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Abstract—Rice is the staple food of more than half the world's population. Mixing rice with other food ingredients to become the
staple food is never done; therefore the dependence on rice becomes very high. The source of food that contained carbohydrate is
diverse such as potatoes, wheat, bananas, cassava and others. This study aims to determine glycemic index and nutrient composition
of rice purple sweet potato. The type of research is an experimental study to create a new staple food by mixing rice with purple sweet
potato. The main object of research is rice and purple sweet potato with ratio 1: 1 and a blood sample of the subject. The subjects
were six women who analyzed their blood glucose levels at every 15 minutes during the first 1 hour and every 30 minutes during the
second hour. The results showed the nutrient composition of rice purple sweet potato among others: the water content 53.7%, ash
0.2%, 4.4% protein, 0.6% fat, 40.7% carbohydrates, crude fiber 0.17 %, and the energy content is 235 kcal. The glycemic index in
rice purple sweet potato with white bread as food reference is 67 which are included in the category of food that has a moderate
glycemic index (55-70). The rice purple sweet potato potentially as a staple food with a lower glycemic index than the staple food white
rice with glycemic index 89. Further research about the glycemic index of rice purple sweet potato as a mixture with other
compositions need to do for the purpose of food diversification.
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The scientific consensus statement which recognized the
[. INTRODUCTION importance of postprandial glycemia in overall health, and
etbhe Gl as a valid and reproducible method of classifying

Prevalence of degenerative diseases such as diabet . .
mellitus (DM), hypertension, and cardiovascular disease carbohydrate foods [4]. According to Miller [5] showed that
a study feeding low GI with the medium-term in patients

tend to increase. This is due to changes in behavior, lifestyle,™ >™* . :
diet and activity imbalanced. An unbalanced diet W!th Filabetes showed that foods with a low Gl are associated
characterized by the emergence of nutrition [1]. Based onW'tlh mcreazedblblogd sugar.l s quickly will i h
that, the intake of food needs to be considered to reduce the ndcrfeas.e i oolf .sug?r e_\llle S ?(;“C y \I/'VI increase the
risk of degenerative diseases, especially in patients or peopl&€€d for insulin. If insulin still could equalize, an increase

at risk of degenerative diseases. According to health survey Iood.sugar Ie\(els In short-f[erm. are not a problem. However,
in Indonesia in 2013 showed that the prevalence of if the increase is a long period, insulin no longer able to keep

overweight is 13.5%, 15.4% obesity, diabetes mellitus 2.1% blood sugar at a normal level will give rise to type 2 diabetes

: : : ~ 3]
and is expected in 2030 the prevalence of diabetes mellltusl . .
in Indonesia reached 21.3 million people [2]. The research found that the risk of CVD decreased with

Management of meal or diet is one way to prevent low GL and low GI diets [6]Some studies in Indonesia

diabetes or blood sugar control in a diabetes patient. This ifammed glycemic index in many tubers or cassava that

: local names. Tl@&lembu cassava that cooked
done by selecting the number and type of carbohydrate tha ave many o
is appropriate to use the concept of the glycemic index.Sté@med has glycemic index 58.22 [7] lower ttfrkun

Glycemic index (Gl) of food is affecting the level of blood steamecri] Whiﬁh has a gI)r/]cemhic index OL 89 [8]. Alnother
sugar levels with a range of 0 - 100. This index is a measurd ©S€arch such as stating that the tubéasr has a very low

of how much a person's blood sugar levels rise within two or glycemic index that is 16.9, anorang tubers with
three hours after eating [3].
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glycemic index 20.6 anéayong20.8 while the glycemic  B. Measurement of Blood Glucose

index ofUwi tubers 23.1 anduwed58.8 [9]. Blood glucose measurement using a glucometer SD
Based on these studies, it can be concluded that the samgheck Gold. Blood samples obtained at the surface of the
food can have different glycemic index caused by plant gyin with a small injury using a needle lancet, then the blood
varieties, ways of processing (milling or heating), and the j, the capillaries subject touched on the tip of the sensor
selection of the reference food (bread or glucose) [5]. gpening test strip that has been mounted on a digital detector
Moreover, differences in glycemic index foods can also (gjucometer) so that samples of blood glucose levels legible

occur due to differences in methods of testing done. to read.
One type of tubers that utilization is still limited in
Indonesia is the sweet potatdpdmoea batatas )L C. Measurement of Glycemic Index

Utilization of sweet potato is generally consumed as snacks Measurement procedure of glycemic index refers to
such as boiled potatoes, steamed potatoes, baked potatoegiiller [5] with the following stages:

potato chips and others. Only in some regions in Indonesia. At night the subject (6 people) fasting for + 10 hours

such as in Papua and Maluku province used sweet potato as (except water) starting at 22.00 pm to 08.00 am, and in
a staple food. We could use sweet potatoes as a staple food the morning before 08.00 am, all subject must be in place
by mixed rice and purple sweet potato. The type of purple  to study.

sweet potato is pasta form [10]. The glycemic index of .  Subjects were still fasting, and then blood was taken to
purple sweet potato is low at 51 so that when it consumed, measure glucose levels.

will not raise the blood sugar levels dramatically. Instead of .  Subjects were given a white bread contains 50 grams of

rice and maize contain high GI, so that it can raise blood  carbohydrates as the reference food.

sugar quickly [11]. _ . The blood samples of the subjects were taken every 15
The classification of GI foods were high Gl foods (GI > minutes for the first 1 hour and 30 minutes in the second

70) which digested, absorbed and metabolized quickly and  hour (minutes to 15, 30, 45, 60, 90, and to 120) and

low GI foods (Gl < 55) which digested, absorbed and  measured their blood glucose levels using a glucometer.

metabolized slowly. Clinical evidence showed that some  puring the study, subjects were asked not to do heavy

carbohydrate could be beneficial depending on their Gl and  activity and smoking.

fiber contenf12], [13]. . One week later, conducted tests of food testing rice-
Rice is the staple food for Indonesian people. Population  purple sweet potato with the same procedure.

growth every year resulting the demand of rice is very high.. The data of blood sugar levels (at each sampling time) is
This can affect to food security, so need to consider about plotted on two axes; X-axis for duration and Y-axis for

other food sources such as sweet potato to reduce plood glucose
dependence on rice. In another hand, this study recommends The glycemic index is determined by comparing the area
preventing an increase in degenerative diseases by under the curve between the glycemic index of food

modifying rice with other foods to get a lower glycemic measured with the food reference.
index. Mixing rice with sweet potato is expected to affect the _
glycemic index. D. Data Analysis

Based on research problems, this study aims to determine The results of blood glucose levels subjects at every 15
glycemic index and nutrient composition of rice purple minutes in 1 hour and every 30 minutes in second hours
sweet potato and its potential as food with a low glycemic (minutes to 15, 30, 45, 60, 90, and to 120) averaged then

index and decreasing the dependence on rice. shown in the X-axis (time) and the Y-axis (blood glucose
levels) using graphs. Thus we get a curve which shows the
1. MATERIALS AND METHODS blood glucose response of food that is given to each subject.

This type of research is experimental research conducted! e data collected, presented in tables and analyzed
at Research Laboratory, Faculty of Public Health University descriptively.
of Sumatera Utara. The subject of research are 6 female
students of the Faculty of Public Health with the criteria of lll. RESULTS ANDDISCUSSION
19-22 years of age, in good health condition, have a normal Subjects consisted of six women with good health status.
body mass index (18.5 to 24.9 kgjmhad no history of  Healthy characterized by having a good nutritional status
diabetes, not having indigestion, not on medication, do not(have BMI of 18.5 to 24.9 kg/m2), no history of diabetes, are
use illegal drugs and does not drink alcohol and are willing not currently in treatment, not under the influence of drugs
to volunteer. Materials used in this study are white bread, and alcohol.
rice, sweet potato, a blood sample. The type of purple sweet ) - )
potato is flour type and mixed with the rice in the cooking A- Nutrient Composition of Rice Purple Sweet Potato
process of rice purple sweet potato with a ratio of 1: 1. Analysis of water content, ash content, protein, fat, crude
, fiber and carbohydrates in sweet rice potato with 50% purple
A. Method of Making Sweet Potato Flour sweet potato flour and 50% of rice carried on Laboratory of
Fresh purple sweet potato peeled and washed. Then do thResearch and Standardization Industry in Medan. The result
slicing potatoes in thin, washed and dried using an electricof analysis can be seen in Table 1.

oven With a temperature of %O for 24 hours. Purple sweet Carbohydrates are the best source of calories. The number
potato sh_ces were dried crushed using a blender and sievedf calories of 1 gram carbohydrate is 4 kcal. The laboratory
to get refined purple sweet potato flour. analysis of nutrients known that carbohydrate content in rice
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purple sweet potato was 40.7%. Its content is lower than theAnalysis of the fat content of rice purple sweet potato is
research done by Murni [14] is 75.7% and also lower than 0.57%, lower compared to the research is 0.86% [15].
provision by the Indonesia National Standard (INS) by 70%. The water content of the rice purple sweet potato that is
It can be caused due to purple sweet potato was taken fron53.7%, higher than the research done by Murni [14] is
different areas because of growing regions affects the7.10%. The difference in moisture content in rice purple
nutrient composition, and the cooking process can also affecsweet potato can be caused due to the difference in the
the carbohydrate composition. cooking process rice purple sweet potato conducted by

The energy contribution of carbohydrate in rice purple researchers.
sweet potato is 235 kcal. Proteins function as growth Ash is a mineral element as the residue left after the
substances. In 1 gram of protein consist of 4 kcal. Proteinmaterial is burned to carbon-free. In the process of
content in rice purple sweet potato is 4.4 %. This content iscombustion, burning of organic material but not inorganic
lower than the levels set by INS that protein is 9 %. substances, therefore, called ash. Based on the results of the
Likewise, it contents lower than the other research is 11.16analysis show that the ash content in rice purple sweet potato
% [15]. Another research that analyzes nutrient content inby 0.2 % lower than Murni research [14] that is equal to
rice that mixed some cassava such as red sweet potat®.55%. Ash content contained in foodstuffs indicates the
cassava, orange sweet potato and purple sweet potatmineral content amount. The greater the ash content of food
showed that energy content around 123-146 kcal. Theindicates the higher mineral in the food material.
highest energy is in rice with cassava, and the lowest energyribers in rice purple sweet potato were 0.17% lower
is in red sweet potato, while the protein is around 0.8-1.8 gr.compared to the research conducted by Murni [14] is 2.6 %.
The highest protein is in red sweet potato, and the lowestThis concludes that purple sweet potato does not increase
protein is in orange sweet potato [16]. fiber content in rice purple sweet potato.

Therefore, rice purple sweet potato in this study has not Replacing refined starches (e.g. grains and potatoes) with
been a good source of protein because of the low proteinwhole grains was important to approach to reduce the risk of
content. In order to meet the protein adequacy, remain toT2DM and CVD because it contains higher amounts of fiber,
need diversity or addition of other foods while consuming minerals, and vitamins. Preference test of rice that mixed
rice purple sweet potato. with various types of potatoes shows that people prefer rice

Fats provide greater energy than carbohydrates andhat mixed with purple sweet potato instead of rice mixed
protein, namely 9 kcal per gram. Fat in purple sweet potatowith cassava or sweet potatoes in red and orange sweet
rice is measured usiripxhletextraction method. The higher potato [16].
fat in food makes the food taste more savory and delicious.

TABLE |

THE CONTENT OFWATER, ASH, PROTEIN, FAT, FIBER AND CARBOHYDRATESIN 100G RICE PURPLE SWEET POTATO
No Nutrient Amount (%)

1 Water 53.7%

2 Ash 0.20%

3 Protein 4.40%

4 Fat 0.60%

5 Carbohydrate 40.7%

6 Crude fiber 0.17%

Giving white bread could raises the blood glucose levels
B. Blood Glucose Response (mg/dL) in zero minutes (t.0 ') is 80.1 mg/dL to 115 mg/dL at minute
Blood glucose measurement using a glucometer nameds0 (t.60). Thus after 45 minutes, blood glucose will be
SD Check Goldthat obtained blood glucose response of increased by 37.2 mg/dL or 46.44%. The response of blood
respondents to the provision of a reference food that is whiteglucose in blood sample subject to the administration of the
bread. The blood glucose response with white bread as aest food is rice purple sweet potato can be seen in Table 3.
food reference can be seen in Table 2.

TABLE Il
BLOOD GLUCOSERESPONSE WITHNVHITE BREAD

Blood Glucose Response to Food Reference
Subject (White Bread) in Time (Minutes)
0 15 30’ 45’ 60’ 90’ 120’
1 87 79 113 116 115 110 79
2 79 82 105 113 111 72 77
3 75 73 95 112 119 96 81
4 82 89 136 124 123 94 80
5 78 80 73 117 119 105 80
6 80 74 82 108 117 101 76
Average 80.1 79.5 100.6 115 117.3 96.3 78.8
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TABLE Il
BLOOD GLUCOSERESPONSE WITHRICE PURPLE SWEET POTATO

Blood Glucose Response to Test Food
Subject (Rice Purple Sweet Potato) in Time (Minutes)
0 15 30’ 45’ 60’ o0 120’

1 86 97 112 93 103 93 104

2 88 89 113 153 160 100 74

3 82 91 148 143 148 133 104

4 90 98 120 131 112 107 88

5 82 93 103 104 112 85 90

6 90 95 118 130 128 100 89
Average 86.3 93.8 119 125.6 127.1 103 91.5

Rice purple sweet potato raising blood glucose levels in measurement of blood glucose in the subject on reference
zero minutes (1.0 ") is 86.3 mg/dL to 127.1 mg/dL at minute food and test food dispersed in the curve. The X-axis
60 (t.60". It can be concluded that in 60 minutes the bloodindicated the time of taking blood and Y axis indicated blood
glucose rises 40.8 mg/dL or 47.27%. Blood glucose responseaglucose levels. Thus, the result is a curve that shows the
(glycemic index) in rice purple sweet potato will peak rise in blood glucose response depends on food that is given. The
minute 60. This indicates that the test food rice purple sweetcurve can be seen in the Fig. 1.
potato slow in raising blood glucose levels. Data from the

140
120 91,5
100
80
78,8

80,1 79,5

N B
o O

=&—rice purple sweet potato

o

0 15 30 45 60 90 120
time of taking blood (minutes)

ood glucose levels (mg/d
3

Fig. 1 Curve blood glucose response for white bread and rice purple sweet potato

The glycemic index is calculated by comparing the Each sub-interval is used as rectangular P1, P2, P3, P4,
intervals curve on test food with interval curve on reference P5, P6, P7, P8, P9, P10, P11, P12, P13, P14, and P15. Based
food. The glycemic index of a test food obtained from the on the calculation of the curve on white bread interval
average value of the glycemic index of six subjects. Sub-above, the calculation results obtained for 15 subintervals

interval of white bread was divided into 15 sub-intervals. (rectangular building) can be seen in Table 4.
TABLE IV
CALCULATION OF INTERVAL BREAD CONSUMED
Area Side . Length multiplied by
Length Width width
P, 8 6 48
P, 20 8 160
P3 30 9 270
P, 37 8 296
Ps 40 6 240
Pg 40 4 160
P, 40 3 120
Pg 40 3 120
Py 38 11 418
Py 37 7 370
Py 32 7 224
Py, 27 7 189
P2 21 7 147
P14 15 7 105
Py 8 4 32
Total Area 2899
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Based on the calculation of the curve interval of white  The sub-intervals of rice purple sweet potato were divided
bread as in Table 4, known that area of white bread whichinto 12 subintervals. Each of these subintervals used
has 15 subintervals of 2899. Calculation interval of white rectangular P1, P2, P3, P4, P5, P6, P7, P8, P9, P10, P11, and
bread is done by calculating the area of a rectangle is theP12. Based on the calculation of the curve of rice purple
length multiplied width (L x W). The total area of the sweet potato interval, the calculation was obtained for 12
interval white bread used in the calculation formula of subintervals (rectangular) can be seen in Table 5.
glycemic index.

TABLE V
CALCULATION OF INTERVAL RICE PURPLE SWEET POTATO CONSUMED
Side Length multiplied by
Area Length Width width
P, 7 5 35
P, 17 5 85
Ps3 24 7 168
P4 29 12 348
Ps 33 10 330
Ps 34 6 204
P, 29 9 261
Pg 22 9 198
Py 15 9 135
Py 11 8 88
Py 12 6 72
Py, 13 2 26
Total Area 1950

Based on the calculation in the interval of rice purple  The glycemic index of rice purple sweet potato is higher
sweet potato consumed as in Table 5 showed that the area ofhan the glycemic index in brown rice in Lara$af] is 59.
rice purple sweet potato that has 12 subintervals is equal tdrhis is presumably because, in the manufacture of rice
1.950. Calculation interval of rice purple sweet potato is purple sweet potato, milling is done on the purple sweet
done by calculating the area of a rectangle is the lengthpotato to produce purple sweet potato flour as materials for
multiplied width (L x W). rice purple sweet potato. Purple sweet potato flour has a
_ particle size smaller than the purple sweet potato intact so
C. Glycemic Index that a low fiber content. Low fiber content has a higher
The glycemic index is calculated by comparing the area glycemic index than high fiber content.
curve of test food and area curve of reference food. The Food that has a low Gl are digested and converted into
value of glycemic index test food obtained from the averageglucose gradually so that the peak blood glucose levels will
value of the glycemic index of six subjects. The value of the also be low. In order to control blood glucose levels are
test food glycemic index is calculated based on the formula: encouraged to eat foods that have a low Gl but still consider
a number of carbohydrates consumed. Plasma glucose,
Glycemic Index = —So-CiceP SweetPotato  ypgog (1) insulin, and ghrelin responses were least favorable when
) IAUC White Bread patients with type 2 diabetes consumed a breakfast with a
high Gl and low fiber, which suggests that reducing the Gl
or increasing the fiber content could be a useful strategy to
maintain the postprandial metabolic profile of diabetes

Results of glycemic index rice purple sweet potato can be
seen in Table 6.

TABLE VI patients [18]. A systematic review and meta-analysis about

GLYCEMIC INDEX (GI) OF FOOD TEST effects comparison between low glycemic index diets and

Total Area under high glycemic index diets on HbAlc and fructosamine for

Food Test the curve Gl Category diabetes patients showed that there were significant
Rice Purple differences of overall effects on HbAlc and fructosamine
Sweet Potato 1950 67 Moderate between low-Gl foods group and high-GI foods group in

diabetes patient [19].

Based on the calculations, the value of glycemic index Factors that can affect the glycemic index of food namely
rice purple sweet potato that is equal to 67. Based on theare: 1) the way of processing (starch gelatinization level and
results in Table 6 is known that the glycemic index rice particle size), 2) the ratio of amylose to amylopectin, 3)
purple sweet potato is 67. acidity and osmotic level, 4) fiber content, 5) fat content and

According to Jenny Miller [5], the glycemic index protein, 6) anti-nutritional content of food [5]. Processing
categorized into three groups: low Gl with a range of values methods affect the value of the glycemic index of food
IG <55, moderate Gl (intermediate) with values 55-70 IG material. This is same with research conducted by
and high GI with value > 70. Based on the categorization canRakhmawati [8] where processing before cooking rice in the
be seen that rice purple sweet potato belongs to the group office Ciherangvarieties lowers the glycemic index of the rice
food that has a moderate glycemic index (55-70). value becomes 44.2.
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The particle size also affects the gelatinization process ofand hemorrhagic stroke in middle-aged and older urban
starch. Pulverization and milling of grains reduce the size of Chinese women [27].
the particles and easier to absorb water. During cooking, Consume low Gl/low GL meals will decrease hunger,
water, and heat increase the size of granules. Granules whicincreased satiety, and decreased food intake. Studies
expands and free starch molecules is very easy to digest. lteported weight loss after 3 months among obese women
could be increased in blood sugar levels [5]. who consume low Gl foods. Meanwhile, among overweight

The glycemic index of food is also influenced by the men fat mass decreased more after 5 weeks consume low Gl
composition of nutrients such as fiber, fat, and protein diets compare with high Gl diets [28]. A significant weight
content. Fiber content, especially content of soluble dietaryloss was achieved after 12 weeks on a diet with a low GI-
fiber affects the value of GI. According to Chandalia hypocaloric diet for 4 weeks, decreased adipocyte size, a
research in Sundari [9], increased consumption of dietaryphenotype of adiposity, and decrease body weight and fat

fiber, particularly soluble dietary fiber can lower plasma masg29].

cholesterol, and improve glycemic control. The analysis of
crude fiber content in rice purple sweet potato was 0.17%.
Fiber is a physical barrier in the digestive process. This will

becomes slow, so that lower blood glucose response [5].
Food that has low Gl is essential to prevent degenerative
diseases. This is proven by clinical research shown that diet
with low GI can improve the control of glycemic and serum
lipid among diabetes people and promote the loss of weight
Low GI diets associated with decreased diabetes risk, CHD,
and cancef20]. Fiber consumption provides benefits in
controlling blood glucose. Fiber also has a hypoglycemic
effect of being able to slow down gastric emptying, glucose
diffusion, and glucose absorption, so it could reduce the[z]
increase in blood glucose levels. [3]
The study about effect meals with a varying glycemic
index on blood glucose response in type 2 diabetes mellitus
concluded that plasma glucose shows a positive response tgy;
high GI foods and may aggravate the hyperglycemia already
present in type 2 DM [21]. In Italian food, from the 141
commercial foods, there were 13 food categories with the
composition of 80% carbohydrate that usually consumed
such as fermented milk, juice, soft drink, biscuit, bread,
sugar and sweetener, pizza, etc. [22]. Reducing carbohydrate
by increasing calories from protein and fat also increased!(®!
glomerulus filtrate rate (GFR). Future study on GI should
examine the long-term effect of this increase in GFR on [7]
kidney failure patients [23]. Another study about Gl
demonstrated that glycemic index of potatoes varies (8]
depending on their method of preparation. To minimize Gl
are advised to precook potatoes and consume them cold or
reheat [24]. On the other hand, there is substantial variability![°]
in individual responses to Gl value that is unlikely to be a
guidance in selecting food [25]. [10]
Results of the analysis of protein in rice purple sweet
potato showed that protein content in rice purple sweet[11]
potato is 4.4 %. The protein content in rice purple sweet [12]
potato is still relatively low when compared with the
provisions of Indonesia Standard of food is at least 9%.
Analysis of fat content in rice purple sweet potato is 0.6
%. Fat plays a role in the rate of gastric emptying. Research!?]
of Wolever and Bolognesi in Septiyani [26], showed that
large amounts of fat (50 g of fat) could lower blood glucose
response and insulin response. However, high-fat food off14]
any kind, and even though it has a low Gl value, needs to be
consumed wisely. A prospective cohort study stated that;s
high dietary Gl and GL, primarily due to high intake of
refined grains are associated with increased risk of ischemic

(5]
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IV. CONCLUSIONS

. ) ) > Nutrient composition of rice purple sweet potato is 53.7%
lead to a slow rate of food in the digestive tract and inhibit water, ash 0.2%, 4.4%

the movement of the enzyme. Thus, the process of digestiorhoj% and 0.17% crude fi

protein, 0.6% fat, carbohydrates
ber. Glycemic index of rice purple

sweet potato is 67, and this value is included in the category
of food that has a moderate glycemic index value (55-70).
SThe rice purple sweet potato potentially as a staple food
alternative with a lower glycemic index than white rice with
'glycemic index 89 and reduce the dependence on rice.
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