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Effects of Chinese herbal medicine smoking on antioxidant enzymes,
detoxification enzymes activity ,and gene expression in western
honeybee (Apis mellifera)
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SHI Ying’,HUANG Zhangningqing', HE Xujiang'"

(1.Institute of Honeybee, Jiangxi Agricultural University, Nanchang 330045, China;2.Institute of Honeybee
of Jiangxi Province, Nanchang 330052, China; 3. Rural Bureau of Wuning County, Jiujiang City of Jiangxi
Province, Jiujiang, Jiangxi 332300, China)

Abstract: [ Objective | As a significant hindrance to beekeeping industry , honeybee diseases can decrease
the reproductive rate of colonies, the quality and yield of bee products, and even potentially causing colony loss.
This study aims to study the effects of herbal fumigation on the antioxidant and detoxification capacity of
honeybees, thus providing a scientific basis for exploring new green prevention and control techniques for honey
bee pests and diseases. [ Method | The west honeybees (Apis mellifera) were used as experimental materials, a
total of 1260 healthy one—day—old worker honeybees were randomly divided into 6 groups, each group had three
biological replicates, consisting of 70 honeybees per biological replicate.A large amount of smoke was generated
using straw (control group ) , Artemisia argyi, Taraxacum mongolicum Hand , Reynoutria japonica Houtt, Lonicera
japonica Thunb, and Isatis tinctoria Linnaeus.Smoke was administered once every other day from the 2" day
after emerging. Each group’s daily mortality rate was recorded.The antioxidant enzyme, detoxification enzyme
activity, related immune and detoxification gene expressio were measured after exposing them to Chinese herbal
smoke for 6 hours a day for 14 days.[ Result]|The experiment revealed that the Chinese herbal smoking had a
significant impact on the survival rate, the antioxidant enzyme and detoxification enzyme activities of the
healthy honeybees. The Taraxacum mongolicum Hand group had a significantly reduced survival rate in
comparison with that of the control group (P<0.05) , whereas there was no significant difference between the
control group and other Chinese herbal groups (P>0.05).The Artemisia argyi, Taraxacum mongolicum Hand
and Isatis tinctoria Linnaeus groups exhibited significantly increased activities of Super Oxidase Dimutase in
comparison with that of the control group (P<0.05).The Peroxidase activities of the Artemisia argyi, Taraxacum
mongolicum Hand and Lonicera japonica Thunb groups were also significantly increased compared with that of
the control group (P<0.05).The Total Antioxidant Capacity enzyme activities of the Taraxacum mongolicum
Hand and Reynoutria japonica Houtt groups were also significantly increased in comparison with that of the
control group (P<0.05).Compared with the control group, the activity of Glutathione S transferase significantly
increased in the Artemisia argyi and Isatis tinctoria Linnaeus groups (P<0.05) ; The activity of
Acetylcholinesterase in the Artemisia argyi, Taraxacum mongolicum Hand and Reynoutria japonica Houtt
groups significantly increased (P<0.05). The activity of Cytochrome P450 significantly increased in the
Artemisia argyi group (P<0.05).No significant effect was found between carboxylesterase activity in the control
group and the Chinese herbal medicine smoking groups (P>0.05). In addition, the Artemisia argyi group
significantly up—regulated gene expression of Vg, Defensin2, AmNOS and PTP-99A (P<0.05).[ Conclusion |
Using Artemisia argyi, Taraxacum mongolicum H and, Reynoutria japonica Houtt, Lonicera japonica Thunb, and
Isatis tinctoria Linnaeus for smoking apparatus in beekeeping can greatly enhance the honeybee’ antioxidant
and detoxifying ability, among which the Artemisia argyi was the most effective in increasing the activities of
antioxidant, detoxification enzymes and the expression of immune, detoxification—related genes in honeybee.

Therefore , the use of Chinese herbal medicine as honeybee fumigation materials is a simple and effective way to
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solve the problem of beekeeping disease prevention and control without increasing labour costs and
contaminating bee products while improving bee resistance, and it is of great significance to the ecological and
efficient rearing of honeybee and the promotion of apiculture.

Keywords : Apis mellifera; Chinese herbal ; smoking; antioxidant enzymes ; detoxification enzymes ; immune

genes ; detoxification genes
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Fig.l Honeybee feeding device of Chinese herbal medicine smoke treatment schematic
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Tab.1 Primers sequences in RT-qPCR assay

| Em51H B 1514 BKREEC
Genes F. primer(5'-3") R. primer(5'-3") T,
B-actin ATGCCAACACTGTCCTTTCTGG GACCCACCAATCCATACGGA 57.5
Domeless TTGTGCTCCTGAAAATGCTG AACCTCCAAATCGCTCTGTG 54.3
Vg TCTCACGCATCACGAATA GGAGGAGTACCAGGTAAGGT 56.8
Defensin2 TGCGACGTTTTATCATGGCA ACGCCATTTCTGCAACTACC 553
AmNOS TCCACTCGCAGGTACTTTCC TCTGGAGGATCACCATTTCC 55.5
PTP-994 CGCGCGAGTAAGAGAAAGAG TCGAACAAGGGAAACGAAAC 54.5
GSTS3 TGCATATGCTGGCATTGATT TCCTCGCCAAGTATCTTGCT 53.6
1.6 Fitoir
I SPSS 26 HEAT4E o0t Hirr, Kaplan—Meier 6 56 45 28 % 0 47305 8 5 X R 2 (] 9 22 S 1, R
FHEA IR J7 22 3 B Wilcoxon 6 9025 ZHL G 1 5 %) B 20 =2 [ 110 22 Sl o A P S AR AR o 4G 30 S B 2 S5 00
MRZH 2 [ B B R RA R 22 51 . P<0.05 M 225 i 2% o
2 £ R

21 HEGREAEN S B RO

P Pl 2 A0 [ 2000 8 S 7 7 0 3 12 5 50 B L, 28 941 0
IR (P<0.05) . R AT b B ), HEEE 5 2 SRR A 2 7 2 A T A ]
(P<0.05) /A Y21 B {717 3 35 (IR T2 A AL (P<0.05) . 3 BT20L AR ARAL I bl 0L B £ 07 2 1
X222 FEH R 535 (P0.05) .
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Fig.2 Honeybee survival rate following challenge during the smoking treatment of Chinese herbal medicine
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Fig.3 Effect of Chinese herbal smoke treatment on antioxidant enzymes activity in honeybee
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Fig.4 Effect of Chinese herbal smoke treatment on detoxification enzymes activity in honeybee.
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Fig.5 Effect of wormwood fumigation treatment on the expression of immune and detoxification genes in honeybee



55 2 3] W JR 5 v R 24 R S X PG e A TR i B T P B LR TR R K B ) - 463 -

33 #

I BT I AR A R BN, RO SR R BRI AL A 77 A o SRR R, ARk B W)
IR A= 1y i 1 o 0 e ik R A 1) 1 AR K] , A AR R B e A2 A il O A R W A Ak 2
Aol W (it BRE 1) I 340 T Ny o M A 2 S ) A S I

AGRIG A FH IR AL T AT AR AR LA 5 R B 24/ A AR R A A T 4 W A AR AR B AR
[T T, A AR AE A AR A L B A% 4L T 28 06 110 A7 16 56, (ELSE /A R A 119 28 I A7 06 R eI, LS 35 I xf
MRAH AR AR AR 2H o X AT B2 AT A AR BORE 7= A 1 J 25 ] RE X 4 i B — @ Be M. oK
IR SRR e B e ) ) R T T A B R Al K B — e MR VE o ML P il T 4 T R A
SRR, DASE BRI H A A5 v R 2 A Sy IR SR R B I 2 AR v M AR PN 2 R T SR AL Bl RN R BRI P .
A 2 A B IR SR = T SOD . POD . GST  AchE . CYP450 7 Pk , 78 2\ S 6 58 b ¥ 3 42 & 7 SOD . POD . T—
AOC  AchE 36V, Hag L 2 00T Hofth vh B2 AR SR AL B AL . A5/ 5 B v B 24 v (R4 R0 T i 43 ot
FALY R IE [ R BA T BR AR, AT AEE i 0T MAPK {5 59006 0TS 3 11 -1 Fox 5% 5 N 7455 5l
5%, DT 00 26 4 P S I 3. PRI, S 5 v 20 0, W DA o 4 e 1 B ST T R A B TR 4 . AN R
T I & IS A SR T I W] AR 2 G e I R RN i 25 36 [ 3858, Vg L Defensin2 \LAmNOS 1 PTP-99A 3£ [H ik
F L. BRI BL, Ve B AT DOl B At 3, b A AR, I S AR TR RE . LA, De-
Sensin 2 55 PRz 58 0 G 28 U B B K 9 — S PR IRAE R ARUSE R M R R R, R R
ARV S E I P DIRE Y . AR ke SR B R AS 2 R B LR Ve SRR Rk OF
K IR Defensin 2 HE DA 18935 5 24 2.8 4% , & W S b H 20 W] A 50042 o 2 e LA ) e ATk R e /K
oo PRI, 398 FH I B s 2 4 A A B A RMR A T e 2 e 7 A A ) B A S ), T A K B W A
B T | il e R B e O A S U T A — e N T S

W 25 S —Fh A BT A AR, 7R 2 e A0k ELAT )92 0 R RV RN K R R . AR
W rp B2 Ry R S S BT A HCE C R N T IR el (R X e B 2GR £ ek [ B 2 KR 0 A
K, it = B BSARYE , 25 5 B AR B P e 2Rk VE R BEAR T rh B2 A SE AR P N . Rk, T
PLEE A LR T BB 2 AR 2 45 25 Bl 1 24 B S e i 1 R SR o AL R AT R A R G2 B F
5%, RS UE R 2 1) 280 S TRe ML o R Je B ARG & 2800 M Lo HEA T B U AT, I L o g B —
B3 HEAT R P R BT, S IR 5 A 8O A3 P B

O A Ay e R B R DL AR R T B, e SRl ki b i T, DA R 24 A AR B R ) A 0 Ak
BT B 0 SR SR — AR 223K, S R AR AL T —FhnT RE A i s 2 A A S RS AR (R B T R
JE R ZGAE B Y A N BT . BRI SR R W h L2 2 R B2 S W LASE A T sl A
AP R 28 R A R A e e — A D B Y 5 AN, R FE o & R T B 2 B AR
P RO R BEZG BRI v B2 T RO A AL S, RS B W R E SR A B AR Bk Bl i
P R

4 & it

SR JERL AT MR LA 5 R R 2/ D M SRR RER e B I A A R RN B A A
AR B 1 o R SRR S T R DA 70 4 T P A A R I i . S AR A B
I T LAHR g G A e DR A R 5 P A S ik i, (LR R I 75— 20 ) T 88 Hp e 24 YR A 1) IO P A ELEA 7 A
i) S B S PR 2 R A T A ROy o A R R 2 TR S T S B A 7 R SRS SRR AR AR R
A FEPERE B RESE AR AR RSO o DRI, R P S A v e 2 A D e A R o ) A S A
o, AT R R A B A SR TR A SR RERE T o X R B R R P 2 A T 3, AN N SR e 55 B i
JE TG G i 1 B e (0 A 5 v BRI T A0 3 T A, A AR i S B P R e 28, e
IRV RO R, PR AP R 2 e R B AT 2

£ 2% 3Lk References:

[1] s et (M4 . UaT h E O R, 2023 - 1-80.



-+ 464 - IO R K I 440 %

ZENG Z J.Apiculture[M 1.4th ed.Beijing: China Agricultural Press, 2023, 1-80.

[2] POTTS SG, IMPERATRIZ-FONSECA V,NGO HT, et al.Safeguarding pollinators and their values to human well-being[J ].
Nature,2016,540(7632) : 220-229.

[3] DAINESE M, MARTIN EA, AIZEN MA, et al.A global synthesis reveals biodiversity-mediated benefits for crop production
[J].Science advances,2019,5(10) : eaax0121.

[4] COX-FOSTER L. D,CONLAN S,HOLMES C E, et al. A metagenomic survey of microbes in honey bee colony collapse disor-
der[J].Science,2007,318(5848 ) : 283-287.

[5] SWITANEK M, CRAILSHEIM K, TRUHETZ H, et al.Modelling seasonal effects of temperature and precipitation on honey
bee winter mortality in a temperate climate [J].Science of the total environment,2017,579:1581-1587.

[6] BRUCKNER S, WILSON M, AURELL D, et al.A national survey of managed honey bee colony losses in the USA : results from
the bee informed partnership for 2017-18,2018-19,and 2019-20(J ].Journal of apicultural research,2023, 62(3):429-443.

[7] LIN,LI C,HU T, et al.Nationwide genomic surveillance reveals the prevalence and evolution of honeybee viruses in China
[J].Microbiome,2023,11(1) :6.

[8] BORBA RS,HOOVER SE, CURRIE RW, et al.Phenomic analysis of the honey bee pathogen-web and its dynamics on colo-
ny productivity, health and social immunity behaviors[J ].Plos one,2022,17(1) :€0263273.

[9] DEGRANDI-HOFFMAN G, CHEN Y. Nutrition, immunity and viral infections in honey bees [J].Current opinion in insect
science,2015,10:170-176.

[10] MARTIN-HERNANDEZ R,BARTOLOME C,CHEJANOVSKY N, et al.Nosema ceranae in Apis mellifera:a 12 years postde-
tection perspective[]] .Environmental microbiology,2018,20(4) : 1302-1329.

[11] ROBARDS K, PRENZLER P D, TUCKER G, et al.Phenolic compounds and their role in oxidative processes in fruits (1.
Food chemistry, 1999,66(4) :401-436.

[12] ZHU T,WANG L,FENG Y, et al.Classical active ingredients and extracts of Chinese herbal medicines : pharmacokinetics,
pharmacodynamics , and molecular mechanisms for ischemic stroke [ J]. Oxidative medicine and cellular longevity, 2021,
2021:8868941.

[13] HEGGSTROM E, LUUKKALA M.Ultrasound detection and identification of foreign bodies in food products [J].Food con-
trol,2001,12(1) :37-45.

(14] 303l S8k, 2 A=W e b o 2 RS AR BRI S [0 ). P v 252408, 2019,44(6) : 1110-1118.
AI'S,TANG W,GUO R L, et al.Research progress on Chinese herbal medicine fermentation and profile of active substances
derived[ J].China journal of Chinese materia medica,2019 ,44(6):1110-1118.

[15] WU J,YANG C L,SHA Y K, et al. Koumine alleviates lipopolysaccharide-induced intestinal barrier dysfunction in IPEC-J2
cells by regulating Nrf2/NF-kB pathway[ J |. American journal of Chinese medicine ,2020,48(1):127-142.

[16] LIU C,WEN W,SHAO J, et al.Fast and comprehensive characterization of chemical ingredients in traditional Chinese herb-
al medicines by extractive atmospheric pressure photoionization (EAPPI) mass spectrometry [ J]. Rapid communications in
mass spectrometry,2017,31 (18):1491-1498.

[17] WU H W,FENG Y H, WANG D Y, et al.Effect of total flavones from Cuscuta chinensis on anti-abortion via the MAPK sig-
naling pathway[ J ].Evidence-based complementary and alternative medicine ,2018,2018:6356190.

[18] REN Y,CHEN X, LI P, et al.Si-Miao-Yong-An decoction ameliorates cardiac function through restoring the equilibrium of
SOD and NOX2 in heart failure mice[ J ] .Pharmacological research,2019,146:104318.

[19] HAN L, YANG J,JING L, et al. Tau-TCHF inhibits spleenic apoptosis via PI3K-Akt signaling pathway in chickens[J].Ad-
vances in experimental medicine and biology,2019,1155:555-563.

(20] JESCHE, AR, et , 5 . 507 Th s 2535 SRR 12 3 £ RS AR 77 PR B | LR A= A e b AR A 5 B sz [T ). 3
BE2%i:,2023,42(5) : 11-15.

TANG W Y, NIE F X, NIE FXet al.Effects of adding compound Chinese herbal medicine additives in diets on productive
performance, serum biochemical indexes and carcass quality of pigeon [J].Journal of animal science and veterinary medi-
cine,2023,42(5):11-15.

[21] 553k, X0En, 2T, 55 . A2 X DA AR R AR A br i oma [ ] T Pa A4l KR2E244k,2016,38(01) : 160-167.
QI X,LIU H B,MAI L K, et al.Effects of Chinese medicinal herb compound additives on growth and blood biochemical indi-

cator of Acipenser stellatus[ J |. Acta agriculturae universitatis Jiangxiensis,2016,38(01) : 160-167.



55 2 3] W JR 5 v R 24 R S X PG e A TR i B T P B LR TR R K B ) - 465 -

[22] YINB,LI W, QIN H, et al.The use of Chinese skullcap (Scutellaria baicalensis) and its extracts for sustainable animal pro-
duction[ J ].Animals,2021,11(4): 1039.

(23] SO, 5 AR o0 X e gl SRS WS [ ] VIR AR L R 27741k , 2023, 45(6) : 1496-1503.
BAI W F, HUANG Q.Study on effect of phytochemical on Varroa destructor reproduction[J].Acta agriculturae universitatis
Jiangxiensis, 2023,45(6) : 1496-1503.

(24 ] JRIGERe K KTT , B b AR AT | vp B 2G50 it X e Ak 0 PU G 1) SR ASCR [ . BT S 274, 2012, 49(05) : 1189-1195.
SU X L,ZHENG H Q,FEI Z H, et al.Effectiveness of herbal essential oils as fumigants to control Varroa destructor in labora-
tory assays[ J |.Chinese journal of applied entomology,2012,49(05) : 1189-1195.

[25] LIN Z,SU X, WANG S, et al. Fumigant toxicity of eleven Chinese herbal essential oils against an ectoparasitic mite (Varroa
destructor ) of the honey bee(Apis mellifera) [J].Journal of apicultural research,2020,59(2) :204-210.

[26] CHEN X, WANG S,XU Y, et al.Protective potential of Chinese herbal extracts against microsporidian Nosema ceranae, an
emergent pathogen of western honey bees , Apis mellifera L[] ].Journal of Asia-Pacific entomology,2021,24(1):502-512.

[27] ZHANG X, SUN L, ZHAO D, et al. Adenosine and L-proline can possibly hinder Chinese sacbrood virus infection in honey
bees via immune modulation[ J ].Virology,2022,573:29-38.

[28] STAMETS P E,NAEGER N L, EVANS J D, et al.Extracts of polypore mushroom mycelia reduce viruses in honey bees [Jl.
Scientific reports, 2018, 8(1):13936.

[29] PASCUAL G,SILVA D, VARGAS M, et al.Dietary supplement of grape wastes enhances honeybee immune system and re-
duces deformed wing virus(DWV)load[ J |.Antioxidants,2022,12(1) : 54.

[30] XBALe: , XUEETL, ThUi K, 45 . rh B 254 7 7 B i vh AR g e R 4y RS L B I 5 [ ). L 3 i B, 2021,
42(5):5-7.
DENG W X,LIU T J,MA X T, et al. Experimental study on the prevention and control of European larval putrefaction in Chi-
nese honey bees by the Chinese herbal medicine formula “anti-rot soup” [J].Hubei journal of animal and veterinary medi-
cine,2021,42(5):5-7.

(310 XA, 5K A&, BREIL, 25 BRI DR 0 AR s S e 2 SO0 4 A RS M B DR TR 38 43 [ ] PRI I e~ , 2020, 42
(5):1051-1059.
LIU N N,ZHANG F, XU K, et al. Analysis of antioxidant enzyme activity and gene expression of European dark bee (Apis
mellifera mellifera) and Xinjiang black bee during wintering period [ J . Journal of environment entomology, 2020, 42 (5) :

1051-1059.
[32] Beov o, AR 35, X SO, 45 . T 76 A6 309 = o 238 B0 08 J58 D) 2 e Rt 25 Tl A 2y [0 ). Rl 27412, 2020, 29
(11):74-82.

DUAN X L, XIONG M Q, LIU W B, et al.Effects of three fungicides on the activities of protective enzymes and detoxifying
enzymes in Apis mellifera[ ] ].Acta prataculturae Sinica,2022,29(11) :74-82.

[33] DhTiAe, 25T, OB I, A R 2 BRI B R A 0 STl 2R A 2 Tl AR 1S e () . BT B R 241, 2020, 57(5) -
1104-1110.
MA W H,LI X Y,SHEN J S, et al.The effect of the greenhouse environment on the antioxidant and detoxification enzyme
systems of honeybee colonies[ J ].Chinese journal of applied entomology,2020,57(5) : 1104-1110.

[34] TRIGERY  RIEED, ]XAR 2, 45 . i A S e A A B 9 A AR AR R AT I () ). PR BT RS 241, 2022, 44(3) : 586-594.
SU X L,CHEN D Y,ZHAO D X, et al.Study on physiological and biochemical indexes of cold resistance of Apis cerana cera-
na during overwintering period[ J].Journal of environmental entomology ,2022,44(3) : 586-594.

[35] HUANG Q,KRYGER P, LECONTE Y, et al.Survival and immune response of drones of a Nosemosis tolerant honey bee
strain towards N.ceranae infections[ J |.Journal of invertebrate pathology, 2012, 109(3):297-302.

[36] SEEHUUS SC,NORBERG K,GIMSA U, et al.Reproductive protein protects functionally sterile honey bee workers from oxi-
dative stress[]].Proceedings of the national academy of sciences of the United States of America,2006,103(4):962-967.

[37] BONCRISTIANI H, UNDERWOOD R, SCHWARZ R, et al.Direct effect of acaricides on pathogen loads and gene expres-
sion levels in honey bees Apis mellifera[ ] ].Journal of insect physiology,2012,58(5) :613-620.

(38 ] TR IR, 2552, A AR A e B 2R ™ B O o M [ ] TP R 242412, 2023, 45(6) - 1473-1485.
JIANG H Z,JIANG W J, LI Z, et al.Production and composition analysis of high quality Triadica cochinchinensis honey[ J].
Acta agriculturae universitatis Jiangxiensis,2023,45 (6):1473-1485.



+ 466 - L PN Faok

(39 ] 25, Bk, w2 Il , 55 N2 B S R 15 B 50 LT ] TPE ROl R 27412, 2023,45(4) : 944-951.

LI Z,HUANG Q,PENG C T,et al.Cultivation and application of Camellia oleifera pollination bees[ J ].Acta agriculturae uni-
versitatis Jiangxiensis,2023,45(4) :944-951.

[40] DONG S,GU G, LIN T,et al.An inhibitory signal associated with danger reduces honeybee dopamine levels[J].Current biol-
ogy,2023,33(10):2081-2087.

[41] DONG Z X, TANG Q H,LI W L, et al. Honeybee (Apis mellifera ) resistance to deltamethrin exposure by modulating the gut
microbiota and improving immunity[ J ].Environmental pollution, 2022, 314:120340.

[42] HUANG Q, LARIVIERE P J, POWELL J E, et al.Engineered gut symbiont inhibits microsporidian parasite and improves
honey bee survival [ J]. Proceedings of the national academy of sciences of the United States of America, 2023, 120(25) :
€2220922120.

[43] WEI X, EVANS JD, CHEN Y, et al.Spillover and genome selection of the gut parasite Nosema ceranae between honey bee
species[]].Frontiers in cellular and infection microbiology,2022,12:1026154.

[44] skIlak , RIET, JEZR 55 52T A Bl 4yl O U 52 4r 25 R MERIT ST () 1. v I e AR R 2 43, 2020, 30(2) : 33-42.
ZHANG C D,SONG Y S, HU R, et al.Repeated does toxicity of compound Taraxacum mongolicum extract in juvenile rats
[J].Chinese journal of comparative medicine,2020,30(2) :33-42.

[45] FAN M, ZHANG X, SONG H, et al.Dandelion ( Taraxacum genus) : a review of chemical constituents and pharmacological
effects[ J ].Molecules,2023,28(13):5022.

[46] AW . rP AR e AccNK A5 MAPK Z5IH 0 N 245 30 B D RE S M [ D ] 2842« Ll AR ARl R 2, 2023.

NIU X J.The function analysis of accJNK mediated MAPK cascade response to pesticide stress in Apis cerana cerana[D].
Taian : Shandong Agricultural University ,2023.

(47 ] FJRAR . AR I MKK6 56 XA 519 MAPK B A= 7 AL R P I DI REJ3 AT [ D ]. 2822 tli AR ARl K7, 2019.
WANG X X.The function of Apis cerana cerana MKK6-mediated MAPK cascades in the oxidative stress response[D].Taian:
Shandong Agricultural University,2019.

[48] AMDAM G V,AASE A LT O,SEEHUUS S C, et al.Social reversal of immunosenescence in honey bee workers [ J ]. Experi-
mental gerontology ,2005,40(12):939-947.

[49] SEEHUUS SC,NORBERG K,GIMSA U, et al.Reproductive protein protects functionally sterile honey bee workers from oxi-
dative stress[.]].Proceedings of the national academy of sciences of the United States of America,2006, 103(4):962-7.

[50] EVANS JD, ARONSTEIN K, CHEN YP, et al.Immune pathways and defence mechanisms in honey bees Apis melliferaJ].
Insect molecular biology, 2006, 15(5) : 645-656.

[51] FERRANDON D,IMLER JL,HETRU C,et al.The Drosophila systemic immune response : sensing and signalling during bac-
terial and fungal infections| J ].Nature reviews immunology,2007 , 7(11):862-874.

[52] Mft BB , 25 T3, 45 . i 2 AR R TR TP B S IR LD . v B, 2023, 74(4) :32-34.

YANG C,PAN X Q, LI Z X, et al.Discussion on the application of Chinese herbs in bee breeding[J]. Apiculture of China,
2023,74(4):32-34

(53] sl . b 24 By iy 2 e g U3 25 05 28 0 [ . e 2%, 2005.(10) :29-30
GAO X P.Examples of herbal remedies against honey bee pests and diseases[J ].Journal of bee,2005(10) :29-30

[54] 222, SRR . B e LR i R 25 BRI T () ). K3 R 54, 2015,36(4) : 57-64.

LI X,LONG M Y.Research on herbal control of chalk disease in honey bees [J].Journal of domestic animal ecology, 2015,
36(4):57-64.

[55] OZKIRIM A,KUCUKOZMEN B.Application of herbal essential oil extract mixture for honey bees (Apis mellifera L.) against
Nosema ceranae and Nosema Apis[.]].]ournal of apicultural science, 2021, 65(1)163-175.

(56 ] Wt . s 2 By in e e i [ ). o 4k, 2017, 68(1) - 38.

HU Y Z.Control of honey bee pupal disease by Chinese herbs[J ].Apiculture of China,2017,68(1):38.

[57] XUfif , X PERE Ay, 4 it 21 e e T 8 ROHAE S AR 7 e B L . P A, 2023(7) £ 115-120.

LIU Q,ZHAO D H, YANG X, et al.Fermentation technology of Chinese medicine residue and its application in animal pro-
duction[J ].China feed,2023(7) :115-120.



