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Effects of Physical Treatments on the Morphology, Nutritional
Composition and Phenolic Content of Actinidia arguta Bee Pollen
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Bee pollen is a valuable apicultural product rich in nutrients and bioactive compounds, although
its utilization may be limited by its rigid pollen wall structure. This study investigated the effects
of freeze-drying, cryogenic grinding, and high-pressure processing on Korean Actinidia-derived
bee pollen. Physical treatments partially altered the pollen wall structure while largely maintain-
ing its overall morphology and basic nutritional composition. Total amino acid composition
remained relatively stable, whereas free amino acids, extractable protein, and total phenolic con-
tent showed treatment-dependent changes. Compared with the untreated control, cryogenic
grinding at —70°C increased total free amino acid content by 30.4%, while high-pressure
processing increased extractable protein and total phenolic contents by 98.8% and 24.0%,
respectively. These findings suggest that physical treatments may enhance the utilization poten-
tial of Korean Actinidia-derived bee pollen without substantially affecting its basic nutritional
composition.

LGS Actinidia bee pollen, Physical treatment, High-Pressure processing, Amino acid, Phenolic content

M 2 HlE}‘ﬂ 9 2714 5 vheet JAES Taotal 9o,

Fopu|lcAt, ZQ|HlE W FetE o] =0t T2 g

A3 (bee pollen)> EHo| A= Zo|A At £ *3 SAE 235t Qo] IF - 7e ARAaAE FET

7o) & el 9 84 5 S9tote] A FEiE 24t 1 31t (Serra Bonvehi and Escola Jorda, 1997; Feds et al.,
ote FeAtE=R, B /50 A% 8 oWl I 2012; Khalifa et al., 2021).

Hozp 2G4 ] AYitol] Bash JFdez duA ot T4 BAtE = HehE 5 iR oheiuE

(LeBlanc et al., 2009). @322 chifzl 2] et45HE (Actinidia arguta)°ll X 2t 3202 = FBi=E
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SAlZ, 014, A, uh A, TS, HZ0, AHO|, 0|2, WA, A2 942
24 7Fs Aol B 44 F shfoltt. et @ ME g uk

141@ HolHo| taAs Fefsta EAT} gharst g4
(Hong et al., 2014, 2015), &2H &4 (Pyo et al., 2020), A
HAG AE F4] A B3 (Lee et al., 2023), FBS E4
(Kim et al., 2024) ‘5°] HIilE|o] A& 9 754 A=A
O] 7 7hs/del AAIE vF Aok, ey HekE2 AE
el ZOFRE 7IHte g st R ARAA st oA o
2] 1 7HsAdS Aeslof shH, FAlo ARt S
TR Qo] YR FF-71548 429 o]8/do] A
Z= ot}

SHEH L2 21 (exine)2t W] (intine) & ©]F0% o]F
TZE 7AW, Qu]= A TR Az 2Ed (spo-
ropollenin)= 58 FAGELSRE 3t} o]zjst x4 &
AL SHEHEe o e orRE Hoste oS oFF

o, AR TS G S, ofnlieal, 4F o)

o] = 4~ Itk (Roulston and Cane, 2000; Blackmore et al.,
2010). whebA HHE-S AF 2 7154 A= &85
oM et et i 7o
et AR 71& B2 Hasit

shEd o] FxE W7 Y 2o o84 =
o]7] fIo Z2u}, AT W IgA Y F ohFet 224
A2 o] AE]o] ghrt. o] e A= Sk H9
5 Frote] AR WEL 4% E4S WS
2= QOm (Wu et al., 2021), 53] 1¢A 2] shsha] Y7t
flo] s o] Fxeof thild 224 9 4 EX4of JFS
Z 7 Q= Zo= HUEtH Anjos et al., 2023). WHEHA
=94 Ao mE 2HEo] 22 Hstet Y7154
2o HskE FgH o R Wi dart om}

Jeiy A RS e R 54
g Aot 2 AR o B9 Az
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1. Cr2l HstEel 22|15 X2

2 Ao e =Ul 7oA o] f-5EH Sl
202594 o) kRS ufjete] ARSIt et i
SHEO A o] A M o}2-2 et & 1TS2 F499] /4
2 B8 S35t Av}, thels (Actinidia sp.) E—l oy
(Actinidia arguta)’t T8 A& 7|9 22 EQ1F it o]
of et & dAFolx= siF AleE thElE e HekE
(Actinidia-derived bee pollen) 2.2 761l A|HA| AR A}
&stait.

=4 Aol F20%, AR 9 19A 9] 3714
Hhal o 2 o5t rt, T2 2] thel] WS- KWP (Korean
kiwi bee pollen)= HE7|5t9 1, TAAZX A= KWP-
FD, —20°C ‘5274 #|2]7= KWP-CM20, —70°C &2
B4 22]4E= KWP-CM70, 1294 2] = KWP-HPPE
#7]5F3 T (Table 1). 5224 A2 F3HEo] 25 &

BIES 10%2 AT $ —20°C = —70°CollA] 84
7t FAst Bastl o, o] A xSt AbA

g7 HoR-g HF ZAE 5 450 MPaol A 1083 A
sttt 7 A7l AlmEe SHAgetd AEAeNd
HoA 5Lt duE o= 7 A2gt & Algidof
Aol A-g-sF3iTt.

i)

2. FAERHOZS 0|83 HENH 4 24
ge)d Aelo] me wstio] e @ Byl 7x WSS

2FRlIst7] flsfl FAFAFA R (scanning electron micro-
scope, SEM)= ©]-8-5t3ict. 7 ShEd o] Tk 1ol Al

Table 1. Physical treatment conditions of Actindia derived bee pollen

No. Sample ID Abbreviation Treatmentcondition

1 KWP-Control KwPpP Untreated
2 KWP-FD FD Freeze-drying
3 KWP-CM20 CM20 Cryogenic grinding 1
(—20°C freezing)
g Cryogenic grinding 2
4 KWP-CM70 CM70 (=70°C freezing)
5 KWP-HPP HPP High-pressureprocessing

(450 MPa, 10 min)
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2| x{2|ofl wHE Ctf &

sho| Bef U 4

HI
rE

L2,

BE SHFSE FASH SEHS B & X 2B
oA 40°CE 24417t AT AA A7 (Nikon SMZ

645, Nikon Instruments Inc., Tokyo, Japan)S ©]-85}] S}
e Agstal, 7HE Elo|x7h F2HE SEM Al miof
1o}t o] AHE FH (Quorum SC7620, Quorum,
East Sussex, England)E ©]-8-5}0] 1524 33] ¥iZ ISt
% SEM (Carl Zeiss GeminiSEM 300, Zeiss, Jena, Germany)
oz 80 Jeiet B TEE PASKAL A7 2
RS 71E Sh g B4 A7 PEe Fustel ¢

B5FATH(Lee et al., 2025).

w

2
=
0x
A
HI
1=

=

chelf Foho] A2 AEedl dutA Aol what
AT (A o SFERIA, 2024). AT 105°C
FArtddzos SA5HAAL, P2 550°C A<t
Hoz ZASHT A2 Soxhlet FEFHOE FH5t
Aom], ZHMAL KieldahlH 2 2 Z4 5 A4 Tl
i FAS 6255 ot AAEsholrt. BeekE o
2 100014 =2, &2, A 9 =i ks W gt
° & Axksheltt

4, 70|14 B2 2

otell dsho] Fgotn) At ke AEE LHA|
drioll 719ksto] EA S (AE o] e FE A ‘%

Ak QFg4) ofa| Ak 6 N HCl ©]-§5to] 7H41
o, gotu| At mponiko 2 AFSISE & 6 N HCL=
Zt-Eelistlnt. ZhEel e Alae Asorn] kihE A
7] (LA8080, Hitachi High-Tech Corporation, Tokyo, Japan)
£ o]&sto] EA5tet. B2 ofn]| At ninhydrin A
SF(FUJIFILM Wako Pure Chemical Corporation, Osaka,
Japan)} HFS-A171 & 570 2 440 nmol| A HE5lo] AHS
At

5. f2lot0jit = BN

W] gejolnlieAt R4S 9ol AR 0248
| #gF ¥ 5% trichloroacetic acid (TCA)YE %d7Foto]
A& FE7} 50,000 ppm©] HE= A5t &35
3057 XS 513,000 rpmOll A 1587 4225}
Fe A2 Bl4otalnt. 2158 A5 A2 0.22 um syringe

)
é‘é

Ol

[e)

> flo o nE

0.

£ 18 by ox

filter® o]TSF & o] AF5Fict. Ak o] Aok
£ 2T}ehE ofnlieate] e 98] AEE 002N
2 g} S4ste] 37k RSk, frejofmlete] £
B gare Paotuli it BT S A ApFofu] AL A

dE B EEREERS DY

]

1

L = oE
@)

= Hlwsk7] ffsf Al=o] 2182 AAG F 1% SDSE ©]
goto] Tl d-& 5510 BCAH o2 FFoteict. A2
% 50 mg®ll 70% ethanol (SK chemicals, Seong-
nam, Korea) 1 mLE 7}5}o] &5}l 4°CollA] 1027 v

ZRE 210,000 rpmOll A 527t YA E 2] sto] AFEAle A
751t ©]% 100% ethanol 1 mLE 75t SAgH 714
2 23] HHESEL pellet= 1587 ARSI EX]H A
=0l 1% SDS 500 pLE 7Fote] w#+23ket 2 20,000 rpmell
A 1027t 28] FAE st Asdle Sl4eshlnt. ©
Z =2 Pierce™ BCA Protein Assay Kit (Thermo Fisher
Scientific, Waltham, MA, USA)YE ©|-§5}to] Z7ot3l o,
bovine serum albumings EFEAE ZHAJSE AAE o]
8-5to] 4HEsHATh S5 SpectraMax M2 (Molecular
Devices, San Jose, CA, USA)= 013’5}01 562 nmol A =4

SHRAL, Ad= AR oW SDS &4 T gsfo 2 1

B Sl

70% ethanol 5 mL& 7}—}0# 12A)7F SoF wHt &3 &
4oCO|A AA|ote] A2 AFGRES Ao AHESHATE 5

Z5& 40 pLO]l Folin-Ciocalteu’s phenol reagent (Sigma Co.,
St. Louis, MO, USA) 40 uL2} S5-7<= 360 uLg 7Foto] &
3Hst & /\lioﬂk] 5E7F H]—O/k]aﬂr,} o]_,_ 7% sodium
carbonate 400 uLe} 575 160 uLE H7Fsto] A4
9027t WA F T, ¥H-g-H-2 13,000 rpmOll Al 5E7F ¢

ARt & A5A] FFEE 725 nmol A S5kt
gallic acidE FFEA= 2T HFAdS ol8st] &
2lH&= TS mg gallic acid equivalents (GAE)/g 2.2 1}t
St

ol
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RE o AL 7 A pEe SHe e ARt
2 ¥tE- A| Z (biological replicates, n=3)5 Ag-cte] )
stglon, Aib= Byt 2EHA} (mean+ SD)E LYERY
Aok A= 2 FAA Bt et a2 deestE

>
>

A (one-way analysis of variance, one-way ANOVA)=
St & Tukey’s multiple comparison testS ©]-85F] B+
oS AAskn. A4 folaes p<0.05z A
Sk frefotu At 27499 22|78 Hok= heatmap
ol-g5to] A Z3}st3iTt.

llo ox

23t g

ol kY

1. 2218 X{2|0f }2 cefshE2l oM = Het

FARZF ] & o]-8-5to] &2 4] Aol mbE tefst
o] 9 2 we FEE DAY 2t A2 PR vl
s oe] Feld Aols} SfoIsIich g, 1). B A
T(KWP)OA = A3 AFollA BILH Actinidia arguta St
o] Gefa 543} SAH] 98 Ei g 58
T} drobt7h P AT Qin er al., 2025). FAZE A7

4

ooz [

T(FDy= FA 2ot vl w e o 315k oY £A4fo
2] oForom, AvtH o2 R o] Jert FA|H= &F
= Bt vH F224) AelAolA= 5 el
ol a3} npdo] THE| et E5] —70°C TEAEA A
2 (CM70)lA —20°C T A4l A 2]+ (CM20)E et &
2ol F3loA TE= It AT HPP) A = L5
o] ¥, & 9 mtdo] ERIE it
CM703} HPPOIA] ¥l o8 &4k 7}
g9 71AH FAI DA ol i o=
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N
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wujo] 724 ghe] Astelol nlAlEd 9 wWo]
= A ST 4 gk ol mlAl TR ek
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o 725 WIkAIA UF H30] o84 ol7] I
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(Wu et al., 2019). THA] 2 Qo] A
Sk o] % FRld oAt 2 S
Sto] 47 FFE vHS 7Fedol AUt

rd
fll
ok [N 0, o

E g
j(_')_h
Ir
ME R LB R bk do o by

w4

A

2. 22| M2| = Cl2fst2el EHdE = Het

=712 A2]o] w2 refieho] R 2442 Table
29t 2}, FA Y (KWP) O] 22 9.28%30H, &
2] A2 & 2.83~444% W= HAHH) o= FEA

Fig. 1. Morphological characteristics of Actinidia-derived bee pollen subjected to different physical treatments. SEM images of (A) KWP,
(B) FD, (C) CM20, (D) CM70, and (E) HPP at the same magnification. White arrows indicate pollen grains showing disrupted or deformed

outer wall structures.
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ARt o2 §AE S-S HojErt v AW gk
FA279] 0.76%°14 2T 0.99~225%= F7F5+31

o, HPP A& ol A 225% 2 7 =2 32 Bt 7
71 &2 IS Aok HPP A 2]e] A dhefo]
AHH R A e, o] 2§k 2ol = T
of 2 v ayto s AyE] ofH Yt
of M2 FHE A o] X WS A & Y
FE UHS 7Fs/d0] Lo, ofel sl 7t
E7 dgoirt @43k o2 59.12~63.91% H 4
ERLOom, A 7t 2tolis 41, ek )i o
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il
nE
rlo

o Ante Feete, 2e4 A2 F ohfsEo] &
13} 38 gere vlwA Qg G v, Fa

S8 9 22 Sl A Lehge) 53] Hpp A
FolA g oR e 2A ol lEgon o

3. O] 4 ZA0] AR} 2|7 FY et

S04 A2 w2 thefjstE ] oAt 242
Table 3 ¥ Fig. 20| YeFHSITt. 24 A3t 5 1752 ot
Lito] HEE e, 8 ofu|icit-2 Asp, Glu, Leu, Lys
2 Arg TO& SRIFGIT FA 219 F F/dofn| At
2 23.52 2/100 g0, =24 A 2ol A= 24.00~

24.94 g/100 g HEI2 YEPETH A2 5 HPP+= 24.94
g/100 g2 2 71 =2 gt Blon, R4+ 4 cM20
Hot fojA o= w4 UEHTH(p<0.05). 7HE ofr| At
g2 A 2lo] wpat YA 2po] g B ot HHE ]l o
LAt 2788 FARE S el n daopm|icit o
Al BE Aol A {2 = Tt

ol FANX, AR 2 1AL 22 EYA A
27} tefjsh o] FAdotmlieat A BlX]= Fgo] A
2] Qho2-& HojZtt gt Hpp Aol A & Aot
LAk o] 71 =] vrehd A2 o] ito] AjEA A
AE AT Eots IgA o] 2 shE 22 9] XA
Ha}7} Tl o] ZhpEal W ot gt Blp-Eol o
T2 UHE 73S AAKRITE. o]t A2 A SEM
oA HPP A 2] § U5 3 9] o9 By 3 &4o]
shold Avlele dvhe 4= it

4, M2|7'8 f2|ot0| it T2Opo| MEHE 3}

fejopnliate. g ot feto]So] AgatA] ke

a
0{ b ab b =
g
H
g 151
=
S
=
g 10 4
=]
2
£
=
3 5
g
0 . . : .
KWP D CM20 ~ CM70 | HPP

CThr CIVal lle B@Len BWPhe BELys BEHis BEEMet [CINEAA

Fig. 2. Total amino acid content of Actinidia bee pollen subjected
to different physical treatments. Different letters indicate significant
differences in total amino acid content among treatments by Tukey’s
test (p <0.05). NEAA, non-essential amino acids.

Table 2. Proximate compositon of Actinidia bee pollen subjected to different physical treatments

Treatment Moisture Crude protein Crude fat Ash Carbohydrate
KwpP 9.28+£0.05 27.81%0.17 0.76+£0.03 3.03+0.06 59.12+0.21
FD 4.15+0.06 27.92+0.07 0.99+0.01 3.03+£0.09 63.91+£0.07
CM20 4.17+£0.04 28.07+£0.02 1.32£0.16 3.00+£0.04 63.44+0.23
CM70 4.44+0.09 27.98+£0.02 1.51£0.06 3.01+£0.03 63.07+0.06
HPP 2.83+£0.02 28.45+£0.07 225+0.12 3.06+£0.04 63.40£0.26

Values are expressed as mean+ SD (n=3), g/100 g. Carbohydrate content was calculated by difference: 100 —(moisture + Crude protein + crude fat + ash).
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Table 3. Amino acid composition of Actinidia bee pollen after different physical treatments
No. Amino acid KWP FD CM20 CM70 HPP
1 Asp 3.12+£0.01 3.13+£0.08 3.11+£0.04 3.14£0.06 322+0.03
2 Thr 1.17+£0.01 1.20£0.02 1.20+£0.02 1.22+0.02 1.25+0.01
3 Ser 1.33+£0.01 1.39+0.04 1.38+0.03 1.40£0.02 1.42+0.01
4 Glu 2.96+0.02 321+0.06 3.19+0.05 323+0.05 325+0.03
5 Gly 1.20+£0.01 1.20+0.02 1.19+0.01 1.21+£0.02 1.25+0.01
6 Ala 143+0.01 144+0.03 143+0.02 145+0.02 1.48+0.01
7 Val 1.34+0.01 1.33+0.05 1.35+0.02 1.39+0.02 142+0.02
8 Ile 1.14£0.01 1.14£0.05 1.15+0.02 1.18+0.01 1.21+£0.02
9 Leu 191+£0.01 1.94+0.02 1.94+0.02 1.96+0.02 2.01£0.02
10 Tyr 1.01+£0.01 0.80+0.01 0.80+0.01 0.81+0.02 0.96+0.02
11 Phe 1.22+0.01 1.11+£0.01 1.12+0.01 1.14£0.01 1.29+0.02
12 Lys 1.5310.01 1.851£0.02 1.83+0.02 1.85+0.02 1.71£0.02
13 His 0.70+£0.01 0.73+£0.01 0.72+£0.01 0.73+£0.01 0.75+£0.01
14 Arg 1.53+0.01 1.51£0.02 1.50+0.02 1.52+£0.03 1.55£0.02
15 Pro 1.17+£0.03 1.37£0.06 1.28+0.03 1.35+£0.03 1.38+0.02
16 Cys 0.31+£0.00 0.36+0.01 0.34+0.01 0.34+£0.01 0.34+£0.01
17 Met 0441001 047+0.02 04510.02 0451001 0461001
Total 23.52+0.15 24.17+0.34 24.00+0.28 24374033 2494+0.26

Values are expressed as mean =+ SD (n=13), g/100 g. Essential amino acids are indicated in bold.

Table 4. Total free amino acid content of Actinidia-derived bee
pollen subjected to different physical treatments

Treatment Total free amino acid (mg/g)
KWP 8.50+0.29
FD 9.99+0.72
CM20 948+1.32
CM70 11.08+0.16
HPP 9.32+0.60

P2 EAJ5HE ofn|iito g WolR o] QJoFd E
b Aol FFE E & U= T8 AL AEo
(Bayram et al., 2021; Rzepecka et al., 2024). &3] 2] *|2]o]
oE tishe] & o] it 9Fd-E Table 40 LE}
Wolet, FA 2] & fejom| it T2 8.50 mg/gol
Qom 222 A7 5 932~11.08 mg/g HHE UEL =

= AgFollA FA 2T o] =2 3 Bk A2+ F
CM70-2 11.08 mg/gl. 2 & f-2lofu]| it dfo] 7MY =
Al YR, o= =4 o] o3t
B A2 78 AR G AR & FFS 1|
A& 7Fs/3S AR,

A8 felotliat 24

-70°C 52 4

H3l= 5427 4] log, fold
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change (log: FO)E ©]-85}1°] heatmap 2= A|Zt2}stoich
(Fig. 3). &4 A3, A 2| z7de] w2t f-2lopm|ieike] 57t
9 A4 o] AR o2 Yehton, Jdf 4E2 =
g4 2] & MEA A=HAY AE Fol #Helsiaitt.
AR AgFolsls vhg2] o] ito] FAfalAt
] Z7lske AFS HAT, E8] cM70014E & G2
ofa| At RFF F7Het @Al of 2] opw|iAte] A F7t
7} SRRIE| Ut HPP A E] 4= 5 eotu| At 3 37t
2 cM70ETH 9eto L a-ABAS Cys7t 242} log, FC
472 9 2482 37 715191, f-Ala®t GABAE Z7F5)
£ 5 54 A8 549 T3 profile H18Hs B3t F4]
ol Ser, Sar, Lys, His & 4% Flofn|icate Zasto] 11
A7t FElohn|AkE dEA o R FIHAZ|7| Bt
Al 24 ¥IskE G5t A o2 wote)
ol 2|3t M3l= A7 HHAlo) whE S 22 9] Ee4 &
g} olof] mhE AR} AR 24 Hsket IRE 4
Utk 53] cM7001A4 & frejotn|ieqt fFgo] At
4] oF 30.4% S7FeE A2 SEMOlA] ERld Hjw A &
gF Skt &/t o e o, Aol A F ooz
z 20 71414 Eafgo] ZFsiAHA R fejopr e
o] 8%o0] 2715 A2 sfAT 4 ¢t vhA Hppol
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2| x{2|ofl wHE Ctf &

sHEo| HEf 3 o

Ha}

r-III

+
o
a

(=
aBuey) 1047901

-0.5

% . New
* : Not detected

FD CM20

CM70 HPP

Fig. 3. Changes in free amino acid profiles of Actinidia-derived bee
pollen subjected to different physical treatments. Values represent
log, fold changes relative to the untreated control. Red and blue
indicate increased and decreased levels, respectively. %, newly de-
tected; *, not detected.

A% SHo] igat £afo] PATG O & felot
1At eFe] Z7HE oF 9.6%e] TH.0m, A AR AE
Z7h9} 227k FAlol ekt A Aol E 19

b1l
2lo] wheh USR] fejotn] it fhgat 2/do] Hoh=
Ao BaElo] |z wet E FEe] ghgo] A

o|g 4 IS HoJETH(Tuoheti et al., 2024). WEHA] 3}
o] &4 Argtoz fejohn|iAt 24 WsHE HE
Ago7|e o#]eH, & Aol A et Hshe 32
| T2 =274 Wstel g4 A7 Ao e 4

Hhee T o ® Jsto] ST WaTt Q.

fr BN
e
j?_[l‘
2

5. ChE £ 4 Ty}
2ol Aejo] W ksl 54 thd sk
sh2 sholalr] 9I5) 1% SDSE olgate] Th L. 235}

Table 5. Extractable protein content of Actinidia-derived bee pol-
len subjected to different physical treatments

Treatment Protein (mg/g)
KWwWP 30.01+0.62
FD 3998+1.12
CM20 42.18+£0.69
CM70 46.11+£1.23
HPP 59.67+£3.53

Values are expressed as mean+ SD (n=3).

hl A SRS g AS 1:1]_,]_14

T o At oH, &
TR ShRR B 2]49] 30.01 mg/goll A =24 A
% 39.98~59.67 mg/gl 2 Z715F .2, HPP A 2] 7ol A]
59.67mg/g 0= 7HY =2 S UERTh

ol2fgt Aih= AA| Tl b AA| 9] SUtE o= &
2|4 Azl oJ5f] SDSE F+F 7Feeh A —‘:‘rml 7t
gt Aoz AT 4 et 53] HPP A FoA= 74
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st} A S o] vl A2 A Wstol] whE 8w
A =7 Botd o 2 2285t Aylg mokzE ol

6. 22|H x{2|of| WE & Z2|ni= 2 Hel

A Atk (Karlidag, 2025). 222 2o & thefjg}o]
Z ZddlE S 24T A (Fig. 4), FA A= 317
mg GAE/g 2.2 UEFG O™ FD, CM20 ¥ CM70 A 2] 7=
217+ 2.95,2.67 2 2.77 mg GAE/g0 & SH1 =] ¢{th. HPP A
2= 3.93 mg GAE/g 22 7MY =2 312 H32H, FD,
CM20 9 CM70 A 2FHE Fo&H o0& EA ettt
(p<0.05).
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Fig. 4. Total phenolic content of Actinidia-derived bee pollen -

o b TG 2] FOIA 24.94 /100 0 0.2 7P =7 LpehdTh &

subjected to different physical treatments. Values are expressed as
mean =+ SD (n=3). Different letters indicate significant differences
among treatments by one-way ANOVA followed by Tukey’s HSD
test (p <0.05).
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