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Abstract

Yogurt is mostly consumed dairy food and considered as a nutritious food because
of its probiotics such as lactic acid bacteria (LAB). LABs are known to possess
antioxidant, anticarcinogenic and antimicrobial effects. Corni fructus has healthy
and pharmacological effects such as the inhibition of apidogenesis and angiopoiesis.
Thus, the purpose of this study was to evaluate quality characteristics and
antioxidant activity of yogurt supplemented with water and ethanol extracts of corni
fructus. Yogurt was manufactured with addition of 0.1%-0.2% (w/v) water or ethanol
corni fructus extracts, respectively. For quality characteristics, pH, chromaticity,
viscosity and syneresis were determined during refrigeration storage (1, 7, 14, and
21 day). For antioxidant activities, 2,2-diphenyl-1-picrylhydrazyl (DPPH) and
2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) radical scavenging
activities were examined during storage. The pH showed no significant difference
between groups but showed decreasing pattern for all groups during storage period.
In chromaticity, redness increased, and lightness decreased as the amount of corni
furctus extracts increases. Yogurt with corni furctus ethanol extracts showed more
color changes than yogurt with corni furctus water extracts. Viscosity increased in
corni furctus extract added groups, compared to control. Syneresis was approximately
2-fold higher in corni fructus extract added groups, while there were no significant
changes between control and extract added groups. Both DPPH and ABTS radical
scavenging activities were significantly higher than control group in corni fructus
extract added groups, compared to control. In conclusion, addition of corni fructus
extracts in yogurt improved quality characteristics during storage and antioxidant
properties.
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M E

[PEEE TZHPO|QEIAS o]l AR AlF0|1, FE &
HEl= 28 |AE 3l stelty. 84=2E+= ‘Lacrobacillus
delbrueckii subsp. bulgaricus®}; Streptococcus thermophilus
of oJgt o Wf ZAte] g Qlef -SarH FAIE oE FojHt
(Bourlioux and Pochart, 1988). o= 9 2719] w58nt
ofe} ofg] R0 HFE o83 SFEE AFL Eol SAIHU
o} Algo] wuiEed 979 RFEEE Yo E S E
5743t 7oA Streprococcus thermophilus, Lacticaseibacillus
casei, Lactobacillus helveticus, Lacticaseibacillus rhamnosus,
Lactiplantibacillus plantarum, Ligilactobacillus animalis,
Lactobacillus delbruecki7} 432 AFgES SRIGIFHAS
A 5, 2015). 8FEEE ole} T2 [kt Qs A ZAL
A2 HElolE 52 Zelelal QUL R, BalE, Lt
9 22 714 183 grEEeN(vitamin By, Elobl(vitamin
By, FEEH(vitamin By, Zd°o|E(vitamin Bo), Lo]oFAl
(vitamin B3), HEFI A9t -2 HIENISE S56H SRotal 9L
o}, o] T2 AP E4EZ 59 87EE= % S AHE
A AE, WY Y G A G, A IR ENER
59 71678 7KL e A& ¥HA 3t Hood and Zoitola,
1988; Im, 2003; Liu and Pan, 2010). E3t 99 EWES 21
U= AFE] B 22 4 glo] fAEY 94 AR & A
A E9}FE Ik Stti(Weerathilake er al, 2014).
A=9(Corni fructus, Cornus officinalis’= SNAIE-E(A T4
£, FHNEHERD), AEEGTUHTFE), S5,
SUFEO] ARG URO] w2 A, T} oo BT E2S
drt. 10¥ o]gof o, F& SHS ARERIT ofAlole} &
4, 87| SR04 A=, S8 7RaE AX B A,
2, A, Ay, argEolE, E5A 5 TSRt 7164 A= AlE
Skt fEIgh 9Y S 7L YtiHassanpour er al, 2011).
FRgoll= 7telA ast vER] C, Ao}, tannin, 5714 501
Skow]o] k(Ercisli ef al, 2011; Samec and Piljac-Zegarac,
2011). A= Gl P43t 93} ok, FUASE PtakE,
olE] Aok B Rk, gdR|A]9] 7]50] Jlom, AR
S5 I A AEANE PGS JARITR= A s A
A: QltiHwang and Kim, 2011; Seo et al, 2002; FARE
5 1996). E3E A G FEES G52 Yol EALE
oI5y oA, B 2|70 o] 82 4 e ERIgE A ATE Sk
(Akhavan et al, 2015). o|2f3t A=5-2] 7% 7|5/9< o83,
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A FEES HUT A 7ol AtEoe] XFHIIH. AF
7Y S FEES 8FEE JVIRE Ao FEES
7FobA] g2 Hiztol Hsh AR FEE 7 8FEEE W5E
H7HEA, A, Bt REgE )l foHos w2 Mg ut
At ERL, pHe= tiEwto] Hlsto] oA Aldts]= 8FEES}
HISGE 252 UERTH A 5, 2012). 3olE 238lo] 41
292 7R H 71sde ATE Aolie AR B 37t
SlolE zZF3llo] izl H]3} total phenol content(TPC)2}
fluorescence recovery after photobleaching(FRAP) %ol 5
JF o= =A U, 2,2-diphenyl-1-picrylhydrazyl(DPPH) 2k
td 275 A FHoE A Ut Cerit er al, 2016). °]
= PBEHEA A7t AA] A8 ol & 5= Atk 7153
AN, E3E, Al A0 A} 28-S ASSH] fIRt
Aol A= Ak B4E H7IRE AFolA AR 9] &
ST ARG FAFSH] AlekES] B4 A=E AWEIT 1
2} 2t 22 Y] SOD  7heo]A /do] A AddwelA 724
WA S7Folo] A ezl dllo] Rk} OFEE AR 7Rs TS Hal
SIRTHEEA, 1998).

fle} ol A2 F7RRE TRt 250l tigh A7 XB= A
T AR 7RsS AR 25 7 8EES] FEEAT V)T
ol disiAl= A7t ofd] &Sk webA], & At Ak
2 F7H 8W(E, oE)E F201, o] FEEES 8=
E 2 Ao 0.1%, 0.2%=2 42 F7Isiie o] s=E #2 5
AFEE, A%, syneresis, pH)T} FA8Fs(DPPH, 2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulphonic acid(ABTS) tjZ&
275 71K, 7, 14, 219)0] wi=t Tt £ ATE
3l le= 7 A 252 7 7154 8EE AR
e 7hsde YobEsith

=z A SE

W=

[FEE Az AGEH FARHAFEATEE A= =)
= A AoIM PRSI, Al ER(E2E, FEE,
1) AU T3t 9 5494 6704 89t 100% AR &
B TP AFZE ARE Si) A8E AvE 25 B
@&FAR7Rs, A&, )2 Lactobacillus acidophilus(35%),
Bifidobacterium longum(30%), Streptococcus thermophilus
(35%)9] &5 =7 AR&E|QITt. DPPHEF ABTS+= Sigma-Aldrich
(St. Louis, MO, USA)lIA Y5ttt



AR & FE2ES AT 29 10 goll 357 200 mLS Y2
%= 95T ol 7HE 3087 95-100CE FA|5H
WEFeto] AZsHet 60T7HA] A3l & oFR|(Whatman filter
paper No.1, No.2, England)Z &%1 o7& 2 194 A5t
o}, oTHS 5=7](N-1000, Tokyo Rikakikai, Tokyo, Japan)
2 5535t 3 FEARE ok, -80T oA Eistt.

ARG oEkE FEES AR B 10 g3t 94% oflekE 140 mL,
S5 60 mL= S7t &, 3AITE waksloict oA & 11 o
s 7 1Y e &, 557]8 $5% & SEARE Sk,
-80ColAl Bastich.

QIFEE HX

QFEEE gRAHFEE F7L O% & F2E 0.1% 37t
(WED), 0.2% 7KWE2), gk 2= 0.1% H7KEEL), 0.2%
H7HEE2) & 5709 o0& AREUATHE7IE, w/v). 400 mLo]
SHREE VN EHlok, 77 12%9] BAHw/VS A 2 E
< 431 85COlA 3087t Afslgitt. 42071 A7l &, 94=2E
2B HESIQTH2.6%, v/v). 8FEE AEHEE 100 mLe
12% 2250l &3 o5 0.05 g& FFJHL 6 h vigolict. Ze
HzE QFEEE % pH 4.5~4.60] =2 w7} 42Co)A Bl
Gt R AR —;F%%’*% WA ka1 QJof -2 HpAlo
2 AZsI3ick HHOJOI T 3 A7IZH, 7, 14, 219EE 50
mL FHo|| EFste] 4TofA 1 6} ch.

pH

RE QH2E9 pH A& SevenBasy pH meter(Mettler-
Toledo, Columbus, OH, USA)E o]-&5to] =7513tt. Electrode
= A}838E7] A9 Color-coded buffers(500 mL)E pH 4.0,
pH 7.0014 #E3}6llth. 8F2EQ| pHE A7 IIPEE &4
Eipil=g

Mg
Aol 242 HEZ] FAlo| Q12 E 15 mLE& B2 5 Chroma
meter (CR-400 head, Konica Minolta, Japan)& o|-&3}o] &
AotRon 33 =74 folE9 HygiosE 1UIskth

A

HAr9l 2742 viscometer(Brookfield Engineering Labs,

G\cm%
H
¥ <y
- Ks:_!a?

Middleboro, MA 02346, USA)E o]-&3l9it}. Axo &4
F 35 g2 #I5}o] A4 viscometer?] 639 spindleS /\}g
510 50 rpmOl|A] 5EOA 7EZHA] 1& 7HHo = 33] S5 &
BHaoZ YepfIct.
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Syneresis

Syneresist= ¥4 71 —VL Foto] ARESHITHKeogh
and O'kennedy, 1998). 87EZE 10 g2 500 x g, 4CA 5
2 AR & EYE R ?l ‘—"4 Ao FAE SHstelth
Syneresist= 100 ¢4 734 l"ﬁ:ﬂ 3 S_ HEeE Yelth 2E A
Y2 33 HHE 577 o et

o
-4
|m
0
o oln

2

ol
QFEE AFSHL 50 m, FHO| Q1=E 10 g& 911 4,330 x g,
4CoA 587 YAHEZ(Combi -514R, Hanil Science indus-
trial) SICE AR F A5 EetE 50 mL FEI &711,
22 270= 3 ¥ o JFPolqlth. FeHS AG7IIHEE AR
sto] ARE Z7HA] -80Tol| Hksrt.

DPPH, ABTS Z2IC|IZ2 AHS

QF2E ASN?20 £ 0.1 mM DPPH €941 L offek=0f
39.43 mg® DPPH £ £3}) 180 pl2 24 1.5 mL HHo
dar, QFAofA 3087 BEEAIFH. o]F 15,000 rpm, 4Tl
287 YRk A5 £t F, A H(200 pL)Z 96-
well plate®] ¥©] 517 nmOllA] spectrophotometer® S5t
o} AL oeh&(200 pLE ARESIAAL, AR AER(20
©L)Z} DPPH -§2(180 xL)o] AF&=3Ic}. DPPH &2 475
< ot Zo] AXkslgiH.

DPPH 22 &A% (%) =

1 - EF = / T8 conmol — T8 Chian)] X 100%
ABTS 89(14.8 mM)Z} AFSEFE(G mM)E St 84111,
v/v& AZSIRAL, AL dAolA] 16 h ¥RSAIFT ABTS 8942
734 nmollA E4%= 0.700 + 0.057FA] F5<po]] sl4a)A A&
S19ick. o] & QL2 E AR=AH(20 )3}t ABTS 22 894180
£DZ 96-well plate©] Y1l FAofA 3087F BESAIFATE BESH
9] T 723 nmolA SHEAT. FAELS SF5(200 pL)
£ ARSI, HiRT2 Z‘—%—*r(zo ©1)2F ABTS €9(180 ¢L)°]
ARESITE ABTS 2HE AA6-2 thaat o] Aottt
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ABTS 22 27%5(%) =

1 - ( Esamp]e / g‘%Econtrol - ;S'%Eblank)] x 100%

DE A 33 ghEsty ST & Hago = Yehich
SAEM

B2 3o il gF + FRHAHSEME FAEUL, SPSS-
PASW EA &1%‘(«&5% 18.0 HW SPSS, Chicago, IL,
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A% 19214 €O pHE: 4.52901, 2+ ABH(WEL, WE2, EE1,
EE2)9] pHE 4.44-4.48% CHT} ozt % H— HtKFig.
1). ol Aol fEigt f714ke] Ak &80l Z3tE|o]
9E %7] pHoll 93 v Ae=E 24 EP. AA%713ko] Zoj
ol e} HE A9 pH7F Rol|E A Hehdet, ol

G 228 7 RFEEQ] pHE A7 F0] &

510 0OC OWEl DWE2 ®EEl ®EE2
490

470

Cc
c &B AB BC

A
450 | (yBBCcEBC

A A AA A

pH

430

410

3.90

370

3.50

Day 1 Day 7 Day 14 Day 21
Storage (day)

Fig. 1. pH changes in the yogurt added with comi fructus extract
(C, WE1, WE2, EE1, EE2; w/v) during fermentation. Values are
presented as the mean + SEM (n=3). Different letters represent
statistical differences observed over the same day (p<0.05). C:
yogurt fermented without corni fructus extract (control); WE1:
yogurt fermented with 0.1% corni fructus water extract, WEZ2:
yogurt fermented with 0.2% corni fructus water extract, EE1:
yogurt fermented with 0.1% corni fructus ethanol extract, EE2:
yogurt fermented with 0.2% corni fructus ethanol extract.
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A £ FAREY] SAREEO] O3t A Yo R iEo R Holn
A 2193101 pH 4.32-4.342 HE AFHo] S9A<Ql Ao
glo] HlsoHA YRt maEbA Ak 2289 4714L £714,
T AR 92 E a0 SlojA Akl TS 71AA] o=
Aoz FRIFGITE FHolA Al Q= 8FEEQ] pHe
3.87-4.198K= H(Kim er al, 1993)} A6 255 271 Q
TF2EO] A% 2194 pH7F 3.92-4.010]2K= A7+ Z¥HKang
et al, 2012)2} & 970 ArE H|wsf B u] & ALY 4
T FE2E W7 QA EEE H|IE 22 £39] pHE U=
o, ol 82E ARIPYoIA H7HE 10% W9l S5 A7
5 2olq] %F Ao Azt 912 E Wgof IS v
ANES e 5 GRE o] g HaAE(XE 7IA)E vhEo] Y=
o, & A9 g J7IsHA] Yol HRANES] o] AJtia s
AL Aog P §AF FEE A7F A7 2E(Lee et al,
2008) ollA= A% 15UA19] pH7F 4.20-4.252 & AdAvte}
HISSH Ut ol 529 A7lgo] H21, Aef =
& A F2E0 3E /714 2 7TE RS0 TEY| i
Olﬂ}i A= Fig. 1. A7, 7, 14, 219) &< A
ZZ8(C, WE1, WE2, EE1, EE2; w/v)3d7} RF2E9] pH ¥3}
2 Bt £ SEM(n=3). A= thE EAks 59t 979 AF
T 7t FHQ AJolE uIFHHp<0.05).

M
AR F55 ’1‘37} ST2E M Q7E2E A & 4TAA
24 h BT+ 5 2435199ch C9} 7 Ag7o] MrA 247k o
7 ZTKTable 1) LZHE7)E O 7V 11, 2 ARG 228

Table 1. The color value of yogurts at day 1

. Color value
Concentration " -
a b
C 90.98+0.04°  -3.59+0.01°  5.44+0.06®
WE1 90.54+0.01°  -3.14£0.03°  5.15+0.07*
WE2 89.56+0.07°  -2.82+0.02°  5.02+0.03%
EE1 90.08+0.06°  —2.90+0.02° 5.26+0.09%
EE2 89.29+0.04°  -2.28+0.01° 4.83+0.04¢

#® Different letters represent statistical differences in each color
measurements (p<0.05).

L*, darkness-lightness (0-100); a*, greenness-redness (-60-60); b*, blueness-
yellowness (-60-60).

C: yogurt fermented without comi fructus extract (control); WE1: yogurt fer-
mented with 0.1% comi fructus water extract, WE2: yogurt fermented with
0.2% comi fructus water extract, EE1: yogurt fermented with 0.1% comi fructus
ethanol extract, EE2: yogurt fermented with 0.2% comi fructus ethanol extract.



(WE, EE)9] 7Fgo] wobde] wet froja o= 4asigint. bgt
EAE)olA WE1 C7F -+l Alolg E oy, H7F sk
e Aol fls AR Yeldt. BRI dizata) =0 2
o7} /1AL, EE2& Ee AT § 7H ¥ bk YEth
579 B A2 agh(FAE)0)A FoJ4Rl AolE H it of
FAE A7IsHA] &2 C7F 7P WOkAL, olF 7 FE&=EE A7t
Fo| S71del wet aghe S7IBIH. FE= E2e 22 A7t
sEOA oRE FEE0] & FEEREY A F= UL
agh)e] o & Ao YeFch

H7Apo] F7RIGE B8] QS Wol agre] AXIHe AT
(e 5, 20029 A3k Age] Yk

HE

Ao Q72E 4 EA FolA] Aol 93k vlAlE 8Rlo]
ot A7t M2 Akeg 58 H7F 872 E9 JTt Fig
29t 2t A% 194104 CO] A= 814.44 cPolloH, WEI,
WE2, EE1, EE2 A%+2 27 880.22, 905.89, 1,068.78,
1,155.11 P2 F2E 37} 52/t S71E4E A 3713hS

1800 r OC OWEl @WE2 ®EEl mEE2
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1400
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Viscosity (cp)
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Fig. 2. Viscosity changes in the yogurt added with corni fructus
extract (C, WE1, WE2, EE1, EE2; w/v) during storage. Values
are presented as the mean + SEM (n=3). Different letters represent
statistical differences observed over the same day (p<0.05). C:
yogurt fermented without corni fructus extract (control); WE1:
yogurt fermented with 0.1% corni fructus water extract, WEZ2:
yogurt fermented with 0.2% corni fructus water extract, EE1:
yogurt fermented with 0.1% corni fructus ethanol extract, EE2:
yogurt fermented with 0.2% corni fructus ethanol extract.
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oh E3F F2E 719] HlaoHE & FEEHN o
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Al 2 F ARl ofsf LA S de olg
=29 4004 710 Ao AZHE AT 142714
2= A8eY] A=t 3716 Fig. 2). 872ES] M) FF
= TRE 8Rlo e A, #50] Mol A4, & YR o4,
A B i Z8isd S0l A=Hl(Rasic and Kurmann,
1978), A &= 710 |E At $71 HAkte] Sk a
Z QI A B F AR VIR U8 AT ke A=
A ol% A 219314 Hrrt ot F4ski=H(Fig.
2) 872EQ Hurt #5204+ A8 HAE At 590l I
T =t 818l 4723 Ramaswamy and Basak, 1991)&
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Syneresis

Syneresist= 7-2EQ] A WjEZA0A AH| AHo] HejE=
s At 208 Q1 EE 4 E40)A 583 A& 5 of
ot} & Agojx= A4 E715 AMSH syneresisE &35}
AchFig. 3). Coll H|] At 25 H7} 372 E9] syneresis
= WAY Bt AoE et A 25 371 et =

50 OC OWEl DWE2 BEE1 BEE2

40

w
S

Syneresis (%)

A
AB BC
C

D
S

10

Day 1 . Day 7 I Day 14 I Day 21
Storage (day)

Fig. 3. Syneresis changes in the yogurt added with corni fructus
extract (C, WE1, WE2, EE1, EE2; wiv) during storage. Values are
presented as the mean + SEM (n=3). Different letters represent
statistical differences observed over the same day (p<0.05). C:
yogurt fermented without corni fructus extract (control); WE1:
yogurt fermented with 0.1% corni fructus water extract, WE2:
yogurt fermented with 0.2% corni fructus water extract, EE1:
yogurt fermented with 0.1% corni fructus ethanol extract, EE2:
yogurt fermented with 0.2% corni fructus ethanol extract.
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< = e 7R AR Rl S 8FEES Ao
23t o ZokA 23ste] syneresis7t CEEF RA U 4= Al
g, F71eke] Hof & Xjo7t glis AR AZE) webA A
FEE9 H7hge] 7RI syneresise BS 44T 202
A eAlR] A M7k 82 E 9] A AR gol| #gt
HA7HGarciaPérez et al., 2005)°1x= #:A] H-4E 0.6%,
0.8% Z7Iet AT ti2wo] B8] =2 syneresisE WEFHA
gk 1% 7R 23519 syneresis7h 743t Aol FAfok. A
A717F 2= AR 19X}0)A CY syneresise 38.34%% 2,
WE1, WE2, EE1, EE2 A& 247} 36.535%, 36.41%, 36.20%,
38.48%% HF HISE 2 Ho 355 7] e f9Ad
Zpolg & 4= YUSItkFig. 3). A% 7RIl syneresis7t TA 3
Aokl A% 149, 21931001 793} vt 258 H3iH. o]
£ E0E AR A 872 E] §4 RegE AR A2
THIsleten and Karagul-Yuceer, 2006)2} Y3t} o] 1o
A 277K, 6, 129) B9Fe] FARF @72 EQ] syneresis &
oA 192}0= 71 =2 52 UERIAIEE 0YAte] ZHAast
FaL o|F HlgE =29 {1 EElE Bt o= A7Izto] A
ol wet J&7t F7kekal o2 <lsl A MEE AV} B dieiA
T 22 dAet & Aol witoletal AlsEch A% 7R
£ A9t BE Ao & 58 7 87EEY] syneresis
7} ol H7F SFEERT BAY HISE AE & 4= SltkFig.
3). gt Frof wE vuy F2EY IR Tt A+
(Won et al, 2015914 @ FEEY 4lo] Mfa T2
(2.06%) 95% ofle-Z F2E9] Aol Af4 FH0.06%)%} oF
308 =UTE wEbA, & FEE0] oEE FEEEY 5 ¢
2 A% o vk Az o] Adte A FE80] 892
EQ9] syneresis©l] JG9FE U|R|A] b= AOFE YEiTh

DPPH, ABTS ZICIZ AHS
AEA] W Ak AEH A= /34 (reactive oxygen species;
ROS7F SAEHA Al 7173 =9 A3t £442 op7lsl= ¢
Qlo]x, o] =5}o] 39 YUQlo|tiBokov et al., 2004). AR
% 951 superoxide, hydroxyl, peroxyl(ROO - ), alkoxyl
(RO -), hydroperoxyl (HO; - ) 59 ZtiZ2 A Sk A&
EGAA o B Boks, HES, FUrEAS TEE, AR EHY 9
s P07 4 ItKFang er al, 2002). E3F A ZHEE
7FEst At 547 2kgsto] AlEet E= DNASH Zo] Al X
of diof uj->- AFH o= 283t 4= QItiFInE 5, 2010). A4St
Al ol2fgt A grdY S Yolgs 9dZ & 4= Slth
AR 25 J7F QA2 EY AR 8AFE A5

o 3
o
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St ¥ DPPH, ABTS 2HE &A% Al@S Bof ERlsteltt. 4
3 ZAzl= ohga} Zth DPPH, ABTS i A4S AIY 2%
CHT} £ A7%S 2tk DPPH Sz 4aA% AolA A%
193] CY FE AASS 50.33% AL, ZF AgFES 47t
71.50%, 81.52%, 75.48%, 82.46%% VFEFHCHWEL, WE2, EE1,
EE2)(Fig. 4). ABTS 2ttZ &A% AZolAE A% 194t €Y
ABTS Oz 4&7%0] 40.07%%3, 2 AFLEL 76.67%,
90.93%, 85.33%, 95.04%= Coll H]afl oF 24 o}Ae] PAlSs-S
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Fig. 4. Antioxidant activity of the yogurt added with corni fructus
extract (C, WE1, WE2, EE1, EE2; wiv) during storage. Values are
presented as the mean + SEM (n=3). Different letters represent
statistical differences observed over the same day (p<0.05). C:
yogurt fermented without corni fructus extract (control); WE1:
yogurt fermented with 0.1% corni fructus water extract, WE2:
yogurt fermented with 0.2% corni fructus water extract, EE1:
yogurt fermented with 0.1% corni fructus ethanol extract, EE2:
yogurt fermented with 0.2% corni fructus ethanol extract.
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