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Abstract: Loquat honey is a characteristic commercial honey variety from the Chongqing Three Gorges Reservoir Area.
This study measured the total phenolic and total flavonoid contents, evaluated the antioxidant and bacteriostatic activities of
this honey, and compared it with four other commercially available loquat honeys. The probiotic activity of Chongqing
Three Gorges loquat honey was also investigated. The antioxidant capacity was assessed using DPPH and ABTS" radical
scavenging assays. The minimum inhibitory concentration (MIC) and inhibition rate were used to characterize the
bacteriostatic activity against Gram-positive bacteria (Staphylococcus aureus) and Gram-negative bacteria (Escherichia
coli). An in vitro co-culture method combined with growth curve analysis was employed to investigate the growth-
promoting effects of different concentrations of Chongqing Three Gorges Reservoir Area loquat honey on Lactobacillus
bulgaricus, Bifidobacterium adolescentis, and Streptococcus thermophilus. The results indicated that loquat honey from the
Chongqing Three Gorges Reservoir Area and other commercially available samples exhibited varying degrees of
antioxidant and bacteriostatic activity. The total phenolic and total flavonoid contents of Chongqing Three Gorges Reservoir
Area loquat honey were 51.63+1.09 mg/100 g (gallic acid equivalent) and 22.93+1.09 mg/100 g (rutin equivalent),
respectively, both higher than those of commercially available samples. Regarding antioxidant capacity, the IC, values for
DPPH and ABTS" radical scavenging of the honey samples were negatively correlated with both total phenolic and total
flavonoid contents. All five loquat honey samples inhibited Staphylococcus aureus and Escherichia coli, with Chongqing
Three Gorges Reservoir Area loquat honey exhibiting the strongest antibacterial effect, showing MICs of 128 mg/mL and
256 mg/mL against S. aureus and E. coli, respectively. Regarding probiotic activity, Chongqing Three Gorges Reservoir
Area loquat honey promoted the growth of L. bulgaricus, S. thermophilus, and B. adolescentis within the concentration
ranges of 0~8, 0~10, and 0~6 mg/mL, respectively. The maximum specific growth rates and maximum biomass were
observed at 6, 0, and 6 mg/mL, and at 8, 10, and 6 mg/mL for the three bacteria, respectively, indicating its potential
prebiotic properties. These results demonstrate that Chongqing Three Gorges Reservoir Area loquat honey possesses high
total phenolic and flavonoid contents, strong antioxidant and antibacterial activities, and potential probiotic activity,
indicating its superior quality. This study provides fundamental scientific data and theoretical basis on the antioxidant,
antibacterial, and probiotic activities of Chongqing Three Gorges Reservoir Area loquat honey and their material basis,

laying a foundation for further resource utilization and the development of functional products.
Key words: Chongqing Three Gorges Reservoir Area; loquat honey; functional components; biological activity; prebiotic

activities

2026 4 4 A
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MW (Apis cerana cerana) GEIR, FE A FRALAR 2 77
X, = HAA S8 i M ISR AT i 1, i3 FR
GerEWT I S I EFZE

AR, 56 T AN [FIAE 4 R0 b 2R 5 e 2 1) 2= 40
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FIPT AL BE 7 A0 BRI PEA T A 5 22 S 1, 2 4
PRI PY 22 58 5 5 e 88 (Manuka honey) i T & & By S
Yy B B R PR AR PRI B R PN, Hp e
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RIS P i/ MR EE | 530 #6471 PP, OF
5 A A 4 R S AL SR T T XS . b
Hb, 38 Ak PR 5T EE PR e AR DA A e 5 X LR i A S
FLFT B ( Lactobacillus bulgaricus) . T 35 XL T B
( Bifidobacterium adolescentis) . W& I #% BR T
(Streptococcus thermophilus ) —Fh 354 B A KR
YERT, LU SRy o PR = e J22 DA AR e % ) AR B 32 i i
PEEAR 2%, S H DI R SRR
1 MRERE
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5 FPAAEAE e H DS ke JE XA I R [
AR 1 o 5 AR, AR 4 R T 37 W S PR 1T 1T
A BB S IAR U 1 A O BSGHR  IIHEAAR 2R | 22180
B VEIRIRH AR I ATl SR A EIR
AR DA Py A R R, T AT AR A S AT 2R
B 28 JFTE—20 C UKFE N RECIRAT s BEE T IR bR
(GAE) . M THaESE(RE) BB T 5 A F s 1w
PRy EAHPREN . HERER b RUERSEERHAT IR
w); DPPH H HIFEIEB RGN & et i isEY
FARAIRA ] ABTS' H HHEIEBRAE A0 32G0) &
AL FERE R R F] 5 SE56 T FH Bk 48 (A5
EJERE (Staphylococcus aureus, ATCC29213) . Kz
B (Escherichia coli, CMCC44102) . A3 hnFNEFLAT
W (Lactobacillus bulgaricus, ATCC55195). AU
FFE (Bifidobacterium adolescentis, ATCC15703) . g
PEEFR T (Streptococcus thermophilus, ATCC55195)

ISR R A

AF224 W TR BIESERSER AR A
BR 2N ] 5424 550080 5 [E Eppendorf A5 KR4S & 5
Feyond-A400 B2 AT BT SRR a8 TR
NF] TU-1810 5400000 T Jb a8 prim MY
A RTULE AT .
1.2 WX
1.2.1 ARSI S SRR S (Folin-
Ciocalteu) [b A7 Il i dee 2 By 5 1 P IR A
mi FHZE IR K i O 2 25, Bl i 22 0.2 g/mL 19
RV . B 0.5 mL W8 (0.2 g/mL) 5 2.5 mL
FEAR 5] (0.2 mol/L) R~ . 5 min, SRS A
2 mL ¥ Na,CO; % (0.1 g/mL) I %4 = 10 mL,
WECHFE SOV 2 h 5, TEPAS 725 nm 2RI 5E GRS
B, DIZE/K has (IR, DI EF I & 5 (0.04~
0.24 mg/mL) HAAPR, WOCEEAE PN ALARZ: hil b it
HhZk, ARl 2 e s b Uy & . desrh
B AL 100 g $EEE PR E TR Y EORFEOR, BN
A mg GAE/100 g,
122 MCHTIGEEE 0 2 o REISE 2% S0k [23] 9
T, RJHHIRER L o, BARSRAENTT : WU 7K
WS 5% BIEASIREAIES, 5 min JSIA 10% fiHAR
FITFIR 2SS, 6 min J5 M 4% 09 & S AL A, FH
80% MW ES/ES, ¥5:5], ZI T 15 min, LA 80% H

B Ry as A R, FERAM-AT L4516 OD (B
(510 nm) . DL T 848 (0~0.8 mg/mL) 2l bR AERA
2R, Mg vp ) RETER S LU T Y BRI, BN
mg RE/100 g,

1.2.3 At fbge JMlE  DPPH H b3k
I55% 7 FA 00 s e B R s BV T v A T I s , LA
VEANT : W 2880 A SR RGBTl A5 i R MR B
A6 )5 (0.04. 0.08., 0.16. 0.24, 0.32 g/mL) ¥ M 5
W SEHIEE = 2H RV AR R 25 X REZH (200 pL
FEECHE+900 pL JorK Z.1E+900 pL DPPH %K) . #F
A R 20 (200 pL A 5 B B V8 W +900 L JE K
Z.E+900 nL DPPH 5 ¥ ) B A9 i %) B 20 (200 pL
FE R EEWA+1800 pL JC/K W) o 452 A
REAFTIRE) G, TERDGAA T 3517 30 min =T
B, BJE RS- 1] WA 66 R TR R IE B i 1
517 nm b FHATIROGEEM E o SEI8 R A 37 4 A 2R
C VB BRPHE X R, AR R =0 (1) TR A5 e B 5L 1Y
DPPH H HIEIERRR, I DALV E e S A S o 15
5 DPPH H HAEUE SR Z R RROCR K. 45581
— R R BE T B Y 4 o i 254k BE (. (Half maximal
inhibitory concentration, 1C,) &3 /R MEAT A 1 25 11
DPPH [t 25 BRAE 1, 1C s, BfE s/ Nn P bid
PG
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DPPH H H1 3 E R (%) = y
0
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BIIROCEEE, A, SRR RS RO G A

K ABTS™H 23 Bk (ABTS 325, A
) S RE M ) ABTS A H JEWE S BE 1. £
Vo VE A BHAA: X RE, A58 & R0 BH 14 ot B 34 0 1 o1l 37 LA
0.48 mg/mL NG, R 0] R REZ B .
PR ABTS" -V B fe 190 a2 2055 S U 5 2EF THAE,
E RGBS G E SN 6 min J5, TEUE K 405 nm A &2
W, ARG 3 Wk, A= EEN (D) .
1.2.4 MBS EEEE S 1%
1.2.4.1 /MBI E 32300 E R 1 H &
Sl BRE G T A ER A (Staphylococcus aureus, S.
aureus ) M IJGFF&E (Escherichia coli) PAREITVE T B K
LB WA IR, T 37 °C 1538 12 h J5, BU 1 mL
BEFEW T B0, 4 °C, 5000 r/min 5.0 5 min, Bl
J& FH PBS 22 1 R S O PR E 2 IR, VAR TR AR N
10° CFU/mL 45 .

/NI B BE 6 28 - TETCEE 96 FLAR 1, i 9%
i TN [R] b X AT AT AR e 2 (2R ok 640, 512, 384,
256, 128, 64, 32, 18, 9 Fll 0 mg/mL) -5 4l Bl £ V7K
G, TR 37 °C 1535 24 h I, ESRAE 595 nm
A SEAE (ODsos) o — i OD {HAZfL/NTF 0.05 AR
S PRI AR AR 5, I8 2 SO e/ NIRRT

J& (Minimum inhibition concentration, MIC )?*
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1.2.4.2 IEEPERETEHT S35 30wk [25] 9T, 15
A5 114 e/ N BT YA VA ARS8 R A e 2 (X
HED) SR Fh LT H 8 ol 10° CFU/mL 41 B 45
B 500 pL TKUFH Y 2 mL EP 48 h #1795 1R 4,
FET 37 CEEFATESE 12 h )5, #1785 R
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(2) T30 45 s DR AR A 148 485 50T 3¢ VO ol A 1) 4900 B 2%
7 AR B T N — R AR B T VA N3 o

— 100
2 FBCH R A

EH (%) =
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1.2.5 AWAEIEE 25 A T S 00
1.2.5.1 #iAEWMEYIEL =M ZANG 8529 Jridk;
PG SE ARSI AN ZLAT TR« W PAEEBR P AN T R UL
FFEE R, S BC— IR PR T MRS 35383800, K
WiRrALE T 37 °C fHIRSR A PSR 48 he BtA, AN
B OB 5 TP 0.1 mL TR, 582 AR iU
ik, 4kSAE 37 °C F15FE 48 he H&E SR
K, LRI TSGR RN . R 20, B/ N
IR R R DRAECR, R B T3 A DR AR 2 3
FHEwURINED) P TIEFR, DRI A B .
1.2.5.2 X =Fhas A WA ME R S IR S
BT B SE0PT ik ARSI 43 0L 50 pL iE kS Y
PRINFNNE ZLFF B (Lactobacillus bulgaricus) . T
B AT B (Bifidobacterium adolescentis) FIWgE W BEBREH
(Streptococcus thermophilus) 78 W (10° CFU/mL) #&
UHNAZ] 5 mL MRS 8388, IR A1 5 IR ES InAH
AR CK(25H) . 4. 6. 8. 10 mg/mL ¥ H.
A5 T (6 B8 FNEE P — AL AL e 2 T EP 45 h
FEATIRE), FMKKIZEL 0.2 mL iR &2 BT 96 FL
AR A RS T B PIE AR 2k, Plas
FAZEAE X BEAR R I =P B AR I AR PR — Attt fE e
H e AR LW R S AR E . hiE—2
RIT = Fh 2 A BRAE 283 AN [V 3 () AT A e 5 D
oI E IS T D BAR AR RS O, il iR LA
KA () A T AR (AUC) Sk 718 5 2= A41E
AR A AR (W) P, 115 In(OD) Bl R [a] i £
S8 BUR KRB 4 T A (AUC) P T OD P
Al AR AL I 2, SR BRI AR 358
1.3 HuEIE

BT AR T R 3 AT, G5 R DL HME
(mean) £h5 22 (SD) 75, ] IBM SPSS Statistics
20.0 FASFHTECE [E] i S 22 PR FIAH DGR . B2 AR
Z[a] Y 25 S5 HT R Tukey R 5632E4 7 (P<0.05) o
-8 Hr 2 (8] 1 AH &8 13 Pearson 5 5645 2, 7F
P<0.05 7KV A FHRURAG S0 DT 254
2 HBRESH
2.1 #HABHEE L. SDEERNRNESR

ASHFFEIAG Y 5 DAAT I A 5 00 BN . B
B & B 25 R LR 1. s b Ay & By

YA PER TSR bR, W BN & A2 M B 1 Hb,
FORIYE | AEYAIE RN AR AR5 B0, S B ph
SR BT RPN R B FE AR S T Y AN EIT
A A AR O 19 B Y S B E 33.71~51.63 mg GAE/
100 g =Z[a], HorprE Pe — sk J2 X\ A e 8 iy & it
Ferm o ARPEIN a2 45 58, AT e b 19 B & I
5 R (1367~2358 mg GAE/100 g) 3, 383
# (1113 mg GAE/100 g)B4 | Hg3E % (105 mg GAE/
100 g) ', B F 9 3% % ( 14.50~30.13 mg GAE/
100 g) B3 ¥ 28 (17.26 mg GAE/100 g) B9 FlFE AR
B E (16.51~29.76 mg GAE/100 g)!', K8 B iR
CAUFFEHGE, A E T rh 4 S S e I

F1 ACAEEE T B, BEEER A AP E M
ST (n=3)

Table 1 Analysis of total phenolic, flavonoid contents
and antioxidant properties in loquat honey (n=3)
e B A IC50(g/mL)

" (mgGAE/100 g) (mgRE/1002)  pppH ABTS
W= 51.63+1.09° 22.93+1.09°  0.066+0.017° 0.289+0.018°
PUNEAR  50.70£1.27°  21.62+0.97*  0.095+0.023% 0.335+0.024°

WA 49.85+0.87° 20.47£1.03*  0.092+0.022* 0.354+0.020°
LRI 50.79£1.62°  20.23+1.32°  0.1044£0.021° 0.356+0.022°
TLIR SN 33.71£1.31° 13.41£1.48°  0.155£0.017* 0.432+0.021°

: [FF R R PR RN B3 25 57 (P<0.05) .

WIS A G W SR ATAE T P iy — 28 225450
EAL LS, Tk B A AL, W T i B 2k
G E R LIRS ER T AN [RAAT B
I BB R S 7E 13.41~22.93 mg RE/100 g, B K
R JE XA e 2 P ) R B R 5 R ACh TR KO,
fe T AR A, AR VIR D N A AT B A o R B
Wi & e B AR, 4 13.41+1.48 mg RE/100 g, E5 R =ik
JE DX AT e v A I 5 v TR A R (5,03~
4.51 mg RE/100 g)P™ FIf)fc 2 (7.96~12.26 mg RE/
100 )P, Sl 452 v B R A f 3231 (24+0.54 mg
RE/100 g)“1,

PR e JEE DX e 2 1) B I R B R B e v
FHAAE S, FTRE S 2 R AR 9 A 28 2R (& 2=
AL ARG RO AR (LA AR 7™ A= B Z2 5 A U A= A G
WG, X525 RIEE SRS &) AR RS
(R ERAMR L TR 1) MLFITARAL
2.2 HHBYEEIEIEESI TR

Fh T e A SN I S 2=k, SRR — BT AR
AURE T PP i B BT A AL RE T R REANHERR ™, A
SEER ] DPPH H FHASIERREESI A1 ABTS' H HH AL
BRAE S ARNEIE ARSI M A K-

2.2.1 DPPH HHIIEMREESI0T HE 1 AIH, 4
BIF 8 04 BT AT B 25 R L X DPPH [ H ZE 14 15 Ve
JH, 395 DPPH H H RS BRIZL, bl G AT e R
YL EEIN, WA R S . ARIEERR R A
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ICsp, YU FElJ2 0.066~0.155 g/mL, VL3 1. 5 FhigE
FiX DPPH [ FH 253 R HE 77 B i 2 B PR — R J%E X
HEAT g, H 1C,, (HIAIK, &7 0.066+0.017 g/mL.
PR =l 722 XA e 25 (1) DPPH. [ HH SEi5 R HE 1 3%
v 12 O L AT AR ORI VL 5 I M AL AT 0
(P<0.05).
0 = TR =k

ol = P B

LR L
ey o1l
IR SR S

0

W D ~
(=3 (= (=
T

DPPH [ &5 B3 (%)
B
()

W
S
T

0 0.05 0.10 0.15 0.20 0.25 0.30 0.35
WL (g/mL)

BT ORI R B RER S 2 i DPPH H R SR R
Fig.1 DPPH radical scavenging activity of loquat honey
samples at different concentrations

2.2.2 ABTS'HHIEFEREE 15048 W& 2 iR, Bt
BT ABTS H H B EIERIEN, Y8 ABTS”
H R 3ETEBRATLR, BB A e A e B B i, YR
BN . 5 R G EAE S ABTS H B 2E

80 -

= HPE

70k = KOS L]
—— LA .

60 -~ LEEI ~
- VLI

ABTS'H H 33577 (%)

50t
40t
30 ¥
.
0 015 020 0.25 030 0.35 040 0.45 0.50

WERE MR (g/mL)
K2 N[ROSR i ABTS' [ i B R
Fig.2 ABTS" radical scavenging activity of loquat honey
samples at different concentrations

[%: R 1Cs, Y5 [l & 0.289~0.432 g/mL. K — k)%
DR AAE B4 25 11 ABTS' F HH ZETE R 1C5, S 0.289+
0.018 g/mL, 5HAt 4 FlgEEFE 510 ABTS 3 B At
I bR 22 55 1 35 (P<0.05), H IC,, B3 ILF 11 Ak
HRATAT G 2 | W CA A A e 2 | 22 L LA e
ERVLIR IR MR . FIRLE AR, P —k)7E
DAL e 25 HL AT e ABTS' [ H L0 5%, Préafb
IR
2.2.3 BNy R S A S PR RE 1A M S AT

AMFFE R Pearson K656 53 HT T AL B 2L 5 v
ST RIS R e ST AR RE ) 2 A S, S5 SR UL
22, 2 AIA, RS SRR S . DPPH H
ALV B35 1Cs, ABTS' H HIFEIE B3 IC, P Z
[ A AFAEAR B 28 AR S (P<0.0 1), o i & e 5
DPPH H HZIEIERRH 1C,, S B TAHE(=—0.891,
P<0.01), 5 ABTS"'H H3LIEHR R 1C,, ([HUL 2 o
EMAHRE (=—0.921, P<0.01) . XU Bl & ik
=, E IR R AE 1 BGR (1C 5, (HARAIR) , Préa bR
MLy, EEEAS DPPH F i35 R 1C5, ABTS A
FHBLIEBR 1C 5, WA 3 AHCE R (P<0.01) . |
BEER S O AT HGE — 5>,
2.3 HUBEEEHIEEM ST

R X 5 bt DX ATATL 0 S8 ot 4100 B 30 P 5 SR A

ZER, WT LRI 5 AT S RS T (TR 3
H—E BN EROR . X 5 A IX B i 2 5 A
e 2 (X ) Xt A AT BT R 4 €0 4 A BR BT 1 e/
PUBA R LI 5 R an e 3 Fis . o EE P R R X
AAE A 55 5 A e ST R T A B P iV FH e A
2, Fe/ NI 256 mg/mL; PU)I| R ER . 51k
PRAR BEALAL e 26 YR =2, MIC B 384 mg/mL. X|4: %
A2 R ER I 5, DS — 2 XA A B 5 A T
e 2 P AR S8R e IH ., MIIC (BN 128 mg/mL; PU)l|
LA AT e 2 1 P A R IR 2, MIC {H 2Ry 256 mg/
mL; VI3 I3 P AT e 4 (A I B 280 R e 22, H: MIIC i
iAFE| T 512 mg/mL.

2 MR EDTRAR O ST ALRE TR G

Table 2 Correlation analysis of antioxidant components and antioxidant capacity in loquat honey

b BsY Sy DPPH H i BEI5BRFIYICS, ABTS"H HIETEBRFRIVICS,
JENls 1
ST 0.959™ 1
DPPH At %5 B R HICS, -0.891" —0.829™ 1
ABTS' [ LI BRFRICS, -0.921" —0.880" 0.919" 1

T RIRTE0. 01K ARG,

3 MEERET 4 W O ATERE A AR R Y MIC(mg/mL)
Table 3 MIC ranges of honeys against S. aureus and E. coli (mg/mL)

ﬁlll:lll
B
FATG T iyt DU 1 R Wb s 48 LRI LI TN
A O A BRI 128 128 256 384 384 512
KIGHFH 256 256 384 384 512 512




- 36 - Tk R 2026 4F 4 H
£ 4 TR[EI b XA 1 8 2 X5 B A B8 A 22 (%)
Table 4 Inhibition rates of loquat honey against two bacteria in different regions (%)
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Fig.3 Inhibition effect of loquat honey on two bacteria
in different regions
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Table 5 Correlation between antibacterial and antioxidative
activities of honey
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Fig.4 Effect of loquat flower honey and gallnut honey in Chongqing Three Gorges Reservoir area

on the growth promotion of probiotics
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Fig.5 Maximum specific growth rate and area under the curve
of different concentrations of loquat flower honey
and gallnut honey on probiotics
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