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Abstract: [ Objective | This study aims to investigate the physicochemical components and antioxidant
activities of 5 kinds of Apis cerana cerana honey in Jiangxi Province, thus providing theoretical basis for the
development and utilization of the characteristic Apis cerana cerana honey in Jiangxi Province.[ Method ] Five
kinds of honey were collected from Apis cerana cerana in Jiangxi Province, including Castanopsis honey,
Dendropanax dentiger honey, Syzygium buxifolium honey, Fagaceae honey, Rhus chinensis honey. The
palynological identification was carried out. The basic physicochemical indexes such as glucose, fructose,
sucrose , moisture, acidity, amylase activity, ash, electrical conductivity, hydroxymethylfurfural, total phenolic
acids and total flavonoids content were determined.The antioxidant capacity of Apis cerana cerana honey and
Manuka honey (UMF10+ ) were evaluated by DPPH free radical , ABTS cationic radical scavenging activities,
and ferric ion reducing/antioxidant power (FRAP) assay. At the same time, the correlation analysis of the basic
physicochemical composition, total phenolic acids, total flavonoids, DPPH free radical scavenging ability , ABTS
free radical scavenging ability, ferric ion reducing/antioxidant power was conducted. [ Result] (1) The results
showed that glucose, fructose, sucrose, acidity and hydroxymethylfurfural in Apis cerana cerana honey were all
in line with national standards, except for ash content[ (0.421+0.034) ¢/100g ], electrical conductivity[ (0.804+
0.044) ms/cm] of Syzygium buxifolium honey. (2) The highest contents of total phenolic acids and total
flavonoids were found in Castanopsis honey| (0.375+0.040) mg/g]and Fagaceae honey[ (0.165+0.012) mg/g |,
respectively. The strongest scavenging ability of DPPH free radical was found in Fagaceae honey [ (34.244+
6.445) mg/mL] , and the strongest ABTS free radical scavenging power was found in Castanopsis honey
[ (62.458+4.078) mg/mL]. Syzygium buxifolium honey [ (0.751+0.060) pmol/g] had the strongest ferric ion
reducing/antioxidant power. However, they were all inferior to Manuka honey (UMF10+ ) (P<0.05). (3) The
contents of HMF content, total phenolic acids and total flavonoids were significant negatively correlated with the
ICy, value of free radical scavenging ability (P<0.01) , and significant positively correlated with ferric ion
reducing/antioxidant power (P<0.01).[ Conclusion ] The physicochemical properties, total phenolic acids, total
flavonoids and antioxidant capacity of 5 kinds of Apis cerana cerana honey were significantly different. Fagaceae
honey had the best antioxidant capacity, while Dendropanax deniiger honey was the weakest. The antioxidant
activity of Manuka honey (UMF10+ ) were higher than those of the five kinds of Apis cerana cerana honey.The
content of HMF content, total phenolic acids and total flavonoids had a significant positive correlation with the
antioxidant capacity.
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Tab.1 Honey sample information

R KRR SR g K AT SR AR /) S 1]
Name and abbreviation Collection location and coordinates Collection/purchase time
53} % (Fagaceae honey, QDM ) BONTE TR (25°21748'N, 115714'46"E) 2023.06
T A% (Syzygium buxifolium honey ,CNM) BN AT # X (25°41734"N, 115°04' 18"E) 2023.06
R %% (Dendropanax dentiger honey ,SSM) HONT 4B - (26°28"16"N, 116°0'49"E) 2023.07
A% F% (Rhus chinensis honey, WBZM) B T TR (26°28'15.5"N, 116°0'49'E) 2023.09
HEJ® % (Castanopsis honey , ZSM) N 24 8- (25°1075"N, 115°31'27"E) 2023.05
% P 1% % (Manuka honey , MLK) HE4EAL (COMVITA) 2R | Rk 2023.10

1.2 HhigiEEmmEEE

SR F 5 5% GB/T 23194—2008", JFA44 77 4 T LUE ik, BURHRIENT  MEFFRIR 10 g
P, BT EAS T, A 50 mL ddH,0, FE70 5 5 (il I 88 58 VR i o P TS I K IR WU R 8 B0 A8
i, L4 000 v/min 5.0 10 min. B OS5 RS, 55352 2/3 (0 _ 35, B2 25 DA -5 70 A e 2 K 0 AR 45 AR AL
ddH,0, 5 FIAREL IKBE 3~5 U5, IR BRI HE R FRZY 5 mL, IS W AR I 10 L fin 22 40 i 3 1 &t
b HCE TR A T TSR . RIASREINA 1 mL 50% H i B 2~3 3 5% A MRS G L BT
4 “CUKRE 2B IRAT o

K T AR YR 100 20 Y AR T 400 % L T 18 B BE [MODEL ECLIPSE Ci-L WL 1 1 55 , JE e &%
(B A RA R AT WG . S T P e R & BEAR X B D 7 0 B A TH R AT A T R 5
e R ARMGE AKX (DRI

AER#=N /N, x100% (1)
AN SR E IR AR, A s N, R e AR BB, A
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1.3 g IR RGN E
AT SOME EHE A B E 218 GB 5009.8—2016"HI R [ 7 5 K4S R FE I A 2 B SN/T 0852—
201215 B 7 5 TE RS T T MR T 22 23 B8 GB/T 18932.16—2003" 5 1 )7 12 5 JR 43I 5 2 R G B 5009.4—

2016 #1552 14 7 1 5 L 2 30 4 2 BB GB/T 18932.15—2003 4 5 14 7 v 5 ¥ H J M o ) 5 = B8 GB/T
18932.18—2003 L5 I 7125 o
14 TigEE SEMEE. SERPNE

141 PHHREH LG &

FARGEFE PRI 0.1 g 1% A 1.5 mL 60% CFEHEBUR, 784377 ,25 °C .12 000 r/min #5.0> 10 min,
VW, =, A
1.42 P d S Wk e nl

K AR AR (Folin—Ciocalteu ) 1 i Sy 5 2 o HOHE 28 1 0 Y ANl 51 1 96 FLAR Hh I 4% JELEL S (total
phenols, TP) i &5 (_E VTSR DR AT BR 2 5D Ui BH A5 L (025 BRI AT I ﬁﬁﬁziﬁ BARFL ARG A
(200518A , % [# BloTekaﬂ’%N%EﬁFE/\j)ﬁ%O nm A0 B WO BEAE . o, S R bR R 2 4=
0.349 4x-0.000 6(R*=0.999 9) , 4 v G 3 iR & w4 A 20 (2) T H

SR & =0.286 2% (A ,—A .+0.000 6) X V=W (2)
K (2) A RIS MO CRE(H A L X BRZA WO FE R 5 VA I AR BORAR TR, 1.5 mL; WA FE S BT, g0
1.4.3 R ¥ h R e E

K H NaNO,-AL(NO, ), i 0,325 I 2 v PG 55 ko BBCEe 2 1o 00 9 AR 3K 70 1 96 FL AR v I 4 IR 4
(flavonoid ) 17 & (_FHEVISEAE YRR IR 7)) U 45 BB BT e, i 1] 2 D Re ff L AR A A AE
510 nm ZbIN B I EREAE . Forp, BB AR I 48 R y=1.627 7x—0.004 9(R*=0.999 9) , # %& viv ji, B [ 1%
AR A (3) 5

SR & =0.6X (A ,~A . +0.004 9)xV+W (3)
K (3. AmﬁtWﬂ%‘éﬂﬁ AL BERZA RO G REAE s VA I AR B IARR , 1.5 mL; W AE L BT, o
1.5 HiEEESRSELENNNE
1.5.1 DPPH & d A AR Fn 2

W AE RO A5 . PRI S g MRS, BT 50 mL AR A, I AGBAIK (ddH.0) T E R B 21 i
il 1% 100 mg/mL AR . 2R AT UM B Uk il 45 50.00,25.00, 12.50,6.25 mg/mlL [ 28 5] Ji 2 9 55 V5 T 4%
5mL, %M.

DPPH ¥ 1 i 45 o MERRAR X 1,1- R 58 -2 =il 528 Bk (1, 1-diphenyl-2—picryl-hydrazyl radical,
DPPH) (M Qi A YR AT FRA R ) 2 mg, FHICIK Z B 38 431 91 52 45 28 50 mL, Be il 5% 40 mg/L DPPH
VR, B ERAC , R AR AT

Hp I i A S IO E . DPPH A i BV BRI 225 T 4l ik IE S . HARERAE
IR 2 7E 96 FLA R AR YN A B 25 £ 100 ¥ 100 L A1 DPPH 5 ¥ 100 L, 15 B AE S 25 1 20 (06 85 17 T ok
100 pL+JG7K L 100 L) F125 X6 BR A (JE7K £ 1 100 wL+DPPH ¥ 100 wL) , ' 521 30 min, f
Z W REIALAR A I AE 517 nm A WO EE(E . DPPH H H BE I8 BRZ8 4408 20 2 (4) 71550, M8l 45
IR B v BE 4R, 1HIR 1Cso (I PR 5 B 3038 50% B e vk i) .

DPPH H 335 bR 2%=[ 1-(4,-4,)/4,1x100% (4)
K () AR A A ROGIE A, ARG IE R DPPH H SR WO , A, 25 D6 BREH I RO R
1.52 ABTSFa &-F & d A Ak e

ABTS TAEM B o BUEHT A BE TR 0] & (ATBS flobi i ) (b R it AE M RHE A R W) )
ABTS ¥ W R AEAR ) 35 BR 1 e 1 R FR LG A TR 5 IO T D ABTS TAEREWE , = DG 12 h J5 H ddH,0 7 B
3015 % ABTS TAEM

A A I E o ABTS FHES B H ERIE BRiS0 275 Re SIS0 Jr ik IR Uik . 1.5 1 e ]
PR B TR 40 WL 1 ABTS TAE 160 WL T 96 FLAR , B &AL b 25 (20 (M B A7 I 40 wL+ /K 2 B3
160 wL) 12 (X BRZH (TEK £ 40 wL+ABTS TAEW 160 L) , 38 S 10 min, fif FH 22 ) REfFLAR G T
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AAE 734 nm AW OCEE . ABTS BHES 1 I RIS BRARAAE AN G IR . ARSI A R Vg BR R
—WRHEIIZE 153 1Cs0

ABTS FHE B H 335 FR 3= 1-(A4,-4,)/4,]1x100% (5)
R (5) A R A T OGIE A, AR SL TR 92 ABTS FHES 7 A i BEAY I GIE L A, S X FEZH ARG

1.5.3 % & F & R/HRAALEE H (ferric ion reducing/antioxidant power, FRAP )| &

WS RE SR 45 . RIS g W SR, B T 50 mL AR, A ddHLO 1 3T 2 25 28 20 BE |, Tt A
100 mg/mL B¢ % A -

FRAP % T (1 4 o BURBL AL RE F7 4 50 85 (FRAP %) (G B4 W BHE A RS 7)) HRist Al
— L SR AR 10 1 IR A O E FRAP TAEW, B BLED , 6 AT 37 “C/K I 10 min,

W B RE SR IO E o B TR BT A AL RE F1 (FRAP) I SE 2 2% gk S & iR 56y vk -tk . B
M 10 WL FI FRAP TAEW 190 wL T 96 £k, LLJE/K 212 10 wL A FRAP TAEWK 190 WL R =S [ 4} 1R
Y1 IRA 5] G RN 20 ming (I ATHE 22 D) RESCFL AR I #4237 °C, 7E 593 nm A 42 W '
{8 o, Bk 1k BT SR RE bR vE IRl y=1.241 6x+0.013 4(R*=0.999 6) , H 4 A= (6) 355 i %
BB Tl R AL RE

BB PR R RALRE J1=( AA-0.013 4)+1.241 6XV (3 W (6)
H(6)H1: AA=A y=A . A IR C A AL RS BRI BEAE 5 V o AR BV R, 50 mLs WORRE
Aé\ﬁ§‘9go

1.6 BIESIH 500

06 80P 38 1 Excel #E47 4387, A1 FH SPSS Statistics 26 fdi F ¥ [K & 7 22 53 H1 (one—way ANOVA ) K5 56
A5 UL Y 22 57, T4 T Spearman AH G 28 8053 H7 K62 56 2% 2 1) AR AH DG , K008 249 AP S (H AR 1 fi 22 (means
SE)#/R (n=3) , i FH GraphPad Prism 8 il/EGE 11K .

2 ZER545H

2.1 HFEEEERMFELEE

S 7% (b B R IEAE ) R AR 0 A8 A0 T 285 )P (4 7 vk %o B B ARy 1A 7 50, DA SR AR B
T >45% 1N BRAEEE (W F AR EDT, X 5 e et SRR S A TR DU AT oSS IRR IR, oSk (AR A
K 5=65.01%) WS (3=57.73%) HFHHE (3=52.90%) . Tf5 15 (3=72.30%) 48 % (£=53.66% ) % 5 Ff
BT A AR AR e . oD, 5o b U h R A SR R A ) S A R A ) AR R . % TR R
Y5 HEE Y RS TR, ZE IS B ATV Wz 3k e a4 .

A~E 505 SR A SR ALY A S A A T AER B IRIE TR s a~e s 23 BN SRS ARY) HEIR AR WS RA
TG TAER AR T
A-E:The equatorial view of the pollen of Castanea, Castanopsis , Dendropanax dentiger , Syzygium buxifolium , Rhus chinensis ;
a—e:The polar view of the pollen of Castanea , Castanopsis , Dendropanax dentiger , Syzygium buxifolium , Rhus chinensis.
BT rpde s B A0 il B 25 (400%)

Fig.1 Electron microscopic morphology of main pollen in honey collected by Apis cerana cerana honey(400x)
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AEBIE SRR 23 M 2 W < HE S AL -5 SR AR ) 090 AE A LA R AFMLL , 0% T IR0 O 52 A BRAES |, A0 1 0 22
=B, A =LA S SR AR Y ARk 2 T HE R AR, B =LA S oA W o RS ek
PRBUER, Al S K BRI R TS B =0 , B = AL AR AR 20 T8 T UL S et BRI | A T UL
BT, BA =AU TS T AERPRLATREOR , vl UL S ST, A DU SR B, BT = ALY, B
EAREIIE 1 7R
22 g EIEA R

Z: NPT AR v SR A At v A W RO TREWE K 23 IR BE DRI IR K 23 SR R Y
(hydroxymethylfurfural , HMF ) 4740 , 45 GH/T 187962012 e 28 )T ] o £ i 2% L e 280 ) s o™
X S AR AL HEAT A o P 3 2 AT S A TP R R B R T 65% , BERE S /N T 5%,
FEEAT AR HE™ . B IR B K 73 (2=19.86% ) 35 B — 2l (<20% ) A, H A e 2 A it 49 0 2 — 9 it 2
SR (<24%)™, FE R EES MR SS SRy 4.26~21.62 mL/(g-h) , B8 TAT AR 4 mL/(g-h)™, R Al 2
Hb, A B S BB KA R R RS AR ER ™ BRI 11.98~20.69 mL/kg(1 mol/L NaOH ¥ ) , ¥4
TEAT M ARAE SR VFIE R A HMF & 25 T 8 B AT L bR (HMF<40 mg/kg) ™,

&2 hEEEERIEAER
Tab.2 Physicochemical properties of honey collected by Apis cerana cerana honey

By FoE WS TR TG T8 o & P

e 7%
Component QDM SSM CNM WBZM ZSM —% %
IR 1% . ! . (28]
. 20.48+0.14" 23.78+0.04" 21.33+0.08° 22.82+0.34" 19.86+0.63° <20 <24 GH/T 18796—2012
Moisture content
BF 100 g 75 7 Wi/
I e it 32.86+0.47" 31.45+0.20™ 30.54+1.15° 32.13+0.74" 33.23+0.22°
Glucose
£ 100 il
H: g Rk 36.87+0.17"  40.19+0.37" 35.28+1.00° 36.85+0.24" 34.71+0.39°
Fructose

£ 100 o HATHE + HMl/g

. 69.72+0.54" 71.64+0.48" 65.81+2.15° 68.98+0.72" 67.94+0.35" =60 GH/T 18796—2012"

Glucose+Fructose

£ 100 g HHERH/,

,t g Ehte 0.28+0.04" ND ND 0.32+0.02"  0.85+0.09" <5 GH/T 18796—2012*"

Sucrose

REE/(mL kg 2

ﬁa%_t(m g) 17.30+£0.25" 11.98+0.13° 20.69+0.61° 18.84+0.35" 18.50+3.02" <40 GH/T 18796—2012""
c1 ly

FEM B P/ (mL g ' - R

ﬁﬁ’mﬁ@‘(‘m & ) 426+0.48"  6.27+0.53"  7.68+1.32° 11.87+0.43" 21.62+3.25" >4 GH/T 18796—2012"

Amylase activity

£F 100 g JK 43/,

100 g K5} 0.195+0.016" 0.224+0.015" 0.421+0.034" 0.238+0.031* 0.095+0.003° <0.4 GH/T 18796—2012*"

Ash content

5 F/(mS-em™) ] e 5 it 72 B M D s o

0.380+0.012° 0.242+0.005° 0.804+0.044" 0.556+0.013"  0.31+0.030" <0.8

Conductivity (CAC 2019 4F&1T)™
2 p / ko™ 2
?ME']FE*E% (mg-kg™) 4.295+0.289" 1.157+0.045° 1.679+0.600° ND 2.46+0.501" <40 GH/T 18796—2012>

“ND"FRR KR FITA R AR EFRR BA W25, P<0.05,

“ND” indicates “not detected” ; different superscript letters in the same row indicate a significant difference , P<0.05.
23 FEBRELSHMER. AERSE

A3 50 v v e e R G TP T R Y e R 1 Dy A 5 1(0.375+0.040) me/gl, S AR A S 5
[(0.185+0.006) mg/g], 5 Pl i e e 5 i () 50 B 1R 5 £ 34 W 35 AIK T 22 /5 R 14 #6[(0.624+0.027) mg/g](P<
0.05) o Hirr, HEJE@ % 1 S R & i 0 S T S8 R #[(0.291£0.057) me/g] Fl T A% - #[(0.246+
0.012) mg/gl(P<0.05), 5731 2[(0.317+0.022) mg/g|2 %A (P>0.05) ; B S 2 (1) Bl R & 1 i E 0T
Hox 4Pl (P<0.05) o BRI\ S BIMRAR YO HE @ 2 728 IR  HAS T BRI S5

W B R o v S TR B B 5 5 S 6((0.165+0.012) mg/g], 5 % AR 2% [(0.107+0.008) me/g], T
A RE S B0 AR R AR T A S R 8 55 (0.30520.007) mg/g] (P<0.05) . 5¢31% IR EE[(0.146%
0.014) mg/g] . FLA5 T 2[(0.147+0.002) mg/g FIHEJE 2 [(0.165+0.022) mg/g] i)k B 5 8 2 5 A8 B35 (P>
0.05) , H¥) i 2 5 T S8 (P<0.05) o H e i 2 5 B T 5 1 M s BMRAROR Oy - 7 288 R 2 L LA T
B IR TS
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QDM-Fagaceae honey; SSM—Dendropanax dentiger honey ; CNM-Syzygium buxifolium honey; WBZM— Rhus chinensts hon-
ey ; ZSM—Castanopsis honey ; MLK~Manuka honey.Different superscript letters indicate significant difference , P<0.05.
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Fig.2 Total phenolic acids(A )and total flavonoids(B)content of Apis cerana cerana honey

24 rhEgREmELEE

ARBIRGE 5 A e e e A i ) B SRR BE I SR T DPPH 3% (ABTS 35 R FRAP 5, 1C,, 3 7m H H L
R AIAH] 509% BYEUE , 1C, BB , ACZIXS B 1 BE AT BR AE 1 Bl , DT AR B h I8 3A AT
1, 1E DPPH [ 1 3 BR U7 1, B 2 % 1) DPPH i BR F 1 5 1C,[(105.76+8.48) mg/mLIHiz i , 7c |- %
[(34.24+6.44) mg/mLIH AL, JIF A7 o e e 2 119 DPPH Y5 B 1 Fl 3% 1C,, 39 88 35 o T 225 R 1 2 [ (16.65=
0.53) mg/mLI(P<0.05) . N[ i s 2 i DPPH [ Fh I BR 3 A7 48 22 5% B 2% DPPH A ih 5E3 R
A 77 1C,, 0 3 T AR 4 Fh b i 4% (P<0.05) , DPPH I BBV R J0 55 . T F((58.0149.26) mg/mL],
HE 8 2 [(52.86+4.83) mg/mL]f) DPPH ¥ Bk H FH 5L 1C,, 2 3 & T5e 1 8 R #((36.80+1.36) mg/mL](P<
0.05). DPPH H &5 ERBE T M i BURARUC 7 8 i HEJR B TS TR I S8
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QDM—7¢ 3} ; SSM—HH 28 ; CNM- R il 3 5 WBZM— T 188 ; ZSM-HEJ8 % MLK -2 i R . Al EAR T RERoR H
A 2% 5, P<0.05,
QDM-Fagaceae honey; SSM-Dendropanax dentiger honey ; CNM=Syzygium buxifolium honey; WBZM~- Rhus chinensis hon-
ey ; ZSM~-Castanopsis honey ; MLK~Manuka honey.Different superscript letters indicate significant difference , P<0.05.
B3 el DPPH F BB FR 1C,,(A) L ABTS BHE 1 1 B IR 10, (B) Mk ik Bt i fk g 41 (C)

Fig.3 DPPH free radical scavenging IC,,(A), ABTS free radical scavenging IC,,(B),

and ferric ion reducing/antioxidant power(C)of Apis cerana cerana honey
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XFABTS P 7 A i 235 bR e 51 o Ar £ W (& 3B) , W 24 19 ABTS BH & F A 1 25 3 bR R 1C,,
[(193.89+8.56) mg/mLI% i , HF J& %[ (62.46+4.08 ) mg/mLIF Ak, HH i % 1 ABTS BH 5 H 1 275 BR
RIC, B T4 5 R %[(41.61£0.84) mg/mL](P<0.05) . Hh, 583 #[(70.02+4.94) mg/mL]. 7%
%[ (70.66+3.46) mg/mLIFIHEJE % 1 ABTS PHE - H H FE3 FR 3 1C,, T 18 3 25 5% (P>0.05) , {H 34 18 240
T HAEFH[(91.36+3.46) mg/mLIFIH S % (P<0.05) . ABTS FHEF [ H 5L 35 bR A6 77 A s B vk A
JE# SR RRE AT E AR S

BRES TR JRUPT AL RE 1 (FRAP) I 2 25 AN & 3C fif R . AR i [(0.751+0.060) wmol/g |4k B 138 J5/
PréafbaE Iy i, B2 #6(0.108+0.015) pumol/g i 55 , W I I 2 (1) FRAP 32\ IR T 22 /5 R 5 %8 (1.935+
0.048) wmol/g](P<0.05) o /~[F] H i W 5 1) FRAP B B AT I 35 22 5%, A f 28 (1) FRAP I 3% & T8 -
[(0.673+0.075) pmol/g]FI4E & % [(0.537+0.111) wmol/gl(P<0.05) , 7% 3% 5 HE % %t . & 25 5 (P<0.05) ;
FiA% T #5((0.386+0.024) wmol/g] i & 75 T B8 (P<0.05) . k& 13b 5T A AL fE 11 s BRI ok
T SR MR E I TEARN S
2.5 HREEEEARS.EHER.SERNSESHELENEXES T

Xof H e e g v ERAR B A3  RLIRTRR RL R B B S P AR BE ) G BR DPPH A 3L 1C,, T R ABTS FHES
T H L 1C, R E T8 5B B AL BE 1) AT A SC R B (36 3) & B, rp i i 8 HMF 5 it (7=—0.769, P<

F3 hEEEBAES EBE.SEMSHELENBXEST

Tab.3 Correlation between physicochemical composition total phenolic acids,total flavonoids

and antioxidant activity in Apis cerana cerana honey

i H Ttems 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1.7K4y

Moisture 1

content

2. A
Glucose

3.5

Fructose

4. R

Sucrose

5.
Acidity
6. TE R B
Amylase -0.189 -0.347 -0.332 -0.275 0.494" 1

activity

7. 9K5y

Ash content

8. LG
Conductivity
9. % I B
HMF

10. 5B R
Total phenolic —0.825" 0.138 -0.579" 0.082 0.549™ 0.255 -0.095 0.280  0.495 1

acids

11, 225
Total -0.782" 0.149 -0.409 0.216 0.361 -0.010 0.005 0.362  0.639" 0.840 1

flavonoids

-0.069 1
0.560" -0.202 1
-0.042  0.865" -0.267 1

-0.473" -0.247 -0.626" -0.122 1

0.132 -0.551" -0.033 -0.494" 0.296 -0.077 1
-0.322 -0.336 -0.400 -0.152 0.731" 0.088 0.675" 1

-0.648" 0.304 -0.309 0.213 0.011 -0.467" 0.107 0.183 1

12DPPHIC,, 0.566™ -0.182 0407 -0.253 -0.397 0416 -0.361 -0.654"" -0.769" -0.641" -0.724" 1

I3.ABTS'IC,, 0.852" 0216  0.716" -0.300 -0.497" -0.095 0.031 -0.381 -0.697" -0.837" -0.810" 0.782" 1

14.FRAP -0.591  0.073 -0.586" 0.196 0.549” -0.265 0.388 0.703" 0.706” 0.669" 0.719" -0.956" -0.848" 1
#FRIRAE 0.05 Z 5] OB ) AN .3, ++ 3R 7RAE 0.01 25 WU ) AR .2

* indicates significant correlation at the 0.05 level (two—tailed) , ** indicates highly significant correlation at the 0.01 level

(two—tailed).
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0.01) . M 2 (r=—0.641, P<0.01) . S 55 il (r=—0.724, P<0.01) 5 %% % DPPH [ th 3t IC,, & i & A ¢,
HMF & & (r=-0.697,P<0.01) SR (r=—-0.837,P<0.01) . & # il (=-0.810, P<0.01) 5% % ABTS BHE -+
] H 3 1C,, 4 58 I 35 1 M 6, 48 R HMF (7.=0.706, P<0.01) . BB 2 (r=0.669 , P<0.01) . i B (r=0.719 ,
P<0.01) 585 18 I /Pt A AL BE A7 AF B 3 IE A O OC R, RIS 28 b HMF | By R 6 B 5 F B vy
HH WG BREE T IC, 8/ K 251340 J5 A S A e 7 B, P (b e ) i . A i i B ke )
W5 KAy CRWE RERE R R Ko SRS G . DPPH H 1 BETE R fiE T 10, 57K 43 (7=0.566, P<0.01) & i
FIFAE, 53R (r=-0.654, P<0.01) B (r=—0.654, P<0.01) % B F A, ABTS FHE T [ H 3%
KR BE 1 1C,, 57K 43 (r.=0.852, P<0.01) o (r=0.716, P<0.01) 5 B E A, 5RRIF (r=-0.497,P<0.05) &
A, e Tk R/ AA AL RE T 5 7K 43 (r=—0.591, P<0.01) 4 (r=—-0.586, P<0.01) & B 3 i AH ¢,
5B (r=0.549,P<0.01) .FL 53 (r=0.703, P<0.01 ) £ i F IEAHC .
26 HEEENSERNENENILR

TSR H 5 PR (Kramer ) K6 90 250 e 48 255 5 HUAR A BE 1 AT PEA, Q, 3R7R 1% DPPH H i BET5 R
AE T ABTS FHES + H H G BRAE 1 BB b It A AL RE 1 3 R A i P43 R, Hor .23, 0,,..=18,
TEEARE R 5% ( F B 4~17, T BOEUIE 6~15) I I8 A i Z [RIAFAE 22 7 I 36 I 25 B DU RE T AR
FIMRIR R 22 5 R 7o IR HERE S TR S % (R 4).

R4 MBEBENSSRALE
Tab.4 Total antioxidant abilities of 5 kinds of Apis cerana cerana honey

DPPH [ £ R fiE ABTS BHE ¥ F HAEIEBRAE ) BRES Tl /b (b fE

K

Name DPPH free radical ABTS free radical iron ion reducing/ 0.
scavenging ability scavenging ability antioxidant power
7234 /QDM 5 4 4 13
WS %/SSM 1 1 1 3
IR /CNM 4 3 5 12
AL T #/WBZM 2 2 2 6
HE 8 % /7SM 3 5 3 11
A R e 5 IMLK 6 6 6 18

3 WiEER

TLV9 R BB TR 6, I 8 1 S A K AR e B R IR 1 3™ RIS 5 ol v e e
WAL AR b RO B ROBE R Ko RREE TER RS Ky SR CHMEF) #EATINE , 45 R R WIBR
TR B B ROy RS AT AR HE SN, AR I BN i 1) 25 TR R A5 5 A v 2R, e 8 B A 5]
— A bRIE . RN B AR B R S R i v, HHE I R RE S AR AR B B G R 1 o R e ) R R
A Ko KR T PP B — D E B AR 1 TP R A Y KRR 3 T 20%~24% , 7K
G O e, A T RE SR T 0 A BN A b i o TR B I B VLRSI ST A B, 1 A A e
a5 ISR T B R P 22 R Aot Ay s, S 25 (I e K 35 B SR T S I TR T D e 2
HA R T R, S R T A S R Y WA, /D ke 1 URAEL )  AE S RIAE R T A T
AR ) B e e PSR EE RO i e, A 2 D) e e e 2 % L O ) ARG Zhang S5l S
BT ST R, BEA ) 5 A TR i 1 d SE R 16 d, B /K 73 3% it DA 26.9% FRAIR 22 18.5% , T 453 T 135 4 I\
16 mL/(g-h) 42T 2 29 mL/(g+h) o JWEEAEAE DT SE A B, 7R 08 VR A 00 T 6 2 T B 6 PR AR AR, T 7
AR A A E B B 1 23 B I T A0 S T 8 28 AR AR . 2R 45 A S5 LB e s M 0 F S R W,
e 0 T TR oy RS P L N I A7 P B AT Y 3 2 e T e e A RS R DU AR X AR AE , A2 I BE A
A1 A SEMA /N o FEAS TR H , 0 F e A 1) 5 A RO 0 2B M/ 2 5 4 A oo, 22X ] g e B e i ot
)R JE A 5% , T BB R A A0 B TR A 5
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Z Ak G W BAT B i A PTG T, RO IS5 BT W DR 9 4 B YA 7 RV AE T A5+ T
P W AL e T 2 B A G ) O R AR AR AR R AR BT
T it 55 B URAE ) P SR A S DDA DG A A SO T AN ] b DX %) B A B A Y R B R
(7] i, DX 66 25 T 5 P A I TR T 5 R AR 0 2 25 5 o SRS S X 10 P B AR T e 5 1 o AT i — 20
TR, T 2 R B ) % et AN AN 52 b P75 I, 3R 5 VR (R A S DA O, 3K 5 AR IR 25 R —
o BLAHh, M S R B R | ST ) A AE — 2 I AE M | Estevinho SRR R B TR A IE E Y
ST B R TR G X DPPH [ BRI R BB 0 3 O TR e . FEASI g, e i
I R BT E AL RE T, HEBR DPPH H 1 3ETE BR R 1C,, I8 TR 2™ B B Rl e ™,

CA MR R, % PR ) 5 H AT A2 o % UG . sk E R AE ™ E o A R
W () L FoR (S R TR BB e i AT AL RE . B AR Y e v R R i S HA R
fbfie 1 S IEARSCPE . Socha SRR ST HE— LRI I8 b ) 226 G5 1l 20 BR ) Z RIAETE
FEAR DG o Zhang 5% O Fiulde S AF 5 UE 52, 6 vh BV B 5 5 1 F RIS BR 0 2 D) 2 IR ARG
AT GEI S A SR AT, E— 2D BRI T e e T 1 R BT i S B AR R T 2 TR A TE AR DG
SR R P R, AT RE D AR, AN [ 2K AR 1 1 RN R S Ak A W b AL RE T A
P 5 22 S0 B WA OE I s AR A e IR 1L A A S R 2 B 2k & 0 1Y DPPH H il L TE BR AR
JI8E R, ARG Y PR AGRE ) A 2 25 5, L L LL s 9 DPPH [ H SRS BR AR 22 2%
MFXNEER MER ABE,

F2 B BRI (HMP)/E D KARK AL G )2 AEAE T A SR 25 vh 2 20 b 3B | L 28 904
A RSy A PTR B S5 A P s R (H a5 9 HMF A2 B0 A, e v HMF 2 Hh 4 2
Wl R o SR S I A B, 2 A e R i Y B AR R 2 ', HMIF 3 e i i QR e
285 IR T K AE A, ARFE GH/T 18796—2012", % v () HMF 5 ft AN 15 #E 1 40 mg/kg. 1EAIR,
gy, rholg B SRR S A HMF 7 S R P RRAE , FF B AT AR EZR ™, AP /R | 1 %8 b HMF 5 i
HHAUAALRE ) 5 WA EAE DG X 5 W R E AT S 4 R — B

AHIGEXFVLIGAE 5 B v e e 58 (1 R 2 00 SR TREAE LK o0 (R EE TR R TS R K ) R R R 3
BB AR PRI S by, MR 5 R &, LA DPPH [ LT FRBE /7 L ABTS FHES 1 A i 335 K g
R I8 5T A AL RE AT T 2 W B 0T o 45 SRR, BRARAR 5 (0 K 43 (L FoR A1, 5 v e e 2
i BAL AR AR AT S AT\ AR UE . WF 5% K R, A [) Al 2 A v e e S 7 B TR R B R A 75 e DA E R e 5, -
S DA BIMERAR YO R #7838 R S T E I 2 ZRAPUEARE ) B KRB/ IMERIR R 7
S R R A TEMMSE, MO T R e b SR RN HME
PS5 HiEALRR ) LA . SR, AR I 5 Lt — 25 ) A A 2 45 5 o v e e 5 0E A7 90D B 0% R I, P
TR AN HLG L ZW2R Y BT . i at RGEWESE , ANLGEAT 7 HE S5 6 e e S (R TR FE T
Bl 34T 3 HLA b AR U 18 VTV R (o o e e 2 R, SAC°HE Sy v e e A T 24 I ) IO P B
WAL
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