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Antioxidant and Physicochemical Changes in Salvia plebeia R. Br.
after Hot-air Drying and Blanching

Ji-Suk Jeong“, Yong-Joo Kiml, Bo-Rum Choil, Geun-Bae Goz, Byeong-Gil Sonz,
Suk-Won Gang?, and Seung-Man Moon®

'Wild Flower Institute and °Dept. of Research and Development of Resources,
Gurye-gun Agricultural Center, Jeonnam 054-805, Korea

ABSTRACT The aim of this study was to investigate physicochemical changes in Salvia plebeia R. Br. (SPA) upon
hot-air drying and blanching. After hot-air drying and blanching, total polyphenol and flavonoid contents were reduced
from 96.64 mg and 48.40 mg gallic acid equivalent/g to 29.70 mg and 22.10 mg quercetin equivalent/g, respectively.
DPPH radical scavenging activities at 25 ng/mL of SPA were 94.5% for ascorbic acid, 84.3% for hot-air dried SPA,
and 59.7% for blanched SPA and there was no significant difference between those of hot-air dried SPA and ascorbic
acid as a positive control. Total sugar contents were 7.187% and 6.104% for hot-air dried SPA and blanched SPA,
respectively. During the blanching process, sucrose and maltose contents decreased, whereas glucose and fructose con-
tents increased. Glucose and fructose were converted into citric acid in blanched SPA, whereas sucrose and maltose
were converted into tartaric acid, malic acid, and succinic acid. Fourteen kinds of amino acids were found, but methio-
nine, lysine, glycine, histidine, and cysteine were absent. The proportion of essential amino acids was 61.76% upon
hot-air drying, which was a relatively high amount. In addition, hot-air drying resulted in 1.40 mg/100 g of norvaline
as well as 39.00 mg/100 g of GABA, which are non-amino acids. Therefore, Salvia plebeia R. Br. can be used not
only as vegetables but also as highly useful and various health functional foods with antioxidant effects and excellent

nutrition.
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A& ol AL-g¥ vokx}=7](Salvia plebeia R. Br)x= A
g Felved7sAE JEAEGHSEE 127° 26'30",
745 35° 14'25") Aol A Aujd Aoz 39 Foll del
10~20 cm®] A& AHA A AFHE AFEFSiTh A dH
T olEH AA 9L A & dFdx 9 A A sisl.
AF¥FAZ ANFEE dry oven(SH-FDO 150, Samheung,
Sejong, Korea)S AF&-3le] 45°Coll A 12417+ A %31t}
g & dF¥AX A5 water bath(BS-31, Jeio, In-
cheon, Korea)& AF&3te] A U& 1 kgell 2091(20 L)2]
SHTFE Y 7FgEte] 96+1°CollA] 3EZF U F 52
Eoll 183 A8k, vl SRl "3k W 5 ARk
E7)2 AASAT. HF AR5 tA] 45°Col A 12413
dFAx k. E5dx 2 U & EF iz Alse
T 71(SMX-4000DY, ()5S # el 2, Gyeonggi, Korea)
2 B3 sle] -80°C deep freezer(MDF-U53V, Sanyo,
Osaka, Japan)ell &4 H#A3IHA FE2E A3 AFE-s1S]
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3l 400 mLel FHSFE &£F3l9] heating mentles
(WHM12295, DAIHAN Scientific Co., Ltd., Gangwon,
Korea)& ©o]&3te] €4 FE&58 AX3AUY FE2%
70°Coll A 3A1ZF &<t &3] filter paper® o33t &
25 (H-1000VW, NVC-2100, Tokyo, Japan) 3F¢ &
8 AR5 9o -80°ColA F4Hd=(FDU-2100, Eyela,

Tokyo, Japan) 3t FE5&S ZASIAT

Z Eflnl=s &g 2

Z ¥ s =S Folin—-Ciocalteu'sd] #H(16)9] uwhzf
2} 2EE 60 plol FFF 540 pLE #H7bete] o7
Folin—-Ciocalteu's reagent(Sigma-Aldrich Co., St. Louis,
MO, USA) 100 uLE #H7tste] 30x3F a3l 2%
NayCOs(Sigma-Aldrich Co.) 100 pLE 7}sla &3}35}¢]
20°Cell A 903 A ¥hg-3F - 750 nmoll A FF=E
=A3AR k. FFE A EE gallic acid(Sigma-Aldrich Co.)
£ MRSkl Alget U o EAste] o AP

N

it

gtH ol ke Moreno 529 WHAT) &3t &
A}t FEES FEEE 100 plell 80% ethanol 900
uLE £33 A= 100 uLE Al @l #38kal 10% alumi-
num nitrate(Junsei Chemical Co., Tokyo, Japan)¢ 1 M
potassium acetate(Junsei Chemical Co.)E Z+Z} 0.1 mL
£ 431, 80% ethanol(Merck, Darmstadt, Germany) 4.3 mL
£ 7tete] E3pstal Aol A 4081t A vhEg = 415
nmol| A FHEE SHUY. ol RFEHEE querce-
tin(Sigma-Aldrich Co.)& AF&-3Fe] Alg¢f TUs Wgo
At 42 AFHNORRYH F St x

HEHTE

o e

DPPH radical AHs &3

HAApgols 5742 Blois®] W (18)el whel DPPH(1,1-
diphenyl-2-picrylhydrazyl, Sigma—-Aldrich Co.)ol| thgk
Fadd adE SA3 JA-F S (EDA; electron do-
nating ability) 2= YeERATE & 2 A58 2 mLe] 0.2
mM<¢] DPPH €9 (dissolved in 99% ethanol, Sigma-
Aldrich Co.) 1 mL W3ir wgk 3 37°Cel| A 307+ WA
gk thg 517 nmellA FFEE ST dATA 52
AlmE& N H7HeF A7 Aele] 3% HAE Afo
E WEH(R)E YEY o] AAFdF5oR HAET

218 Gancedo$} Luhe] W (19)0l] F3ho] 4
Alak o, £4213LS Table 10 YR Al 1 gol
80% ethanol(Merck) 50 mLE 7}3}¢] heating mantleol] 4]
75°C2 513 7} $ v o X (Whatman No. 2, What-
man, Maidstone, UK)& & 3}3}31 o] NS rotary vacuum
evaporatoroll A s T 10 mL=E 483} ion chro-
matography(DX-600, Dionex, Sunnyvale, CA, USA)=
BAst T, B4 2718 Carbo Pac™-PA10 analytical
(4250 mm)¥# &89 Ca-EDTA(500 mg/L, Sigma-
Aldrich Co)E Z&a3ith dAgE A& 1 mLE # 3]
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Table 1. Operating conditions of HPLC for analysis free sugar, organic acids, and amino acid in Salvia plebeia R. Br. after hot-air

drying and blanching

Conditions Free sugar Organic acid Free amino acid
HPLC Ion chromatography Ion chromatography Agilent Technologies
(DX-600, Dionex) (DX-600, Dionex) 1200 series
Detector Reactive index detector Photodiode array detector Diode array detector
(M990, Waters)
Column CarboPacTM-PA10 Supelcogeltm C-610H column Zorbax Eclipse AAA analytical

analytical (4X250 mm)

Wavelength (nm)
Flow rate (mL/min) 0.5
Injection volume (uL) 20

(300X3.9 mm, 4 pum)

(150X4.6 mm Ld., 5 pm)

210 338
0.5 2
15 1

0.45 ym membrane filter=2 ] 73+ £ column®] 20 ulLA
T3 oW 9] column =X 90°CE A3t &
% 89¥ 0.5 mL/mino 2 Eerflon &L reactive
index detectorE AF&3}3A .

Fr714F +412 Kim 59 %320 wat A Akl om,
A2 Table 10 YeRARIT vk Al 1 goll S5
4 50 mLZ 7}8ke] 80% ol A 447t 7+ F vk o3}
Z](Whatman No. 2, Whatman)® o 3}3}a1, o] 1S rotary
vacuum evaporator® $Hs= 3 oS £/FS4 10 mL=E
g3l jon chromatography(DX-600, Dionex)® 4]
3t EAFA o ®E 7AE7]+= photodiode array de-
tector(M990, Waters, Milford, MA, USA), column<
Supelcogeltm C-610H column(300%3.9 mm, 4 ym)< ©]
f3lo] AAEAT) o] B F Ao 2= wavelengths
200~300 nm(main 210 nm), flow ratet™= 0.5 mL/min, in-
jection volume 15 pL, ©]542 0.1% phosphoric acid
£ 77 ARSI
weloto| At B £H

fFElobr=qt £42 Mun (219 WHS WY st
HPLC(1200 series, Agilent Technologies, Tokyo, Japan)
& Abgate] B gl en, B4 %312 Table 1o YERAR
o} A& 0.1 g& 2.0 mL eppendorf tubeol] B3 5% tri-
chloroacetic acid(TCA, SAMCHUN Chemical, Pyeong-
tack, Korea) =& 1.2 mLE 93Ut} 2ol 1213 A
2% & G4 E2] 7](Micro 17TR, Hanil Science, Incheon,
Korea)®& 15,000 rpm, 4°CollA 15& s<F 9452 313
o 2§ A5 Ns 395to] 0.45 ym PTFE hydrophilic
syringe filter® o] #-3F & HPLC vialell Ho} A 2%
(MDF-U53V, Sanyo)olA -80°CE R ¥ahH A A5}
o} X782 Zorbax Eclipse AAA analytical(150%4.6
mm 1.d., particle size 5 pm)& AF&39t}. Detection
wavelength+ 338 nm, flaw rate™ 2 mL/min, column

temperaturei= 40°CZ AA3I Tt A EF YL injector

program= AF&3}4] 2.5 pL borate buffer® 0.5 uL sam-
pleg 2xX& Alo}Fil 30%%+ 71t ¥ HPLCH S757F
E0]9)+= vaildl needled R 0.5 pl. OPA £ NS 6xX 2
&35t 9 needles THFA AL T/HT 32 uL=E &
g & FYatdrt ol Fd &= & A40 mM NagHPO,,
D.W(pH 7.8)]1¢} &} B[ACN : MeOH : water(45:45:10,
v/v/V1E AHEERelem, &1 AE 1.987H4 100%= 4
st om 2118744 43% 2 A F Tk o] F 21.6% 71X
0%= 2N T 2587HA] FAAIF T 25,180l thA]
100%=2 F7HN 7 & A8, 2tz Ewe] &
1) =2k HPLC peak W% (area)® ZtzF |89 A £
v w3l A3} (mg/100 g flash wt)3tH oeH, ZE g
o)At FFEELS Agilent Technologies A& AF&-51 T

EAIMa
2E 279 EAE SPSS program(SPSS Statistics
14.0, IBM, New York, NY, USA)S A}-&-3te] LeRATh.
BE dolHe SHI A9-E A9stae 33 ukE 43
T FAALEFHAZ el on, ol Ha 2
Z | 2lo] & =Y RE T-7#Ast1 /X0.05 &

=)
o]l A Duncan's multiple range testZ A A3}t

AN wE

27t Y 3y
Z EzlHs S
Z @ ¥ = (polyphenol)& A& A WY = 3}eE4 9
2 84 sl dE 1Fe] g A ol e Ehd,
wole, Yo FoR ERHAL F N o] sl=
A 2E A R(22), T Evlw dFS F4kst &3
LA BAVF o] =315 WA= Aoz deA
(22,23). Table 2414 Bi= vpe} o] AF7Ax3 vt
719 & Z99E TS 94.64 mg/golH, wlFl Fo|
48.40 mg/go.2 #A3 tH(/X0.0001). Lee 5(24)2 34
To] A FAA AR B FE2E EHds ol 4.6~
183.8 mg/go & A& Fo wpgt dAld B duFo] thed
g Aoz Rk E9F(183.8 mg/g), FuiHel
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Table 2. Change in the contents of total polyphenols, and total
flavonoids contents of Salvia plebeia R. Br. extract after hot-air
drying, and blanching

Extraction Total Total
yield (% poly})henol flavonoids
dried basis) (GAE" mg/g) (QE” mg/g)
Hot-air drying 22.5 94.64+0.97"  29.70+1.28"
Blanching 15.8 48.98+0.62°  22.100.35°
F-value 4,719.6777  99.017 "

All values are expressed as mean+SD of triplicate determi-

nations.

UGAE: gallic acid equivalence.

JQE: quercetin equivalence.

**Different superscripts within a column are significantly differ-
ent at P=0.05 by Duncan's multiple range test.

Significant level = P<0.001,  P<0.0001.

(166.9 mg/g), 718 %(145.8 mg/g), 7FX159(132.4 mg/g),
ZAAUE(120.0 mg/g) 52 FAZRT wgAt=7]9 &
FEERY ZYdls FRFe] 3o, wWR7t 97.0
mg/g o2 H|52gk FFEo ATt o 7142](49.6 mg/g), BTt
2|(46.5 mg/g), MA5.(45.2 mg/g) T X = A%
g trt=7]9) ZEjulE T H=g ol ]tk &

S FFe B TRl wek 4YE 2olvh 9w, o
A AY T 4G gaAE Ao qAs B4 F 84

I -‘1011 flo o o

£ EotHL0|E &2t

Table 2014 B vhe} o] GFAzxT HidA=7]9
% ZElR ol dhFe 29.70 mg/golH, Utz Fof=
22.10 mg/go.2 frolx oz 743 th(/X0.001). ZEHR
wol=(flavonoid) & A &4 ZEdsA =9 71
F-rolw, oF 4,000 7h9] 3eE= o] Foixl =R
S Ao kst Edoltt. 838H4 & zbo]o o3
kvl (flavanol), & ghvk=(flavanone), &2+ (flavone),
ol Z 2t (isoflavone), <SFEA]o}YH (anthocyanidin)€]
674 8kl 1w o= vy, A, F3x8) tiatel glof
zto] g 7MW asoll & kol 7t ATH26). Al Aol
A ZEH o= @3 O 7 free radical® XA
(scavenger)2A] dAtst g3-& 7HAY o2 kst &
Aot 2 A ER w0t FEE U A A%
223 Mol njx]= Akl a s AiH o2 Wrh(26).

we by

DPPH radical AHs

DPPHE Bl ¢F4 3 radicalS 2tE &2 2 ascorbic
acid, tocopherol, polyhydroxy W& 33H&, 3itsl &
Ao A} Foste] Atsts JASE ARE 545 ¥

ojm, Az e} old eI Lol &l UE AL
o= fElgtt 2l DPPHE wHEA|A A& Hepalo] FA
o= Wate A7 WstE Sk W olth27). €31 x
oF g1zl F-9o wjAp=7] 9] HMAF %S ascorbic acidE
=72 ko] vlaskgity, L A ¥ Fig. 1el4 B #pe}
Z¥o] ascorbic acid¥ 25 pg/mL ©]4He] FEo| A= 92.2~
94.5%=, r& FE A% 90% o]42] =2 DPPH radical
AASE RITHIX0.0001). dF A= wdx=71= &
% H]# 4 o2 DPPH radical 2A% S YEFASI L 25 ng/
mL ©]/de] FEoI A= 84.3~89.4%= 80% ©1/d9 &A%
S YERA AL 10 pg/mL olstell = 37.5%% 343 o
Sk Aol th(/X0.0001). dX & F Az v =
Ve FE HEHORE AAS Bo, 50 ng/mL ©]%%
9] FXoA 86.9~89.6% = 85% ©]/d9 ~AFTS HY
(£<0.0001). 13} 25 pg/mL = A+= ascorbic acid,
GEFAX L U & dFAXE wdx =7 242 94.5%,
84.3% 2 59.7%= 24 2eo]E YER S THZX0.0001).
10 ng/mL FEol A= mjdxt=7] Azl et ascor-
bic acidet 4 e AFel& HEFH Lo LHX0.0001), 5 g/
mL F=o A& 2318 ascorbic acid9t EFAZE wlgdA=
719l &A% & ztolE YERA &skth. 22y Chae
(259 ATl v A=, B s, AS s,
45 FUE £o2 H7td AR 7tgd AeolA F4tst
AR 2 Aol A YERd o g Histe] £ A7
Fof= AFolg AFE BT Lim 5(2)9 A4 7e} 1]
o Al HjeAt=Y] s FEEY AAE 5 (RCs0)2
51.10 ng/mLET 433 @& w52 dlyo] & AFd
ARE-S wjdtAt=2T] & FEEY AT Tl o 3 A
o= FIFUrt SOD FAMEA S FE5E(0.92 mg/mL)<
A7bIA S W 62.11%% /M A4 #2221, linolic

&

100 - aA aA aA
abC
aB

~
o
L

DPPH radical scavenging
Activity (%)
(4]
o

cA -e— Ascorbic acid
25 —a— Hot-air dried
a8 —A— Blanched
eC
0
5 10 25 50 100

Concentration (ug/mL)

Fig. 1. Effect of Salvia plebveia R. Br. extract on DPPH radical
scavenging activity. Results were expressed as % control and
data were mean=SD. ““Different letters in the same drying con-
dition are sigcniﬁcantly different at P=0.05 by Duncan's multiple
ATy~ - . . .
range test. © Different letters in the same concentration are sig-
nificantly different at P=0.05 by Duncan's multiple range test.
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Table 3. Change in the contents of free sugar in Salvia plebeia
R. Br. after hot-air drying and blanching  (unit: mg/100 g)

Table 4. Change in the contents of organic acids in Salvia plebeia
R. Br. after hot-air drying and blanching  (unit: mg/100 g)

Hot-air drying Blanching F-value Hot-air drying Blanching F-value

Glucose 1,316+133° 1,983£97 0.485 Oxalic acid ND" ND -
Fructose 1,401£152° 2,248+115" 0.356 Citric acid 1,703+33" 4,544+197°  9.106'
Sucrose 3,794+521° 1,443+45" 6.549 Tartaric acid 3208 212410 0.164
Maltose 675+56" 43023 2272 Malic acid 1,132+36° 648+19° 0.878

Total 7,187 6,104 Succinic acid 4,846+63" 1,961i20b 2.999

All values are expressed as mean+SD of triplicate determinations. Lactl.c ac1.d ND ND B

**Different superscripts within a row are significantly different Acetic acid ND ND _
at P=0.05 by Duncan's multiple range test. Total 8,001 7,365
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Hjdxt=719] fed g5S HPLCE &4 A3 Table
3o A H.= vk} 7o) glucose, fructose, sucrose, mal-
tose’t AEHAY. TF FFS EFAx MdA=7]9
o dF Az sjdx=7]7F 247 7,187 mg/100 g7t
6,104 mg/100 g2 & °F 1,083 mg/100 g A 3F3A (/X
0.05). d1x+= A F sucrose?} maltoser= 743G o,
glucose®} fructose= 5 7F8F3 . Park 5(14)< glucose
1.7%, fructose 1.7%, sucrose 1.71%, maltose 0.38% =%
9 o] 10.78%%0 Ao R Bisle], & Aol T
SheF 7.19% Kt A =N oY sucrose?d S AF
T Afol 7t %195\‘4 oz = 3 %9] ﬁL‘j’koﬂ = tﬂﬂﬂ
oy, dFAxe}
oA 1. 44%i H 2= 74
o= o|g{H7} A dEFIt
Fof mhA vzt o, dye] o]g{rt =
Z A Fo| doll o3 9 FE TallE Ao R AlsETh

|
Hjdat=719] f71aF S HPLCZ #43¢ Zd3e
Table 49} 2t} 21 A3} citric acid, tartaric acid, malic
acid, succinic acid7} A&% 2™, oxalic acid, lactic
acid ¥ acetic acid= HE% A %9}‘:} vjkat=7]9] 8
]}\]_ Seko =A%
< 7,365 mg/100 go. =
Zgh v A= ol A
.5HH)§ HkH ol citric

‘%7] AHE succinic acido]th. &=

All values are expressed as meantSD of triplicate determinations.
ND not detected. “NS: not significant.
“*Different superscripts within a row are significantly different
at P=0.05 by Duncan's multiple range test.

Significant level "P<0.05.

s

Al 327 77130 v fhakz=71ell 7 wol hrEo] 3

714kl succinic acide] 1t}

g

FAx 4 Ux T dFAxS vgak=r19] {714k
o] A#AZS Table 5914 B nle} 2], glucose
fructose®] il &9 A##A(/X0.01), sucroses}
maltose™ &9 A#HHAE YERN ATH/X0.05). Glucose
= citric acidoll HalA = ¢ FAAAE YERHA o
(/X0.01), tartaric acid, malic acid, succinic acidl o3l
Ae 59 AHAAE HERIATHXKO.01). Fructose:
citric acidZ A9]d}aLE sucrose, maltose, tartaric acid,
malic acid, succinic aciddll W3l &9 &##AAE YER
ATHX0.01). Sucroses= citric acid¥t &2 A BAE
YERN S 2™ (7X0.01), tartaric acid, malic acid, succinic
acide &9 AL HTHIXK0.01). Maltose = citric
acid¥t &9 A#AAA = tartaric acid, malic acid, suc-
cinic acid= %9 A#AAAE B ATHXK0.01). wWEhA glu-
cose®} fructoset= citric acid?] AAlol F3&FS 9, su-

crose®} maltoses= tartaric acid, malic acid & succinic

acid®] Al FFE F= Aoz 2AEAH.

S2loto| At S2k
v Qbx=7] 9] frejobnl At FHgF W skE HPLC 4%
A= Table 63 2o wjgx=7]ol= valine, iso-
leucine, leucine, threonine, phenylalanine, tryptophane
739 Weopv)
acid, asparagine, glutamine, alanine, tyrosine, arginine
10%9) W30S obrlito 2 F 1459 Felotnliite]
%9121, methionine, lysine, glycine, histidine, cys-
tine AEEA Gkt Z4zhe] 3ol wE F frEfobr e
s} FAZ3 A= 7171 122.61 mg/100 g,
L I3 A=Y= 65.95 mg/100 go] ATk

Ak} aspartic acid, serine, glutamic
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Table 5. Correlation coefficient between free sugar and organic acids of prepared Salvia plebeia R. Br. after hot-air drying and

blanching
Glucose Fructose Sucrose Maltose Citric acid  Tartaric acid Malic acid  Succinic acid

Glucose 1.000 0.998" -0.873" -0.850" 0.994"" -0.949"” -0.940" -0.960"
Fructose 1.000 08857  -0.864 0.953" 0.962" -0.950" -0.966"
Sucrose 1.000 0.996" -0.970" 0.964"" 0.985" 0.971"
Maltose 1.000 -0.969"” 0.956" 0.977" 0.963"
Citric acid 1.000 -0.988"" -0.993" -0.996"™
Tartaric acid 1.000 0.994" 0.992"
Malic acid 1.000 0.996"
Succinic acid 1.000

Significant level "P<0.05, ~P<0.01.

Table 6. Change in the contents of total amino acids in Salvia plebeia after R. Br.

hot-air drying and blanching

(unit: mg/100 g fresh wt.)

Amino acids Hot-air drying Blanching F-value

Valine 4.58+0.36" 1.96+0.11° 6.029
Methionine NDV ND -
Isoleucine 3.37+0.39" 1.19+0.06" 11016~

Essential amino acid Leucin§ 2.56i0.17: 1.06i0.08z 3.341
Threonine 2.18+0.07 1.45+0.07 0.000
Phenylalanine 5.68+0.42" 0.47+0.81° 2.994
Tryptophane 57.35+4.47" 29.44+1.42° 1.926
Lysine ND ND -

Total essential amino acids 75.72 35.57
Aspartic acid 2.29+0.11° 3.07+0.27° 3.773
Serine 3.00+0.83" 1.1340.14° 8.733"
Glutamic acid 2.65+0.03" 6.77+0.52° 11.1127
Asparagine 5.75+0.50" 2.11+0.34° 0.626
Glutamine 17.910.89" 14.26+1.11° 0.144

Non-essential amino acid Glycine ND ND -
Alanine 4.50£0.41° ND" 5.508
Tyrosine 7.55+2.20" 2.51+0.18° 13.404"
Histidine ND ND -
Cystine ND ND -
Arginine 3.2440.36" 0.53+0.92° 4.856

Total non-essential amino acids 46.89 30.38

Total amino acids 122.61 65.95

Total EAA”/Total AA” (%) 61.76 53.94

All values are expressed as mean+tSD of triplicate determinations.

UND: not detected.
Total EAA: total essential amino acid.
Total AA: total non-essential amino acid.

**Different superscripts within a row are significantly different at P=0.05 by Duncan's multiple range test.

Significant level ~P<0.05.
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Table 7. Change in the contents of norvaline, GABA, vitamin
U of Salvia plebeia R. Br. after hot-air drying and blanching
(unit: mg/100 g fresh wt.)

Non-amino acids Hot-air drying  Blanching  F-value
Norvaline 1.4040.25° ND° 13.619”
GABA 39.00+2.72" 21.20+1.50 1.210
Vitamin U ND" ND -

All values are expressed as mean+SD of triplicate determinations.
1)ND not detected.
**Different superscripts within a row are significantly different
at P=0.05 by Duncan's multiple range test.
Significant level "P<0.05.
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