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# CCharacterization Properties of Extruded Analog Rice Developed from

Damat Damat", Roy Hendroko Setyobudi?, Juris Burlakovs?, Zane Vincévica-Gaile?,
Devi Dwi Siskawardani’, Rista Anggriani' and Anas Tain®

@ @ Department of Frod Technology, Fucilty of Agriculture and Animal Science, University of Miubammadiyah Malang,
Jin. Raya Tlogomas No.246, Malang 65144, Indonesiai“Department of Agriculture Science, Postgraduate Program,
& @University of Mubammadiyah Malang, Malang 65144, Indonesia; 'Estonian University of Life Sciences, Turtu,
& Estonia; Friedrich Reinbold Kreutzwaldi 10, 51014 Turtu, Estonia; ‘Unicersiy of Latoia, Jelgavas Street 1, Room
502, Riga LV-100%, Latoiai *Department of Agritusiness, Faculty of Agricilfiiré and Animal Science, University of

Mubammadiyah Malang, Malang 65144, Indonesia.

Abstract | Analog rice is a processed rice product produced from non-rice with slightly more carbohydrates

than natural rice. Arrowroot (Maranta arundinacea L) can be'used as raw material in analog rice, with red
seaweed (Gracilaria spp.) are added to increase thefiber content! A disadvantage ofanalogrice!is its bland taste,
which can be improved by adding spices and seaweed, expected to increase the functional value. This'study
aims to determine the effect of the addition of various seaweed pulp concentrations and spice formulations on

the characteristics of analog rice. Various formulas of concentrated seaweed pulp (5 g,10 g,and 15 g) and spice

@ formulations (onion, garlic, ginger, turmeric, and lemongrass) were applied, and @Randomized Block Design
with' three replications was lused. Subsequently, observation variables included analysis of water content,

ash, carbohydrate, protein, fat, antioxidant activity, fiber content, water absorption index, color intensity, and

sensory evaluation. Iliedatawerelanalyzed by ANOVATdIcontinucd iecording tolDuncans multiple fange
test! The results showed that all formulas of analeg Fice produced from arrowroot starch, with'the addition
ofiseaweedipulp andispices| fulfill gieichemical and physical Propertiesiofipaddy rice requircments according

to Indonesian National Standard No. 6128-2008. With an increasing concentration of the seaweed pulp,

the food fiber, and the resistant starch content increased. The antioxidant activity of the analog rice also
increased with'the addition of spices, which provided a more attractive color and improved the taste and smell.

@ (P Received | November 10,2021; Accepted | December 25, 2021; Published | December 30,2021
*Correspondence|| Damat Damat, Department of Food Technology, Faculty of Agriculture and Animal Science, University of Muhammadiyah
Malang, J1. Raya Tlogomas No.246, Malang, 65144, Indonesia; Email:

damatumm@gmail'com
Citation | Damat, D., R.H. Setyobudj, J. Burlakovs, Z.V. Gaile, D.D. Siskawardani, R. Anggriani and A. Tain. 2021. Characterization properties

159-170.

DOT]| https://dx.doi.org/10.17582/journal.sja/2021.37.51.159.170
Keywords | Artificial rice, Analog rice, Food sovereignty, Functional food, Antioxidant activity and fiber

Introduction Moreover, Indonesia imported 800 000 t from
neighboring countries. Rice imports between 2010

Rge is an Indonesian staple food, but The Nation’s to 2019 were very volatile, highly dependent on
ependence onriceisnotmatchedbyitsdomestic ~ domestic rice production. For example, in 2017, rice
production. Indonesian statistical data show that in  imports were 305 275 t. While in 2018, rice imports
2019 rice consumption reached 35 300 x 10° yr'. rose to 2 253 824 t, and in 2019 imports fell to
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Indonesia is weak in national food security, therefore,
food diversification is crucial. Analog rice, artificial
rice produced from non-paddy carbohydrates could
become an alternative that replaces rice as the primary
food and contains almost the same or a higher
nutrition value than paddy rice (Oo and Than, 2019).
- 8Analog rice is a product shaped like rice but produced
%) @ rom non-rice materials. It has a carbohydrate content
approaching or exceeding the level of rice produced
from local food flour, which is not rice but is cooked
@ @n the same way that rice is cooked (Mishra et al.,
2012; Wahjuningsih ez al, 2018). Furthermore, it
can be designed to have almost the same nutritional
value as even rice, and also has functional properties,
depending on the raw materials used. In general,
analog rice is produced from ingredients that have
high carbohydrate content, such as sweet potato
w @llpomoea batatas (L.) Lam.], cassava (Manihot
esculenta Crantz), sago palm (Metroxylon sagu Rottb),
sorghum [Sorghum bicolor (L.) Moench], and other
@) @ngredients (Sumardiono ez al., 2014). Based on'the
) @pesults of previous studies, it is known that analog
rice has weaknesses; namely, the taste is bland, and in
general, its antioxidant activity is also low. A study has
been carried out on analog rice products produced from
different ingredients, including sorghum (Budijanto
% @wnd Yuliyanti, 2015; Wahjuningsih ez /., 2018),
composite flour (Sumardiono e# 4l., 2014), sago flour,
and arrowroot (Pudjihastuti ez al., 2019), taro [ Colocasia
%) @psculenta (L.) Schott] and seaweed (Darmanto ef @k,
2017), cassava, avocado seeds (Persea Americana Mill.),
tofu waste (Putri and Sumardiono, 2020), sago, and
red beans (Phaseolus vulgaris L.) (Wahjuningsih ez al.,
2020), sweet potato flour and carrot (Daucus carota L.
var.sativus.) (Anggraini ezal.,2016),and cornflour (Zea
mays L.) and Gracilaria spp. seaweed (Purwaningsih ez
al., 2020), predicted the glycemic index of rice analog
from modified arrowroot starch (Damat e a/., 2021).

Arrowroot (Maranta arundinacea L..) can grow well in
Indonesia and can survive in various types of soil at
@) @ifferent altitudes, and productivity reaching 17 t ha™
(Djafaar and Pustika, 2010). According to Djaafar and
Pustika (2010), arrowroot productivity is relatively
high, reaching an average of 20 t ha™'. A new substance
is formed when arrowroot is processed into a starch
® @product, known as resistant starch. Astuti es al.
(2018), the resistant starch in arrowroot flour is about
22.56 %. Furthermore, resistant starch is a fraction of

starch that resists hydrolysis by digestive enzymes. Its
compact molecular structure can prevent damage by
enzyme digestion, which can lead to blood glucose.
Therefore, the resistant starch is considered suitable
for diabetics (Damat ef al, 2019a; Damat, 2013;
Fuentes-Zaragoza et al., 2010; Shukri and Shi, 2015).

The red seaweed (Gracilaria spp.) is the primary source
of hydrocolloids, it contains functional components
such as high dietary fiber that can absorb water and
bind glucose, reducing the availability of glucose in the
body, and stabilizing blood glucose (Carlson, 2018).
In addition, red seaweed is also fich'in antioxidants,
nucleic acids, amino acids, and vitamins (A, B, C,
D, E, and K). Minerals such as nitrogen, calcium,
selenium, manganese, and sodium, are detected in red
seaweed. The content of amino, vitamins, and minerals
in red seaweed is 10 to 20 times higher than plants
that grow on the land (Chan ez a/., 2014). The use of
red seaweed flour is expected to add the functional
properties of analog rice.

‘There have been many studies that reveal a lot of
studies have been|carried out on analog rice, it still has
weaknesses. The aroma of analog rice is less favorable,
and its antioxidant activity is relatively low. “Yellow-
cooked rice”, one of the Indonesian traditional recipes,
uses a variety of spices including shallot (A//ium cepa
var. aggregatum G. Don), garlic (A/ium satioum L),
ginger (Zingiber officinale Roscoe), turmeric (Curcuma
longa L), and lemongrass (Cymbopogon schoenanthus
(L.) Spreng] (Raghavan, 2017). The combination of
the spices creates a pleasant aroma and applying
this recipe into analog rice formula is expected to
improve consumer preference. The spices also contain
antioxidants, which leads to the addition of functional
value to analog rice (Shahidi and Ambigaipalan,
2015). Shallot and garlic have antioxidants activity of
about 70.7 % and 77.4 %, respectively (Mnayer et al.,
2014), while the activity of antioxidants derived from
ginger, turmeric, and lemongrass are 27.0 %, 67.8 %,
and 10.4 %, respectively (Sepahpour ez a/., 2018).

'There is no study has been carried out on the analog
rice produced from a mixture of arrowroot starch,
Glacilaria spp. seaweed extract, and spices. However,
the use of spices as a source of antioxidants in analog
rice has also not been identified. The mixture of these
three ingredients is expected to produce analog rice
with a distinctive aroma that consumers such as well
as an increase in antioxidant activity. Therefore, the

2021 | Volume 37 | Special Issue 1 | Page 160
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study aims to determine the impact of the addition
of variations in seaweed pulp concentrations and

® @spice formulations on the characteristics of arrowroot
starch-based analog rice. The goal of the future
development is to study was expected to produce
functional analog rice, which would be sufhiciently
tasty by using local food sources and would help the
nation to strengthen its food sovereignty.

Materials and Methods

" @Prepamz‘ian of raw materials
Arrowroot starch was obtained from farmers in
0 ®}30ncokusumo District, Malang Regency, East Java,
ndonesia. Gracilaria spp. collected from the farmers
in Sidoarjo Regency, East Java. The first treatment
was to wash it before soaking it in brine for 24 h.
'Then, the seaweed was blended with 60 mL of water.

Fresh spices of shallots (A//ium cepa var. aggregatum

® @G. Don.), garlic (Allium sativum L.), ginger (Zingiber
officinale’ Roscoe), turmeric (Curcuma longa LX), and
lemongrass (Cymbopogon schoenanthus (L.) Spreng.),
were also obtained from farmers in Karangploso
District, Malang Regency, East Java, Indonesia. The
fresh spices were peeled, washed, and blended with
60 mL of water.

Formulation

The ingredient formulation consisted of 100 %
arrowroot starch, mixed with seaweed pulp in
quantities of 5 g, 10 g, and 15 g. Along with spice
variations, the total amount of spices used in each
formula was 69 g. In addition, salt was added as a
seasoning and GMS (Glycerol Monostearate) as an
emulsifier. The exact formula is presented in Table 1.
Rojolele rice was used as a control against analog rice.

Extrusion

The ingredients were mixed and Maspion steamer
® @SKU 15448 for 30 min at 80 °C, steamed materials

were directly inserted into a Barata Indonesia
) @extruder, model BA-05 to form the analog rice. After

analog rice granules were formed, they were dried in

a Maksindo cabinet dryer at 50 “C for 20 h until the

water content reaches 8 % to 10 %.

Nutrition Analysis

'The nutrition analysis of dried analog rice was carried
@ @put to determine the water content, fat content with

soxhlet, protein levels using Kjeldahl methods (Siez-

Plaza et al., 2013; William and Latimer, 2019), while

the calculation of carbohydrate content uses the
carbohydrate by difference method. The fiber level
was estimated with a Fibra plus equipment, and the
residue obtained after digestion with acid and alkali
was dried in a crucible and weighed. The difference in
weight of the crucible before and after washing the
digested residues was taken as|crude fiber weight (Li
and Komarek,2017; Puwastien ez a/.,2011). Reference
was made to the AOAC 2002.02 method for resistant
starch content found McCleary ez a/. (2019).

Table 1: Formulation of analog rice from arrowroot
starch with addition of seaweed and spices.

Treatment F1 F2 F3 F4 F5 Fe F7 F8 F9
Dry material: 500 500 500 500 500 500 500 500 500
Carbohydrate

source (g)

Water (mL) 60 60 60 60 60 60 60 60 60

Emulsifier: GMS 10 10 10 10 10 10 10 10 10
(g)

Seasoning: Salt(g) 3 3 3 3 3 3 3 3 3
Seaweed pulp(g) 5 5 5 10 10 10 15 15 15

Spices

Shallots (g) 35 15 25 35 15 25 35 15 25
Garlic (g) 15 35 25 15 35 25 15 35 25
Ginger (g) 4 8 6 4 8 6

Turmeric (g) 9 5 7
Lemongrass (g) 6

Activity of antioxidant

'The antioxidants activity evaluated was observed for
both uncooked and cooked analog rice using the
radical scavenging activity method (Valdez-Morales
et al.,2014).

Each sample of each treatment was taken with a
measuring pipette of 0.2 mL. Then the sample was
placed into the test tube and a 500 pM DPPH
solution of 3.8 mL each were added. The solution
was homogenized with vortex and then incubated
in a dark room for 30 min. Furthermore, the sample
was absorbed by a UV-Vis spectrophotometer UV-vis
Shimadzu UV-1800 with a maximum wavelength of
DPPH. The antioxidant activity was calculated using
Equation (1):

Where;
Abs. Blank = 50uM DPPH Absorbance
Abs. Sample = Absorbance of Sample.

® @?2021 | Volume 37 | Special Issue 1 | Page 161
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hysical characteristics

¢BDetermination of water absorption index (WAI):

'The water absorption index (WAI) was determined

Yousf e al. (2017). Furthermore, 2 ¢ of ‘Samplé
y g P

ere suspended in 20 mL of distilled water, kept in
(2 04 p p

the water bath for 5 min at 80 "C. Subsequently,
the dispersions were rained, and their weight was
measured by Equation (2):

23/

(2)

olor measurements: Color measurements were
performed on both uncooked and cooked analog Fice
using a Hunter lab Konica Minolta Color Reader

©1lype CR-10 Plus. The method was described by

Pathare @#%all (2013). L values correspond to the

@lightness/dark color of the product, with higher values

corresponding to greater lightness. The a and b values
correspond to the color dimensions of an object, with
the values describing the red to the green of @asample,
while the b values describe the yellow to @ bluish color
of a sample. The larger a-value indicates more redness
and the larger of a b-value indicates more yellowness.

Sensory evaluation: Sensory evaluation was carried
out by 24 examiners who were trained using the seven-
point hedonic evaluation scale by Stefanowicz (2013)
for sensory attributes such as taste, aroma, uniformity

@of form, texture, and overall acceptability. Taste Score

includes 1. very bad/not tasty; 2. moderate, not tasty;

g. a bit tasty; 4. slightly tasty; 5. tasty; 6. moderately

asty; 7. very tasty. Aroma Score: 1. very weak;
2. moderately weak; 3. slightly weak; 4. slightly strong;
5.moderatelystrong;6.strong;and 7.verystrong. Texture

core: 1. very not chewy; 2. moderately not chewy;

. slightly not chewy; 4. slightly chewy; 5. moderately
chewy; 6. chewy; 7. very chewy. Uniformity of grain
score includes 1. very not uniform; 2 moderately not
uniform; 3. slightly not uniform; 4. slightly uniform;
5. moderately uniform; 6. uniform; 7. very uniform.

€@Overall Acceptability Score 1. very unacceptable;

2. moderately unacceptable; 3. slightly unacceptable;
4. slightly acceptable; 5. moderately acceptable;
6. Acceptable, and|7. very acceptable.

Statistical analysis
A Randomized Block Design (RBD) with three

replications, consisting of nine treatments were used.

@ @lhe data were analyzed by ANOVA using SPSS

version 25 and continued to Duncan’s multiple range
test'with'a probability (P'<10:05) (Adinurani, 2016).
Data from the analysis of analog rice were compared
with the physicochemical properties of Oryza sativa

L. cv. Rojolele.
Results and Discussion

Nutrition analysis

'The proximate compositions of analog rice with the
addition of red seaweed and spices are shown in Table
2.'The results are compared with cv. Rojolele.

Table 2: Nutrition of arrowroot starch-based analog rice
with the addition of seaweed and spices.

For- RS (%) Water Protein Fat (%) Carbs (%) Fiber
mula content (%) (%)
(%)

F1 15.82% 8.709%¢ 0.136% 1.444> 88.943%% 2(0.939:¢

F2 15.11* 8.706® 0.133* 1.378> 89.093%%t 20.899
F3 16.02* 8.504* 0.131* 1.150° 89.362¢%: 20.703*
F4  16.66° 9.783< 0.182% 2.34%f 87.496%«d 24.795<
F5 16.70¢  9.459¢ 0.182¢ 2.108% 87.849d 23.7174
Fé 16.75¢ 9.067¢ 0.186%f 2.080¢ 88.217>f 24.691°
F7  17.58° 10.564" 0.212s» 3.078%" 86.041*  30.5502
F8 17.60° 10.482h 0.197%f 3.0445 86.157* 30.805s"
F9 17.43F 10.1408 0.203%" 3.061%" 86.480*> 30.810s
c.Ro- ND  13.00 84 1.70 77.11 ND
jolele*

The numbers followed by letters that are not equal indicatea noticeable
difference according to.a test of Duncan v 5 %.

ND: Not detected; RS: Resistant starch

* Sumardiono et al. (2014)

The resistant starch content of analog resistant fice
ranged from'15.82 % to 17.43 %. This indicates that
the higher the concentration of Gracilaria spp.seaweed
pulp added, the higher the level of resistant starch
increased. According to the fiber Content of fresh and
dried in Gracilaria spp. seaweed reaches 11.2 % and
27.48 % approximately (Purwaningsih ez a/., 2020;
Rasyid ez al., 2019). The fiber consists of resistant
starch and non-starch polysaccharide (Holscher,
2017). The high fiber of analog rice due to Gracilaria
spp. seaweed pulp shown in Table 2 is suspected
to contribute to the resistant starch of analog rice.
Meanwhile, the addition of spices is assumed to not
affect increasing the resistant starch of analog rice.
The role of spices is to contribute distinctive aroma
and antioxidant resources.
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ighlevels of resistant starch can also be caused by the

@) @rcaction between the emulsifier glyceryl monostearate
#® @(GMS) and amylose. Amylose can bind to' fats and
proteins, which will complicate the enzyme lead to
starch digestibility decreases. Furthermore, GIVIS is
an emulsifier with one of the structures of stearic fatty
@ @hcids, which can bind to amylose to form a matrix.
® @1his binding decreases the water absorption of the
matrix. Consequently, gelatinization does not occur
optimally. This correlates with thedifficultyof enzymes
@) @breaking down starch into simpler structures, which
#) @lead to low starch digestibility (Magallanes-Cruz ez
al; 2017; Susi ef al,, 2019). The laddition of glycerol
monostearate in starch forms an emulsified starch
complex that stabilizes the granules and delays water
penetration and swelling, thereby decreasing starch

@digestibility (Garcia and Franco, 2015; Yang g&lal;

& @2017).

Thewater contentof the analogrice showed significant
differencesbetween the formulas,rangingfrom 8.504%
s ento 10.564 %, with the lowest and the highest moisture
content approaching that of Formula 3 and Formula
7, respectively. By using the number followed by the
® @@lctters in the Duncan test, it was shown that the higher
amount of secaweed added, the higher the moisture
content would be obtained, due to the high moisture
contained in seaweed. According to Keyimu (2013),
the water content of Gracilaria spp. was 41.96 %.
@ @Although the addition of seaweed increased the
o eymoisture content of the analog rice, the value was
” aower than cv. Rojolele. Moreover, the moisture
%) @content of the analog rice in all formulas met the SNI
(Standard Nasional Indonesia = Indonesian National
Standard) that the water content of rice should be
below 14 % (Sarastuti ez al., 2019).

]

” @The protein levels increased with the addition of
seaweed pulp, which is indicated by the difterent
letters that follow the numbers. Gracillaria spp.
contain protein up to 12.57 % (Chan and Matanjun,
2016), even reached 41 % to 45 % (Francavilla er
al., 2013), while arrowroot starch displayed 0.60 %
(Aprianita e al., 2013). SNI (Standard Nasional
Indonesia = Indonesia National Standards) Rice No.
6128-2008 states that there is no minimum protein
requirement for rice, but the Ministry of Health
no. 6128-2008, Republic of Indonesia, recommends
that analog rice contain 6.8 % protein. In contrast,

- Ghe protein content of the analog rice in this study
was less than 1 %, which is lower than cv. Rojolele.

® @The low protein of the analog rice in'this study s

predicted at the least amount of seaweed added.
Similar to protein data, the fat of analog rice also
increases with the addition of seaweed, this can be seen
from the different letters that follow each number.
According to Chan and Matanjun (2017), Gracillaria
spp. has a fat content of 11.05 %. Meanwhile, it was
predicted that the spices do not contribute to fat, the
fat of spices was not more than 1 % such as for ginger,
shallot, garlic, and turmeric just has 1 %, 0.3 %, 0.5 %,
and 0.9 % respectively (El-Sayed and Youssef, 2019).
The fat of analog rice ranged from 1.150 % to 3.061 %,
while cv Rojolele has 1.70 %. Therefore, this level is
similar to milled rice and analog rice derived from
groats with destruction ranging from 2.9 % to 3.4 %
and 0.3 % to 3.7 %, respectively (Olia ez al., 2014;
Purwaningsih ez a/., 2019).

A contrast phenomenon occurs i the carbohydrate
content of the analog rice, which showed no significant
difference in each formula since it was followed by the
same letter in the Duncan test. This indicated that the
material that contributed to the carbohydrate content
of the analog rice was derived from arrowroot starch,
which has 89.88 % of carbohydrates (Wahyuningsih
and Susanti, 2018). The carbohydrate in this study is
higher than cv.Rojolele, which was measured at 78.9 %.
Other studies on analog rice have an average value
of carbohydrate content of less than 85 % (Budijanto
and Yulianti, 2015).

'The fiber contentofthe analogricein thisstudyreached
up to 31 %. Higher amounts of seaweed resulted in
higher levels of fiber. According to Purwaningsih ez a/.
(2019), seaweed has a food fiber content of 11.20 %.
Meanwhile, the spices were determined not to have
fiber content, and arrowroot starch also had low fiber
(Wahjuningsih ez al, 2018). The analog rice fiber
content in this study was higher than any polished
rice, which only has 5 % to 6 % (Oo and Than, 2019).
Pudjihastuti ez a/. (2019) stated that analog rice has a
tood fiber content of 5 %. Head of the Food and Drug
Supervisory Agency No. 22-2019 suggests that food
products can be a source of fiber if they contained more
than 3 g 100 g™* (in solid form) and 1.5 g 100 kcal™
(in liquid form). The regulations stipulate that high
fiber products or foodstuff, should not contain less
than 6 g 100 g (in solid form) or 3 g 100 kcal™
(in liquid form). According to these statements,
the analog rice in this study can be categorized as a
product with high fiber because it is made up of more

than 6 % of food fiber.
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Antioxidant activity (2014) reported that lemongrass extract contains total

A comparison of the antioxidant activity between

® @@pre-and post-cooked analog rice is shown in Table 3.

L]

L]
-

The antioxidant activity of the analog rice was more
significant than cooked rice. This condition showed
that heating influence the stability of antioxidant.
According to Hur ez al. (2014) high temperatures
destroy the antioxidant compound. Moreover,

@Shahidi and Ambigaipalan (2015) stated that oxygen,

alkali, light, minerals, and hydroperoxides degrade
a-tocopherol. The presence of food moisture and
atmospheric oxygen can promote chemical changes
and antioxidant loss (Hur e a/., 2014).

Table 3: Comparison of antioxidant activity in pre- and
post-cooked of arrowroot starch-based analog rice with
the addition of seaweed and spices.

Formula The activity of antioxidant (%)

Rice Cooked Rice
F1 34.724 &f 21.238 cdef
F2 26.653 a 20.734 cde
F3 32.994 « 16.091
F4 34,215 df 24.946 f
F5 28.077 ® 30.490 P
F6 29.705 ¢ 26.998 &"
F7 38.861" 19.762 bd
F8 34,113 ¢ 19.222 be
F9 35.605 defegh 13.175°®
cv. Rojolele* ND ND

The numbers from the letters that do not equal indicate a noticeable
difference according to a Duncan a 5 % fest.

'D: Not Detected.
" Sumardiono et al. (2014)

The component that contributed to the antioxidant
activity was predicted from the spices added.
Difterent amounts of spices in each formula induced

@led to antioxidant activity detected. According to

Asouri ef al. (2013) antioxidant activity in the form
of curcumin levels in turmeric is more than 62.0 %.
Subsequently, onion has a flavonoids content of
quercetin conjugation that can retain its stability up
to the temperature of 100 °C. At the same time, the
otal polyphenol of garlic extract in ethanol ranged
from 559 mgkg'to 763 mg kg ! (Micova ez al.,2018).

The ginger extract in the water solvent contains a
total of polyphenols, tannins, and flavonoids, reaching

% €840 mg 100 g™, 1.51 g 100 g™, and 2.98 g 100 g,

respectively (Shirin and Prakash, 2010). Kanatt ez a/.

phenolics and flavonoids of about 100 mg and 30 mg,
respectively, and both spices and seaweed generated
antioxidant activity. Gracillaria spp, which is classified
as a red algae (Rbodophyta Wettstein), contains
chlorophyll with phycobilin and carotenoids, also has
antioxidant activity (Chan ez a/., 2014). Although the
antioxidant activity of analog rice in this study was
categorized as low capacity (less than 50 %), this can
be considered as a functional food by reformulating
the number of spices and amount of seaweed to
increase antioxidant activity.

Physical characteristics

The physical|characteristics @fthe analog Fice are
presented in Table 4. The WAI was found to be
insignificant according to the formula, which had
the same amount of seaweed added. However, the
more seaweed added, the less WAI detected. Water
absorption is the amount of water absorbed by the
flour to create a dough with a malleable consistency.
It is determined by the protein content of the flour,
the starch damaged during milling, and the presence
of non-starch carbohydrates (Murray ez al, 2017).
Seaweed contains fiber as a non-starch carbohydrate,
dietary fiber consists of polysaccharides with B (1-4)
bonds, which cannot be digested by the salivary
glands and pancreas but can be metabolized bacteria
present in in the large intestine and produce short-
chain fatty acid (SCFA) (Damat, 2013; Holscher,
2017). Starchy foods absorb water more easily due
to the availability of reactive amylopectin molecules
from water molecules (Magallanes-Cruz e£al;2017)!

The L value (brightness) of the analogricein this/study
was varied and ranged from 69 to 72 when the effect
of various amounts of spices was added (Table 4).
This indicated that the analog rice was considered
bright (Figure 1a), similar to the cv. Rojolele, which
had an L value of 72. However, after cooking, the
L value of the analog rice dropped to 49 % (Table 4),
which indicated a darker color than before cooking

(Figure 1b).

The yellowness of the analog rice in this study was
more intense than cv. Rojolele (Table 4). The yellow
color was derived from curcuminoid as a pigment
in turmeric, which is added up to 5 % (Nelson e a.,
2017). The cooking process decreased the brightness
and increased the yellowness of the analog rice (and
vice versa). Priyadarsini e# al. (2014) claimed that the
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Formula

= @Fl

L]

L

L]

F2
F3
F4
F5
Fé6
F7
F8
F9

cvi Rojolele’

Water Absorbant In- L (brightness)

dex/ WAI (%) Rice
320.508s" 70.533bede
316.943¢ 72.233
321.228 71.1004:fh
265.499% 69.100°
276.175¢ 70.800¢d<
258.8414 70.000>
182.718® 69.767®
182.873¢%< 71.000%f
182.698* 70.300°
ND 72.57

able 4: The physical characteristics of arrowroot starch-based analog rice with the addition of seaweed and spices.

b+ (yellowness)
Cooked Rice Rice Cooked Rice
50.267% 25.433! 27.400¢
52.700" 23.233< 25.233bcdef
51.500<f 24.3338h 25.700¢df
50.467b4 24.2008 26.233fh
52.200<&" 22.367* 24.667
51.300c 23.267¢ 25.033bcde
49.567* 23.300¢4f 24.867
51.3334f 22.467® 23.500?
50.433b¢ 23.033b¢ 24.333®
ND 8.64 ND

The numbers followed by the letters that do not equal indicate a noticeable difference according to a Duncan o 5 % test.
ND: Not Detected. *: Sumardiono et al., (2014)

0

L] w: igure 1: The color of the raw analog rice (@) and cooked analog rice
(b) with the addition of seaweed and spices.

colorvalueofheat-treated turmeric powderisenhanced
at higher temperatures. In addition, the action of
polyphenol oxidase (PPO) triggers the browning
reaction and leads to the dark brown color of turmeric.

Sensory Characteristic of the Cooked Analog Rice

Table 5 presents the average score of the sensory
characteristic of the analog rice in the various formulas.
'The taste and aroma scores of the analog rice showed
a significant difference in several formulas. Each spice
contains volatile compounds that caused a distinctive
smell and complex flavor. For example, turmeric
produces a bitter and smelly flavor (Vallverdi-Queralt
et all,2015). However, these flavors combinations are
challenging to interpret. There are several volatile
responsible for a flavor sensation, while combinations
of volatiles yield different flavors cause difterent
perceptions (Chamber and Kadri, 2013). Moreover,
the person evaluating these sense were an untrained
panelist. However, the taste and aroma of analog
rice with grades from 3.4 to 4.2 were rather “slightly
tasty”, while the aroma score ranged from 3.9 to 5.2,
suggesting a strong aroma.

The score of texture and uniformity of grain were
predicted by the seaweed effect, which is supported by
the data of water content (Table 2) and WAI (Table
4). Furthermore, carrageenan found in seaweed plays a
role in the formation of chewy textures. According to
Prajapati ez al. (2014), seaweed produces carrageenan
that can react and function well with sugar, starch,
gum, and other materials, the formation of the gel was
due to the double helix structure of the carrageenan.
Arrowroot starch, the raw material of analog rice
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caused a chewier texture compared to the texture of
©the rice selected as the comparison group. The amylose
to amylopectin ratio present in starch contributes to
Ethe hardness and toughness of cooked rice (Damat
et al., 2019b). It can be indicated that the higher the
amylose levels in the rice, the harder the rice texture
and vice versa. Arrowroot starch contained 21.9 % of
@amylose and 62.3 % of amylopectin (Aprianita ez al.,
2013). Boiled arrowroot starch cause gelatinization,
hich coats the surface of the cooked grains (Tamura
and Ogawa, 2012), contributing to the improvement
of rice-eating quality (Wada ez a/., 2010). The texture
and uniformity of the analog rice grain received a
positive assessment from the panelist. The texture
ranged from 3.8 to 5.1 and tended to be chewy, but if
the uniformity of grain ranged from 3.9 to 5.2, then
tend to be uniform.

Table 5: Sensory characteristics of cooked arrowroot

starch-based analog rice with the addition of seaweed and

spices.

Formula Taste Aroma Texture Uniformity Overall Ac-
of grain ceptability

F1 4.083% 4.625> 5.167:h  5.375¢% 3.792¢
F2 3.333* 4.917> 4.208* 3.833® 3.208°
F3 3.792¢ 4.875 3.875*  3.250° 3.583¢
F4 3.833< 4.708% 4.250%d  4.792¢ 3.458"
F5 4.167% 5.125 5.000% 5.708f%" 3.625
@F6 42924 5.292¢ 4.875bdf 5.958zh 4.083<
F7 3.500° 3.958* 5.000fh 5.083¢ 3.333b
F8 3.792¢ 4.958> 4.125®  3.958®«d 3208
F9 3.417® 5.125% 4.458bcde 3,87 5qb¢ 3.458"<

The numbers followed by the letters that do not equal indicate a

- onoticeable difference according to a test Duncan o. 5 %.
L

€)lhe overall acceptability scores of the analog rice
ranged from 3.2 to 4.0, indicating that it is slightly
acceptable. The panelists stated that the analog rice

- ewas less salty and had a slightly bitter taste. The

panelists selected the F6 as the best formula, which
has the character of a slightly tasty, chewy, uniform

. egrain and flavorful aroma.
L

Conclusions and Recommendations

'The use of seaweed and spices mixed with arrowroot
starch can produce the desired analog rice quality,
similar to the cv. Rojolele in water content and

arbohydrate. The water content of analog rice in this
study fulfilled the Indonesian standard requirement.

The addition of seaweed also increases the fiber
content and resistant starch content of the analog
rice, which can be categorized as a high fiber product.
Meanwhile, the addition of spices contributes to
antioxidant activity and consumer acceptance. The
spices help analog rice to be colorful and to have a
flavorful aroma, the modified analog rice can serve as
an alternative functional food.
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