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Polyphenic Constituents and Antioxidant and Anti-Inflammatory Activities of Stingless Bee Honey from Hainan

LIANG Xinwen', LI Qiangqgiang', GAO Jinglin®, WANG Kai', WU Limingl‘)k
(1. Institute of Apicultural Research, Chinese Academy of Agricultural Sciences, Beijing 100093, China;

2. Environment and Plant Protection Institute, Chinese Academy of Tropical Agricultural Sciences, Haikou 570100, China)

Abstract: This study aimed to analyze the physicochemical properties and polyphenolic composition and to evaluate the
antioxidant and anti-inflammatory activities of stingless bee honey (SBH) from Hainan, China. The polyphenolic compounds
were analyzed by liquid chromatography-quadrupole time-of-flight mass spectrometry (LC-Q-TOF-MS). The contents of
total phenolics and total flavonoids in SBH extract were determined by the Folin-Ciocalteu method and AINO; colorimetry,
respectively. The antioxidant activity of SBH was assayed in vitro by using 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical
scavenging, 2,2’-azinobis-(3-ethylbenzthiazoline-6-sulphonate radical) (ABTS™) scavenging and reducing power methods.
Its anti-inflammatory effect was investigated using lipopolysaccharide (LPS)-stimulated RAW 264.7 cells. Our results
showed that SBH possessed the physicochemical properties: moisture content (26.3 + 0.1)%, pH 3.7 £ 0.2, protein content
(628.2 £ 9.0) mg/kg, amylase activity (19.6 = 0.2) mL/(g°h), fructose content (21.0 + 3.7)%, glucose content (24.9 + 2.2)%,
sucrose content (0.8 + 0.1)%. The contents of total phenolics and total flavonoids in the extract were (96.6 + 0.4) pg CAE/g and
(16.1 £ 0.3) ug QE/g, respectively. The IC;, values of the extract for scavenging of DPPH and ABTS radicals were (435.1 = 0.4)
and (423.0 + 0.3) ug/mL, respectively, and its ferric reducing power was (0.6 £ 0.02) umol Trolox/g. SBH exhibited potent
concentration-dependent anti-inflammatory effects by inhibiting nitric oxide (NO) release from LPS-stimulated RAW 264.7
cells, markedly decreasing the mRNA expression of iNOS, IL-1f, IL-6 and MCP-1, and significantly increasing the mRNA
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expression of HO-1. These results suggest that SBH was rich in nutrients, phenolic acids and flavonoids, and had potent
antioxidant and anti-inflammatory properties, making it very promising.
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KALK PR NS AE 25 1.6 L pH 2 BE R /K %
W 2.4 LaizK ke AR Sy, JaH6.4 LG
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(2.1 mm X100 mm, 2.7 um) ; WsHHNAIK (A) -H
fg (B) ; Wi#0.2 mL/min; #EREE2 pL; FIR30 °C;,
el EEH0~2 min, 15%; 2~10 min, 15%~30%;
10~25 min, 30%~90%: 25~30 min, 90%;
30~31 min, 15%.,

JRE S TS R TR B AE3S0 Cy MR
AP L/min; 54075540 psig.
1.3.4 ST ER K vl 2 s e

3 FH AR AR - TR I S TG e e B 22 Wy 2R 4 ) L T
e e, I ARk . #5100 WL G i ide 25 2 1y A
D RRI100 pLARAAR-BHA IR % IR S), BEELRAES min
JEIIA300 pL 0.02 g/mLEKFREAE R, A E2 h, TEHK
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2 T PR P S R A . K150 pL UG g
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i1 hfE, EHKATS nmAb WG (96 FLHR il &
200 pL/FL) o SRR 228 (quercitrin equivalent,
QE) FIr.
13,5 H HIEIERRAE L R e
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%[l Yang Haisha%: U7 ik 3038 2410 %, I T il %
W 3 2 Ty 2R AU X DPPH H H1 255 B BE /7. #5100 pL7c
il e 0 B 22 Ty S P EU AN 100 uL DPPH TAETRIR A »
HAAN96 fLbH (100 pL/fL) - =Rk &30 minjg,

¥ o3 Bt I e

TEPE ST nmAb W6 FE . TC il e 0 25 22 Ty 2K 4 B4
DPPH [ H %35 /I FHICfH (pg/mL) FIR.
1352  ABTS" « iR E

%8 Yang Haisha%s!'O'52 56 75 vk & L 0 %, Wil E
TC il 0 0 B % iy PRI ST ABTS © » B AE 1. 3%
100 nL ABTS TAE VAR50 pLAE iAW n N F196 FL
PR, ZEIE B E 10 min, 7EJE K734 nmib il g5
FE o TCH i L Wy R AR IUIABTS * « 35 [ /1 1CS,
(pg/mL) Fox.
1353 ibJEAilE

2 {iGuo XialiZ:" 500038 24 A%, I T0 i i i
B LRI EIEE I ¥50 pnLFE SR 12.5 uL
WERRZE Y (0.2 mol/L, pH 6.6) . 12.5 uL 1%%:Eb 4T
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S, BEHEIE2 000X g 010 min, Jz Nk £ 4
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FRAW 264,740 My 82 Fh 7£24 £ 40 M 15 F= 4k
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My P B TRAL BT b, JE AT peg/mL4H i fig % bl
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HE24 05, WERAIMREFRM, B0, HU100 pL b is A
100 pL GreissAIRF] (194 & I EBEBE ) BE, W
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N E A IRAW 264.7 8 RNAE T RNA TR B
FEIREG, BT —80 CHll. KM NanoDrop 2000 1
GG TR RN AR B FI 46, ﬁﬁﬁPrimeScriptm
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20 puL, FIFAPIEEPCREGI . GAPDH N SR HER, Wi
PRI bR AEL, TR NEEAR R AR E S Y, 450 H
27AA(112€%[18]0

#1 qRT-PCRERTHIFIHIFF
Tablel Primer sequences used for qRT-PCR
R LiiEs ik
iNOS 5'-TTTCCAGAAGCAGAATGTGACC-3' 5'-AACACCACTTTCACCAAGACTC-3'
IL-1f 5'-CCAACAAGTGATATTCTCCATGAG-3'  5'-ACTCTGCAGACTCAAACTCCA-3'
IL-6 5'-CTCTGCAAGAGACTTCCATCC-3' 5'-GAATTGCCATTGCACAACTC-3'
HO-1 5"-ACATTGAGCTGTTTGAGGAG-3' 5"-TACATGGCATAAATTCCCACTG-3'
MCP-1 5'-AAGAAGCTGTAGTTTTTGTCACCA-3"  5'-TGAAGACCTTAGGGCAGATGC-3'

2 HR50H

2.1 R O e B FAL B3 A

2 TG RELRER

Table2 Physicochemical parameters of stingless bee honey
KA RS K% pH EAR AR (mgkg) VEMBEE (mL/ (gh) )
263£0.1 3.7£0.2 628.219.0 19.6+0.2
AEREN Y FEHRERES Y ERREE% BB HU %
21,0437 249422 0.8£0.1 46.7£6.0

WR2FT 7~ , K5 0T & 43 B VP A 0 3 o = ) —
ANEFERRAE, BT TG ) 0 e R AR R K o O BN
(26.3+0.1) %, 5[E ARG K IC I 04 % 2 K & A
B (20%~30%) ", BT s P AT AR HE (GH/T
18796—2012) WFllE: —HIEE (Apis mellifera)
(RI7K Ay B B AN 120 g/100 g, AL PE 7 %% (Apis
mellifera) W%, TR E BHREMGKE, HE
P BRI SE. IEA R SR AR IN A)i
P 2 ) BARE T A S K o A B A T R R P,
pHE & B2 i 25 1R R W B R R Y, i O i
W pHAE N3.7+£0.2, 5 [E Ak J0 il % i % p HAK AH 7
(2.9~5.3) 1225 By R A AN A7 1 A2 2 S HopHAR )
TR RN, A T A D e T 5 R (1) B R A
T A ol B Ve BRE Y (19.6+£0.2) mL/ (g+h) ,
A [F) 1 X9 6 o) e e i oy BB A7 AE 22 5, LKA
90.4~09mL/ (g+h) , &EHN1L5~3.1mL/ (g+h) ,
ELPi h4.4~49.6 mL/ (g« h) 223200,
Hby B BT T B 2 500 0 i 04 06 B Y ve M R . e T
I 25 IR B R B BN (46.7+£6.0) %, KT %
¥ (Apis mellifera) 2% (>60%) ¥, HrhHizhs &
Wi, A (249422) %, HICHRWE (21.0£3.7) %A
FERE (0.810.1) %, AR 7 b 5 {6l JC o) e e 2l A
WP BB FENEARFEERETEE. feh
L RNl S N NE P e P LT 3 fs g S Do =4
PR35 22 5, RS0 BTN i w0 ) e e 2 B 1 S
(628.2+9.0) mg/kg, % T SousaZs ™ iH i & i To hil i
WEE SR (2000~5000 mgkg)

22 TG 2 Iy SRR B IR R 7 A

HESL24 il IR R R 2K ) o A € B - HR G DY A
FF 6 AT I TE] BT R A I g v, R AR W G ) e
BRI S R R A R, WRIFTR . (R
TR igEE PR ETRAMIZORSERS, 208N
225.3 pg/100 gM265.3 ng/100 g. Frrig w0 il i4 i%
EhRETROSERES T/ EEERE (BE.
A, mBREL, BPEEAE. H 0. B AR R
(2.6~37.9 pg/100 g) ) ', RHk, EHEEMRE TR
R AE g i T 0 W I S AE AR S . T AR AR
B2 WM R CEE PR AT SRR S ERAL, mREBEERA
ToR g E R, RRTELRR . RRAERR . AR
.M. MR, 2EER. 34 HEERER. i
FERAFTT X9 MBI A o R g g R, E
Sousa"" HISilval "2 4y I 7F [ 76 G i e 2 PRI HH A g
TR T, U B AN R] DX 3 ) 0 S e 6 2 T IR L b 2K A
EZESE, BEWEFE . A AN Hh B R U HE 2 5 B 2
LIV ZE o MEAh, AR R TG 04 0 B R AR AE 1)
ZVIC AR 2 B KR RATEY . REE.
FM. AamE. KR, 2 2-rRERT. RRER
A B B L, 1K AR 2R B T R G o e i R 2 )
JRATY 5 L — B e

£33 BUHEME-BRIORT TR BN 1715 FBREER
EDETHEEE PSR

Table3 Contents of 15 compounds in SBH
(R -1 , , BMERE SE
A _ ia} 2
KM i MH) R B gml) (i

WETH 2555 1690142 y=14098x—12231 09967 1~30 2253
FULKR 3972 1530193 y=308527x—313422 09927 0.1~30 1055
FER 9415 1670350  p=332867v—111062 0991 0.1~30 111
R 10400 1790350 y=351249%x—2X10° 09938  5~30 683
THR 11901 1970455 =357093x—90427 09996 0.1~30 13
PEUM 15089 163.0401  p=T94725x+104855 09986 0.1~30 176
PIgiR 17461 193.0506  y=418495x—130802  0.9995  0.1~30 43
ROVAHER 24107 1470452 yp=S81423x+84069 09972 0.0~30 439
REE 24981 3010354 p=IX10%—62982 09999 0.1~30 2653
i %3 25105 2710612 p=3XI0+644858 09910 01~10 144
KRHZ 25972 2850405 y=IXI0%—137470 09990 01~30 114
iR 26963 2850405 y=T33361x+151093 09904 01~30 400
BREHE 27568 2690455 y=IX10%+175820 09935 0.0~10 270
IR 3B 30256 283.0976  p=1X10%—222387  0.9947  0.1~30 39
kR 30.605  269.0455  y=IX10%—55243 09987 0.1~10 07

2.3 ORI E 2 M SRR TR AL

4 TRREEZSHERDRYEHMRMERHEIBEIEAEN

Table4 Total flavonoid, total phenolic content and antioxidant activity
BHEAES (ug CAElD) EEMA RS (ugQElg) BERMTE (ugg)
96.6£04 16.1£03 1123107
DPPHA d#ER HICy/ (ng/mL)  ABTS 5B IC,/ (ugmL) /&3 (umol Trolox/g)
4351404 423.0£03 0.610.02

06 S 0 A D AR CRE B b R T I R B 5
R AHb 50 T TR e e 2 ) 2 B 18 23 20 A 2 T SE EL AR i
THRE MV LA . R4 TR, o e e B 2 My SR R K
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P S B AN S B B 4 il (96.61+0.4) pg CAE/g
1 (16.1+0.3) pg QE/g, MR HERYIN S EFEE .
HB W& 2w T Apis melliferatd s k7 i %
1.7 ng QE/g; HfisEs. 9.5 ug QE/g) P, CHWIL R
R, AHP IR AR AN SR S A 2 R I AR (1 A
AREY, ez 78 2 BH G AR A b AR KA B v AR T R
Hi EAE L 2B, FRRETRL. R
WHR X Chrnifg s ARHL XD X TP 1 2
W, SR R SR N Z MR .
ZFDPPH. ABTSHIEIR JJEA R ENEE MM
AIEEME, T T s E R AR PR R P B U Y B
Ak BE /Y. DPPH I F3E 2 — R R AR E A O E
B, B HERY) M B B R BT ABTSEL
JEAERIELREABTS  «, UPLAIIFFERF ABTS  » 52 5
ks EJEFe B 1 RE I fehs R BT AR /).
AR, TofIIE % 2 T R HUYIDPPH H H 5875 R g 7
IC, 5} (435.14+04) pg/mL, ABTS' « Ji5 [ HE J11C,E N
(4230403) pgml, &JFE 128 (0.640.02) pmol Trolox/g,
HARMFPTE . iR hra e 3 I T — LA
YIEVEACEY), LR SRR R R T, X L) I R
% AR ARG PR, H A DS 2R BRI S A B 5 11
B, BEESESRE, IS E S, ok, SivaE
W R DL B P I R R (R BER. B TFRM
TR H A BRI B bR e Ak B T8 R R
JTo EHULHEMN, 0 o e e e 0 1) P S A SR R T
B ISR R S A R A TR
24 TCHRIEE 2 I RAR BN RAW 264. 740 fTE 7111

A0
150

100

NN AT S F1/%

50

0
100 200 400

Z#H 5 10 50
ZHFFEMI A RIKSL (pg/mL)
SAEAAME, « 2R EE (P<0.05) ; . ZE5H

FERE (P<0.01) ; =+ ZFHEE (P<0.001) .

E1  SERREDHIRAW 264,740 055 77 A9 m
Fig. 1  Effects of SBH on the viability of RAW 264.7 cells

SN PRAIE TG ) 06 g R 20 D £ B R AR B VA B A
FI, A8 R CCK-8 I 5E AN [ J5 58 vk 22 T o1 e e 2 2 iy 42
UGS RAW 264 740 i A= A% FRIFEMR, T E 0 R i e 2
LRI I BE EIREE, WETFTR . FUEIR
J¥ A5~50 pg/mLi, XFTRAW 264. 740 £ K35 7 oA H
BRGS0 e 0 2 22 Ty 288 S HBCAD £ o 8k
50 pg/mLIN AT DARE 2 25 e dE 40 ) A s . R
WPEI100 pg/mLI 2403 /7 52 2 i B S 25 VE AR, B

WEAE200~400 pg/mLE 5 40 i (1 A= K 0% 1B R 2 1
FIRIVER, BRIELAT00 pg/mLi Ay 9eie b FR 5 & ik
2.5 ToigIEE 2 I KRR BN RAW 264. 740 f i s
RAEH

Wk A L 7E R AR i b BB OGRAE ), s I B
20 PR BB e B R I 22 B g RE S P ) v 4 R A
T B PE A 4 AR NO (19 xR S mT A Sy ik 22 B 4%
i [N VAT 771507, RAW 264. 74112 H1 Abelson /)N i,
F L7 975 55 5 4 1K) E W A A, 0 22 b 2% I L s
WEPE . AW pg/mL LPSHI BN o £ 57 44 41 ¢
PR BRI TG Tl e e 8 22 My SIS S KT 98 o Je I P 1
FEH, I Greiss O I 52 41 INORE iR K 9% 6 58 &
PCRAG I — 2 % 4 [H 1
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