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INTRODUCTION

Diabetes mellitus is associated with oxidative stress, evi-
dence of inflammatory markers and other mechanisms, which 
may contribute to accelerated atheroschelorosis [Kalousova 
et al., 2004]. Oxidative stress may be increased in diabetes ow-
ing to the high production of reactive oxygen species (ROS) 
and/or deficiency in the antioxidant defence system [Baynes, 
1991; Gillery et al., 1989]. The increased production of ROS 
has been attributed to protein glycation and/or glucose auto-
oxidation owing to a hyperglycemic environment [Hunt et 
al., 1990]. The impaired radical scavenger function has been 
linked to a decreased activity of enzymatic and non-enzy-
matic scavengers of the free radicals [Kesavulu et al., 2001]. 
In addition many observations have related atherosclerosis 
to chronic low-degree inflammation characterised by an in-
crease in circulating acute-phase proteins produced by the liv-
er such as acid glycoprotein (AGP), C-reactive protein (CRP) 
and fibrinogen [Kuller et al., 1996; Stec et al., 2000; Lowe 

et al., 2001; Ridcker et al., 2000]. Recent evidence indicates 
the role of both oxidation and inflammation in cardiovascular 
disease and endothelial dysfunction, exacerbated by factors 
such as dyslipidemia. Because endothelial dysfunction can 
also be manifested as microalbuminuria this provides a po-
tential explanation of the observed association of the meta-
bolic syndrome, chronic inflammation and microalbuminuria 
[Rowley et al., 2003].

Grain products along with fruits and vegetables form 
the base of a healthy diet. Grain provides complex carbohy-
drate, fiber and key vitamins and minerals, which may pro-
tect against coronary heart disease, diabetes, and some types 
of cancer [Kantor et al., 2001]. Whole grains also contain 
many phytochemicals and antioxidants [Jones et al., 2004]. 
Because of the low glycaemic index (GI) and the high con-
tent of indigestible fibers, dry legumes are claimed to help 
glycaemic control in diabetic individuals. Moreover, dry le-
gumes may contribute to prevent insulin-resistance, which 
represents the prodrome to type 2 diabetes [Duranti, 2006]. 
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celerated atherosclerosis. This study was designed to find the effect of the consumption of whole grains, cereals and dried legumes used in different 
forms on the levels of blood glucose, serum lipid profiles, antioxidant enzymes activity, C-reactive protein (CRP) and microalbuminuria. Eighty-four 
type 2 diabetic patients participated in this study. They were divided into eight groups; for one week each of the groups consumed different forms 
of the tested food, which is intended to function as a beneficial adjunct in the nutritional setting of the patients. Certain food items, which replaced 
equivalent amount of breakfast carbohydrate, were used as food supplements, namely: unsweetened boiled whole wheat (Belila 1), unsweetened boiled 
partial decorticated wheat (Belila 2), germinated fenugreek seeds, grinded fenugreek seeds, soaked boiled edible lupine, roasted chickpea. Group 7 and 
group 8 consumed also a defined amount of biscuits made from whole wheat flour and either grinded fenugreek or chickpea. Weight, height and waist 
circumference of the subjects were recorded, and body mass index (BMI) was calculated. Blood glucose, total cholesterol (TC), high-density lipopro-
tein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and very low-density lipoprotein cholesterol (VLDL-C), triglyceride levels 
were determined. Lipid peroxide (oxidative LDL-C), superoxide dismutase (SOD), glutathione peroxidase enzyme (GPx) activity, CRP and urinary 
microalbumin levels were measured as well. After intervention diabetic patients showed different percent decreases in the mean levels of the fasting 
and postprandial glucose, within a range of -1.97 to 20.8 and -10.23 to 35.22, respectively. A significant difference at p<0.05 and p<0.01 was detected 
between group 2 and 8. Mean levels of TC and LDL-C decreased significantly among patients of group 2 only at p<0.01. VLDL-C and triglyceride 
levels decreased in all groups with different percent, a significant difference at p<0.05 p<0.01 was found also among group 2 and 8. HDL-C increased 
within a range of 0.76–24.58%, and a significant difference at 0.05 was detected in group 6 and 7. Lipid peroxide level decreased among the first seven 
groups and significantly among group 8. GPx activity showed higher improvement compared to SOD activity, five groups showed a significant dif-
ference in the SOD activity after the end of the intervention period at p<0.05–0.01. CRP and microalbuminuria improved in all groups, the greater 
decrease was –56.06% and -52.54% in group 1 and group 7, respectively. In conclusion, the results of this study showed that daily consumption of whole 
grains, cereals and legumes by the diabetic patients had a beneficial effect on improving the glycemic control that is showed by decreasing their fasting 
and postprandial blood glucose, also in decreasing serum lipids markers. Positive findings were also detected as regards their antioxidant and anti-
inflammatory properties, which could alleviate some complications such as microalbuminuria.
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So it had been emphasized the importance of including le-
gumes in the diets of patients with type 2 diabetes to achieve 
the desired overall glycaemic index [Venn & Mann, 2004].

The objective of this study was to determine the effect 
of the consumption of whole grains, cereals and dried le-
gumes used in different forms on the levels of both blood glu-
cose and lipids, in type 2 diabetes patients. In addition their 
effects on lipid oxidation antioxidant enzymes (SOD and 
GPx), C -reactive protein and microalbuminuria were also in-
vestigated. A comparison between the effect of the different 
grains and legumes used on different parameters was taken 
in consideration as well.

maTERIals aND mETHODs

subjects
Eighty-four volunteers, type 2 diabetic patients, partici-

pated in this study, their age ranged from 43-64 years. They 
were classified into 8 groups. Each of the volunteer diabetic 
patient was medically monitored by their own physician and 
given medications appropriate to their condition. Essentially 
all the patients were instructed to consume balanced diet 
suitable for diabetic plus the test foods which were intended 
to function as a beneficial adjuncts in the nutritional setting 
of the patients. The amount of each supplement was chosen 
to replace a calculated portion of the carbohydrate pres-
ent in the breakfast bread. To reach our aim the volunteers 
should be compliant enough with this regimen, in order to get 
the beneficial effect without causing any major change in their 
daily breakfast. The groups examined were as follows:

– Group 1: eight patients consumed 100 gm unsweetened 
boiled whole wheat (belila 1).

– Group 2: ten patients consumed 100 gm partially deco-
rticated wheat (belila 2).

– Group 3: twelve patients consumed 100 gm germinated 
fenugreek seeds.

– Group 4: twelve patients consumed 15 gm grinded fenu-
greek seed [Raju et al., 2001].

– Group 5: ten patients consumed 100 gm soaked and 
boiled edible lupine [Smith, 1987].

– Group 6: ten patients consumed 50 gm roasted chickpea 
ready to eat.

– Group 7: twelve patients consumed 30 gm ready to eat 
salty biscuits, made from whole wheat flour and grinded fenu-
greek seeds (Biscuit I).

– Group 8: ten patients consumed 30 gm ready to eat salty 
biscuit, made from whole wheat flour and grinded chickpea 
(Biscuit Π).

The patients were instructed to substitute part of their 
daily breakfast bread ration by one of the above mentioned 
foods for one week, tailored to the needs of each patient, so as 
to comply with their prescribed diet by their medical doc-
tors. All the above kinds of food supplements were designed 
to supply approximately equal amount of carbohydrate. Fast-
ing blood was drawn from all patients before the introduction 
of the tested foods and was considered as basal and desig-
nated 1st visit. Another sample was drawn at the end of one 
week period for each of the tested foods and was designated 
2nd visit, in that case every patient would have served as his 

own control. Blood glucose determination was done imme-
diately, while analyses of the other biochemical parameters 
were performed on fasting blood serum, heparinized blood 
and washed erythrocyte, samples that were stored at -70°C 
until needed. Three successive morning urine samples were 
collected from each patient, and stored at –70°C until used for 
microalbumin determination.

anthropometric measurements
Weights and heights were recorded according to standard 

methods [Jellife, 1966]. Body mass index (BMI) was calculat-
ed according to the formula: BMI = weight (kg)/ (height)2 (m). 
Waist circumference was measured as well.

blood pressure
It was obtained with the participants sitting quietly for 

5 minutes using a mercury sphygmomanometer. Three 
readings were recorded, the means of the second and third 
of the first (systolic) and fifth (diastolic) Korotkoff sounds 
were used.

biochemical analyses
Blood glucose was determined in fresh samples using 

the oxide peroxidase method [Barham & Trinder, 1972]. Lipid 
profiles were assayed as follows: cholesterol was determined 
by using procedure NO.1010, Stanbio [Trinder, 1969]; HDL-
-C was determined by using procedure NO.0599, Stanbio 
[Finley, 1978]; triglyceride was determined by using procedure 
No.2100, Stanbio [Wahlefeld, 1974]; and LDL-C concentra-
tion was calculated by Friedewalds formula: LDL-cholesterol 
= (total cholesterol)-((HDL-cholesterol) +(triglyceride/5)) 
[Friedewald et al., 1972], where TG was below 400 mg/dL.

Lipid peroxide was determined with the method of Draper 
& Hadley [1990].

Superoxide dismutase enzyme (SOD) was determined 
in washed erythrocytes using WAK-Chemie GMBH, Germa-
ny, Kit [Suttle &McMurray, 1983].

Glutathione peroxidase enzyme was assayed as follows: 
whole blood was used for estimation of glutathione peroxi-
dase enzyme by using WAK-Chemie Medical GMBH, Ger-
many, Kit [Anderson et al., 1978].

Micro-albumin was determined by using enzyme immuno-
assay for the quantitative determination in urine [Walker et al., 
1992]. Kits were provided by ORGENTEC Diagnostika GmbH

C-reactive protein was determined using the CRP-turbila-
tex method (SPAIN REACT KIT) [Chetana, 1996].

statistical analysis
Data were expressed as means ± standard error 

of the means. Two-tailed Students’ t-test was used to com-
pare the variables. The p values of <0.05 – 0.01 were consid-
ered to be significant. All calculations were made with SPSS 
software ver. 7.5.

REsUlTs

Table 1 showed the characters of the studied diabetic pa-
tients, the mean ±SEM of the age, anthropometric param-
eters and blood pressure that were recorded before and after 
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intervention. The mean age of the patients from different 
groups ranged from 50.70 to 56.10 years. The mean weight 
and BMI of the patients slightly decreased after intervention 
in most groups. Significant differences at p<0.01 were ob-
served among the two groups consuming the formulae that 
was made from whole wheat and either fenugreek (group 7) 
or chickpea (group 8). Patients consuming partial decorticat-
ed wheat (group 2) and fenugreek powder (group 3) showed 
only a significant decrease in their BMI, at p<0.01 and 0.05, 
respectively. Six groups examined showed a slight decrease 
in their waist circumference. Values of systolic and diastolic 
blood pressure showed slight variation within normal range.

Table 2 showed the mean±SE of the duration of the dis-
ease and both the fasting and postprandial blood sugar 
level of the different diabetic groups, before and after 
intervention. The decrease detected in the levels of the fast-
ing blood sugar ranged from -1.98 to -20.79 percent, while 
that of the postprandial showed a greater decrease ranging 
from -10.48 to -35.22 percent. Group 2 that consumed partial 
decorticated wheat (Belila) and group 8 that consumed bis-
cuits made from whole wheat and chickpea showed a signifi-
cant decrease in both fasting and postprandial blood sugar at 
p<0.05 and 0.001.

Table 3 showed the mean±SE of serum lipids among 
the different diabetic groups before and after intervention. 
The effect on the level of the serum lipids varied among 
the groups, TC level was observed to decrease in the first 
5 groups, ranging from -0.72 to 7.02 percent. A significant 
decrease was detected (p<0.01 and 0.05) among group 
2 and 6 that consumed belila made of partial decorticated 
wheat and roasted chickpea. LDL-C decreased signifi-
cantly among group 2 only. HDL-C increased significantly 
at p<0.05 among group 7. VLDL-C and triglyceride levels 
decreased in all groups at different percent, whereas a sig-
nificant difference was detected at p<0.05among group 2, 
who consumed partial decorticated wheat belila, and group 
8, that consumed chickpea biscuit. 

Table 4 showed the mean±SE of the serum lipid perox-
ide, antioxidant enzymes, urinary microalbumin and CRP 
in different groups, before and after intervention. Lipid per-
oxide decreased in all groups, the percent decrease ranged 
between -0.96 to -31.07. Significant differences were found 
in consumers of grinded fenugreek (group 3) and chickpea 
biscuit (group 8) at p<0.05-0.001, respectively. SOD enzyme 
activity increased in most groups. The higher percent increase 
(32.87) was recorded among lupine consumers (group 5). Its 
decreased activity was detected in two groups: partial decorti-
cated wheat belila (group 2) and roasted chickpea consumers 
(group 6). GPx enzyme showed a significant increase in its ac-
tivity (p<0.05 – 0.001) in groups consuming partial decorti-
cated wheat belila (group 2), germinated fenugreek (group 4), 
roasted chickpea (group 6) as well as in groups 7 and 8 who 
consumed the biscuit formulae. Urinary microalbumin de-
creased among all groups. A high level of microalbumin was 
detected in patients of group 7 before intervention, they also 
showed the highest percent decrease that reached -52.48 per-
cent after intervention. CRP level decreased in all groups within 
a range of -5.3 to -55.4 percent, reaching a significant differ-
ence (p<0.001) with the use of whole wheat belila (group 1).TA
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DIsCUssION

Long-term complications are the main cause of morbidity 
and mortality in diabetic patients. A number of studies have 
suggested that enhanced oxidation is the underlying abnor-
mality responsible for some of the complications of diabetes 
[Hasanain & Mooradian, 2002]. Antioxidants are important 
in diabetes, with low levels of plasma antioxidants implicated 
as a risk factor for the development of the disease [Pisanti et 
al., 1988; Salonen et al., 1995; Facchini et al., 2000].

The diabetic patients in this study are characterised by 
high glucose levels especially the postprandial, in addition 
to dyslipidemia denoted by high levels of TC, LDL-C. Data 
obtained showed different responses of the postprandial glu-
cose among the different groups, after intervention. It has 
been reported that some carbohydrate–rich foods induce less 
post-ingestive hyperglycaemia – hyperinsulinaemic than oth-
ers, depending on their glycaemic index [Slavin et al., 1999]. 

TABLE 2. Duration of disease and blood glucose in the different groups 
before and after intervention.

Groups Visits Duration
(years)

Blood glucose
(mg/dL)

Fasting Postprandial

Group 1

1st 5.3±1.9 125.5±10.1 168.0±18.6

2nd 119.3±9.5** 144.8±3.4

Percent 
change -4.94 -13.8

Group 2 

1st 4.1±1.3 151.0±11.1 196.8±15.5

2nd 119.6±9.26*** 143.2±11.8***

Percent 
change -20.79 -27.24

Group 3 

1st 4.3±1.1 126.5± 8.54 164.3±12.51

2nd 124.0±10.2 139.5±14.8**

Percent 
change -1.98 -15.11

Group 4 

1st 3.6±1.2 126.7±13.9 129.8±9.2

2nd 124.2±12.7 116.2±11.1

Percent 
change -1.97 -10.48

Group 5 

1st 4.6±1.3 127.2±7.0 180.0±5.3

2nd 113.4±3.6 116.6±3.4***

Percent 
change -10.85 -35.22

Group 6

1st 4.6±1.3 132.6±12.9 189.6±21.4

2nd 132.8±14.4 170.2±17.3

Percent 
change +0.15 -10.23

Group 7

1st 5.2±1.2 157.7 ±29.9 184.5±20.2

2nd 137.8±19.6 147.7±21.9**

Percent 
change -12.62 -19.95

Group 8

1st 5.6±1.4 152.2±23.1 193.4 ±19.7

2nd 139.4±18.3* 145.8±13.1***

Percent 
change -8.41 -24.61

*p<0.05, **p<0.01, ***p<0.001
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No constant changes could be found in the serum lipid pro-
files after the consumption of the different forms of the grains 
either cereals or legumes. However the partial decorticated 
wheat, which was consumed in a boiled form (Belila), gave 
a significant decrease in the TC, LDL-C, VLDL-C and 
the triglyceride levels. The same results were obtained as re-
gards the decrease in the serum glucose, where a significant 
difference was found in both of the fasting and postprandial 
glucose concentrations at the end of the intervention period. 
Partially decorticated wheat, which has a lesser fiber con-
tent, might have preserved the serum level of some minerals 
and vitamins like vitamin E, and magnesium which may af-
fect postprandial glucose and insulin response [Lang et al., 
1999]. In this context fasting blood glucose was a significant 
predictor of hypercholesterolemia [Stehbens, 1990], which 
may explain the high percent decrease in the cholesterol level 
among the patients of this group, in addition to the reported 
significant decrease in both their body mass and BMI. Chick-
pea biscuit consumers showed a significant decrease in both 
VLDL-C and triglyceride, which may be attributed to its pe-
culiar starch composition [Nestel et al., 2004].

It has been reported that the concentration of plasma 
TC, LDL-C and HDL-C and TG may not provide a full 
or accurate picture of atherogenic risk [Parthiban et al., 
1995]. It has been suggested that there are abnormalities 
in the lipid metabolism and erythrocyte antioxidant en-
zymes in diabetics [Wolever et al., 2003]. The lipid perox-
ides are thought to be formed by oxidation of LDL-C by 
free radicals and may play an important role in the devel-
opment of atheromatous vascular disease [Kesavulu et al., 
2001]. The results of this study showed that the consump-
tion of these different cereals and legumes that possess anti-
oxidant properties had beneficial effects among the diabetic 
patients. Lowering the serum lipid peroxides in association 
with an increase in the activity of the antioxidant enzymes 
especially GPx and to a lesser extent SOD, were detected. 
The antioxidant defence system may act synergistically with 
enzyme activities and cellular antioxidants are likely to dis-
play transient changes [Vincent et al., 2004], this may ex-
plain the variations in the levels of lipid peroxide and both 
the antioxidants enzymes activity that were observed among 
the different groups in the present study. Patients of group 
3 showed the worst results as regards the oxidative param-
eters, germinated fenugreek seeds might lost some of their 
active principles that have antioxidant functions [Allam, 
1987]. In this context, whole grains are rich in nutrients and 
phytochemicals. Whole grains are concentrated sources 
of phytoestrogens such as lignans [Slavin, 2005]. In addi-
tion the decreased oxidative stress in these patients after 
consumption of these specific cereals and legumes may 
result from their low glycaemic index due to their starch 
peculiar composition [Jenkins et al., 1988], or in other spe-
cific components, such as Conglutin gamma, the specific 
protein in lupine [Hanada & Hirano, 2004]. Other biologi-
cally active substances include galactomannan-rich soluble 
dietary fiber or to modified amino acid 4-hydroxyl isoleu-
cine in fenugreek [Gupta et al., 2001]. In addition, a general 
claim on the antidiabetic role of legume seed α amylase in-
hibitors has been published [McCarty, 2005].TA
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Two prospective studies in patients with type 2 diabe-
tes as well in nondiabetic individual demonstrated that mi-
croalbuminuria was predicted among other factors by a high 
level of CRP, fibrinogen and other markers of endothelial 
dysfunction [Stehouwer et al., 2002; Jager et al., 2002]. It has 
been reported that hyperglycemia would serve to exaggerate 
the proatherogenic effect of CRP [Qi & Hu, 2007]. The data 
obtained in this study showed that both serum CRP and uri-
nary microalbumin were decreased in most groups of the dia-
betic patients after intervention. Yet no association could be 
detected between the percent decreases of the two parameters 
among the different groups. In this context the absence of this 
association might be due to the effect of the other inflamma-
tory markers than CRP that have their effect on the kidney 
functions. However, the protective effects of low GI load by 
high whole grains consumption on systemic inflammation 
may be explained, in past by reduction in hyperglycemia–in-
duced over production of oxidative stress and by amelioration 
in insulin resistance adiposity, dyslipidemia and hypertension 
[Verma et al., 2003]. Recently, the observed effects of whole 
grains, bran and cereal fiber were suggested to have addi-
tional mechanisms. It has been found that cereal fiber intake, 
dietary glycemic index and glycemic load were associated with 
the levels of blood adiponectin in diabetic patients [Qi et al., 
2005]. It has been documented that adiponectin has profound 
anti-inflammatory effects [Berg & Scherr, 2005].

CONClUsIONs

In conclusion, the results of this study showed that dai-
ly consumption of whole grains, cereals and legumes was 
associated with improvement of the hyperglycemia and 
some serum lipid parameters in Egyptian diabetic patients. 
The positive findings detected might be related to their an-
tioxidant and anti-inflammatory effects. The lipid peroxide 
level was decreased while the activity of the antioxidant en-
zymes GPx and SOD was increased. The decrease in the lev-
el of the inflammatory marker CRP was associated with 
a reduction in the level of the microalbuminurea. So our 
results support the recommendation that patients with type 
2 diabetes should increase their intake of whole grains (ce-
reals and legumes) and whole grain products that may be 
associated with decreasing the probability of diabetic com-
plications.
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