesterol into bile and regulating the activity of 
3-hydroxy-3-methylglutaryl coenzyme A reductase, the 
key enzyme in cholesterol synthesis (37).

As mentioned in a previous study, injection of 
streptozotocin is associated with releasing of ROS. 
Additionally, the persistent hyperglycemia and 
hyperlipidemia are associated with elevation of ROS and 
reduction of antioxidant enzymes (35). Oxidative stress 
and dislipidemia result in chronic kidney disease and 
nephropathy (38). Thus in the present work, streptozotocin-
nicotinamide resulted in abnormalities in the liver 
and kidney functions. The functional abnormalities in 
albumin, LDH, creatinine and urea may indicate to the 
onset of nephropathy. Feeding on the formulated duqqa 

Table 6. Serum magnesium as well as femur weight and electrolytes of groups at the end of the experiment

Normal control Diabetic control Diabetic + 10% duqqa Diabetic + 20% duqqa

Serum magnesium (mg/dL) 3.09a ± 0.10 3.02a ± 0.09 3.51b ± 0.13 4.02c ± 0.15
Femur

Weight (g) 0.79b ± 0.04 0.64a ± 0.01 0.78b ± 0.03 0.84b ± 0.02

Relative weight (%) 0.32ab ± 0.02 0.31a ± 0.01 0.33ab ± 0.01 0.35b ± 0.01

Magnesium (mg/g) 4.03c ± 0.12 2.91a ± 0.06 3.14ab ± 0.10 3.35b ± 0.18
Calcium (mg/g) 282.58a ± 7.06 258.12a ± 9.92 273.52a ± 8.91 280.91a ± 7.01

In each row the same letters mean non-significant difference; different letters mean significance among the tested groups. The confidence level is 95%. 
The data are expressed as mean values ± standard error.
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suppressed these functional abnormalities which reflect 
the beneficial role of the formulated duqqa in preventing 
nephropathy as one of the most common diabetes 
complications. This beneficial effect of the formulated 
duqqa may be due to the hypolipidemic and antioxidant 
effects of phenolic compounds in duqqa ingredients 
particularly sesame and coriander seeds as well as chicory 
leaves as confirmed previously (39-42).

Diabetes mellitus is associated with low bone density 
and increased risk of fracture in patients (43). However, 
results of the present study revealed that diabetic rats 
didn’t record any changes in femur calcium level but the 
femur’ weight of diabetic rats was less than non-diabetic 
rats. The serum magnesium levels were found to be 
elevated in the rats fed on the formulated duqqa, which 
may be due to the presence of magnesium in wheat and 
chicory. Also, these contents of magnesium in wheat and 
chicory may be contributed to the hypoglycemic effects 
of the formulated duqqa since Morakinyo et al (44) found 
that magnesium attenuated hyperglycemia and positively 
stimulated antioxidant defense system.

Conclusion
The formulated duqqa exhibited hypoglycemic effects in 
diabetic rats and suppressed the elevation of cholesterol, 
triglycerides and LDL-Ch as well as liver and kidney 
functions. Also, diabetic rats fed on the formulated duqqa 
showed insulin concentrations higher than that of diabetic 
control rats. Formulated duqqa elevated both serum and 
femur magnesium concentration. Hence, the formulated 
duqqa may be a suitable dietary supplement for diabetes 
management. 
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