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Abstract

The change of quality characteristics and antioxidant properties of black soybean flours after germination and roast-
ing treatment were evaluated. The moisture content of roasted black soybean flours decreased significantly according
to roasting temperatures and times, and the crude ash, protein, and fat contents increased. The water binding capac-
ity of roasted black soybean flours with and without germination increased significantly according to roasting tem-
peratures and times; however, water solubility index and swelling power decreased. The lightness of roasted black
soybean flours was significantly decreased, and the redness and yellowness increased. The phenolic compounds and
radical scavenging activity of roasted black soybean flours increased with increasing roasting temperatures and
times. The total polyphenol contents of roasted black soybean flours with and without germination were 5.43-7.81
and 4.52-6.17 mg GAE/g, and total flavonoid contents were 2.90-3.50 and 2.34-3.01 mg CE/g, respectively. The
DPPH radical scavenging activity of roasted black soybean flours, with and without germination, was 254.98-415.05
and 171.95-295.15 mg TE/100 g, and the ABTS radical scavenging activity was 459.74-596.37 and 422.95-526.85
mg TE/100 g, respectively. As a result, it is necessary to establish quality standards for each application by consid-
ering the quality characteristics and antioxidant properties of roasted black soybean flours.

Key words: black soybean flours, germination, roasting, quality characteristics, antioxidant activity

N oo

F(Glycine max L)y 2lUetelx F8 oizd F59
ojw, o]aZetE, Ao, AtEY, ¥
A T3 72 ogst AYSYEE S FH3kaL 9ei(Choi
et al, 2017), =382 (Lee et al., 2014), A &AA A3
(Choi et al., 2005), Y(Cassileth & Vickers, 2003) 53 7+
.S_ xhzﬂ oﬂm— =1} ;(]eoﬂ J_?E ‘_1;]_—/ OLE%Xﬂ 011;]_ —o]
el &3] H= ARF T SHle 277 33 F
grolut It Foll AREEHH, AMejele AEo] 7249

A9k Lo gl dte] &3 olgkal EUTHPark et al,

*Corresponding author: Hyun-Joo Kim, Crop Post-harvest Technology
Division, Department of Central Area Crop Science, National Institute
of Crop Science, Rural Development Adminiatration, Suwon, Gyeon-
nggi 16613, Korea

Tel: +82-31-695-0614; Fax: +82-31-695-4085

E-mail: tirtod@korea.kr

Received January 12, 2018; revised January 29, 2018; accepted Febru-
ary 6,2018

75

2015). AEE= T A2FHT}E A7)7t ot mix] F =
A BT dto] FHipolFolgtal FrH(Lim et al,
2009). 7424—?—01]5— ol i=to] F 40% x}A|8}AL H]E}
9l E, 7JIRE|o]= AFRY OtEAJold T 3l &
5o U= ‘5“]@} gl ARk FHTE 48] FH31H(Song
et al., 2011), =Wl G352 cysteine =3 FH-317|
F3HE o] °1E}(K1m & Kim, 2005). 4432 HA=4% +
StEAlold e 484 flavonoidAl A4 2, 3F¢H(Tsuda et al.,
1999), &AFs}(Tsuda et al, 1996; Takahashi et al., 2005),
gt g ALY SY2HE A 3HKwon et al,
2007) & ohge Aggd a3t HnoZ dHA 3l
THKim et al., 2008)

f?}ﬁq

o)l =
AT

[e] A=}
E-’] -m\:l o;{ét Az

A (Lee et al., 2013;
Saklar et al., 2003). &

= -glucan, catechin,
tocophenols} 72+ AT S E

p
FEo] epxlvtar



76 39

B I3IE 3 (Duh et al., 2001, Sharma et al., 2011), &4
2§ AWy g} n&uee] $e 2o uet A, 3 of
ni= ko] Sheko] WElE Zo® KIS tHHa et al,
1999; Lee et al., 1984). =3+ {3 X2 st S449] Ut
A, T4, olvlieAt g5 Wk (Ayatse et al., 1983)9}
e AE S5 dAakst &4 (Lee et al, 2017)
LERAC A=
Wohz FAfolA Tz obvl Ak, AL, B
sh2, vk, 714, Aol df 5o Gl W
= 2121 (Woo
et al, 2017), Wotag Foll Eav) SAstEo] FHIE
o) AW F57+ golshA BrhLee et al, 2007). HEEA
o] wo} Z st gt B2 A77F R E A (Cho
et al., 1985; Choi & Kim, 1985; Colmenares de Ruiz &
Bressani, 1990; Hsu et al, 1980; Kim et al, 1985; Lee
et al, 1994), Lol n]o] ikl &4 (Kang et al., 2006),
e 9k 24 (Choi et al., 2006) 2 & A (Kim et al,
2010) 5ol thgh A7 B Aok
FHRFFE ol &3t olfe AU ¥ A S AHT
T AUl Fa7t STkl e FAlolu, 47 F4 7]

AT T o
ol flo] &xe = FART 71E dFo] 3

K

o) =
AT

24Tl sl FABZE o8-8tk
3
al

o WL
o 4 T

ANz o 2ol S5X2|

2 AT AMEE AR T T2 2016 7= 9
Ao HYA At FRAEN AIHEGANA ALk
A A335(Glycine max L. cv. Cheongja #3) £35S AF&-3}
ATk AlEC] Wol= 20°CollA 24417 ARG £ 25°C9]
A 24A17F oAl A A EE AR, ojufe] & Zo]
£ 5-10mm=z ZAE ST wola 1A ke HAF ) v
OlAIZl AAFS BHERAS &= 5%27(160, 180, 200,
220 2 240°C)3} A7+ 3Z271(10, 20 2 30%)oE A}
o YA HL7|(FEC-006, Biotech Food Power Co.,
Incheon, Korea)Z 5% 3t e AT
2 71(HMF-1100, Hanil, Seoul, Korea)& ¥-j3le] 7#AZF
7HEE Ao, 4°C WAL AeHA AR A}
8313 Th

=]
=

0z

o U HEH2| HHD7ITe| Ushy
PN

woh 8 weAY HEBITe >

oot [I
ot
o

A

i

- olAJ8] - o]gel - o

Kjeltec Analyzer Unit, FOSS Tecator, Laurel, MD, USA)<
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Table 1. The proximate compositions of ungerminated black soybean (Glycine max L. cv. Cheongja #3) flours with roasting
temperatures and times

Roasting temp. Roasting time Moisture Crude ash Crude protein Crude fat Carbohydrate
§®) (min) (g/100 g) (/100 g) (g/100 g) (/100 g) (/100 g)
160 10 6.62+0.032) 5.38+0.02¢ 37.54+0.07 16.37+0.03¢ 34.09+0.05°
180 10 5.68+0.06° 5.41+0.02% 37.93+0.10' 16.77+£0.09" 34.20+0.08°"
200 10 5.79£0.04° 5.27+0.04° 38.55+0.268 17.33+0.19* 33.0620.16
220 10 4.95+0.05" 5.41+0.05% 38.75+0.04 17.36+0.03¢ 33.54+0.03'
240 10 3.88+0.04" 5.2940.03¢ 38.96+0.05°¢ 16.78+0.12° 35.10+0.12°
160 20 5.78+0.07° 5.43+0.08 37.92+0.18 17.04+0.12¢ 33.83+0.13%
180 20 5.04+0.06° 5.43+0.02% 38.36+0.13" 16.93+0.12¢ 34.24+0.29%
200 20 5.08+0.07¢ 5.2940.03¢ 39.02+0.04¢ 18.72+0.13% 31.88+0.22'
220 20 3.00+0.06' 5.45+0.02" 39.33+0.08¢ 18.46+0.07° 33.76+0.18"
240 20 1.70+£0.06" 5.49+0.04° 39.9620.11° 16.85+0.16 36.00+0.28"
160 30 5.45+0.08¢ 5.40+0.01¢ 37.87+0.06' 17.34+0.13¢ 33.95+0.12%"
180 30 4.74+0.028 5.45+0.01% 38.48+0.02¢" 16.87+0.03¢ 34.47+0.05%
200 30 4.70+0.042 5.304+0.03¢ 39.69+0.15°¢ 17.69+0.09¢ 32.62+0.06"
220 30 2.60+0.08’ 5.44%0.01% 39.56+0.06¢ 18.49+0.12° 33.91+0.22¢
240 30 1.25+0.04' 5.56+0.02% 40.71+£0.08* 17.77+0.19¢ 34.70+0.26°

The moisture, crude ash, protein, fat, and carbohydrate contents of ungerminated black soybean flours were 8.72, 5.71, 36.08, 16.82, and 32.67 g/100 g,

respectively.

DAll values are expressed as the mean = SD of triplicate determinations. Means with different superscripts within a column (a-1) are significantly different
at p < 0.05 by a Duncan’s multiple range test.
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Table 2. The proximate compositions of germinated black soybean (G max L. cv. Cheongja #3) flours with roasting temperatures

and times

Roasting temp. Roasting time Moisture Crude ash Crude protein Crude fat Carbohydrate
(°C) (min) (g/100 g) (/100 g) (/100 g) (g/100 g) (g/100 g)
160 10 1.7240.08" 5.43+0.03" 41.43+0.12¢ 20.224+0.09* 31.21+0.21f
180 10 1.16£0.07° 5.41+0.03 41.33+0.17° 19.05+0.04° 33.04+0.18°
200 10 1.38+0.04° 5.48+0.03 41.42+0.08° 18.23+0.01° 33.49+0.08*
220 10 0.93£0.05° 5.48+0.02% 41.76+0.07* 18.38+0.06" 33.45+0.04*
240 10 1.16£0.06° 5.56+0.03" 41.73£0.07* 19.68+0.13¢ 31.87+0.17¢
160 20 1.45+0.07° 5.45+0.04" 40.86+0.13¢ 18.97+0.05° 33.26+0.12%*
180 20 0.95+0.04% 5.49+0.02°% 41.56+0.324F 19.94+0.08° 32.06+0.24%
200 20 1.03+0.06° 5.51+0.02%" 41.46£0.03%" 18.65+0.09¢ 33.344+0.08*
220 20 0.83+0.05" 5.55+0.02 41.82+0.09* 18.40+0.09" 33.41+0.15*
240 20 1.39+0.05° 5.59+0.02° 41.72+0.06>¢ 19.86+0.03° 31.44+0.06°
160 30 1.37+0.04° 5.43+0.03" 41.09+0.26* 18.85+0.07° 33.26£0.23*
180 30 1.0120.02% 5.46=0.01¢" 41.59+0.11°% 18.58+0.08¢ 33.35+0.07*
200 30 0.83+0.08" 5.51£0.03%" 41.60£0.31°% 18.57+0.11¢ 33.49+0.39*
220 30 0.64+0.03¢ 5.53+£0.03%* 41.89+0.05° 19.68+0.08° 32.26+0.05°
240 30 0.95+£0.06% 5.63+0.01° 42.37+0.16° 19.52+0.05¢ 31.53+0.17°

The moisture, crude ash, protein, fat, and carbohydrate contents of germinated black soybean flours were 0.64, 5.51, 40.91, 18.38, and 34.56 g/100 g,

respectively.

DAll values are expressed as the mean + SD of triplicate determinations. Means with different superscripts within a column (a—i) are significantly different

at p < 0.05 by a Duncan’s multiple range test.

=k
S

5

40.71 /100 g) 2 ZAH(16.37-18.49 ¢/100 g) &
29k Ak wEl frejH o s o Frtele A
Ao & o)zt iSn). wWolAlzl & E-S XEd A
F7FFO Uk S A% A7 Table 29F 2ol
i e B2 =t A7t et 7HAESl oW (1.72-0.64
g/100 g), %3]¥(5.41-5.63 g/100 g), 2T 2 (40.86-42.37
2/100 g) 2 ZAH(18.23-20.22 ¢/100 g) THS H-S-=9}
AlZke Wl fre Al 2ol E B o & Afo|7t flUTh
T shefe] 49 wolA AFd B HAATIIRE W
A Uebta 238, 2ud, 220 9 eeshE e
dhol 9l Bg-z7d met & 2|7t flUth Lee & Lim
(2013)] Hzof oJatd #3 F7HFo YRS EA g
A i, 2ed 23|18, 2AUS 7H2F 5.1, 39.2,
60 2 19.1%=Z BN, Jung & Jung (1994) 71z}
541, 4351, 5.81 2 18.46%= Hlate] B e}l §A}sh
AFE BAoH, e ol FF, A7k A,
7hex71 Soll o Apo] 2 Ay7bE T

o
=
A

N ot o rlo
4 & fz do

wot 3 BEX2| ZYTIRe| ZRSY

= =< 1B/

572 33 (water binding capacity)> HEAx}e] FH
FHAEAY WHEZ IFEHe B9 42 A3 so=
(Kim et al., 2017), o} B F-S3 2] w& AHF7HF9
FEEES AT A3 Table 3 % 49} o] FELE

Al7bel] we} f2 2l 2JolE Kol o7 eyt W
oA 71A] g2 98 AT FEAYY, Sl 2 oS
o 717} 141.64, 4926 2 30.90%0]5, WolA A T2

Az 4852 27 12220, 55.54 2 34.74%C] AT &

- éo%
AT W ARFOR AXT B AT 2

ZAgH 2 Table 37 7o) FE2m9 Akl mhet f-01%
o7 F7kehs AEE Bol 200°CelA 308 He HEF
77 214.82%% 7Y =4 UERLH, o]% FHiske
A4S Btk wolA ] AT OR Az 3
V2 FEATEL Table 494 7o) ELm9l A7t
mel fFoA R FUbehe AFE Ko 240°ColA 30+
5 HAAFFEIY 228.12%=2 7HE A JERT Cho
& Park(1997)¢] AFollA] FF W& dE =9 F
B4 0] 3224-355.0%% H1159.0™, Woo 5(2016)
2 7o FEATH] 460.73~566.86%2 H.1L5}]
Z7FR vlE] gy 2 dae FREATE] &
& T AT WolrTIA] e BHE AAIIHT
olAIZl e AP TS &3l E(water solubility
index)= Z}Z} 42.44-19.12(Table 3) X 52.84-16.87%(Table
HE FEEES} A7 wEt fojFo® st o
& H(swelling power) %t Z+z} 26.29-20.01 2 33.30-
20.85%= FHe-2Eok A7kl whel folH o R FHashe A
&S R -aEo] oW HE Fitate] A9

N
O

o4

4
¥

o
2 ofl rf

o

o

o rlo ¥ rlo
e S

o A AFA=E & = Athk(Leach et al., 1959).

TH PaEe AR §E, TR, HEs Ugd A8
]
i= |



7476]5'_7],_,_3] ﬁxl u] 6]—/‘\]-§]_ __/Ho]] ] ]}E_ Hlo]_ ol

=

FeAEe] 9 79

Table 3. Water binding capacity, swelling power, solubility, and chromaticity of ungerminated black soybean (G max L. cv. Cheongja
#3) flours with roasting temperatures and times

Roasting Roasting Water binding Water solubility ~ Swelling power Chromaticity
temp. (°C) time (min) capacity (%) index (%) (%) L-value a-value b-value
160 10 79.38+2.13) 38.63+1.17° 25.10+0.74>¢ 34.90+1.22° 2.67£0.11" 8.99+0.41°
180 10 101.98+2.58 42.04+1.70° 25.98+0.41% 31.16£0.24>%  2.28+0.08" 7.95+0.21"
200 10 133.08+3.16" 39.71£1.21° 25.33+0.57* 31.97+1.66° -1.73£0.10 7.37+0.41¢
220 10 180.92+2.82" 28.19+1.09¢ 22.24+0.30° 30.52+0.65% -0.61+0.05" 8.95+0.28°
240 10 162.60+£7.21° 24.94+0.32° 21.3120.09° 30.23+0.30% 0.46+0.09° 11.05+0.12¢
160 20 88.11+3.86 37.88+0.49" 24.50+0.22 31.46+0.86"¢ -2.28+0.09" 7.85+0.29"
180 20 133.63+3.58" 42.4442 .29 26.29+1.73 31.06£1.00°%  -1.61+0.04 7.88+0.09"
200 20 188.28+2.84" 27.33+1.45% 21.74+0.64° 30.70£0.15%%  -0.41%0.02¢ 8.94:0.04°
220 20 172.91+6.51¢ 19.59+1.14" 20.01£0.30¢ 25.43+0.32" 2.48+0.05¢ 12.38+0.26°
240 20 158.70+£7.19" 22.03+0.40¢ 20.46+0.05' 21.98+0.23¢ 3.67+0.04° 13.17+0.09*
160 30 91.31+1.81 37.64+0.63" 24.78+0.59% 31.45+0.44"4 -2.15+0.02" 7.78+0.10"
180 30 166.98+4.24% 36.09+0.48° 24.03+0.35¢ 31.68+0.23" -1.1120.04' 9.04+0.17°
200 30 214.82+7.69* 25.47+1.29¢ 21.38+0.61° 30.08+0.43¢ 0.16+0.02° 10.14+0.04¢
220 30 175.48+3.31° 19.12+1.53 20.11+0.55% 22.24+0.24¢ 3.46+0.28° 12.49+0.27°
240 30 153.12+4.78¢ 21.2240.19" 20.46+0.19' 17.66+0.13" 5.08+0.03* 12.70+0.06

Water binding capacity, water solubility index and swelling power of ungerminated black soybean flours were 141.64, 49.26, and 30.90%, respectively.

The L-value, a-value, and b-value of ungerminated black soybean flours were 31.26, -2.30, and 7.61, respectively.

YAll values are expressed as the mean % SD of triplicate determinations. Means with different superscripts within a column (a—1) are significantly different
at p < 0.05 by a Duncan’s multiple range test.

Table 4. Water binding capacity, swelling power, solubility, and chromaticity of germinated black soybean (G max L. cv. Cheongja
#3) flours with roasting temperatures and times

Roasting ~ Roasting Water binding ~ Water solubility =~ Swelling power Chromaticity

temp. (°C)  time (min) capacity (%) index (%) (%) L-value a-value b-value
160 10 119.1043.92 ¢V 52.84+1.78 * 33.30+1.44 ° 30.38+0.26 * -1.76+0.03 ' 6.64£0.07 "
180 10 145.06+£2.72 47.18£1.07 °© 30.2841.04 ™ 29.19£0.11 *  -1.82+0.03 ' 6.80£0.08 ¢
200 10 151.04+£5.02 ¢ 49.38+0.98 ° 30.94+0.71 ° 27.52+0.57 ¢ -1.65+0.05 * 6.58+0.05 1
220 10 139.07£3.11 °© 45.89£0.41 ° 29.09+0.33 ¢ 27.08£0.05 < -1.14+0.05 8.17£0.08 ¢
240 10 215.63£0.39 ° 21.43+0.71 F 22.06£0.33 f 25224059 f -0.48+0.05 °© 8.42+0.11 °
160 20 128.3246.45 F 51.02+1.11 ° 32.74+1.47 ° 27.90+0.56 © -1.76+0.06 ' 6.73£0.12
180 20 145.87£3.92 45.61+1.81 °© 29.05+1.01 ¢  26.46+0.25 © -1.510.03 6.54+0.03
200 20 139.96£9.22 °© 50.37+0.50 ° 31224022 ° 26.91+0.34 *  -1.36+0.08 ' 7.11£0.07 F
220 20 189.91£7.17 °© 35.92+0.52 © 25.35+0.02 © 24.44+0.53 ¢ -0.35+0.08 ¢ 8.55+0.09 °
240 20 218.46+£2.56 ° 17.71£0.09 ¢ 21.4340.15 * 19.43+0.80 ' 3.63£0.10 ° 11.51£0.17 *#
160 30 111.46+2.52 ¢ 43.65+1.10 ¢ 28.33+£0.42 ¢ 2731+0.70 ¢ -1.61+0.04 * 6.38+0.07 *
180 30 140.11+4.84 © 46.86+1.39 °© 29.28+0.83 ¢ 25.63+0.21 ' -1.25+0.01 " 6.86+0.08 ¢
200 30 140.43+£3.48 °© 47.26£0.41 °© 2991031 " 23.87£044 ¢  -0.944+0.04 F 7.43£0.07 °©
220 30 192.05+£6.86 °© 36.83£0.96 ° 25.83+£0.59 © 22.53+0.07 " 1.42+0.01 ° 10.80+0.06 °
240 30 228.1243.45 * 16.87£0.23 ¢ 20.85+0.12 F 16.09+0.46 | 4.48+0.06 *° 10.81+0.23 *

Water binding capacity, water solubility index and swelling power of germinated black soybean flours were 122.20, 55.54, and 34.74%, respectively. The

L-value, a-value, and b-value of germinated black soybean flours were 23.56, -1.40, and 5.41, respectively.

DAll values are expressed as the mean + SD of triplicate determinations. Means with different superscripts within a column (a-1) are significantly different
at p < 0.05 by a Duncan’s multiple range test.
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Fig. 1. Total polyphenol contents of the ethanolic extracts of ungerminated (A) and germinated (B) black soybean (G max L. cv.
Cheongja #3) flours with roasting temperatures and times. Total polyphenol contents of ungerminated and germinated black soybean
flours were 4.43 and 4.32 mg GAE/g, respectively. Means with different superscripts within a column (a—j) are significantly different at p

< 0.05 by a Duncan’s multiple range test.
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Fig. 2. Total flavonoid contents of the ethanolic extracts of ungerminated (A) and germinated (B) black soybean (G max L. cv.
Cheongja #3) flours with roasting temperatures and times. Total flavonoid contents of ungerminated and germinated black soybean flours
were 1.26 and 0.78 mg CE/g, respectively. Means with different superscripts within a column (a-g) are significantly different at p < 0.05

by a Duncan’s multiple range test.
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Fig. 3. DPPH radical scavenging activity of the ethanolic extracts of ungerminated (A) and germinated (B) black soybean (G max
L. cv. Cheongja #3) flours with roasting temperatures and times. DPPH radical scavenging activity of ungerminated and germinated
black soybean flours were 244.38 and 169.65 mg TE/100 g, respectively. Means with different superscripts within a column (a-j) are
significantly different at p < 0.05 by a Duncan’s multiple range test.

ORoasted for 10 min ®Roasted for 20 min  ® Roasted for 30 min

-
o
o

700 + ORoasted for 10 min ®Roasted for 20 min ™ Roasted for 30 min

=23
1=
=

600 | b b b

o
S
=

c
50 - py def fg fg de fg de of

11

160 180 200 220 240 160 200 220 240
(A) Roasting temperature (°C) (B) Roasting temperature (°C)
Fig. 4. ABTS radical scavenging activity of the ethanolic extracts of ungerminated (A) and germinated (B) black soybean (G max
L. cv. Cheongja #3) flours with roasting temperatures and times. ABTS radical scavenging activity of ungerminated and germinated
black soybean flours were 421.24 and 361.16 mg TE/100 g, respectively. Means with different superscripts within a column (a-h) are
significantly different at p < 0.05 by a Duncan’s multiple range test.
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Table 5. Correlation coefficients among proximate composition, chromaticity, water binding capacity (WBC), water solubility index
(WSI), swelling power (SP), total polyphenol (TPC), flavonoid contents (TFC), and radical scavenging activity of black soybean (G
max L. cv. Cheongja #3) flours with roasting temperatures and times

Factor Ash  Protein  Fat Carf;i‘yd' L-value a-value bvalue WBC WSI SP  TPC TFC DPPH ABTS
Moisture  -0.709™ -0.956 " 0743 0301 0.730° -0376  0.004™ -0362° -0.109° -0.326™ -0389° -0375 -0341" -0378
Ash 1000 0.6717 0496 -0213" -0.783™ 0447 0.182% 0336™ -0.138% 0.027" 0.515" 0493 0434° 0432"
Protein - 1000  0.821™ -0.518" -0.676™ 0315™ -0.106™ 0446° 0.132% 0356° 0345° 0332% 0322 0.340°
Fat - - 1000 -0.820™ -0.503" 0.285" -0.157° 0418" 0078 0306™ 0208 0.114™ 0.179% 0.198™
Carbohydrate - - - 1000 0.171% -0.072% 0282 -0.401" -0.052™ -0.208™ -0.019™ 0.068S -0.041™ -0.015"
L-value - - - - 1000 -0.794™-0.533" -0.576™ 0467 0.284" -0.840™ -0.800"" -0.745™" -0.746™
a-value - - - - - 1.000  0.821™ 0.589™"-0.714" -0.569™" 0.830"" 0.729™ 0.661" 0.702""
b-value - - - - - - 1000 0.505™ -0.869" -0.839™ 0.744™ 0.656™ 0.556™" 0.691"
WBC - - - - - - 1000 -0.649™ -0.508" 0.632° 0.636™" 0.560™ 0.715™"
WSI - - - - - - - 1000 0.960™ -0.674™" -0.666™ -0.497" -0.613"
SP - - - - - - - - 1000 -0.580" -0.585™" -0.443° -0.542"
TPC - - - - - - - - - 1000 0.893™ 0.865™ 0.873™
TFC - - - - - - - - - - 1000  0.823™ 0.814™
DPPH - - - - - - - - - - - 1000  0.875™
NSNot significant. Significant at “p<0.05, “p<0.01, ™" p<0.001.
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