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 A7= 7 #d B2(AE, oY, XX, AXE, A, AxEEeohE
HAobete] Az 27E2ES F4 54 R A3 248 TR Azl we)
FAsded, 1 A% & 2

AR, GF 24X 7 o]F RE QFEES pHE 411-42502 Uehgton
44 AxE BdF 1247 o]F 090-143%= e dut e F2E 4
T e Aoz vegn. wWEFAZe] ZoidS4F pHE AL, %
HAAREE FIHoZ F7H3EATH (P<0.05).

ER, && 12A7F 39 RE QFZE AR AAFE AEFTAHAA AA
& FF Fafe i F 80 log CFU/mL ol 3E #XA3le 2F=2E9)

Aol e Aoz F7FEJAY. 53] 20E AU eF=2EE WA
24A17F ¥ 9.05 log CFU/mL9] 7Hg & AT E YA

AR, & Zdds FFe QHEL S HUtY 8T E2EV 4N 28
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7 =2 3 (652 mg GAE/mL)S E R oH(P<0.05), F SR =ol=
% oA or] QF2E A87} 107 mg QE/mLOE b BA Z3 A

o

YA, 6714 ALdEL H7F @ F2E Ag9 /9 F7]4ke] 2 HPLC
£ A}£3}4 Lactic acid, Citric acid, Malic acid, Succinic acid®] ZF=
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OgAA, F2E A59 itst 42 DPPHS ABTS #dZd &2AE4
FRAPS #48 NS T3 FAAoH, 4 Agd d4tst @49 Arle
mg trolox B %% (mg trolox/mL)CE YeUTH AAZH oz At v
of Ze WeF BT H7 ANs7 g2 FU9F BT H7 Al v
DPPH$ ABTS #@HZ A7& % FdYddA BEF fFoFoz =
U EF A THP<0.05).
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oEg AuAse] AFHAY AL HFY 1A% 2% /15 JYI

o, o]E AFS Axsr] st 24, A8sHH, EFTHA Y Fo| A
|Ho gtk dEA 7T AAAFY U 2 TE2EE VZY dEHE

<%k probiotics Tl Aol Fgoz {U|AH EFHAE A
2, &8 9 59 4 AHGAH EFo| A AAFI 2HE F
3t oiEAQ TEAF F sttt mEkA fAFE AR 832 U YH
o7 BT JleAH AAGGo] FAE FAFY Mo AAHOE ANEE
stor, dA T QFZE A Fo] FAHE AAHo .

Z 2u}o] @ ¥ X(probiotics) = AW RIAE T FAATIL A% g
235 Yele AT o2, Elie Mechinikoff7} E7lg o} Al#E0] FFE F
& o7t LactobacillusZ HEE HEHF9 AF wEoldes RS
ol R FATE FITIY Axg v FEHF AFol MEHA gohe-3).
LT ZE(yogurt) & $f T @XEFo Lactobaillus, Streptococcuss e
A JEst 2 ast fAEFSZE f4bd Ak 93] lactic acid, peptone,
peptide, oligosaccharide 59 FEAESo] F4HE¢E T AAHAT@. &+

2E HAHEZ 53 Y949 probioticsdl] ABEE AAFELS FH FHoE A



2 A EU2EE F2E T AZSH & O AFZEAI RaFHof
gk 53 2o v 79 Vs 24 & 8TEE ATl
AEe) 7] 23 37 prebioticsd 71%5S E3 ANEL AHBH &

3E

gAsts A7t st AEHL Y. ole 8TE2EC Hulse RAR

gt Bo S3td @] TR A 715489 a7=2E AF

& Az F 7] WEeTe. AdxA Hrtd 2F2Ed dE AT E,

WA 10, LHay, dxa, AEdad), FEa, F71*as), 27H9ae), e

a7, &2k 1819), BFH0), H2ek EAeY, FEA 94A@2), oF@3), A4

Rwke), A7 @5), Wdx@6), A, GEEhes) 59 AATE HiFol ¢
ot.

Fd2 =4 FgEE A ‘o]l EA o] A(phytochemical)' = v &3t

ol AAe g BHBEE T AAVITHE Folste HEAHD HE

q
X AEoltt. HolEANAL HFo] WATY dAF, WNAE FoERH



EEE FUUTEE TEd &3t YIAASLE F2 oY 2L opd)

Aol 2x3o. =& #7144 4 F ¥, dsA d¥dE 5 O A

AbbE EFE Al St dAd 2424 79, ofAlo B &
ot gl 7k}l ERbTol A A E TG4, Abel H 2ol HlEE, ZF R EEds
e 22 g 4o diH o EFdRd g FEHe
3, 945, e948se 2 2g gl aHUt e A2 4HA &
tH35-36). 53] A HeEAdE2 ASFEEY A o #go] FiEel o

18

e HES AABAE AT o §

AzEgole 2gAGAA A=, $& £ sEgas Bv Hgol
o 2 gde "ol 9l A SAolth £% dud AHi T OIF 4L
AB& 3t Yo, citric acid, malic acid 59 #714He B Fass



2T vmstgon, BY FEE 5% LAF G4
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o. As 2 Ty

FdL2 A (F=H7I2d), LY (FA), A=FgoHT), AHR (=), A §)
)

JXZ (), A g AEXZ(ZE)Y 6T AL UFvtEAgA FYRA

iy
ON'

3 #H AHABE Fig. 13 Zt ol A8E 7o FA3lY E7]E AAT
T 5E Ax% g £2gEld A&y SFEES VEEE SH(AE
28, ERAEGFAHESH)S AMREY T, BAFE Lactococcus lactis, Strept

ococcus thermophilus, Lactobacillus casei, Lactobacillus acidophilus, Bifidob
acterium lactis, Lactobacillus delbrueckii subsp. bulgaricus &3 A|EF<
yogurberry starter plain(yogurberry starter plain, & &%, Korea)S AF&3}

AT



Sample Origin Fruit powder Yogurt

Prunus pauciflora

bunge Uzbekist
zbekistan
(&)
Morus K
orea
@R=))
Vitis vinifera L. .
o Chile
(HE%)
Vitis romanetii
Roman. Chile
(AxX%)
Malus pumila K
orea
QN
Prunus persica var.
nucipersica Korea

(RAEBF})

Fig. 1. Information about the fruit and yogurt



2. 34 S 2E Ax

pud)

ZoF wiakslAA AAA(, 12, 24h) o2 A8 HEIZ o5y F
A3tFTh oW FURTo] HAVEHA ¥ ZHQ QTFEZEE AFFY gz

To 2 g8yt

( N\ 4 3\
F = 2% Starter X7}
NEQR |
=
4 = |
milk 100mL i
+ homogenization ;l )
= ) ‘-«:;-.. Incubation

Sterilization (37°C, 24h)

(95°C, 10min)

1. Lactococeus lactis

2. Streptococeus thermophilus

10% skim milk power
+

4. Lactobacillus acidophilus
5. bifidobacterium lactis
6. Lactobacillus delbrueckii

subsp. bulgaricus

3. lactobacillus casei

3% Lyophilized Fruit Powder
\. J

Fig. 2. Manufacturing method of yogurt added with fruit powders.



Table 1. Composition of yogurt added with fruit powders.

Ingredients (g) Treatments
C SYl SY2 SY3 SY4 SY5 SY6
Fruit powder 0 3 3 3 3 3 3
Milk 100 100 100 100 100 100 100
Skim milk powder 10 10 10 10 10 10 10
Starter 0.2 0.2 0.2 0.2 0.2 0.2 0.2

SY : Solid yogurt

C : Control

SY1 : Yoghurt with cherry powder

SY2 : Yoghurt with mulberry powder
SY3 : Yoghurt with green grape powder
SY4 : Yoghurt with red grape powder
SY5 : Yoghurt with apple powder

SY6 : Yoghurt with nectarine powder

A 8¢ pHE pH meter (ohaus, sarter 3100, Korea)E& o] &3 =A314
1, F AR (%E T3 A3 o] &3} Z@ﬂﬁi‘:‘r. A4 BT AR

10ml = 5 &} %—%-’Fi 10HH 4% & 0.IN NaOH& o=z #H
3 AANEE ZA 3.



Z+ Nme] 343 248 SA67 A% AAFY AR BdeH 2T 27
ZE A& 2 mLel 3 mL MeOH$} HCI 10uLE voltex mixer(GYROZEN, 123
6MG, korea)& ©ol-&3lo £&3% & @M AS JAAAT7] A8l -20TAA 14
b X F T 4,000 rpmel A 1023F 9
st &4, F SRR xolE T, F EEdHE I A4S A ARE AN

ST

L
o>
ML
i)
o
£

~

de NEE 4SAS Y

Zdd9E ¢3S singleton? Rossied] WH0S dF HA A

%
=439t FEA R 50 ulol 2% Na2CO3 €94 1 mL& 713 o8 387+ uh
£ 2171 &, Folin—-Ciocalteur] ¥ (Sigma Chemical co., St. Louis, MO, USA)
50 nLE €3t EE Alge ALY ¢dadA 307 ¢ 9SAIZD F 70

]:]
Onmol A SFEE FH3AT A5 F EZdHE FFL mg gallic acid eq

_9_



uivalent (mg GAE/mZ YEM| AT

7. F ¥R xolE 3IF FA
A &9 Ffd ZgdRxol= FqFL colormetric methodd] WHES +A

3l 243 ¥ thuen). AE 1 mLo] NaNO2 20 uLE 713k ot 587 8hgA
71 3 10% AICl; 20uL¢} 1IN NaOH 150 uLE £3%3F %o 510nmolA 5%
T2 2RAT A5Y = ZgHxolE S mg quercetin equivalent

QE/mL)& Yet|AT

8. F714t 3

ﬂSi
JIN'

!

F71L aF2E A7 01go 2 mL9 50 mM sodium dihydrogen phosph
ateol] 0.1% phosphoric acidE ¥ il vortex mixer® &3 3 4,000rpmel A
1027 94 B(EAEE (A32010(), & X}°]i7ﬁl, Korea)stAth. Z+ A&
A5 AL 0.20um syringe filter2 33 & HPLC AMZ =2 o] &3y o,

Lo

1Y

E+E4 L lactic acid, citric acid, malic acid, succinic acid (Sigma-Aldrich,
US.A)E AHE3I Y. Lactic acid®} citric acidE £A437] 93] preparative
HPLC system(KNAUER, Azura)& AFE3}%3, column< Phenomenex LUN
A 5u C18 46 X 250mm, 5um PhenomenexE AME-3A T o]l &4 £w<l 50
mM sodium dihydrogen phosphate®] 0.1% phosphoric acidE 3713 & H(A)
9} methy!l alcohol(B)E ImL/min £%2 308 T¢ 7127 €9 27402 &

EAA EX8A . Injection volumes 30 uL, detection wavelength® 210nm



15749 FA4 =712 Table 29 YEFH AT Malic acid$t succinic a
cidE #4317 g3 LC-MS(Agilent Technology, Agilent 6130)2 A3t

L
a)
o

1, Column< ZORBAX Eclipse XDB-C18 3.0 X 100mm, 3.5umE AH&3t3
ot o] &4 €1l 0.1% formic acid(A)$} acetonitrile(B)E 0.3 mL/min £%
2 18% B¢ 71€7] &ul Ao R 8EAA EX43AY. Injection volume

2 uLol™, FA A o]F/e =2 Table 39 YeERAH.

Table 2. Operating conditions of HPLC for determination of lactic aci

d and citric acid.

A  50mM sodium dihydrogen phosphate

Mobile ) .
0.196 phosphoric acid
phase
B : Methyl alchol

. Flow

Time . %A %B
(mL/min)

) 0 1.0 100 0
Gradient 10 1.0 100 0
table 11 1.0 20 80
12 1.0 20 80
13 1.0 100 0
30 1.0 100 0

Table 3. Operating conditions of HPLC for determination of malic aci

d and succinic acid.

Mobile A 1 01% formic acid
phase B : Acetonitrile

. Flow
Time . %A %B
. (mL/min)
Gradient 0 0.3 100 0
table 6 0.3 100 0
7 0.3 50 50
8 0.3 50 50




9. ¥it3 FAH A

1) DPPH #9jE &AE4

IA aF=2E9 3Fast &A4& DPPH (1,1-diphenyl-2-picrylthydrazyl) ol
e AA Foisom AR g FLdESE S T@2). A5 100 Lo}
02 uM DPPH &9 900 uLE 7} ¥ 302 ¥ 517nmelM FJ3E=E 5
A3 At EFEZE troloxE o83t AZFAE AT ¥, 4 A7 FH
A A2A%L mg trolox equivalent (mg TE/ml)E YeER At}

o
o

2) ABTS #Hd 2AEA

ABTS #tt4d £2AEAH S o] &3 siksts 532 ABTS cation decoloriza
tion assay Wil Wt A3 H}43). 7.4 mMe ABTS(2,2-azion-bis-3-et
hylbenzothiazoline-6-sulfonic acid)®} 2.6 mM¢$] potassium persulfateE -2
o] Aol A 24X 7 T EAIS ABTS ¥dol2S FAAIA ABTS stock s
olutiong A=At 734nmeolA FEFE 0.70+0.04Z 345 ABTS &< 900
uLel Al& 100 nLE #7bsted ABTS #d# 2A%E EAS ts 4 A8
9 #Zd AA%F2 mg trolox equivalent (mg TE/mDE YeER AT

3) FRAP(ferric reducing antioxidant power) =%

FRAP W2 A9 EA AM&o| ferric-tripyridyltriazine(Fell-TPTZ)
sodium acetate trihydrateZ SUA71 = S SHs= HHolth4). 37C
F27]0 A 158 o] 983 T A7 50 yLol FRAP Al 950 ul E§3}<
37T A 1587 ¥-&A12 b 590 nmoll A FFEE SA3AY. 7 A5
P8 e B3 A3 A4S mg trolox equivalent (mg TE/mL)E YeERAS
o},



10. SAA 2

RE 23 A7 EAAZE SPSS(Statical Package for Social Science.
version 25. SPSS Inc., Chicago, 1L, USA)E A}&-3tuth A 57He) foA4 2
2 EAHEA(ANOVA)F B35 974 A (Duncan’s multiple range test)o. =

P <0.05 =EAA AF3AH.



m. 2 9 &

1. pH 2 A=

d BEE HU G 2E9 wa Fete pHS 4At=E¢ W= Table 4
o Zth #art AFH7] A SFEES pHE 59-6539 HAR 4% A
o]F HAAT oFE UAIA EE AR pH #e 94 Aol& uE
WATHP<0.05). HE 24A7te] BE QT 2EQ pH MYE 411-42502 1}
Bl dwt @ F2E9 pH 4 WY 327-453 ol H{e £F9 pHE
el thas). Y 23 AU 2T 2EE 2avh AlFE7| ARE 2447
7HA] ZTRY @& pHE FASAEH ot #Y Fo EAsE f714tY
FFOZ Sung & Choid Bug A#e dXgict & of ¢S H/Md &
TEZEAD A7NA4 3% of %S MM 9 F2EE LEAI 24X3 A
AR TR $& pHE #X Ao2 BUFHYT}
s 37 S F2E AR A HEATe] A FHFe| uwhet
Fo49 2o]E YeEhAATHP<0.05). T& A AEE 013-063%E2 HET
A= AY ko AATE AT AREY AEE FYHoE BA U
Eftt pHellA ¢} Zo] Aol §H8 #7144 dFoz Hridnh wdA 7ol
AAAFE Axrt S8t 12417 A3 o= 0.90-143%, 24A 2 B3 &
=

_‘;_l‘

ob
i

[e)

o
=

F

:
K
N

= 120-167%% HIE A7} QTEEE AJs RE AFF9 ANE7}

7bsted pH W3stel AR A¢S YeEldTh Al aF2E Az AW 9
€ 097-140%= AAEn. B PN 124 FE o]F Y dzxadHd I
A7 AT E2E ANEE AT EE 4379 A=t FAEYY FEer ¥
7FE 9Athe). 24A)3F HEvt Ao we 2T FEE H e FEE



ABRE GA AR HAAYPAR YEloU, oY
T o) F A&t 167%2 e 1247wl %ol

A7} S FE2EEE 2443

g}

=

A Ly x@oz M

HAoh WM FEE QFEEE AT UrA LT 8TEE wFS
1247, AEE @ FEEE 247t W gste

Aol A

R84

Aoz HIFHY.

Table 4. Changes in pH/TA(%) during fermentation of yogurt added

with fruit powders.

A Treatments
sample 1me

Syl SY2 SY3 SY4 SY5 SY6
o 653 619+ 607 6265 620% 635f 591«
0.01#4Y 0,012 0.01*  0.00? 0.012%  0.022®  0.02%
pH 1o 440:  434x 505 409+ 420+ 434+ 435+
0.01°2 001 002" 001 001" 001°° 001
oy 425t 4l4x  412: 411z 41l 413+ 416%
0.01°*  0.03B¢ 0.01°PE  0.01 001 0.01°° 001"
og 018+ 027+ 063+ 027+ 027+ Ol7+ 0434
0.06<  0.06 006 006 0068 0.065 0.06"
TA 1o 090 110t 090+ 143+ 110+ 117+  LI7x
(%) 0.00 010" 000 006™ 010 006 012"
oqq  120&  130: 167  127x 133+  130x  1.27x
0.10%®  0.00® 0.06* 006® 015 010® 0.06®

TA(%) : Titratable acidity(%)

All values are means of determinations in three independent experiments.

Values are means*standard deviation.

Y Means with different superscripts in a row (A-E) and a column (a-c) are signif

icantly different at p<0.05 by Duncan’'s multiple range test.



Q 2w PR 2F2EY HE ¥ AFFY WHE Table 55 Fig. 2
St gtk E oAMsh gol WE 12 AWAA Aol ATl me BEF7H
MAHoE Frhst FAE RGO 1247 | FRE oAt aF2ES

o

Aole A BB ARst gade 4Fo2 JERTHPO06). o

e Ae BE 12T o F 71Qe] e pHY B W= 2Ho] 039
ANTY 3L 4AH) MRoE 4T F Uk ¥W, oUW} aFEE
24N BE OFIE &R0 YFFIL Frhse] 2447 HRAM 7



Table 5. Changes in viable cell numbers (log CFU/mL) during ferme

ntation of yogurt added with fruit powders.

Time Sample
(h) C SY1 SY?2 SY3 SY4 SY5 SY6
0 746  T7.07% 6.98+ 7.19+ 7.35+ 7.26+ 7.26+
023Y  0.10° 0.14° 0.38" 0.16° 0.26° 0.26"

12 3.87 + 8.71 1 8.92:_A 8.66;{3 8.51 + 8.7053 8.64;_;3
0.01 0.04 0.09 0.04 0.04 0.04 0.01

o4 829+ 845+ 9.05+ 853+ 8.18+ 8.25+ 8.45+
0.04°  0.04®  0.04** 005  008° 003 0

All values are means of determinations in three independent experiments.

Values are meanststandard deviation.

U Means with different superscripts in a row (A-D) and a column (a—c) are signif

icantly different at p<0.05 by Duncan’s multiple range test.
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Fig. 3. Changes in viable cell numbers during fermentation of yogurt
added with fruit powders.
All values are means of determinations in three independent experiments.

Means with the same lettered superscripts on the bar are not significantly

different at the 5% level.
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3. & E¥= &%

H=4 35HE L2 flavonoids, anthocyanins, tannins, isoflavones 525 &3 3}
o, FA7IE e TS g EoH. A Ed EAste vy FAvlE
g2 stdEF 4A 2Fete S4s 7R o] A 2 # Y, T4
EH7F Holutheo-52. #Y BES UM aF=2E9 waXzte ©E F
He FFY WH3le mg gallic acid® B F(mg GAE/mL)o= FA|$ A3
£ Fig. 37 &t} 28X 2ol EE Y S FEEE 12 AT g 39
zaol v F dHEs §Fo] B 1799 =& AR vEwgt. ZE HY
gz, AY, ov, XL, AEEFol H7l e 2E Eds §FL 7
t 1.26, 2.71, 6.52, 2.05, 2.28 mg GAE/mLoIAl 24X ¥#& % 155, 2
2, 219, 279 mg GAE/mLE et} @R AZto] Fage] met Alge F 9
B S ST QYRS AU 9 EEQ g 24430
oF 4297} FUMA o (P<0.05), #Y L TEE ANg F F dHE TFo] 7}
F e Aoz Yeyth o] e AFE Sung & Choil)d LUuiEZS 3
7hE QFEE ATolA, 2E7 JPgEFE T EHEs FEo] AAHJG
o Bk W& dAstA] e B dFdAs A AEXE HU .
2EE AT U Fd 8TE2EY F HE FFES 2 t

S7tete Aoz yeEt. o &2 zole A AHEE FAT
T, gz, #LY FF wE Ao Tz HA4E + v

-~

mlo

=

_|\(

I-N
3
ol
o



mg GAE/ml

BC

B
. B B
-~ BC ¢ C D C BC
C CCD
0.20 3D ¢
b
0.10
Y3 Sy SYE

ov A o

(]
LA
=

il

mOH O12H @244
Fig. 4. Changes in total polyphenol contents during fermentation of y
ogurt added with fruit powders.
All values are means of determinations in three independent experiments.

Means with the same lettered superscripts on the bar are not significantly

different at the 5% level.



4. F

i

fHolE 3

Z g ol =(flavonoids)= ZgdHEd &3 AECZ =84 YK @

F4e dehie Addel Qe xetn gtk EdEd SasAR

olg 2, F9EF T FH Y Aog BuEH Frie). 6 T HY B
= A7 AY 2 2EQ HE N3t ©E F FHHxolE FFY ®ge
mg quercetin® B HEHHCZ(mg QE/mL) EAERL, 2= A= Fig. 49 Z
th aRo Aot Zo] BE AY w9 FefExol=e $FE waAzte]l A
ol wel foF o2 F7MEATHP<0.05). 2447 HEE AgPsy S )

A9 A9 007 mgolA 088 mge= ¢ 128], 29 AL 0.16 mgol A
107 mge 2 ¢k 6.79, FEXE 0.03 mgolAl 0.71 mgo = oF 23u], X% 0.06
mgol A 067 mge 2 <F 1149, Al 0.03 mgolA 059 mge =z oF 19¥)], A=
Ho=olo] 32 0.06 mgolA 063 mgo® ¢k 1054 Z+ Z+ Z7bstdch 24X 7k

3 EE AY STEEY F FHE o= e dxTd v =2
FFo2 e 7t AN F EEdE 399 239 A S UEY
ATk 24X HE Fo] HAd @FEE Fo|A EFFExolE FFo] L A
FEE yES HU QFZ2EVF 107 mgleZ JHE =4 vEwten, Ald &
T 7 e FE2EE 059 mgl® b v dFo R HuHUT AAFHY
% Egrxol e £9E SY2 >SY1 >SY3 >SY4 >SY6 >SY59] <=
o=z HUHAT
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All values are means of determinations in three independent experiments.

Means with the same lettered superscripts on the bar are not significantly

different at the 5% level.
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Table 6. Changes in organic

added with fruit powders.

acid during fermentation of

yogurt

Orgg(xiﬁc Time Sample
<$§/g> (h) C SYI SY2 SY3s SY4  SYs  SY6
1832+ 368+ 1544+ 1523+ 1863+ 1400+ 14.86+
OH 247%  049°°Y 140  047*®  126%  350° 1.078
Lactic oy 1730 2755+ 1527+ 2047+ 1581% 1466+ 1613+
acid 459*8 3154 1.19° 11.03*® 527 6588  4.17°
oq 2129% 2092+ 2313+ 1573+ 1361+ 1645+ 19.82¢
417 6.08* 891 723 0.70 563 8.41
OH 368t 3.355+% 3.98+ 2.79+ 381+ 2.00+ 4.36+
049"  03225¢ 0372 003° 022 042° 031*
Citric o 20l 320& 250t 214+ 186t  166x 251
acid 0.54"28 0462 020" 1158 060 0728 0.70°AP
g 235t 204 262+ 156+ ld2x 162+ 272¢
0.44° 0.58° 1.14 0.68 0.08° 052 1.12°
o 0046% 113k 0178+ 0001+ 0366 o g‘ggg’;
0.005° 0.096* 0.014°° 0.00°® 0.029°® . b
Malic lop 0083+ 0218+ 0071+ 0036+ 0094 0120 2145
acid 0.010° 0.015°® 0.003°® 0014 0025°® 004328 1.152*4
OSSO om0 005 oowe OO
“Be e 0.002°° 00212 V¢ 0.012/ D
0.021+ 0.002+ 0.007+  0.006+
OH  0004> 0001 885351,1 000122 0001 ndC g'gfgé
A C . C C .
e 0% o S%E 0% oom. oo 00
aci Ve 0.013 Ve 3 0.023°°  0.030 v
oqq 0115t 0137+ 0243+ 0091+ 0058+ 0075+ 0109+
0.027%8  0.044*® 00974 0.0546° 0.005°® 00328  0.050*

All values are means of determinations in three independent experiments.

Values are means*standard deviation.

Y Means with different superscripts in a row (A-D) and a column (a-c) are signif

icantly different at p<0.05 by Duncan’s multiple range test.
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6. Z4its &4
1) DPPH radical &A&A

OZz A Age Az Fd5E §
& isted s Y + de dPolth. DPPH &2AEXH FAE mg

mlo 2 FAFAL, Fd BLS HUtG aF2EI]
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B F 24A)2E o] Fol] SY3 ARE AT BE HY LFEEE tjxTo] v
2 A2AEES Bole AR UEPTHP<005). 53 2t 8F2EQl SY2+
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2) ABTS radical &~H€4

STEEE 12 A WY ¥ 247 mg TE/mLE YEY 2E Alg F 7M=&
< ABTS 2AZA4 S Yelida izl vl 479% £ 2AZAH R 1
T =}t (Table 7, Fig. 8). 6719 #AQA7 A8 & HETTE A7t SY3E 202
mg TE/mLZ A= 714 ¥& 2AZH o2 JEGTHP<0.05). olE AR
o] 24N wlF F9 ABTS &AEAHSL SYI>SY6 >SY5 >SY2 >SY4
>SY3 o £o82 2Ag0] L& Aoz vuHA AANHow AP o
o Ze HEgF 2 AFEEY AU ARV EERF 29 Z7F AR BRY
DPPHSH ABTS #ojZ A7 &°] £2 o2 HAHNUY. g o= g7 &
o dAed B4l 8 HAUZEE ZAHoE AAFAT FrH 7| w
B AdgHoz 2g3e Hz4d Edo] EAy] Wi 54 A= DPPH
¢} ABTS #HtiZd &2A&e ZF4E Ui 438 FFo2 v &eth



3) FRAP(ferric reducing antioxidant power) =3

FRAP 8A4& 33E9 Y™ (ferric reducing ability)S ZAst= Ao
Fe3+-TPTZo] &YAlo] 9d|Ax Fe2+-TPTZoZ2 Y= & o] &3 A
ol#, ol== DPPH 3 ABTS 43w ¥+= o AAYEFe ditst 24 573
Wi ol th(54-55). BE A5 FRAP 4 Z¥A+ mg trolox T2 =E(mg
TE/mL)2.Z ZASIH I, Jd LS 7S QF=2E9 o A7t e
FRAP®] W3} Table 7% Fig. 93 Zth X oA Zo] #AZZ A7 A
279 FYHFL MY 12 ADRH giRzTed vE BF 11-248 £ 399
S Ho FAG 53 oY QF2EQl SY29 #FEHLE dgxv9 430 m
TE/mL3 3.89 mg TE/mL9| H|3 12A]7+(10.47 mg TE/mL) 3} 24A]7H(16.39
mg TE/mL) & Fo ZZ; 246} 428 o =2 34ES Yedo] g
4 2AZA e Azt dXsle Aoz YElwt FRAP 4<% 53 AAH
< FA A5 #FHPHL SY2 >SY6 >SY1 >SY5 >SY4 >SY39 ¢o= &
A Yeht W FoF e BEgolE A7 87 2E A&7 & #d JANE
of vla} e FAPoR QA itz 4o nAHAY

1o}



Table 7. Changes in DPPH, ABTS, FRAP during fermentation of

yogurt added with fruit powders.

Time Sample
(h) C SY1 SY2 SY3 SY4 SY5 SY6

001+ 0.02+
1+ 004+ 014+ 002+ ot 001 0.02+
OH 000" oo1® 000c 000 997 000® 0.01%0

. 005+ 016+ 003+ 002+ 002+ 001+
DPPH12H  000™  go® 600"  0025¢ 0005 0,000 0,000

0
0.

009+ 033+ 003t 00
24H 000 0.00®  0.00°
2

2+ 200+ 217+

0ot
002 0.00%  0.00 0.00°

04 008  0.05%
OH :

0
70+ 242+ 223+ 203+ 0

0.01°*  0.04® 0.01™° 0.01°° 0.01°° 0.05°5
9

95+ 250+ 246+ 237+ 244+ 247+ 250+
04°  0.00** 0.00*B  0.01%® 0.01*4 0.00*4% 0.00°*
43+ 04'5%ch 916+ 358t 358t 500+ 466+

8 0.46°* 030°° 0.39°° 053% 1.08%¢

30+ 454+ 1047+ 566+ 498+ 61t 516+

FRAP  12H = ogb® 068 138" 1055 120° 032% 086°
_ _ 523+

389+ 562+ 1639+ 405+ 422+ O23%E  go1+

24H 5780 0048 1974 0250 500 046 ygp

0
05 0.00%%  0.00% 0.01°® 0.02°® 0.03® 002"
24H 0

0
0
1
0

ABTS 12H %).6 + 233t 247+ 202t 218+ 207t 2.06%
1
0
3
OH
4

All values are means of determinations in three independent experiments.
Values are means*standard deviation.
Y Means with different superscripts in a row (A-E) and a column (a-c) are signif

icantly different at p<0.05 by Duncan’'s multiple range test.
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Fig. 8. Changes in DPPH during fermentation of yogurt added with
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All values are means of determinations in three independent experiments.
Means with the same lettered superscripts on the bar are not significantly

different at the 5% level.
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6. ATE2E AR Td/FH {749 FHE lactic acid, citric acid, malic
acid, 28] 3 succinic acid®] 4%F 9] |7]4te] HAEHJY. Lactic acid®] T#
< EE f714 oA 7 2 HsE AXRoH, AR} 24A7H
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DPPH®} ABTS Htid &AL & Aoz vz FRAP 33 &
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ABSTRACT

Effect of Fruit Powders on Quality Characteristics
of Yogurt

- Effect of Fruit Powder Addition on Quality Characteristics and
Antioxidant Activity of Yogurt —

Chang Ya Chun
Department of Food and Nutrition
Graduate School of

Sungshin University

The purpose of this study is to develop healthy functional yogurt
with enhanced antioxidant activity using lyophilized powder of six fruits.
Fruit powders were Prunus pauciflora bunge, Morus, Vitis vinifera L.,
Vitis romanetii Roman, Malus pumila, Prunus persica var. nucipersica.
HPLC system (KNAUER, Azura) was used to analyze lactic acid and
citric acid and LC-MS was used to analyze malic and succinic acid.
The content of lactic acid was the most important of all organic acids.
A significant decrease in pH (4.11-4.25) and an increase in titratable
acidity (0.90-1.43%) were noted in yogurt during 24 hour fermentation.
The viable cell count maintained more than 8.0 log CFU/ml of lactic
acid bacteria suggested by Korea Food Standards Codex. Antioxidant

activity was measured using FRAP of reducing power assay and DPPH
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and ABTS radical scavenging activity. All functional yogurt with added
6 fruit powder showed higher of antioxidant activity than that of
control, plain yogurt. In general, berry (Prunus pauciflora bunge, Morus)
and apple (Malus pumila) yogurt had higher DPPH and ABTS radical
scavenging rate than grape (Vitis vinifera L, Vitis romanetii roman)
yogurt. Total phenol content, total flavonoid content, and total organic
acids in functional yougurt with added fruit powder increased with the
fermentation time. Especially, berry yogurts such as SY2 and SY1
containing mulberry and cherry, respectively is optional for developing a

functional yogurt with high antioxidant activity.
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