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Quality Characteristics and Antioxidant Activity of
Malt Made with Two-Row Barley
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ABSTRACT This study was carried out to investigate the quality characteristics and antioxidant activities of domestic
and foreign malts. The protein content of Hopum and Gwangmaeg barley was 13.83% and 10.57%, respectively.
Also, the protein content of the Hopum and Gwangmaeg malts showed a higher increase at 14.95% and 11.65%,
respectively, compared to barley, Denmark malt (9.78%), and German malt (11.8%). The Kolbach index of the Hopum
and the Gwangmaeg malts was 17.18% and 16.39%. Diastatic power of the Hopum malt was observed at 163.39
WK and Gwangmaeg malt at 157.79 W.K, which was higher than the malts from Denmark and Germany. The Gwangma
eg malt had a total flavonoid content of 148.88 mg CHE/g which was higher than other malts. The DPPH radical
scavenging activity of the Hopum malt showed high activity at 500 pg/mL concentration. The ABTS radical scavenging
activity observed in the Hopum malt was higher (81.19%) compared to the Gwangmaeg malt (72.97%), and malt
from Denmark (81.17%) at 1,000 ug/mL concentration. The extracts of the Hopum malt had the highest ABTS activity
(81.19%) among the tested groups. The ABTS and DPPH scavenging ability and reducing power increased significantly
with increasing malt concentration (P<0.05). These results suggest that domestic malts can be used effectively as
functional foods with antioxidant activity or free radical scavenging activity.
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HElE AEsA o R nede] wldy Fo wef 2% F
I 6% FOE rojAn HAo] T Bo] eluA ¢
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Zgo 2 A7t 7H B FFol SR Bl E
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HWEEAGo] & FFolthKo 5, 2008). ¥ o] 2%
HdrEl ARy 13 uxd WeRgs fgg, ey

o] Agrdo] -8irta BalE Avk(Park
5, 2010; Cho &, 2015). ®ee] AN g2 whs)
B 78~83%, @A 10~12%, AW 2~3%, F-714 2%, 7]
E} 5~6%2Fa2 4E A JHKim¥} Kang, 2002). B2l 3-
glucan A+ dFFa ~HE(Sack &5, 1975)3% A+
(Qureshi &, 1982)E Z4A171H, 85 low density lipo—
protein(LDL) FX & A7) 32 71431 YtHQure-
shi &, 1986). Bele] Ael4 7|eoz SAX 4% 9A
28, 28t FF AAdo = Qg G} v|wk 3hatol Al ulgh
st 7]t &9} pectin, gum, mixed linked (1-3),(1-4)-
B-glucan ol °& F3 W] FH2=HE A& 712
th Bl vlElyl B2, HIEFR] B12 52 AU d3 22&
Zstete] GAEe] T4 AAZES ZEEvhal B asiglt)
(Qureshi %, 1991). 53] A1 = chlorophylle] &
ek ol gl ksl @S 2 Jrka B E A vHKim¥}
Kim, 2015). olo] w&t BEE ©]&3 T (Lees} Jung,
2003), "HChoi¢} Lee, 2011), & T2 E(Lee &, 2013) &
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VEAES] NEAFTE o] Fojx 1 3t}

EEE WMFERYS F5A 2 A 43}e] automatic micro
malting system< ©]-&3] %™ (steeping), Zo}(germina-
tion) L8] 3 W] Z(kilning) FHS AX AZHCE A FA
2 16°CellA] 425413 59 Bl B ¥ 517 B8
W= A3l e] #AS 33 RhEslaL, wole HH % 16°C
A 120A12F F & sko] 45~80°Ce] W 9lolA 18417t et
Az3E Mz AAS AX AxDty 2199 HKim 5,
2012). =E AzxAY F ZEEY 7H&37F B w0
G 7k ol i, B-glucan ¥FH H=7F S71ekA H
W 7L SESH ] oA Zol| TAI7E A W] kS
At tka el A AHBurger$} Schroeder, 1976).
EES F48 #4 BEAoEE FEE I, oA g o
amylase?] 4= 2t Lee, 1989). EE
o T A= MR WMER et ZE EHo)] n)X| =
93 KimT} Kang, 2002), 2E #|Z A] A2 FZALo o]k
a-amylase?] AW (Kim 5, 1985), & 2 FXA Az
7F BEO &4 g4 A= dFKim 5, 1999) Sl
HuEo] gtk 28y SuldA = EES] 754 540l
gk A7t wnlele 58] giks) vkl #ek A= §5
S AAolth wekA 2 AFlA s Iuial 2% Hele] 4
Eo BAE9 T, o]2 o] &8 I BES} o7 BE
of ¥4 54 4 sibst @S vaste] Hrtskgit) &

A2 Fl T BES o] &Tdie} 75 dRe T
‘]

=

€
2 F3lHE So] 9

Mz 2 Gy

Ao e 5 E(Jeju, Korea)¥} 3 (Gunsan,
Korea)& T-uisle] AREalqith ek, S3F3 e E
2.8 mm o] FEA R HFA5te] E4 A28 AW 7] (Bank
Creek Brewing, Jecheon, Korea)& °o|&3te] B#EE A%
skt A9 g o 2= Ha, Wol, AXE FFE 9l
T W3 (Bank Creek Brewing)9] W 2%+ 15°C, &
=LEE 15°CE dA4ste] 3124203 A @A7HE 3
W HHESLe] F 52417 Feke] @ HA S R dste] HF
TSRS 40~45% = FAH T ol %E(Bank Creek
Brewing)®] Wi &%= 18°CE #X% & 25 rpm £E 2
ket 36417 Ft wolE A7t} Wi |
(Bank Creek Brewing)®] &%= 30°ColA] 12413, 40°C
ol A 8A]7F, 60°Cell A 8417k, 80° Coﬂ/ﬂ 4A1 7S K8 st
HE FEEFE 4-5%5 FATE I F ux BAe %
= 15°C mRte g2 AAsta 747 A5t BEE A %35}
ot A %<1 Pilsner malt(Denmark)®} Crystal ma—
ple malt(Germany)= W 3338 B 3] (Jecheon, Korea)el

A A g ol AFgatt)

A3

54 9 a2y w3 3

A A FEES X e
1081 4=(v/w) <l Oﬂ & 300 mLo} E33te] 24417 E<t
100 rpmo. 2 Z 83t 5 o] 74 (Whatman No. 2, Whatman
plc., Kent, UK)E o]-&3lo] o35 a3t ojatd 5=
L 3| MR FEF7](R-114, BUCHI Co., Flawil, Switzer—
land)E A3t FFA17 F V2 Holdle F&

B8 AxAA F2ES AZSHGT

0, Kett Electric Laboratory Tokyo Japan)
=439t 9yl BEo byl o A7

Al B8] 2x](Foss Tecator Digestor auto, FOSS,
Eden Prairie, MN, USA)$} A5 2 27 =241 7] (Vapod-
est 50s, Gerhardt, Germany)E o]-&3}o] 7184 A4 o
ZF(w)ol Rl AaAlg(Kjeldahl Al9)?] 5.832 w3l
o] Axtatdch. o] 22 e AF S o] -85t
Attt 4o 238 FFe =] FqE T
T 77133} Z(DAESAN Trading, Incheon, Korea)Z ©]
§3le] AEEY 1 g& 550°ColA A3z SH3)
Atk Qe gslE ] FFS A 52 100%E 3o 8
Zeehel ) 22 235 %) 9wk Atste] ALkl

Lo =3

Al g el %% HE s Ho“?j% o]-&-sto] <
= 10092 %4(12 Ozt
AH14°0= HJ—%F ¥ Es Y 0°Col A &
obE skalth. A= 100/ o)A Wolw flmlo) 7H¢—§— Ao
HEER SA3

=2ng &3
o] Zulg =4S Whitmore(1960)¢] W3} Oh &
[e]

(2003)8] W& o]&stod SA AT ¥ 7ol 10% NaClO
(JUNSEI Chemical Co., Ltd., Tokyo, Japan) 20 mL¢%}
NaOH(DAEJUNG Chemicals & Metals Co., Ltd., Siheung,

4o T SHFE YA 100 mLE Eis=
Q9 3098 wol 310 AHE AN 1 F WAL

AAS AART de AUS A4 FREE AL 7 e
2473 B¢k A2A A Qe FFE ZHSA Y F

ZE 497 4L Oh 5(2003)9] WS o] &-3lo]
SAskglth AT 1 g2 SFS 256 mLoll ¥ ¥ 40°C
A HEGAIA FE3 T AJste] A& FE NS Spectro-

meter(UV-2101(PC), Shimadzu Co., Kyoto, Japan)& ©|
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£ 460 nmol A EFEZ SAHsIL g S o] &35

okxol 497 ©9l¢l Windisch-Kolbach(W-K)& v}E}

el

29 7Has-is), W-K=(569.6903775<33F A1) +
44.06273324

F297Hd-b), W-K=as-isx100/(100—5¥%-3-F)

ol

wol 4] wHEol At BE] F3& Fate] the Aol o
of WMy gz vhehygic

TER)=(ZETH AT F)*100

EE /I8 1R SHS AEEY 4 g8 SHT 40
mLel 5&7F FEstY =49 EA(RHB-800A, Lumen
Optical Instrument Co., Ltd., Fuzhou, China)® & 33]
AT & Hago= YRS

x| £

EE9 7}84 A4 geF2 Kjeldahl E3lH S o] &3}
o] Sl MAA FFE 2y gy} o, HEQ)
7HEA Aot A L] TS o] &3t FHAFE ALt
skttt

R (%) = {7184 A2(%)/ - A2(%)}<100
pH &3

EE| pH 54 pH meter(HI 8424, HANNA Instru-
ments, Cluj-Napoca, Romania)Z& Al-&3le] A28 L 4 ¢

& FRF 40 mLol 537 el Z4aA.

M =3

EE9 A% £4L& Chroma meter(CR-400, Konica
Minolta, Osaka, Japan)& A}&3}o] Lzk(lightness), a#t
(redness), bak(yellowness)2. 2 YERATE.

2 phenol-sulfuric acid®¥(DuBois &,
1o AlEEE 1 gS S5/ 100 mLel
o] 2417k Fet Xgste] 200 uLE F 3 5% phenol re-
agent(JUNSEI Chemical Co.) 200 pL$} 95% sulfuric
acid(SAMCHUN Co., Ltd., Seoul, Korea) 1 mLE %]
2087 FA oA WAl A Spectrometer(Shimadzu Co.)
£ o] &3 490 nmolA FAH3FA ). Glucose(Sigma-Al-
drich Co., St. Louis, MO, USA)E EFEAZ ALtsdch

0
}H
ich
52}
e
Lo
o
oft

<2 Folin-Denis(Singleton¥} Rossi,
1965)2] WS Wyste] 4318l oY TE= 84

FZEE 25 pL¢ 2 N Folin—-Ciocalteu reagent(Sigma-—
Aldrich Co.) 50 uL.8} 4 500 pLE ¥ & 383+ vk
A2, 20% NaxCOs(DAEJUNG Chemicals & Metals Co.,
Ltd.) 500 pLE Yo otAo A 60%7F WH2A# Spectro—
meter(Shimadzu Co.)E ©]-8-3] 765 nmol A =74 3}3 o).
Gallic acid(Sigma-Aldrich Co.)& T &2 =2 AAkslgth.

Aatdlth o8] w22 A% FE55E 1 mL, 95% e
1 mL, =% 1 mLE ¥9] 1 N Folin-Ciocalteu reagent
(Sigma-Aldrich Co.) 500 pLE ¥l 5% NazCO3z(DAE-
JUNG) 1 mLE ¥ 412 5 HdolA 60wt vH&AIA
Spectrometer(Shimadzu Co.)E °©]&3f 725 nmolA 574
3} t}. Tannic acid(Sigma-Aldrich Co.)E EFE4 =2 7
Abst ST,

£ Bl 0|E &2 =4

% ZEHwol=e] d'ke Zhishen §(1999)9] WS
&3] S35t oe =& Mg F&FE 100 uLEs
B2 400 pl.9t 5% NaNOs(DAEJUNG) 30 pLell ¥e] 5
ZF WA 8kal 10% AlCls-6H0(DAEJUNG) 30 plL.E ¥
B2 kA AT 21 F 1 M NaOH(DAEJUNG) 200 nLt
et 240 s Yol 11#7F Wk$ 5 Spectrometer
(Shimadzu Co.)E °]&€3] 510 nmoll A A3} (+)-
catechin hydrate(Sigma-Aldrich Co.)S Z+=E2d 2 AAk

a3t

o

e =2

(@)

g2ic|d A7s &%

DPPH #t]Z 2271%5-& Blois(1958)9] - &
st 43It ofe] FEE A FEE 0.2
DPPH solution(Sigma-Aldrich Co.)& ¥o] 30%%F g-&
A1 & Spectrometer(Shimadzu Co.)E ©]-€3] 517 nmol
A A48 Y. FEE H7M ) dl& T (ascorbic acid)S
Hlwslo] wiE-g2 UEeRdlo] AT ABTS gtz A&
e Arnao 5(2001), Re 5(1999)9] WS WY sl
AFE-3FA Y. 7 mM ABTS(Sigma-Aldrich Co.)¢} 2.45 mM
potassium persulfate(Hayashi Pure Chemical Ind. Ltd.,
Osaka, Japan)g £33t 5 Qhael A 24417t &<t vEgA1 7]
ABTS &3 gAgt FE5ES 338t 613 SaoA
W3- Al 7 Spectrometer(Shimadzu Co.)E ©]&3 734 nm
X EAHUY. F2E M7 tlZ (ascorbic acid)
S vuste] MEEEZ e o] ALkt

i
2= T
o = oflt

=5

rlok
fov 40

=X
=| | o

4=HLe A5 0.2 M sodium phosphate buffer(pH
6.6)2} 1% potassium ferricyanide(Chameleon Analyt-

ical Reagent, Osaka, Japan)E& &3%3}e] 50°Coll A 20%-3+

)
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Table 1. Proximate compositions of barley (%)
Barleys Moisture Crude protein Crude lipid Crude ash Carbohydrate
Hopum 7.33+0.32°1% 13.83+0.08" 3.04+0.05" 1.14+0.01° 74.40+0.07
Gwangmaeg 6.91+0.47° 10.57+0.02° 2.88+0.05° 1.59+0.02° 78.02+0.15°

YEach value is meantstandard deviation (n=3).

Values with different letters (a,b) within a column were significantly different by Duncan’s multiple range test (P<0.05).

HE2-A1 71 3 1% trichloroacetic acid(Sigma-Aldrich Co.)
£ 7teto] AR E . Asds ST 0.1% ferric
chloride(Sigma—-Aldrich Co.)E g9 Spectrometer(Shi—
madzu Co.)E ©]&3 700 nmdllA 433

acid(Sigma-Aldrich Co.)& W ZTo 2 H]u_

, L—ascorbic

a9y,

SAIXzE|

2 A7l Ae Agkdd ok FA42 SPSS 18.0
(SPSS Inc., Chicago, IL, USA) program= ©]-&3}o] ¥4k
24 ANOVAHS A3dd o Duncan? U5 HY A dH
(Duncan’s multiple range test) 2.2 X0.05 <o A A
A 7k oA zbolE AT

27 9 oy
ool teE =X

o] dubgd i =4 A3 Table 19 YeERATLE &
F3} Fe] BE dubdRollA] o)Al Afolzt Tt
Tt SFF FHe A 42 7.33%, 6.91%% S H U
om HE o FEIES R widoy Aol W
< JEgs £l st Atzema, 1998). 2y gk
S 53(13.83%)°] B (10.57%) K.t} W ekl shEks
‘/}F/}LH?}—-‘I] i%ﬂ} Fao] A &2 3.04%, 2.88

1.14%, ¥ 1.59%%
7AW sERE FH o] 23 Fgo] 2 Ao UER
o B5sE o] SRS SF 74.4%, 39 78.02%2] AE
YERNRITE Kang 5(2017)9] AT 23] ostd =9
e 53 11.1%, 39 11.4%% BuE ). 3 Shin
5(2014)] Aol ot AT sEFRE e g
gL 13.7~14.0%2 A 7]7ko] e ¥y}t A=

(25 4= o= = J*U“EFAA i S A1 109 ¥ 14.6
%A A 309 F 12.9%=2 AA5E Ao 2 e
AT TFHE 9 %Hﬂ@ S B AT AHe fARSE 2
uu 6]—8];9. qu$_m g_u]-z% o7 _HLE]-Q] g_a )\JH a—Eko]

ATvith 2A SAEE ol fe Bele] A% 717k} Al
Ao w2 GFgo] FAsE AR Bl

SF
i

3| &, WolA|, BEE &2 Table 29 YERIS
7.92, 8.90% % FHo] FE K

Table 2. Characters analysis of barley (%)
Barleys Husk content  Germination  Malt yield
Hopum 7.92+0.59°7?  97.01+2.11°  77.55+1.38"

Gwangmaeg ~ 8.90+0.19" 90.66+6.32"  79.35+1.25

YEach value is meantstandard deviation (n=3).
?Values with different letters (a,b) within a column were signifi
cantly different by Duncan’s multiple range test (P<0.05).

A%E 7HA AL gleka HaE ek(Shin 5, 2014).
o] wolAli= 97.01%, 90.66%2 Lhebskom,
gl o] wobdlt= foHQl Aoz QAR EFol %
obAIE EhSIT, BE 488 $7(79.35%)0] EETT.
%t E7 SAAAAT o= Gol= gtk Oh 5
(2003)°1 2151wl WobAl7} 90% o)4be] Hojof BE Frol
$ostha waso] B AT Aaksl FAIG WobdE ngl
o BE $Ee Aue] 47 YIgke] Wojd5E vo}

ZA3fo] 9t B 1A tH(Shin 5, 2014).
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t}(Lee, 1989; Kim¥} Kang, 2002).
L TE 14.95%, FM 11.65%, dnt=a
.78%, 11.80%= S Ae), 4 sheko] 7}
} ‘;%—3— Eﬂﬂ}i MHET $3%0] 517% U w2 S 7R
.

o |
= Lo

&Oi vebste), fee] g gk 5F 13.83%,
9 o™ (Table 1), A 1%4& AH T BEO)

e 5E 14.95%, B9 11.65%2 Z71ets 2o

ofd 30 oX > mE O

e 2Es fel49l
Uehe, 2ugs
Hl& =2 F(16.39%)% =

o] 7184 A4 BEFS T E o
g HolH 257%% 7 =4

4 Gl 71g4 T

dase & X3e BH o] el et IJEEQ EE R
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Table 3. Proximate compositions of various malt

1ol AA - A 3

Characters Hopum malt

Gwangmaeg malt

Denmark malt

Germany malt

6.5240.48°"?
14.95+0.08"
2.57+0.03°

Moisture (%)

Malt protein (%)
Soluble nitrogen (%)
Kolbach index (%) 17.18+0.08™
Diastatic power (W-K) 163.39+13.83"

6.23+0.56"
11.65+0.20°
2.03£0.01°
16.39+1.62°
157.79+16.64°

7.51£0.52"
9.78+0.01°
1.68+0.01°
19.53+2.00"
175.79+14.89"

5.69£0.49°
11.80+0.11°
2.02+0.01°
16.19+1.78°
154.92+6.24

YEach value is meantstandard deviation (n=3).

?Values with different letters (a-c) within a row were significantly different by Duncan’s multiple range test (P<0.05).

A4S 543 Aol thiKim¥# Kang, 2002). £3(163.39 =2 S F&F &S BT 3 9 5% 119.95
W.K), #2(157.79 W.K), dlv}=22H175.79 W.K), 54k mg/g, B 142.95 mg/g, WrtA2F 176.77 mg/g, HUAt
(154.92 WK) BES] §497}= BT §9]49] 2fo]7} ¢l 140.31 mg/go.2 SA Yo, dnfgate] B F o
Atk Kang 5(2017)¢] A+ ZA3E A i 7184 o FS YeRAh 7184 e 54 Ak A 2°Brix®
2 e T 3.4%, B 3.3%2 S, FUAFE SAENoH BE BE 45004 Fo42 Aol 7t 1t
T 32.1%, B 29.1%% SHEJCH, a4V TE
165 W.K, #9 188 WK= B¢l 2 A7 2o A EEQ| M =X
SEY F BEC] 78 wMA, FukA 5 g4 A ZAHe] At Table 50 VERQITE dukz o
WA SAEAT oA EE] A A4 A Uy T BEO MuE W Ax Al W] Mes 95t Fa%
o 8] 8A4R QJd P2 FTY =EHLE /84 © A, F4 EAolgtar B sl tHKim3}t Kang, 2002). EE 9]
FrA S, AUt 297 b2 A vEhvE 2o R 1Bl A= AW Lk agl, bakol 25 s 2ol& Bt
THShin %, 2014; Lee, 1989). L#t2 33%(56.37)°] 7H4 =4 Yelsth 5d4H(53.62),
B (52.59), dukA4H48.35) o0& Lite] WA FH =
EEQ°| pH, £& +8, 5% &% ¥ 7184 1¥:E &3 o} agkd Wlnta4k4.09)0] 7HE = dERgen, S%
BE9 pH, 3% &, $9 ¥ 2 7184 138E 34 (2.27)0] 71 @A SHE AT b2 2E(18.08)7} F
e 73} Table 4] L}E}LHOiDP pHE 5% 6.05 9 (17.93)0] A Yepdon, @vlatki6.54)3 %dat

6.14, 9Ik=4E 6.00, U4 5.88% FAHEQon, Fujo]
7}% Eal HU%ke] s% Al B3It} Cha 5(2012)¢] A3}l
ojstd Zmel o] 3899 pHi 25°Col A 30A17HS
S 54002 ZA4FoH, 15°Coll A= 5.52, 5°C
Mz 6.342 SAHUT o= FHZET 2EFF D
= A%or welow duy £ 42 4
Bolvkal Baskgich 3, A9, drpait Ak
&& 217} 5.60%, 5.50%, 2.00%, 2.10%= &%) 7}

T

i ot
%t oo

Table 4. Characters analysis of various malt

(16.99)°] WA A A}t Kim¥} Kang(2002)2] & -l
o3t wrul o] whe wael v Hoe] %2 W] Ltol
7}7} 55.2, 5142 FA4ESlon, o] F HIE A&t
WOl A| 7HS 247} T E A THE BEE o] &3] AJAks w9
AZ(EBC)E @l do] v wa 3.3 EBC, gl do] %

1 3.8 EBCE £AHHIA, old A474E &3 a4
aleko] Z7}ato] ule) uuZ,] M7} FolATh B

ct.

Characters Hopum malt

Gwangmaeg malt

Denmark malt Germany malt

pH 6.05+0.02°"%

Extract yield (%) 5.60+0.04"
Total sugar content (mg/g) 119.95+5.55°¢
Soluble solid (°Brix) 2.00+0.01°

6.14+0.01° 6.00+0.01° 5.88+0.01¢

5.5020.06" 2.00£0.02¢ 2.10+£0.01°
142.95+13.05° 176.77+5.94° 140.31+£13.35°

2.00£0.01° 2.00+0.01° 2.00£0.01°

)Each value is meantstandard deviation (n=3).

Values with different letters (a-d) within a row were significantly different by Duncan’s multiple range test (P<0.05).

Table 5. Color values of various malt

Values Hopum malt

Gwangmaeg malt

Denmark malt

Germany malt

56.37+2.14*D?
2.27+0.25°
18.08+0.95°

L (lightness)
a (redness)
b (yellowness)

52.59+0.86° 48.35+1.54° 53.62+1.07°
3.05+0.47° 4.09+£0.21° 3.27+0.25"
17.93+0.81° 16.54+0.64° 16.99+0.81°

])Each value is meantstandard deviation (n=3).

?Values with different letters (a-c) within a row were significantly different by Duncan’s multiple range test (P<0.05).
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Table 6. Comparison of total polyphenol, flavonoid, and tannin contents of various malt

Hopum malt

Gwangmaeg malt Denmark malt Germany malt

Total polyphenol content (mg GAE/g)”
Total tannin content (mg TAE/g)z)
Total flavonoid content (mg CHE/g)”

6.5120.07°
86.73+19.58"

200.96+1.57°9%

210.67+2.28°
5.81+0.32°
85.94+12.07°

228.13+6.09°
6.40+0.64"
101.04+5.92°

188.20+1.95¢
5.95+0.34°
148.88+10.26°

])Total phenolic content was expressed as mg/g gallic acid equivalent (GAE).
Total tannic acid content was expressed as mg/g tannic acid equivalent (TAE).
Total flavonoid content was expressed as mg/g catechin equivalent (CHE).

“Bach value is meantstandard deviation (n=3).

Walues with different letters (a-d) within a row were significantly different by Duncan’s multiple range test (P<0.05).

£ Zalmls, B Y SapEicols B 53

% F)9s, Fehuieol= 8 vl $3L Table 691 1
BT & Besl g SE, P, drlad 2 =
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Values with different letters (a-h) above bars were significantly
different by Duncan’s multiple range test (P<0.05).
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were significantly different by Duncan’s multiple range test
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