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Antioxidant Activity and Quality Characteristics of Rice cookies
Prepared with Maca (Lepidium Meyenii) Powder

Jin-Seong Kim, Jin-Hee Choi*

Department of Food Service Management and Nutrition, Kongju National University

Abstract

This study was conducted to find out the bakery processing suitability of maca and to develop rice-based processed foods.
We investigated the antioxidant activity and physicochemical properties of rice cookies prepared with the addition of maca
(Lepidium meyenii) powder (1%, 2%, 3%, and 4% of the total materials). We observed an increase in the total polyphenol
and flavonoid content, and DPPH-ABTS™ radical scavenging activity of the rice cookies as the proportion of added maca
powder increased (p<0.05). The quality characteristics such as the “a” value, “b” value, and the hardness of the cookies
increased with an increase in the proportion of maca powder (p<0.05) in the cookie, whereas the moisture content, pH of
the dough, spread ratio, loss rate, leavening rate, and “I” values showed a significant decrease (p<0.05). In the sensory
evaluation results, consumer acceptability showed a significantly higher value in the 2% maca cookie group (p<0.05), and
the characteristic intensity rating (color, flavor, bitterness) increased as the proportion of maca added to the cookie increased
(p<0.05). Therefore, this suggests that adding 2% maca powder as the functional ingredient in rice cookies can result in rice

bakery products with excellent qualities.
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w7 (Maca, Lepidium meyeniiy= AANS ol &3l= 2|4
o] dFoF T e Ab S 4000 m o] ZYA
ol Bg2Eo] 2] ofg e Hukgl oA Aet=
Al Eolth, niFhs Y7 Eot BT AFEAA Fast
218 9 kg AEE ol &EH oM, s AR A
U AxAA ARste] 8715 dckbalick & Lee 2002). v
e g43kE, X2, @A, vk, sterol, tannin,
saponin, glucosinolate 52| A% TF3IaL Ao TRt A
g&dE YUeplH 59
gingerol, flavonolignan, phenolic acid 53} Z&}H1zo]=
EZ =2 flavan-3-ol ©2A¢] catechin, laricitrin 52 $Hr3}
3 AtH(Sandoval et al. 2002; Lee & Chang 2019; Wang
& Zhu 2019). Pl M npglE Ao|iESAow 5235
ALY, ZeAL A ToE AdFlskaL o, didMs 1

A7l HFoR ol AN FAGANA ASHA 4

A& Holar . elvEle] A9 AF]FE A A
FAEE A FYsi7t FE5ol vt 7EEe] Fak
A} Z718lal ATHKwon et al. 2009). @A) ol wi}
o gt Ar=E vl FEN o] a4 @3 (Kwon et al.
2009), "PF € FEE J7F 872 ES] 4 9 kste
(Chung et al. 2010a), "7} &4 H7F A€ 4 EA
3} 28l (Chung et al. 2010b) & F=dof tfsk A7}
oo™, ml7h £ H7F Y78(Choi 2017) A7+ 5°] S
Ot mpgt B o8t 7RHAE N At mge A
o]t

F 2 duile] 2 Age] 7HHs], AtslEe] 7HHA Al
Aol o7k FUEI Utk 2 FolA o= At =
gro] ool A F8 7H o' ofgE 9o,
FEFO R vAESH W7t Fo] Aol 9
1. 2011). WA 719 #He4 EAS FAI8H
Hekelr] flek FAE HrF Arr S

3] XY= A& (Song & Lee 2014), 7775 H7138h
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F71(Lee et al. 2015), A g 2 H7F F7](Cho &
Chung 2019), 214t &% H7F F7](Kang et al. 2009), H]
Bl U Q] B MU s (Park & Joo 2021), TIY
S 718 F7](Song & Lee 2014), 7F7FHl 31223
S A7} —:rL?](Kim et al. 2021) %—94 AN 7154
5

ilﬂam.

S, e T T B o 6% to] ZHEAE Az
ol &5 glo] & 7hE2Ee] 43S 531 Ae] 4H|E)

AA3s @797 JrkKim 2011). A7MEE S 3

i E ol Hsl AT YAt Fol 2%

7] FBHE AZ A WIS A S dE TS A
XHE o] 853 YrhJu et al. 2006). F7)= LIS o] g3t
M T S50l = FFo] HWol(Hoseney 1994) TR
L7 7ReEECl Hlal] 27Re] Ago] golstth(Kang et
al. 2016).

weba] 2 Aoa= theket YT AR EE
TR kel Al TS dobE L, & 4] S
fate] AF7)E AFEIDR Gt gk vt
A7 ek Af7)e] TAEA W FAElEAS AFEozHN 3
Ho]| 75 7154 AFIE Adstaat g

W do tu nlo

. g7Hg o 9

S HFoA AL wt 2ES
o] &% (Yeongcheon, Korea)oll Al +YsIAt. 7] A=
Al 718 I7RE(CI cheiljedang, Yangsan, Korea), 27+
(Saerom food, Icheon, Korea), H E{(Lotte, Cheonan,
Korea), AEBHCJ cheiljedang, Incheon, Korea), 47 (CJ
cheiljedang, sinan, Korea), ZlZH(Pulmuone, Eumsung,
Koreay> AlaollA Fste] ARSIt &4ksl Ajde A
43t 2,2-Diphenyl-1-1-picrylhydrazyl (DPPH), 2N Folin &
Ciocalteau’s phenol reagent, ABTS", gallic acid, quercetin 5
o] A]eF& Sigma Chemical Co. (St. Louis, MO, USA) #|
Z0]3 Na,Cos;, NaOH, postassium persulfate= ™7 3=
(Siheung, Korea) 2 &] A& ARE-gE AJeke 152 AMES)
At

2. FI|H=

nl7} H71ake] wE A7) Lee & Jeong(2009)5 L
ste] AU EES FEl MPFHIE A ATH<Table 1> AlZFe
HE], A8 4AF-S ¥7](KSSS, Kitchen Aid Co., Benton
Harbor, MI, USAPIA] 2xto & ZREAl7) 3 Wels 33]) 1}
Fol Yo 5E7 EFE A GEHE THEUTE of7])
Ao % 7ot vpRE RS Wi S § 4°C WAL
oA INZF FAXATE FAAZ =S 5 mm FAZ T

<Table 1> Ingredients of maca cookies

Level of maca powder

Control 1% 2% 3% 4%

Ingredients (g)

Flour 200 195 190 185 180
Rice flour 200 195 190 185 180
Maca powder 0 10 20 30 40
Butter 280 280 280 280 280
Sugar 200 200 200 200 200
Salt 4 4 4 4 4
Egg york 16 116 116 116 116

T A7 40mme] 9 FINEE Ao A3 170°C <
(G-501P, LG, Korea)ollA] 1287 #5it}. € F7)=
oA IAIZE WS ol AR o] 83151t

B
L
=

3. A2 |

7 B2 1 g0 70% oNEH2 99 mLE ARE-3ked 20°C0]]
A 24A17F &<2F 120 rpm e E shaking incubator (SI-900R,
Jeio Tech, Korea)ollx] F&3F o#dS ARg-alGith. F71=
10 gl ethanol2 90mL 7}3}¢] shaking incubatorol A]

20°C, 24X17F B9F 120 pmOE FE T of5}aie] AR
o2 AMg3IgTh

w7t 2 9 ’%‘7‘7]9 < Y9 EFS Swain &
. A& 150 pmell 2400
N Fol in-Ci ocalteau s phenol reagent 150
pmE 7k & 3EZF WS 300 um®] NaCO; (1N
sodium carbonate)=S 7 }0}‘11 Aol A 241 7HE?F RESAIZ]
S THEEE 725mmollA SASEAY. EFEEEZ gallic
acid (Sigma Chemical Co., St. Louis, MO, USA)E A}&
ste] s A4 & F dAsTES AE 100g 59
mg gallic acid (mg GAE/100 )= YERHITE AF2 53]
HHEslo] HH T ARE YERA AT

9#7]-4 Z ZElH ol e Davis?]
e A —‘ﬂr HYAIZ] Um & Kim(2007)9 S8t 43130

o AlEY ImLel 1mLe IN NaOHQ} 90% diethylene
glycol 10mLE 7}3te] &3 & 37°C water bath (SB-
1200, Eyela, Siheung, Korea)Oﬂ/\ﬂ A 7F ¥FX)8F2. 420 nm
o] E3FF=A(DU-800, beckman coulter Inc., Soeul,
Korea)= §455 78313t #2412 quercetin (Sigma
Chemical Co.)S F=HZ RESAIZ] 3o 2 Yepllon, &
EE o= S Al 100 g 5 mg quercetin equivalents

(mg QE/100 g)= YERHATE AE-S 53] whgate] 3k
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6. DPPH Z2iC|ZF A &M =X

#7} 22 9 457)e] DPPH 2Ht]Z 47 844E Lee et
al.(2007)°] WHel Fate] S & iy vt A7+
£ kst 49 Bl - AT 4mLe] A5
DPPH €4 (1.5x107%) 1 mLE 7}slal wiksle] 3087 o4
ol WA F 517 nm EFFEAR =S SAH Al
T g oleheS 7R dixe] F3=E A st
DPPH radical 24€dS WiE-&2 YeRNIA, 53] HHE-3)
o HHpETAAE YER AT

7. ABTS* 2iC|Z A &M =X

ul7h gk gl AS7)o] ABTS' ehr]zbel g &7 €4
2 Siddhuraju & Becker(2007)° s=3lo] =43 & vw &
a5t ZR42 8813 ABTS™ 7.0 mMel 2.45mM %5
=2 FF5l 833 potassium persulfateS 71ste] Aol
4] 16A17F ¥215] ABTS solutiong A|Z3}53Th. 2he]Zo]
A374€l ABTS solutionS 734 nm¢] £33 AR S3% %t

[}
2 ABTS™ €9 900 umel 100 pme] A E5H-L 718 & 131
o2 6wit 734nmolM FEES S8 6+ &
59 o

1;114

N

¢

ot

= w2 Al wgsisinh. iz S3=E Al
oekES 7hste] 4 F ABTS' 2z &7 &4
=2 Yehl2la, 53] whEste] Faptsixie et
AT},

tlo

= Moz

8. 77lo| 21 =4
B
b B g Ao FREHe Aol FESAHY
(MJ33, Mettler toledo, Zurich, Swizerland)®.2 =%3}5 2
w Zb Febt) 53] WhE A9 ghs WA peRTuAE U

ERf AT

2) F7M=e] 2,

nl7h 7] W] |
= = Sgg WS W SV F9E 546t
of Hk5e] Fuje] thigh FA19] vl(gmL)= Atsiitt. pH
E TFF 45mlol HbE 5g& Wi wubdk § o
(Whatman No. 2)3+ A|E98-2 pH meter (FEP-20, Mettler
Toledo, Zurich, Switzerland)2 =433 th ¥k=o] WU,
pHe= 247} 53] S8t P+ FHAE YERAAT

el
s

!

= 50 mLe] W2 30 mLe
5l

3) F71¢] AR, £4E % BRE =3

nk7b F719] WA A G(spread factor)= F719] A7
(mm)? Eol(mm)E 27t F4 ¥ F AACC Method 10-
50D2] ®H(AACC 2000y ©l-&-3ted Tl ek 2739

Hl2 Uehfigich. $71¢] J42 $7] oE dE= AEs
ST A9} Azhe] F71E 90°= s oA &

1olg 574
Bote] Qe $AE 247} 605 1Y ks Adiek. 7]
o FAE 7] GhE FHOE goled HolE 24

 5l°](mm)
o 2 (mm)

5t
Spread factor = 771 67hell jzﬂ

71 670l

o | o

27 A%
=] L
Loss rate =

Leavening rate
_ @) AT 4¥E 19 3 A |,
#7] A% vz AEY 5% 2He)

4) 2T A= =

A7)0l M 2L colormeter (CR-300, Minolta Co.,
Osaka, Japan)E ©]&35}¢] Lzk(lightness, W), aft(redness,
HAE), bek(yellowness, HAE)0 2 YERHUTE ARS-SH 3
& WAL [=97.26, a=-0.07, b=1.86°0].2H 53] W&
S5l 42 @S BApEETUAE YRS

o o,

A7) =& Texture Analyser (TA-XT2, Stable
Micro System Ltd., Haslemere, UK)Z Z7J3ll hardness (73
%) S YJeEISY 715 =] 45 mm, A7 45 mmE
3193L 3 mm cylinder probeE AME-3}31T}. hardness= L&)
I F AL IS VIR S, 7 AT EE 308
W S ste] FHg+eEEdatE e ek B4 21
test speed 1.0 mm/s, pre-test speed 3.0 mm/s, return speed
5.0 mm/s, trigger force 5 g, test distance 3.0 mmZ 33t}

9. HSAAL

A7)0 e ks 2590 A S e R AEE
A g GrprEEd sl Aatal @rpEge] sl QJIAA
71 & #A57tel dsH stk Alge Y] Al £ 1A
7F FRF e A o] &aiia, YAg A7) (=0 4.5 mm,
273 45 mm)e] F7|E L3 WA ZEo gl Aol ot
ST BE AlEe FAld AlFste] 73 AEHOR 6
71Ae] HSEARL HUIelEE stk dere] 1S §l
oo so] E3HEYe] HAastE flal 3 A8 H7F Fole
AR g o] 9] AwE sl old A5 IS H4
s} stk Alsel tigk HAS glof7] Sl AlEvEE W
TFRE o835t 37 AR FAEI o A5 AEs)
Al AAATE 713 % H7FHE-S ZAREAQ] 713 % (overall
preference), £|¥(appearance), &(flavor), Sl(taste), =27+

f



(texture), A (color) 2 ZA] wi-¢- =t} 74, vj$- &k 172
2 3I9a B4 HrkeE-S Al 3k, 48k(bitter taste),
HRARE Y (crispness)E oF sttt 73, o ofsith: 1
o= stk & Ao A e 9 T ida A
291939 FUAS ol 2 A wet APsidnk
(Approval Number: IRB 2021-81).

10. SAIXZ

u7} 719 Ao A A3 ghe FAEN Z=2aH
¢l SPSS (Version 25.0, SPSS Institute Inc., Chicago, IL,
USAYZ o|&3le] g+ xxdalE Yeplon, A8 7+
9] FA= One-way ANOVAE AAI8] Duncan’s multiple
range test® p<0.05 oA AH A

m. 23 gl naf
1. 0P 22 #F7)2] & E2|Hls & S22 0|= et
7l B J7F F719] F FEuled SetE ol dEF
2 <Figure 1> GRSl O™ i} E@o] F Zj#s34
ZEtR o= ge 747f 3.257 mg GAE/g, 2.3 mg QF/g
2 A=A HsA sgES AEAl de] EEEo
+ phenolic hydroxyl7|E 7H W3 sHE59] 3 olH,
s sieheS dAts), A, AdrAhe 9 theket AlE
Z4S JeRAtH(Duval & Shetty 2000). Z2]#s A€o
EotEro|lEs F2 ksl S48 Adua g#HA Uk
(Kim et al. 2021). "7}= T ZE8ls =22 gingerol,
flavonolignan, phenolic acid 5= ¥-fratal 3z, SetHe
ol= EZ 2+ flavan-3-0l¢] ©&A|Ql catechin, laricitrin 5
S a3t &4 JAtk(Sandoval et al. 2002; Lee &
Chang 2019; Wang & Zhu 2019).

80 1 @Total phenok (mg GAE/100g)

0O Total flavonoids (mg GAE/100g)
50 4
40 4

Total phenolics

7] 2ol F ETHE S 31.67mg GAE/100 g
o= g} B8 H7RES 36.95-55.35 mg GAE/100 gO =
ZgEom, vt 2He] HArke] F71gk wet Frtst
ATHP<0.001). & ZetHmo|= T2 et 10.54 mg
QE/100 g2, n}7} Bk H7}2e 15.87-26.26 mg QE/100
go 2 ZAEom, wig} el gl vigste] St
ATHP<0.001). #H7F FZ4 A7 A9 A+(Chung et al.
2010b)2t PPt E-FEE 37 SFEE A7 (Chung et al.
2010a)1- = viFke] 580l /¥ polyphenol’diol <
3 A7be] SRS F ZEjdlEel k] Skt
Bste] Z A7} fAket 43S JEpITE B8 Park &
Joo(2021)= BIER] W o B Hrt ST AtellA
TU7NE ] B F EZehReo|=2 3k e U
o el Hrhe] SIS F7)9] & FEpReol= 3
Fe ke AEE BHasle] & Aot fAkeE HEs o
ERAATE. whebA 7] Az Al DrRpel] vlE] & ZEjdlE
2 FehReoE ko] #& nppl g Akl 719 F
EFus B FehEicols FHake] sk kst a9E
71t = Qlo] 719 A7 714 Sl vk & A
o7 AlgEY

2. Ol7| 2247 437|9| DPPH 2! ABTS* 2iC|ZF A=
nl7} Bk ¥y} $7]¢] DPPHSF ABTS' 2] 2452
A% Ae <Figure 2>0 YERAAT mF 2]
DPPH ¥ ABTS" #©tt]Z 4752 ZH2} 1000 pm/mL 5
oA 36.17%, 2000 um/mL =l 4] 20.53%= LEFRLTE
DPPH 2}tz 4752 o]z 23t BHapdl sghEo]
ikslsol e 22 vHgelH s = dEE ol gt
o g ZHo] 419 de] o] §Eth(Blois 1958). ABTS"
gz 2752 DPPH &tz &5 | o] &5,

d
e
30
[
20 A
d
e
10 H
0 T T T T
con 1% 2%

3% 4%

Level of Maca powder (%)

<Figure 1> Total phenol and flavonoid contents of cookies containing various concentration of Maca powder. Means with different letters (a-e)

within the same activity are significantly different (p<0.05).
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EDPPH freeradical scavenging(%)

70 4
O ABTS free radical scavenging( %)

Antioxidant capacity
8

d
. d
20 - e
10 A I
0 .
1 2

4 5

Level of Maca powder (%)

<Figure 2> DPPH and ABTS radical scavenging activities of cookies containing various concentration of Maca powder. Means with different
letters (a-e) within the same activity are significantly different (p<0.05).

ABTS= 543 vl54 dilst 246 =25% 24%?:} T A=
HwA P&k 2Hete 2 E toFet AR &
24 = Aol Urh(Park & Joo 2021)

izt F71¢] DPPH 2z 475 17 68°]10m, np
7} Bt H7}te] DPPH gtz Aﬂ 2 22.71-64.35%%2
& 2755 UEio] AR H7FEol —c—ﬂ@% gAo]
Z 718 tHp<0.001). ABTS® o]z AA%5LS thx7o]
15.50, w7} B2 H7hto] 20.67-65.33%= LEREOH, vl
7h Fde] A7k St vlEEt] EoAle A3 UER
2ATHp<0.001). DPPH ¥ ABTS® @tz 2A 4o %
v ol /TS oItk delA dlon
(Lee et al. 2015), Gheldof & Engeseth(2002)= &HAtsls
I F HsEsigtEe] g ol Al A itslee] F
8 4R sEsighEelgtar gt vt ok, wmEkA] 2 A
TollA F ZEjulE T 22wl 2] Hrpt 7
o] DPPHS}F ABTS' &ttfzt 27 &0l 432 & A=
AtEE Tt wizke] @4tkst &4 - (Sandoval et al. 2002)°]l
Al wizhe] gheo] S7HE4E DPPH #HHZ &7 %0] $7t
SATh BHaslglon, 771 Rl sj23 F7] AF(Kim et
al. 2021)¢F HIEF U Q1 7] A+ (Park & Joo 2021)1
AMe & EYdE 2 F ZEhE o= §o] 2 7
F9] 7ol 715kl wel DPPH % ABTS' o]z &
Aol F7tet] & A7 faket S VERAA

Ay

3. 0pH 4Tlo| & Ealuls % EaKE 0| BT BN
st &4 7ko| AT

w7} o] rhael Z7ke uet 4719 & el
=, 8} xo|=, DPPH ¥ ABTS' 24 &7 %5o] HlE|
slo] F7lelel, & Zelsls o Fehueol= gt sl

o] AAAA S BA T AHE <Table 2>0] YERAATH
Z= Zs 9 ZetExo|= &2k DPPH 2 ABTS' &
=

Z 2759 ABAEE 1=0910-09722 Fo| AAAAE
YRS 717EeR] 3123 §7] A4H(Kim et al. 2021)°]l
A E ZEHE ¢ ZgkR o= ¥ DPPH 2 ABTS+Y]
AABAZS B4 A3 1=0910-0.9722 o] AAAAES
Ho] 2 Ao fAs 2345 YERN AT Gheldof &
Engeseth(2002)= & Z@|vls ) gilsl A48 o)
ZBA e, Zjso] tskse] Fdielgar
BHagh up ok, w7000 vt B Hrlsks Al
F71¢] 716748 e T sksS 7171 el &
A FFS WA Rz AlgHh

4. 0Pt &F712 22 S
1) ¥=e] 2= 5 pH
nFE 7] W] Wk} pHE S8 A
of Rt} & Aol W] g des 116 ¢
mLEE SAEAN, w7 BEe H7RE whEe] AEe
L15-1.16 gmLOZ A2 ko] Z7lo] me #2022

N

°olF UehtA exgkth. 7] Wi5e] W Y] Yrs
e d%7) Yolx| wudsl 771 A ZE 7|5 %
7b 7k, WEE oW Al FAA AdEAe] AskE

ot g% vk JtiMoon & Jang 2011). B9 23 7t
F7](Song & Lee 2014), A4 T H7F F7](Cho &
Chung 2019), 314+ #2 7} F7](Kang et al. 2009) -
M= FAES H7Fel wet o] dxde fo3<l
zpo]7F FERAA] @3Skehal Harste] E Aok Ak A%

vk A D H7E F7)(Lee 2015) Aol mE
FAES Arrt WrHREe dwol sYsh, W AAR



<Table 2> Correlation cofficent between the contents of antioxidant and antioxidant effects by DPPH free radical scavenging activity and ABTS
radical cation scavenging activity from cookies added with various concentration of Maca powder

Total polyphenol

Total flavonoid DPPH free radical ABTS radical cation

contents contents scavenging activity scavenging activity
Total polyphenol contents 1.000
Total flavonoid contents 0.972%* 1.000
DPPH free radical scavenging activity 0.956** 0.960** 1.000
ABTS radical cation scavenging activity 0.910%* 0.914%* 0.939%* 1.000

Significant at p<0.01 among groups by linear regression analysis and correlation coefficient comes between -1 and 1.

**p<0.01

o gk FAIE M7t vlgo] =4 &S A Wbl o
LEO] folF Q1 Apol7F e A] efethal Barskich &
AFME 7R T ] TR 7 HlEo] A &
ol dxole & IS VXA & A o= AlgE

2ol pHe 5.662 7P =4 SHEJL, vt £
& 718 HEEe] pHE 5.56-5.652 A ERoH nlyl &
o] Hrieko] FUVEE fhcske A4S YERiT
(p<0.001). ¥ AollA AREE w7} Be] pHE 5492 U}
EPto ™| Chung et al.2010b)2] v} 358 71 Alg A
ToAME mE FEAe pHZE 49000 HASkE A,
Gonzales et al.(2009)= w}7} FF/o| W& F=99] pH7}
4.81-5.112 YRt Barsisitt. ARS-H A7peet 27k
o] pHe ZH7} 6.22, 5.88% ATHA O E pH7L @& mp} &
o] Hrheko]l F7gkel whh wkEe] pHYF woldl Ao
AlE L v B2 37 478 A5-(Choi 2017)9} v} 3
29 7t 259 EXAF(Jeon et al. 2011)0A = vle]
HA7vge] S715kol wet pH7F SobA 2 Aok Hiszgh A4
e UERAITH

2) 719 FEHF
nh 2SR 2F7)9] 2 okE <Table 3>°0 1
BRI, thete] SRS 2.67, v A7E 571 2

3
o] Rkl AAsklth(p<0.01). ARl AH-E v &
o] RS 1.42%2 D7 T 9.93%<F A7t

=

_ET:_

& 7102 ALZECTH Hong(2012)S HAZw g A4 &S
A7¥eE F7] Aol FAE e Aoldfe F7] wk
O FEFTES STMITIAL Be &S BgAdel B
ofA|H, ofe wel Wo] AxLE7F Follttal ®BAgh vt
21T} Rondan-Sanabria & Finardi-Filho(2009)= v} ¥z
Ae] A 58k 54 Aol wlrt Belell oF 31.7%
7S] Aol df7) Atk Badk vl 9lom, ] Ax Al
ap7ke] Aol frell ofsf W] AT Eob H7bel
S7VS Rl Wolxl 2102 AlgHTh Lee et al.
(2015)°] A77H H7F 7] A7, Choi et al. (2011)9] 7

G B W 7] AT AR Bl FHEs
S FRPFe] FolH0E Fasgom, ol FAR 4

o= 2la] WEe] SEAF S0l AsEY] wo]
2o waale] B lpel A8 Ak eI,

3) 719 A, £4E 2 e

w7} s kel AF719] B4, S Y
<Table 3>°l] YeERASILE vt F7]2 HAAL
9812 7P¢ A = en, vzt B A
8.68% ZA=|o] mpy} B Hybgpo] FTIIEFE FHadhe
AS JE Ath(p<0.001). AL A ES v, Y
slo] QEoA F= A A 5] FA 7 FhAstal A
2 Z7kshe d4FS S=3tH(Finney et al. 1950). HAA 2
o] JA, SR SOl 9 won fol dagh
A FE] AEE A oA o, W=o] Fighako]
oA HEAgo] AL YedA Atk(Doescher & Hoseney
1985). Song & Lee(2014)°] U4 & A7} 7|9 45
g ATellA oY o] Hrhge] VMRS wRde] 1
At ol Bago] w2 Aoldfe] 4ol F7F Wi
olgfal Hgk ul 9lom, Choi(2009%= £% F719] FHE
g AFME £ wEe] Hrbge] VMRS v 2
o Te] Tk, W] FEFTES TUMIA B
o] HFg¥} galido] vrobd faAel 2a% HEE 7

2

A

-

O

A 28 ¥7g0] PaEdtky Busdc. B AT
wike] Bkl B4 Holdqel o S na
gol Eob, olol met Pe| Bt gaie] Hok
MEe] A% F712 450 Dag YT /A 25

= 59 olgted e stz s Aol Fad
o7 AlgFth

g} 719 £AES thRE0] 10.23%2 vt 22 Y7t
o] 7.96-8.28= UEFHOH HHELS tixdo] 100%, vt
7} 22 H7kto] 80.01-81.74% A=A SAE} WH
B2 gi2o] nppt 2 ArktEnh 2 3s eI
b B J}org St wEk uesiAl gaskth
(p<0.001). =AEE F719] d= FHNA ol o3 =7
Sk o] QJuka B E Stk Bae et al. 2013). Y F

Pk
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<Table 3> Quality characteristics of cookies added with various concentration of Maca powder

Level of maca powder

Item F-value
Control 1% 2% 3% 4%
Bulk density 1.16+0.032M2) 1.15+0.02° 1.16+0.03° 1.15+0.02° 1.15+0.03 0.128N9
pH 5.66+0.05° 5.65+0.01° 5.62+0.04° 5.610.03¢ 5.56+0.01° 15.873%*x
Moisture contents 2.67+0.11° 2.45+0.09° 2.42+0.07° 2.35+0.03% 2.26+0.05¢ 13.180%*
Spread ratio (%) 9.24+0.20° 8.68+0.23° 8.59:£0.29> 8.41+0.09™ 8.31+0.13¢ 12.997%**
Lose rate (%) 10.23+1.20° 8.28+0.74° 8.16+0.80° 8.03£0.98 7.96+1.10° 9,270+
Leavening rate (%) 100.00+12.50° 81.74+7.21° 81.18+8.02° 80.83+10.29° 80.01+11.84° 6.831%%**
L 74.13+2.26° 68.80+2.68" 64.83£0.91° 63.22+1.21° 57.87+2.48¢ 80.681%%**
Color values a 2380274 2.0120.64° 6.38+0.32° 6.74+0.75° 9.73+1.36 334.084%+*
b 2941.24+0.43 30.60+0.38° 31.06:0.68° 31.67+0.63° 32.13+0.55° 33451 %+
Hardness 1055.54+£73.50°  1154.01486.65°  1235.08+80.42°  1305.67£100.37° 1364.19£121.93%  15.794%**

DAl values are mean+SD.

D+Values with different letter (a-e) within a row differ significantly by Duncan’s multiple range test (p<0.05).

INS: not significant
*p<0.05, ** p<0.01, *** p<0.001

719l F4 54 A (Song & Lee 2014)9} AHA B F7)
o] #4 5% d7-(Cho & Chung 2019)°llA] A Z2] 7}
Fol S7IEFE EdE0] A2dslen, ol AR} v
570 olate} 8ol sl Adrt FAR7] mEelar
HISSieh meEk 2 A7olM e vt Fgo] Skl ut
2t Ao ol ST 2Rl Tl R o] Aa
& Row AlRdnh BFEL FEFH 7] Az A
AREEE Al SR A7Egel e Wethal Bard
vl QJTHLim & Cha 2014). A7 715 H7F 719 =4
54 A(Lee et al. 2015)0014 FAIFL] F=Fo] F7Fel
ue} WEe] Aadslet, ol FAR e Aol
fF7F 2ol Beloll Bad & Fste] FI17F W e
dl g o] #5837 welshal Barsisint. met
A wlte] rye] SRRt wet wise] Aol ool
S7kstel gl dad FRFo] vobx WFE

GG F AT ARHL

A7VeF W7o M= <Table 3> LFERY
Aot 719 WEE Yehls Lk dZTo] 74132, vt
7} B 7ol E 57.87-68.800.2 F71Eko] F7lgtho
e} 748 TH(p<0.001). afk(+red/-green)y thZto] —2.38
2 23505, vt B HrrolA 2.01-9.730.2 A7 e
o] 718t whe} F7FeFAth(p<0.001). bak(+yellow/-blue)
2 gizto] 29412, vt B4 H7kEoA 30.60-32.138
2 Z4H v} FEe] M| /1SS ke A
S YERATH(p<0.001). »F7} E2g A7iet 73] #4
E4 AF(Choi 2017)¢} m}7} FE2NL H7Msk QFEE
(Chung et al. 2010a), A]#(Chung et al. 2010b)2] =2 &

4 ATME rlFt 2 9 FE0] Hlego] SR
S TSkl bk S7ete] B Aot AR AES
ERHSITE. Lol 75 vitell A frefie Aae] ot =
7} wolxl Ao W75} 2 (Chung et al. 2010a), bak
ui7ke] A AlE A4 FEE FUA7] Wil Bars)
S THChung et al. 2010a, Chung et al. 2010b, Choi
2017). B9 &% 7] A7(Song & Lee 2014)2} 214F &
2 7] A7 (Kang et al. 2009)014 = 324 AF A8 e}
e FAEe] H7tEre]l S7HE Lake 1Ak, bk
71l & Aot fAke doE JERIIT agke 771 §E
2= o] T} opn|=3}stEo] 2]3 Maillard reactionz} $H
Foll 2]+ Caramelizationol] 23] &S W=8|(Kim et al.
2021) w7} Q9 shERe 13.10%=Z(Rondan-Sanabria &
Finardi-Filho 2009) & AelA agko]l 7k A& mi7te]
7 ekl wE ol 2|3k Maillard reaction®} Caramelization
ol ogk Ao AgHM, oY &% H7F F7] A7(Song
& Lee 2014)%F 14 % H7F 7] A++(Kang et al
2009)0llM %= A g H7bFo] 7k Wt agte 7t

ste] 2 A} AR FEE UERIT

\

-

fo 1 £

5) F719] =

np7} Bk H7p A7)0] AEE <Table 3>0] LFERJQITE
np7t $71¢] e vt 2] Arie] Sk wet
7FFATHpP<0.001). F71¢] A== Wk ] 2ol ol
BAY, AR RG] A3 Hrigo] Bolda s &
7¥ete Aoz d#A 2thJoo & Choi 2012; Lee 2015).
sk L FI)(Kang et al. 2009), A7 - F7] A
(Lee et al. 2015914 Y7FF Ho} o] we Ax &%
Feie] FAR FrEe] TRl uet Arrt SRS
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<Table 4> Sensory evaluation of cookies added with various concentration of Maca powder
Level of maca powder
F-value
Control 1% 2% 3% 4%
Appearance 4.50£1.77°D2  4.92+1.41° 5.13+1.39" 3.63+1.50 3.71x1.71° 4.612%*
Flavor 4.54+1.28° 429+1.83% 471+1.53* 3.75£1.62% 3.08+1.38° 4.448%*
Consumer Taste 4.17+1.58° 4.67£1.71% 5.20+1.52° 4.63+1.58%® 3.25+1.26° 5.824 %
acceptability Texture 4.83£1.37° 4.58+1.41° 4.88+1.36° 5.13+1.33 3.75+1.45" 3.507*
Color 4.71£1.55° 5.42+1.38° 496+127° 3.79+1.38° 3.83+1.52° 6.014%%x
Overall preference 5.00+1.82* 5.38+1.10° 5.46£1.41° 3.13+1.23° 3.33+1.40° 15.562%**
o Color 1.54+0.72°¢ 3.08+0.88" 4.58£1.79° 4.88+1.15° 4.96+0.91° 39.291%**
Hi:i?t‘;tef;:fg flavor 167£070°  3.17£092°  475£085°  550:098° 57551428 70.839%%*
Bitterness 1.54+0.59¢ 2.79+0.88" 3.96+1.92* 4.17+1.24 471143 22.965%**
DAl values are mean+SD.
2eValues with different letter (a-e) within a row differ significantly by Duncan’s multiple range test (p<0.05).
*p<0.05, ** p<0.01, *** p<0.001.
W, A7 B 7] Aol JPEeRl slaa i F7] A Yeplom AURA B2 FAlEe] Hrte sk #
(Kim et al. 2021)°14 2ol o] @ape] —7} ol Zt AHQ P v BT ofF A Hol
adfe] 719 Axrt Eolytia Badh v gl B AT 71l mFE EEE 2% H7kshs Aol A1) V1ERE &
A ot ] A1) Bl w4l SR A Al Ao2 AmEd,
& FEFFOl A7 9.93%, 8.72%3) WFFS} A7 thH]
R} o) ke SRER(1L4A2%)F vl SE Aol IV, QoF gl A=
Froll oJsll F719] EstaFo] AAasiely] Wl AoZ Ab
=9t} B Aol vt B 7lsd AF 2Aze 71eA
S dotry] S8 vk B2 1, 2, 3, 4% F7HE A5
5. W7|o| HSH £ g Azshy $719) Fusk B % FE 59 A
b Ee] A7hgS deld aF)e] aMA 7EwEet oo} R9e] & e B Eehuicol= dRke 77t
54 e AT <Table 4>0] vehldch AW 7] 3257 mg GAR/g, 23 mg QBgOR 2HHgon, o)g &
S&, 93, &, shllA 2% H7F FI17F 2 546, 5.13, 710l 7k 739 AlJe] Akl Skl wet T £

4.71, 5.299] AFE Yehflo] 7MY =& 7|ExE UrEhHOi

o, MXE 1% A7 F7)7F 5.42, ZAZRANAE 3%
7} FA)7F 51302 BHE o]ite] M4t UeRdt) 713w
g Ae|A iz} H7REe] A4t gzt BlE]

oﬁ', -ll)l‘ DZ‘_‘

T ehhgled, o 22 37k P AF(Choi

2017014 thzzol vl wih B Arlae] J)aw

= A7t

= Jebty 2 5 vgREES 3%, 5% 718 0] 1%
oF 7% 7K FRT =2 HAgvF yeRt 2 Aol fAaksk

A% el

wehd 7)ol v B Ak Ae Anlx
58 342 U2 Aoz ARH vp} 7719
7

715
574

= BARIARE 4% 7 T A, 3, 2w At 7}

496, 5.75, 4712 RE 3}Eo|A 7}” =2 HAFE

LHERA
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20150014 FA|Z ] Hrlako] Zr1skpE A o) 2
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o

9l

7Tl

AlEstel ks B S7HEITH(p<0.001). R=e] Pis

w7k ] H7hgel uhe felHel Aol et

o}o
= /\}]\—

ow, pHe w7} H7hel wet haishe S VERNSL
H(p<0.001). F719] 23
g5 sk ohp<0.01). F
7ho] F7kstel whet 7HAaske 2 (p<0.001),

8L 2ol vht 22 Wluc ¥
o) e
71e] A vk i A7kl

Fkske 33
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F71¢] AP vk 22 A
EdE

& Uil

A7V 2710 w 2481 TH(p<0.001).
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