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Abstract

This stady was conducted to develop a functional syrup by using maca extract. Five different levels (0% 7%
14%, 21%, 28%) of maca extract was added and the physicochemical properties were investigated. The pH of
control syrup was lower than that of syrup added with maca extract. Viscosity increased with increasing amount
of maca extract. Hunter L value decreased while b value increased as maca extract Ievel increased. Results of
consumer acceptance test revealed that no significant differences in flavor, sweet taste and overall acceptability
were observed among samples. Therefore, it is suggested that maca extract can be incorporated into syrup up to
28% without depressing the quality. Total polyphenol content and DPPH madical, superoxide anion radical and
hydroxyl radical scavenging tests were conducted in view of estimating the functionality of maca syrup. Results
showed that incorporation of maca extract into syrup exhibited higher polyphenol content and DPPH radical and
superoxide anion radical scavenging activity than control symp (p<0.05).
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2-Deoxyribose, 1,1-diphenyl-2-picrylhydrazyl (DPPH), Folin-
ciocalteau’s phenol reagent, hydrogen peroxide, nitroblue
tetrazolium salt (NBT), sodium dodecylsulfate (SDS), tannic
acid, thiobarbituric acid (TBA), trichloroacetic acid (TCA),
xanthine, xanthine oxidase 5+ Sigma-Aldrich (St. Louis,
MO, USA)el ] Fstelek. 2 sle] Akt gl S
2 9F Ak AT,

Aol mM=
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A7¥edct vigt 29 AR M) Wy wel A)3s)

Table 1. Ingredient composition of syrup added with maca extract

) Contents(%)

Mateils S0 ST SM sa S8
Maca extract 0 7 14 21 28
Ziziphus jujube powder 05 0.5 05 05 05
Soluble dietary fiber 3 3 3 3 3
Gum mix 04 04 04 04 04
Xylitol 15 15 15 15 15
High fructose com syp 35 35 35 3 35
Distilled water 61 3.1 21 251 181

S0 : maca extract-0%.

S§7 : maca extract-7%.
$-14 : maca extract-14%.
S . maca extract-12%.
$28 : maca extract-28%.

W o2 AZst AMEEIAT

Algel pH, g2 ¥ HE &3

n}7} A1 2] pHE pH meter (3 Star, Orion, USA)E AH&-
sl 3190 TR AlY 99 dA%E Hdle dAd
G =A(PR-3010, Atago, Japan)E AH8-3ld S48t A
E¥ AR 30 mLE 50 mL8 FHE| ©@a 25CHA HxA
(Viscostar L, Selecta, Spain)9] spindle No. 28 ©]-§3}4
50 pmoE 1%l A 38744] 302 IHAH o2 Sl Ha
oz ehfideh

Az &3

ul7h Al e MEE ARATX 777, Juki, Japan)E 0§
8lo] L (lightness, =), a (redness, J 4 %), b (yellowness,
ATy ghe & Al 743 vV S5 Poager
FA A

A

Hearte 89S B e AFdSE g 0
e 73% AAHE AAEth Alse A 57
TE 14 (v v 8 R EFT F A Fo|gol Hol
AR 78 HEWS AME-et 13 <o dop,
44 “FXN T AR gk, 74 o5 FOPE YRR E
sFA ) HF 352 M(color), Hflavor), Tksweet taste),
ZAukA el 7] 3.% (overall acceptability)2 dFSATh
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ZEgd s ¥F 23

gk Al e FEeHE ¥8-2 Folin-DenisH(13)2.2
23319tk &, A 7289 0.1 mLol] 254 1.9 mLE 7}3]
o] 2 &3%3F T 0.2 N Folinciocalteau’s phenol reagent 0.2
mLE 7}3lgith o] A A oA 387 A g oL 23t
Na,CO; &9 04 mL¢} 575 1.9 mLE 78t Estn
A2 A7 W17 3 EF BT (Smart Plus, Korea)
£ o] &3t 725 mmol A R EE 57513} Tannic acid
o] &3t BEIJAE et o] AFTHLZHE
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DPPH radical 2A4% &%

DPPH radical 4:7%-& Blois(14)2] ¥l sl A}
Fojso @ 2389} £ 02 mM DPPH 2 mLdl| 2+ A&
|9 05 mLE ¥ EF3 308 B w-eAI7 o
517 nmollAq FREE S48t thg9] A& o]&3ld
DPPH radical 24 %S A4&3tA )
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Radical scavenging activity(% )= ( 1 ) x 100

Superoxide anion radical &7 %

Superoxide anion radical 427 %2 Wang 52} W (15)&
AR HEsle] 28 & A EY 02 mLo] 0.4 mM
xanthine?} 0.24 mM NBTZ L:12 E8% &9 1 mLE
7F8taL <7<l 0.049 UmLe] xanthine oxidase 1 mL 7}3}
T3 F 37| A 4087 ¥ESAIZTh o] ol 69 mM
SDS | mLE 7}3ted ¥hg-& AR A7 thg 560 nmol| Al
F3=E 38l o AL SR superoxide anion
radical &2A%-& A&d9c)

NE A7tEd £ 4s
e R 4R

Radical scavenging activity (%) = ( 1~ ) X 100

Free hydroxyl radical &A%

Free hydroxyl radical &:7}%-2 Nagai $(16)9] WY&
AR gl St &, 10 mM FeSO,9F 10 mM
EDTAS 112 £33 & 0.1 mLol| 10 mM 2-deoxyribose
02 mL®} 0.1 M phosphate buffer (pH 7.4) 14 mLE 7}5F%
t}. 7)o AJ29) 25 ulg} 10 mM H,0, 200 uLE 713t
A E3e o 37°ColA] 1A]3E B vESAIH T olojA
TCA €9 1 mL% TBA £9 1 mLE ¥3 100C water
bathol Al 1582t 719 & ¥ YZAAA 532 ol d =S
2338131 vh2-9] ALt e]dtod hydroxyl radical &A%
& A

NE AAE R
PERE HErEST

Radical scavenging activity (%)= (1— }X 100

EA|Ixz]

BE 2859 FAX2l<= SPSS (Statistical Package for
Social Sciences version 15.0)2 ©]§-3lo] Hiy} AFHA}
2 FEAS . E4HEA(ANOVA)T Duncand] o34 9
737 (Duncan’s multiple range test)S AAISt] Al 72719
AE p<0.05 FFLE Hmat] BA )
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Algel g, pH ¥ 3k

op7} F&de] HrtEE delshed Azd Alge] pH,
e 9 A5 gt AoHe Table 29} 2t} AH 9 pHE
ol 528 7P B3k 1%, 14%, 21%, 28% A7kl
2}7} 536, 505, 509, 50028 UlZ2THE} o502 vigk
£ o] vl7l FE99) pH 4908 F&FE & FoR
Holut 14%, 21%, 28% A7+ ol 28 Aelzb

Atk 2 359 pHY vlwdte] EY Q7 uF dv)
FZ2ES At A2 A8S89 pHe 50~572 8
M Gef FEE2] HA7p|&o] F7184E pHYt Hot
21 7A%E Jelta Baslgich17). vl 33
-8 o]-83t 59| pHy 2.83~3.34 |39 A 33
& o] g3l A2F 59 pHE 32~3628 HudlY
tH18). Al 9] B tlZ&To] 4755 °Brix, v} A7}l
48.40~5035 °BrixE w7} &9 Hrkro] tha A U
WOt o149 Aol glich AlHe AxE gzl
154.6 cP, H7lr-o] 200.6~5034 cPE n}7} F&do] H7}
vl &o| F71EE F71E T Sim §9 7190 2
AR A7 A9 Hee 83 &elnge] A7 &
w2} 18.7~922 cp W E BHudle B AHe] Aguct
AErb vhe 2oz Yepygr)
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Table 2. pH, °Brix and viscosity of syrup added with maca
extract

Group pH “Brix Viizg;ity
50" 57210097 4755£1.06 1546057
§7 536:0.15° 48.400.70 2006£05°
S-14 5.050.56" 5035:3.60 44245
$-21 5.09:098° 49352091 4764:18"
$28 5.000.09° 50304070 5034£32°

USee the legend of Table 1.
PEach value is meanSD.

Means with different letiers within a column are significantly different from each
other at a=0.00 as determined by Duncan’s multiple range test.

Aol Mz

ni7h FEd9] At 9Ejsl] Axd Al AxE
5733 A3 Table 35 2tk HEE Y Lt Uiz
To] 928 7P w}A vt F2 e H7h &l 57t
#52 GolRoz Zhase] 28% Arhdol 47302 7}
A ke 218 JER A tHp<0.05). A EE JeRlE agk
2 tizTol -3.95, F7HEo] 4.70~1.669 HHAE Ve
R 28% HA7MEE AYstn 5 (O3S Yo} 4
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Table 3. Hunter color value of syrup added with maca extract
50" §7 S-14 S2t 528

L 99.22+004% 9539+008" 9194:004° 88.38:009° 84.73:0.11°

a 395012  470:012 357007  -126:0.14" 1661021

b 1970:000°  3666:001° 4808:003 57242014  64.242021°

"See the legend of Table L.

PEach value is meantSD.

MMeans with different letters within a row are significantly different from each other
at q=0.00 as determined by Duncan's multiple range test.
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o7} o] A7l delel] A2 S8 V|EE
A} A= Table 49 2t} Mo g 7132 14% A7}
o] 55308 /Mg & AE ke WY, 28% MUk
o] 41022 7Pg ¥ Mg Woted ole 289 Ao]

& A 5EY Ao R sl 7|awrt HojRe Ao
2 Gk Aog F2dn) e RE A BE0] 390~427
o] Ar HrEo] ‘FAE HAE grho] W &3]
= ol AlgY gl ZetA| ol FrFEEA 2
ANE 2] F& Aoz wekdr) Wk 4.70~5.009)
A2 HriElo] AR 7] §9)23] Aol g9 Ak
¢l VEEE 4.62~5212] MR 7% Hrkde] HE A
HIHE AT 14% H7kte] 71 WA HrkE o 94
Aol gl o12M wirt FEE-S 28%7FA A7t
o AHE AR E I YA S n)2)A)
de Aoz AR

Table 4. Sensory scores of syrup added with maca extract

Group Color Flavor ~ Sweet taste a CC(ZV pg@ﬁl ty
SO"  49313™Y 4131154 500143 5074136
§-7 4874157 3904118 4772116 5.21£1.39
S-14 553116 3076140 4974 462109
$21 463:135°  427+133 4734131 479:137
S8 4.10£151° 403t109  470:136 494108

?See the legend of Table 1.

“Each value is meanSD.

Means with different letters within a columm are significantly different from each
other at a=0.05 as determined by Duncan's multiple range test.
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FEeHE &%

ot FEAe] A7 2eidie Az Al geE
FEe s TS S A Table 58 2t} t)23o]
14.13 mg/100 mLZ 7} wskx wpgl & 9] A7}
SVEFE A 2718l 28% 7S 37.59 mg/100 mL
2 7P A vebed ol w7t &9 e 2
&4 3eHEe] 9E Aog 22 o|& i dF
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275 A 43 ERE S FE2E IR 25%, dnl4
%2 43%Y v SR T FEYE0] 1447 mghE
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Table 5. Total polyphenol contents of syrup added with maca
extract

Extract sq" §7 $14 521 $28

Total
polyphenol  14.13:1.75™% 18.26+2.45° 25.854341° 299341.25° 37.59:2.11°
(mg/100 mL)

"See the legend of Table 1.

®Each value is mean=SD.

*Means with different letters within a row are significandly different from each
other at a=0.05 as determined by Duncan’s multiple range test.

DPPH radical 27 %

DPPHE Bl FA & free radical 24 o4 Fof A2
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Fig. 1. DPPH radical scavenging activity of syrup added with maca
extract.
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vl7h F&d0] i FEulE ol Sk gitst
YT Zrhgitle AL Ho 39 o o] 2] radical S
A& FHo] I F/d HA(reactive oxygen species)
£ 4|28 U2 mdiald] 13 2AZEE 52 A2 7)Y
& 5 SIth2s). &M veRd 33384 mlgt Al
Az Al BeA FEE sl A7 diFEdelA 7]Qlst
e ALz 55 Yu §242 A3 g dF4
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A3} 94% oSl B2 84S VeIt X st

Superoxide anion radical &7
Superoxide anion radical 42 %-& xanthine-xanthine
oxidase systems ©]-&3la] ZHt vl &, xanthineo]
xanthine oxidase”} 2H2-31H -0, 7} BAHHAM FE3=
€ 4dAA vehvke T8 EE 560 mmoll A S8}
£t o] | -0y, AT de EFo] EATFH H0,2
Age A B o] A Erk(15,16.23). viFt & A
Vg 2elshe] A28 A Y9 superoxide anion radical
A% g 3= R 200 Uehd v} o) Hrkgol
5224~76.11%% hETY 3L13%ET} feld o &9t
1 28% A7ke] 7H E3X21H(p<0.05) DPPH radical 227
A EYE thd B e YeRI LT Superoxide anion
radical& A ¥V} 27)o] AEH T2 AR A%
Hol MEEY, ¢ 2 =31 55 Edtiee). £ 48 23
7l &9 7oA 50% ©]/de] superoxide anion
radical &2A&Ad0] Yeld=d ol vgt 594 ghaE
o] Sl HEINFEY £4E0] -0,F A= e
3 Aoz AR
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Fig. 2. Superoxide anion radical scavenging activity of syrup added
with maca extract.

Free hydroxyl radical =A%
Free hydroxyl radical 427} Fenton reaction mechanism
< o838t &4 el5ith. =, Fenton reaction?l] oj2 /38

hydroxyl radical (-OH)2 deoxyriboseS  At3}sio]
malondialdehyde (MDAYE A48} ©]& TBAS} WA
Uehte BAREE 532 mold A sHed)
hydroxyl radical &4 &2 0] ZA31H deoxyribose?] At3}
E BAS EARkgo] ZradhA Erh(is,16).

Fe’" + H,0, — Fe* + OH + -OH

‘OH + 2-deoxyribose — MDA — heat with TBA —
chromogen

(TBA-MDA adducts)

Hydroxyl radical ( - OH)2 ZHd4tA & ukgA o] uj$-
7338t superoxide anion radical®} TjEo] A ¥oto 2 HE
g widtol AA AR A3} 2 A telE st
© Ao ¥EA Utk14). ¥ AHNA free hydroxyl
radical 2A%& 538 A3} Fg 33 o] thxFol
80.45%, A7hr-cl 79.87~82.90% 2 A& 7o) 2= ¢l
Zpol glo] AutH o2 A Vrebsith Nagai 5272 #1%
FE o] &3 59 hydroxy radical 227%°] < 20%E}aL
238j] & 425} ehd vk Alde] B40] B 4
< ¢ 5 Ak

no_r‘(n
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Fig. 3. Hydroxyl radical scavenging activity of syrup added with
maca extracts.
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