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Effect of Different Rice Varieties and Drying Methods on
the Quality of Instant Riceberry Porridge Fortified
with Jerusalem Artichoke
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Abstract

The purposes of this study were to develop formula and to study drying methods of instant
Riceberry porridge fortified with dietary fiber from Jerusalem artichoke (JA). Four formulas of instant
Riceberry porridge were produced from three rice types, including Riceberry broken rice (RBR),
jasmine broken rice (JBR) and sticky broken rice (SBR) with different ratios. The results showed that
100 % instant Riceberry rice porridge had the highest water solubility index and viscosity value.
From the sensorial evaluation test, 100 % instant Riceberry rice porridge got the highest score in
color and the overall acceptability with slightly like level. The addition of higher JA slurry contents
increased water solubility index (WSI) and decreased water absorption index (WAI) (p < 0.05).
Riceberry porridge added with JA slurry 5 % got the highest scores of viscosity (6.25+1.45) and
overall acceptability (6.38+0.16) with slightly like. Riceberry porridge fortified with JA slurry was
dried by a drum dryer at different temperatures. It was found that an increase of drum temperature
resulted in a decrease of moisture content and a,, of instant Riceberry porridge products, whereas
the total phenolic content (TPC) and radical scavenging activity were raised (p<0.05). Riceberry
porridge added JA was also dried by applying the foam-mat drying method. The result indicated
that 25 % of methocel solution 2 % was suitable content used as foaming agents due to providing

the lowest in foam density, giving the highest overrun and producing foam stability.
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Riceberry broken rice (RBR) Jasmine broken rice (JBR) Sticky broken rice (SBR)
v v
Soaking in the water for 2 h Soaking in the water for 3 h
v v
Draining Draining
Vv v

Boiling at 80 °C for 2 h
(RBR:water = 1:7)

Boiling at 80 °C for 1 h
(JBR:water = 1:5)

Boiling at 80 °C for 1 h

(SBR:water = 1:5)

v
Blending RBR (100)
v RBR:JBR (70: 30)
Mixing — RBR:SBR (70:30)
v RBR:JBR:SBR (70:22.5:7.5)

Riceberry porridge

v

Adding Jerusalem artichoke (JA) slurry 0, 2.5, 5 and 7.5 % of riceberry porridge

v

Riceberry porridge fortified with JA

v

Drum drying at 130, 140 and 150 °C

v

Foam-mat drying

(methocel, CMC and methocel + CMC)
|

v

Instant riceberry porridge fortified with JA

Figure 1 Production processes of the instant Riceberry porridge fortified with JA

]

Wndndes (nEnsaeiiidsminenianisé)
RTINS AOAC (2000) [16]
2.8 M3AnTeidoyaneadn
TIUHUNITNARDILUUE NAUY T8
(completely randomized design) @1fUaNU®
NNMEATMUATLAT MAABS 3 91 KATITUNUANT
vaasuvduanysainigluvden (randomized

complete block design) @115 UN15UTLLAUNI

1818

UseaNdUnd tUSguiguaAIuLANA19A 835

L4
@
o

Duncan’s new multiple range test Lkaz3tAT1
Toyanvadinlngldlusunsuneuiunesdnsagy

SPSS for Windows version 23

3. HANIINAADILAZITA]

3.1 wavansAndangasiidlunsudn

Wndnalsdiuasindusagy



Ui 28 aUvil 10 gareu 2563

5ar5memansiasinalulad

MsAnErlalasdnI1d1ue9U17 3
vilnlunsuanlnd1alsdiuesineduiagd fe
Uanednilsdiuesd 100 (RBR 100) Vanednalsd
wes3 70 : Yanedivewnyd 30 (RBR:JBR = 70:
30) Yaned1alsdiueds 70 : Yanedrawmien 30
(RBR: SBR = 70 30) wavUaredilsdiuess 70 :
Uanegnmeunzd 22.5 : Yaredrunilen 7.5 (RBR
1 JBR:SBR = 70:22.5:7.5) wuinUSunaminuiy

Yasl3ndilsdiuessisudu (85.09-86.08 %wb) il

o
o

uanANAURe 1L TEdAYN19EdRA (p>0.05) ua
Wk 1uATasIuAsuUgNnavIuigaumgil 140
ssrnwalea tlundldndlsdiuesinednsagy

AHUSIMANNTUARAY (2.15+0.34 - 3.14+0.80

a

9%wb) (115197 1) 1ulumuuinsgiundngdoei

ana1unssuliniedsasy (uen.) Ndeedinly

9 Y
v

FuldiAufesar 7 Taguuidn [9] wiesanni
gaungiiasdinalisniinisatemanuioulas
ANF WA LTy [17] donndesiuauiveves
Vanmontree wazamy [18] fifnwn1seunislan
T1andessenisdiagudaeing sseuuianuy

v
a a

aannay

Y

ARG NVRRITRINE) 140 asmgaLTed 7

v

VNITELVNVBIQNNEL UAZN 9 AINFITOUNTS
NHUVBIRNNGIA1U1I0AAANUT UV INILTNT7

NANEN  ANAUTURALVBILANTNINADIBNAD

11 1:3,1:4 g 1:5 A9 6.37-12.20 %wb
dlefiansanand (L*, a* uay b*) vedwa

13n917lsduas5nadn55U (1197991 1) WU

Y

el

PREIN

o <
duiag

v a‘

Usyn

1indlsdiue Ugns RBR 100 diA1

an (@Y uu1nn31) Lo

q

ANEADNT (LX)
Wisuiisuiugesdu 4 wagnisiduvatedn
vioued (RBR:JBR) Auvaned1awmilyd (RBR: SBR)
denaliirnduns @) anas varfidndwdes (o) Ll
WANFNSAUTNSEDA (p0.05) iesand1ilsdiues

Aaa

Aa a & % d'
5Naqiu@uIW1ﬁﬂqu1uﬂu5QﬂamﬂwNaﬂ?ﬁIWSLM@

nausET oLz ALartImilen SuilwEndnd
ym3sdmanen1sasuulawesnuaing (L9)
A1AuAs (%) wavAndaes (b*) [19] uonaini
o19iAnandegldumuieuiguuniigeain
mshukasneanusseuiivinty Tasgamgish
LLﬁaﬁqasﬁudqwam'amiLﬂﬁsuuﬂmﬁh?ﬁm%u [20]
\{lofi915uAT hue angle (h°) Fauansdary
w048 A1 0-360 DA NUIWILInT1ILsTIUBS
éﬁQé’WL%gﬂﬁm h° laiuananeiunieadia (0.72-
0.74 9arn) Beoglurag 0-45 aamn wanafiadsing
wAshe@duung [21] @3uA1 Chroma (C*) 1Hu
Afluansianudueesd 81 ¢ fandilng

' P £

Aud vuneda degrsdanududiasaudud

P%

W1 a1 C* JAWANTN Bu1eDe faeg19inany

Table 1 Moisture contents, color (L*, a*, b*), hue and chroma of instant Riceberry porridge samples

Moisture Colors
Formulas Hue"™ Chroma
contents (%wb) L a* b*
RBR 100 3.14+0.80° 45.76+0.42° | 8.68+0.24 | 7.54+0.16°° | 0.72+0.00 | 11.50+0.28?
RBR:JBR (70:30) 2.37+0.24° 53.53+0.30° | 8.08+0.42° | 7.36+0.07° | 0.74+0.03 | 10.93+0.27¢
RBR: SBR (70:30) 2.64+0.25% 51.30+1.17° | 8.47+0.27%° | 7.58+0.21* | 0.73+0.03 | 11.37+0.07®
RBR:JBR:SBR (70:22.5:7.5) 2.15+0.34° 52.55+1.92% | 8.24+0.33" | 7.50+0.18%° | 0.74+0.03 | 11.15+0.13°

*¢ Different letters in the same column indicate that values are significantly different (p<0.05); ™

Not significant

(p>0.05); RBR = Riceberry broken rice; JBR = Jasmine broken rice; SBR= sticky broken rice
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Table 2 Water absorption index (WAI), water solubility index (WSI) and pasting properties of instant

Riceberry porridge samples

Pasting Temperature™| Peak viscosity | Final viscosity
Formulas WAI WSI
(°C) (cP) (cP)
RBR 100 8.48+1.09° | 5.02+2.25 50.17+0.03 3,155.67+385.18% | 534.67+39.16
RBR:JBR (70:30) 8.24+1.09° | 5.72+3.82° 50.17+0.03 2,430.17+692.83° | 362.00+39.77°
RBR: SBR (70:30) 11.74+0.19° | 1.63+1.25° 50.18+0.03 2,515.83+354.26° | 241.17+18.17°
RBR:JBR:SBR (70:22.5:7.5) | 9.75+1.05° |3.96+2.54% 50.18+0.03 2,520.17+437.72° | 329.00+15.71°

@< Different letters in the same column indicate that values are significantly different (p <0.05); ™ Not significant

(p>0.05); RBR = Riceberry broken rice; JBR = Jasmine broken rice; SBR = sticky broken rice
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Smoothness ™

Viscosity ™

Rice flavor ™

Overall ™

W RBR (100)

RBR:JBR (70:30)

W RBR:SBR (70:30)

W RBR:JBR:SBR
(70:22.5:7.5)

Figure 2 Mean sensorial scores of instant Riceberry porridge samples made from different types

and ratios of rices. [ Not significant (p>0.05)]

Table 3 Moisture content and color (L*, a* and b*) of instant Riceberry porridge fortified with

Jerusalem artichoke

Colors
Formulas Moisture contents (%wb)
L* a* b*
RBR + JA 0 % 3.57+0.22° 47.56+2.09° | 9.28+0.07° | 8.27+0.05°
RBR + JA 2.5 % 2.41+0.18° 49.94+3.24° | 8.29+0.03° | 9.06+0.23
RBR + JA 5 % 1.79+0.24° 51.68+3.18"° | 7.85+0.05° | 10.09+0.17°
RBR + JA 7.5 % 2.06+0.23° 5359+1.98° | 7.36+0.29° | 11.01+0.05°

“ Different letters in the same column indicate that values are significantly different (p <0.05);

RBR = Riceberry broken rice; JA = Jerusalem artichoke powder
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Table 4 Water absorption index (WAI), water solubility index (WSI) and pasting properties of instant

Riceberry porridge fortified with Jerusalem artichoke

Formulas WA WS Pasting temperatures (°C)| Peak viscosity (cP) | Final viscosity (cP)
RBR + JA 0 % 9.59+0.17% | 3.99+1.11° 50.17+0.03¢ 2,810.00+257.42% | 560.67+44.86
RBR + JA25% | 8.42+0.06° | 801+1.42° 50.18+0.03¢ 1,665.83+275.27° | 445.67+61.42°
RBR + JA 5 % 8.06+0.26° | 10.79+1.43° 75.73+5.30° 912.00+151.74° 346.00+40.57
RBR+ JA75% | 7.48+0.16° | 13.54+0.53° 83.03+1.78° 588.50+95.96¢ 284.17+36.32¢

*¢ Different letters in the same column indicate that values are significantly different (p <0.05); RBR = Riceberry

broken rice; JA = Jerusalem artichoke powder
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Sensorial scores

0

Color Smoothness™ Viscosity

A6 A

Rice

ab a a

W RBR+ JA 0%
RBR + JA 2.5%

W RBR + JA 5%

M RBR + JA 7.5%

flavor™ JA flavor™ Overall acceptability

Figure 3 Mean sensorial scores of instant Riceberry porridge samples fortified with Jerusalem

artichoke. [*° Means with different letters above each column for the same sensory

attribute differ significantly (p <0.05); ™ Not significant (p > 0.05)]
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Table 5 Moisture content and water activity (a,) of instant Riceberry porridge fortified with

Jerusalem artichoke dried by drum drying with different temperatures

Moisture contents (%wb) Water activity (a,,)
Temperature (°C) - - -
0 sec™ 50 sec 70 sec 0 sec™ 50 sec 70 sec™
130 88.44+0.42 | 7.30+0.73°% | 4.29+0.70° | 0.98+0.00 | 0.42+0.05° | 0.15+0.01
140 88.44+0.42 | 4.77+0.48° | 2.21+0.19° | 0.98+0.00 | 0.32+0.05° | 0.16+0.01
150 88.44+0.42 4.0510.14b 1.9510.17b 0.98+0.00 | 0.22+0.01° | 0.15+0.01

“ Different letters in the same column indicate that values are significantly different (p <0.05);

™ Not significant (p > 0.05)
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Table 6 Total phenolic content and DPPH radical scavenging activity of Riceberry porridge fortified

with Jerusalem artichoke before and after dried at different temperatures

Temperatures (°C)

Total phenolic content

(mg of gallic acid equivalent/g dry weight)

DPPH radical scavenging
activity (%)

Riceberry porridge fortified

d

86.02+7.13° 13.25+1.13
with JA powder
130 44.54+1.02° 23.74+1.01°
140 49.30+1.09° 26.58+1.22°
150 56.23+1.21° 34.32+1.78°

*9 Different letters in the same column indicate that values are significantly different (p <0.05).
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Table 7 Minimum of various foaming agent solution added and foam properties of whipped

Riceberry porridge fortified with Jerusalem artichoke

Minimum of foaming Foam properties
Foaming agent solutions agent solutions Foam density | Foam stability Overrun
(% w/w) (g/mL) (mL/min) (%)
2 % MET 15 0.57+0.01° 0.00+0.00° 74.60+2.19°
1 9% CMC More than 100 1.12+0.04° 3.77+0.92° 8.45+3.17°
2 % MET + 1 % CMC 20 0.65+0.01° 0.00+0.00° 82.23+2.43°

““ Different letters in the same column indicate that values are significantly different (p <0.05);

MET = methocel; CMC = carboxymethyl cellulose
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Table 8 Foam properties of whipped Riceberry porridge fortified with Jerusalem artichoke, moisture

content and water activity of instant Riceberry porridge fortified with Jerusalem artichoke

Instant riceberry porridge fortified
Foam properties
The amount of with Jerusalem artichoke
2 % MET (%) |Foam density |Foam stability| Overrun™  |Moisture content | Water activity™
(¢/mL) (mL/min)™ (%) (%wb) (an)

15 0.53+0.02° 0.00+0.00 84.98+4.96° 5.92+0.07° 0.26+0.03

20 0.49+0.01° 0.00+0.00 99.22+3.59" 6.46+0.10° 0.26+0.02

25 0.45+0.01° 0.00+0.00 123.51+1.28° 6.08+0.08° 0.28+0.01

“¢ Different letters in the same column indicate that values are significantly different (p <0.05);

™ Not significant (p>0.05); MET = methocel

(d)RBR+JA 5

(c) RBR + JA 5 % + MET 25 %

(a) RBR + JA 5 % + MET 15 % (b) RBR + JA 5 % + MET 20 %

Figure 4 Scanning Electron Microscope (SEM) micrographs of instant Riceberry porridge fortified with
Jerusalem artichoke (JA) used 15 % (a), 20 % (b) and 25 % (c) of methocel solution 2 %
as a foaming agent and dried by hot air oven and SEM of instant Riceberry porridge fortified
with JA 5 % dried by drum dryer (d). The magnification was set as 150x; RBR = Riceberry

broken rice; JA = Jerusalem artichoke; MET = methocel
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Table 9 Proximate composition of instant Riceberry porridge with and without Jerusalem artichoke

addition and commercial porridge

Moisture Protein | Carbohydrate Fat Ash Fiber
Formulas
contents (%wb) (%wb) (%wb) (%wb) (%wb) (%wb)
RBR+JAO0%| 3.75+0.44° |11.48+0.28°| 82.72+0.22° | 1.49+0.09° | 0.03+0.01° | 0.16+0.01°
RBR+JA5%| 1.91+031° |13.62+0.21°| 80.91+0.36° | 1.48+0.12° | 0.40+0.01° | 2.06+0.24°
Commercial 2.12+0.17° | 11.77+0.31° | 81.57+0.37° | 2.55+0.15% | 0.03+0.01° | 1.97+0.02°

“ Different letters in the same column indicates that values are significantly different (p <0.05);

RBR = Riceberry broken rice; JA = Jerusalem artichoke
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