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ABSTRACT One hundred twenty non-insulin dependent diabetic subjects were selected from Punjab Agricultural
University and Civil Hospital of Ludhiana. The selected subjects were divided into four groups, viz. Group I, II, III
and IV having thirty subjects each. The nutrition education was given for three months after fifteen days interval
to the subjects of Group II, III and IV through individual and group contact and gain in nutrition knowledge was
assessed after the study. The anthropometric measurements of the subjects were measured. Significant improvements
were seen in weight, BMI, MUAC and TSFT of the subjects in Group II, III and IV after study. There were also a
significant increase (P<0.01) in the knowledge, attitude and practice score obtained by the subjects in Group II, III
and IV and a non-significant increase (P<0.01) was seen in knowledge, attitude and practice score  of the subjects
in Group I. Therefore, it can be reported from the results that nutrition education significantly improved the
nutritional status of the diabetic patients. So the objective of the study was planned to assess nutritional status of
the non-insulin dependent diabetics.

INTRODUCTION

Diabetes is a chronic disease that occurs ei-
ther when the pancreas does not produce
enough insulin or when the body cannot effec-
tively use the insulin it produces (WHO 2009).
Diabetes is fast becoming a leading cause of
morbidity, mortality and disability across the
world. Diabetes mellitus is a global metabolic
epidemic affecting essential biochemical activi-
ties in almost every age group (Gupta et al. 2008).

According to International Diabetic Federa-
tion (IDF 2011), the estimated diabetes preva-
lence for 2010 has risen to 285 million, represent-
ing 6.4% of the world’s adult population, with a
prediction that by 2030 the number of people
with diabetes will have risen to 438 million corre-
sponding to 7.8% of the adult population (IDF
2011).

India has been declared as the “Diabetic cap-
ital of world”. By 2030 there would be 366 million
diabetics throughout the world and 79.44 mil-
lion diabetics in India alone (WHO 2007). It is
estimated that by the year 2030, diabetes is like-
ly to be the seventh leading cause of death ac-
counting 3.3 per cent of total deaths in the world
(WHO 2008).

According to International Diabetic Federa-
tion (IDF 2011), 70% of the current cases of dia-
betes occurs in low- and middle income coun-
tries. With an estimated 50.8 million people liv-
ing with diabetes, India has the world’s largest
diabetes population, followed by China with 43.2
million. The largest age group currently affected
by diabetes is between 40-59 years. By 2030 this
“record” is expected to move to the 60-79 age
groups with 196 million cases. Diabetes is one
of the major causes of premature illness and death
worldwide. Non-communicable diseases includ-
ing diabetes account for 60% of all deaths world-
wide. Type 2 diabetes is responsible for 85-95%
of all diabetes in high income countries and may
account for an even higher percentage in low
and middle income countries. 80% of type 2 dia-
betes is preventable by changing diet, increas-
ing physical activity and improving the living
environment. Yet, without effective prevention
and control programmes, the incidence of dia-
betes is likely to continue rising globally (IDF
2011).

Aegle marmelos family Rutaceae is highly
reputed medicinal tree commonly known as the
bael. It is medium sized tree growing through-
out the forest of India of altitude 1200 meters. It

PRINT: ISSN 0970-9274 ONLINE: ISSN 2456-6608

DOI: 10.31901/24566608.2013/41.2.08PRINT: ISSN 0970-9274 ONLINE: ISSN 2456-6608



158 UTTARA SINGH  AND ANITA KOCHHAR

is found all over India, in sub-Himalayan forest,
Bengal, central and south India. The different
parts of this plant contain number of coumarins,
alkaloids, sterols and essential oils. Various parts
of this plant such as leaves, fruit and seed pos-
sess hypoglycaemic, hypolipidemic and blood
pressure lowering property (Lmbole et al. 2010).
The peel of the fruit which is a very hard shell
and green to brown in color depends on ripen-
ing stage. The appearance of yellow or orange
edible pulp is like a boiled pumpkin, possesses a
slightly sweet taste and a characteristic floral,
terpene-like aroma, very fragrant and pleasantly
flavored. Seeds are surrounded by slimy trans-
parent mucilage (Suvimol and Pranee 2008).

Bael (Aegle marmelos) is an important me-
dicinal plant of India. Biochemical compounds
of bael leaves, fruits and seeds have been used
in several diseases like diabetes, cardiovascular
and anti-inflammatory (Maity et al. 2009). The
most important ingredients present in plants are
alkaloids, terpenoids, steriods, phenols glyco-
sides and tannins (Venkatesan et al. 2009). The
bael leaf contain seven monotorpene hydrocar-
bons (90.7%), three oxygenated monoterpenes
(2.9%), four sesquiterpene hydrocarbons (3.1%)
and one phenolic compound (0.2%). Limonene
(82.4%) was the main constituent of bael (Kaur
et al. 2006).  Aegle marmelos leaf extract (200
mg/dl for 35 days) significantly affect the activ-
ity of lipid peroxidase, lipoprotein and antioxi-
dant enzymes in isoproterenol treated rats (Ra-
jadurai and Prince 2005).

Leaf extract of Aegle marmelos (Bilva) was
effective in restoring blood glucose, body weight
to normal values and significantly reversed the
altered (histological and ultra structural) param-
eters in tissues of streptozotocin induced dia-
betic rats seen by light and electron microscopy
to near normal and improved the functional state
of pancreatic beta cells. The hypoglycemic ef-
fects of this plant drug appear to be mediated
through regeneration of damaged pancreas (Da-
hanukar et al. 2000). Bael leaf enhances ability
to utilize the external glucose load in the body
by stimulation of glucose uptake similar to insu-
lin. Bael extract significantly lowers blood urea,
reduction in lipid peroxidation and cholesterol
and increased levels of super dioxide dismutase,
catalase, glutathione peroxidase and glutathione
level in serum as well as in liver in experimental
diabetic animals (Sharma et al. 2007).

METHODOLOGY

One hundred twenty non-insulin dependent
diabetic subjects were selected from Punjab
Agricultural University and Civil Hospital of
Ludhiana. The selected subjects were divided
into four groups viz. Group I, II, III and IV hav-
ing thirty subjects each. The subjects of Group
I was not given any treatment. The subjects of
Group II, III and IV were given nutrition educa-
tion respectively for a period of three month. A
multiple choice questionnaire was designed to
test the knowledge regarding diabetes. There
were three parts of the questionnaire. Part I in-
cluded questions related to knowledge, Part II
consisted of questions related to attitude and
Part III was on aspect of practices. The prelimi-
nary interview schedule was pre tested on fif-
teen diabetic subjects so as to test the validity
and suitability of the interview schedule. There-
after, necessary modifications were incorporat-
ed. The modified questionnaire was used in the
present study. These fifteen subjects were not
included in the study. Various anthropometric
parameters viz. height, weight, Body Mass In-
dex (BMI) mid upper arm circumference and tri-
ceps skin fold thickness were recorded using
standard method given by Jellife (1966). The tech-
niques applied were practiced and standardized
on ten preliminary diabetic subjects.

Statistical Analysis: The data on all the
blood parameters was analyzed statistically. The
mean standard error, percentages, paired t- test
and their statistical significance was ascertained
using a computer programme package (Cheema
and Singh 1990).

RESULTS  AND  DISCUSSION

The selected 120 male patients suffering from
non-insulin dependent diabetes mellitus (NID-
DM) were in the age group of 35-65 years. Ma-
jority of the subjects were Sikhs and rest were
Hindus in group I, II, III and IV respectively with
maximum numbers of the subjects  having stud-
ied up to high school. Majority of the subjects
had their own business and maximum of them
belong to joint family with family size of 5-6 mem-
bers.

The mean heights of the subjects were
168.2±0.24, 172.5±0.60, 170.1±0.16 and 169.6±0.17
cm of the subjects in group I, II, III and IV re-
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spectively. The increase in height was statisti-
cally insignificant.

The initial mean weight recorded were
77.5±0.31, 82.1±0.72, 80.9±0.66 and 81.1±0.65 kg
of the subjects in group I, II, III and IV respec-
tively. After nutrition intervention the figure were
78.8±0.34, 78.1±0.38 and 79.0±0.52 kg of the sub-
jects in group II, III and IV respectively. The per
cent reduction was less, that is, 4.0, 3.5 and 2.6
by  the subjects of group II, III and IV respec-
tively. The decrease in the weight of the sub-
jects in group II, III and IV could be due to the
impact of nutrition education where they were
taught to decrease the intake of refined foods
and increase intake of fiber rich foods. They were
explained the beneficial effects of exercise and
motivated to do the same. There was a signifi-
cant decrease (p<0.01) in the weight of the sub-
jects in group II, III and IV respectively and a
non-significant decrease (p<0.01) in the weight
of subjects in group I after study. Balagopal et
al. (2008) and Choudhary (2010) reported that
education intervention was useful in reducing
obesity (Table 1).

The initial mean values of BMI were
27.5±0.15, 27.7±0.14, 27.9±0.15 and 28.6±0.19 kg/
m2  of the subjects in group I, II, III and IV re-
spectively. After nutrition intervention the cor-
responding values recorded were 26.6±0.34,
27.0±0.26 and 27.6±0.30 kg/m2 of the subjects in
group II, III and IV respectively. The decrease in
BMI of the subjects in group II, III and IV could
be due to the impact of nutrition education. There
was a significant reduction (p<0.01) in the mean
values of BMI in the subjects of group II, III and
IV after study and a non-significant reduction
(p<0.01) in the mean values of BMI  of the sub-
jects in group I.  Heydari et al. (2006) also found
that dietary counseling was effective in reduc-
ing BMI in diabetic patients (Table 1).

The initial mean value mid upper arm circum-
ference of the subjects in group I, II, III and IV
were 28.1±0.13, 29.4±0.22, 30.1±0.29 and 28.9±0.18
cm respectively. After nutrition intervention, the
corresponding values recorded were 27.8±0.23,
27.6±0.37, 28.5±0.39 and 27.1±0.40 cm of the sub-
jects in group I, II, III and IV. The decrease in
MUAC of the subjects in group II, III and IV
could be due to the impact of nutrition educa-
tion. The per cent reduction in the mid upper
arm circumference of the subjects in group II, III
and IV were 6.1, 5.3 and 6.2 respectively. There
was a significant reduction (pd”0.01) in the mean
values of mid upper arm circumference of the

subjects in group II, III and IV respectively and
a non significant reduction (p<0.01) in mean val-
ues of mid upper arm circumference of the sub-
jects in group I after study (Table 1). The similar
results were also reported by Choudhary (2010).

The initial mean triceps skin fold thickness
values recorded were 11.9±0.13, 12.3±0.12,
12.4±0.15 and 12.5±0.16 mm of the subjects in
group I, II, III and IV respectively. After nutri-
tion intervention, the corresponding values were
11.7±0.23, 11.9±0.19 and 11.6±0.26 mm of the
subjects in group II, III and IV respectively after
study. There was a significant decrease (pd”0.01)
in the mean triceps skin fold thickness values of
the subjects in group II, III and IV after study
and a non-significant reduction (p<0.01) in the
mean triceps skin fold thickness values of the
subjects in group I. The per cent reduction in
the triceps skin fold thickness of the subjects in
group II, III and IV were 2.68, 2.09 and 2.41 re-
spectively (Table 1). The similar results were also
reported by Choudhary (2010).

The knowledge gain of the subjects is shown
in the Table 2. Nutrition counseling was impart-
ed to the subjects of group II, III and IV by indi-
vidual and group contacts in the form of nutri-
tion lectures and demonstration etc. for a period
of three months. The subjects of group I were
not imparted any nutrition counseling during
these three months. The evaluation of the scores
was done before (pre-test) and after three
months (post-test) of intervention to assess the
diabetes and knowledge of the subjects about
bael in group II, III and IV.

It was seen that there was a significant increase
(p<0.01) in knowledge, attitude, practices and
hence total knowledge of the subjects in group II,
III and IV after three months of the study while
there was a non-significant increase (p<0.01) in
knowledge, attitude, practices of the subjects in
group I. The increase in KAP scores of the sub-
jects in group II, III and IV could be due to the
effect of nutrition counseling given to the sub-
jects like increase in consumption of whole cere-
als, sprouted pulses, green leafy vegetables, sal-
ads, fruits etc. they were also told to do exercise
daily. Similar study was also done by Monga et al.
(2008).

CONCLUSION

It can be inferred from the results that nutri-
tion counseling improved the anthropometric
parameters of the subjects. Nutrition counsel-



IMPACT OF NUTRITION EDUCATION ON ANTHROPOMETRIC AND KNOWLEDGE 161

T
ab

le
 2

: 
K

n
ow

le
d

ge
, 

at
ti

tu
d

e 
an

d
 p

ra
ct

ic
e 

sc
or

es
 o

b
ta

in
ed

 b
y 

th
e 

su
b

je
ct

s 
b

ef
or

e 
an

d
 a

ft
er

 s
u

p
p

le
m

en
ta

ti
on

 o
f 

b
ae

l 
(A

eg
le

 m
ar

m
el

os
 L

.)
 l

ea
f,

p
u

lp
 a

n
d

 s
ee

d
 p

o
w

d
er

 a
n

d
 n

u
tr

it
io

n
 i

n
te

rv
en

ti
o

n

Va
ri

ab
le

s
 B

ef
or

e
  

  
  

  
  

  
  

  
A

ft
er

  
  

  
  

  
%

 C
ha

ng
e

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
P

ai
rd

 t
-v

al
ue

  
  

  
1

  
  

  
  

2
  

  
  

3
B

et
w

ee
n

B
et

w
ee

n
B

et
w

ee
n

  
B

et
w

ee
n

  
  

 S
B

  
  

 N
I 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
1 

an
d 

2 
  

  
  

  
  

  
  

1 
an

d 
3 

  
  

  
  

  
  

1 
an

d 
2 

  
  

  
  

  
 1

 a
nd

 3

G
ro

up
 I

3 
m

on
th

s
6 

m
on

th
s

K
no

w
le

dg
e

1
3

.9
±

0
.1

2
1

4
.1

±
0

.2
1

1
4

.1
±

0
.1

5
0

.9
1

.2
1.

12
 N

S

A
tt

it
u

d
e

8
.2

±
0

.1
4

8
.3

±
0

.1
7

8
.4

±
0

.2
1

1
.6

2
.4

1.
81

 N
S

1.
74

 N
S

P
ra

ct
ic

e
7

.6
±

0
.2

3
7

.7
±

0
.2

5
7

.9
±

0
.3

2
1

.7
4

.3
1.

67
 N

S
1.

90
 N

S

T
ot

al
  

K
A

P
2

9
.7

±
0

.3
3

3
0

.1
±

0
.5

1
3

0
.4

±
0

.4
9

1
.3

2
.3

1.
74

 N
S

1.
69

 N
S

E
xp

er
im

en
ta

l 
G

ro
up

 I
I

K
no

w
le

dg
e

9
.9

±
0

.2
2

2
9

.1
±

0
.8

8
4

1
.3

±
1

.1
4

6
5

.9
7

6
.0

2
3

.5
1

*
*

2
9

.1
5

*
*

A
tt

it
u

d
e

8
.1

±
0

.1
5

1
5

.6
±

0
.1

9
2

4
.8

±
0

.2
9

 4
8.

1
6

7
.3

3
0

.4
3

*
*

4
8

.0
5

*
*

P
ra

ct
ic

e
9

.5
±

0
.2

3
1

4
.3

±
0

.4
3

2
0

.9
±

0
.3

2
3

3
.7

5
4

.5
1

1
.1

3
*

*
3

8
.7

2
*

*

T
ot

al
  

K
A

P
2

7
.5

±
0

.1
5

5
9

.0
±

0
.9

4
8

7
.0

±
0

.6
9

5
3

.4
6

8
.4

4
0

.0
1

*
*

6
9

.2
6

*
*

G
ro

up
 I

II
K

no
w

le
dg

e
1

0
.7

±
0

.1
2

2
4

.4
±

0
.2

3
4

2
.2

±
0

.2
1

5
6

.2
7

4
.6

2
2

.0
6

*
*

4
7

.7
4

*
*

A
tt

it
u

d
e

8
.9

±
0

.2
1

1
4

.6
±

0
.5

0
2

2
.9

±
0

.7
6

3
9

.0
6

1
.4

1
0

.6
6

*
*

2
1

.1
8

*
*

P
ra

ct
ic

e
7

.9
±

0
.2

7
1

2
.5

±
0

.1
7

2
0

.0
±

0
.2

0
3

6
.8

6
0

.6
1

7
.8

0
*

*
3

5
.7

1
*

*

T
ot

al
  

K
A

P
2

7
.5

±
0

.2
1

5
1

.5
±

0
.5

4
8

5
.1

±
0

.6
5

4
6

.6
6

7
.7

4
1

.0
7

*
*

7
4

.8
3

*
*

G
ro

up
 I

V
K

no
w

le
dg

e
9

.8
±

0
.2

4
2

3
.9

±
0

.3
5

3
9

.2
±

0
.5

6
5

8
.9

7
5

.0
3

6
.7

2
*

*
5

1
.7

1
*

*

A
tt

it
u

d
e

9
.2

±
0

.2
6

1
3

.1
±

0
.1

7
2

4
.1

±
0

.3
3

2
9

.8
6

1
.8

1
4

.2
6

*
*

4
0

.6
5

*
*

P
ra

ct
ic

e
8

.1
±

0
.2

7
1

2
.4

±
0

.1
7

1
9

.4
±

0
.1

7
3

4
.9

5
8

.4
1

6
.5

8
*

*
3

0
.2

1
*

*

T
ot

al
  

K
A

P
2

7
.1

±
0

.2
2

4
9

.4
±

0
.6

8
8

2
.7

±
0

.8
7

4
5

.2
6

7
.3

2
9

.6
1

*
*

7
2

.8
0

*
*

V
al

ue
s 

re
pr

es
en

t 
M

ea
n±

S
E

, 
**

  
S

ig
ni

fi
ca

nt
 1

%
, 

* S
ig

ni
fi

ca
nt

 5
%

, 
N

S
 –

 N
on

 s
ig

ni
fi

ca
nt

S
B

-S
up

pl
em

en
ta

ti
on

 o
f 

ba
el

 (
A

eg
le

 m
ar

m
el

os
 L

.)
  

le
af

, 
pu

lp
 a

nd
 s

ee
d 

po
w

de
r

N
I-

 S
up

pl
em

en
ta

ti
on

 o
f 

ba
el

 (
A

eg
le

 m
ar

m
el

os
 L

.)
 l

ea
f,

 p
ul

p 
an

d 
se

ed
 p

ow
de

r 
+

 N
ut

ri
ti

on
 c

ou
ns

el
in

g



162 UTTARA SINGH  AND ANITA KOCHHAR

ing improved the knowledge, attitude and prac-
tices score of the subjects.

RECOMMENDATIONS

Nutrition counseling by the dietician plays
an important role in the management of diabe-
tes. There is a need to conduct well designed
community based diabetes prevention pro-
gramme to stem the rising trends of diabetes in
the country.

REFERENCES

Aggarwal R, Nagi M, Kochhar A 2007. Effect of nutri-
tion education on blood glucose and lipid profile of
non insulin dependent female diabetics. J Hum Ecol,
22(4): 323-326.

Balagopal P, Kamalamma N, Patel GT, Misra R 2008.
A community based diabetes prevention and man-
agement education program in a rural village in In-
dia. Diab Care, 31(6): 1097-104.

Cheema HS, Singh B 1990. CPCSI- A Computer Pro-
gram Package for the Analysis of Commonly Used
Experimental Designs. Punjab Agricultural Univer-
sity, Ludhiana, Punjab.

Choudhary M 2010. Hypoglycemic and Hypolipidem-
ic Effect of Aloe vera L. in Non-insulin Dependent
Diabetics. M.Sc. Thesis, Punjab Agricultural Uni-
versity, Ludhiana, Punjab.

Dahanukar SA, Kulkarni RA, Rege NN 2000. Pharmacol-
ogy of medicinal plants and natural products. Ind J
Pharm, 32: S81-S118.

Farshchi A, Ghiasi G, Farshchi S, Ghobadi AT 2010.
The effect of chronic administration of Aegle
Marmelos seed extract on learning and memory in
diabetic rats. Ira J Bc Med Sci, 14(1): 42-48.

Fossati P,  Principle L 1982. Qualitative determina-
tion of triglycerides in serum or plasma by enzymat-
ic DHBC colorimetric method. Clin Chem, 28: 2077.

Frieldwalds WT, Levy RI,  Friedrickson DS 1972. Esti-
mation of plasma or serum low density lipoprotein
cholesterol concentration without use of prepara-
line ultracentrifuge. Clin Chem, 18: 499.

Guerrero-Romero F, Rodrý´guez-Mora´n  M 2005.
Complementary therapies for diabetes: The case for
chromium, magnesium and antioxidants. Arch Med
Res, 36: 250-257.

Gupta R, Bajpai KG, John S, Saxena AM 2008. An
overview of Indian novel traditional medicinal plants
with antidiabetic potentials. Afri J Trod Comp Alt
Med, 5(1): 1-17.

Heydari G H, Moslemi S, Heydari Q, Kebriaei A 2006.
Effects of proper nutrition education on BMI reduc-
tion and changes on FBS, cholesterol and triglycer-
ides rates of type 2 diabetic patients. J Med Sci,
6(3): 374-377.

Hyun-Mee Oh Jin-Sook Yoon 2008. Glycemic control
of type 2 diabetic patients after short-term zinc
supplementation. Nutri Res Prac, 2(4): 283-288.

IDF 2011. Diabetes Atlas. 4th Edition. From <http://
www.diabetesatlas.org/content/forword-0> (Retrieved
Jan 18, 2011).

Jellife DB 1966. The Assessment of Nutrition Status of
the Community. World Health Organisation, Mono-
graph Series No.53, Geneva: WHO. 50-84.

Kamalakkannan N, Prince PS 2005. The effect of Ae-
gle marmelos fruit extract in streptozotocin diabe-
tes: A histopathological study. J Herb Pharmaco-
therapy, 5(3): 87-98.

Kar A, Choudhary BK, Bandyopadhyay NG 2003. Com-
parative evaluation of hypoglycaemic activity of
some Indian medicinal plants in alloxan diabetic rats.
J Ethnopharmacol, 84: 105-108.

Kaur HP, Garg SN, Sashidhara KV,  Yadav A 2006. Chem-
ical Composition of the Essential Oil of the Twigs and
Leaves of Aegle marmelos (L.) Correa. J Ess Oil Res.
From <http://findarticles.com/p/articles/mi_qa4091/
is_200605/ai_n17175095/> (Retrieved Jan 05,
2010).

Kesari AN, Gupta RK, Singh SK, Diwakar S, Watal G
2006. Hypoglycemic and antihyperglycemic activi-
ty of Aegle marmelos seed extract in normal and
diabetic rats. J Ethnopharmacol 107(3): 374-379.

Krushna G, Kareem MA, Devi KL 2009. Antidyslipi-
daemic effect of Aegle marmelos Linn. fruit on iso-
proterenol induced myocardial injury in rats. The Int
J Pharm, 6(2): 81-88.

Lim H, Park J, Choi Y, Huh  KB, Kim WY 2009.
Individualized diabetes nutrition education improves
compliance with diet prescription. Nutr Res Prac,
3(4): 315-322.

Lopes- Virella MF, Stone P, Ellis S, Cohwel JA 1977.
Qualitative determination of HDL-Cholesterol in
serum or plasma by phospotungstate method. Clin
Chem, 23: 882.

Lmbole VB, Murti K, Kumar U, Bhatt SP Gajera V
2010. Phytopharmacological properties of Aegle
Marmelos as a potential medicinal tree: An over-
view. Int J Pharmaceutical Sci Rev Res, 5(2): 14.

Maclead J 1984. Daviosons Principles Practice of Med-
icine. 14th Edition. Edinburgh: Churchill Living Stone.

Maity P, Hansda D, Bandyopadhyay, Mishra DK 2009.
Biological activity of crude extracts and chemical
constituents of bael, Aegle marmelos (L.). Ind J Exp
Bio, 47: 849-861.

Monga S, Sachdeva R, Kochhar A Banga K 2008. Effi-
cacy of nutrition counseling on the knowledge, atti-
tude and practice of working women. Stud Home
Comm Sci, 2(2): 99-102.

Narender T, Shweta S, Tiwari P, Papi RK, Khaliq T,
Prathipati P, Puri A, Srivastava A, Chander R, Agar-
wal SC, Raj K 2007. Antihyperglycemic and antidys-
lipidemic agent from Aegle marmelos. Bioorg Med
Chem Letter, 17(6): 1808-1811.

Panda S, Kar A 2006. Evaluation of the antithyriod,
antioxidative and antihyperglycemic activity of sco-
poletin from Aegle marmelos leaves in hyperthy-
roid rats. Phytotherapy Res, 20(12): 103-105.

Pimentela GD, Portero-Mclellanbc KC, Oliveirac
EP, Spadac AM, Oshiiwad M, Zemdegsa JCS, Barbal-
hod SM 2010. Long-term nutrition education reduc-
es several risk factors for type 2 diabetes mellitus in
Brazilians with impaired glucose tolerance. Nutr Res,
30(3): 186-190.

Radha R,  Amirthaveni M 2007. Hypoglycemic effect
of vilvai leaf (Aegle marmelos) powder on type II
diabetics. Ind J Nutr Dietet, 44(11): 515-521.



IMPACT OF NUTRITION EDUCATION ON ANTHROPOMETRIC AND KNOWLEDGE 163

Rajadurai M, Prince PSM 2005. Comparative effects
of Aegle marmelos extract and alpha-tocopherol on
serum lipids, lipid peroxides and cardiac enzyme lev-
els in rats with isoproterenol-induced myocardial
infarction. Sing Med J, 46(2): 7881.

Richmond W 1973. Qualitative determination of cho-
lesterol in serum or plama by enzymatic method.
Clin Chem, 19: 1350.

Sabu MC, Kuttan R 2004. Antidiabetic activity of Ae-
gle marmelos and its relationship with its antioxi-
dant properties. Ind J Physio Pharma, 48: 81-88.

Sakineh S, Batoul F, Mousavi A 2006. Effects of clini-
cal nutrition education on glycemic control out-
comes in type 2 diabetes. Int J Diab in Dev Count,
26: 156-159.

Shankhala A, Sharma S 2003. Efficacy of Herbal Ex-
tract of Bael Patra (Aegle Marmelos) in the Man-
agement of Hyperglycemia. In: IX Asian Congress
of Nutrition (Abstract). New Delhi, India, P. 308.

Sharma RS,  Asrani D 2003. Aegle Marmelos (BEL) Leaves
Extract (Extractum Belae Fructus Liquidum) in The
Management of Essential Hypertension. JAPI 51:
1252-1256. From <http://www.japi.org/decem-
ber2003/Poster/Hypertension_Poster.pdf> (Re-
trieved March 12, 2010).

Sharma PC, Bhatia V, Bansal N, Sharma A 2007. A
review on bael tree. Natural Product Radiance,
6(2):171-178.

Smart C, Aslander-van Vliet E, Waldron S 2009. Nutri-
tional management in children and adolescents with
diabetes. Pedia Diab, 10(12): 100–117.

Suvimol C, Pranee A 2008. Bioactive compounds and
volatile compounds of Thai bael fruit (Aegle marme-
los (L.) Correa) as a valuable source for functional
food ingredients. Inte Food Res J, 15(3): 1-9.

Trinder P 1969. Practical Clinical Biochemistry. Vol
X, 5th Edition. New York: William Heinnemann
Medical Books Limited.

Upadhya SA, Shanbhay KK, Suneetha G, Balachandra
NM, Upadhya S 2004. A study of hypoglycemic and
antioxidant activity of Aegle marmelos in alloxan
induced diabetic rats. Ind J Physio Pharmacol 48(4):
476-480.

Vasanthamani G, Savita D 2001. Hypoglycemic and
hypocholesterolemic effects of selected herbal pow-
ders. The Ind J Nutr Diet, 38: 419-427.

Vijaya C, Ramanathan M, Suresh B 2009. Lipid lowering
activity of ethanolic extract of leaves of Aegle marme-
los (Linn.) in hyperlipidaemic models of Wistar albino
rats. Ind J Exp Biol, 47(3): 182-185.

WHO 2007. Diabetes Programme. From <http://www
.who.int/diabetes/facts/world figure/en/> (Retrieved
February 01, 2010).

WHO 2008. World health Statistics. From < http://
www. who.int/whosis /whostat /2008 /en/ > (Retrieved
March 13, 2010).

WHO 2009. Fact Sheet No. 312: What is Diabetes?
From <http://www.who.int/mediacentre/factsheets/
fs312/en/-> (Retrieved April 11, 2010).


