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Characteristics of Yoghurt and Yoghurt Ice Cream Added With
Rice Powder or Puffed Rice Powder
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Abstract

The pH, acidity, viscosity, viable cell counts of lactic acid bacteria, and Hunter color value of yoghurt and also over-
run and melting-down of yoghurt ice cream added with rice or puffed rice powder in instead of sugar were investi-

gated. For the pH of yoghurt and ice cream, the control’s was higher than others’.

The pH of rice powder and short

grain was higher than that of puffed and long rice powders, respectively. Yoghurt acidity was consistent with the pH.
Higher viscosity of yoghurt and over-run of ice cream were observed in the puffed rice powder with more gelatiniza-
tion and the short rice powder with more amylopectin. Yoghurt and ice cream of the long rice powder showed higher
viable cell counts than others. Lower Hunter “L” and “a” values of the puffed rice powder may be due to high tem-
perature and pressure. Lower melting-down of higher over-run samples (p<0.05) might be caused by air insulation. Rice
powder and puffed rice powder could be a good substitute for table sugar in yoghurt and ice cream production.
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A7l @ -2 E (yoghurt)<]
F4 ¥ tH(Dunne et
4 oA, dF =
A7 X 237F Ut
(Kim et al., 1999; Bang & Jeong, 2007). S TE2E°| F&
St Fu|9} -3t 75w 171E FElal AR T YA

e & Fa 717 59 3ol Utk(Shen et al,
2005; Jiao, 2008).

FHAAM 15417174 SEE F4AIA ice creamS A %3}
Ao vl 194]71% A AR FgolA i A
At Al AL S A= 1970 T FE] A TH(Lee et
al., 2000b; Kim et al., 2004). ©o}o] =37 recipe] Wt
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HH, 20143 =919 SF R AT Ha 119g0=2
2010 9.7 goll Bl 23% &% THMinistry of Health and
Welfare, 2015). WHO (World Health Organization)= 315
T Il AA AHFH D] 10%(F 50g)= HA &
ofe} sttt PP HZole HA EFe 5% (&
25¢) MYro. g2 7158 7EpslE L dck(Park, 2015). A
<= &gl 293 AR dolA Rt =

W, 4 AL 7] Wil =
HA| 2 ﬁiﬁ}‘?i astEoluy L4
2 X1 0}9} Zﬂé‘ A stE Ak o] ofsthE th(Park,

1__

F59
2015).

QTFZE olo| 2T (frozen yoghurt)S 19741d Czecho-
slovakiaolA] #]&-o 2 A O™ jce cream mix 7]
9 AE 71548 SOl B3 teke A7 W3 = ok Shin
& Yoon, 1996). - -(Jang, 2013), Y E}-F-(Al-Saleh et al.,
2011), -4 ==(Shin et al., 1995), Z(Lee et al., 2000a) &
= A7 A28 QFEE ofo]aTy AXE AIRFHIIH.

=t A AArEES Z7KPark & Kim, 2015)3F3A %
ZH 109 2 Av)ERe 20133 20144 ZH2E 67.29F 65.1 kg
(Seo & Jeong, 2015) 222 2015 == 629kgS & I
%3] 74t JvkPark & Jeong, 2016). Al A F-< 7]+
(WTO, World Trade Organization)?l] 7t} & &J=r4k &5



18 ot -

200495 o)F Aoz FYsAl Foj(Yun, 2007) & FF
A EFE 20147HA] F718FE THKim et al.,, 2014b; Kim
et al, 20152). 2 FAHE7E AN H 20159 o] Foll = 529
& a7t A=A 9HSeo & Gang, 2015) 2 A L 3FL ul)

| S7kete] 7] Bae] whel A2 S7keh v sk
Kibyoll W 2 A&7t JAdEAH(Kim et al., 2015a). 3
st Ag 32 koA AR st ® 43¢ WA
Al dabst @ Aol thKim, 1991). SshdES AT
I 2] 2 o] EqtFste] a4 Zo] 491 It &
o] Fo]ZIth(National Tax Service Technical Service Institute,
2005).

A ] gast & SHlE S8 g Ao AlE
o] HQ sk Aolt}t, £ AFoie ARS A7 &=
= Wsu Lo thAlste] Axg 9=
b o A 27 QFEEE YEE WE
SFEE oo HE, QWH, lﬁo}lﬂﬂ% 5=,

pH, fr4k 59} Mg ZALSG,

A=,

Il

e o
IS—IIH =2
©HA] & (Seoul Dairy Co-op, Yangju, Korea), A&
(Seoul Dairy Co-op, Yangju, Korea), 3|3 =% (Seoul Dairy
Co-op, Ansan, Korea), A ®(Samyang Co., Ulsan, Korea),
Gelatin (Edentown F&B Co., Incheon, Korea), <FgA|
(Garunara Co., Seoul, Korea)= Al5olA T4ttt =
2k 2008 ©HHF AR E BIHSFEA T2 3 A Ansan,
Korea)oll Al 28] 22 e} =4k 20120 AHE A71FE sfu)at
A F2 8 AHEumsung, Korea)oll Al Fufjslir =2t
2008 THFH Ej=4t 20129 FYHF AWEWES HB
2] F F2] 3] Al (Hwasung, Korea)ollA L1 th

]]

LTEE M=

Autoclave (KAC-080, Kukje Engineering Co.,
Korea)oll 4] 4F##(121°C, 15)% Lactobacilli MRS broth
(Difco Laboratories, Detroit, MI, USA) Bl X] 9mLE
pipette (Pipetman Classic™, Gilson, Inc., Sarcelles, France)
O =Z test tubed] EATE T TAEREZAE(KCCM,
Seoul, Korea)ZF-E Fuljgt Akt 5 (Lactobacillus

Seoul,

auto

olgd

delbrueckii subsp. bulgaricus) 1 mLE 3 7}slal 37°C incu-
bator (Samhwa Scientific Co., Seoul, Korea)ol|A] 24A]7F
At w3t TE Clean bench (SCB1013-1300, Shinsaeng
Co. Ltd., Seoul, Korea) StollA ZAHEFE 10% (w/v)
skim milk ¥} A](Difco Laboratories, Detroit, MI, USA)®ll

At 9 gE SAHS 1% (viv) B3 3SEL 37°C incubator
o Al 24A17F A3t starterE HE A THJung & Shin,
2005).

GHE AR, SHE B, S AT e A
HE Ao R deS A i
Table 13} Zrth(Lee et al., 2000a). |2=E 22 10+ 7F hot
& stir (US/PC420, Coming Inc, NY, USA)E muHali
homogenizer (Ultra-Turrax T-25, IKA-WERKE GMBH&Co.
KG, Staufen, Germany)Z & 3}A]7]3 85°C water bath
(BW-30G, Jeiotech, Daejeon, Korea)ol|4] 30& 7+ A+ &

42°CZ YZIA AT}, Starter 2% (Vv)E 72 E mixol| F
3 OP°=] 42°C incubatoroll A 24A]7F W3l QA FE2EE
TE B 5ocel| A 12474 WA Z ThFig. 1).

=

RTEE 0f0|A3- M=

GHE AR, dHE A3, FHEs AT

AEE A Eor AFS A g ofo] A7 mix©]
A E-& Table 29} 7Z2tH(Shin et al., 1995). A|&& Z}z}

5 7F wut 2 A3l 85°C water batholl A 10%-
4°CE YZHA AT A2E QT2 E9} o}
1:1 (v)E EF3IAL 4°ColA 1241 7F
sttt SA4E Y&E ofo]l2ay 21]7\7] (MDI-502,
Macdous, Bucheon, Korea) W2ZH&7]9] Y3 2087+ 2%
XA QFZE olo| A YL YEIL 20°CH BA3TH
(Fig. 2).

i
EE

pH

LATEE EE %0 ojo]2aY L Y EetAI W
pH meter (420A, Thermo Orion Inc., Beverly, MA. USA)
Z =439 H(Lee, 1993).

QTEE MT
QTEE 10 g& W2ZeA3(100 mL)ol ¥ BA S
40 mLE 7l 318" @ F=2E9 1% (v/v) phenol

Table 1. Composition of yoghurt mix (Unit: g)
. Short grain Short grain Long grain Long grain
Ingredient Sugar rice powder puffed rice powder rice powder puffed rice powder
Carbohydrate source 16.0 16.0 16.0 16.0 16.0
Skim milk powder 32.0 32.0 32.0 32.0 32.0
Gelatin 1.0 1.0 1.0 1.0 1.0
Water 151.0 151.0 151.0 151.0 151.0
Total 200.0 200.0 200.0 200.0 200.0
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Yoghurt mix
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Lactobacillus delbrueckill subsp. bulgaricus
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Fig. 1. Scheme for yoghurt production.
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s |
l 1:1 (v/v)

Ageing (4°C, 12 h)
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i

’ Frozen storage (—20°C) ‘

Fig 2. Scheme for yoghurt ice cream production.

Table 2. Composition of ice cream mix (Unit: g)
. Short grain Short grain Long grain Long grain
Ingredient Sugar rice powder pufted rice powder rice powder puffed rice powder
Carbohydrate source 10.0 10.0 10.0 10.0 10.0
Whole milk powder 8.9 8.9 8.9 8.9 8.9
Whipping cream 10.0 10.0 10.0 10.0 10.0
Skim milk powder 8.0 8.0 8.0 8.0 8.0
Stabilizer 0.3 0.3 0.3 0.3 0.3
Water 62.8 62.8 62.8 62.8 62.8
Total 100.0 100.0 100.0 100.0 100.0
(Daejung Chemicals & Metals Co., Ltd., Siheung, Korea) sy

£d 0.5mLE 733 burette®] 0.1 N NaOH (Samchun
Pure Chemical Co., Ltd., Pyeongtaek, Korea)Z =% 3|3
t}. Buretteo]A] o]z 0.1 N NaOHel| 2ol&] A= A&
7w Rl A S HA | F 30% ol fAE
W) 7b%] A&HlE 01N NaOH %42 =H sttt &nlE
0.1 N NaOH & tha 2ol tifdste] 2k (%) o2 Ate
£ AL tHKim et al., 1993; Mun, 2003).

AFIE (%)

0.009 x0.1 N NaOH 4~H] Z(mL)x 0.1 N NaOH <7} 100
= X

A& HH )

|

QFE2EL ofo]|A2AYL H|A | @& & Brookfield
viscometer (DV 2T Viscometer, Brookfield Engineering
Laboratories INC., Middleboro, MA, USA)E ©]-&3}]
A3t Brookfield viscometer torque #to] 70-80%
%= spindle 649} 60 rpm (revolutions per minute)> 2
At S E HAE o] e xS 14 7k spindles
AAZ FH 12% 7VAe 2 23 3ES cp (centipoise)Z
UEeRA th(Park, 2002).

oo fo e

STEE Riht 5
STFEE {4kt 4 542 Lactobacilli MRS agar (Difco
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Laboratories, Detroit, MI, USAIA] & ©]&3F =3 Il
FHo g A4S tHRichardson, 1985). Clean benchol 4]
B ¥ 0.1% peptone (Daejung Chemicals & Metals Co.,
Ltd., Siheung, Korea) £ 9mLo] S72ZE I mLE 7}
S} minishaker (JE/MS-1, IKA Works (Asia) Sdn. Bhd.,
Malaysia)= E§stal AL 3451t} Petri dishol] 34
ol 1mL9} 45°C Lactobacilli MRS agar ¥]A] <F 15 mL
E 3 2 HoleF IS § AdRoA 23T wiA| 7}
Z& 5 thA] Lactobacilli MRS agar ¥iX] SmLE H3L
AeoA ZFuh wix 7} FO W petri dish 45 B
HAF S el = 37°C incubatoroll A 24417+ vl FsSiTh. Bl
% % CFU (colony forming unit)7} 30-3007] &A=
petri dishS A &3}o] log CFU/MLE A6+ th(Park et
al., 2008).

AH
An

H1

ke

A TH(X=94.30, Y=96.11, Z=11455)C.2 B &
& celld] &7 Q@ F2EL} oo 2= S Chromameter (CR-
400, Konica Minolta Sensing, Inc., Tokyo, Japan)Z 2%
st th ¥ A E(lightness)S YERHE L3, HAE
(redness)E YEM= agt 12|32 34 = (yellowness)E U}
Bl = b3t 2 EAISHATHKIm et al., 2004).

RTEE O0|A~=E over-run
%A E "9} ofo] 2T - S scooper (H3304-40, Nikken,
Tokyo, Japan)Z WAl FAE St tha3 242 T4
2 overrun (%)g -3} th(Martinou-Voulasiki & Zerfiridis,
1990).
Over-run (%)
Weight of mixture after aging - Weight of ice cream

= - - x100
Weight of ice cream

STEE Of0|A~=Z melting-down

Scooper= &= olo] =AY E H|A ] 7H4 Smm HE 9
of FdTh FA] & FAG F2dA 30 IF FS AR
FAE 73 5 ol Aol thYstd melting-down (%)<
A2 tH(Shin & Yoon, 1996).

Weight of melted ice cream

Melting-down (%) = x 100

Weight of ice cream

RTEE Ol0|ATE Fikt

ofo] =AY FAt ¢ 42 BCP plate count agar
(Eiken Chemical Co., Ltd., Nogi machi, Japan)il X & ©]
43 FEH I SH o= A 435 th(Richardson, 1985).
STEE it F S8 sYT EoE AA AR

ol

WX 7} 22 45°C incubatorol| A 24A17F vl - log
CFU/mLE vFebsi th(Shin et al., 1995).

SAXE

SPSS program (19.0, SPSS Inc., Chicago, IL, USA)S ©]
gato] Al 7h AT BARA ST FI@ Aol7h
AE AF TukeyH2 o] &3t p<0.05 oA A&7

Fo8E AFsar

2 g
RTEE pH, ¢, HE, Ribet M

STFEE pHE wa 8 4%, A Hst & A 3
TE5 % F JdE T8 #4 A #EoltK(Yang et al., 2010).
A oAl SEE A7HE, GES dsiE, dEE 27t
=

F, AET AR o2 A|xgt @ FEE9] pHiE Table 3
7 7th AeS A3 Al EE 3.91-4492 A3 AE W
9 3.27-4.59 <toll EATHKim et al., 2013). A&S 4.93
o7 & ANEET =3t Y FFolA 277 3
R RT =AY Z2UTHp<0.05). B3t wE 1329l
2] g3} G} ujFol| fakto] EdstE Ao oA
ZITHKim et al, 2014a). Y A Fd = dETol &
JEH =t T OS] opdER e 7}
Z} 28% (Choi & Shin, 2009)9} 20% (Korean Society of
Food Science & Technology, 2008)3it}. o}d 2= gtafo]
oW HF §AF &5 AFEZC] F7H8H](Etuko et
al,, 1995) wfj<#oll AF A sHo| Eolxl o2 AR
Dong & Yi (2011)] X319} F-AFslA T},

Lart YA At 5o e 7HE {74k
AJArE] 7] wol] AF=rt F7bsHoH(Lee et al., 1996). AH=
= pHS} F-ote] AE2 thE AlERT 9t 5
FoA A7V sl 12l Y ATl &
HFo] AYFT R F& A2 2 YEY(p<0.05) Han et al.
(2000)] A<} LA e dEYF AR Al

Table 3. pH, acidity, viscosity and viable cell counts of lactic
acid bacteria of 24 hour incubated sugar, short grain rice
powder, short grain puffed rice powder, long grain rice powder
and long grain puffed rice powder yoghurt at 42°C

pH chdity Viscosity %Zl; CCOF{?/S
(%) (cP) mL)
Sugar 493" 1,014 795¢ 8.58"
Short grain rice powder 443> 131° 742° 8.19¢
Short grain puffed rice powder 4.49°  1.51° 1,684° 8.40°
Long grain rice powder 415 146° 610 8.57°
Long grain puffed rice powder 3.91¢  1.75* 1,280 8.91°

YEach number is a mean of 5 observations.
2+dMeans within a column not followed by the same letter are signifi-
cantly different at p<0.05.
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GHE Wstu s FHES 1.46-1.75%= O =%t
QJEE AT Q JTE2E :é:sloﬂ_q] %1@%’ /‘]'%‘\'_JL‘ZF

—_— ma O == g 1
o] AN AibsE 5 rpekst Yol oste] JEgS wi=
(Rasic & Kurmann, 1978). &Y IF oA+ 3}r]&o]

Q)
=
=0} Ye (2009)9] R 1o} 7Fo] 3| Eo] w2 53}

% (Korean Society of Food Science & Technology, 2008;
Kim et al., 2014)2} % =(Tester et al., 2004) Wl &
A HEoMe dHFe] FHETRT ZA Ve T p<
0.05).

A7 1 a37F UL At e EE AlRA
8.19-891 log CFUmMLZ Taf 7H7ls 9 AR 4,
8 °](Kim et al, 1993)2 WA ZTH S AU
ke FYE e AR RO E90THp<0.05).

Moz g F2ES Adn F4d & 43S 3t
(Han, 2005). S 72E M= Table 49} 7o) TY 5o
Al oL g ke] Wst 3wl WsteliE Lt aghol
wrol Dong & Yi (2011)9] Ao} AR FHFHT}
49 71 A7 witoll 9YHE Latel RA vERd A
(p<0.05)2.2 o] AZIt},

RT=E 00|37 pH, H=, Fik5, over-run, melting-
down} A=

STEE pHAMH TY FFNA A7E7t AshuE
Table 4. Hunter color value of 24 hour incubated sugar, short

grain rice powder, short grain puffed rice powder, long grain
rice powder and long grain puffed rice powder yoghurt at 42°C

AAY =9k TFHF O] EATHp<0.05).

olo]2ay Are= AF FE Frele A 5ol 3
= TH(Arbuckle, 1986). A9 4l ©HEF A7}F,
GHE A, AHES AR, AHE R R A
%3} ofo] A=Y o] HE(Table 5)= LTEE HLe} 7Ho)
5 ZollA Hpu|to] AR Egtow, YU A+
oA ©gFo] FHFTHT = UTH(p<0.05).

AHEo] T AEET =4 YE(p<0.05) STEE
ikl 22 43S B

ofol2AY A F F7IE EYst FI7t oy
2o 74351 "riHan 2005). Over-runs o}o] 2=
gol A0 5 F4 548 HUtele T8 84 F 3§
to]th(Lee et al., 2000b). H=9} HyHo] 42 24
F e oA FI"FS 7187 1(Kwon & Lee,
2002) Wl ofo]~a Y over-runt FE7F & 3|
B3 @dyFo] Eok(p<0.05) Park (2002)2] X1} AL
ST

GAA R Zgote 3] ol =S5 GETF =9
ZIt}= Sofjan & Hartel (2003)2] E. 79} 7+o] over-run©|
=2 AlRAA Y2 melting-down 23 Th Over-run®]
& s 28] 3 FHE9] melting-down©] A UERSE
tH(p<0.05).

olo] 2= 2] M= (Table 6)= LTEZE M =3]8 33}n)
= L3} agko] 28|31 ©HE Lato]l Rk th(p<0.05).

&S 713

¢

Q)
=

.

Table 6. Hunter color value of sugar, short grain rice powder,
short grain puffed rice powder, long grain rice powder and long
grain puffed rice powder yoghurt ice cream

L a b L a b
Sugar 73.502) D gabe 6.5° Sugar 71.59  4.0° 8.9°
Short grain rice powder 74.4° 2.4% 8.5 Short grain rice powder 75.8° -3.1° 9.1
Short grain puffed rice powder 71.9¢ 2.9¢ 8.0° Short grain puffed rice powder 70.9° -3.6° 9.8°
Long grain rice powder 79.1° 2.4 7.8 Long grain rice powder 79.4° -3.4° 9.0™
Long grain puffed rice powder 76.7° 2.8 7.4° Long grain puffed rice powder 75.6° -3.9¢ 9.3

YEach number is a mean of 5 observations.
2*Means within a column not followed by the same letter are signifi-
cantly different at p<0.05.

YEach number is a mean of 5 observations.
2*Means within a column not followed by the same letter are signifi-
cantly different at p<0.05.

Table S. Viscosity, over-run, melting-down, pH and viable cell counts of lactic acid bacteria of sugar, short grain rice powder, short
grain puffed rice powder, long grain rice powder and long grain puffed rice powder yoghurt ice cream

pH Viscosity (cP)  Cell counts (log CFU/mL)  Over-run (%) Melting-down (%)
Sugar 591" 711° 6.52° 13.5° 77.7°
Short grain rice powder 5.68" 706 6.09¢ 41.9° 66.1¢
Short grain puffed rice powder 5.61° 1,581% 6.29° 46.1* 59.9¢
Long grain rice powder 5.42° 581¢ 6.55° 33.0¢ 74.2°
Long grain puffed rice powder 5.244 1,219 6.80% 38.4° 71.0°

Y Each number is a mean of 5 observations.

22¢Means within a column not followed by the same letter are significantly different at p<0.05.
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Mg A7 EE BE RO 2 YA X 8
=2ES pH, A%, HE, 4 #9 A agn e7E
EE _]E’i U]—E'—_ o:rLEE o]_o]/‘\ﬂa]iq ;gL:_’ over-run
(W #), melting-down (Folfgl= BE), pH, F4
s NEg ARSI A aTEES} 4 aF2E of
olzzgel pHE The A RRT} 29T FY FFolA 4
b7k Watul Rt A w9 BY el PoA BEE
o] FRFuT} Btk LF2E AEE pHe} R F
o o)A ArhEst Aatel Rt a3 FY 22T
N SgFe] FYFuT Ytk 2 72E Fx 123 of
O]_/_Ei%l ;m: 2 over-rune = :L}_oﬂ;q_‘: ii]_];_‘__7]—
2 3] o] E% U Al TN E opdz AR P
& ES GYFol AEFHET A vetwth SFEES
ofe] A=A Y frikt e FETel e ARET =UTH

QFEEQ} olo]| AT Y AnE T FEoA 1 2 1
s AR At L agko]l 9} A% 717ko] 11 &
HE LaE 9 vEbdth 9ER 2 2eske 3] Wi
o overrun®] & A|FNA] melting-down ‘;’l’% wE B

ATHp<0.05). A&S A7}F = Asv|Roz A3
QTEES} QFEE ofo] A=A AX THeAEE B
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