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Abstract

Diabetes Mellitus is a fast-growing disorder in the current scenario commonly affecting all age groups
especially elder groups. The high blood glucose can be kept in control with nutraceutical foods. The present
study is aimed to formulate a nutritionally rich cookie with Costus igneus leaf extract and to determine the
effect of cookie consumption on decreasing blood glucose levels in type 2 diabetic patients. Cookies made
with Costus igneus leaf powder etc. were analyzed for proximate analysis and phytochemical analysis with
standard procedures. A total of 30 Type-II diabetic patients were selected for the study whose demographic
variables and blood glucose levels were measured on the first day and after 15 days, 30 days of cookies
consumption. The proximate and physic-chemical analysis showed cookies contain high amount of secondary
metabolites including antioxidant compounds. Among the 30 study subjects, the mean levels of FBS and
PBS were decreased significantly in all the four groups from day 0 to day 30 which indicates that C.igneus
cookies consumption had good effect in reducing the blood glucose levels. However the HbA1C has been
decreased by one unit in all the four study groups. The cookies made with Costus igneus plant material have
good antimicrobial, antioxidant and antidiabetic activities and can be used as a therapeutic and functional
food source for the treatment of overweight, obesity and diabetes.

Key words: Costus igneus, cookie, proximate analysis, phytochemicals, antioxidant, post prandial, glycated

hemoglobin.

Introduction

The incidences of deficiency diseases are on decline
phase due to the incorporation of fortified foods into
our diet. However, the prevalence of obesity, diabetes
mellitus (DM) and cancer are escalating due to food
and lifestyle changes. Diabetes mellitus is a group of
metabolic diseases characterized by hyperglycemia
(high level of sugar in the blood for a prolonged period),
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resulting from defects in insulin secretion, or insulin
action or both. Nutritional management plays a key
role in managing diabetes. Foods with a lower glycemic
index (GI) scores are ideal for helping to keep blood
sugar levels stable. Several studies have reported that the
consumption of fiber-rich and low-GI foods like oats,
ragi, soya, bajra, almonds, flax seeds, etc. will help to keep
blood sugar level stable and also significantly decrease
in total cholesterol, LDL-cholesterol, and triglyceride
levels. Antioxidants like polyphenols and ascorbic acid
are vital substances which possess the ability to protect
the body from damage caused by free radical-induced
oxidative stress. !> The use of antioxidants from food
sources is an active area of study in diabetes research.

Costus igneus is an herbaceous plant, its alternative
names include insulin plant, spiral flag or fiery Costus. It
belongs to the Costaceae family. It is widely grown and



used in South India, to treat diabetes due to its antidiabetic
property. The various ethanolic and methanolic extracts of
C. igneus have been reported for many pharmacological
activities such as antidiabetic in controlling the blood
glucose levels, antibacterial, antifungal, antioxidant,
hypolipidemic, hepatoprotective, anti-inflammatory,
antiproliferative and many more and these properties
are due to presence of secondary metabolites such as
alkaloids, quercetin, diosgenin, steroids, beta-carotene,
flavonoids, terpenoids and phenolic compounds in the
leaf extracts. % Most of the individuals living in both
urban and rural areas of Visakhapatnam who were
suffering with type 2 diabetes practicing of consuming
1-2 leaves of C.igneus per day daily in their diet. Hence
the present study is intended to develop a nutritional
rich cookie formulated with C. igneus leaf powder and
to determine the effect of consuming Costus igneus
cookies on decreasing blood glucose levels in type 2

diabetic patients.

Materials and Method

Collection of plant extract: Costus igneus plant
leaves were collected from Ambasamudram, Tirunelveli,
Tamil Nadu, India. Fresh leaves of Costus igneus were
collected, cleaned and shade dried. The dried leaf was
made into powder using a mechanical grinder. The
powdered samples were extracted with methanol using a
Soxhlet apparatus.

Preparation of cookie: In the present study the
following raw materials were used to prepare cookies
which include C. igneus leaf powder, multigrain flour
(oatmeal, ragi, bajra, soya, wheat flour), almonds, flax
seeds, maida, butter, vegetable oil, milk, sweetener.
Insulin plant leaves were shade dried, grinded and sieved
into a fine powder. Oatmeal, ragi, bajra, soya were roasted
and grinded into fine flour. A known amount of dry mix
was prepared by mixing multigrain flour and insulin
plant leaf powder in a vessel. Wet mix was prepared in a
separate vessel by mixing a known amount of vegetable
oil and melted butter. Salt, sweetener, baking powder,
and a drop of vanilla essence for the flavor were added to
the wet mix. Prepared dry mix was added slowly to the
wet mix and mixed well to make the dough. The dough
was kneaded well and made into shapes. The shaped
dough was baked at 180°C. Cookies were packed into
airtight cover and stored in the cool and dry place.
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Figure 1: Cookie prepared with Costus igneus leaf powder

Proximate analysis: In proximate analysis total
moisture, total solids, total ash, water-soluble ash, acid-
insoluble ash, sulphated ash and fat content of Costus
igneus cookie were analysed with standard procedures
%11 Moisture content and solid content of the sample
were analyzed in moisture analyzer MB45. Estimation
of protein was carried out by standard Lowry’s method
(1951).12 Total Carbohydrate content was estimated by
modified anthrone method (Hedge and Hofreiter, 1962).
The total reducing sugar content of Costus igneus cookie
was evaluated with 3,5-dinitrosalicylic acid (DNS)
method. '3 a-Amylase inhibitory activity of the extract
and fractions was carried out according to the standard

method with few modifications.'*

Phytochemical analysis: In the present study,
several phytochemical constituents were evaluated

qualitatively using standard protocols '>-!7.

Antioxidant activity:

Estimation of Ascorbic Acid: Ascorbic acid
estimation was carried by the volumetric method
described by Pisoschi et al. (2008) '®. Amount of ascorbic
acid present is calculated by below formula

X 100

. . 0.5 V2 100
Ascorbic ac1d=ﬁ X -

wt.of the sample

Determination of B-carotene: Estimation of beta-
carotene in cookie sample was performed according to
Mustapha and Babura (2009). The following formula
was used to calculate

0D at 452nm x13.9 x104 X100
Wt.of sample x560 x1000

B-carotene (ng/100gm)=

Total Content (TPC): The total
phenolic content (TPC) of Costus igneus cookie sample

Phenolic
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was determined by Folin-ciocalteu method.'® TPC
quantification and results were expressed as mg/g (Gallic
Acid Equivalent (GAE)/ dry weight).

DPPH radical scavenging assay: The radical
scavenging activity of cookie sample was determined
by 1, Il-diphenyl-2-picrylhydrazyl (DPPH) using
the method described by Shimada et al. (1992). The
percentage inhibition was calculated by the following
equation.

(absorbance of blank—absorbance of sample)
{absorbance of blank)x100

% radical scavenging activity =

Evaluation of cookies for controlling the blood
glucose levels in Type-II diabetic patients: The study
was a randomized clinical trial done to evaluate the
effect of consuming C.igneus cookies on decreasing
the blood glucose levels in 30 Type-II diabetic patients.
From the 30 subjects, blood samples were collected and
sent for analysis of FBS, PBS and HbA1C using C111
Cobas analyzer. The inclusion criteria of the study were
Age > 35 years, non-pregnancy, non-allergic to herbal
products, not taking any herbal products during the
study, no acute infection, HbA1C > 7, FBS > 140 mg/dl,
PBS > 200 mg/dl and non-insulin dependent. C.igneus
cookies were prepared in a way that each cookie weighs
20 g and each contains 500mg of C.igneus plant extract.
After explaining the main objective of the study,
study protocol and importance of consuming C.igneus
cookies in controlling the diabetes, a written consent
form was taken from each individual. Each subject
was instructed to consume a single cookie after half-
an-hour of breakfast, lunch and dinner along with their
routine regular diabetic drugs for 15 days initially. After
15 days, FBS, PBS and HbAI1C tests were performed.
Again they were instructed to take the same quantity
of cookies at three different time intervals in a day for
another 15 days and their blood glucose levels were again
monitored. Data was analyzed using SPSS Version 24.0.
Results were expressed as Mean +SD of three replicates
determinations.

Results and Discussion

Proximate analysis is an important index to classify
the nutritional value of a food material. The proximate
compositions  determined in the cookie samples
were summarized in Table 1. It shows that the cookie

sample has a moisture content (7.94 = 0.2), total ash

(70.7 £ 0.1), high protein content (4.24 + 0.4), high
fiber (8.03 =+ 0.007) content; and a relatively lower
fat content (3.75 =+ 0.3). This indicates that C. igneus
cookies are good source of mineral elements as they
contained a high percentage of ash. The presence of high
protein content in cookie promotes body development,
growth control, maintenance of fluid balance, strong
immune function etc. As the fibre content of the cookie
was high which may helpful for the better digestion
process. It was found that, the total carbohydrate content
of the cookie sample was high (80.2 = 1.1) which are
major contributors of energy. From the present study, it
has been shown that cookies made with Costus igneus
plant leaf have less reducing sugar (0.07 pg/ml) when
compared with standard (1.05pg/ml). The results of the
present study on in-vitro anti-diabetic activity of Costus
igneus cookie are shown in Figure 2. Cookies made
with Costus igneus have good o-amylase inhibitory
activity at 500 pg/ml. The present study had proved that
cookies made with Costus igneus leaf had shown good
anti-diabetic property which can better control the blood
glucose levels in diabetic patients because a- amylase
inhibitors also called as starch blockers tend to prevent or
slow down the absorption of starch into the body mainly
by blocking the hydrolysis of 1,4-glycosidic linkages of
starch and other oligosaccharides into maltose and other
simple sugars.

Costus igneus cookie was subjected to preliminary
phytochemical analysis and the results showed the
presence of phytochemicals which include flavonoids,
alkaloids,
polyphenols,phenols,saponins, glycosidesand coumarins

terpenoids, tannins, steroids, quinones,
and this in turn indicates it have good antibacterial, anti-
inflammatory, anticancer, and antidiabetic activities and
cardiac failures. The results obtained with Costus igneus
cookie revealed the ascorbic acid content as 4.2ug/g
hence act as a powerful antioxidant which fights against
free-radical induced diseases. B-carotene was estimated,
and the results showed that Costus igneus cookies have
high B-carotene content 1.49ug/g and vitamin content
2.48ug/g. The results showed that the total phenolic
content of cookie was 5.44 mg of GAE/g of dry sample.
As the cookie showed higher phenolic content, it is likely
to be a potential antioxidant. DPPH radical scavenging
activity of cookie was showed in Table 2. Cookie at 10
pg/ml showed the lowest inhibition with 9.92%. The

ICs, value for DPPH, the Costus igneus cookie shows
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maximum antioxidant activity with 62.3% (Table 3). of Costus igneus reduced the fasting and postprandial

blood sugar levels, bringing them towards normal, in

All the 30 subjects fasting serum blood glucose .. o hacone-induced hyperglycemia in rats 2. The

levels, post-prandial serum blood glucose levels, HbA1C study was mainly designed and investigated based on the
levels before and after intervention were showed in the
Table 4. The mean levels of FBS and PBS were decreased

significantly in all the four groups from day 0 to day 30

consumption of C.igneus leaves by the local inhabitants
of Visakhapatnam to control their blood glucose levels
R ] g by both type I and type Il diabetic patients. The Costus
which indicates C.igneus cookies consumption had good . . . .

) ) igneus plant was cultivated in their own houses and
effect in reducing the blood glucose levels. However
the HbA1C has been decreased by one unit in all the

four study groups. Akhila et al. (2010) found that leaves

daily they were consuming 1-2 leaves per day. However
further research has to be carried out to know the effect
of C.igneus cookies in Type-I diabetic patients.

Table 1: Proximate analysis of C. igneus cookies

Parameter :)Vzli‘;zrtlt;‘f;:ry Mean SD SEM
Moisture (%) 7.94+0.2 8.27 0.56 0.37
Solids (%) 92.06+0.5 92.05 0.05 0.03
Regain (%) -8.63+-1.0 -8.61 0.9 0.56
Total ash (%) 70.7+0.1 70.7 0.01 0.05
Water-soluble ash (%) 43.65+0.8 43.6 0.08 0.04
Acid-insoluble ash (%) 82.35+0.6 82.3 0.06 0.03
Sulphated ash (%) 80.47x1.1 80.3 1.24 0.72
Fat (%) 3.75+0.3 3.75 0.05 0.028
Fiber (%) 8.03 + 0.007 8.01 0.01 0.001
Protein (%) 3.24+£0.4 3.24 0.05 0.029
Total carbohydrate content (%) 80.2+1.1 80.06 1.006 0.58
‘p’ <0.05 Significant

Values are expressed as mean = SD of the three replicates. SD: Standard deviation, SEM: Standard error of
means
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Figure 2: a—Amylase inhibitory assay of Costus igneus leaf and Cookie

Table 2: DPPH radical scavenging assay of Costus igneus cookie

10 9.92

20 11.25
30 12.37
40 13.19
50 14.52
100 18.81
500 62.3

Table 3: Antioxidant activity of C.igneus cookie

Ascorbic acid content B-carotene Total phenolic

Tvi 0, en?
(ng/g) content (ng/g) content (mg/g) DPPH activity (%) P’ Value

4.2+1.3 1.49+0.1 5.44+0.7 62.3+1.9 0.9371

‘p’ value: Probability value



Medico-legal Update, July-September 2020, Vol.20, No. 3 251

Table 4: Effect of cookies in controlling blood glucose levels in Type-II diabetic patients

Fasting serum glucose levels Post prandial serum glucose o
(Mean + SD) (mg/dl) levels (Mean + SD (mg/dl) HbAIC levels (Mean £ SD) (%)
Age
S.No
(years)
Day Day Day
Day 0 15 Day 30 Day 0 15 30 Day 0 Day 15 Day 30
1. 35-40 18543 1414 12349 19941 168+7 15144 | 8.9+0.2 8.2+0.4 7.9+0.3
2. 41-45 17842 154+5 13145 21545 180+6 148+5 8.7+0.6 8.5+ 7.8+0.1
3. 46-50 163+8 138+2 110+4 238+6 18943 159+3 8.3+0.3 7.8+0.1 7.6+0.2
4 51-55 184+6 159+2 12543 256+4 19748 16344 | 9.1+0.2 8.9+0.1 8.4+0.3
Conclusion 2. QingtaoHou, Yun Li, Ling Li, Gaiping Cheng, Xin

Due to high antioxidant potential and phenolic
content of the Costus igneus cookie, it can be used as a
therapeutic or functional food source for the treatment
of overweight, obesity and diabetes. The study also
concluded that, regular consumption of Costus igneus
cookies reduced serum glucose levels and glycated
hemoglobin levels in people with type 2 diabetes.
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