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Abstract Yogurt was prepared with different substitution ratio
[10, 30, and 50% (w/w)] of skim milk with enzymatically
hydrolyzed purple sweet potato powder (EHPSPP) and fermented
at 40°C for 15h. Fermentation characteristics and antioxidant
activities of the yogurt were evaluated in terms of acid production
(pH and titratable acidity) and lactic acid bacterial counts and
DPPH radical scavenging activity, respectively. After 15 h fermentation,
titratable acidity of EHPSPP yogurt was 0.80-0.89% and was
lower than that (0.93%) of yogurt made without EHPSPP. The
acid production and the number of viable lactic acid bacterial cell
decreased with increasing the substitution ratio. The sensory score
of EHPSPP yogurt prepared with 30% substitution ratio showed
the highest values in taste and overall acceptability among the
tested yogurt preparations. DPPH radical scavenging activity increased
with increasing the substitution ratio in yogurt fermented for 12 h.
The total phenolic content of 30% EHPSPP yogurt was 40%
higher than that of skim milk yogurt. These results suggest that
EHPSPP can be used as substituent of skim milk and the optimum
substitution ratio is around 30%.
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S5 09 2kt FUSAe] o e T3
e A% SX 2R Q] AAIReR 97} HEd] St
Sl Aok SV E Q4 S FEETL FEE o|FUo
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Auls 28 QEEAlOR gkl ZIQlste akEdnie], 34t
3}, 7Ps Re 59 7lsol e Aoz HAHo] SItK(Choi
%, 2003; Park 5, 2011a; Kim 5, 2015). wehr] FHZd=
AP ulE ARAAR Hrlsle] AR B4 F248 N
3 FAlo Aaate] AEAS E8ee Ak #Hi
(Kot Seo, 2010), X7 WH F4(Seo &, 2011), =]
(Cho &, 2012), F7|(Liu &, 2013), =% (Lee, 5, 2014),
AAA] (Lee 5, 2015b) 5olx] &A=l on 7E2]E
o] 88 AAIFul= X&EHoR E8EHIT e FAloH.
A EtE o] 88k QFEE A|xolle FAE ATHEE puree
P2, 32 AU AarE FEE e EXERel
A7veke APAF(Jungt Ju, 1997; Lee &, 1999; Chun %,
200071 itk 2Eu 8FEE Aol AMEEE BikFe] v
AR Helas ggoz ATl FE WS 9FEE
Azol] E&H0Z o] &HR] Kl AMITRle] Hrks FE
AEAJOPA Mol oJgt @ FEES] e B} AP F
2gell 715k Aom wdEh

wEhA B AfeXE kst o] e A tniE
AELAZ FEehe A7 d3tow g=E kgl thdk &
Ayym) Bke] P ZARBIALH 53] Q7EE UE=E A}
£EE @RS YRS 4R Y3 AN uu Boe
oAsle] SF2E HEEAT A5 B, dits 48 =
ARt @A AAFulr Q2 E Bge ol8d 4 e F
o] H7vee FaA} st

Az L By

AR, GAEF= ASRas=gel AFoIaL, AMaTtut
© 201394 A FFo® AlsrHEE, THHETH 7Y
slod 7129 W (Kim &, 2014)0l F3lo] dEdxz Bus)
gk & 20°Col| Bsl o] &3t STEE AR starter=
Rhone-PoulencAH(USA)S] E3+4ktAlAl ABT-B Yogurt Culture
£ HEe] ujg glo] ARE-SkATh

A pael AAESES] Az 9 QF2E oYg. dn| FokE
o] Az (In 5, 2009 SDaA Y= 200-300 pme] A4
e B8 20% A=Al a-amylase?} glucoamylase (Sigma
Chem., USA)YE A2|sl] ©@3r7l & FAAZs ] AA T+
b EAREES ARSItk A aTet EARSES S
STEEE AR 10% FEHAS 7F0= GREF AN
o] 10-50%% A wl EARsER diAste] & Fds)st
3L 100°COlA 1027 EAE T F starters 0.02% HEskA
40°C F2710A x| ulksted Azt

pHS} ARZJE. 2 F2EQ pHE pH meter (model 915DC,
Istek, Korea)S o]-8-3lo] A3y, ZPales QF2ES ¥
o 2H9E 109 3]s F phenolphthaleing A|A|FS 2
0.01 N NaOH= #3gsfe] ko w gbsigict.

9. 2 =2EE AY3] 848 F DNS (3,5-dinitrosalicylic
acid)iS AHEsle] 439, 2oz dE FFAE
olgste] e TS ALkt

ANFE. FHHoE QA QFEE 1S G AeEs
2 dAFoR s & ZAkF vYgE vl ] (Lactobacillus
MRS agar, Difco Laboratories, Detroit, MI, USA)el 1 mL%
pour plate methodZ FHE3IaL 30°ColA 36-48A17F w3t

A4 E colonyE AlZ&3ste] A]E g3 colony forming units
(CFU/g)E e

Az, g2 ES] Mo Hg=a7A] JS555 (Color Techno System
Corp., Japan)E ©|&sld LR (E%), atk(FA %), bit(EA=E)S
103] st Hghkoz Alom, o FF WA L, a,
bak 7H7} 98.37, —0.04, —0.38¢]1ch.

Z E¥E ¥ ¥ DPPH T 2ARY. 9 7=2ES T
Z9E S3ME 2 Folin-Ciocalteu ' (Folin3} Denis,
1912) 0% S5t AT (1,000xg, 15%, 4°C)ste] A&
ST2E A5 0.5mLo 25% Na,CO; €9 0.5mLE 713}
J2ol|A 387 W] & 2N Folin-Ciocalteu A1¢F 0.25 mL
A7vsle] A2ollA 1A1ZF WRSAIZL TR 750 nmell A S
=434 th. Chlorogenic acids ¥52dg 23 ¥
o2 F ZHE FES AEY. 82ES] kst
DPPH (2,2-diphenyl-1-picryl-hydrazyl) radical®] 4%
(Blois, 1958)0.= H|walslrh. iiele ¥ 872E 4
59 1mLel 0.15mM DPPHE&Y 3mLE 7} 5 Zd2olA]
30027 WESAIRD The 525 nmellM SR =S

7R SR A7H S8R AlolE MEE(%)E VFER
At}

TSR FeARe 12217 HEAR a7 E2E 10%E A
S 7hekaL 4°CollA] 2407 Bt § A Loigha A FFFett
e 10%8S tides A, ot 3, S4H 71s=] st
o HA 1M, FL 589 s9A FrpHeE Uk
SARY. 354 54 ZH3+= SPSS (Statistical Package for
Social Science, SPSS Inc., USA, version 11.5)% SA*2] 3}
e ANOVAE ©|§3] Duncan’s multiple range test=
5% eollM ZF Al frelde S SIATHp<0.05).
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Fig. 1 Change in pH (panel A) and titratable acidity (panel B) of yogurt
prepared with different substitution ratios of skim milk with enzymatically
hydrolyzed purple sweet potato powder during fermentation at 40°C for
15 h. Symbols: @, 0% (control); O, 10%; ¥, 30%; V, 50%.

3.97-4.04 M99l 3 Hl AF(Chun 5, 200020t 22 pH
£ Btk 9F2E 2y T Ao Wshs pHe| wWalke}
AR, B8 AgFolA @g AR FASH S
ThFig. 2B). & A7} o]F thxte] pH7l AP arTn} )
& A7t U Eoolx AT B B2 et Ae g
Aol e AR, feE o] pH 52E-(Walstrae}
Jenness, 1984)1 7|¢lsh= Aoz ke wg 15417 & of
279 A== 0.93%, AIAa BIE A7 SFEEE 7}
7} 0.89, 0.85, 0.80%= ApM1-tnl Ea|Ee] ARS-go] F71E
= Abo] AL 7HAET ol#dk Ay} T AEA
AE A7rsle] Azxs a12E] FAEANAM HPd=ees 3
7ol wlEste Skl FAIE BHAte Ei(Sung 5,
2005; Sung@} Choi, 2014)2} Joldt A B AYe= EXEH
off A ztul BalEe] 72 Hrikek Zlo] ofdEl ExiEf
o] AMEES 10~50% S0 ARIrL BelEZ tiAeh
2E Ig/|AS AMEEIS7] wiEelth wEkA B AT HA
2F2(0.80-0.89%)7F FAFeE A 3At0} pureeE H7HeE 82
E(Chun &, 2000)2] HAAEZ(1.1-13%)ET}F e A% ALE
459 ot ofuE} HErd 2] Held 7dske A
oz FoidEr

gt A Fo W ARl GARSER RS
& diAlsld] Az 2 F=Ee] U9 Hel= Fig 24} Zth
g A Ao 3 e Ol 4.58%, AT 4.70-
4771%2 FARIGeH, wart Mg et 45 Zask
Ak E r7il BT e iR 3.46%, AR 10,
30 2 50% A STEEE 7H7E 372, 427, 440%2, YA
f UA Aot Eold s danpor] e A A=
7t Golxl= Aot wadgolA sige] ikt 5o
| AE o5le] JYPoZ o] &HI FAlo fUAh €L,
olibsletA: So] EXE WgEng o] #asiet], A
el FARS|E oSt EXER A A=rt SUIEE &
LG 2ur) gaslug AN AdFE 2AEATHFig. 2B).
kg Adre ZE AT AR 348 S U
Ellen, 1 o]F 15A1ZW1A] diZ2E vl SkskAl St
Fout BXEF A FellMe & W) itk @a 1247

2

Incubation time (h) Incubation time (h)

Fig. 2 Change in reducing sugar contents (panel A) and lactic acid
bacteria counts (panel B) of yogurt prepared with different substitution
ratios of skim milk with enzymatically hydrolyzed purple sweet potato
powder during fermentation at 40°C for 15 h. Symbols: @, 0% (control);
O, 10%; ¥, 30%; YV, 50%.

o ZAakt AFEFE YERT 8.89 log CFU/g, BAES 10, 30
2 50% thA] @ F=EE 7H7} 8,65, 8.44, 8.02 log CFU/gS
2 GAER giA AErb 2o E i e 2As)
Atk olelgh 7S ghlde] FHerel Wsk(Fig. 2A)9F X3t
= AoE wdaIgolx el vt 7P AL g
5 50% tiASE A3FelA kg A 7P wekth o
TFEEQ 2Nt 5 pH 24 (Fig. 1A), A4 Z7KFig. 1B),
AT A (Fig. 2A)9F LAl AR a7t g4EslE "7t
ol vlgElste] Hasion, B Ao}l gho] AR tute]
7hR Bkt 7t a3 fhehe e Rl FAIRR H7F
e g dF-E SASE AL pureeR U SH
QF2ES A F3HE ¥3(Chun 5, 2000)9F w19~ ARSI
AR o] SIS ko] AR SR AS
Hab olHgh FEe AR AR AR GREfel §F
frelo] lom Akt F2lol Pt HleR], oAl purine
W= pyrimidine 591 HRGgAe] o] HopA7] whrel A
o AmEnh 3 AT GaRsEe] THE e
AT Fakto] whilz Rajaie] ofste] A wel=7] of
F7] wl&(Chun 5, 200001 Zez Aztdcr) Axdo=z =
FPSa7E Bakte] S ARIAR gl Fo= s
Atk e, 2 Allx gakt AT 7P 2R 50%
A FolA BAFFE 8.0 log CFU/gol R Ayl vhg -9
2kt A AEF49 7.0 log CFU/ ool 7k YRy
g AyTul gARSER ERXEGE g & AL A
oz RIS

T8, AT aARSER EXER UAES g
slo] Ax3 QFEEZ 40°ColA 1247 BHEaA T Aw
10%E 7F8IaL 4°CollA] 24717 B3 o) b, & A 9 3
A9l 7| xe] tigt HH 7t A= Table 13 Zoh 2E 3
ol 7ot BE APTFIA SAHSE FoHQ1 Zpol7t
A= okt SolsiAl AL tixTrel Adwrke] o3k
7} @& Wl o2} HEE 33-3.60% A9 Fdsle] A4
agtuke] Ade) o9t V|SE Aeaart R erskon,
A el B HrkeH AAAS mER Ae] 7)) F
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Table 1 Sensory evaluation results of yogurt prepared with different substitution ratios of skim milk with enzymatically hydrolyzed purple sweet potato

powder after fermentation at 40°C for 12 h

Substitution level (%) Taste Flavor Color Overall acceptability
0 3.40+0.70° 3.30+0.67° 3.60+0.84* 3.80+£1.032
10 3.50+0.85° 3.30+0.67° 3.30+1.06° 3.50+0.71*
30 4.20+0.63° 3.60+0.70° 3.60+0.84° 4.20+0.63°
50 3.40£1.17° 3.70+1.06* 3.30+1.42° 3.40+0.97*

DData are means + SD (# =10).

IDifferent superscripts within column indicate significant difference (p <0.05).

Table 2 Change in Hunter’s color values of yogurt prepared with different substitution ratios of skim milk with enzymatically hydrolyzed purple sweet

potato powder after fermentation at 40°C for 12 h

Substitution ratio (%)

Hunter’s values Incubation time (h)

0 10 30 50
L 0 88.88 72.62 57.08 46.10
(Lightness) 12 93.31 77.29 66.75 53.55
a 0 -2.29 11.91 14.25 15.94
(Redness) 12 -1.72 17.74 18.84 19.91
b 0 9.05 2.48 19.16 16.33
(Yellowness) 12 6.93 24.40 17.86 15.19
b = 1997; Chun &, 2000)1X¢} EAe ZAFelAct. vt batel
7 o 3 ol miste] F7kek Aake 7189 Bal(ungt Ju, 1997;
B 081 £ Chun 5, 20009} “geld 2oz ol EAEfol A an}
£ E BaRIES 7K o] ot BAERFE A et £
£ oo ® B2 AE BEr)|dS AR Aolo) s1lske Jow A
. o § doh =3 a2 TEE agle] Sk AR}
5 041 e anthocyanin 227} Sk A2 (pH 1-3)0llA] A4S vt
c © -
2 g We 54 (Kim 5, 1996)°] oz ikt waapgelr ul
F 02 v E FAel pHateKFig. 1A) o8t Zloz, Apfaep o]9fd
e E anthocyanin A4S 373k QUETS H7le QFEEME
00~ . o -0 L3 A7 BAEATHSung Choi, 2014).

Substitution ratio (%)

Fig. 3 Total phenolics content (open bar) and DPPH radical scavenging
activity (closed bar) of yogurt prepared with different substitution ratios
of skim milk with enzymatically hydrolyzed purple sweet potato powder
after fermentation at 40°C for 12 h.

7hlathe A3 Jung® Ju, 1997)8} 2polE BT H|E =
Aog FolsiAe FAIT Bt A 7sEs g9AE
9] 30%E thAIsl] A QTEET} 42707 TP 5
Fouw SR AMERe] 30%E AMALFHE EARE
2 ARSRE Aol A oz A

Az, SRR AMFS Fol AMIut TAESES] AL
LS ST 12807 TEske] AF3E QFEES] AR
vk A= Table 29F 2t gkt g H 989 Axe=
ol Hlsle] APLTnl §ARSEL] AREEo] F7ishd
lightness®] L#He 744281990, redness®] a?td} yellowness)]
bate S7tsln). ol3eh A 12A17F HEAZ] QST EES]
Ao ME FAdatnh. Latel 4ot agte] 7k AR+
ulol] Sh5-% anthocyanin 2ol 71218} = Aoz A8 214
Tl B9 58 pureeE 7SI A QTF=E(Jungd Ju,

By

o S

a3t @A, AR nr aAREES AUkt 12417 WY
slo] Az e FE2ES] F E2¥Es 5} DPPH radical &~
AL S ZARIATHFig. 3). EE 12717l & ZiEEs 9%
< &2+ 0332 mg/mL, BRI 10, 30 B 50% thAl 8+
2EE 7247} 0369, 0467, 0.673 mg/mLE BRI EF OA] A=
7h T SE FUleI o, ol AR ITnE GARSE AN
gol 7ol 710shs Zow dntEn) kg vy A 98
o] & ZElE FHENET; 0.583, 10% thAl; 0.841, 30% T
Al; 1461, 50% thA; 1.850 mg/mL)z BlwsPd RE A3
A T EvlE e fasidith BEadges I s
S| iy F2 9AE, pH W8l A A3 Tl uet
anthocyanin A4 & 7340 7|1sk=s Aoz =, 24
IS SR (steaming)3FH  anthocyanin $HEe] &F 50% 74
St A3 Kim %, 2012)9F AR ZTw) anthocyanin A 4=
pH 5.0-6.0%T} pH 2.0-4.0°914 <t 3itt= ZAF(Fan %,
2008; Jie &, 2013)7} ol#gt HAeke] ZA7F FALh 2=
Bl B oR 9% gAEF 30%E AR §4
WIER A 872 Ed = dxtht F s gl
40% =2 Aoz Yelth B 7ol 5UsH eriEEe A
3 QP 2EQ AZME FEAIZ Al uet F Z]v
B o] fAdke A3 BuEo] Jtk(Sungzt Choi, 2014).
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AT FARSE QT2 ES] DPPH radical 2452 U
Z 19.60%, BAEF 10, 30 2 50% A STFEEE Z47)
23.56, 27.34, 35.10%Z F7lsIHon, 7+ Adye] & Zg9
= glepdslel 5U3 Aot &, AR 2 £ &
YulEs o e ANaTule] HriE Qlete] 8 FEES)
rbslso] F7HE T HHE .

2 =

[FEE A|FA] AR AR I A IAE 84
B2 A&ZIE 715 10, 30, 50%)5t] LTFEES A%
g & SAERFTE AMES diRtet SESA(pH, A8AE,
sl 3, ikl A, AEEA @ s o, it
3} &) 2 #5249 HRE pHE BE ATl T
B AW w4 Aaeiion, a2 ol wE 154171
pH 3.9 ¥27A thd etelAl 7asisith. A4=s pHet
AR BE Aol wa oW F45HA F718K
om g [5A7F T UIRTE 0.93%, AT BelE H)
STEEE 0.80-0.89%F A nl FalEe] ARE-Eo] F7t
S5 AR A Asisinh aapgolx A st sl
o] ARgEro] S7HE ST Fepol A fAET T
F 1277 dlZTe] A AdgE 8.89 log CFU/g, AMM
Il GAESE H7) R FEEE 8.02-8.65 log CFU/gE ©
Af Al ATt 2ol E gkt s Ao
HsAE Az, AAFQ 7T s gAER] 30%S tiAEl
Az QTFEET} 7P SFallth BE 12417k SRR
30%S ATV GAFIER A QFEES] & Z29)
ek tZTHTE 40% 29k, DPPH radical 2~A%
s STk
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