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Processing Optimization and Quality Characteristics of Low-Fat Yogurt Prepared with Roselle

Suhjung Hwang, Eunkyung Jung, Nami Joo*

Department of Food & Nutrition, Sookmyung Women's University

Abstract

The purpose of this study was to determine the optimal amounts and mixing condition of skim milk powder (A), and
roselle (B) for the production of yogurt prepared with roselle. The experiment was designed according to the central
composite design for estimating the response surface method, which yielded ten experimental points, including two
replicates for the skim milk powder and roselle. The physicochemical and mechanical analysis of each sample, including pH
(P<0.001), titratable acidity (P<0.001), color (P<0.05), viscosity (P<0.001), showed significant differences. Antioxidant
properties (total phenolic content, DPPH free radical scavenging activity) and viable cell counts of lactic acid were
significantly different (P<0.05). The sensory measurements were significantly different in color, flavor, sourness, texture, and
overall quality (P<0.05). The optimal formulation, calculated by numerical and graphical methods, was 7.82 g of skim milk
powder and 2.09 g of roselle. From findings of this study, the roselle may be used in yogurt and can be applied for other

food industries.
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£ U8R gt FARFS HE3ANA H
o] I AslEo] dE FAE
o2 =53 Fnof ohekst Ay Al 75 R Qlste] Al
Aog FQrt FEs] Skl Yo, Y8R AMEHE §
A Yol fraktoll ofsl IE I elx A=A =
1:1— _‘029/] %ﬁﬁ‘ﬂo] 0101,\1 NE
°é%ki“42iE EH% %’%f‘& 2)3Eo]tH(Harte & 2003). F-4F
FHES HSA A B &
ZHZEE Aot 28, 1Y X
28 ﬂlLﬂEh% ‘ﬂE‘r 2 A, e 23 5 F
2 9 golzle =o] y)=Ao] g A ﬁlq—(lm 2003, Hood
& Zottola 2006). TaHE= o5 A AAZHE 7 71E
Jo] & 21F9] shE @Hste] 4P| AT} w2
ZA7IAFo R FAslar Qo SEjuetela= AlFe] o
I FAFALPE gl it dEfol I e AR i
3, Al Feoll whet A 2 s R Alx Thse 54

< 7AW (Ko 5 2008), TFeE FAlge] H7p} 7Fsslt).

FH2ole 7% AFARI AFol gk #ilo] EolAHA
Bre F4 iAE Ssh 2R 71 B A T)sol &
dg A7 22l (Shin S 1995), Z(Kim S 1999), w4l
(Lee 5 2002), ©7HCho S 2003), 2T (Kim 5 2003),
212 (Hong 5 2004), F4HLee 5 2008) 52 AAXAE
STEE Hrtste] Aol Askd aFEEE A|xst
g A7F et X8 E L ATk

2 (Hibiscus sabdariffa L) o}l &8l A &2 A
?3_1419} ofgd) AgolN FE At TR FH 3 BY
o] Fuke W S8 vk o} A2 FEH7|% St
A J, W, 2, A5, '@ R Hel] 837 lth(Haji
1999, Onyenekwe 1999). 24 FZE-2 2] amylaseE &
A|8kaL, albino rat oA F XA FYAHE, 18]l
AHke] 744 @37 B %9 2™ (Hansawasdi 2000),
ixﬂ i%‘j o _/;(]631 ]H]—jr,]_ 3 /1\_]_-§]_ ;c‘ijq_ _‘1,1]‘_/
a3F gt Ao E BIET th(Farombi 2005). 242
S A e k] B Sl FEAloPd RO E 2
FAA =2 ALS-E 0 (Esselen & Sammy 1975), SHEAJo}
of gt FALNgE AF7F AlE L =t Ao &

Oi‘ﬂ I O{N
° ml O ox U
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ofug} etEAlobde] AZdel] that o)M=} Tkl 2}
3k o] wiEolth(Tee 5 2002; Tsai 2002; Jung
2013). vt 2AS 2F okl HEAA e A
o] FAEAS ATE AF= o] mu|g Aol

oo & AFolx= AR -foF SAEA, %w‘ﬂl e

e off oo oX
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SE/IAZ dol 24 SRAE Y8 LI2EE S
31, olserd, AH, w5 B 54 Avln w s

SRR 018310} 24 27} A B e
45 Az 2AL S AA, o8, BEEA U
st B4 BN B8 B ApstE /15y 24 8
FEES AE Y 7P BsknA S

AR 9y

=88

B Ao 24 2 5 HF2](NATEVA Sas, Drome,
France)oll Xl 74331, Ta Y A xo] 7|22 AMgE o
© AR A2 9F), AR &)t i%‘i%ﬂ
AT AT FUst] ARSI, 2B 1A
B2 AEE F5 Lactobacilus bulgaricus®} Streptococus
thermophilusZ ©]517 &3+F Yomix™ 883(Danisco,
Denmark)ZA4] (F)HIEZH| Aol Zof|A] #|g Hlo} Q= E
£ Az

2. A=

24 7k AR 27EEe] H4 Wge AE5] 9l
AY YRRl Design Expert 8(Stat-Ease Co., Minneapolis,
MN, USA) 22235 ARg-ste], bR S48
237129 (central composite design)oll e} 238 A A5
o e Age Fa) 24 @7k AAE avEe] £4
A F s 240 1 2 9% FE 292
(A)ﬂ- EX“(B)-/] Sheke =g ARSI AR
£ dgsto] 10719 AFAe] A=, v A

3l 271<] H}y_x%o] _n;s:]—gg]gj\ g o]ﬁ}t‘ﬂ-ﬂ =3
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ANl = o AT =T bl B
5 pH, Hake, skt 714 24 PEQ) AL,

a, b), A=, s 4 FE F Fs I, DPPH 7
§ 2401 2%, el WEAA, 5, A0, B,
Selg, A 715E)R Ags,

3. 28 M7} MX|E @FEEL| HE=
9ot 24 w5 27}X1 9]lo] SHAMHLAE HA st
7] flste] AR o] G 100 go 2 vASIAL ofH] A
g A5HrE B HAa ‘%‘ HURHLE A 115
g, 24 ol 05-40% AXEYT 24 F2ole 24
E”‘ 20 goll SF5 800 mLS -2 $(1:40), 96°ClA 20

B 3532 5 sl 30°%brixE F=Th A BEE A
AHp 9-froll @R EFo} THESH TG, 30%brixE =3

<Table 1> Experimental design for low-fat yogurt with Roselle
extract by response surface design

Factors

— Low-fat Fructooligo- Yomix™
Sample Skim milk  Roselle swatilk edimias 883D

No. powder extract © © ©

&) (@

1 1.00 0.50

2 15.00 0.50

3 1.00 4.00

4 15.00 4.00

> 100 225 100.00 12.00 0.375%

6 15.00 225 ’ ’ ’

7 8.00 0.50

8 8.00 4.00

9 8.00 225

10 8.00 225

DIt is mixture of Lactobacilus bulgaricus, Streptococus thermophilus.
90.375 g of Yomix™ 883 diluted in 9 mL of saline solution is added
to the subject yogurt of 1 mL/500 g.

S 401 85°CellA 1027 A+t3 § oF 40°CE 48]
Lactobacilus bulgaricus$t Streptococus thermophilus
E3T Yomix™ 883 0.85% Ayl 2ol 814 A1A
o] ujeF glol A1 FFste] 42°C QlFtHlolE oA 184]
g st Azt QF2ES] HRAZRE HHHOR
|=3F gA]uol ue} A% SFEEE 3, 6, 9, 12, 15,
18, 21, 24717k &3t IR ATIHA AsARE AAISIIAL,
a2 A3 B HelM 7P itk e e F=EQ]
187 HEF QTEES 7|0 R sho] A0 th<Table
1>

¢

> >~l
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F:LI o

r}i tE 1o do
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1) pH 3 A3k

24 Q7 A apEEe] A A4 AEE dohi] §)
& pHe} ZAAE (titratable acidity)E 43I0 Y. STE2E
o] pHiE= pH meter(Coming 340, Mettler Toledo, Wimbledon,
UK)E Sg33om Adies 7% 359 =7his 58
ARAOA A A9l ] o 2R
ANE 10gS FHst 575 10mLE 7FF 3 0.1 N-NaOH
(factor-1.002)= ZAshHA] pH7| 8.30] HAL wfo] Amgk
< lactic acid $HHAITE 4HEate] FAISIIT o 2] ol A
Vi A4l AR NaOH Sl mL F, mS A5 T
gram 5 2|7|8HH, 0.9 lactic acidol] 3t M3 A4S
ofm g},

AR A= =(0.9xV)/m

2) ikt
A& 5goll ¥ Buffered Peptone Water(Difco, USA)
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S5mLg 7hste] #23} f‘& T 1030 AP o BAste] bl
2ol BFete] fakdrE 3 g oz ZH3IeiT). b
A= BCP plate count agar(Eiken Co., Tokyo, Japan)E
WEo] ARSI O, 37°CE] incubatorol| Al 72A17F wi oS}
of P G| fikte] Fehe At CFU(Cology
forming unit)(log CFU/mL) &2 YeRiAtt. =42 33
MRS ANl olek A,

5 74 EH

1) A=

QF2Eo Ao AAA(Colormeter CR-300, Minolta
Co., Ltd, Tokyo, Japan)E AI&3lt}. L(lightness, %),
a(redness, 2 %), b(yellowness, =)0 A2k 33] vk
& A5 on Hago s Jeplnh. olnf AR 3%
w20 7(Standard Plate)®] L, a, b %< 2H2}F 9726, —0.07,
+1.86°13] T}

2) A=

STEES M wart 45E A AIEE 100 mL
8719l ©o} Brookfield DV-viscometer(Brookfield Engineering
Laboratories, Inc., Middleboro, MA, USA)] 4% spindle
S o83t 60 rpmollA 1EoIA 3EZA] 1% HHoE A
T 33] NhE SAgste] Hghks Telsith

=33

[¢]

Z d= T2 Singleton et al.(1999)2] Folin-Ciocalteu
S HE3 Liu 5(2002)2F Cho 5(2008)2] oz A
AT S AR 5 g2 TS 10 84T F
105-7F 10,000 rppmel| A 41 %-2](Combi-514R, Hanil, Inchun,

Korea)dl] B2 F5dS A 58N 02 ARSI
SHT 05mLs 7H Al AR 125 uls ¥
Folin-Ciocateu Phenol Reagent(Sigma Chemical Co., St,
Louis, MO, USA) 125 puLS 7ell 187F wubalith 6%
F 7% Na,CO; €9 1250 uLS H7Fskal 1387F ks &
90 &9t ol AT v FEF=A(V-530 UV/VIS
Spectrophotometer, JAS Co., Tokyo, Japan)E ©]-&3}o]
750 nmelA FEEE 33] ukE Sk § vl
gallic acid(Sigma Chemical Co.)S H4Jslo] 2HE ¥+

2ol el ste] A& stsint.

2) DPPH At &2 &A%

A& GHE A E 5g oflehEE 100 EA4g & 1027F
10,000 rpmell A FA1E-2](Combi-514R, Hanil, Inchun, Korea)
alo] P2 dsHoR ARGt A 88 990 uLE DPPH
solution(1.5x10™* mM) 330 uLe} &3tate] iy, A0l
3087 WA|Sle] HRSAIZL & 517 nmellx] B35 =41 (V-530

UV/VIS Spectrophotometer, JAS Co., Tokyo, Japan)Z &
Y 33) W SAe9on T 42 8] DPPH )
7 &A% g2 Pk

DPPH At ez 2715 (%)=(1-5) x100

D>

AR FHE, B a7 FRE

7. BHS AL
FEAARE SFAA S A EGY e 209
SdE Agstel shdeict 1074e) NES HlsES 5
AW 9Re 4, B, A%, Wk vecld
Sl ojslel 74 Huwoz Brislel 713
7} $252 730 e AR FES Sk,

X a iﬁ rulo

8. SHIEA

2 H7F AR e FEES ¥4 54 9 AEE 1
a2t 73S Yol ] $18ke] Design Expert 8§ X2
139l ANOVA test ¥ 3] 748 ©]83192H, model®]
A oJF= Fest2 oS ASsiirt. 24 7 A
A¥} o= Ee] A= Canonical R 4% 273}
(numerical optimization)2} =34 %4 3K(graphical optimization)
£ 33 @XE 2 &S AR, A dF
(point prediction)s &3l HAH o= HAAsIAt 3] HA
3= canonical modelS 71522 3= 24l Al =7
HQl SR Efro 24 9] Yol Rkl #s7t
o] & F FoAd AHE vERd FES S3ER 9l (goal
area)2] F(maximum)E AA3IR oM, 2] HA3= F
3 AN HHH 5 olefe] Aol 715=se] 2 3= (desirability)
£ sk 7?“ 2 APEE Ueile HHHES AYsa

o, 3 g4 AR5 7} e d Ha e 3
o AR 2ol dPalge W Fsd weloly a2
=} FREE 2Roe Auay

1 n n
D(dlxd2><...xdn)"[Hdi]
i=1

D=overall desirability, d=desirability, n=response®] <~

1) pH 1 AAAE

27 7@7} AR @ F2ES] pHE 4.10~4.362 H9E
LRSS <Table 2>, @A -f-9F 24 74zte] 29l0] 59
o2 QTS vX|= linear modele] A=A p-value=

<0.0001% o485 Hom, R* 72 0.9384% Rde] &



<Table 2> Physicochemical properties of yogurt with Roselle extract by response surface design Mean+SD
. . Responses
Sl Mo Skim milk powder Roselle extract L actic acid bactetia
(® (® pH Titratable acidity (log CFU/mL)
1 1.00 0.50 4.14+0.01 0.95+0.03 8.13+0.12
2 15.00 0.50 4.35+0.00 1.71£0.35 8.30+0.01
3 1.00 4.00 4.11+0.02 1.01+0.14 7.49+0.01
4 15.00 4.00 4.32+0.00 1.61+0.57 7.81+0.10
5 1.00 2.25 4.10+0.00 0.94+0.00 8.02+0.06
6 15.00 2.25 4.36+0.00 1.66+0.14 8.18+0.04
7 8.00 0.50 4.21+0.01 1.38+0.42 8.28+0.07
8 8.00 4.00 4.21+0.01 1.39+0.12 7.26+0.10
9 8.00 2.25 4.18+0.01 1.37+0.30 8.234+0.10
10 8.00 2.25 4.19+0.01 1.38+0.21 8.25+0.05

<Table 3> Analysis of predicted model equation for physicochemical properties of yogurt prepared with Roselle extract

Responses Model Mean+SD R-sqaured” F-value Prob>F? Polynomial equation®
pH Linear 4.22+0.028 0.9384 53.35 <0.00071%** +4.22+0.12A-3.333E-0.03B
. - . +1.37+0.35A-4.350E-0.03B
sk
Titratable acidity Quadratic 1.34+0.017 0.9984 504.30 <0.0001 —0.040AB—0.069A2+0.019B>
Lactic acid bacteria Linear 8.02+0.25 0.6816 7.49 0.0182* +8.02+0.11A-0.38B

DO<R<1, close to 1 indicates regression line fits the model.
D4p<0.05, ¥**p<0.001
YA: skim milk powder, B: Roselle (Hibiscus sabdariffa L.) E: Error

ol AAEANL, o]o wWE 3|2 <Table 3>l #|A|
sttt R H7kFe] SRS pHYE moA AL =4
< & FFE vAA] e ASFE YETE Kroger &
Weaber(1973), Chamber(1979)= L F+2E2] u}g+& 3t pH
W27} 3.27~4.53012k SR E], B AFol= =4 FHrt
[TZEQ pHE 4.10~4.362 YEFSTE

AT 23 A= <Table 2>9F 720 0.94~1.712] ¥
91E HATE Davis(1970) G440 AF 44 A=
0.7~1.2014 vehdt e, 2 A7l E 0.94~1.71
o] W= v g AFAE H9)et AR T R
9} 2Alo] HAiteel M2 W 2ESR= quadratic model©]
AAEAL p-values <0.0001= Fo4S Blom ex&
7t S71das AL S7kIA ol EARet
FE olgale] QFT2E Ax 279 HAIE A A
(Park 1994)0ll4] GA 9] H7H]&0] F7HEFE A7)
= vehs 23 dAs e exEfe 17tz Z2at
o] o] F Je FAFIIRE To] T7H7] Wi

olek siirt.

2) At

24 H7F AR aFEES] faktrE 234 A= <Table
2>9} ko 726~8.309] HWHE UYERATE fAktrE 717
o] g¢lo] =R o7 JFS nA]= linear modelo] AR
.01 pvalue 0.01822 5% WSelM frolHo= Lhepy

Th<Table 3>. 342 AHHEA ZAo] &7 Ak
o4 Al o 2 IS vAE AS o 5 o T3 g
A o3
R AR

A-e] Gkl S7KIE SAEe 4

= 25 bl 24
1857] sl AEe] ol 7P w2 A9 F
T & Z7HEA™ Cho(2003)2] A Azte} UX]
S Btk AFdel ofspu A A 8 &
al
7

rl

O

>
A

sh= S

A @ F=E FAHEFE 10° CFU/ML oo 2 43}
AEH], E AT 7.26~8.30 log CFU/MLE YERNo] <t
gk Ao = JERTH

2. 7418 &

) M=

2A A7} AR QF2EL] AR (L, a, bE ST A7
£ <Table 4>} 7+01 L7he 41.42~68.59, adh-2 1.81~9.40,
bat 0.12~3.01¢] HHE JERHATE HE(L)9 U= (b)
= EAEF9 2Adlo] 5920 YIS WA= linear model

At MEE p-valueZt 0.00352 1% oJHlollA] §-2]Alo)
AEN, 2A] GAEFET HEe] B IS A
Zo 2 Yepgon gxifo Hrige] SS9
% 7VetaL, 20 7Fe] TS B Fho]
Pasle AFRE B ole 24 Hrl =5 dEe] 4

o
o|\
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<Table 4> Mechanical properties of yogurt prepared with Roselle extract by response surface design Mean+SD
Skim milk powder  Roselle extract Responses"
Sample No.
(8 (€3] Lightness Redness Yellowness Viscosity (cPs)
1 1.00 0.50 57.9242.66 1.94+0.08 2.24+0.28 383+2.66
2 15.00 0.50 60.05+0.42 1.81+0.06 2.68+0.27 2705+0.34
3 1.00 4.00 41.42+1.36 8.37+0.25 1.18+0.33 601+1.36
4 15.00 4.00 S1.13£1.11 8.05+0.29 0.12+0.04 2940+1.11
5 1.00 225 50.90+0.82 9.40+0.21 1.35+0.08 521+0.06
6 15.00 225 56.55+2.26 6.86+0.37 0.84+0.06 2680+2.24
7 8.00 0.50 68.59+0.47 3.37+0.17 3.01£0.16 1158+0.14
8 8.00 4.00 48.69+0.41 9.19+0.30 0.41£0.13 1618+0.41
9 8.00 225 53.66+0.81 8.25+0.62 1.08+0.30 1288+0.81
10 8.00 225 57.05+£0.06 7.27+0.28 1.61+0.04 1548+0.63

DL (white +100 0 black), a (red +60 -60 green), b (yellow +60 -60 blue).

<Table 5> Analysis of predicted model equation for mechanical properties of yogurt prepared with Roselle extract

Response Model Mean+SD R-sqaured” F-value Prob>F? Polynomial equation®

Lightness Linear 54.70+3.81 0.8005 14.04 0.0035**  +54.70+2.91A-7.72B

Redness Quadratic 6.45+0.98 0.9508 15.46 0.0101* +8.22-0.50A+3.08B—0.048AB-0.55A2—2.40B>
Yellowness Linear 1.45+0.44 0.8286 16.92 0.0021**  +1.45-0.19A-1.04B

Viscosity Linear 1544.35+168.86 0.9753 138.36 < 0.0001*** +1544.35+1136.58A+152.08B

DO<R<1, close to 1 indicates regression line fits the model.
24p<0.05, *#p<0.01, ***p<0.001
YA: skim milk powder, B: Roselle (Hibiscus sabdariffa L.)

7 B ARIE A2 Jung 2012)9F AR A
E?}D} AT = p-valueZt 0.01012 5% ol ollA] <]
o] JE]}\)\,J_ R2 7L0 0.9508% Ut—ﬂ_/] 14‘61-/\-10] O]FGE]

om, 2AL] QREARE o] AAwe 7P & IS
FE QA= qurnh:} A== p-value ol 0.00212 1%
A Fel o] IFHAL R? FE 0828602 HH9]
el AFHA. 324 A3 2Ao] EAEfrHT &
Aol B2 TS viAE Ao yepskon 9AEf
2Ale] FHrlgpo] F71eE AT} dolX= At
ERstth. ol of] 2E319 F4 54 B Alx =4 FHHs)
(Park 2010) S-ollx] Qrjite] Hriefe] 78S A
E=7F GopAlE - At fAk AAE Btk & 5
ik

o_>|: o _IllTl

2) A%

2A A7 AR FEES] J% 24 A <Table 4>
o} 7o 383~29409] H9)E YeRGich HEE ,FFE}\]IYZ
o] 329 3t AL YERE Ao 7 ALy} =848
o] 3FA0] ¥ ofmlsiH, =7t ‘;’%’%‘l‘% s
E40] =25 2r]3tHJoo & Cho 1998). <Table 5>oi4
e A3 o] AEw 717he] Q8Rlo] 5yAo=r 2-gst
i linear model®] G E 3L, p-value= <0.0001Z 24
Ql AprF ygkom R? 3h2 0975302 #& AYES B
ol mule] ghdo] AR ALY 34 B A3 GAE

o
o
JZ
i

f7t EAEG Jxo] o & IS e AR Ve
om GBAEFe] Hrhe| TS Axrt F4sH =
oA &= ATE Ho|x, BAO] Hylgko] Il E ohuta}
Al ke 743E At Rasic & Kumann(1978) 2
ZE Hro} 72 BT A 9T VA= T8 8
JoZE QFEE "Xo FUHPE il o FHepa A
T, 748 g ARG whlls] 58 58 53 vk 4
H“Z(Lee 2002), =2 (Shin 5 1995) 5& 713k 4

T QFEES] e 4 Aol HgElele] Frkehe Bl
2 Baglo] 9tk wpEhA] 2 Aors ExlEfet A S
w= 240 ofst A2 GRERet 24| H7E
e AE gso] dojt o g AlsH.

O

3.

REEER

1) % ¥ o
24 H7t AR @ F2Ee] F =
<Table 2>2} 7Fom 0.50~0.71¢] WS YTt = A=
e 7zhzhe] g9lo] HYH oz JFS v K= linear
modelo] A EJOH p<0.0003C-F 0.1%2] HN F<
Ao Z ERGI R? 2+ 090312 249 FEAlo] ¢l 5]
ATh<Table 3>. T3k 2Ao] FVIErE & He I3 F
AsHA 7kl A R, EAEI SEE F
s o] 2be] SUtske Ag & 4 Sl 2Ale &
e S ikskso] ool 4zl ZApek Ao} vl

_1

7
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<Table 6> Antioxidative activity of yogurt with Roselle extract by response surface design

Mean+SD

Skim milk powder

Roselle extract

Responses

Sample No. ( Total phenolic content DPPH free radical scavenging
g ® y

(mg/g) activity (%)
1 1.00 0.50 0.50+4.03 62.95+0.03
2 15.00 0.50 0.55+0.53 71.64+2.64
3 1.00 4.00 0.70+1.57 97.18+0.03
4 15.00 4.00 0.71+3.64 95.69+0.26
5 1.00 2.25 0.61£0.16 92.7742.65
6 15.00 225 0.62+3.80 94.87+0.34
7 8.00 0.50 0.50+5.14 68.19+1.35
8 8.00 4.00 0.65+6.36 97.91+0.92
9 8.00 225 0.60+3.59 95.02+0.03
10 8.00 225 0.63£2.12 95.56+0.29

<Table 7> Analysis of predicted model equation for antioxdative activity of yogurt prepared with Roselle extract

Responses Model Mean+SD R-sqaured” F-value Prob>F? Polynomial equation®
Total phenolic content Linear 0.61+0.025 0.9031 32.63 0.0003***  +0.61+1.000E-002A+0.083B
. + —
DPPH free radical Quadratic 37 1840.51 0.9994 1284 34 <0.000]%#* 95.21+1.55A+14.67B-2.25AB

scavenging activity

-1.31A%-12.08B°

DO<R<1, close to 1 indicates regression line fits the model.
Dk <0001
9A: skim milk powder, B: Roselle (Hibiscus sabdariffa L.)

<Table 8> Sensory properties of yogurt prepared with Roselle extract by response surface design Mean+SD
Sample  Skim milk Roselle Responses

No. powder (g) extract (g) Color Flavor Sourness Sweetness Texture Overall quality

1 1.00 0.50 3.20+1.22 4.20+1.65 2.93£1.53 3.13+1.83 3.20+1.46 3.13£1.66

2 15.00 0.50 3.13+1.40 3.73£1.70 3.53£1.51 3.27+1.15 1.80+1.39 3.33£1.23

3 1.00 4.00 2.60+1.23 3.33£1.53 2.33£1.30 2.67+1.33 3.53£1.98 2.67+1.14

4 15.00 4.00 1.87+1.21 3.40+1.08 3.00+1.27 2.93+1.00 2.33£1.22 1.93£1.08

5 1.00 225 4.00£1.45 4.87+1.22 3.53+1.24 2.87+1.23 3.53£1.50 4.20+1.50

6 15.00 225 4.27+0.60 4.13+0.73 4.27+0.89 3.40+1.30 3.73£1.08 4.07+1.29

7 8.00 0.50 3.40+1.38 5.53+1.58 3.73£1.44 2.93£1.10 5.07+1.06 4.27+1.50

8 8.00 4.00 247+£1.29 3.60+0.95 3.80+1.08 3.20+0.91 5.13£1.19 3,47+0.80

9 8.00 225 6.20+1.31 6.33£1.21 5.67£1.40 5.47+0.71 6.20+1.28 5.87£1.10

10 8.00 225 6.40+1.10 6.40+1.32 6.20+1.54 5.73£1.60 6.13+0.33 6.40+1.12
ol moke W sl ol e e /1SS Yeitk @, 2A0) Hrhae] e AlEe] DPPH A Bl &

= Azl uad A% e

2) DPPH At 2tz &A%
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24 A= <Table 2>9} 2201 62.95~97.91¢] WIS 1}

ERATE DPPH At 2HHZ 275
02 JS m|XE= linear modelo] A E )
Z fo4o=Z eI R

o 7}zke] @9lo] =3
o p<0.0001
R? Zr& 0.9994=2 3|AWHE| st

AFE7F ml$- =22 o 4 UAT<Table 3>. <Table 3>
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<Table 9> Analysis of predicted model equation for sensory test of yogurt prepared with Roselle extract

Responses Model Mean+SD R-sqaured” F-value Prob>F? Polynomial equation®
Color Quadratic 3.75+0.76 0.8888 6.39% 0.0482 +5.75-0.088A-0.46B-0.17AB-1.06A2-2.26B>
Flavor Quadratic 4.55+0.55 0.9010 7.28%* 0.0387 +6.09-0.19A—0.52B+0.14AB—-1.31A%-1.25B>
Sourness Quadratic 3.90+0.53 0.9140 8.50%* 0.0296 +5.59+0.33A-0.18B+0.018AB—1.34A%~1.47B*
Sweetness Quadratic 3.56+0.94 0.6762 1.67 0.3196 +4.91+0.15A-0.088B+0.03AB—1.09A%-1.16B?
Texture Quadratic 4.06+0.45 0.9605 19.46** 0.0066 +6.12-0.40A+0.15B+0.05AB-2.45A%~0.98B>
Overall quality  Quadratic 3.93+0.39 0.9638 21.31%** 0.0055 +5.88-0.11A—0.44B—0.23AB-1.49A%~1.75B*
Y0<R2<1, close to 1 indicates regression line fits the model.
24p<0.05, **p<0.01
9A: skim milk powder, B: Roselle (Hibiscus sabdariffa L.)
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<Figure 1> Perturbation plot and response surface plot on sensory preference of yogurt prepared with Roselle extract
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