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Abstract— Sago analog rice is rice made from sago starch with or without supplementation of other food materials, and its shape
resembles that of rice. Red bean flour is added to analog rice to increase its protein content to levels comparable to those of rice. The
objective of this research is to investigate the organoleptic preference of panelists, and the chemical and physical characteristics of
sago analog rice supplemented with red bean flour. We used a completely randomized design with one factor: the supplementation of
red bean flour at 0%, 5%, 10%, 15%, 20%, and 25%. Our organoleptic test applied for the hedonic scale and examined the aroma,
taste, and texture of cooked sago analog rice; the observed chemical characteristics were water, ash, fat, protein, and starch content.
Physical characteristics were cooking time, water content, the weight of water loss, water absorbability, and granule characteristics.
Data were analyzed using the analysis of variance. When results were significantly variable, the analysis was followed by the Duncan
multiple range tests (DMRT) at the significance level of < 5%. Our results show that supplementation of red bean flour up to 10%
resulted in hedonic values ranging from “like” to “quite like” for taste and aroma, and “like” for texture; BS100 analog rice had the
highest hedonic value. The water content of sago rice and the weight of water loss of cooked sago rice did not show a significant
difference. In addition, ash content, protein content, fat content, starch content, cooking time, and water content of cooked sago rice
displayed significant differences. A higher supplementation of red bean flour to sago rice influences granule structure, which appears
damaged with rough surfaces and high porosity. Moreover, the size of the granules is smaller.
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and other kinds of tubers [2],[3]. One of the potential local
I. INTRODUCTION materials to produce analog rice is sago. In this paper, we

Although staple food diversification programs have long refer to rice produced from sago as sago analog rice.

been applied, the dependence on rice is still [1]. Potential Sad0 analog rice is made from sago starch as the main

local sources of carbohydrates are extremely diverse, such a a’gerlal with or W'FhOUt the add't'(.)n of other materials
uring the extrusion process; it bears shape and

sago, sorghum, corn, cassava, and other kinds of tubers, b L TS ; .
characteristics like rice. Sago is one of the potential sources

they have not been optimally utilized. This indicates that . : .
diversification programs applied have not been able toOf carbohydrates in Riau, Sulawesi, Maluku, and Papua.

reduce the need for rice consumption due to various reasong-round 50% of 2.5 million hectares of sago fields in the

Therefore, another type of approach is needed to provideWorld are found in Indonesia [4]. According to Ref. [3],

products that resemble rice, i.e. analog rice. Analog rice is a>ado starch can be produced up to 25 tons of dry

food product with a shape like rice, and it is processed fromstarch/hajyear. The weakness of sago as an alternative staple

materials different from rice, such as sago, corn, cassava],cood is its low protein content, which is only 0.18% [6]; to
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increase its nutritional properties, it needs additional protein TABLE |
sources, such as red bean flour. According to Ref. [7], the FORMULAE OF SAGORICE SUPPLEMENTEDWITH RED BEAN FLOUR

protein content of red bean flour is 23.2%. Data obtained by  Formula Sago starch (%) Red bean flour (%)

the Central Bureau of Statistics show that the production of BS100 100 0

red bean flour in Indonesia in 2012 and 2013 reached 93.416 BSKM5 95 5

tons/year and 100.961 tons/year, respectively. BSKM10 90 10
Extrusion is the plasticization process of food materials  BSKM15 85 15

containing starch or proteins on a pipe combining the  BSKMZ20 80 20

processes of mixing, heating, mechanical cutting, and__ BSKM25 75 25

shaping to produce particular shapes [8]. The extrusion
process can cause gelatinization of starch, protein ) ) ) )
denaturation, the formation of amylose lipid complexes, and S2g0 rice was analyzed according to its sensorial and

degradation of components that are sensitive to heat [9]. Théhysicochemical properties. Analysis was conducted by
gelatinization process allows starch retrogradation, which YSing hedonic scales for aroma, taste, and texture parameters

confers resistant characteristics, decreasing the level offcooked sago rice [17]. Physical analysis included cooking

digestibility of starch. Several researchers have used thdiMe, water content, rate of water loss [18], water
technology of extrusion to produce analog rice by using rice @bSorbability [19], and microstructure of analog rice by
with incomplete shape [10],[11], by using corn with heat USING the Scanning Electron Microscope SEM [20] FEI_type
extrusion [12], by using mocaf and flour nuts [7], and by Inspec_t S50 EDAX AMETEK. _Moreover, the chemical

using mocaf, arrowroot flour and red bean flour with cold analysis tested the levels of proximate and starch [21].

extrusion [13]. Sago starch as the main material for noodlesy  gatigtical Analysis
contains resistant starch at 9.45% [14], and has a glycemic

index of 28, therefore it can potentially be developed as a ; : X X ; ;
randomized design with a single factor, i.e. supplementation

functional food [14]-[16]. H tudies h b . ;
unctional food [14]-[16]. However, no studies have been with red bean flour at 6 different levels, namely: BS100: 0%;

published yet on the production of analog rice by using sago ] ) ) i ) i ]
starch and red bean flour as raw materials. The aim of thisSokM2: 5%; BSKM10: 10%; BSKM15: 15%; BSKM20:

research is to study the organoleptic, chemical, and ph sicap0%: and BSKM25: 25%. Data obtained Wit.h 4 replicate_s
characterilstics OL; Zmalogug rice pblased salgo and r?ady t;eaﬂnd tabulated with Microsoft Excel 2013. Statistical analysis
using the SAS Software version 9.2 to perform General

C. Characterization

The experimental research method used were completely

flour. . S
. linier Models (GLM) procedure; when a significant
difference among levels was identified, the Duncan Multiple
Il MATERIALS AND METHODS Range Test (DMRT) was carried out at the level of 5%.
A. Materials

The main materials used in this research are sago starch IIl. RESULTS ANDDISCUSSION

(Metroxylon spp.) of Meranti variety and red beans Prior to the production and analysis of sago rice, sago
(Phaseolus vulgaris) of local variety. Sago starch wasstarch and red bean flour were analyzed. Data obtained
obtained from Selat Panjang, Riau. Prior to use for according to [22] are presented in Table 2. The data in Table
formulation, sago was washed to remove dirt, and its starch2 indicate that sago is a source of starch rich in amylose
was subsequently precipitated and dried. (43.69%) and resistant starch, but it has low protein content.
Red beans were obtained from farmers in the Parakan Sub©n the other hand, red bean flour has high protein content
district, Temanggung Regency. Red bean flour was prepared24.98%) and high dietary fiber, especially insoluble fiber
as done by [7]. Reagents to analyze chemical and nutritional8.82%).

properties were obtained from Sigma or Merck.

TABLE I
B. Sample Preparation CHEMICAL COMPOSITIONOF SAGO STARCH AND RED BEAN FLOUR (% DB)
Six different formulas of sago rice were made from sag@ components Sago starch Bean flour
and red bean flour: one formula containing sago exclusively
(BS100), and five formulas were characterized by sagpwater (%) 12.47 12.34
supplemented with red bean flour at 5% (BSKMS5), 10% Ash (%) 1.34 3.79
(BSKM10), 15% (BSKM15), 20% (BSKM20), and 25% E;ft)tg}n) (*0) ég(l) 238-7%6
(BSKM25), as presented in Table 1. . [ Carbohydrates @) 96.85 64.17
An emulsion was made before the preparation of sago ri¢€ayyiose (9% of starch) 23.69 5735
It consisted of GMS, distilled water, coconut oil, and| Amylopectin (% of starch) 56.31 72.65
carrageenan. The emulsion was subsequently mixed withStarch (%) 95.23 49.72
composite flour, homogenized for 5 minutes, and steamedinsoluble fiber (%) 0.93 8.82
for 15 minutes. Steamed materials were directly inserted ingSQluble fiber (%) 1.61 5-50
. . Total dietary fiber (%) 2.54 14.32
an extruder. Homogenization was performed for 2 mlnutei? Resistant starch (%) 18.31 10.51

thus completing the shaping of sago starch. The shaped
granule were dried in the cabinet dryer at 50°C for 12 hoursA. Organoleptic Test of Sago Analog Rice: Hedonic Test

[13]. The sensorial assessment of sago rice was performed with
a hedonic test on aroma, taste, and texture parameters, in
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order to determine the specific product formula preferred byrole in the formation of an unpleasant aroma beany flour
the panelists. The organoleptic test was carried out on 2(023]. Similar results were also obtained for soybeans [24]
semi-trained panelists. The data in Table 3 show that theandfaba beans [25].

hedonic value of taste and aroma was between “dislike” (2) . . _

and “like” (4), with the one of texture between “quite like” B- Physical Characteristics of Sago Rice

(3) “like” (4). The results of the organoleptic test are The physical characteristics tested of sago analog rice

presented in Table 3. were cooking time, weight of lost water, water content, and
water absorption (Table 4), while the rate of water loss of
TABLE 11l sago rice every 30 minutes is presented in Figure 2.
RESULTSOF THE HEDONIC TESTCONDUCTED ON SAGO ANALOG RICE The physical characteristics tested in this research were
Varia BS BSKM5 | BSKM | BSKM BSK | BSKM cooking time, weight of lost water, water content, water
ble 10 15 M20 25 absorption, and rate of 1st falling down of sago rice. The

cooking time of the analog rice ranged between 4.1 and 6.5

Taste | 39% [ 356+ | 360+ | 290+ | 260+ | 2.05+ minutes. The analysis of variance shows that the proportion

0.55 0.76 0.68 0.55 0.59 0.61

Arom | 365+ | 335+ | 365+ | 278+ | 265+ | 210+ of sago starch with red bean flour significantly affects its
a 0.67 0.59 067 | 055 | 059 | 064 cooking time (p < 0.05). A higher supplementation of red
Textur | 420+ | 390+ | 365+ | 320+ | 3.00+ | 295+ bean flour would make the cooking time shorter. Sago starch

e 0.62 0.85 059 | 070 | 065 | 0.69 was assumed to contain higher amylose (43.69%) than red

The different notations indicate significant differences with the p-value =

. . )
0.05. 1: extremely dislike: 2: dislike; 3: quite like; 4- like; 5: extremely like ~ 2€@n flour (27.36%), so that a higher supplementation of red

bean flour would shorten the cooking time. The high content

The results of the analysis of variance in Table 3 show Of amylose starch strengthened its granules so that they were
that the addition of red bean flour to sago rice has amore resistant to swelling in hot water due to stronger
significant effect (p < 0.05) on aroma, taste, and texture.Nydrogen bonds. This contributed to make granules more
Following the DMRT test at the significance level of 5%, difficult to degrade and to increase the energy and time
aroma, taste, and texture parameters of sago rice (BS100yeeded for the gelatinization process to occur [26]. Such
and the ones of sago rice supplemented with red bean floufonditions make food products slower to digest [27].
up to 10% were liked by the panelists and did not
significantly differ, but they were significantly different
from the other formulations. Aroma, taste, and texture are

TABLE IV
PHYSICAL CHARACTERISTICSOF SAGO ANALOG RICE

important parameters to test the consumer’s acceptance|ofariable | Cooking | Weight of | Water | Water | Rate of
products time lost water | content | absorpt | 1st falling
! (minutes) | (9) (%) ion (%) | (g HO/g
minute)
BS100 | 6.5+ 154+ 38.68'+ | 207.99 | 0.0004 +
1.59 0.17 0.83 +0.87 | 0.00
BSKM5 | 5.8°+ 168+ 4540+ | 213.78 | 0.0008 +
1.16 0.32 1.01 +1.31 | 0.00
BSKM10 | 5.0 1.66 46.73 = | 217.73 | 0.0008 +
0.99 0.23 0.72 +1.14 | 0.00
BSKM15 | 5.2+ 158+ 47.96 + | 223.15 | 0.0006" +
0.72 0.34 0.68 +0.78 | 0.00
BSKM20 | 4.7+ 174+ 5248+ | 231.62 | 0.0007 +
1.29 0.26 2.02 +1.33 | 0.00
BSKM25 | 4.2+ 183+ 55.46 + | 240.47 | 0.0007 +
1.41 0.14 3.10 +1.49 | 0.00
The different notations indicate significant differences with a p-value = 0.05.
Rate of f'falling = rate of water loss in the first 30 minutes.
, : 0,014
Fig. 1 Sago analog rice and red bean flour. A = BS100; B = BSKM5; .
C = BSKM10; D = BSKM15; E = BSKM20; F = BSKM25 = 0012 —o—BSKM 25
238 (0 \ —#—BSKM 20
. - . . 32 \ BSKM 15
Results in Table 3 indicate that sago rice with the BS100 £E 0008 —+—BSKM 10
formulation had the highest acceptance by panelists for all 23 0006 \\ ~—#—BSKM 5
parameters tested, and the level of fondness decreased for | g8 ——BS 100
the analog rice with a higher supplementation of red bean EB; 0’002 N\ ;
flour due to an unpleasant aroma (beany flour). Therefore, £% . '\\EE‘EEE":_%—:—QE
c_onS|der!ng the aroma, taste, and texture parameters of sago 0 30 60 9 120 150 180 210 240 270
rice, a higher supplementation of red bean flour resulted in Timmes (minutes)

the panelists being increasingly disliked. A supplementation
of sago rice with red bean flour above 10% was already]!:'g'
sufficient for the panelists to dislike aroma, taste, and texture.

The emergence of beany flour caused the change of aroma. Tapje 4 shows that the weight of lost water of all types of
The lipoxygenase enzyme was already reported to have an5|0q rice displayed no significant differences (p > 0.05).

Rate of water loss of sago analog rice supplemented with red bean
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The weight of lost water was quantified by measuring the C. Chemical characteristics of sago analog rice

weight of rice (0 minutes) and then subtracting it with the  The chemical characteristics of sago rice identified in this
weight of rice after the steaming process and 5 hours ofresearch are the results of proximate, water content, ash
incubation (300 minutes). The higher the amount of water content, fat content, protein content, and starch content
lost, the weaker the rice was in retaining water; in fact, red analyses. The chemical ingredients of sago rice were
bean flour contains higher food fiber than sago starch, whichgetermined according to several parameters: chemical
increases the ability of binding water molecules. Thus, ajngredients of analog rice materials (sago starch and red bean
larger supplementation of sago rice with red bean flour fioyr), effect of extrusion processing using heat and pressure,
would provide rice with higher water content and increase steaming after extrusion, and other technical factors during
the amount of lost water. These findings agree with dataprocessing. The results of the analysis of the chemical
obtained by Ref. [18], which proposes that corn analog ricecnaracteristics of sago rice are displayed in Table 5. The

ha? higher water content, but also a higher amount of lostyjfferent notations show significant differences with a p-
water.
value.

The rate of 1st falling is a water loss rate describing the
first 30 minutes, as well as the biggest decreasing weightD. Water content

rate. This condition is caused by the difference of water content needs to be analyzed to measure the
temperature between the cooking tools and the cooking roomesilience of food products to damage caused by storage. The
leading to a robust water loss from analog rice within the water content in sago rice is approximately 11.563%
first 30 minutes. Sago analog rice (BS100) had the lowest(BSKM5) to 12.070% (BSKM25). All of sago rice formulas
rate of 1st falling and was significantly different from other have a water content below 14%. It is lower than the safe
treatments. In accordance with the previous discussion,water content of paddy rice, < 14% (bb). Microbes grow
supplementation with red bean flour caused an increase ireasily in food products having water content between 14%
water con'_[ent and water loss rate. Figure 2 sho_ws that thex\nd 15%. The more water added during the preparation of
decrease in the water loss rate of sago analog rice (BS1003ago rice affects the high-water content of sago rice granules
within the following 30 minutes was flatter than the one of after the drying process. In this research, the water added
sago analog rice supplemented with red bean flour. was 50% of the total starch and flour [29]. The extrusion
~Water absorption is the ability of a material to absorb or process caused chemical and nutritional changes in the
bind water. The ability of dried granules of sago analog rice product. The results of the analysis of variance show that the
to reabsorb water is dependent on the ingredients of sagentercalation of red bean flour in sago rice has no significant
analog rice itself. The results of the analysis of varianceeffect on the water content of sago rice (p < 0.05). Low
shown in Table 5 indicate that BSKM25 had the highest water content in this analog rice is advantageous because it

water absorption ability. contributes to reduce the level of damage by bacteria and
TABLE V fungi.
CHEMICAL CHARACTERISTICSOF SAGO ANALOG RICE (% DB) E. Ash content
(;T?g;'tc 10%5 B,\fg le'f)M le};M BSZ'EM BSZEM Ash content in sago rice ranges between 2.54% and
Water | 11.74 1156+ 1206« | 11.86+ | 1206« | 1207+ 3.69%. Ash content in sago rice intercalated with red bean
4+ | 0.10 0.23 0.57 0.20 0.24 flour is higher than the one in sago rice without red bean
0.29 i flour (2.54%). Based on the analysis of variance, sago rice
Ash 3'5& 277+ | 306+ | 333 [ 358'+ | 370+ intercalated with red bean flour shows a significant variation
+ 0.18 0.22 0.24 0.15 0.06 o !
0.16 in its ash content (p < 0.05). Red bean flour has a higher ash
Protein | 254 483+ | 598+ | 677+ | 763+ | 827+ content (3.38%) than sago starch (1.19%) [22], so that the
t 0.08 0.14 0.082 0.24 0.14 higher the amount of red bean flour added to sago rice, the
— %.0999 Cogs | 1eds 156 | 2ods | 2ars higher its content of ash will be. Ash content in food
+ | 006 | oos |oo1 | ooa | o002 produ_cts is d_ependent on the amount of _mmera_lls and organic
0.03 materials. Higher ash content results in a higher mineral
Starch | 86.5¢ 82.30%| 7932+ | 7725+ | 7546 | 7450+ content. The mineral content of sago is lower than the one of
z)iss 038 | 047 0.71 1.07 0.68 red bean. In a study conducted by Ref. [30], it was shown

that the ash content of red bean reaches 4.34%; this value is
higher than the one of sago 1% [31]. These findings are also
in accordance with our results showing that a higher
intercalation of red bean in sago rice results in an increased
ash content.

BS100 had the lowest water absorption ability due to the
lack of supplementation with red bean flour. Red bean flour
contains a high amount of food fiber, and therefore it has a
strong ability to bind water. Thus, the higher the
supplementation with red bean flour, the greater the ability F. Protein content

of sago rice to absorb water was. Based on a research the protein content of sago rice ranged between 2.54%
conducted by Ref. [28], the ratio of water-soluble 5.4 g 25794 Based on the Analysis of Variance (ANOVA),
polysaccharides and water-insoluble = polysaccharides isyq protein content of sago rice intercalated with red bean

higher for extruded products than for other products g, shows a significant variation (p > 0.05). The sago rice
subjected to different processing, so that their ability 10 o myjation with the addition of red bean flour led to

absorb water is increased. increased protein content. As a vegetable protein source, red
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bean flour contains higher protein levels (24.98%) than sagothe starch suspension with scarce amounts of water resulted
starch 0.9% [22]. Its addition to sago rice, therefore, in a suboptimal amount of amylose discharged from the
increased protein content, dependent on the amount of redranules, reducing the chances for retrogradation. The study
bean flour added. by [36] also found that applying higher temperatures
affected the damage level of granules, causing a decrease in
G. Fat content starch content. In this research, the extrusion process was
Fat content in sago analog rice ranged between 0.99% angerformed with the cold method, whereas the heating
2.21%. These values are higher than the ones found in @rocess was only carried out in the pre-gelatinization stage.
study conducted by Ref. [32], 0.34% - 0.62%. Based on theTherefore, when materials were inserted into the extruder,
analysis of variance (ANOVA), sago analog rice with they were immediately cooled, and this caused the starch
intercalation of red bean flour undergoes significant retrogradation process, which made the starch difficult to be
variations in its fat content (p < 0.05%). The variety of sago degraded. Sago rice not supplemented with red bean flour
rice having the highest fat content is BSKM25, whereas thehad the highest total starch content because sago starch has a
lowest one was found in BS100. Fat contents of producedmore intact and stronger granule structure so that it is more
sago analog rice are all higher than the ones of other generaksistant against hydrolytic damage and results in lower
types of rice. This is caused by the intercalation of red beanstarch digestibility.
flour (fat content: 3.35%) in the sago analog rice formula;
the higher the amount of red bean flour added, the higher thd- Changes of starch granule structure
content of fat in sago rice is. Scanning Electron Microscopy (SEM) results show that
According to Ref. [33] the fat content of red bean flour is the extrusion process for the preparation of sago analog rice
very high (up to 15%). Food processing methods such ascaused changes in the structure and size of starch granules
boiling, roasting, etc. can lower the fat content of red bean(Figure 3).
flour up to 5%, due to dissolution processes. Likewise,
extrusion processes, which combine pressure and heating to
produce analog rice, can also decrease the fat content in bot
sago and red bean flour.

H. Total starch content

Sago starch is a source of carbohydrates that can be
applied widely in different industries and is highly
dependent on physicochemical characteristics and
functionalities. The physicochemical characteristics of starch
specifically depend on its sources (e.g., starch granule shape
and size, color, and composition of its amylose and
amylopectin) and processing. Sago starch contains amylose
and amylopectin, which affect the solubility and
gelatinization properties of sago starch itself. If the amylose
content of starch is high, sago starch will be dry and tend to
have strong hygroscopic and less sticky characteristics [31].

The results of the analysis of variance (ANOVA) show
that the supplementation of sago rice with red bean has a
significant effect on its total starch content (p < 0.05%). The
total starch content of the produced sago rice ranged from
74.498% to 86.575A%. The more the red bean flour added
to sago rice, the lower the level of starch was; such levels
were influenced by the supplementation with red bean flour,
which has lower starch content than sago starch. Thus, the
sago rice with the highest red bean flour supplementation
had the lowest starch content.

The results of a research conducted by Ref. [34] on
making flakes from corn starch with supplementation of red
bean flour show that starch content decreases when highe
amounts of red bean flour, which has lower starch content
than corn, are added. Before the extrusion process for the
preparation of the sago rice analog, pre-gelatinization was
performed with high amounts of water (> 40%), so that the
cooling process after extrusion would increase the chances
of reassociation of amylose molecules to undergo
retrogradation. According to Ref. [35], the amount of water
added to the starch dough affects the process of expansion dfig. 3 SEM observation of starch granules. a = Sago starch; b = Red bean

starch and starch granule gelatinization. Supplementation oﬂofggl:MEgloo? d = BSKMS5; e = BSKM10; f = BSKM15; g = BSKM20;
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The sizes of starch granules were approximately 28.95-area is, so that starch can be more rapidly digested than
37.33 um (BS100), 28.63-34.36 pm (BSKM5), 21.49-31.99 starch having larger size granules [46]. The amylose and
pum (BSKM10), 20.35-30.12 um (BSKM15), 18.11-20.62 amylopectin contents of starch influence granule size and
um (BSKM20), and 14.95-24.03 um (BSKM25). BS100 molecular weight. The amylose fraction of starch granules
sago rice displayed more complete starch granules, a moréimits the blooming of starch granules and keeps their
homogeneous surface, and less porosity in comparison withntegrity. The higher the amylose content of starch is, the
sago analog rice supplemented with red bean flour (BSKM5stronger its intramolecular bonds are [47]. According to Ref.
to BSKM25). Supplementation with red bean flour made the [48], granules having bigger size have a stronger resistance
granule structure appear deteriorated, with rough surfacesagainst heat and water treatment than the ones having
and high porosity. Besides, the size of granules of analogsmaller size. In addition, [49] propose that there is not any
rice supplemented with red bean flour. This indicates thatsignificant correlation between gelatinization and size of
sago starch is more resistant to hydrolytic enzyme attack andtarch granules; however, the temperature of gelatinization
has lower digestibility. has a correlation with the compactness of granules and their

According to Ref. [37], sago starch has a swelling power amylose and amylopectin content.
of 97%. The swelling power of starch granules is reversible Several factors have a role in the low level of amylolysis
when it does not exceed the temperature of gelatinization,of sago starch granules according to Ref. [50, 51] 0f1)
and it is irreversible when it reaches the temperature ofamylase is not able to enter the sections of granules; (2) the
gelatinization. The temperature of gelatinization is enzyme is restricted by starch granule surface areas, broader
characteristic for each type of starch, where the temperaturerystalline levels, and the existence of minor components
was started with the irreversible swells of starch granules inwhich coat the surface of granules. The limited granule
hot water and ended at the time of loss of the crystals [38]. surface available for absorption might occur because the size

In this study, sago rice was prepared with the extrusionof granules is relatively big or only has several sequence
method. According to [39], the process of extrusion inducessegments suitable because this enzyme can cleave-Gy
physical and chemical changes like gelatinization so thatbranches, whereas it is quite far from the last sequence and
starch granules degrade and the molecular structure of starchranch point.
may rupture. Cutting and mixing at high temperatures and The low digestibility of sago starch also is also related to
with limited water content cause the conversion of big its crystalline structure and the presence of polyphenol,
molecules of starch into dextrin, and produce molecules withwhich coats sago starch granules. Minor components of
shorter chains. The extrusion process can affect particle sizgpolyphenol have inhibitory activities on the starch digestive
by damaging cell wall components. The cooling process ofenzyme. Inhibitory compounds also have a role in sago
gelatinized starch causes changes in starch structure, anstarch durability during degradation processes. Based on the
shapes retrograded insoluble starch. The process ofnvestigation of the organoleptic, chemical, and physical
gelatinization and retrogradation of starch influences the characteristics of sago rice, we conclude that it has a great
digestibility of starch by amylase in the small intestine [40]. potential to be developed as a functional alternative staple

According to Ref. [41] sago starch granules have a cellfood.
diameter of approximately 40-50 um, whereas according to
[42], sago starch has more varied sizes, ranging from 5 to 80 V. CONCLUSIONS
pum. [43] re_ported that. starch granules can pe divided into Sago analog rice supplemented with up to 10% red bean
two categories, S.ma“ size (5-10 um) an(_j big size (25-40 pm) lour (BS100, BSKM5, and BSKM10) was accepted by the
granules. The size of starch granules is related to the tmaéanelists of this study. No significant differences were
surface area. The smaller the size of sta_rch granules, th bserved in their taste, aroma, and texture, and the values
greater the total surface area of granules is. With a greateppi-ined were “quite like” for taste and aroma and “like” for

surf_ace area, enzymes that Iy_se starch have a larger ar&xture. Water content and weight of lost water of sago rice
available to hydrolyze starch into glucose, and thereforeOlid not display significant differences. Conversely, ash,

dlgesthn and absorptlo_n of StaTCh can -occur f"J‘Ster'protein, fat, starch, and water content, cooking time, and
According to [44], there is a negative correlation between water absorption showed significant differences. High
the size of starch granules and the coefficient of digestion.g e mentation of sago rice with red bean flour made the
This indicates that starch hydrolysis occurs through a g5 e structure appear damaged and with a rough surface,
diffusion-controlled or surface-controlled mechanism. In. and increased its porosity. Moreover, the size of the granules
other words, the surface area of starch has a role Nyas also smaller. Sago analog rice with the addition of red

pontrolling the dige;tion rate. Thergfore., if the size O'_c starch bean flour up to 10% has great potential to be developed as a
is small, starch will be more easily digested, making the functional alternative staple food

value of IG high.

In terms of size, sago starch granules are classified as big
size granules [45]. The size of starch granules has a very .
important role in implementation processes in food industry. Our deepest gratitude goes to the Head of Agency for the
Starch is digested in the human body by the amylase enzyméssessment and Application of Technology, the Ministry of
This enzyme is present in saliva and in the pancreas_ResearCh and Technology and ngher Education, Jakarta for
Amylase hydrolyzes starch into maltose. The process ofthe fund assistance provided for this research.
digestion of starch by amylase is affected by the size of its
particles. The smaller the particle size, the larger the surface
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