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Abstract

The objective of this study was to examine the quality characteristics and antioxidant activity of yogurt containing hot

water extract from maca. Four different levels (0, 4, 8, 12%) of maca extract were added to milk followed by fermentation

with lactic acid bacteria at 37°C for 12 hrs, and then the physicochemical properties of the samples were investigated. During
7 days of storage at 4+1°C, the acid production (pH and titratable acidity) of the yogurt increased with the addition of maca
extract. The Hunter L value (lightness) decreased, while the b value (yellowness) increased as the maca extract level in the

yogurt increased. Viable cell counts were not significantly different among the samples. The results of consumer acceptance

tests showed that no significant differences in overall acceptability were observed between the yogurts containing 4% and

8% of maca extract and a control yogurt. The yogurt containing maca extract exhibited higher DPPH radical and superoxide

anion radical scavenging activities than the control yogurt over the storage period.
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ul7H(Maca, Lepidium meyeniny Qtd|A Abd 3fdb
4,000 m o)A}e] oA ZA5 9], 7FE3t | st
gk 2k Al & HERXEo| A 4= gl Hukst $HA o
Agsh HASh= A== 1 XI@‘OHH A== AlE 5 7t
A P77 ot Q7MY ol AR5l 71T Al U
oFRAIE R o] g&& 1 QJth(Balick ¥ 2002; Wikipedia,
2010). uf7l= 270] 8 cm 7}eF H= 7hrpmoko] mig|H
2 AECR o §stal Qlal npptoll vhpdkE, T,

A4, e, F7]&, sterol, glucosinolate, tannin,

=,

saponin 52| /5ol FhEo] qlo] thekst AeldAdS o
E]—lﬂ% ;ﬂgi E_Tr_g—r o] OU:] _E_;] ;QE;G o=z 017}34- =
B9 AAHE TIBNA = AEE AREEo] oL o]#Et
Eho] A st o 2 FHE It (Cicero 5 2001; Rubio
= 9006; Wang 5 2007). 71 Qo= 7|98, 99z w
Eﬂ/\ 7HA_]‘L} §_E£ }_7&2{_‘}_& E‘/] _g_,__o] 0]_‘:—_ 74 o
OPEI]X]U#H (Lopez 5 2004; Valentova ‘5 2006; Rubio %
2007) @A vl=rS vRSE A2, 57 SollA A7s4E

o2 YT STt SelRNE it 7hEEe) 407}
WA 271915 QIR B Aol W A7) Wasol 8
Ejo] vl7}e] eierdo] thak A7} 497 9lck(Kwon
5 2009).

3, ojEAQl SRR AUA gl aTEEL Ug
Ei UGS SAFoR WA BE SAECR &4
S olsiel kel A5l oI AYH lackic aia
peptone, peptide, oligosaccharide”} $-5-& 0] Q11 G4
o A A AE & Aeasa
(Gilliland 5 1989) H|A|% o2 —,—9_7]- T8 2781 9
L Agolet, Ha Sof 74 AEl tiet Avlarge) ¥
Aol mopglol wet eHA 9 JAlA = 71EY 82 ETL
AY= 7167 2ol #ld(Kang & Kim 2009), FAHLee
5 2008), 27 (Ko 5 2008), TAHKim 5 2008), 3=
(Cho 5 2008), 2] (Suh & 2006), E5Z}(Lee & Hwang
2006), S22 (Sung 5 2005), BF (Bang 5 2004), T
Aluk(Jeong & Bang 2003) 5 A9 AEARE H7)s)
of Be|&dE B Aot aF=EEE AFstH = At
ghibs] Z8Ear Qlok, ey @2 E0] FAEA 9of 7]
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4 EAe TYSel M ATERS T8 g e A
Zo]|B & (Bae = 2005; Kim = 2008; Lee = 2008; Shin

5 2008; Kang & Kim 2009; Kim 5 2009) & 5]
At ot 953EEE W] ATEES Azt &
% 2ARO =M 715 HEoRe

1. Mz &AL

2 Ao ARESE nh= #Fol A AujE o] i el =
7FsE AE YA T.S, Corp., Korea)dto] ARG8T
Folin—ciocalteau’s phenol reagent, 1,1—diphenyl—2—
picrylhydrazyl (DPPH),
(NBT), sodium dodecylsulfate (SDS), tannic acid,
xanthine, xanthine oxidase 52 Sigma—Aldrich (St,
Louis, MO, USA)O|A +Jst3itt, 1 9]9] Alof} fvll=
a5 9 A5 AekE ARESIGlTE. Maca G4FEa2 AR
2000)9] Wpeell wket AzSIgle, 5, bl
o0 103 w/e] S48 71elo] 100°COIA B2 Ser
the QARRIST AFke olsfslo] AR A,

nitroblue tetrazolium salt

(Kwon =

2. QTEEQ| HXE

Maca F&=9| H7H]&2 AuAAS AA 4 20,
4, 8, 12%)°.2 AASFIL (Table 1)3} Zro| A 7E vt
sto] Alzsiitt. &, AA SF (A&, =)ot GAE
(&9, ?b?)"ﬂ 7t Qe ES ket o8t o
Z3}eE the 60~65°Co| A 2027t A=tatelet, At 71
2 A0 Z W71 & starter® Yogourmet(Lactobacillus
acidophilus+ Lactobacillus bulgaricus+ Streptococcus
thermophilus®] EB-FARFED)  (Lyo—san Inc,,
Canada)g g&oto] 37°ColA 12A17F HEAF T, 9412
EL 10°C oJUjofjA] 7~10¥47F HE=E HASI Qlou=z
(Kim = 1993) & Agox= 797 YAA A (4+£1°C)8F &
o|stela E4E 2Asiol ATE A% A5 S} u)

WAL,

<Table 1> Formula of yogurt added with maca extracts

Ineredi Group

redient
e Y0) Y4 Y8 Y12
Milk 100mL 96 mL 92 mL 88 mL
Maca extract 0mL 4 mL 8 mL 12 mL
Skim milk powder  4¢ 4¢g 4¢g 4¢g
Starter 05g 05g 05g 05g

DY-0: maca extract-0%, Y-4: maca extract-4%, Y-8: maca extract-
8%, Y-12: maca extract-12%
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3. pH, EFAE (titratable acidity) & Mz =X

7t deFEE H7F QEEQ pHe
(inoLab, Weilheim, Germany)® 24 435191

= W5ad 10 gof] £ 20 mLE 713t & 0.1 N NaOH
802 pivl 8 30| B kx| HAsI BALoR Shitel
St} vb QeREE H7h 2FEE] HEE 2000
viscometer(Viscostar L, Selectar, Spain) 2¥ spindle
2 A1g310] 4 rpmollA] 1t A3 5 3R] 302 7140,
2 H=E S4sto] gk 4SSt

pH meter
At

4, Mz =H

nh @4FEE W7 82 ES Mms MAA (IX 777,
Juki, Japan)ES ©]-&3}¢] L(lightness), a(redness), b
(yellowness) 4FS 2438191 3t Aol & T 719 A=
£ AHgste] 22t 28] 4% 2gste] BRA Lhehuieict
5. QAlZA =X

A& 1 g2 Fsto] 5Fapoll 108 34 o= 3]A%H
3 BCP plate count agar (Eiken Chemical Co,, Japan)
Huhx|of] =HEE & 37°Col|A] 48~72417F vljoksle] LiE}
W A colony®] =5 A4=5te] CFU(colony forming
unit)/mLE WERH ST

WrEv} R AR AT (15%, w/w)E W7
of WO 37 BT F BAGE AAS 71EE
g AN BAE S 18 BEEA 298 4
Foopstat spy TS Adstel B4 AT Aw B}

o stel Mt 4HAES TS A e & A
Fol dokEs stk ARE @M Folo] Hob AF
stgom 7 ARE B3 3 oks BT 5 YRS B

2 AFsAr. B7TEE-2 M(color), WA (smell), A8k
(sour taste), T (sweet taste) L Sl (aftertaste)o]$]
T 7t ol dat S48 el 78 AR e of
steh, 431: Bgolch, 7 0l Aethe A ]
EE AR SRS v ke At st 3098
Ao S9a AR AN AN A2} Bst
HoZ 3o 74 HA=HH: vj Aok, 44 EX=
HAE gt 74 ol$ FTho® WASES st 3

7} 52 M(color), WA (smell), T3t(sweet taste), Al
Y(sour taste) X HA|ZQl 7| S & (overall preference)=

shsict.

7. IPIRFEES| EE2|H s & &3
QF=2E| 28 (w/v)2] methanol £H(99.9%)2 A7}
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sto] 1AIZE §?F 30°Cof|A ZE
(Whatman No 1)& oji}sto] A2 o9
(Buchi R—114, Germany)= 45°Co|A =3t &
100 mg/mL9e] =7
(Statistical Package for Social Sciences version 15,0)

BE QYL 33 o4 v
2 olgslel Bty BEUAE HAShdrh BAHEA
(ANOVA)E AIAJ3}e] §2J2] Zol7} 9= F=-L Duncan

9] = YA A (Duncan’s multiple range test)2 AlA|
o] A 7|7to] WE B Wi t—test@ B
oA FeAE AT

z3lo] e wAARS ARnE
T2 dimethylsulfoxide® £-33}0] A|E8HL ZA|5}%
o, TEYHE 2 Folin—Denis W (1912)& ©]-&3}
o] 2A3513th =, AR 0.1 mLE F5lo] £74 1.9 mL
9} 0.2 N Folin—ciocalteau’s phenol reagent 0.2 mL=
71skol 2 BRI o] BRgAUS ALA 387 HA
A7l & Nay,CO; Z38N 0.4 mLet 255 1.9 mLE 7}
sto] & A3 Aol 1A7E WReAIRl & BEEA shgla 2 A
(Smart Plus, Korea)& ©]&3}o] 725 nmof|A] SF=& A51e] p<0.05 =
SAstct. o] uff FE = S tannic acid®] F&
£ golsto] 23 5 YA R RE ALkl m, Ay gl oxt
s &3 1. pH, BF ME & EHx
2Hd-2 DPPH radical 475l 7 AeFEE 7 AFEES pH B AUIEE &
43t A¥= (Table 2)9} At} A= A& 25-2E9] pH
= 3.95~4,02, A4t 1,26~1,38%% UESTH =W
oA AT Qi QLB EQ] pH: 3 87~4.190]31 A
AE = 0,.97~1,40%8FH= R (Kim 5 1993)¢} B uLs}o]
2 o vytarEEs AEe AEe) pH @ A4
o 4 ok A% 7Y ¥ pHE H2To|
3.88, "z} H7lto] 3.78~3 828 7 U npp} ArlE

9 el
2} 71810l pHO| WSl B|alolar vzt H7hol]
= YR 3ITHp<0.05). vk TR Ee)

8. O7IRFEEQ| DPPH radical A7
AA
heg
Lol A wolR|= AeE Uttt AR ti2T
o] 1,44%, H7Hto] 1.46~1.53%% A77|7He] Z4utof w

vptasEEe) gk
oI5} AR50 2 2A519tH(Blois 1958). =, 0.2 mM
DPPH 2 mLo] Z+ A &2-8% (100 mg/mL) 0.5 mLE Y1l
T3pste] A2olAl 3048 FQt BESAIX th 517 nmoj A
FHES 24st0] Theat 2ol ANt
Radical scavenging activity (%)=
N RO FHE
A& 7R =
AEN 0.2 mLo| Al A% AT 3,602~4,503 cP2 YePGal A4 79

9. OPIRTEEQ| superoxide anion radical A7{5 &3
Superoxide anion radical &7

ofi= 3,975~4,999 cPZ thh Z7}5F9 00 npr}l H7ko)

ESnATa
frPrc e AES e olekp0,05), tHE AT
Bake
2000)0] 7%, HAELY H7lRe] AEE hRPR W

Wang 5(2007)9]
2o} Hlwste] Hi HA

(1
Uehon] A% 197 BE ARl HErt 271t

KeX

S 9 wystel ekt &,

0.4 mM xanthine¥} 0,24 mM NBTE 1:12 &35 80
1 mL, 0,049 U/mL9] xanthine oxidase 1 mLE Z}ZF &
T 37TCoNA 408t WEEAIF T, o] EFE-

e AR
<Table 2> pH, titratable acidity (TA) of yogurt added with maca extracts
TA
Storage period (days)
7
1.44+0.01°
1.46+0.01°8

0
1.49+0.01°®

7}stol
1.26£0.02**
1.29+£0.01**
1.34£0.01°

1.53+0.04®

Hofl 69 mM SDS 1 mLE 7}sho]
1.38+0.05*

560 nmol] FYEE Zstol thewt ol Astaict.
pH

Storage period (days)
7
3.8840.04%

3.82+0.01""

0
3.81£0.01""

4.02+0.02°?
3.98+0.02"
9Values with different small letters within a column are significantly different from each other at p<0.05 as determined by Duncan’s multiple

3.78+0.00*

Y-0V
Y-4
Y-8 3.98+0.02"
Y-12 3.9540.02°
VSee the legend of Table 1.
Each value is meantstandard deviation (SD).
?Values with different capital letters within a row are significantly different at p<0.05 as determined by t-test.

range test.
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<Table 3> Hunter color value of yogurt added with maca extracts

L a b
Storage period (days) Storage period (days) Storage period (days)
0 7 0 7 0 7
Y-V 74.93+0.119249 74.04+0.04* -0.71£0.01°2A -1.1120.01*® 6.63£0.09** 6.84+0.06**
Y-4 74.42+0.06 73.50£0.33% -0.370.09°* -0.71+0.09"* 7.26+0.07" 7.48+0.07°
Y-8 73.74+0.16"" 72.75+0.11%8 -0.2020.06>* -0.59+0.01"* 7.99+0.161 8.12+0.04
Y-12 73.07+0.08** 72.4220.01*4 -0.120.01<* -0.3120.01® 8.770.074 8.67+0.01

DSee the legend of Table 1
Each value is mean+SD.

DValues with different small letters within a column are significantly different from each other at p<0.05 as determined by Duncan’s multiple

range test.

9Values with different capital letters within a row are significantly different at p<0.05 as determined by t-test.

A 14dol| graetgletar shgley, Ridel, sAE=d7)
STE2E(Lee 5 2008)= 4k H7kEo] F7kel| vl
e AES Uehlgon A4 152 53t Zlslalni 1
sjol A7HE o) wet 2] e A S4L UeE A
o 4 olr}. aFEEe) HEE aFEE Tyl 21
R, glge) slial A, AHgae) slime A
A g 5 ook 29l0] Sjsto] g WL 9]
2 ®3%3 Qltk(Rasic & Kurmann 1978), £ Al
HollA ot FEE2 A7 A ] S7IsIASl=
Shal Hrrf st A2 H=E |45k F= e
Ae| Fadie] vt FEEe] Il e Adwel ols)
Asfe AR F5EY & o A5 A 28T A
OS2 AtmET Sung 5(2005)2 SRt 7 82E
(Sung 5 2005) A= A S22yl S7Hek
el a2 B A RS ST MVt fas)
FCHIL Halste] 2 dele] Aol wARE Fee UERSL
3 ARleRE o S TRt 7] o
£ Aoz uusig

ot o kI
off fr
ool

2
1%

)

pa)
lo

o oo e

2, Mz

np 2529 A7HES 2eElste] Axg a2ES] A
T5 5% A= (Table 3)3 It H=E U= L
TS tRto] 73.07~74 930 % npplEEE Hrlgko] &
7FE fojRos HastlEt (p€0.05) ol w4
FrefE Aaof osf Yot wobd o r FE5HE A
=5 U= aghe diz2to] 0,71, H7kto] -0.37~
—0.12%2 B (o) ghe Yehfo] =219] 9o gl AL
2 YERdT RS YEldle b2 diERto] 6.63, A
7HEo] 7.26~8. 772 thEwETE A Yed=t] ol vt
7} FE=2 Aol Mol 77] gl viE M7k bk
ol A Ueht Aoz oA, Fx FEE 7 4=
E(Cho & 2008)°l14 gz H7IFo] S71etol weh Lk
Aslal aghdt ek S7IsFRTAL Hatsto] & Hele] 4
T} frAbslGiT, vt 8 F2ES A% 7Y £ Lk vl

3 WSkE BT aghe S| S715I00 bEke o4

<Table 4> Viable cell counts of yogurt added with maca extracts
(unit: Log CFU/mL)

Storage 1
seled (i) Y-0 Y-4 Y-8 Y-12
0 8.54+0.14 8.58+0.12 8.64+0.04 8.53+0.08
7 8.50+0.09 8.60+0.08 8.69+0.14 8.60+0.09

DSee the legend of Table 1.
Each value is mean+SD.

Ql WSS HolA] st

0

3. qiiz

n 2&B0) WS delstel Alest ap=Ee] §
Agsl (Table 499} 2}, A% 2oL 8.53~8.64
Log CFU/mL& A& 7ol §0142] Xjol7} §igla 4% 7
Yol = F HS}Glo] 8,560~8.69 Log CFU/mLe] ¥ L}
Epton] npt d7kzo] thi 7 Rt Ao Bl f
ol4el Aol glgi}. olele Ak FAREEL Wlet
of RTRES Az SAREE 24T 23t 34 A7
2t RH7bE 2] o2l Aol S Kol eigpeta B
3 Kim 5(2008)9] A7 $AR Aol 9let. Shin 5
(20082 25|22t A7t aF2EdA Auset Bt
SARFO) A2 E25H9Irka WSk Uk, Cho %5(2007)
o nhsE W7l ATEES] fAlF 47t iR Ak
of vlelato] 7HA3HeS WG] o]t nhso] ZH-
gaelol 7)Qlsks AutE FZED AT Lee
(2008} §4F H7F AFZE] A% 71t F FAFES)
Wste 24 An f4 A7ht R U et
) o3t AR §4 +5F F Sehuiol= Aol
FAREO] S-S OAIE o Beltk Buslch A
Seuet agEEY 4E 720 ofshe 55 wage ¥
FAFRAE 1x10° CFU/mL o402 43k Glojs] &
AN 2% s W W7k fakE 4 A ol

==
AolnR AE T2 APFS L 5 AUt
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<Table 5> Sensory evaluation of yogurt added with maca extracts

Group Color Smell Sweet taste Sour taste Aftertaste
Y-0" 1.79:0.42% 2.57+0.93 3.14:1.09 3.29+0.91 2.1420.77°
Y-4 2.50+0.51° 2.50+0.85 3.29+0.99 3.21+0.89 2.36£0.92%
Y-8 3.21£0.42° 3.21+0.57 2.93+0.73 3.64£1.00 2.43+0.93%
Y-12 3.93+0.47¢ 2.93+0.73 2.86+1.02 4.07+0.83 3.00£0.78"

DSee the legend of Table 1.
Each value is mean+SD.

?Means with different letters within a column are significantly different from each other at p<0.05 as determined by Duncan’s multiple range

test.
Seven point scale: 1=too weak, 4=moderate, 7=too strong

Color

Smell

weet taste

<Figure 1> Consumer acceptance test of yogurt added with maca
extracts.

Y-0: maca extract-0%, Y-4: maca extract-4%, Y-8: maca extract-8%,
Y-12: maca extract-12%. Seven point scale: 1=dislike very much, 4
=neither like nor dislike, 7=like very much.

4, =X EM

UsH 549

w2289 WS gelstel Axst avEEe B
S ERRE ZAeh 7|5 Ak TEste] AN
St SAZIE PAATH (Table 5)0] eRt ule} o] &
FEEO ML gizFo] 1,79, vFleEE A7t 2,50~
3,930 nllRaE Hslere 27kl utel o] AshAL
Ao g Yepdth WA (smell), @8t (sweet taste) I AlSk
(sour taste)> Al& 7kl -2]2]%1 Z}o| glo] 2+z} 2 50~
3.21, 2.86~3.29, 3.21~4.072] W92 BT}, Fo|
(aftertaste)= thRo] 2.14, HA7}+0] 2.36~3.002.2
H2tE1 78 Faeg Wok(p0.05) vzt 19 B ¥
A} 7o) Qe & Ao RAE,

715 HAFEA I Figure 1) QG2 EQ] ML fjXo|
6.452 7P =A H7FE|RIAL 12% H7Eo] 3.700.2 714
S el oke ui} 3R] osle] a=Ee)
ol Ao gl ufef thze] B ulmsle] Ay
Hog 715 w7} EPQOV]b Aog HIeE Ao Z=Fr}
WAl Thet 1B EE RE AlRSo| 410~4,702] He2
B7rElo] Alm b 941 ztolzt ¢ldet, whute] gk
7|8 e 22 4% 9 8% H7to) 242k 5,05, 4,82,
4.258] = F7Eo] Fo#Ql Ato|7}F glolal 12% X7t

800
700 Ov-0 Ov-4 @Oy-8 @EY-12
c
2 600 bc
o
E b =
PR be
o
g a :
2 400
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g 3o
g
2 200
100
0
0d 7d

Storage period (days)

<Figure 2> Total polyphenol contents of yogurt added with maca
extracts.

Y-0: maca extract-0%, Y-4: maca extract-4%, Y-8: maca extract-8%,
Y-12: maca extract-12%. Bars with different letters are significantly
different from each other at p<0.05 as determined by Duncan’s
multiple range test.

2 32008 BrlElo] 7|5%7} /b WolAlt 08 v}
ERATHp<0.05). 419 X AAH VSRR Ze 3
2 Ureho] tha2e 4% B 8% WIS S9Hel ol
7} glo] BIMR W, 129 WIhRS AV e HeE
of 71527k WolA|t Ao2 ekt

olabe] AT Fisto] HH nt FHBS swkA| A
Fsto] APEES AT WAl BAH A%
HAA] e AOE oA

5 OPIRFEES| ESE2(Hs &F

np7E FEE9 X*ﬂa% gefstod Zﬂzﬂ [=E
1 TEuE dEE 4 A= (Figure 2)9F 2t}
jZ0] 385.4 mgh= 7P Weokal 0}7} A71to] 483.6
~646.8 mghz FIEEES Ui SRS SISt
At A% 149 FETE S 322.5~518.2 mgh=
A%y 27|HH; oF 20%7}F 7Rt A o= UETH Kang
& Kim(2009)> H|E@4-Z H7sto] Q-2 ES A £51aL
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<Figure 3> DPPH radical scavenging activity of yogurt added with
maca extracts.

Y-0: maca extract-0%, Y-4: maca extract-4%, Y-8: maca extract-8%,

Y-12: maca extract-12%. Bars with different letters are significantly

different from each other at p<0.05 as determined by Duncan's

multiple range test.

T e 5743 23 5% H7kto] 178,41 mg/100 g,
10% H7hto] 318,39 mg/100 gl & w4 7ol &
Vs w2 Fe Yehiiohar Baskqivh, Eeldlis
o NgAo] ZAst] BALAE Aok, Gob U st
€ T ot e 7S Ul EEE 24 ol
3} 0]AF9] phenolic hydroxyl groupe 7FA|al 1O H A
B 9 AAThE B RS Ageks 40 Aok, 5
5] A el EAst= free radicalo] 4gofA|= 2§
sto] s 729] B Aol TIofoRA S B
= U= Aoz d8A dohKim 5 2008), & A
23} oA} apEe] SEAHE gl tait
A et o B g B E nipt H7ktelA =4
eh o 22t

6. O7IRFE2EQ| DPPH radical AHs

DPPH+= H|1LA 9F43t free radical®A] tocopherol,
flavonoid 3}k, W3S offlF 59 43S 48 Y
= =43 BEgSHA =W 2HEo] DPPHO| Hepdo] g
HIl(Kim 5 2006) YA E= Jrof wet ikt ax)
ST 4= qlo] A B0l 7Y YHbd o2 AL
=3 Qo npptEEE Al e AFEES] V58S
E3}7] $J8le] DPPH radical 24502 3AlsE A4S
A= (Figure 3)3} At} tfRgto] 88,07%, vt
I H7to] 92.38~93.29%% RAHET} 2O A4S 1}
EFHaL(p<0.05) vzt 7kt Ztoll= fel&Ql Zolzt ¢l
Aok, vt A7kto] Rt 2 ARIEAYE Hol=
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<Figure 4> Superoxide anion radical scavenging activity of yogurt
added with maca extracts.

Y-0: maca extract-0%, Y-4: maca extract-4%, Y-8: maca extract-8%,
Y-12: maca extract-12%.
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