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Abstract

In this study, quality characteristics of yogurt supplemented with Angelica gigas Nakai leaf
extract were examined. The pH of the yogurt ranged from 4.40 to 4.45 and the titratable
acidity ranged from 0.96% to 0.98%. The viscosity tended to decrease with the addition of
the Angelica gigas Nakai leaf extract, but did not affect stability during storage. In the range
of 0.1% to 0.3%, lactic acid bacteria were present in the range of 1.9x10° to 3.2x10°
CFU/mL. The decursin content in yogurt was quantitatively analyzed, depending on the
addition of 0.1% to 0.3% of Angelica gigas Nakai leaf extract and was found to be 0.26 pg/g,
15.23 pg/g, and 23.57 ug/g respectively. Organic acid showed the highest generation of
lactic acid. The antioxidant properties of yogurt were shown to increase with the addition
of the Angelica gigas Nakai leaf extract. The sensory score of yogurt supplemented with
0.1% of the Angelica gigas Nakai leaf extract was highly valued, at a level similar to that
of plain yogurt. Yogurt supplemented with 0.2% of the extract was rated above the normal
score of 6.31 to 6.50. As shown by the results, the optimal concentration of Angelica gigas
Nakai leaf extract for addition to yogurt was within 0.2%.
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Al o] S48 AANA BFRRE, LaPiR|9F HAS) 52 Rt 71578 Alesis 2eE
AEA UTHS, 9. ESE, UE F fAkfl o5 B48E e B, AU e o5 st
[10], FFEWS A1), BF SHAHE HA[12] 5 o B0l Baso] itk X3, o]zt
[FEEL] 7154 TS AEA717] Hote] S4H13), tAIER14], =HAZAH15], Fol=All16],
ths(17] & ot A 2459 A7HE B8 deo] HalEo] Qlr1sl.

WA (Angelica gigas Nakai)= Angelica 40 &okz thaA 220 2|Uejol = 555
Aol Aok, ol Ae FUE BARA AT FE 53K FolA 2 A=, e d
o] a7t 418 9 ekgo = o] gEo] Yr{19]. FdHol I3t AR T I FEHANANY
FrAAETH20], 3 o, £71, B2 F2EQ] AYSAHRIH21] 5 TRt d=0] BaEg
o} FFA9 FQ kaAE E-L pyrancoumarin AG9] decursin®} decursinol angelate©]H
122, 23], AFAollA Eel¥ decursin® AR ATH2419}, decursing H]5E3SH coumarinA] S}
A= 3t FARATF IRIEUTH25). FBH 5873821 decursin®] FEERF o2k, A
Fol& thg S0l Qs A o= SRIEGIE=T, R AVl Bt A= T HdofA g
A F25Y P a9} JFH AR 259 YA 5ol Tt A+ 5o] Harxlo] ot
[260]. 3 FEHEY F52 60%80% olgtE F24Ho] 7MY S]] Z 0= Hilk|o] glo
H[27], 8 715/382] decursin LEFA28]0]H 100T 30 71 BIAE FF4ol KA
e ZA0& HuEo] §lo] bRt Aopd 9 7|54 AlEe] AR &go] golsttH29].
b & Atolad= Y 715/0] St AFAHY FEES dAHIER 7t Sgdolo] da
£ AZS & olsy BA, fANEe, A7 F M3 5 8TFEES B4 Mlsks Bt
9 A#ZAQ decursin AEY AFEAS SRIokal, WH7IE AAfste] A AA0E Rt
71578 HRERAELE LS| SRt 71ZAEE AXSKAL ST

M2 Y

1. ME Y A

QFEE AR AT Aie @AM (Seoul F&B Co., Ltd, Korea)?] U We7tol
A A53t AERE ARgoIEoH, AU FEE2 Kim et al. [27]19] o et Alxd S
9 AZE FHEsd7 e SAFATARRE A wot ARSI, SANF AEFE = DVS(direct
vat set)ZA] Streptococcus thermophilus®} Lactobacillus delbrueckii subsp. bulgaricuss
St A3A75%1 Y430A(Chr. Hansen, Denmark)E ARESHITE F4NFS] A7 9 A4 &1
o= MRS HiR|(Difco, USA)2} BCP ZAHHA|(Eiken chemical Co., Ltd., Japan)E ARE5IHOH,
HHAE Z24o= 0.1 N NaOH(OCI, Korea)S AE3I1T, SRS 24 9 HPLC BA48 B
E3} AFEE Sigma Aldrich(USAZHE F-ate] ARSsISich

2. 32HY FE2 FF 2FEEQ HxX

AR g5 8.5%9] Yol AL FEFEL0, 0.1%, 0.2% 9 0.3%% Egslo] dag
AEZ AREFHoH, 95ToA 10 min B 7FEAAFSH, 37CE Y%t ok, Sk AEFES
AEATt AR AEFE= DVS SRS Aarghdfol 0.02% FEsto] 37CE 8AIRE Bt &4
< =9 v, TEE8 Al 2 2%% HEotaL, 37CoIA 12417F 1F gt 248 AR
ARG S ARE 8TEEL= 5ToA 109 59 AAoldA Aol Akgstich

3. Olaf3tH 54 U QurES 5

R7EEQ o]5}5a B4 pH, AYAT, A= L syneresisel tiote] S5O, pHE pH
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meter(Orion 3 star plus, USAYE Arg3lo] 2743190, AHAEE A& 1 mLol| 559 mL
2 F7Islo] pHYT 8.3 =& wj7kA] 0.1 N NaOHZ ZAet AH[FRS lactic acid =K%, v/v)
o & SIS Hk= APHA HJ‘%‘J% 8 o—]'oq Z7gs1loH(30], Higel ¢=H RFEEE 300
rpml 2 187 whtste] curdE E48t &, 5ColA 12417 53t ARRE A& A== ARESIITh
A& 250 mLE F3to] Brookfield Vlscometer(Model DV-II, Brookfleld Engineering Lab.
Inc., USA) A=A2}, spindle No. 63& AREd1 6 rpmoflA 18 &9 HEE =751, cp(g/100
cm - sec) FHo=2 YEQITE Syneresis= Keogh 59] HS —o%r}oq AAJ519.0H[31], viY©]
A2H QF2E curdE 300 rpmOi|A 187F WEBHY emulsione FAIAIZ] T, 50 mL F4AE
2o 30 g¥he Flokal, 10 Bt YA & S4st%en, 5ColA 1,500 rpmo=E 10w7t
At £AE FeAY FHOE syneresis(B)E AT
AkEsE AR EEG 1 mlo] BE4 9 mLE A7810] 10°, 107, 10° S=7kx] 98 slafet
¥ BCP agaroll 1 mLE &k, 37ColA 48417t 5t viFst] log CFU/mLE WehfSich

4, FIHUY FEE { 27EEZY decursin YHEA

AFAY 225 9 0|8 Tt 972 E 9] decursin® FAHEAL Kim et al. [2719] 9]
w2t BAsIglth AN FEES AR 25 mg¥ Aot Aok, WEkE 50 mLE 78k the
0.45 pm membrane filter=2 o5t HPLC £48 A|22 5192, Nano Space SI-2 HPLC
(Shiseido, Japany& ARE3IALE 71719 ZAL columne Cadenza CD-Cig(150%3 mm, 3 pm,
Kyoto, Japan)& ARESIHIL, o154 0.1% TFAA &2} 100% acetonitrile(B &) AR&3}
o 27] 75:25(v/v, %°IA 3 min=75:25, 4 min=50:50, 18 min=50:50, 19 min=75:25, 25
min=75:2502 FH] 274& AAI, A= FUF 5 pl, FE 2% 50C, 7% 500 pL/mino.
258 5% #4513t Table 1). #2892 #5F 1 meoll 10 mL w2 716kl &3iA1A
100 pg/mLe] == BEUNS 2ABIGH. o] #E Yde WAz sl 1, 2.5, 5, 7.5,
10 pg/mL =9 E28HE ZAot HPLC E40f Aottt 3t Q2 E Z9] decursin
AFEAE St AR 42 2 g¥ SRkl WighkE 10 mL 7RE §, 6084 253 A2t H
3,000 rpmo= 1087 AR F 4SS FHoto] 0.45 um membrane filterol] oJZHA|A
APgHoZ st

5. 72E0| Q7| £A

A F2ES Floto] R 872 E9] {7t AR A7 15454 ARHS oot
o] UHPLC(UltiMate 3000, Thermo, USA)ZE #4< 5]-9&11]- 8714 ABL |actic acid, citric
acid ¥ formic acidol tisto] EA51310m, Z7k0] EEENS FHSTE o8 <A o= F)4st

of TA &, A== w59 HAof tisie] %‘—Ee standard curne® Mokl AR 5k

Table 1. HPLC analysis conditions used for the determination of decursin

Classification Condition
Instrument Nano Space SI-2 (Shiseido, Japan)
Column Cadenza CD-Cqg (150x3 mm, 3 pm)
Column temp (C) 50
. Eluent A: 0.1% TFA
Mobie phase Eluent B: acetonitrile
Injection volume 5 pl
Detector UV 330 nm
Run time 25 min
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2 S0ty QT2 E Age 1 g& Aol 50 108 345 & 1A 59t 5327
(MS-EAMD 9404-06/1 L, Misung Scientific, Korea)& o]-850] 13] 719 Z&3t 12, 0.45
pm syringe filter2 oj¥lslo] EASIHtHTable 2).

6. ABTS' radical A/5

ABTS' radical 2484 £782 ABTS' cation decolourisation assay®'H< U5 HEsHo
A3IATH32]. 7 mMe] ABTS®} 2.45 mM9] potassium persulfates SZo] B SHL2 A|
St & A4 A 2447t B HESAIA ABTS stock solutiond AIZ31LE. Stock solutions &
247 314510] 734 nmollA SF=7T 0.70+£0.027F HEE ABTS working solutions A &5
11, working solution¥} SEEZE AZ3 QTZE ARE 1112 St thS AoA 1087t bt
SAIZ1L, 4CoA 1,000 rpml=E 1587 AAEe & AN 1 mLE FH2t tha 734 nmollAl
5 245)0] v WStk ABTS' radical £4%9] ECsp ¥ TEAC(Trolox equivalent anti-
oxidant capacity)Zt troloxS IS EEEA R AREsto] 45 AAYIA1S o]-d3lo] AXlst

At

N FN Ay

7. Bs7A

BsHA = AZR T A% 3D A WA 1002 AGAES ARstgom, 1689 sigdS Aol
flavor, mouth feel, taste & overall preference®] thoto] 97 A= H(-$- 4k 1-0)-L- £}:9)
2 38k Aol FAAE stk

A =2
131 41}10] EAIZ2)= SPSS 24.0(SPSS Inc., Chicago, 1L, USA)E ©]-&313it}. ZF A7)
73 o= SI5 ANOVAR EAREAS AXsl91 o, 33] ol Wi Alsto] A2 ZiE Bt
HARE el e 2 g I3t AR 42 Tukey] b2 AS0I9A, p<0.05 o
A ool e Ao wrsolrt.

m* oHn

o]

g

]

I‘N oX.

l‘

e H Jo rjg @

5
r+

1. QFEEO| 0|35 EM U QAFA
AL 2220, 0.1%. 0.2% 2 0.3%E F7folo] Azt QFEES oglsky EA 9 fikdt

& Table 33 At} pHE 4.40-4.45 H9E EAQ1, HB4EE 0.96-0.982 FFHAY 252

710l w2 fo)=e) Aoliz UeihA] 24tk Chamber JVI33He R72E0] vgialg pH B9

2 3.80-4.53 HiekaL 519108, Davis JO34E AAAR ARE] AHAES 0.70%1.20% 8]
2 ehdicka sy, £ Aol BUAY $2BL 0.1%03% ARt a7ZEE A

Table 2. Operating conditions of UHPLC for analyzing organic acids

Specification Condition
Column HYPERSSIL GOLD AQ Cis (5 um, 250x4.6 mm), Thermo Fisher
Detector DAD detector (210 nm)
Mobile phase 20 mM NaySO,
Flow rate 0.8 mL/min
Column temperature 40C
Injection volume 10 plL
Run time 20 min
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Table 3. pH, titratable acidity, viscosity, syneresis and viable cell count of yogurt supplemented
with Angelica gigas Nakai leaves extracts

Parameters Treatment
Control" AEY 0.1% AEY 0.2% AEY 0.3%
pH 4.40+0.05 4.40+0.03 4.41%0.03 4.45+0.03
Titratable acidity (%) 0.97+0.02 0.98+0.03 0.96+0.02 0.98+0.02
Viscosity (cp) 4,855+105 3,219+76 3,20572 3,215+81
Syneresis (%) 10.1+0.4 111405 11.8+0.5 11.4+0.3
Viable cell count (log CFU/mL) 9.6+0.2 9.5+0.1 9.340.1 9.3+0.2

All values are MeansSD.

" Control, Plain yogurt without Angelica gigas leaves extracts; AEY 0.1%, Yogurt with Angelica gigas
leaves extracts 0.1%; AEY 0.2%, Yogurt with Angelica gigas leaves extracts 0.2%; AEY 0.3%, Yogurt
with Angelica gigas leaves extracts 0.3%.

AE] pHeF A4t WY ool =3tEE= AxE Elth

A AU 25 7P 2 tixo] viste] AU 259 77 9 70% =
o7 {OJHQ] W2 ks HeloH, 0.1%0.3%] H7kgel whE Afoli= HolA] ottt A7t
% b3S ERIol] Al syneresisE S8 23}, R 10.1%¥, FBAY F25 7
£ 11.1%11.4% HIAZ 272} FARE o|wA] 7ol 39129l Zjolg HolA] oo
olgfgt Adk= FFAY FEES WPt 8F2E9] Al WA FIFS FA, Fgolke TS
u]2]7] o= AE HojEn

fAEEE 1279 3.9x10° CFU/mLo] et A 325 A/Mods 1.9x10°-
3.2x10° CFU/mL $502 71eF0] S710] whe} i A|sl= 43S Bt vhsiwe 47t
St afoie fAREe] Aol AAE Itk AR T[35]9), FRIERNS] AloAs Akt
&0l Rtk ArEI(15]9), T4 FEES o8 YERIMNE fAREY] Ao FFS
H]2|A] Qokthe SRR [13] 5ol S, £ AT FEHU FEE Wt R4S Sl o
A PGPS FYANE 1.9%x10° CFU/mL 555 o025t S Bt A1&)oREQdA] 4]
E5A9] Akt 7185140 wEd gase] 49 107 CFU/g oW, 53 a-fo] 49= 10°

CFU/g o122 Hjo] Qliztl, & A70)4 Fa1d 2580 A7 a72EL o] E74S
5471 Ao Uehton, 3979 2552 ol8she WA g A0} o] 8% % IS

Aow A

2. Decursin &2 2

AU 325 AR 39 decursin FFS YRS A= Table 49} 2t 7= 2 A8d
FIAY 225 AU decursin BE= 0.85%F 8.5mg/g £35S UeRch hH, 3799
of[gbe FEMoA 8.32 pg/g, 71014 21.8 ng/gCE EVS Heo S12113H= S04l Ajol&

Table 4. Amount of decursin in Angelica gigas Nakai leaves extracts and mixed yogurt

Samples” Amount (¢glg, meanSD)
Extract powder 100% 8,550.54+38.63

AEY 0.1% 8.26+0.06

AEY 0.2% 15.23+0.38

AEY 0.3% 23.57+0.10

All values are MeansSD.
Y AEY 0.1%, Yogurt with Angelica gigas leaves extracts 0.1%; AEY 0.2%, Yogurt with Angelica gigas
leaves extracts 0.2%; AEY 0.3%, Yogurt with Angelica gigas leaves extracts 0.3%.

J Milk Sci Biotechnol Vol. 37, No. 4 | 241



Kim et al.

242 | J Milk Sci Biotechnol Vol. 37, No. 4

Hoet, & e 32 F 122U} sto] BAF Aol Hlst] 559 dHlz ZAR 2osA
FUsH AZE AR S ARE $E0 = mithEr, g2 Eo] 94 HER A7’ AR

739, 0.1% A7FollAE= 8.26 pg/g, 0.2% A7FEolA= 15.23 pg/g, 0.3% A7FEollAE= 23.57
pg/gC 2 7l vlgsto] ghaake eIt olgfst £4 A= HafE olgsks A%
A AE A2 AGAY 2EES ARES AL decursin A FAECRE AASH 4 9SS HoF

L 7oz Amed,

L QIH M 2y

AGAL 22220, 0.1%. 0.2% L 0.3% HE2 H7Ielo] ghast @12 EQ] Q74 S By
3k A= Table 59 Atk 24ke] PFE ABAY F252 7IsHA] 2 tixolA 1,088
mg/100 g= EQl Ao Hlsto] AFAA FE25Z H7IRE AIFFoIA= 997-865 mg/100 gC=
H WA 2 S Bol=t, ol AR Auart tha RA veld A fARE Aol 3T
AY FE259] 7= tha W2 240 QS HAARE tiRtet 1-204%1 Aol UeliAl=
doror, ol=gt Aato] ke g g Fo| AARlERS 876 mg/100 gO& X113t Fernandez-
Garcia & McGregor® A+2} 1,455 mg/100 gO =2 R 1% Marsili et al.9] A7 2=} SAF
3t AxteltH17, 36]. Citric acid® tZF7F 147 mg/100 gofl Hlste] FFU 252 et
AT 144-159 mg/100 g& Yeri9iom, formic acide H&77F 301 mg/100 goll H]
ato] G FEES W7 AlFTolAE= 291-250 mg/100 gO& Ro]H<Ql XjolE Holx] ¢
Atk ol=et Adk= AN FEEY 7P 8FEEY {74 B0 & AolE FEoHA] Y=
A& SRS & qlow, AL HaR AXRE ARt 7IZAER 38T 4 & AR AlEd.

4. ABTS' radical A7

A F2EE F7tote] Axgt 342 EQ] ABeS ABTS' radical 276< o-83f 5743t
A= Table 63} T} ABTS working solution®t Al&E ¥ESAIA 734 nmolA S4EE 24T
3%, TABFs0] =25 ECsofb TAsH: AR Holet, Y F258 WlehA] &2

HE2HECs0 33.28 pg/mDET FAGAA FE2E5E 7R 372E AR(AEY 0.1%)°04 W2
ECsofk 25.52 pg/mLE E oW, E3F H7Igo] S7F45 ECso#tol faske A4S Bt
= AGAL FEE W7RFS SIS 1§ o] B2 radical AA5S Ho] PN FE2E9 A
712 A IS EoiE ¢ ASS ARIT 5= AT TEAC value E3h APAY 5228 27t
St QF2E AR(AEY 0.1%)9] TEAC valueZt 0.18697F FHAY 3258 H7IsHA] & izt
9] TEAC valuedt 0.1151 2t} AsHs0] oF 60% =2 A0 2 SRIEL). Lee 513719 Al
w2 AAY 80% ofekS &5E9] ABTS' radical £27%50°] ECsogk 278.68 ug/mLE BAEH
AO07 Hof, B A 44191 AFAY 257} QT2 EQ] 5HE0] ABTS' radical 4750l o]
AUA] BikE = 208 wdErh

Table 5. Contents of organic acids in yogurt supplemented with Angelica gigas Nakai leaves extracts

Treatment” Lactic acid (mg/100 g) Citric acid (mg/100 g)  Formic acid (mg/100 g)
Control 1,088 147 301

AEY 0.1% 997 144 291

AEY 0.2% 934 158 258

AEY 0.3% 865 159 250

" Control, Plain yogurt without Angelica gigas leaves extracts; AEY 0.1%, Yogurt with Angelica gigas
leaves extracts 0.1%; AEY 0.2%, Yogurt with Angelica gigas leaves extracts 0.2%; AEY 0.3%, Yogurt
with Angelica gigas leaves extracts 0.3%.
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Table 6. ABTS" radical scavenging activity of yogurt supplemented with Angelica gigas leaves

extracts
1 ABTS" radical scavenging activity
Treatment” ECso (reg/mL) TEAC value?
Control 33.28+0.16° 0.1151+0.0015°
AEY 0.1% 25.52+0.06° 0.1203+0.0004°
AEY 0.2% 19.11£0.12° 0.1732+0.0039°
AEY 0.3% 17.26+0.25° 0.1869+0.0019°

Each value represents mean+SD (n=3).

#¢ Means£SD in same column with different letters differ significantly (p<0.05).

Y Control, Plain yogurt without Angelica gigas leaves extracts; AEY 0.1%, Yogurt with Angelica gigas
leaves extracts 0.1%; AEY 0.2%, Yogurt with Angelica gigas leaves extracts 0.2%; AEY 0.3%, Yogurt
with Angelica gigas leaves extracts 0.3%.

2 TEAC value of Trolox expressed as 1.0000.

5. 25T}

HYHY FHBL 0, 0.1% 0.2% 2 03%2 TYole] ATEES A2sty, SUE AY T B
HAZ AR ZTRE Table 794 ek, AARR 71304 HLAY $25L 0.1% 179 At
B9 9 R fARE SEOE O WS WStk BN FEBL 0.1% W/I B
A) ghe: o] Hlsle] PrIEAONN 2T 944 WIS wokow, AAHQ V)TN E £L
B Wy, o W SEolAl YUY 220 nAgut FHHOR A8 Row
BZAwIeIk SR AAAR Bl B F2B] Wil F7184S W Wreloie),
HYHY F22E 22 YORE o]§lol AAEA B4 gt G2 /AL, DL oo
2 272E0] 718 %9, 162) Solist £5bo] ofulolH= s} 7154 Holmal Zo
2 Ak, glot ool SlolE HRHIY 2220 0.1% H7H79h W71 She AT $4t
3 Szom B WHlt. G, o] R4S e /IS WekAH 0.2% IR
A9 6316.509) BESEOR Wrhslol Ha H/hIS 0.2% ol WSt AT Aow AR

Het,

O OF

E=TES |

AFAY FE2ES ISR FUIE R RE AFol, o|sshd E43 Hisks 9 #5H7t
T BAEAS B9t pHE 4.40-4.45 HE BT, AHe= 0.96%0.98%= F3Ad &
= 710 2 59491 AolE HolR] Attt A= Y FEE9] Al w=t tha F4AE
= ATFES BIAT AS HAols JFS A okt At AR FEES AU

S71ol et tha AAElE 3R BT 0.1%0.3%2] MolAlE 1.9x10°-3.2x10° CFU/mL

Table 7. Sensory evaluation of yogurt supplemented with Angelica gigas Nakai leaves extracts

Treatment” Overall preference Flavor Mouth feel Taste
Control 7.06+1.29° 6.81+1.05° 6.94+0.85° 6.25+1.00°
AEY 0.1% 7.13£1.15° 6.94+1.187 7.00+1.09° 6.19+1.33°
AEY 0.2% 6.31%£1.35° 6.50+0.97° 6.31£1.19° 5.31+1.30%
AEY 0.3% 5.19+1.42° 4.31£1.30° 4.94+0.99° 4.63+1.31°

> Means+SD in same column with different letters differ significantly (p<0.05).

Y Control, Plain yogurt without Angelica gigas leaves extracts; AEY 0.1%, Yogurt with Angelica gigas
leaves extracts 0.1%; AEY 0.2%, Yogurt with Angelica gigas leaves extracts 0.2%; AEY 0.3%, Yogurt
with Angelica gigas leaves extracts 0.3%.
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9] £2 £2& Bt 37=2E 39 decursin 3 F42 0.1%0.3%S] F7 1o w2t 0.26 pg/g,
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