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Physicochemical, Microbial, Rheological, and Sensory Properties
of Yogurt Added with Yuza Pectin Extract

Mi-Ra Yoon, Jeong-Yun Seo, Ga-Eun Ryu, Yeon-Ho Kim, Moon-Cho Seo, and Yoon Hyuk Chang
Department of Food and Nutrition, Kyung Hee University

ABSTRACT This study investigated the effects of Yuza pectin extract (0, 0.1, 0.15, and 0.2%, w/v) on the phys-
icochemical, microbial, rheological, and sensory properties of yogurt. Pectin extract was extracted from Yuza peel
by using citrate after juicing the flesh. The total sugar content of Yuza pectin was 89.07%. The pH of Yuza pectin
extract-added yogurt was 4.43. All Yuza pectin extract-added yogurt samples showed shear-thinning flow behaviors
(n=0.33~0.44). The values for apparent viscosity (0.34~0.47 Pa-s), consistency index (4.48~10.25 Pa-s"), yield
stress (6.56~17.61 Pa), storage modulus (47.96~75.21 Pa), and loss modulus (19.79~26.06 Pa) for 0.1 ~0.2% (w/v)
Yuza pectin extract-added yogurt were considerably higher than those of the control. These result indicated that Yuza
pectin extract could enhance steady and dynamic shear rheological properties of yogurt. The sensory scores of Yuza
pectin extract-added yogurt were higher than those of the control.
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B Aol 2014 A nETA AE GAE 7
ujale] ARgElSTh A AA S 60°CelA dFx F,
blender(WF2211214, Intertek, Torrington, CT, USA)=
45te] 50 mesh XA ES THAA AL 71FE AL
sieh, a7EE Azd Age 41 429 % (Yongin,

Korea) Z%-E] w3} o}

284 7FF A 29l 0.1 N citrate(Jensei Chem. Co.,
Tokyo, Japan)E 1:209] H] &2 ¥l 50°ColA 24213
= 3 AR7A AN HY. FE25 EHE T &
e AThe FHgk & sl 3uje] FEetE 94% A&
(DaeJung Chemicals & Metals Co., Ltd., Gwangju, Ko~
rea)s 2ol IHAAL thg, ol & thA] bl st A A
ES Atk fEde AAE S8 FHE o 2wl
Fete 94% N2 13 A3t 55 65% e
S ol 135 AlFsth 1§ 541 %7](FD8508, Iishin,
Dongducheon, Korea)& ©]-&3t] 71x2A|7] A|EE& blen-
derZ #43l3L 100 mesh A4S SIHAIA FAHEH

™

N

.

A7VskAl il @42 E Az Al A
#A¥ [citrus pectin, high methoxyl
(DE>50%); CP Kelco, Lille Skensved, Denmark] 0.2%
£ A7kste] Alxzsil o, fAd 5= 0.1, 0.15, 0.2
%E HIVste] AZS QFERES AP0 R AT
WA 7 100 mLo] §-Frol GAERE ¥ #d5e &
90°Cel Al 103t Aktalltt. o] & 42°C7HA] W2ziA 7] &
T2kt Lactobacillus delbrueckii subsp. bulgaricus,

Streptococcus thermophilus(Sacco Srl, Cadorago, Italy)
s} 747ke] MRS Whate] 38°Cel A 6417 WEA AL,

Ut 2N

At B FAEAE 2550 8] 8, 238, 2
M ZAW, F9, uronic acid FFS BT T
ShFe AAdTtE Ay, 238 e AR s shE, 2ud
A 3L micro-Kjeldahl method, ZA% &3 Soxh-
let FEHo2 543t FF &2 Dubois 5(9)9]

phenol-sulfuric acid methodZ ©]-&3&}e] SA&AaL, ur-
onic acid®] $+%-2 Blumenkrantz®} Asboe-Hansen(10)
2] m-hydroxyphenyl colorimetric methodZ ©]-&3}o] =
Eiya=g

563

QF2E9 pHE pH meter(ORION3-STAR BT pH
meter, Thermo, Seoul, Korea)Z Al-&3}e] =433 oH
STE2EQ it 5 AEFI oz S4s
Z4zte] Alag 10 SAPH o= 5|43k § MRS Agar HiA|
£ §o] 37°C AFfHlolElo| A 48A1%F &<t gttt 3
Ao 7 YEPE colonyE AS3}] colony forming unit

(CFU)/mLE e g,

M

SFEE AEE A2 (JC 801, Color Techno Sys-
tem Corporation, Tokyo, Japan)& AF&-3lo] A% 3 54
ZoF B3t & 4709 A= thsh Lightness, %), a
(redness, A %), b(yellowness, #%) 32 204 =
Al Bk e ojw) xEWMRS] L, a, b gk
Z+7+ 98.56, -0.01, -0.48°] %t}

HHRS EM =4
QT 2E AANHE EAL rheometer(MCR-102, An-

ton Paar, Graz, Austria)®] plate-plate system(&7 5
cm, 7F2 500 pm)S ©]&-3 25°ColA SAH3A Y. 4=
EE rheometer? plated] 31 1.0~500 s'9] Av&EE
(y) HSlelA S8t A8 (o) AdE%(y) ol
£ ATk A=Y B3R 54 power law EEA (A
13 Casson &2 (2] 2)o A&3) dle=2A] vi/iHsE
< T3Sl

Power law model: 0=K-ay"

Casson model: 0%°=Kyo+ Ke-y™® ] 2)

o714 o AEH(Pa), y= AdEE(s™), K x5
A 4=(consistency index, Pa-s"), n<

behaviour index, dimensionless) =223 (K.)*& Casson
plastic viscosity(n.)e]t}. Casson =4

>
2
o &

(o) S AEET-Ad-3H e Ng3]7 34 H a2
. Power law Bd2S 53] 42 &4 At Az
T AFKERE AYEE 100 s A9 BR7] A%

(apparent viscosity, nai00)E AT

STFEEY 54 deAd 542 rheometer(MCR-102,
Anton Paar)®| plate-plate system(#7 5 cm, 7+2 500
um)-S ©]-8-3l 25°CollA A& FaSFAT}. 2% straindl A
54 (frequency, o) 0.63~63.8 rad/s HH oA A ekA
E-(storage modulus, G"), £4 %4 & (loss modulus, G"),

&2 2~ % (complex viscosity, n) % tan 6= SA3F% ).

7|S= HA}

71 &% FARE 20~25419) A8 h ek A Pt} o)
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Table 1. Proximate composition of Yuza pectin extract (%)
Moisture Crude fat Crude protein Crude ash Total sugar Uronic acid
Yuza pectin extract 0.43%0.05" 0.22+0.01 0.32+0.00 9.68+0.06 89.07+0.79 53.93+1.15
"Mean+SD.
A 408 S didom At sidolA Alx F 543t FHe a4 =2EG & 5 Utk
4°Coll A B AZE ZH7te] R F2EE 424 Yol AF Az 55U 4°Coll A W A 2Hzhe] a4 =2E
shoivh. AE, A, B2, AR 7S] 4714 FAT g9 WSk Table 29 2}, v, AR (FA4)
< FHa A 53, AA A 13z Frsksl g FEE 0.1, 015, 0.2%)°] frikt 5 242F Wt 2.50%
10”, 3.00x10%, 9.00x10°, 7.00x10” CFU/mLZ }e}%t
SAAE thoolm B ofe] At Aol wEw g g Aske
B oA 9 A= SAS 9.2(SAS Institute, Cary, 5} probiotics®] T4} AFEL A A A AA 7 A
NC, USA)E o] &3lo] ANOVAY Fisher's Least Signifi- I, 7 71 E pHE Solx ] A E AR 9-f
cant Difference(LSD)2 A3ttt SAEA e A= FrEe] Fafol 7|ske Aem AdeATH12). 3k el A
B4y TEAXE JgUglon, EAA e XK 23+ 2182 913k probioticse] ¥+ 4 6 log cycle
0.054l141 A ZFaairh. ]
Zn o
Ak 2

=1
A3%, Z23)F TdHFS 9.68%, 2w A
Stk 0.32%, AW &2 0.22%, 3 FF2 89.07%
259 uronic acid S 53.93%

g
FoA A FAE FERe] FHR
ko)

=, il
[ o 3 =
e AuYe G + Yy

=
=% 0.1%, 0.15%, 0.2%)<] pHE 2442+ 4.45, 4.45, 4402
2 Yetet gz A8 0.1%E 74 2ol 7t ¢l
Ao, AF 0.15%% 0.2%= Eﬂifiﬁ‘r frojs o vt
Qktl. Rasic¥} Kurmann(11)& S FE2E 9] pH7} 4.0~4.6
WHAol S u S, 21, Fn) SA BA} Q= 5w
ZAY oaFEET Rty B Ado AlLH S
FEE A7 TEEE $7 W £abr] o] S5
Table 2. pH and viable cell count of yogurt supplemented with

different concentrations of Yuza pectin extract stored at 4°C
for 5 days

Lactic acid bacteria
pH cells counts
(CFU/mL)

2.5040.71 X 10°°

Yuza pectin extract
concentration (%)

0 (control)" 4.62+0.046™

0.10 4.45+0.021% 3.00£1.41x10°°
0.15 4.45+0.004° 9.00+2.83 X 10°*
0.20 4.40+£0.014° 7.00£0.00 X 10° *

1)The control includes 0.2% high methoxyl pectin.
*Values with different letters within the same column differ sig-
nificantly (P<0.05).

olololof sau(13), AEFN WE LR F FAE 5
107 CFU/ML o422 4slo] Qirk. olo] uheh 2]
F2E W LF2EE 919 A A, Ao

=]
W probiotics & T2 E AJikel] AFEE 4 & oz A7)
7]

Ty

F%% A7t a=Ee] FAL Wusy) S8 A
I

3
b &< *—Ei}ﬁli %Xé?& A 3}= Table 33 2t}
a

402 Ao/} g, |20 E FAAL FEE

=
STEES Hrd JFE /NAA E5s & T AV

YRS &4

ST EEE Hol wel 2njate] 7|z mr) dEbH] 7] o
woll # Aol s AR 52 $20~0.2%)F 2
ato] Az T EES 5UIF 4°Col A W A F A
e SAS SASIT a7 EE] diksm(yel tig A
&5 (0)9] HlolH = Fig. 13} 2on], & AT-elA A&
BE QTEEE AdEET S7HEes ddgEo] A
st 97144 (pseudoplastic) 545 YA &3+ &
TEES] deksmo] ek de-g-H o] vloly Z3}E pow-

Table 3. The color (Hunter's L, a, and b) value of yogurt supple-
mented with different concentrations of Yuza pectin extract stor-
ed at 4°C for 5 days

Yuza pectin
extract L a b
concentration (%)

0 (control)l)

107.3540.56™? -3.99+0.22™ 18.60+1.50™°

0.10 107.36+0.35 -3.96+0.31  18.95+1.13
0.15 107.36+0.34 -3.93£0.39  18.90+1.42
0.20 107.37+0.52 -3.91+0.38  18.84+1.03

1)The control includes 0.2% high methoxyl pectin.
Not significant.
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Fig. 1. Plot of shear stress versus shear rate for yogurt supple-
mented with different concentrations of Yuza pectin extract stor-
ed at 4°C for 5 days. <, control (without Yuza pectin extract);
o, 0.1%; &, 0.15%; x, 0.2%.

er law @A 7 Casson EAA ol &3t o8 {554
| IR FES S tHTable 4). i W54 H7F e F2E
(NzH9} §A98 =22 A7) aF=E@EdE 0.1~
0.2%) B5F 53 AF ngte]l 120 22 79 (n=0.33~
0.48)°] 9lo] shear—thinning 71%5S YEFHAT T w
g FAEE 255 57t 0.2%9 AT ngkol 5o
o= zrasileh. kA Aol &t} 73 shear-
thinning 434& YER L 5S¢ = AT o9 &2
QT2 E9 shear—thinning A%< YA 1Fe] 45 AT
25H JAE A2 AFAE 7 BAAFE

Aol YA ko] Aol FEFFH 2]
F7vshed], e Erh S7kske] whet o]E YJA A o
7} #+-3)ar webA shear—thinning A-5°] YEFSHTH14).
Holdsworth(15)9} Rao(16)°l 9Jl® tF-& EANEE

7F STFEES] £2

»
A

4 565

o] o7k FAEA
<l gk A

Table 404 Ho]F=31 9l5%0]
HH7] AE, Casson &EH-gHo] xR AT
fre)d oz Frtalgitt. o= Al ARAE H a2
EQ7el tig A7 Baet Ak A3E Bl e &
ATFelA FAEE =5 Fr
F7tsle A&S JEITE ol @9 F9Td 4
F7hete] AR 1] Adsddtel o AsiA o
7Vt Ae®2 B 4 Jvi(18). Casson &
2.07~17.61 Pa 95 Yeton fxwre 49
TEEJA o3 oz F7ksgltt 91 F559]
E7F 0.1%9} 0.15%%] Aol A= F24 91 ZFo] 7} vEl
A gkt 0.2% Ao A FoHem Frteksith
(Table 4). Janhoj(19)> F &3} carboxymethyl cellulose
7} SFEEQ KIS ZF7MIA It B a1tk Murti 5
(20)ell of3lH YurAoR QFEE HE F7h= A4k i
A S aE e sl A, proteased] o g 23

3 2 ZAAto] 93 polysaccharided] A Soll 93
3o dojurtia By vl o, 2ER B AT

g A

—

A APT AR, AEE A5 % GRS F1E AL
FARY FERO) sk SN WA 1o FEAE

Fig. 2= A|Z & 5A7F 4°Coll A ¥ AHE QF2Eo
izl 25°CellA 21 E(w)ell W& A7 Ed E(storage mod-
ulus, G, 284 E(oss modulus, G") 2 EH4 4 =(com~
plex viscosity, n)2] ¥3slE HejFa gt} E Ao A

Table 4. Effect of Yuza pectin extract concentration on steady shear rheological properties of yogurt stored at 4°C for 5 days

Yuza pectin extract Apparent viscosity Ma 100

Consistency index K

Flow behaviour Casson yield stress

concentration (%) (Pa-s) (Pa-s") index n ooc (Pa)
0 (control)" 0.16+0.01% 1.78+0.56° 0.48+0.05" 2.07+0.42°
0.10 0.34+0.01° 4.48+0.37° 0.44+0.01° 6.56+0.72°
0.15 0.3740.01° 4.91:0.41° 0.44+0.01° 7.60+0.51°
0.20 0.47+0.02" 10.25+0.91" 0.33£0.01° 17.61x1.41°
UThe control includes 0.2% high methoxyl pectin.
?Values with different letters within the same column differ significantly (P<0.05).
25 2 16
2t i 16 — _ 12 8o
g 5L N T g ol s - SQEQQQM § 08 .
o 1L . © QQQQQQQM o .| MQQM o 047 o
g) ° g . R N PR g ol
05 f 04 f o4 |
0 0 -0.8
0 05 1 15 2 0 05 15 2 0 05 1 15 2

log w (rad/s)

log w (rad/s)

log w (rad/s)

Fig. 2. Plots of log G', log G', and log n* versus log o (frequency, rad's']) for yogurt supplemented with different concentrations
of Yuza pectin extract stored at 4°C for 5 days. <, control (without Yuza pectin extract); o, 0.1%; 2, 0.15%; %, 0.2%.
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Table 5. The storage modulus (G'), loss modulus (G"), complex viscosity (n*), and tan & at 11.5 rad-s” for yogurt supplemented
with different concentrations of Yuza pectin extract stored at 4°C for 5 days

Yuza pectin extract Storage modulus Loss modulus Complex viscosity n* Tan &
concentration (%) G' (Pa) G" (Pa) (Pa-s)
0 (control)" 10.79+1.45 5.51+0.44° 1.05+0.13¢ 0.51+0.04"
0.10 47.96+0.16° 19.79+1.01° 4.5120.02° 0.410.02%
0.15 55.7242.68" 20.88+1.19° 5.18+0.23" 0.37+0.02°
0.20 75.21+1.42° 26.06+0.83" 6.92+0.12° 0.35+0.01°

"The control includes 0.2% high methoxyl pectin.
Values with different letters within the same column differ

A8 70.1~0.2%)2 272 G G" A Et} #79
2 4T ARTS o WY WA A" —T—%%
s weE G G FAF FYH oz U

G' F2(47.96~75.21 Pa)7t G" F%1(19.79~26.06 Pa)i
t} =4 el tH(Table 5). ©]& $f S7F2EQD digh
AT Bk JX|3sHST

g n'E o7t S7HE whet FHAeske A
wre Ao F27F
Table 5). o]d] uwz} F=p=
shear-thinning A%< UEHS &
= AAHE EAoA power law 2229 ngto g
L0138+ shear-thinning A% 7 4 x93t}

11.5 rad/sol A z23 A8 G'3 G" 3 Add=
Table 5olA4 Bl ot AT G G" ¢k iz
WO §9H0 Horon, Gate FANE SRR Bx
7y FEFE A «]7‘4 o2 F7resith G A B9

RE
s Ke)
Ao
A7r

AHE &89 FE7F 0.1%9 0.15%2 Al F9
A Q1 Zpel 7t b}E}L}Xl ggtont, 0.2% 2FwolA frolH e
2 7kt oM Kol AR FEEE HHE
STEEY AR, HA2E AF 9 FREH] T A2
FAAE FEE sk R v ko] ek
I Y, PR 2 A E FEEs 7R 8=
B T4 Awd Aggel S7H AL e v

HEL A% (viscoelastic behavior)g #H7}8}=
FAE G G'Y HE9 tan §7F =T, o= tan § #ko)
A Aol 3, 1Rt I AAdZ AE
ou] gt} 11.5 rad/solA A9 tan §
#(0.35~0.41)2 15t} Z9kth(Table 5). wepA] fFAH4€

f
)
LS
o
i
mlo o

significantly (P<0.05).

= AAE AR g3 ddol 9
&g 4 AT
Table 6& A&+ Y%+ log(G', G") Z log o3}9
HAANE( 37 HRFEEH AP F A HL3o] Dozl G
G"9 7]1€7](n", N G'T G"e AAK', K" D AAA
RHE BolFa Yt

G'=K'(0)" (4] 3)
G"=K" (o)™ (2 4)

G'9 n' #< 0.16~0.28%, G"9 n" #& 0.20~0.352
el on, o AR AS5(R*=0.94~0.97)¢] 247
E Yepith giza R A3ee] K'h K" gho] fo4 2

2 =UTh Yoo9t Noh(22)o] w2 -7 SwoA] ofsh
Al 7% 7&K, K)7F F(+)2] 71&75 HoFH,
WA Fop4 A9l A Glol G'ET) E2
olo] FAHAE FEE 7} A TEEE
4 DS A e A= *M%E}

Z

=
=, AAAQ 7|EEE =A38 A= Table 73 2t}
o] 6.38%4 o7 txTe 5138 K
o frejH o He ks vEblth A A9 dixatol
A vdeEbgton, A8 0.1%, 0.15%,
,5.78%, 6.000 o2 AT BF %
TR Fo)Ho %ﬂl UEbs T Bl Ao A

Table 6. Slopes (n', n") and intercepts (K', K") of log (G', G") versus log o (frequency, rad-s™") data for yoghurt supplemented
with different concentrations of Yuza pectin extract stored at 4°C for 5 days

Yuza pectin extract G G"
concentration (%) n' K' R? " K" R?
0 (control)” 0.28+0.04" 0.73+0.07° 0.94 0.35+0.01° 0.37+0.02° 0.96
0.10 0.20+0.02° 1.47+0.02" 0.95 0.230.01° 1.05+0.0° 0.96
0.15 0.18+0.02° 1.56+0.05" 0.95 0.2240.01° 1.09+0.03" 0.94
0.20 0.16+0.01° 1.17+0.01° 0.97 0.20+0.01° 1.21+0.01° 0.95

"The control includes 0.2% high methoxyl pectin.
Values with different letters within the same column differ

significantly (P<0.05).
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Table 7. Sensory scores of yogurt supplemented with different concentrations of Yuza pectin extract stored at 4°C for 5 days

Yuza pectin extract

concentration (%) Color Sour taste Texture Overall acceptability
0 (control)” 5.13+0.83%? 4.88+0.79° 3.13+£0.79° 42240.83°
0.10 5.78+0.87° 6.00+0.84" 5.66+0.87" 5.22+0.79"
0.15 6.31£0.82" 5.78+0.87" 4.91+0.82° 5.13+0.71°
0.20 6.38+0.83" 6.00£0.76" 5.78+0.79" 5.22+0.61"
"The control includes 0.2% high methoxyl pectin.
Values with different letters within the same column differ significantly (P<0.05).
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