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Quality Characteristics and Antioxidant Activity of the Traditional Ko-
rean Rice Wine Makgeolli Containing Lotus Leaf Nelumbo nucifera

Powder During Fermentation

So Hee Kim'?, Eun Bi Jeon'?, Min Gyu Song'* and Shin Young Park'**
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As an aquatic plant, the lotus leaf Nelumbo nucifera is rich in polyphenols, carotenoids, and flavonoids. We analyzed
the chemical (pH, acidity, sugar, alcohol), microbiological (lactic acid bacteria, yeast), and antioxidant activity of
Makgeolli supplemented with 5% and 10% lotus leaf (1) during fermentation for 7 days. The pH of the non-additive
group (control) was 3.10-6.03, that of the 5% added group was 3.17-5.77, and that of the 10% added group was
3.27-5.70, which decreased significantly (P<0.05) as the fermentation time elapsed. The acidity and sugar content
were 1.89-2.12% and 9.10-12.90 Brix, respectively, which were significantly higher (P<0.05) as the amount of
added 1l increased. The alcohol content was 5.90—7.20% and was the highest on the seventh day of fermentation. The
lactic acid bacteria was 6.07-7.17 log CFU/mL, which was higher in Il Makgeolli. Yeast increased until day 3 and
then decreased to 3.27-5.86 log CFU/mL. DPPH (1,1-diphenyl-2-picrylhdrazyl) and ABTS [2,2"-azino-bis (3-eth-
ylbenzothiazoline-6-sulfonic acid)] radical scavenging activities were higher in 1l Makgeolli (DPPH 68.72-81.48%,
ABTS 90.71-91.67%). In this study, the commercialization potential of 1l Makgeolli was expanded by enhancing the

quality and antioxidant function of Makgeolli added with I1.
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(Nelumbo nucifera) 2 = 5 FYAEl &k 4
EE2A, = TS FHoRE 2R Ho|A AR G714
de] Rkl ik S gho] 2231, o] {517] wfjol
S USRS 236t FotAloto A= ol e AlE A 9 ¢
o, A4, £, AL 78, ok, slsAg ol 220l 5 wIxt
2| BA| 2 At Moon et al., 2016). £3], Ao = v|e}
HIC, EeHls, 7tR ol E, Eof ol &, EFHE 59| 3}
50| F 15 -5 o] 2Jrk(Shinetal., 2019). A ] 712
Bl -0 =&} HIEICE Ay S|4 AlAT =4, of, Wiy

5 A B PR ol aubAjolrh, St o] EE su-
peroxide dismutase (SOD), glutathione peroxide, catalase ‘5
of gt Ao S ST, A1 2H4Ttet low den-
sity lipoprotein (LDL)2] AF3}E- B} %] Stk (Lee et al., 2012). I
g, A Slofl kst &Ado] EASHE o= Aol FRE ol
= Zelulis 4ol gk, 34t S0l Aleled 28-S o) u)
soluh, thoret Qlgle] Hsom Qs 4 A9E ol gt e
U ok E Jikst A+1(Kong et al., 2011; Yoo, 2011; Choi et
al,, 2016) 5o o]u] Hr = QIe}. E3H o] 9ol e A% 2] 7|54
off Higt Atoll= Asle] A1E A5 A3K(Kim et al., 2005; Shin
and Han, 2006), &1 S=&-59] 3413} G 1KLee et al., 2006)7}
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om, ASE T3 Al FAToll= A S JUIRE o=
(Shin, 2007), F%-(Park et al., 2009a), 2]#-(Park et al., 2009b),
ZH(Kim, 2006) 5-°] H11%| %},

upAe) SeeolA 71 e e QALE 71 A el Al
T TREA, A B A o R NS AN R ES A
7ksto] A7 2o AR 45 7|Hh golth. Rl A
Fola i (amylase)= FIFAIZ] G0 ARE AEAA G
AFste] ofUA & H= ol Eoff Fibee d3Eu &
AZFATE YA o] AALE R TE S Ao o] Fo A= R E
# %7} FthKim and Park, 2019). 24 2] of| = eh=3Hs, thl
A, AR, Ao] A, HlEk & g ofdio] Wol fhrE o] Sl
T3 2+ EodlE I, bkt ARt ohef 29k Eof
Q1.2 (Song et al., 2015), FAFSHLee, 2020), &<H(Shin et al.,
2008), &3 = %27 4l(Shin et al., 2010), H=7HRhee et
al., 2014) 5 thefet A eje/yd aabrk H k| al gl o] 9o
] 5 7j A (Lee et al., 2012), 1] o & vH(Kang et al., 2016)
= Slehe 2317} Sl o] it ehelo] o & Q8 v
O] =87+ HA S7 ok FAolH, 1hlofE(Seo et al., 2014),
32 2)7K(Kim et al., 2013), S 8HKim et al., 2021) S} 2+
& SAHES olga ue] A7 thesick. 212, H7HJeon
etal., 2019), 7}FA)akl (Kim et al., 2020) 2} Zo] s|2F7FE L&
g obe] A Q1 W7k QUAIg hekeh A 2 SHa
v ejo] e @787t B asich

uebs] & Aol A= wA e o] Fu|et 4tet 852 Tlst
7] f15to] Algoll -85 3L Qlom A5 AA| o e ALt ARg-0]
TFst gl Bue g wa Aletel Axsielch B, ol
of W2 0|3kt (pH, Wi, TAE, Y3-E) W A=TH (FAF
o, BEA) ST AR S A sto] -2yt A E A
Q1 e e|o] g & oFelan Slgla 17} shelof o 4
H[AFe] 7| o4& SjAlI7| AL AlESHE fIRt 71 2A R = A4
shaa} sheict.
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| Non-glutinous rice |

4

| Wash |

4

| Soaking (2 h) |

4

| Dehydration (3 h) |

4

| Heating |

4

| Cooling |

4

Steamed rice 400 g
Water 1000 mL
Koji 40 g

Lotus leaf 20 g

4

Fermentation at 25°C for 7 days

Steamed rice 400 g
Water 1000 mL
Koji40 g

Lotus leaf40 g

Steamed rice 400 g
Water 1000 mL
Koji 40 g

Fig. 1. A flow diagram for the preparation of Makgeolli added with
lotus leaf Nelumbo nucifera powder.
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pH & M=

pH+ 22 2] 10 mLE €427 (SUPRA22K; Hanil Sci-
ence Industrial Co., Gimpo, Korea)2 42|35t 5 AFG5-H-S
#|3}] pH meter (A211; Thermo Orion, Benchtop, MI, USA)
2 olgafol 2Ael e AR AR 10 mLo] $54- 90 mL
2 o] 3l4eh 3, 3148 A2 20 mLE A7 Eaka 0] o
3 1% phenolphthalein Z|]A|¢F&- 2-3 W& Hoj=gict 0.1 N
NaOH 44§02 o] Lehd uptx) 25 slsic. o
0} 22 Lactic acid eF21(%) 22 Alitsto] S ek
3, pHe} AHEE 38 W 24 ¥ H@glos masiah

A
0z

AFE (%)=

0.009 X NaOH Z:H]2H(mL) x NaOH 7} x 3] 44
A E9] .5](mL)

X100
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ey 10 mLE YA = dd2eldt $ 45
< #|3}o] A2} G=A (PAL-1; ATAGO Co., Tokyo, Japan)=

B30l SAelsich ARG TF SHL FAREFUA
A

o E}EP AAfeReint HAAM R o A& 100 mLE Fsto] &5
R Zotaz] 71, of AUIYS oF 10 mLY ZR
S35 ME 1 oS FRE Zehade] dol $uee
ST S0l 70 mL7t B SFE SR8k SR
£ 4¥o] 100 mL7}A] -85t 5 15°Col| 4] 4 A|(211-DK-12;
Deakwang, Seoul, Korea)Z 4314 0.1%= & 4T &3

HE B0t YA 32 S

SAIRI R4 54 04 AR | mLet Ut A2 A9
T 9 mLE 1071 34 Hof| wpe} 5]Asto] 1 Az ol ARES

o] AFstYTt GAFLS 34 E A5 1 mLe} Lactobacil-
lus MRS (Difco Co., Detroit, MI, USA)E petri dishof| &3}
o FUBHA STt § 37°Col|A] 4872417k v Fatict. A
B3 FUs urH o 2 AFskal A2 1 mLe} potato dex-
trose agar (Difco Co.)E petri disho] 25 & w3l =&}
0] 25°CollA] 5-7U7F vl F & A kS Al4=51let. 2 A3A
H 2he] T 9l= A& 1 mLY colony forming unit (CFU/mL)
o2 EAS

> S
1,1-diphenyl-2-picrylhydrazyl (DPPH) &t|Z 4A%5L
Kang et al. (2016)2] A= vlgho 2 23S Aays}gict Al

g2 1.5%x 10* DPPH A]2F(Sigma-Aldrich Co., St. Louis,
MO, USA)} ofeh&2 Eeddto] Al=stoint. o] AlRe
HAAEE](8000 rpm, 343t & A| = .9] 445247t DPPH 842
217} 100 uLA 1:12 1AL Whatol 4 308 WA ¥ 2
F=A|(Spectronic2D; Thermo Electron Co., Waltham, MA,
USA)Z o] &3} 517 nmollA] S3=2 =433t DPPH
g AL A FA7RY A AV SRS
Fto ofehet ol WlE-&(%)2 EAISHick

DPPH 2t} Z- 47|24 (%)=

(A.,, of control-A, . of sample)

517 517
(A, of control) 100

[2,2'-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid di-
ammonium), ABTS] 2ht]Z- 47|84 5-0] 274-& ABTS ]2}
(Sigma-Aldrich Co.)2} potassium persulfate (Sigma-Aldrich
Co)s Froll Eqsto] WAarolA 14-16A17F &4+ A

of] W]}t ABTS cation radical (ABTS")2 FAA171 &

1.5-1.6 nm?] ZF =7} %2 3|45l LN Az}

A S etk 771

ol ol stalel Azl @%ﬂ—% 22} 100 Mw B

ABTS 2]z 2784 (%)=

(A, of control-A, ; of sample) 100
(A, of control)
SHEA
RE UP 7} AR 38 wEstel g Bag B2

25 o|g5fo] sl o, B4 2 138 SPSS version
12.0 software (SPSS Inc., Chicago, IL, USA)E A5l &
Al 2] EAHE A (one-way ANOVA) % Duncan’s THEH 9171
7 (multiple range test)E AR5 P<0.059| 4] £-2]A-2 A}
Sheict.
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Kong et al. (2011)2 <1919 A2 (A<, diA7], AH,
, Az)ye gefsto] Al dlofrol F4E
53] Eejuls o, 7 A S 9 7]
%ﬂ‘ﬂ ot A=A st AlxE Aot &4
} Seolttal 7Fz8kal Qlek(Choi et al., 2016). E3H
of A=|(E1A17], S, A=A 2)E Selsto] AlxE
Tt 754 A (oFr A, $Et, &2
Frep)o]l 2342 ukE=a1 9lr}. Yoo (2011)= Auka
thjrf“—d% A=A AL AAE T oA A S
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?EE} I, & AtollAE o Al Aok
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(2016)> AAglofF=0] Ze|ulis et s &2 FA 54 $4
= Fou = AtollAs Fitkel 71540 0] AekE AdET
e Al A 7/ B Sl At avtel S4=
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pH % Atzo| B3}

A9 vl 2] o] ki 7|7k % pH 54 A THs Table 17} 2} %
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oF pH7F 0tk WA 192 54 3] pHYF asshs Aok
< B 5% H7to] 47008 71 vkt 39 xtoll= At
(5%, 10%)> T3 7= 79291 2Zfe] 7} AATHP>0.05).
SUA= 10% d7Hte] 7H 7 vk o, 34 xe] A=
oA el Zpol7F RIUAL(P>0.05), 5% H7RtS 3.17= 3UAt
Hr} G920 2 A THP<0.05). 7¢242] 2% pHE T
A7) 3.100] 31, 5-10% A7t 742F3.17,3.272 347}
0 A71RE(5%, 10%) 124 0.2 Zo] 7} QL IEHP>0.05).
pHE= A AIZbo] Aojd 48 3] WolA| = A& e 4§l
onf, AQl FS MK A} H7FeHA] 982 AL Aol 7F LA
RATE ARk e 2 upde| o] pHe Ta 1392k 543] 1
a3l E A AL e Al = ke & 4= k. o= A gt
O] 7 o] wpe} n] g o] A-g-o & Qlaf| f-714ke] Aol 7t
st7] wZell pHe| Hstol @3S w=th(Kim et al., 2007; Park
etal., 2016).

Q) abde] o] W 7)1kl whE 4k 0] A k= Table 1]
epuich Hra | Tte) whE Al 2k F7kehe A HYl
o, 2 a mpA el 7k A 7 B A7 RH(5-10%)
BT 7P A vk, b e g ASolle 37k 0.09
0]121aL, A 5%%} 10% H7kto] 22 0.14%%} 0.30% 02
Urebstth A 193kl F3d71Ee] 0.20%0]%10m, 5%}
10% A7HE 25 0.45%2 5-2]291 21o](P>0.05)7} $19ich.
g 3U3HE LH7FLO] 1.60%0] 93, 5%} 10% 7kt 2
7} 1.71%9} 1.94% 2 23] Z71819ch S sAAjoll= Al
5% H71Eo] 1.76% % 71 WA ekt on, #3471 10%

7S 22 1.87%2F 1.91%= 1921 Q1 210 (P>0.05)7F Lt
ERLRA] ohohet Wk E wpx]ubdoll= 7o 1.89%E 71
wrokom, 98 a 599k 10% A 7hto] 1.94%%} 2.12% 1
et 19 H7ieo] F7Fats Abe) ghefo] fo}H|u,
57170 weh 9915 0 2 2715 ekP<0.05). pHE) M3t o
A= R U= AE & ¢ A8tk Ale = F5olu ¢
Fof| A whgsh WA vt X o whef &, ikt 59 nlAY
& 2H 0 2 Qe A HE 24E R4 FRke 2 ATt A
2} Z715F%ck(Jeon and Lee, 2011). ESE g 7]7F 59 pH
OF AF O] W3} Q2 w9 AE HGih o] T
Bz el =} ofuliedlo] Zbstel Baze] 9 e
FFR7] fFolgkal B s th(Lee et al., 2009; Jeon and
Lee, 2011). AHE9] Wah- 07e| o] A5 WISk 7] o %= 9]
I, A S G 5 e Fas AR Awo] ok E3h
AP O] S e B A S 1w 2] 9] Al Ak vl
4 5 Qe @ A2 A A3t} (Park et al., 2016).

g2 Hat

La 7)7bol| whE =] Wk Table 29} 2t A9 Wl 2
g & 7o) 0.90.0.2 71 ko m, 5%2F 10%=
7}7} 1.0 Brix®9} 1.33 Brix 2 §-2]2] © 2 271519 cH(P<0.05).

1A= Y7t 345 S715HA, SH7HES 7.10 Brix
o)1, 5%2} 10% 87~ ZH2F 6.60 Brix, 6.90 Brix® F-317}
o] 7HAF =9k o™, 5%7) 71 Wkt Park et al. (2016)2

Table 1. Changes of pH and acidity (%) in Makgeolli added with llotus leaf Nelumbo nucifera powder during fermentation

Fermentation time (day)

Lotus leaf powder (%)

0 1 3 5 7
Control 6.03+0.06% 4.93+0.12%8 3.33+0.06%° 3.13+0.06°P 3.100.17%°
pH 5 5.77+0.06" 4.70+0.00%® 3.37+0.06%C 3.17+0.06%° 3.17+0.06%°
10 5.70+0.00° 5.20+0.00% 3.330.06%C 3.33x0.12%C 3.27+0.06%C
Control 0.09+0.00® 0.20+0.03C 1.60+0.03°® 1.87+0.03%4 1.89+0.03%
Acidity (%) 5 0.14+0.00°E 0.45+0.012P 1.71£0.00°¢ 1.76+0.00%8 1.94+0.00°
10 0.30+0.04° 0.45+0.002C 1.94+0.00%® 1.91+0.03%® 2.12+0.06*

Control is not-added lotus leaf Nelumbo nucifera powder. Values are mean+standard deviations of triplicate determination. Different super-
scripts in a row (A-E) and a column (a-c) are significant differences (P<0.05).

Table 2. Changes of Brix in Makgeolli added with lotus leaf Nelumbo nucifera powder during fermentation

Fermentation time (day)

Lotus leaf powder (%)

0 3 5 7
Control 0.90+0.00 7.10+0.01eP 7.60+0.00%C 8.93+0.00% 9.10+0.00%
Brix 5 1.00£0.00% 6.60+£0.00° 6.93+0.06 7.90£0.01%8 9.70£0.06"
10 1.33+0.06°F 6.90£0.00°° 7.23+0.06°C 7.90£0.01%8 12.900.00**

Control is not-added lotus leaf Nelumbo nucifera powder.Values are mean+standard deviations of triplicate determination. Different super-
scripts in a row (A-E) and a column (a-c) are significant differences (P<0.05).



ofZ o} M7} whAe]of 3t Aol A Frrh UE 2UAE
B F43] F7Iet=t, ole Bl Ao F5of s &l
wlo] F435] F7FsHthal Barskeict. 3UA}, 5Pt A F3

7hto] 7H Eoko |, kg 7|7to] A ukghel wet uhd e o] o
E=7FRolA e 2 F7EekAEH(P<0.05). T npA ol = -4
7H20] 9.10 Brix, 5%} 10% H 72 2H2} 9.70 Brix, 12.90
Brix® 10% 72| G=rb f28 02 7P A Uebgth
(P<0.05). Lee et al. (2008)0]] 2]5}H 219 0] AubA . 2= el
9] gefo] 7P wom, At ok BhaedhE o] Jheko] =t
L B kGt o] & Qlal A9l WUl HEE v
g Z71810] 10% A7kEo] 7H &= b}EHir Ao g

BLATFEO] 2.20%, 5% 10% % 7o Zkzh
220%, 2.93%2.2 10%47F2ol A 5014 0.2 7] tehgtet
(P<0.05). " 3UARE AT FhFo] Z71517] A|2HsIoe.

Table 3. Changes of alcohol contents (%) in Makgeolli added with
lotus leaf Nelumbo nucifera powder during fermentation

Fermentation time (day)
0 3 7
Control 2.204£0.10°¢ 2.67+0.21°® 5.90+0.14°
Alcohol 5 2.20+0.20°¢ 5.05+0.07® 7.10+£0.99*A

10 2.93+0.06%¢ 5.20+0.14%® 7.20+0.14%A
Control is not-added lotus leaf Nelumbo nucifera powder. Values
are meantstandard deviations of triplicate determination. Differ-
ent superscripts in a row (A-C) and a column (a-c) are significant
differences (P<0.05).

Lotus leaf powder (%)

A S etk 773

, A 7L, 5%} 10%A 71E0] ZH2) 2.67%, 5.05%, 5.20%
e A HT fo0F 08 71t tHP<0.05). WA vhA]
7R = FA7 0] 5.90%, 5%} 10%H7 -2 7
10%, 7.20%%2 B& 822 0 2 Z7}151% chP<0.05). A
F7hEo] ke g gl o402 e
O 2 YEPSTHP<0.05). ]+ Jeon et al. (2019)9] Az A
7¥sto] Al urde] dAqtolA WA 7|7l whE de Wt
opfa} GAVSH UERET], HhE 201HRE g ekl §
o702 Z71519 0 ul(P<0.05), WhE ulA|u o] oG 7
ol /b o7 Lt Akt 47ke) 2 ol
7P = vtk I d 23U ate]| et fhlehe] kol
ZaH A Gl ohF-e YA vk o] S| QlojL} ol olHu
A7 E3-g ko] ¢ 52 Zlo2 BRI tK(Ying et al.,
2019 3 Wi G ol olalECo)E &

o N 12 i g
_m&;n

Az -
m\j

2 H
o

—

e Aos, Ty 5 7|2 Yo fr e g2 wa e 1y

—%q]gkzigg o 4= Qlth(Park et al., 2016). 3, A|Zof| ]

3L Qs ARkl w2 o] A9 Het 6%E & A7) A
1oz Bojz

2 051429 H3l= Table 4
. A7t 2.30 log CFU/mL, 5%
2} 10% % 7}—? 7} 2.80 log CFU/mL, 3.10 log CFU/mL
o7, 10% % 7]"?01]/\1 oA 02 7 E 7 UrRITH(P<0.05).
HhE Qo= AelEur 10% H7} wAE 7} 5.22 log CFU/
mLE 7P A Uepytth Wa 3Uxto| A= R 5%
5} 10% H7F20] §2]2 0 2 2ol 7} LpA] S1gEAITHP>0.05), 5
QoA = 10% F7hEo] 1 ggkom, £37kol 7
A vebtth EE 793tol= AR 5%2F 10% 3 71=to]
7} 6.88 log CFU/mL, 7.17 log CFU/mML 2.2 9] 0 2 z}o]
7} U] SEkA H(P>0.05), T8 7H20] A9 6.07 log CFU/mML
2 oA o 7 WA YERETHP>0.05). wheba] 2 Aol
A= Aliure] A7kl WaLE, Wiav|7io] Auktel o

Table 4. Changes of lactic acid bacteria and yeast cell counts (log CFU/mL) in Makgeolli added with lotus leat Nelumbo nucifera powder

during fermentation

Fermentation time (day)

Lotus leaf powder (%)

0 1 3 5 7
o ~ Control 23040430  4.07:027°C  517:0.10®  578+0.05%  6.07+0.27%
'(-ligt'(‘;:ﬁ'/%tf)‘de”a 5 280+0.44%°  487+020°C  6.05:038%  507+0.04®  6.88:0.22%
10 310£0.34€ 5224022  587+0.08°C  6.45:0.01%  7.17+0.34%

Control 520:0.60%  541:0.31%  6.14:0.45%  511£0.16"®  3.2740.23%

zl(ggsct:FU/mL) 5 580£0.01%  £21£0.01%  6.36:0.41%  579:0.18%  4.25+0.51®
10 6.2840.01C  6.50:0.01®  7.41:0.13%  6.00£0.22°°  586+0.25P

Control is not-added lotus leaf Nelumbo nucifera powder. Values are mean+standard deviations of triplicate determination. Different super-
scripts in a row (A-E) and a column (a-c) are significant differences (P<0.05).



ot bt ST ek As 201 4= Qltk o= A F o
=] Sl Aol A7t Akt ] Hol 7t B 7] w<zol| &
tht o] 7h S Al 0 & etE|w, Kim et al. (2006)2] &1+
of w2 AR & F AlolAR7H47.6 g0 = 7MY ol

HrElo] dekar Husteleh ikt aats e o] FHolu,
155 98 AletE AFEAIZIAL AU freiAlt ] S41 A
toh, E3E, oheket el =4 o] absEo] Hold e s
=2 Qltk(Jeon et al., 2019).

A wpd e o ' E 7| 7bol| WE B EL4=0] ¥} Table 4]
Uebich ga A Sole AdET 370l 5.29 log CFU/
mL, 5%%2} 10% 710 242 5.89 log CFU/mL, 6.28 log
CFU/MLO-= 5%2} 10% 72 9421 Zpo] 7} gLIA| Tt
(P>0.05), 37t A7k E T A vgioh EE 1Y}
L 10% H7H20] 6.59 log CFU/mMLE o)A o0& 714 =9
©1(P<0.05), 272 5.41 log CFU/mMLE 7F4 Wolth, vt
A 33U}l % 10% 7ol 7.41 log CFUMLE 714 =9k
on, A7 5% 7S 2H2) 6.14 log CFU/mL, 6.36
log CFU/mMLO.2 3-2]2¢] 2to]7} 19 THP>0.05). Wi 5
AHRE = aRg7E HapA o2 Frasto] BV 5.1 log
CFU/mL, 5%%} 10% #7}<*o] 2+2+ 5.79 log CFU/mL, 6.00
log CFU/mL=E Uegth F37kto] f-o0%4 o= 71 HWeke
H(P<0.05), 5%2} 10% 7Rt F2l2 o2 2fo|7h vz ¢
ATHP>0.05). Bra vpz|ufdo]= 3 71to] 3.27 log CFU/
mL, 5%} 10% 7kEo] 2+ 4.25 log CFU/mL, 5.86 log
CFU/mLE Yepto, 10% FA7te] F22 02 714 =9
I1(P<0.05), F3&71=0] 71 ekt Kim et al. (2011)2] A7)
g2 o] &3t Suks wHd e] o) A xef FAof| Bt Aol A &
a7t da A$5E Ua 3U3jel| 54 3] Sttt ast
Arhar spglom, o)== A9 Autel FARRE kS ekl
th 28 270l oA feieh QutAlet, rEe]l 2 5K
7t SAYHAE FASHE fAkto] A EHA Eo] A
shdo g Qs At F43] S7eks A= Kkl gtk
(Kim et al., 2012).

DPPH attlz 471 845

DPPH 2tt}Z &7 852 AR} S of| ti 3224 0= 210]
= o g, DPPHE= 4kt 24& S45h7] figt 714 & A
£t} DPPH= phenol, flavonoide} 72 Hls=/d =2of o
gt patekahg-of x| stolm, gAket /o] Q= B2 B
tzbo] A E= |2 bskE A o] Mgl s 7%t
(Lee et al., 2011; Kim et al., 2021). AL A7} ubde]e
DPPH ett|Zt 24252 A= Fig. 20 Uebiith ¢l
U FH7RES 58.14%0°] 1, AR 5%2F 10% M7
7}7} 68.72%, 81.48%= ZAE|QTh 10% A7hte] A4S 1
A7 9 5% 7R -9 07 =9L o w(P<0.05), +3
7} 5% 7R 194 0= 2o 7F LA ¢k Seh(P>0.05).
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Fig. 2. DPPH free radical scavenging activity in Makgeolli added
with lotus leaf Nelumbo nucifera powder. DPPH, 1,1-diphenyl-
2-picryl-hydrazyl.

DPPH 2}t]z 47 84350] 10% B7laolH 7V 2oo=
Holago] S71a4E qAket 80| S715He AL Bl 4
913ch. Park (2017)2] AQIEWE Hrhalo] 4|23t Amko] o
Foll x| dglEut W 5 Est £7k4% DPPH efriz 47
5o folH R Z7HP<0.05)5H: AR HYow, B AT
o] Aol AT, ol 2lole] - Therd sl 24
o] o= Z71e Aolw, the ATOIHE A7 Wbl o
o Aol $4E F Bejuiso] dRror wusielr). Wt
g2 A E S0 A|uArshE oIS Bk opjet Q1A o]
9l 15} R0 Fask ofghe sl Ao® AejA SlthLeeet
al., 2011).

ABTS 2t 47 &8s

AakeF A2 QUA| WollA] A4, Tl a) Aotsto] 74 2
B9 e3lE o= ARSHY free radical®] WS- HAIA|
7]%= Ao]th(Cho et al., 2016). ABTS 2HT]Z 47 BASC
potassium persulfate2}2] HH-5-0 2 AAJH ABTS Al 2he]Zt
o] Al& Wo] ghitsl Edof| ofsf| A A% <] radical 572
FAo] eAlE|o] 24w = Zlolth(Jeon et al., 2019). A&
w37} el o) Zaks Fig. 30 Ve, Rzl A9
72.18%°1H, 5%2} 10% 72 242 90.71%, 91.67%2 1t
ehateh. 10% H7129] 75 5%t .94 02 zjol7} L) 9
UATHP>0.05), FH7EETH= oA or =4 et
(P<0.05). DPPH 2}t] 2 24 2Hs =4 o] Autel 2ol5p
Qlglrate] H7leho] Wars ABTS 47 B4%50| Z7}st
%t ABTS 2tt|zh 2AZAS a3l g4 (hydrogen-
donating antioxidant)2} AMA s H43HA| (chain-breaking
antioxidant) =& &4 4= 9111, 4~-8-4(aqueous phase)}
7]/3(organic phase)ol] 2-8-0] 7}-535}7] w=oll DPPH 2}t|Z
A ST B A Ve 202 okl A Slck(Kim etal.
2011).
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Fig. 3. ABTS free radical scavenging activity in Makgeolli added
with lotus leaf Nelumbo nucifera powder. ABTS, 2-2"-Azino-bis
(3-ethyl-benzothiazoline-6-sulfonic acid diammonium).
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