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Abstract— The risk of diabetes mellitus (DM) and obesity in modern society is increasing. Uncontrolled diet and high carbohydrate
consumption lead to the increase of new cases. Determined the exact amount of daily carbohydrate intake and dietary mitigation is
among other solution that requires further study. In this research, two local rice varieties that commonly consumed in Padang,
Indonesia, namelyBakwan and Sokan Pulau were evaluated both optically and chemically. The study used NIR spectroscopy analysis
and ultra-high-pressure liquid chromatograms (UHPLC) assay to elaborate chemical compounds in the samples. The evaluation was
performed to determine differences between glucose and fructose concentrations in both varieties measured at various rice qualities.
The results of spectral measurements were then correlated with UHPLC data using two statistical methods, the principal component
analysis (PCA) and partial least square (PLS). Models developed by the PCA and PLS were calibrated and subsequently validated.
Results showed the model produced a high correlation rate for both glucose and fructose content in two rice varieties. Also, the study
found that glucose content oBakwan is higher than Sokan Pulau as well as fructose content, except for the lowest quality "Sokan
Island" rice (Assorted). The results open the opportunity for policymakers as references and to create a healthier consumption
pattern policy for low-income society in Padang.
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blood sugar, followed by an abrupt drop [4]. This type of
I. INTRODUCTION fluctuation in blood sugar, if it occurs frequently, can lead to

Rice is used as staple food by most Indonesian. There aréjloOd sugar dysregulation conditions such as hypoglycaemia

many varieties of rice which are divided into categories and diabetes mellitus (DM) [6]. Lo
based on the appearance and seed size. In West Sumatra Poor diet management and high intake of carbohydrate

two cultivars of rice are widely consumed, nam&bkan are among the_ I_eadmg causes of o_be5|ty an_d DM in
Pulau and Bakwan which is medium and long grain Ind(_)ne3|§l [1]. S|m|I<_5\r to other developing countries, most
respectively [1]. These rice cultivars are considered starchySOCIety in Indonesia consists of poor and low-income

and provides a source of carbohydrates, that constitute 18%4aMilies [1]. Most of these low-income families’ patterns of
of its mass [2]. consumption depend on their income, which barely enough

Carbohydrate is a macromolecule and comes in two formst© COVer their basic needs. Consequently, they always try to

Simple and Complex [3]. The simple Carbohydrates amongfu'f!I t|r|1e hnert]eds. in tge leﬁSt gxpensiive way. F(;rices are
other is the Monosaccharides, a single unit sugars (i.e.,YPically higher in urban than in rural areas, and even in

glucose and fructose), and cannot be broken down to smallefUra! areas, the poor may pay different prices than everyone
groups [3]. Immediately after consumed, these sugars else [1]. Among others, cheap food is the best option to fulfil

quickly get into the bloodstream, increasing blood sugar andthelr calories needs, and constitute about two-thirds of their
providing immediate energy [4] ’ total spending [7]. In addition, with a decline in economic

Monosaccharides are present in most foods and aregrovvth the trend seems to be to spend even less money on

particularly high in Rice [5]. When consumed excessively at food [8]. In Padang, the price of rice is determined according
0 its variety and quality, in particular, grain size. Hokan

once, Monosaccharides can cause a significant increase u&)
g ulau is more expensive thaBakwan [1]. Each variety is
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subdivided among other by the percentage of broken grainstechnologies have enabled opportunities for rapid and robust
acknowledged as a standard quality parameter in the markeanalysis to provide useful and advanced capabilities in a
[7]. Hence, the price is further differentiated into three rice number of important sectors. Determination of
quality categories, Premium, Medium and Assorted, eachmonosaccharides in rice, in particular glucose and fructose
has broken grains percentage of less than 5%, less than 20%37], by means of spectroscopy analysis already became the
and more than 30% respectively [1]. Correspondingly, the main tools used to analyse carbohydrates in foods [38].
price for these rice cultivars significantly differs, and Subsequently, determination of the monosaccharide
Assorted being sold at a discounted price on the market, iscompound in samples can be performed using Ultra High-
the cheapest rice and mostly preferred by the poor. Performance Liquid Chromatography (UHPLC) [38]. The
Buying cheap food, promote low-income society to be results from both measurements then can be correlated using
more likely to have an overweight problem than those of statistical methods, such as the Principal Component
greater means [9]-[11]. According to a study [12], as income Analysis (PCA) [39], and Partial Least Square (PLS) [40]-
falls, the rate of obesity rises. In the last decade, obesity ha$42].
become a public health crisis. In Indonesia, the last two The study aimed to develop models for accurate
consecutive year show increased of obesity case by ten foldsletermination of the actual content of monosaccharides (e.g.,
[9]-[11]. In the West Sumatera capital of Padang, the obesityglucose and fructose) in two local rice varieties. The rice
census in 2014 showed more than 21% of the totalcultivars grow endemically in West Sumatra, in particular in
population is affected by this case [9]. This condition is the vicinity of Padang city. The study used non-destructive
commonly accompanied by an increase in DM patients, upevaluation using spectroscopy analysis and validated the
to 10 percent [10]-[11] in the following years. Among other results through chemical measurements using UHPLC. The
causes, obesity is believed to be occurred by the high rate omodels for the determination of the glucose and fructose
rice consumption per capita in Padang. The city consumedcontent was developed by correlating the relationship
121.6 kg of rice per capita annually [1]. This value is much between spectroscopy data and UHPLC measurements using
higher than the average national consumption of 98 kg pertwo statistical methods, the PCA and the PLS. The study
capita annually [7]. outcomes will promote a new approach of monosaccharides
Overconsumption of rice can lead to excess calorie andassay for other local rice varieties in Indonesia.
carbohydrate intake, and caused fat accumulation, increas&ubsequently, the results can be implemented as guidelines
blood sugars and subsequently insulin levels [13]. In for the consumers and increased the capability of
addition, high-carbohydrates diet, followed by the absencemeasurement in correlation to the awareness of dietary
of activities, will cause energy imbalances in a person [14]. mitigation.
In a prolonged period of time, this condition leads to an
accumulation of body fat. Hence obesity occurs. Obesity is Il. MATERIALS AND METHODS

an increasingly common problem [15] and recognized as a Two local rice varieties obtained from a local market in

;orm 0; thehdisdeas? by the V]\CIHO [lg].d_ltbis a n;)ajor sk padang, West Sumatra, Indonesia. The quality for each
actor for the development of type 2 diabetes because It jary is segmented into three groups, according to their
causes insulin resistance and is associated with physicahy, jcal properties (e.g., grain size and percentage of the
inactivity [16]. . . broken kernel). The groups are categorized as Premium,
To reduce th_e health risk related to over-consumption OfMedium and Assorted. The Premium rice graded for having
carbohydrate, in particular, mo.no.sa(_:chandes Co'.ﬁnpou.ndpercentage broken grains of less than 5%, following with
such as glucose and fructose, it is important to Id?m'fy.other superior physical properties, such as chalkiness, grain
cc_)rrectly how much a person consumed the;e sugars in the'gize, shape, grain colour, and strong aroma. The Medium
diet. In 2009, The American Heart Association (AHA) [17] .~ has broken grains between 5% and 20%, while its
recommended limiting sugar intake to no more than half of physical properties were inferior to the "Sur;er " The

daily discretionary calorie allowance. The recommended ssorted rice consider as low-quality and contain a

][naX|mum dodsesfare 6 gramsdoIS%I;co?eh and 6 grams Olﬁercentage of broken grains of more than 30%. In addition,

ructose per day for women and 150% of those amounts pefq v sical properties are regarded as substandard, while its
day for men [16]-[17]. While controlling the consumption of low-priced valued mostly by low-income family. In total

food-source might be one of the ways to mitigate the obesitySam les are arouped into six cateqories. according to variet
[18], identifying the amount of carbohydrates intake, in and zualityin?jicgs ! IX gores, ng to varely

partic_:ular, the monosaccharides [19], may offer a better The moisture content of the samples was determined
solutlon. . L using a grain moisture meter (G-7, Delmhorst. USA). The
Prevpus.studles propoged determination .Of tqtal SU9aljevice has moisture content range from 9 to 30%. It has
czo(?tent |nbr|ce san;ples using a pr:lenpl-sl,ulfurlc ac'leme;ZOdbuilt-in correction factors for various grains such as barley,
[20], or by another means chemical assay [21]-[24]. coffee, corn, flax, hay, oats, rapeseed, rough rice, sorghum,
Although these methods offer_acceptable accuracy, the oybeans, wheat, and rye. The grain meter has built-in
processes are arduous and required huge resources with Iac[ mperature correction over the range of 0 t6@&7
of practicability upon implementation. The Physical Properties of the rice determined by

On the other hand, rapid evaluation methods by means of,e4qring “three linear dimensions of the kernel, namely

spectroscopy had been successfully developed for evaluatiorp th (L). width (W d thick T full d
of chemical properties of fruits and vegetables [25]-[35], as ength (L), width (W) and thickness (T), carefully assesse

I ins 136]. R devel ) hi b “2 using micrometre gauge with an accuracy of 0.01 mm. The
well as grains [36]. Recent developments in machine vision g, metric mean diameter (GMD) and sphericity ratio were
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computed according to Mohsenin [43]. Sphericity was useful models were developed using the PLS method, by
to determine the quality of grain. Sphericity is the ratio correlation the relationships between spectral data of the
between Geometric Mean Diameter (GMD) with Length samples and it is nutrient values as determined using the
seed. Bulk density affects the process of transportation ofUHPLC. The PLS analyses used the NIR diffused
materials, and the value of bulk density is different for every reflectance data for the input variable, and the concentration
grain. Bulk density values can be determined by determiningof glucose and fructose of the sample (from UHPLC
the volume of 1000 grains and subsequently its massmeasurements) considered as factors. Models accuracy
measured using analytical balance (Mettler Toledo, determined by correlation (r), the coefficient of correlation
Switzerland). (R2), root mean square error of calibration (RMSEC), root
For monosaccharides evaluation, 20 grams of rice mean square error of prediction (RMSEP) and Bias.

samples from each category were crushed into fine rice flour

using a grinder machine. The powder then sieved using 325 I1l. RESULTS ANDDISCUSSION

mesh auto sieve shakers. The size of the particles passing the

sieve is considered uniform with the size of 44 micrometres.

1 g of the rice powder then put into a test tube and dissolved{

with 10 ml of ethanol mixture (70% ethanol and 30% Milli-
Q water). The solution subsequently homogenized using
vortex for 1 min with the vibrating speed of 8/10. Afterward,
it was placed into Ultrasonic Bath (filled with distilled water)
for 15 minutes to maximize the monosaccharide extraction.
The solution then centrifuged at 4000 rpm for 10 min, and
the supernatant was taken by micropipette and decante
before injected through a UHPLC grade filter (uAf. The
sample then stored in 1.5 ml vial and put into UHPLC
autosampler.

The UHPLC system wused in this study is the
ThermoFisher Scientific Diode Ultimate 3000 RS UHPLC.

From the initial measurements, the physical properties of
ice from two varieties were presented in Table. 1. The
esults indicated that, in general, the grains moisture
contents are similar for both varieties, regardless of their
quality grades. On the other hand, according to the physical
properties, quality-grade Premium have the superior
dimensional size in all three linear dimensions of the kernel
(X-Y-2), while lowest one is the Assorted grade. From this
esult, the consumer may observe that Premium grade rice
as significantly larger kernel size compare to Medium
while broken kernel will most probably observe and found in
Assorted grade, regardless of its variety. While low-income
consumers may only concern about the price of the product
they purchased, middle-class consumers will probably
concern both price and quality and choose the product

The samples were injected into the UHPLC device by the ccording to their value. Moreover, for the rich, the option is

autosampler, and the solvent used was the mixture ofjear and mostly obtained the Premium grade quality, since
Acetonitrile (60%) and Milli-Q water (40%). The instrument 6 price of the product is less concerned by this social class.
flow rate was set at 0.8 ml.min-1 flowing through column

(Asahipack NH2P-50 4E No. N1630067) of 4.6 mm ID X
250 ml with the temperature maintained at 36
(isothermal), and pressure kept at 100bar. The standard us

TABLE |
PHYSICAL PROPERTIES AND MOISTURE CONTENT OF TWO LOCAL RICE
q VARIETIES ACCORDING TO QUALITY GRADE

for Glucose and Fructose were obtained from Nacalai Measure Dimension (Average)*
Tesque (Kyoto, Japan). The detector used was Fluoresceng¥aMety Grade |Length (mm)Wide (mmj)Thickness (mm)
and charged aerosol detector (CAD). The test results wergs2kwan - Premiun.964 b 2.225ab | 1.384b

For spectral measurements, the samples from eac Sokan Pulaul Premiu® 193 ab 5964b | 1351 ab
category were placed inside the crystal cuvette. The sampl m.c. 9.766%Medium 5:838 b 2:193 b 1'.318 b
then put into its placement, with the size of 2.5x2.5x3.5 cm, Assorted5.483 a 1422 a 12852

filled with 15 grams of rice samples. The cuvette was thensyeans followed by the same letter within a column are non-significant at P
placed next to the NIRS sensor and illuminated from the =0.05 by Duncan’s multiple range tests.
opposite direction of the sensor. The light source is the SL5
deuterium-halogen system. All measurements replicated 10 Although size does matter, the appearance of rice is not
times. all about size. Certain consumer prefers longer grains while
The samples the measured using FT-IR IPTEK T-1516 another favour more spherical rice. The option is subjective
spectrophotometry. The diffused reflectance data obtainedand cannot be quantified, since the demand may be shifted
from the measurements were transformed into a spreadsheebetween seasons or occasions. In this study, the samples’
The wavelengths considered for the measurements werésMD were calculated at 2.702 fd@akwan and 2.563 for
between 1000 nm and 2500 nm. Spectral data in theSokan Pulau, meaning thatBakwan appears to have longer
spreadsheet then processed using Unscrambler® X versiograins while Sokan Pulau is phisically more spherical in
10-1. Statistical analyses performed using PCA to nature. In the local market, both varieties have their own
understand the grouping of samples as well as the principademand, and it cannot be concluded which one is more
components for each rice category. The diffused reflectancepreferable to the consumer. Although Sphericity was useful
data was put as variable Y, while the wavelengths wereto determine the quality of grain, consumers demand may be
assigned as variable X in the Unscrambler®. different in places. Since consumers in Padang have similar
For developing the model, two third of data were used for demand for bothBakwan and Sokan Pulau rice, the
calibrating the model while the rest of the data used as tessphericity may not include in their option during purchasing
cases for model validation. The models were developed tothe products. Nevertheless, in this study, the sphericity of
determine glucose and fructose levels in the samples. Thesamples was determined, and the results provided that the
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sphericity ofBakwan is 0.409 andokan Pulau is 0.44. Thus, this study, the glucose content in rice with Premium grade,
the physical appearance both cultivars significantly differ. ~ were higher compare to the Medium grade. However, since
Bulk density affects the process of material flows and rich people mostly consumed protein and fat in their diet, the
transportation. The value of bulk density is different for number of carbohydrate intake is smaller and as such,
every grain. In this study, the sample bulk density reduced their daily consumption of Glucose. In general,
determined by measuring the volume of 1000 grains andBakwan rice has higher glucose content comparesdkan
subsequently measured its mass using analytical balancePulau thus expose higher risk potential to the consumer who
The results were 0.842 g.cm-3 and 0.807 g.cm-Béfwan prefers this product. The results can be utilized by the
and Sokan Pulau respectively. Since no significant policymaker for providing suggestion to the society on how
difference was observed between the two samples, it isthe should choose and consumed their rice. In detail, the
safely presumed that variety has a weak relationship withglucose concentration iBakwan rice is 8.3, 7.19, and
rice bulk density, as well as its quality grades. 12.84% for Premium, Medium and Assorted quality-grade
The monosaccharides of the samples were measured usingespectively. For theésokan Pulau the glucose amount in
chemical analysis and assay using UHPLC. Two distinctive three quality grades are 7.13, 4.32, and 11.84% for Premium,
components were considered in this study, Glucose, andMedium and Assorted respectively.
Fructose. Both are single unit sugars and cannot be broken The average carbohydrates in rice are between 77 and 79
down to smaller units. When consumed, these sugars rapidlyg [44] per 100gr of the sample. A small portion of the
absorbed into the bloodstream, increasing blood sugar anctarbohydrates are in the form of simple sugar [6], weighed
providing immediate energy. However, these compoundsbetween 0.1 and 0.12 g [14]. The value dictated by varieties,
produced health risk when consumed excessively at oncemoisture content and milling process [19]. Sugar in rice is
Each can cause a significant increase in blood sugar,generally in the form of the monosaccharide and dominated
followed by an abrupt drop, causing fluctuation and when by glucose and fructose. According to the FAO [44], the
combined with frequently occurrences, can lead to average consumption of rice for a single meal is 158 g/capita.

dysregulation conditions such as hypoglycaemia and DM.  In comparison, the average consumption of rice in West
Sumatra is 121.6 kg/year/capita or equivalent to 166.58 g per
14 12.84 d meal per capita. Therefore, quantitatively, consumers in
1 BB akan 1184 d Padang have 5.5% higher rice in their diet, compare to the
) 5 Sokan Pulau average daily intake. Wlth_ th|s h|gh—le\_/el of consumption,
g 10 when AssortedBakwan rice is in their daily menu, the total
= 850 s b - glucose consumed by one person is 15613.9 g/year. The
= : : average body-weight of people in Padang is 60 kg [9]-[11],
g 6 and according to FAO standard [44], the maximum amount
= 431 a of glucose and fructose intake is 36 and 24 grams for a male
g ¢ and female person, or equal to 13140 and 8760 gr. year-1.
o, capita-1 for men and women. Consequently, in Padang,
- consumption of glucose is almost two times higher than the
0 : : normal conditions. When accompanied by low activity and
Premium Medium Assorted metabolism, then this excessive glucose intake will

_ Rice Quality Categories , accumulate in the body into layers of fat which are difficult
Fig. 1 Samples’ Glucose Content as Measured by UHPLC. Variety andy, gigest. In long-term, this condition will lead to obesity
quality-grade determined the amount of glucose in samples. . . . . . .

which ultimately increases the risk of DM disease in the

) ) community.
The results (Fig. 1) suggest thBakwan has higher

glucose content compare 8pkan Pulau rice. The glucose 437 b
content inBakwan and Sokan Pulau significantly differs
according to Duncan's new multiple range test (MRT) (p,
0.05), and similarly differ for each quality grade (Premium,
Medium and Assorted). Moreover, the grain size also
influences the amount of glucose. Assorted, being the lowest
grade, surprisingly content more glucose, in particular from
Bakwan cultivar, while Medium has the Ilowest
concentration per sample mass, especially from Sokan Pulat
cultivar. Being preferred by most low-income household, the

B Bakwan
B Sokan Pulau

.

2.68 ab

238 ab
Wﬂs a 21.91 a 192 a

[

=)

1

Fructose (%/100g sample)

results suggested that, these consumers may have highe o L £Z : £ V
sugar intake, and since these sugars rapidly absorbed into the Premium ~ Medium Assorted
bloodstream upon consumed, it will immediately provide Rice Quality Categories

energy. Since low-income family consumed high Fig. 2 Samples’ Fructose Content as Measured by UHPLC. Variety and
carbohydrate in their diet, the condition translates as higherduality-grade determined the amount of fructose in samples.

risk for the poor to diseases such as obesity and DM. On the

other hand, a family with better welfare did not Dietary Mitigation for reducing total sugar intake can be

automatically have the lowest risk of obesity and DM. From promoted by consuming less "sweet" rice such as the
Basmati, or even fewer sweet carbohydrates such as brown
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basmati or low glycaemic rice. Sugar in rice is in the form of cases of DM that not accompanied by obesity. Rich family
monosaccharides, in particular glucose and fructose. Basednostly consumed protein and fat in their diet, while the
on Harvard glycaemic index [19], consuming white basmati number of fructose intake is less, thus reducing their total
rice may reduce the sugar intake as low as 10506.5daily consumption of sugar. While in geneBakwan and
glyear/capita. In addition, consuming brown basmati or evenSokan Pulau obtained the similar concentration of fructose
the low glycaemic rice will make annual sugar intake of a (Fig. 2), quality selection by low-income family, in relation
person to 7296.2 and 5545.12 gl/year. In addition toto the product price upon purchasing, increased their
excessive consumption, the sugar contents in local ricetendency to consume more sugar compared to other better
(Bakwan and Sokan Pulau") alone is higher compared to economic strata family. The results can be used for the
another cultivar, such as Basmati. Thus, the risk for obesitypolicymaker to advocate the low-income family to choose
and DM in Padang is consequently higher to others city in other variety of rice for their consumption, with similar price,
Indonesia. here in our study is the Assorted Bakwan quality grade.
Monosaccharides are carbohydrates with the smallestFurthermore, since the fructose concentration in the late
molecular size consisting of components, among others argroduct is smaller compared to other samples in this study,
glucose and fructose. Similarly, in this study, the rice the families with premium and medium purchasing power
samples also contain the two main components of may as well reconsider their preferences upon buying the
monosaccharides, e.g., glucose and fructose. From UHPLQrice. Here, in our cases, cheaper is better in term of fructose
measurements results (Fig. 2), the fructose concentration irconcentration inBakwan rice. In detail, the fructose
most samples is similar, except in the Assof@ekhn Pulau concentration irBakwan rice is 2.38, 2.68, and 1.92% for
grade. The results suggest that rice varieties do not directlyPremium, Medium and Assorted grade respectively. For the
corresponding to the difference of fructose amount, while Sokan Pulau, the fructose amount in these grades are 2.03,
the grain size, correlated to the quality-grade of the products,1.91, and 4.37% for Premium, Medium and Assorted
only differ when a certain number of the kernel is respectively.
sufficiently damaged, especially more than 30% in the rice From 100 g of sample, 12 g is measured as total
samples. Being preferred by most low-income household,monosaccharides (sugar), while 9,16 g of this is the
the results suggested that, these consumers may have higheombined weight of glucose and fructose. Naturally,
fructose intake, and together with the glucose obtained fromFructose has a low level of the Glycaemic index, but when
the same products, the total sugar consumed will rapidly beconsumed in large quantity may double the glycaemic level
absorbed into the bloodstream. Again, this condition in blood sugar, especially for the elderly. The glycaemic
strengthens the idea that low-income family has higherindex indicates a condition in which the consumed food has
health risk condition due to their choice of cheap food. an effect on the condition of blood sugar of a person after
Exposing their family to unhealthy food is the consequencesconsuming food within 1 or 2 hours. Foods with the high
to their low purchasing power, due to limited income. Glycaemic index when consumed will create spikes of blood
Therefore, in Padang, the obesity and DM occurred moresugar, resulting in excessive insulin present in the blood.
frequently in poor society, or low-income family (Fig.3). When this condition continuously occurred, it will disrupt
From the report of government health agency in Padang [9]-the insulin production in a person and obstruct the body to
[11], the chance of obesity is higher in female rather than process sugar (e.g., fructose) normally, here the chance of
male, especially in the larger family. While fulfilling their occurrence of DM is high.
need expend most of their time, but the rate of activity at the In term oh health, fructose promotes more health-related
same time is minimal since most of these females occupyissue than glucose, especially for those who have a high risk
job which demands them to sit or stand in extremely long of DM. Consuming fructose tends to further increase a

time, such as waitress, cashiers, or front-desk. person's weight compared with glucose. Thus, it is causing
more obesity compared to glucose when consumed at the
60000 same level. However, in this study, the fructose
concentration in samples is lower than the glucose,
50000 55806 . ; )
approximately one-third of the later concentration.
2 40000 24691 Rice is among the food that is considered to have a high
% g glycaemic index. The glycaemic index of rice is 70 [19] and
& 830000 34143 beyond, which indicate that if consumed by a human, it will
E —+—MNew Cases release sugar quickly and directly discharged to the
Z 20000 Recorded Cases bloodstream, causing the person to become hungry in short
10000 -_ time. This fast and frequent feeding condition is called
10677 11535 postprandial or reactive hypoglycaemia. This condition
0 6423 caused a person to crave something sweets after a meal. The
2014 2015 2016 condition usually occurs one to four hours after a person

Year of Cencus consumed rich carbohydrates food, such as rice. This

Fig. 3 The occurrences of DM cases in Padang according to the year of theebound hunger caused by consuming high-fructose foods,
census which reduced blood flow and activity in brain regions that
regulate appetite, satiety, and fullness. This condition did not
On the other hand, a female member in the family with occur when the same person consumes glucose even at the
better welfare only have limited cases reported and mostsame amount. A previous study [45] indicates that fructose
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1553-1563 1937-1959

can trick brains into craving more food, even after consumed i i
heavy meals. It reduced the ability of the body to use - g, T T
satiation hormone (e.g., leptin), resulting in the low A \,/—~\""
awareness of being full.

... 1215-1240 i
. . Y . . . 1116-1120 CH \
Consuming rice in large quantity is not healthy, due to its !

CH

high glycaemic index, indicating by the high concentration 1042-1060 T~
carbohydrates, constitute of fructose and glucose. However, A— Sy
when the energy expenditure of a person is high, especially g i S -

when doing exercise or heavy work, then rice is more
suitable to consumed. This food is faster to digest for
replacing the lack of glucose in the bodies. Therefore, people SIS S—YES NN RSN ——
who work hard may consume a slightly larger quantity of Wavelength (7. 1000-2500nm) |
rice. On the other hand, for those who have low activities Fig. 4 Spectrum properties Bakwan rice when measured using a diffused
metabo”sm, the Job does not require a person to Spend higﬁeﬂectance method within a 1009-2500””\ Wavglength. The three lines
calorie, then rice should be consumed in small quantity (Iesszgﬁ;eesnim a quality grade of Premium (Blue), Medium (Red), and Assorted
than 100g/day), since it will cause the risk of obesity. '

Although in general the glycaemic index of rice is high, S
the number depends on variety and its physical properties. 1545-1569 Protein
Some rice has high amylose and amylopectin, while others— .. il = sy
have a significantly lower level but high in protein. In this e qf
study, the local rice varietySgkan Pulau and Bakwan) are CcH
considered as high glycaemic index rice, especially when
compared with “Basmati” rice.

In order to reduce the risk of diabetes and obesity, a
person can substitute rice in their diet with other g -
carbohydrate sources obtaining the lower glycaemic index, 5 ™
such as wheat or bread. In addition, obesity and DM can be% .| *
prevented by consuming lots of fruits and vegetables, bothZ -
neutralized the effect of blood sugar spikes in the body. © m
Other means of dietary mitigation for reducing the risk of ~
obesity is by consuming less food, but not to exceed 15% of

e ; ; ; Fig. 5 Spectrum properties &kan Pulau rice when measured using a
the normal meal condition [46]' Otherwise, it will make a iffused reflectance method within a 1000-2500nm wavelength. The three

person hungry faster than normal_tim_e, and causing frequ_en ines represent a quality grade of Premium (Blue), Medium (Red), and
feeding. At 15% reduced calorie intake, the body will Assorted (Green).

automatically extract the fat inside the tissues, and while the

process may be longer for reducing the weight than the strict For modelling the glucose and fructose, the rice samples
diet, but it is surely the healthiest way. were scanned using NIR spectroscopy. The scan methods
For reducing the glucose and fructose intake without were diffused reflectance, with the spectrum range of
slashing down the daily consumption, dietary mitigation 1000nm until 2500nm. The results of spectral reflectance for
through substitution of carbohydrate source can be one of argakyan and Sokan Pulau rice is presented in Fig. 4 and Fig.
option. Purchasing better rice quality, for instance, may 5 respectively.
reduce glucose and fructose intake 67% and 44% | recent developments, machine vision technologies have
respectively. This can be achieved by substituting the enapled opportunities for rapid automatic analysis, providing
Assorted gradeBakwan with Medium Sokan Pulau for useful and advanced capabilities in a number of important
glucose dietary mitigation. Also, substituting the Assorted sectors, in particular, the non-destructive evaluation of food
grade Sokan Pulau with the Medium grade may promote products. The spectral properties of two local rice varieties
dietary mitigation for fructose intake. In general, the better (Fig. 4 and Fig. 5) showed difference reflectance values, and
economic condition is the obvious solution to prevent low- 3 number of peaks, suggesting that the chemical composition
income family consuming cheap food. Thus, the risk of of poth sample types is significantly different. While
obesity and DM will subsequently be alleviated. different quality grades oBakwan rice have distinctive
_For people with low purchasing power, the risk of yajyes, the case is less observed with Sokan Pulau
diabetes is higher. The reason is low-grade rice has lowelsamples. Since the particle size may influence the spectral
price while the glucose content is 78% higher than the regylts, the results indicate that quality-grade differential of
average. Consumer economic factors determine the selectiogakwan rice is much greater than tiSekan Pulau and thus
of rice quality and subsequently determine the amount of 3re more easily to observe by the consumer. Furthermore,
glucose intake which result in higher risk of diabetes. certain chemical bound is not presenBakwan and Sokan
Pulau, suggesting that the chemical composition of both
varieties have differences. This may have a relationship with
flavour and aroma as well as taste when process and
consumed, explaining why consumers have different
preferences toward both varieties. While carbohydrates
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bounds are present Bakwan upon spectral assessment, the compare the other two grades, hence the appearance will
same results are absentedsokan Pulau. Based on UHPLC look alike to the consumers.

chemical assay, the carbohydrate compoundskan Pulau, The PCA for two rice varieties explained correlated
here glucose and fructose, are consistently lower compare of/ariables into two transformed principals’ component (PC).
the Bakwan, except for fructose content in Assorted grade For Bakwan, the first and second PC (PC-1 and PC-2)
quality. Consistently with this result are the spectral values explained 90% and 10% of all spectral variables of the
of both rice cultivar, which differ in results. To better samples. Whereas for "Sokan Pulau,” PC-1 and PC-2
understand how the spectral results can be utilized for non-explained 63 and 37% spectral data respectively.

destructive evaluation of rice nutrient content, a statistical In order to accurately model two main components of
procedure, namely principal component analysis (PCA) wasmonosaccharides (e.g., glucose and fructose) concentration
performed. in samples, the Partial Least Square (PLS) is statistical
analysis was used. The PLS explained the relationships
between the concentration of glucose and fructose in the
sample with spectral data obtained from the measurements.
The results are explanatory models, a straightforward and
reasonable way of forming prediction equations. The
calibration and validation model for predicting glucose
content in Bakwan rice is presented in Fig. 8 and 9
it respectively. The calibration model (Fig. 8) obtained a high
200 - = correlation of 0.968 with RMSEC of 1.229 and Bias of
3.17x10-7. Although an offset of 1.417 is present, the model
considered fit for predicting the glucose content, with
acceptable accuracy. In addition to offsetting, data boundary
and outlier can shift the model to some extent that the
accuracy value decreases and there is considerable noise.

The PCA used orthogonal transformation to convert The magnitude of the effect of the shift that occurs is
samples’ reflectance data that possibly have correlateddetermined by the amount of data used to build the model.
variables into a set of values of linearly uncorrelated With the low offset and RMSEC obtained in the model, the
variables. The number of these uncorrelated variablesnoise and outlier data can be considered as a minimum.
(principal components or PC) is less than the number of
original variables. The PCA transformed spectral data in
such a way that the first PC has the largest possible varlanceo-
and each succeeding PC, in turn, has the subsequent hlghea
variation possible. The PCA @&akwan and Sokan Pulau is 58
presented in Fig. 6 and 7 respectively.

The PCA results foBakwan rice clearly distinguished
between high and medium grade (Premium and Medium)
with the lowest one (Assorted). Nonetheless, the anaIyS|s,; =
failed to classify differences between Premium and Medium. “’“ /
As such, it is not sufficient to directly model the quality s+
grade for this cultivar.

600
500
400

e Premium = Blue Square

Medium = Red Circle
Assorted = Black Stripe

200

100
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Fig. 6 PCA ofBakwan rice with three quality grades (“Super, Medium, and
Assorted)
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Fig. 8 Model calibration for glucose concentration predictiorBakwan

rice according to diffuse reflectance data and chemical assay by UHPLC.
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Fig. 7 PCA ofSokan Pulau rice with three quality grades (“Super, Medium, g” =
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On the other hand, the PCA results Sokan Pulau rice

clearly distinguished all three quality grades of the rice
namely Premium, Medium, and Assorted. Also, the analysi

showed that the Medium is grouped in close proximity,

while Premium and Assorted were widely dispersed. This
indicated that samples of Medium grade have less variation
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' Fig. 9 Model validation for glucose concentration predictioBakwan rice
S according to diffuse reflectance data and chemical assay by UHPLC.

Validation model (Fig. 9) presented a similar high
correlation between actual glucose content in rice samples



and the prediction values produced by the model. With anglucose influenced by three physical properties, namely
offset of 2.912 and R2 of 0.849, the model miss-prediction is percentage of broken rice, glucose concentration in samples,
still within the expected boundary, explained by the RMSEP and spectral reflectance from the samples. Rice with the best
value of 2.133 and bias of 0.247. quality was plotted in the group in the graph. The place is
The calibration and validation model for predicting influenced by the concentration of glucose and model
glucose content ifgokan Pulau rice is presented in Fig. 10 predictions. Higher glucose content moves the data position
and 11 respectively. For the calibration model (Fig. 10) along with Y axis. The UHPLC data influence the model,
obtained a high correlation of 0.990 with RMSEC of 0.529 here data were weighted according to their correlation to the
and Bias of -0.6357. Although offset of 0.498 is present, thefactors in the model, whether significantly or not.
model considered fit for predicting the glucose content, with Correlation between data and factors upon model

acceptable accuracy. development depend on the data variation, which in turn,
For the validation model (Fig. 11) of glucose greatly affect the resulting models. The validity of the model
concentration prediction irsokan Pulau rice, the similar is closely related to the accuracy of the data. The

high correlation between actual glucose content in rice contribution of the input variable can be evaluated, and
samples and the prediction values were shown by the modelranked according to the degree of influence for every data
With the offset of -1.711 and R2 of 0.870, the model miss- into the models. The sensitivity of the models has strong
prediction is still within the expected boundary, explained by relationships with the variation of data and similarity

the RMSEP value of 1.569 and bias of -0.413. between variables.
In this study, the accuracy of the models to determine the
% Prodiciet vs Rafarance P quantity and concentrations of chemical components in the
i s aa15746 . %,;f""” samples can be translated with its low residual values. The
E | Conatation: 550642 /// results suggested that the spectral device being used not be
B%| Rtquae: 008137 e sensitive enough to detect minuscule glucose concentration
Eaf sec paeoss pr— in the sample accurately. The reason may lay with the photo-
e /// electro-optical sensor in the instruments, as well as the
gﬁ /// intensity of illumination upon recording the spectral data.
| Higher illumination intensity will produce more energy from
e the light source, and when this energy falls onto the organic
E [ u w [ i
B ————————————————— compounds, the atoms and its energy bound will naturally
Reteeanca ¥ (990 ASTOANTENT, Fartor-?) vibrate, releasing a greater number of photons, and
Eigi. 10_ Model cg!ibrationd_l;?r gluc?lse concecr;trationdprehdictiprsldmn ) consequently, the sensors will be able to capture this
gy o ¢ aceording to diffuse reflectance data and chemical assay by o pissjon and recorded as better spectral data. Other

plausible caused was the noise that generated by the internal
Pradistod vs. Rsference parts of the instruments, or the surrounding environment.
These noises may interfere with the actual spectral reflected
by the samples and thus producing a false reading in the
instrument. Nonetheless, both cases can be neglected since
the influence is insignificant. In addition, the sensitivity of
the equipment used can be improved for future studies,
while the lighting intensity can be enhanced. Therefore, in
the near future, even the lesser amount of glucose can be
: detected by such systems, and the results will produce better

Elements: €
Slope 1.0485314
Offset =1.717439
Correlation:  (.€379041
R-Square:  (.£7034

RMSEP: 15690306
BEP: 1.€056378
Bias: -0.4125323

[
)
\\\
\

g

B

B

ST

5

Predicted Y (999 837010807907, Faclor-2)

R R ) models' accuracy in comparison to the present results.
Feterance ¥ (292.897010607907, Facior-2)
Fig. 11 Model validation for glucose concentration predictiorSokan Predicted vs. Referance
Pulau rice according to diffuse reflectance data and chemical assay by * e— .
UHPLC. Lol sope T nazaser . ,/
T Offset: 14172157 =
£ | Comelation: 00673166 //
Even though the concentration of glucose and fructose of ™ | Fidze” Ve
the two rice varieties were different and varied according to £%{ 52 1755 /
their quality grade. The values could be grouped, according . /
to the percentages of broken grain as well as the grain sizeﬁ22 7
Eventually, all models developed in this study, have the 3 //
ability to predict the concentrations of glucose in samples 52 /”
with an accuracy of more than 90%. In addition, the model's " 2
predictive range was sufficient for predicting the glucose ° " 7 " A A i aiiiror e o0 #

concentration in rice samples non-destructively, based onfig. 12 Model calibration for fructose concentration predictioBakwan
diffused reflectance data when the samples were measuredce according to diffuse reflectance data and chemical assay by UHPLC.
using spectrophotometry. o Similar to the model for glucose prediction, the developed
Based on the PLS analyses, determination of glucosemodels, for non-destructive fructose evaluationBakwan
according to the NIR diffused reflection can differentiate the rice produced a high correlation of 0.968. The model

concentration of glucose in the samples. Determination prediction accuracy is determined by the RMSEC of 1.229
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and bias of 3.18x10-7, indicating most of the data correctly accuracy, while the sample data can be considered as
predicted by the model. Furthermore, the model offset is homogeneous.
minimal with a value of 1.417, suggesting that outlier datais The study has comprehensively evaluated two
fewer than a normal distribution. Thus, the data is more monosaccharides compounds in local rice varieties, namely
gather toward the center (average) value. The graph (Fig. 12Bakwan and Sokan Pulau. The two compounds under
also showed that the model predicts more accurately whenconsideration were glucose and fructose. Both are simple
the fructose concentration is lower, compared to the ricesugars, and when consumed cannot be broken down to
sample with a higher quantity of fructose. smaller units by the body. Immediately after consumed,
Subsequently, the validation model (Fig. 13) for these sugars quickly get into the bloodstream, increasing
predicting fructose content iBakwan rice, obtained a high  blood sugar and providing immediate energy. However, both
correlation of 0.904 with RMSEP of 0.2.133 and Bias of sugars can cause a significant increase in blood sugar,
0.247. The offset of 2.912 is observed, implying the model followed by an abrupt drop, and if it occurs frequently, can
influence by some outlier data although it still being lead to blood sugar dysregulation conditions such as
considered as fit for predicting the glucose content, with hypoglycaemia and DM. In this study, the number of

acceptable accuracy. samples used is limited by the availability of laboratory
equipment and facilities as well as the workforce.
o Predicted vs. Reference Nevertheless, the models produced showed acceptable
Elements: 9 : accuracy with insignificant noise or disturbance in the
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Offset: 29119394 results.

Correlation: 0.9038079
R-Square:  0.84933
RMSEP: 2.1330862

N
@

FPradicied vs. Heterance

8
3
g
£
=
8
g 2] SEP: 2.3074076 2 /FQ/
=] o - - Flemants: 9 - N
g Bias 0.2466476 o | stupe: 1.0485308 P
D04 z Offset: -1.711424 ==
gf w Gomelation: 0.9379013 %-"’
3 5281 P-Square:  0.87034 P
>22 = RMSEP: 1.55€0324 T
3 Bon | seP: 1.6056387 P
3 = Biss: .0.4125987 —
g 3 =
x & 24 —
2 e
18 T T r r T T r T T T T T T T T T ) -8 -
%5 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 =22 - /,// -
Reference Y (999,897010607907, Factor-2) g // T -

. . . . - . ‘|20 T
Fig. 13 Model validation for fructose concentration predictiorBakwan g
rice according to diffuse reflectance data and chemical assay by UHPLC. 10

n 21 22 23 24 5 25 27 23 28 an 31 32 33
Referencs ¥ (999 0970 0607907, Facior-2)
» Predizted vs. Referance Fig. 15 Model Validation for fructose concentration predictiorSikan
Elemems: 9 Pulau rice according to diffuse reflectance data and chemical assay by
a0 Slcpe: 098137456 UHPLC

Offset: 0408468
Correletion; 0,990642
R-Square: 098137

RMSEG: 05286363
SEG 0.5607033
Bigs -4 2385e-0

%]
)

IV. CONCLUSIONS

From this study, it is understood that the monosaccharides
in rice depend on variety and quality, in particular, the grain

B

B

Predicted Y (999 AG7010607907. Factor-2)

= size. Rice with poor quality tend to have higher
21 monosaccharides content, in the form of simple sugar, and
18— - ~ g most notably glucose and fructose [47]. Furthermore, the
21 22 23 24 25 2E 27 28 29 a0 31 32 33 : ! ) _ i
Rafarence Y (993,897 10607807 Factor-2) amount of sugar in rice did not directly correspond to its
Fig. 14 Model calibration for fructose concentration predictiorSokan quality. In contrast, medium grade rice, fr@akwan and
Pulau rice according to diffuse reflectance data and chemical assay by

Sokan Pulau obtain lower glucose content compare to both
high and poor grade, where the latest is the highest one. In
general, glucose content Bakwan rice is higher thasokan
Pulau thus it tends to produce a higher risk for obesity and
DM when consumed excessively. Besides glucose, fructose

with the value of 0904 and 0990 for calibration and is another form of simple sugar that present in rice. While

validation models respectively. The calibration model (Fig. the I_céoniﬁntratiog.t_of f(utétoksvs is nc(;t Slgllear Pwlith the rice
14) generated offset of 0.498, R2 of 0.981 and RMSEC of duay, Ihe condition nbaxwan an an Fulau rice

0.529. Also, the model bias is calculated at -0.4239 and thed'ﬁers' For theBaI_<wan rce, the_concentrauon IS lowest in
slope of 0.981 showed that the predicted data distribution jspoor-grade and highest in medium-grade quality. As for the

leaned towards the higher concentration fructose value.tSOkgn ]Ic3ullau, thebcqncer?_trﬁnotn (,zf fructose dIS follgvlvmg ﬂ;e
Furthermore, the validation model (Fig. 15) for the rend ol giucose, being hignest at poor grade, and lowest In

determination of fructose isokan Pulau rice produced a medium grade. Both simple sugars produced a relationship

comparable high correlation value, of 0.938. The model with the diet.and economic_ condition .Of the people in
RMSEP is 1.569. and bias is det'ermined at -0.413 ThePadang. Low-income or low-income family tend to have a

model leans towards the fourth quadrant resulting a negativel']igh(;r rate offobesity anc:j DM.’ undert]st&;]ndﬁbly, dueht_o hthe
offset of -1.711 with a slope of 1.049. The results suggestedpurc asing of poor grade rice, whic ave a higher

; - lycaemic index. The PCA fail to separate between high and
that all models developed using PLS obtained acceptableﬁqedium rice quality (Premium and Medium) fBakwan

UHPLC.
Comparably, the calibration and validation results for

models, developed in this study, for predicting the fructose
in Sokan Pulau rice obtained a similarly strong correlation
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cultivar, but successfully classify three quality grades for [19]
Sokan Pulau rice. The models developed for non-destructive
evaluation of glucose have a correlation value of 0.968, 5
0.903, 0.990, and 0.934 for calibration and validation of
Bakwan andSokan Pulau rice respectively. Correspondingly,
models for non-destructive evaluation of fructos&akwan [21]
and Sokan Pulau rice have a correlation value of 0.968 and
0.990 for calibration, and 0.904 and 0.934 for validation of [22]
respectively. The study opens the understanding of the
relationship between rice variety and quality in responding

to the dietary mitigation for preventing obesity and DM, in (23]
particular for the poor society.
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