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Development of Sugar Free Riceberry Pearl Enriched with Dietary Fiber
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ABSTRACT

The research aimed to develop healthy pearls
from riceberry rice by selecting the basic formula and
studying the appropriate ratio of using riceberry flour as a
substitution for tapioca flour at 5 levels, namely 0:100,
25:75, 50:50, 75:25, and 100:0, varying the pearl boiling
time at 35, 40 and 45 minutes. The results showed that
when increasing the amount of riceberry flour and boiling
it for a longer period of time, the hardness and springiness
of the pearls decreased. The appropriate ratio was 25:75
(riceberry flour: tapioca flour) by boiling time the pearls for
40 minutes, with the highest overall liking score. The study
of the amount of konjac to increase dietary fiber in
riceberry rice pearls at the levels of 0, 5 and 10 percent
found that the appropriate level was 10 percent. The
addition of konjac made the pearls have a tougher and
chewy texture with increased springiness (1.42N) and
gumminess (3.21N) values from the control sample. The
formulation development by studying the ratio of
sucralose, a sweetener, and a substitute of brown sugar.
The results found that sucralose at 0. 42 percent
(percentage by weight) could be used in place of 100
percent brown sugar in the control formulation. The
amount of reduced sugar was 5.84 ¢/ 100g, which was
approximately 3 times less than the control sample (16.50
¢/1009). In addition, the developed formula had a moisture
content of 23.85%, 0.30% ash, 2.10% protein, 0.95% fat,
2.12% crude fiber, and 70. 68%
microbial quality and all yeasts and molds at 0 cfu/g. The

carbohydrates, with

testing by 200 consumers of developed healthy pearls
from riceberry rice, found that 94% of consumers accepted
the product and 92% were interested in purchasing the
product.

Keyword: pearls, sugar-free pearl pellets, riceberry rice,

development of pearls
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Table 1 Ingredients of tapioca pearls from three different formulations

Formulations

Ingredients (%)

1 2 3
Tapioca flour 44.83 46.30 53.33
Brown sugar 15.52 22.22 20.00
Cocoa powder 5.17 3.70 13.33
Water 34.48 27.78 13.33

Remark: formulation 1 [12], formulation 2 [13], formulation 3 [14]
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Table 2 Formulation of konjac pearls with different konjac power level

Percentage of konjac powder

Ingredients (g)

0% 5% 10 %
Tapioca Powder 93.75 93.75 93.75
Riceberry Rice Flour 31.25 31.25 31.25
Konjac Powder 0 7.25 14.50
Brown Sugar 60 60 60
Cocoa Powder 10 10 10
Water 75 75 75
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Table 3 Formulation of healthy pearls from riceberry rice flour without sugar

Percentage of sucralose

Ingredients

0% 100%
Tapioca Powder (g) 93.75 93.75
Riceberry Rice Flour (g) 31.25 31.25
Konjac Powder (g) 27 27
Brown Sugar (g) 60 0
Sucralose (g) 0 0.10
Cocoa Powder (g) 10 10
Water (g) 75 75
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Table 4 The sensory scores of healthy pearls for three formulations

Sensory Scores

Formulation

Texture

Appearance Color Odor Flavor Sweetness Overall liking
(Stringiness)

1 7.14°+0.72 7.20°+0.89 6.84°+0.99 6.98°+0.91 6.72°+1.04 7.20°+1.17 7.08°+0.91

2 7.26°+091 7.30°+0.93 7.00°+1.11 7.06°£0.95 7.12°+1.19 7.30°+1.12 7.16°+1.05

3 6.58°£0.98 6.72°+1.04 6.34°+1.14 654°+1.24 656°+1.06 6.32°+1.33 6.60°+1.04

Data are shown as average + standard deviation

a,b,c

The means followed by same letter are not significantly different in the same column ( p<0.05)

Note: 1 = formulation no.1, 2 = formulation no.2, 3 = formulation no.3
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b*) uazAndoduia wuiniideliynansi 3 a1
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uazdien a* winftan aldyngnsifdaoutiand,
esaniiusmamdnlAlugasuiniigndwaliide
lynitElnush nAniloduiadialdyniis 3 gas @
A1 cohesiveness kag adhesiveness Liuansingiu
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#1199 ga71an AAARDITUNANTITNAABUNINIEAIN
Mdalugngasiiian gumminess ¥ niian §9na17
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Igadegnen 2 Judialugnidiailedudaifgn

=3 v oA = ~ % Aaa
JelaAnidiangnsi 2 wielildansuinsgiunaign
Wiansiausely

Table 5 Color and texture qualities of healthy pearls from three formulations

Formulations

Property ) ” 5
Color quality
L* 33.38°+0.61 32.80°+1.49 30.14°+1.27
a*® 3.65+2.17 3.28+1.52 3.72+2.48
b* 3.86°+1.35 2.10°+1.75 2.85°+3.54
Texture quality
Hardness (N) 2.90°+2.11 3.05°+3 58 4.08°+3.10
Adhesiveness (N)™° -1.05+1.14 -0.90+1.08 -1.20+1.20
Springiness (N) 1.20%°+2.10 1.37°£1.07 1.08°+1.44
Cohesiveness (N)V° 0.90+1.31 1.20+1.56 1.14+1.09
Gumminess (N) 2.80°+2.43 3.01°+2.15 2.95%°+1.80
Chewiness (N) 2.10°+2.60 2.92°+1.40 2.70°+1.19

Data are shown as average + standard deviation

““ The means followed by same letter not are significantly different in the same row (p<0.05)

Note: 1 = formulation no.1, 2 = formulation no.2, 3 = formulation no.3

NS
, (
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wasInaunuudefuduznas
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within the same row) means not significantly different (p=0.05).
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Table 6 Sensory scores of healthy pearls from varied the level of riceberry rice flour with different

konjac power level

Percentage Sensory scores
Boiling
of riceberry .
time
substitution . Color Odor Flavor Sweetness  Texture Overall
(%) (min)
35 6.76°£0.90  6.93+1.14  6.93+1.20  6.33°£0.80  7.03°+1.10  7.20°°+1.06
0 40 6.90+0.87 6.80°+1.25 7.10°+0.70 7.06°0.74  7.66°+1.1  7.46™+0.78
45 7004112 6.28+1.03 6.08°+0.87  7.14¢1.14  7.38°+0.97  6.90°+1.04
35 8.00" £0.90 8.02°£0.90  7.66°+0.77  8.00°+1.09  7.33°+0.90  7.66°+0.97
25 40 8.33°+1.07 8.16°+0.97 7.23°+0.90 7.93°:1.14  8.66°+0.87  7.83°+1.08
a5 7.66°+1.20 7.73°+0.80  7.68°+1.04  7.33°+0.76 8.10° +1.15  7.06°+1.24
35 7.40°+0.90  6.00°+1.00  6.33°+0.97  6.66°£1.20  7.00°+1.31  7.00°+0.66
50 40 7.70°£0.75  6.66°+0.80  6.00°+0.82  6.33°t1.14  6.66°+1.20  6.80"+0.96
a5 7.14°+0.94  6.33:0.97 7.0040.70  6.66°+1.19  7.00°+0.97  6.57°+0.80
35 5.68°£0.97  5.33°:0.78  5.00°+0.90  4.63°+0.60  4.00"+1.00  5.70°+1.02
75 40 5.43°£0.90 5.08°:1.00 5.00°+0.92  5.33+0.90  5.33'+0.94  553°x1.17
a5 5.13'+1.35  4.67'+0.97 5.33°:123 5.40%0.72 4.33¥+0.87 5.00°+1.40
35 5.60°£1.27  4.66'+1.27  4.43°+1.27  5.00+0.90 4.00"+1.13  4.20'+1.20
100 40 5.12'+1.06  5.02°t1.02 4.66+1.20 5.06+0.76  4.66°+0.87  4.33+1.36
a5 0.67°+1.18  5.13°x0.84 4.61+1.15 433"+1.20 3.90'+1.40  4.00+1.28

Data are shown as average + standard deviation

*' The means followed by same letter not are significantly different in the same column (p<0.05)
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Table 7 Color of healthy pearls with different treatments
Percentage of riceberry Boiling time Color
substitution (%) (min) L* a* b*
35 37.30+1.46° 2.73+0.17% 4.10+0.98°
0 40 37.42+0.39° 3.14+0.16° 4.02+0.47°
a5 35.95+0.21% 2.71+0.56% 3.18+0.26
35 36.510.60%° 3.26+0.44% 3.68+0.34°
25 40 36.15+0.72™ 3.28+0.16™ 3.52+0.79°
a5 36.09+0.49™ 3.52+0.43 3.06+0.53°
35 36.13+1.46™° 3.60+0.20" 4.05+0.69°
50 40 35.33+0.497° 4.00+0.84°° 3.36+0.40°°
45 35.11+0.76™ 4.22+0.40™ 3.16+0.31%°
35 35.97+0.50™ 3.78+0.46™ 3.15+0.68°°
75 40 34.12+4.23° 4.43+0.36™ 2.18+0.32"
45 33.84+1.34° 4.40+0.19% 1.89+0.24°
35 34.36+0.79° 4.17+0.28" 2.43+0.43"
100 40 33.76+0.26% 4.58+0.50° 1.95+0.26°
45 32.99+0.12° 4.77+0.09° 1.92+0.59°
Data are shown as average + standard deviation
*d 3-d Means within the same column with different letters are significantly different (p<0.05)
Table 8 Cooking time on Texture Profile Analysis (TPA) value
% of Boiling . L. i . .
Riceberry e Hardness Adhesivene Springiness Cohesivenes Gumminess Chewiness
Rice flour (mir) (N) ss (N) (N) s (N) (N) (N)
35 3.80°+0.10  -0.04'+0.12  0.96°+0.18  0.94°+0.03  2.07°+0.10  1.99°+0.16
0 40 334°+0.24  -0.09'+0.23  0.95°+0.07  0.91°+0.05  3.05°+0.14  2.89°+0.23
45 2.79°40.08  -0.21£0.15  0.95°+0.12  0.93°+0.10  2.32°+0.10  2.19°+0.20
35 3.95°+0.17  -2.70°:0.20  0.91°+0.12  0.66°+0.08  1.29+0.08  1.10°+0.30
25 40 3.16°+0.50  -1.75°#0.05 0.85°+0.12  0.60°°£0.02  1.88°:0.20  1.44°+0.24
a5 2514026  -2.21°+0.10  0.77°+0.04  0.75°+0.14  1.87°+0.17  1.71°+0.18
35 298°+0.18  -1.16°+0.16  0.61°°40.05 0.51°¢0.09  1.52°+0.05  0.93°+0.17
50 40 2.89°40.05 -0.54'+0.30  0.57°+0.05  0.52°:0.11  0.99°+0.07  0.57°x0.03
a5 2019£0.12  -0.22'+0.20  0.67°£0.07  0.42°+0.20  0.84°:0.14  0.56°+0.07
35 261°40.13  -0.75+0.15  0.64°+0.11  0.50°0.14  0.81°+0.16  0.51°+0.12
75 40 1.06+0.20  -1.66°+0.07  0.67°+0.10  0.53°+0.19  1.08°+0.07  0.72°+0.35
a5 1.97°+0.09  -0.26+0.30  0.67°+0.05  0.54°+0.32  1.11°+0.10  0.74°+0.19
35 1.24'+0.15  -5.83°£0.25  0.84°+0.03  0.62°+0.02  1.02°+0.12  1.70°+0.15
100 40 1.80°+0.10  -16.15°+0.14  0.57°+0.08  0.38°£0.07  0.31°+0.16  0.17°+0.10
a5 1.78°£0.14  -9.18°+0.27  0.24°+0.17  0.23°+0.09  0.22°+0.30  0.05°+0.14

Data are shown as average + standard deviation

¥ The means followed by same letter not are significantly different in the same column (p<0.05)
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Table 9 Sensory scores of healthy pearls enhanced konjac powder with different treatments

Percentage Sensory scores
of Konjac NS ns  Texture )
Color Odor Flavor Sweetness Overall liking
powder (Gumminess)
0 7.08+1.14 6.65°+1.23 6.25°+1.20 7.33+1.10 6.64°+0.92 6.53°+1.08
5 7.00+0.70 6.33°+1.27 6.40°+1.04 7.20+0.94 6.70°+1.13 6.66°+0.97
10 7.10+0.90 7.33°+1.08 7.33°+1.02 7.60+0.70 8.20°+0.70 8.04°+1.02

Data are shown as average + standard deviation

P The means followed by same letter not are significantly different in the same column (p<0.05)

NS (within the same column) means not significantly different (p=0.05).

*Corresponding author e-mail: pattrapornsukk@pim.ac.th
'AYN133INN1353MI01MNT an1dunsIan sty Ada

'Faculty of Food Business Management, Panyapiwat Institute of Management



MIasmaluladn1semns uninendeasiy Ui 19 atui 1 unsiay - Tguieu 2567 62

91 Table 9 WawnyntuusuaunnUuyinli
=3 1 =1 dy (Y] U d' =3 d%’ dy
daldyndifledudanniiuyy lunistanwaneasy
ANUYBUNIUTEAMANNE MsANunSevay 10
A9NAYN AL ANALLUUANYDUATUNA Y NAUTE T4
U Wadud (Puutu) wavauvaulnesiuluy

seuTiganin mafuyniifesar 0 uay 5 laeszeu
AZLUUAIUYDUTAULANAIIDE 1T TEE1AEY N9
afif (p<0.05) FetuTsdndennnfuynitfesay 10
dwdudnulududald

Table 10 Different of konjac powder level on color and Texture Profile Analysis (TPA)

Property 0% Konjac powder 5% Konjac powder  10% Konjac powder

Color

L*NS 36.15+0.72 36.26+0.47 36.90+0.10
a* 3.28°+0.16 4.17% +0.27 4.45°+0.46
p*° 3.52+0.79 3.86+0.32 3.43+0.49
Texture

Hardness (N) 3.16°+0.50 4.12°+1.76 4.14°+1.68
Adhesiveness (N) -1.75°+0.05 -1.32°+0.26 -0.84°+0.18
Springiness (N) 0.85°+0.12 0.86°+1.16 1.42°+1.44
Cohesiveness™ (N) 0.60+0.02 0.70+1.69 0.78+0.21
Gumminess (N) 1.88°+0.20 2.89°+0.45 3.21°+1.09
Chewiness (N) 1.44°+0.24 2.48°+2.40 2.96°+2.30

Data are shown as average + standard deviation

¥ The means followed by same letter not are significantly different in the same row (p<0.05)
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v 5 A & oqv .a | Ay va a v
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10 Tiend Lra*b* ladusnsineiu iflesannundldvna
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within the same row) means not significantly different (p=0.05).
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srauwnveslusiuludalayn [26] vilidalagynd
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malszamduda Waldynidinisfiuynsaway 10
daaraMINTLYDITEAUALYOUVRIUTLNAYINIA
TANALBUUANUTBUATUNE U NAUTA SANINY 11D
durla (rnamilu) wazanuveulaesinlusyauiig
~ = = ~ v W | o Ao a
NgailawSouguiuiieg1sduaninisiiuyn
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a. msfnwwavasnsldganiasunudimanae
unsrannnmvausinliynanullsdnlsdiuess

nsnwnavesmsldyaslaaunuiinia
niuassodveadinliynainutisinalsdiuess
Tnefnwsziunsidasaunuanumiuiifosas
0 (gnsAuAy) Wagiosa 100 lanass Table 11

Table 11 Effect of sucralose on color of healthy pearls

Color of healthy pearls

Percentage of sucralose

L* a* b*
0.00 36.90°+0.76 4.60a+0.32 3.45%+0.59
0.42 37.74%+ 0.30 4.07°+0.45 3.02°+0.62

Data are shown as average + standard deviation

*"The means followed by same letter not are significantly different in the same column (p<0.05) using Independent

Samples T-Test

310 Table 11 MsiANgAIaadINafond
vow1ee1s msldgasilaatonar 0.42 Rmiimiin
Gu'eNa'aumamﬁg’/wmiuqmammm@Lmumﬂﬁff
ﬁwmaqumﬂmﬁlﬁ%aaaz 100 \Junavinlian
Anuaiswedgnsiildyaslaaian L*=37.74 g
ﬂdﬁ@;mﬁii’fﬁnmaﬂﬂa%aﬁm L* = 36.90 wazian
a* (4.07) waz b* (02.3) ﬁﬁﬁﬂiwqmﬁiﬁﬁﬂfﬂmaﬂﬂa

Mellillasangasildiimanmeuns@nsuni) ag

a

AnuAsewaansea (maillard reaction) vuns

a dg” ! g aa s o A = =
Wt uszninaniaifidiunsnesilulusiunie
arsusenavlulasinuduqeglundndulaed

% ] aaa a avwy I3
ANFausIU AT nandnnlaaiduaisuseney
anstanlAduInIaLarnaUTanI199 e 1ATUIN

o & | a = 19 ¢ e o
nsdndalyyndudetialsdivesswazudadu
dizudsndesAusznavvedlusiuwazildiunay

H Y o9 v & | N o o a
yoaealudnsi e liyniduinauasindusea
WwIzYasansewasiliiAnUuizeuaansa
(maillard reaction) ¥u [27]

Table 12 Effect of sucralose on sensory scores of healthy pearls

Percentage

Sensory scores

of sucralose Color ™ Odor " Flavor™  Sweetness ™ Texture ™  Overall™
0.00 7.66+0.87 7.65+0.57 7.33+0.96 7.33+0.90 7.66+0.57 7.63+1.20
0.42 7.22+0.80 7.20+0.90 7.40+1.13 7.08+0.68 7.82+1.14 7.33+1.08

Data are shown as average + standard deviation

NS (within the same column) means not significantly different (p>0.05) using Independent Samples T-Test.
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310 Table 12 nan1snadauUsvaINduia
seninsgesiialiynaindilsdiuesisesas 25
asuyndesar 10 uarldgarilaaunutimanse
unsdoway 0.42 (mdnsulugnaionmn) i
naununslithmansoundugasldfosas 100
SowSeuifisuiudaldyngnsmueuiitnlsdiues

F¥ovaz 25 waluyniovas 10 uazldgasilaauny
hnafesay 0 nuingnsitldgaslaaunuiinia
ns1unsdenay 0.42 (Wmiinsaulugnsitanue)
lasuazuuuaurounIsUszamdudaluyn
Aanvazliuandegeiideddynsadfduida
lasnamsaIuau (p>0.05)

Table 13 Effect of sucralose on reducing sugar of healthy pearls

Percentage of sucralose

The amount of reducing sugar (g/100g)

0.00
0.42

16.50
5.84

o

310 Table 13 N1sAnwIUSINIMEIAG
Tundnsaeidaluyninaunuiiniansieundsiey

[=d

L3

aslaa nuIBiUSInaas AT uNI AR ]
Aflthmansiouns Feiiusnaniniaiiiddevas
5.84 ﬁ'mamL.Lﬂﬂuquﬁmaa'NLﬁm $19910
fog1munuiildyaslaadenay 0 lugnsding

drulsznauimdundataziiniansiownavinliian
gt; aa o‘d‘ 1 % d'
UINIRTAIF NN (sayay 16.50) WU B99NY
asNaaiduansliarnuminuunudiaiadn lula
wauaziatsvtuinialdu 0 Tuvaziiuinia
NTBUAIIANA 19 1UUTZUU 4 keal/g [28] wazdle
fatuinausTann 73-75 [29]

Table 14 Chemical composition of developed healthy pearls compare with control bubble tea

Chemical composition

Percentage of sucralose

(%) 0.00 0.42
Moisture 23.19 23.85
Ash 0.17 0.30
Protein 0.89 2.10
Fat 0.97 0.95
Crude fiber 0.47 2.12
Carbohydrate 74.31 70.68

NANTILATIE B UsznoUnInALlvadn
Tnfmaunuoutsimlsfiuesidesas 25 afule
pwnsUnAnntma Wisuifleutusednseuny
(wAs1lad Sovay 0) Aawantly Table 14 wuin ua
Ty ndifauinds fuTuna i Wsiu uarloons
asnidegeuay fegsinlsdgnsiimuiudn
fuiluusiaiiinnitannsaesuielddndans
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Fogaiitlasrusyneuvest1lsdwessuarlifivina
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flosiUsznevvesnslulawnsn Tuvasiidiaansie
unsiinnslulewsmegluuiinasnn Suiilvimaegned
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Auauyadasyge lnedlA1 TEAC vy 883.03
lalasluasiansy wse 221.014 fadnsusensy [32]
FaenAdaatusIeUYes Jonhjaited et al. (2018)
[33] wui Inlstuessuoulnleeniugsie 87.46
fiadnsu o 100 NS & sdonnd ot uuI Ve
Sueaman et al. (2019) [34] Sngnefinuinauannse
Tumilﬂumiﬁma%a@aizﬁqqﬁ?u%LLUiﬂTumqﬁ'U
UsinamauTnlesniu 91nauideinuiwans s
Lﬁmlsu'agﬂﬁﬁ@umﬁuﬁﬁwmmmmmﬁlumséfma%a
da3z DPPH assay (umol TE/g) 7 119.72 umol TE/g
Tuvagidaldyngasmunu flimmausaluns
Auayadasy DPPH assay (umol TE/g) fisnan
1W1AU 80.25 pmol TE/g MNNTILATIENANAINIG
Tnsumsveadialdyndlsdiueignslsihnaiii
mswauansanale i unandaeiiuselovd
fasemeannsateluls oswesssuutuang N3
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Twdontrgsianssa wazduouyadase usu

Table 15 Microbial quality of the developed
healthy pearls

Total plate count Yeast and Mold
(cfu/g) (cfu/g)

0 0
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Table 16 Sensory test results of developed healthy pearls

N=200
Sensory characteristic Developed healthy pearls
Color 7.00+1.16
Odor 7.10+0.94
Flavor 6.40+1.12
Sweetness 6.80+1.25
Texture (Stickiness) 7.30+1.14
Overall liking 7.14+1.20

310 Table 16 wu31 {uslaaliAzuuy
ANUYBUNUE (7.00), ndu (7.10), Wodura (AN
wilv) (7.30) wazauveulnesiu (7.14) aglusedu

UUNAe @IUAIUTDUAIUNAUTE (6.40) WALSH
w1 (6.80) aglusziureuidntios

Table 17 Consumer acceptance of developed healthy pearls

N=200
Question Yes (%) Undecided (%) No (%)
Product acceptance 94 4 a4
Purchase Intention 92 6 2

310 Table 17 wu31 guslaanguidnang
Tnseensundnsamidieliyniiequamdisinuns
finunfesay 94 wavaulatieiesay 92 Feitfuslan
nauidmneneuhinilatasbiseusuidesain
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