
ORIGINAL ARTICLE

The development of low glycemic index cookie bars from foxtail
millet (Setaria italica), arrowroot (Maranta arundinacea) flour,
and kidney beans (Phaseolus vulgaris)

Lily Arsanti Lestari1 • Emy Huriyati1 • Yustinus Marsono2

Revised: 13 February 2017 / Accepted: 17 February 2017 / Published online: 10 March 2017

� Association of Food Scientists & Technologists (India) 2017

Abstract Wholegrain foods are becoming increasingly

popular as a high fiber dietary supplement recommended

for people with diabetes. In Indonesia, the incidence of

diabetes mellitus has almost doubled recently and poses a

significant health risk with the high prevalence of obesity

and cardiovascular diseases. The present research aimed to

develop cookie bars from foxtail millet, arrowroot flour,

and kidney beans. The physical, chemical, and sensory

properties were evaluated by selecting the best formula to

test the glycemic index. Three formulae of cookie bars,

which had different percentages of foxtail millet, kidney

beans, and arrowroot flour were evaluated. The results

showed that the three formulae (F1, F2, F3) had �Hue
values of 53.77, 58.46, and 58.31, and breaking force of

8.37, 10.12, and 5.87 N, respectively. While all other

nutritional content were significantly different between

formulae, the total crude fat was not. The F2 cookie bar

was selected and evaluated for the glycemic index because

it has the best sensory properties, lowest total sugar and

available carbohydrate content. F2 cookie bars that contain

15% foxtail millet, 15% arrowroot flour, and 30% of kid-

ney beans have a glycemic index of 37.6 hence it could be

classified as a low glycemic index cookie bar. In conclu-

sion, our findings indicated that F2 cookie bars can be

further developed as a suitable diabetic food since it has the

best physico-chemical properties, sensory properties, and

low glycemic index.

Keywords Low glycemic index cookie bars � Foxtail
millet � Arrowroot flour � Kidney beans

Introduction

There is an increasing interest in functional food develop-

ment from local materials. Interest in the effect of specific

foods on blood glucose levels has also increased in line with

the increasing of diabetes mellitus prevalences. The preva-

lences of diabetes mellitus (DM) per 1000 population in

Indonesia is increasing from 1.1 in 2007 to 2.1 in 2013 (Basic

Health Research Survey 2013). People with diabetes need to

consume certain foods that contain low sugar and are in high

dietary fiber. On the other hand, there are many foods that

have low glycemic index (GI) such as boiled kidney beans

and boiled arrowroot that have GI as low as 29 and 14

respectively (Robbins 2015; Marsono 2001), whereas bis-

cuits from foxtail millet have a GI as low as 50.8 (Anju and

Sarita 2010). Based on this property, the development of low

GI cookie bars from this raw material is promising.

The glycemic index (GI) is a method of ranking car-

bohydrates in foods on the basis of the blood glucose

response they produce for a given amount of carbohydrate.

The GI ranks foods based on their postprandial blood

glucose response with respect to an equivalent carbohy-

drate portion of references such as glucose or bread.

Another definition of GI was released by the Food and

Agriculture Organization (FAO) and World Health Orga-

nization (WHO) as ‘‘the incremental area under the blood

glucose response curve for a 50-g carbohydrate portion of a

test food expressed as a percent of the response to the same
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amount of carbohydrate from a standard food taken by the

same subject’’ (FAO/WHO 1998).

Foxtail millet (Setaria italica) is one of the small millets

grown in semi arid regions; it requires warm weather and

matures quickly in summer. In most areas in Indonesia, it is

considered as a crop of poor people. However in Maluku

island, it became popular with all the people. It has good

nutritional value and is comparable to staple cereals such as

rice and wheat in terms of protein, fiber, minerals, and

vitamin content. The potency of foxtail millet for the low

GI food has been unexploited. Considered as a high non

starch polysaccharide resource, it can be developed for a

functional food especially for its low GI.

Arrowroot (Maranta arundinacea) is a locally grown

tuber crop in Indonesia. Arrowroot starch is commonly

used as a thickener in many foods such as puddings and

sauces, cookies, and other baked goods. Arrowroot flour is

mainly used in cookies and baked goods. The arrowroot

tubers contain plenty of total dietary fiber as much as

9.79–13.70% dry basis (Kumalasari et al. 2012). According

to Marsono (2001), boiled arrowroot has a low GI as little

as 14. One recent study suggested that the arrowroot flour

is a potential source of prebiotics and has an

immunomodulatory effect (Kumalasari et al. 2012).

Kidney beans are a very good source of dietary fibers as

much as 24.9% (USDA National Nutrient Database for

Standard Reference 2015) so that it could prevent blood

sugar levels from rising too rapidly after a meal, making

these beans an especially good choice for individuals with

diabetes, insulin resistance or hypoglycemia. Hence,

according to Robbins (2015), boiled kidney beans have a

low GI as low as 29. Kidney beans are also an excellent

source of trace minerals. Kidney beans were introduced in

Asia by Spanish and Portuguese traders. Today, the largest

commercial producers of dried kidney beans are India,

China, Indonesia, Brazil and the United States.

Today, there are various food bars on the market; some

that are specifically formulated to prevent hypoglycemia

and others that are designed to lessen hyperglycemia. This

food usually is referred to as diabetic food bars. This food

bar contains certain nutrients and physiologically active

components that play a role in improving glycemic control

and reducing risk factors for development of diabetes

complications. Functional characteristics of this product

include resistant starch and dietary fiber. High fiber diets

have been shown to lower the post prandial blood glucose

rise, improve insulin sensitivity, and reduce hyperinsu-

linemia (Marlett and Slavin 1997; Krauss et al. 2000;

Chandalia et al. 2000). The objectives of this study were to

develop cookie bars from foxtail millet, arrowroot flour,

and kidney beans. In the process, we evaluated the physi-

cal, chemical, and sensory properties; and then selecting

the best formula to test the glycemic index.

Materials and methods

Raw material and cookies bar formulation

Foxtail millet, arrowroot flour, and kidney beans were

purchased from the local market. The foxtail millet were

dehusked and pulverised, then sieved with an 80-mesh

sieve. The arrowroots were first washed, cleaned of the

paper-like scale, pulverised, dried, ground, and then

sieved with an 80-mesh sieve. The kidney beans were

pulverised along with seed coat, then sieved with an

80-mesh sieve. The recipe of the cookie bars consisted of

100 g of mixed main ingredients (foxtail millet, kidney

beans, and arrowroot flour), margarine, maltitol, egg

yolks, and salt. The formula of the cookie bars can be

seen in Table 1. The steps for processing the cookie bars

were as follows: foxtail millet flour; arrowroot flour; and

kidney beans flours were mixed thoroughly, then other

ingredients (margarine, egg yolks, maltitol, and salt) were

added and mixed. Next the dough was put into a baking

pan and then baked at 140 �C for 30 min. Finally the

baked cookie bars were cut into rectangular sized shapes

measuring 2 cm 9 5 cm.

Physical analysis (colour and texture measurement)

The surface colour of the cookie bars was evaluated using

the Hunter method (HunterLab 1996; Hutchings 1999).

Total colour difference (DE) is a parameter that quantifies

the overall colour difference of a given sample compared to

a reference sample. Mean L, a, and b values were used to

determine the DE between the formulae of the cookie bars

(Hutchings 1999). The smaller the value of DE, the closer

the samples are in colour. Values of DE between 0 and 0.2

indicate an imperceptible colour difference, 0.2–0.5 for a

very small difference, 0.5–1.5 for a small difference,

1.5–3.0 for distinct, 3.0–6.0 for very distinct, and 6.0–12.0

Table 1 The formulation of cookies bar

Ingredients F1 F2 F3

Foxtail millet 30 15 15

Kidney beans 15 30 15

Arrowroot flour 15 15 30

Margarine 18 18 18

Maltitol 10 10 10

Yellow egg 12 12 12

Salts 1 1 1

Total 100 100 100

The formula of the cookies bar was presented on % basis

F1 formula 1, F2 formula 2, F3 formula 3
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for great and values [12 for a very great difference

(Drlange 1994; Young andWhittle 1985; Verma et al. 2015).

The hardness of the cookie bars was measured with

texture analyzer XT2i. Hardness was determined from the

maximal force (Fmax) recorded until the sample breakage in

Newton (N) unit.

Chemical analysis

Proximate analysis (moisture, protein, fat, ash) was con-

ducted according to the methods of AOAC (2005), whereas

carbohydrate was determined by difference. The energy of

cookie bar samples was calculated by multiplying the

percentage of crude protein and carbohydrate with 4 and

crude fat with 9. The values were then converted to calories

per 100 g of the sample. Total sugars and reducing sugars

were determined using the Nelson–Somogyi methods

(AOAC 2005). Total dietary fibers were determined using

the enzymatic–gravimetric methods according to Asp et al.

(1983), whereas resistant starches were determined using

the methods described by Goni et al. (1996).

Sensory analysis using preference test

Evaluation of sensory characteristics of the cookie bars was

performed by 26 semi trained panelists who were under-

graduate students of the Nutrition and Health Department,

Faculty of Medicine, Universitas Gadjah Mada, Indonesia.

Three formulae of cookie bars were randomly assigned to

each panelist. In a preference test, the panelists were asked

to tell which of three samples that they preferred. Ranking

test was one of the commonly used preference tests. The

panelist were asked to rank 3 samples in ascending order

according to preference or liking (Lawless and Heymann

2010). A 3 point scale was used where 1 was dislike, 2 was

like slightly, and 3 was like.

GI determination

Twelve healthy volunteers between 21 and 22 years of age

with a body mass index (BMI) between 18.5 and 25 kg/m2

participated in the study. The exclusion criteria were fast-

ing capillary blood glucose concentrations of C110 mg/dL

as well as DM, pregnancy, or kidney problems.

The subjects arrived at the Nutrition Laboratory in the

morning. They were assigned for fasting 8–10 h prior to

the GI test. They had already filled out the informed con-

sent form before the GI test. All rules and procedures

regarding the test were explained to them. Firstly, their

fasting capillary blood glucose concentrations were deter-

mined. The subjects then consumed the test meal (glucose

or cookie bars) within 10 min. Pure glucose was used as

food reference, and given by dissolving 25 g in 150 ml of

water and consumed in\10 min. The test food was tested

in the next week. The subjects had to consume 85 g of

cookie bars within 10 min. Both food reference (glucose)

and test food had 25 g of available carbohydrate.

Exactly 30 min from when they started to eat, the cap-

illary blood glucose concentration was measured, and then

it was measured again at 60, 90, and 120 min. Blood glu-

cose responses after consumption of glucose or cookie bars

were then calculated for the GI. Firstly, the area under the

blood responses curve was calculated with the following

formula (Wolever and Jenkins 1986):

L ¼ D30t
2

þ D30t þ D60� D30ð Þt
2

þ D60t

þ D90� D60ð Þt
2

þ D90t þ D120� D90ð Þt
2

where, L, the area under the curve; t, time interval blood

sampling; D30, the difference in blood glucose level

30 min after the load with fasting; D60, the difference in

blood glucose level 60 min after the load with fasting; D90,
the difference in blood glucose level 90 min after the load

with fasting; D120, the difference in blood glucose levels

120 min after the load with fasting.

Based on the area under the curve, the glycemic index

can be calculated using the following formula (Brouns

et al. 2005):

GI ¼ area under the curve of food test

area under the curve control Pure glucoseð Þ � 100:

The Medical and Health Research Ethics Committee

(MHREC), Faculty of Medicine, Universitas Gadjah Mada

has approved the nutritional studies on subjects (KE/FK/

1105/EC) dated October 7, 2014. All subjects gave signed

informed consent to participate in the study.

Statistical analysis

Each result is expressed as mean ± standard deviation

(SD). One-way ANOVA or Krusskal Wallis test was used

to assess the statistical significance of differences between

formulae of cookie bars. Each value of p\ 0.05 is con-

sidered to be statistically significant.

Results and discussion

Physical properties

The physical properties of the cookie bars are shown in

Table 2 with the L value representing the lightness on a

scale of 0 (dark) to 100 (white). L values of the cookie bars

were significantly different between formulas. The higher

the addition of arrowroot flour, the lighter it tended to be.
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The a value represented ?a for redness and -a for

greenness. The a values of the cookie bars were not dif-

ferent between formulas. The b value represented ?b for

yellowness and -b for blueness. The b values of the cookie

bars were not different between formulas. The �Hue values
between formulas also were not different. However the

colour interpretations were different. F1 colour could be

interpreted as red, whereas F2 and F3 were yellow red.

Total colour difference (DE) between F1 and F2 was 4.33,

whereas DE between F1 and F3 was 5.95. This result

indicated that F1 was very distinct compared to F2 and F3.

However DE between F2 and F3 was 1.79 so that F2 was

distinct compared to F3. F3 had the lighter color since it

contain more arrowroot flour compare to other formulae.

The protein content of F3 was lower than other formulae

hence the Maillard reaction between amino acid and

reducing sugar in F3 was lesser and the colour appearance

was less browning. The darker colour of F1 and F2 was due

to the red pigmented ingredient i.e. foxtail millet and red

kidney bean.

The texture of the cookie bars is shown as Fmax, where

Fmax is the maximal force recorded until the sample

breakage. It was shown that the higher addition of kidney

beans resulted in the harder cookie bars. Similar with this

finding, Lee and Beuchat (1991) reported that more

strength was needed to break cookies incorporated with

legumes flour. On the contrary, the higher addition of

arrowroot flour resulted in the more easily crumbled tex-

ture since this product contains the highest dietary fiber and

resistant starch. According to Sajilata et al. (2006), resistant

starch improves product characteristics including crispness,

expansion, mouthfeel, color, and flavor. Sharma et al.

(2016) also found that substitution in cookies with gela-

tinized-retrograded starch and extruded starch have lower

rupture force compared to non-substituted cookies. This

finding could be attributed to the higher resistant starch

content in substituted cookies. Hoojjat and Zabik (1984)

found that wheat flour cookies that contain higher protein

content tend to have harder texture. This might be due to

the incorporation of protein rich flour which need more

water to obtain good cookie dough, and the cookies pre-

pared from high-absorption dough tend to be extremely

hard.

Chemical properties

Table 3 shows that the total fat of the cookie bars was not

significantly different. On the contrary, the moisture con-

tent, ash, crude protein, crude fibers, and the total carbo-

hydrate were significantly different. Addition of different

flours in the cookie bars affected the chemical properties.

The reducing sugar and total sugar were significantly dif-

ferent between formulae (Table 3). Formula F1 has the

lowest reducing sugar, whereas F2 has the lowest total

sugar. The dietary fiber of F3 formula was the highest as

well as the resistant starch content. The best product that is

suitable for a diabetic person contains less sugar and more

complex carbohydrate including dietary fiber and resistant

starch.

The moisture content of the cookie bars play an

important role in determining the shelf life of the product.

Additionally, it can affect the texture, appearance, and taste

of the food product. The carbohydrate content of a food

product will affect its physical characteristics including

color, taste, and texture so that it will further affect the

acceptability, palatability, and the shelf life.

High dietary fiber meals are needed for the diet of a

person who is diabetic. Dietary fiber can modulate glucose

blood levels and increase insulin’s sensitivity (DeVries

2012). According to the Indonesian Consensus of Man-

agement and Prevention for Non-Insulin Dependent Dia-

betes Mellitus (NIDDM) (Perkumpulan Endokrinologi

Indonesia (PEI) 2011), people with NIDDM are strongly

recommended to consume ±25 g of dietary fiber every

day. The F2 cookie bars contain 14.48% dietary fiber and

9.67% resistant starch hence consumption of 100 g or

approximately 3 pieces of cookie bars will fulfil the daily

need of dietary fiber. According to the American Associ-

ation of Cereal Chemists (AACC Report 2001), resistant

starch is included as dietary fiber. Dietary fiber and

Table 2 Physical properties of cookies bar

Cookies bar Color Interpretation Texture (N)

L a b �Hue Fmax Fbreak

F1 43.50 ± 0.09a 10.61 ± 0.09a 14.50 ± 0.91a 53.77 ± 0.14a Red 21.21 ± 0.22a 8.37 ± 0.03a

F2 46.60 ± 0.45b 10.78 ± 0.22a 17.52 ± 0.25b 58.46 ± 0.89b Yellow red 25.38 ± 0.18b 10.12 ± 0.11b

F3 47.40 ± 0.02b 11.65 ± 0.52a 18.87 ± 0.39b 58.31 ± 0.67b Yellow red 14.69 ± 0.24c 5.87 ± 0.10c

p value 0.001 0.204 0.011 0.009 \0.001 \0.001

Different superscript small letters in the same column indicate a significant difference
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resistant starch are complex carbohydrates recommended

for preventing NIDDM. According to Indonesian

Endocrinology Association in Consensus of Management

and Prevention of NIDDM (Perkumpulan Endokrinologi

Indonesia (PEI) 2011), carbohydrate must be consumed for

only 45–65% of daily energy intake. Snack food usually

supplies 15% of daily energy needs, which is approxi-

mately 300 kcal. It was assumed that consumption of 3

pieces of cookie bars will fulfil the need of energy, protein,

fat, carbohydrate, and dietary fiber as much as 18.29,

15.54, 35.75, 12.58, and 8.79% respectively. Thus, the fat

content of this cookies bar is slightly higher than the daily

recommendation which is only 30% of total energy

consumption.

Sensory properties

The total sensory scores of the cookie bars was presented in

Fig. 1. Cookies prepared from 15% foxtail millet, 15%

arrowroot flour, and 30% of kidney beans were rated high

in colour, flavor, taste, and texture hence it was more

acceptable than other formulae. Sensory attributes could

affect the palatability and quality of the food product.

Glycemic index of selected food bar

The F2 formula was selected for further GI determination.

The F2 formula has the best characteristics according to the

following criteria: (1) the physical characteristics, i.e.

colour lightness and texture, (2) the chemical characteris-

tics, i.e. lowest total sugar and available carbohydrate

content, and (3) the sensory characteristics. The 3 formulae

of cookie bars were ranked according to 7 parameters, i.e.

L value, texture, total sugar, dietary fiber, resistant starch,

available carbohydrate, and sensory attributes. Each

parameter has a value of 1, 2, or 3 where 1 is fair, 2 is good,

and 3 is excellent. The F1, F2, and F3 cookie bars have

total score of 12, 16, and 13 respectively hence F2 was

selected for the final GI determination.

Twelve healthy volunteers between 21 and 22 years of

age with average body mass index (BMI) of 20.92 partic-

ipated in the study. Figure 2 showed that blood glucose

responses after ingestion of pure glucose were higher than

the cookie bars. The area of the glucose curve is 3612.5,

whereas the area of cookie bars curve is 1357.5. The GI can

be calculated based on this data. The GI of the cookies bar

is 37.6. This GI value is considered as a low GI value since

the value is below 55.

Glycemic index of certain food depends on its

digestibility and glucose absorption. Low GI foods are

digested slowly, thus glucose absorption in the small

intestine is slow. As a result, the fluctuation of blood sugar

levels will be relatively lower. On the other hand, foods

with a high GI are digested rapidly so that the glucose

absorption is fast. The value of the glycemic index of food

is influenced by several factors i.e. nature of the

monosaccharide components (glucose, fructose, galactose),

nature of the starch (amylose, amylopectin, starch–nutrient

interaction, resistant starch), cooking or food processing

(degree of starch gelatinization, particle size, food form,

cellular structure), and other food components (fat and

protein, dietary fiber, antinutrients, organic acids) (FAO/

WHO 1998).

The dietary fiber content of foods will affect blood sugar

levels, thus the GI value is low. This result is due to the

characteristics of the dietary fiber which inhibit the diges-

tion rate of food and the activity of the enzymes. Low GI

foods reduce both postprandial blood glucose and insulin

responses. The digestibility of the carbohydrate in low GI
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foods is generally less than that of high GI foods. Thus, low

GI foods increase the amount of carbohydrate entering the

colon and increase colonic fermentation and short chain

fatty acid production (FAO/WHO 1998). In addition to

dietary fiber, resistant starch in the diet tend to retard starch

degradation and delay gastric emptying rate in the small

intestine which leads to lower glycemic response (Ode-

nigbo et al. 2012).

Amylose and amylopectin content varied in starch

depending upon source. High amylose content in food will

slow the rate of food digestion, especially the digestion of

starch. This result is due to the amylose’s structure and the

hydrogen bond of amylose so that amylose is more difficult

to hydrolyze by digestive enzymes (Behall and Hallfrisch

2002). In addition, the larger size of amylopectin provides

more open and wide surface for enzymatic attack as

compared to smaller amylose (Bennion and Scheule 2000;

McWilliams 2001). The presence of amylose–lipid content

also reduces the amylose digestion rate (Hu et al. 2004).

Digestibility of starch is the easiness of certain types of

starch to be hydrolyzed by the digestive enzymes into

simple sugars. Starch digestion is influenced by intrinsic

and extrinsic factors. Intrinsic factors are related to the

characteristics of starch, such as granule size, and presence

of food matrices, as well as the number and size of pores on

the surface of the starch. Extrinsic factors are related to the

duration of digestion in the stomach, the activity of amy-

lase in the intestine, and the amount of starch, as well as the

presence of other food components. The higher the

digestibility of the starch, the more easily it will be con-

verted into glucose thus raising the blood sugar level

rapidly.

The existence of fat and protein in the diet also affects

the GI value of a food. Foods with high fat and protein

content will slow the rate of gastric emptying (Moghaddam

et al. 2006; Odenigbo et al. 2012), so that digestion of food

in the small intestine will proceed slowly. Food with high

protein content is expected to stimulate the secretion of

insulin which controls the blood glucose levels in the body.

Foods that are high in protein and fat will tend to have a

lower GI (Pi-Sunyer 2002).

According Englyst et al. (1992), the GI value of a food

can be influenced by the way of the food processing such as

heating (steaming, boiling, frying) and milling. The heating

process will affect the gelatinization of starch and the

starch structure, resulting in the formation of retrograded

starch that are digested more slowly. Boiling is believed to

induce gelatinization, thereby permanently disrupting the

amylose–amylopectin structure of the starch complex, thus

making it more readily accessible by digestive enzymes. At

the same time retrograded amylose is indigestible due to

the presence of stronger hydrogen bonding in comparison

with retrograded amylopectin. The smaller the particle sizeT
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of the food, especially the size of the starch, will increase

the surface area and thus contact with the digestive

enzymes will be optimal. Furthermore the food digestibility

will increase and the absorption of glucose is faster so that

the GI value will be higher.

The F2 cookie bars contain a low amount of total sugar

whereas the total protein, fat, and dietary fiber were high

hence the glycemic index of the cookie bars with these

characteristics tends to be low. Protein, fat, and dietary

fiber will inhibit the sugar absorption. The number of

available carbohydrates in F2 cookies was approximately

19.76%, however the type of available carbohydrate

(amylose and amylopectin) was not determined.

Conclusion

Substitution with 30% foxtail millet in the ingredients of

the cookie bars resulted in the darker color and slightly

harder texture and showed higher protein content. Substi-

tution with 30% kidney beans in the cookie bars resulted in

the harder texture and showed higher ash content and lower

total sugar content. Substitution with 30% arrowroot flour

in the cookie bars resulted in the lighter color and the more

easily crumbled texture and showed higher total dietary

fibers and resistant starch content. F2 cookie bars which

contain 30% of kidney beans have a glycemic index of 37.6

hence it could be classified as low GI cookie bars.
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