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Abstract
Background and Objectives: Currently, the honey bee (Apis mellifera) industry, including Thailand'’s, is experiencing
a critical decline known as Colony Collapse Disorder (CCD), which poses an immediate threat to global ecosystems
and food security. The primary causes of this crisis stem from combined threats, including fluctuating climate
change, pesticide contamination in the environment, and the outbreak of American Foulbrood (AFB) caused by
Paenibacillus larvae. These factors result in stress for the bees and a loss of balance in the gut microbiota (gut
dysbiosis), which weakens the natural immune system. Although the use of supplementary diets is a primary
approach to sustain bee populations during periods of natural pollen scarcity, general supplements lack essential
biological components. Therefore, this academic article aims to analyze and present guidelines for the use of
probiotics mixed into supplementary diets as a biological innovation to mitigate the impacts of such crises and
sustainably enhance the well-being of honey bees in Thailand.
Methodology: The study was conducted by collecting, analyzing, and synthesizing knowledge from experimental

research reports and academic documents on the application of probiotics in honey bees. The focus was
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specifically on autochthonous probiotic strains in Thailand, such as Lactobacillus, Bacillus, and Priestia, which
possess outstanding properties in enduring hot and humid climates. The study also covers management methods
for supplementary diets, both in the form of mixing in pollen substitute and dissolving in sugar syrup for spray
application. Furthermore, key biological indicators were evaluated, including survival rates, changes in body weight,
and the quality of reproductive cells in drones, under the specific tropical environmental conditions of Thailand.
Key findings: Traditional supplementary diets lacking probiotics result in an imbalance of the core microbiota in the
bee gut, causing bees to lose their biological barriers for disease prevention. However, when autochthonous
probiotic strains are added to the supplements, it was found that these microorganisms effectively perform the
functions of natural microbiota through the mechanism of competitive exclusion to compete for attachment space
on the intestinal wall and produce antimicrobial substances in the bacteriocin group, as well as organic acids that
inhibit P. larvae. In terms of physiology, bees receiving probiotic supplements showed an average weight increase
of 10-15% and a longer average lifespan compared to the group receiving only supplementary diets. This is
because probiotics assist in the digestion of complex nutrients and stimulate signaling through insulin-like peptides.
Additionally, significant results were found in drones, where probiotics helped promote spermatogenesis,
increasing the concentration and strength of sperm, which is an important factor for reproductive success. At the
molecular level, probiotics also help stimulate the expression of immune genes to secrete antimicrobial peptides
(AMPs), such as apidaecin and defensin, to protect against environmental threats.

Implications: The development of bee supplements mixed with autochthonous probiotics is a high-potential strategy
for addressing the shortage of natural food plants, as local microorganisms adapt well to hot and humid climates.
This approach helps beekeepers reduce costs from the loss of bee populations during the off-season of floral
blooms and helps elevate honey standards to be antibiotic-free, aligning with export requirements. Furthermore, it
serves as a model for producing high-quality supplementary diets that mimic the characteristics of natural food to
maintain the strength of the beehive in performing pollination for economic crops and preserving the balance of the
ecosystem.

Conclusions: The application of probiotics in supplementary diets for honey bees is an innovation that closes the
gap between supplements and natural food. These microorganisms not only function as immunostimulants and
pathogen inhibitors but also help improve the metabolism and reproductive systems of bees to a level of integrity
comparable to receiving natural food, resulting in healthier beehives that can effectively resist diseases and
fluctuating environmental conditions.

Keywords: Apis mellifera; probiotics; lactic acid bacteria; dietary supplements; bee immunity

*Corresponding author. E-mail: Wanida.ch@bsru.ac.th

853



B M9IANTIMENANARTYIN TN 31 (211U7 3) Aueneu — WAl WA, 2569

- BURAPHA SCIENCE JOURNAL Volume 31 (No.3) September — December 2026 Academic Article
BURAPHA SCIENGE JOURNAL
ISSN 2885-0983

Introduction

'
o ' a ' a

HWuE (Apis mellifera) ﬁuwmmﬁqﬂmﬂmqmmmxuuumﬂLmzmmﬁummqmma‘mmugwﬂ"’lugm:ﬁLﬂu

o

WHASTREINENINAT WNNEANARNIINITNHATLan (Gallai et al., 2009) aginalsfinu fqmmum‘mma‘ﬁmﬁﬂuﬁwﬂu

o o o

sy iuinganisafilszainsieanasetisaiiias suiinainiadaanauaaaiu ian1aaauutlasanin

o

nHeNA uaznslaFuansARnIanAngie (Goulson et al., 2015) n9szunnzevialon 1 TapaLdiuningugn

(American Foulbrood; AFB) uazlsagladleunnadugn (European Foulbrood; EFB) N9sunaueeslsils@n 1w Varroa

destructor Way Tropilaelaps mercedesae hazN1ILANAEITDINNT (Aurell et al., 2024) G Wongsiri & Deowanish
. . . v o v oy . 4 £y oo .

(2012) 2798UINNITIANITAUNIWEIAUG LR Faua TR LENagNSLaNITNIg LTLBIAINNIABNT YT LKINAGL
A - 5, - = X vy a Lo v e

anniivledngiauazaningeinianiaesianisasyiuinresdenalsalainandi luaauun anisdiaenndasiu

$1897114989 Chantawannakul et al. (2016) WAz Tlak Gajger & Mutinelli (2024) NeufudngnIngiainiAfauiu

Ca oo X . v L asa . 2 o ,
Tdinasusdanasaazsinanesi uddaduadesaliiianisundscuinneslsauaziionalsngiif lua (Emerging

[
X

pathogens) ladedu adewmaniidanalnensesanannudanraraeiaianazilsz@nin1nn1snaninie (Le Conte &

Navajas, 2008; Goulson et al., 2015) ¥inuna1singaainans “tnguinis” DedunalndrAnyluntengeqganinaeis
v

TﬁmL@W’]ﬂuﬁjqwwmLm@umaa?m@ﬂimuﬁﬁwmﬁ%ﬁﬁﬂﬁiquﬁﬂuﬁummﬁ\m@mmm (Brodschneider & Crailsheim,
2010) &lunanniu natiennandjdsuzuazanaailunistesiuinunlsretesiedlesuaquiu Idnanedulade s

naliAnyideneneneuis nagaauiAdasianistuteusesansaiinnAnlunansineiainieeing

o A W v o ° , = d , = = N Al e o o
M@ﬂL@ﬂ\TVLNVLm ’Q']ﬂﬂfyﬂ’]@\Tﬂ@qquqiﬂ@]ﬂqiﬂﬂﬂf]wq\?L@'ﬂﬂlﬂm IﬁﬂllN@ﬂ’]ﬁ‘ﬁﬂl‘f’]‘luﬂmmmiﬂiuﬂqiﬂﬂwiuiuizﬂuﬂqﬂ@

' 1 a a

91 NENARUVTHUNUMAN (Core microbiota) luneiAuanmsuedil Ingawizngu Lactobacillus spp. inulunszimng

LR}
v

#NUMIU (Honey stomach) HRniantifiu “Insluledingd” (Probiotics) NHnnBAUqaWNTY dostisaaauansennis

=) ' Y o

dedau afwdsnistesiudenalsn uasidinafesruuniAuiunuessuT A liuniig (Vasquez et al., 2012; Kwong

¥

& Moran, 2016; Raymann & Moran, 2018) #1uiuluilsemalne An1sdnwuazAnaenqaduristdiasd uniansne

sananandszenssesan Tnee1uddaa9 Yooboriboon et al. (2021a, 2021b, 2023) wuannisiasninglulamng

'
a v

anreRugiaedualua I aaTn A saiA N LduIedlsza sl e lus dauaiuamuniwad suluiasog

Q £
' v v
° o

paaaAuiNUMnfuazinengduveieuliatnaliid Ay

[
=X o

. v o 9 < 4 - - .
mmmwgmmnumiﬂi:aﬂm“l:ﬁLmxﬂm"l,ﬂﬂnifafaﬂqmmqmmwmm‘l}wﬂuifammﬂummumumwug
= o o \a o 4 o o S X de oo Iy

AN ATYRENNENFBN1I NI ANAAUTTIINIHILAT NI TR UINIRNTINNT ANt uluanInwIndax
= o o H= A a ' 4 ,
A91291RFaU UNANNNLNIUITIINTTNRTTUHA s zinana s d@anlaanalnaasins luTamndasinatluse Ly fAaus

‘Qo‘ o =® o & ‘dg/ XK a I's a a 6 o Vv ¢QI 1
niseangnaszAulnianaldaudenadnssaganinie soudadAmsiAnaninaesqaunsdanaiugiaiu iy

. . . ‘dl o o a a U = =
Bacillus spp. Was Priestia spp. WNaLTukuan i muwinnssuen v sasn insluledndnawnunisldansiaivize

2UAu AAeAAUTTEINaMINaTINIg AnSLuAsEdmaaassialy]

854



M9IANTIMENANARTYIN TN 31 (211U7 3) Aueneu — WAl WA, 2569

B

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983 (¢

BURAPHA SCIENCE JOURNAL Volume 31 (No.3) September — December 2026 Academic Article

1. NALIENOUUAZ1INIINTBIAAUYSET IV INIAUBIMIEN (Honey bee gut microbiota)

AU INNIVBI IR UG T U LILTN ARAUVETENNAYINATINNZIAN A9 TAENG QAU UNUUANWLIAY N

wulugagaLsianan lddowing (Hindgut) Fisznavsaaleides (leum) waz L3NAN (Rectum) AAUNTERNANUR

PNANRLTULLNNN1 AR (Symbiosis) WATHLNLMEWMINT SUdanadngnseassineIuazn1sAssTingesi Al

1.1 TiauazAndIuTeNNgNeAUYITEUNUMAN (Core microbiota diversity and composition)

1 a a o

AINNIANEAREINATANITIATIHAALAIIRUENITH WA TUNIANE N ST ENRUGHNgNq AWYEE

o

o

[
Yo A

871113 (Kwong & Moran, 2016) TnaignunsnanuunatinuaznguurinndnAny laaail

a9

wanfiAaudeAitlszains 5-9 1iln (Table 1) Teddndourniiuioaay 95-99 aavtlseansqauvzeiannalunigimu

1) wu ANTENIAWANRAN (Lactic Acid Bacteria; LAB) ‘Emmfawqmq@ Lactobacillus (mﬁu Firm-4 ay

'
a o

Firm-5) Way Bifidobacterium WUNTLANEAAILANTLNIZWNUINANY audean lEduie nantinAnanlunisasa

anzuanranfduganiaaIyiulnedanalsm (Vasquez et al., 2012)

2) wuA%iFangy Proteobacteria lWn Snodgrassella alvi uay Gilliamella apicola TainutinntiaINIy

slaan lduazdag lunszuauninuunue dAdnaesinaaideden (Raymann & Moran, 2018)

Table 1 Gut microbiota locations and functional roles in honey bees (Apis mellifera)

Microbial Groups
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References

Lactobacillus (Firm-4,

Honey stomach,

Produce lactic acid, inhibit pathogens (AFB, EFB), and

Vasquez et al.

Firm-5) lleum, Rectum stimulate the immune system. (2012)

Bifidobacterium Rectum Degrade complex carbohydrates and maintain intestinal Kwong & Moran
homeostasis. (2016)

G. apicola lleum Produce enzymes for pectin degradation in pollen cell walls ~ Raymann & Moran
and metabolize toxic sugars. (2018)

S. alvi lleum Form biofilms to prevent pathogen invasion and consume Kwong & Moran
oxygen to maintain anoxic conditions for other bacteria. (2016)

Bacillus spp. Honey stomach, Secrete bacteriocins, exhibit high environmental tolerance, Thacharoen

(including Thai strain lleum, Rectum and inhibit the growth of honey bee pathogens. et al. (2023)

isolates)

Priestia spp. (e.g., P.

flexa Thai strain)

lleum, Rectum

Produce antioxidant enzymes (SOD, CAT), reduce cellular
damage caused by oxidative stress, and promote bee

health.

Disayathanoowat

et al. (2012a)

Frischella sanitaria

Rectum (Pylorus

region)

Stimulate local immune responses and participate in the

development of scab-like structures in young bees.

Engel et al. (2013)

Bartonella apis

lleum, Rectum

Contribute to nutrient recycling, nitrogen metabolism, and

fermentation processes within the gut.

Kesnerova et al.

(2017)
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duvsduanegtia denaliArmauiidunge-ang (pH) Tumaiduensanas afeaninsildiunzansanisaioauin
gaauuANFunalsm Ww P. larvae (Wianalsn AFB) way Melissococcus plutonius (Winnalsa EFB) (Vasquez et al.,
2012)

2. @mzv”mafmwmZw:rZuf@ﬁnm"ﬁwmmyd’rﬁuﬁﬂ (Characteristics of ideal probiotics for honey bees)

2

o A a A e A % a 2 o o v ° , o 1
nisdnaanqaunseiie ldidulnslulefndluislanududanuazannizianzasganinludndiaeagn
[y ¥ P a 2~ ¥ aa ' \ o A o , A aeaa o
AOLUNUN LHBIAINITLLINIAUAMNITRHIH TASIaF N Fe LN aUARN1930 FeeAu0an guqaauyiae NHAINATIE
1A17A9g4 FINDBLNTiUAINT UL sIeIANTE M TN UIANE N TUATE AN AauvEiTNeNHAnan Wl
msldidutnslulesndmosiinuanmuzdndny Al
2.1 ANAINIT lUNTEANISUASN 765957 (Colonization and adhesion ability)
a AN ey A a a = o o s a o . . . N 2
qaustiasdlszansninluntstinnieiuniamasyiaanld (Intestinal epithelial cells) Wiaduiian
d‘ v 1 a = fdl = = o a 1 o dl o Z’/ QI o ldgll
(Mucus layer) taad1anguilssainsqauvissinianas lnsendanalnnisnafuddsiuiedudainisiinaiunuaesie
nalsm (Pathogens) lnatannzluanlddauing dedseneunae leldeniazisnsdn iUyl uiannuaienia
AN ngegAua U R LN U A ARy @It luna3n i annaq@uvae (Raymann & Moran, 2018)
2.2 AMNAINITA UN1779AT IR IS ULNNANS 19T (Survival under gastrointestinal conditions)

AAUTIETHBIANNIINIDATIMENUNTLNITHNUINIIY UATNIZINIZAIUNAY (Ventriculus) T9HANT1

ee

=

\ oA o = 1 v 9 oy . Naa S
ﬁqqllLﬂuﬂﬁ‘ﬂ-ﬂq\?WLLﬂi‘NuLLﬂzﬂJL@uimﬂﬂﬂﬁﬂqﬂqimﬂmu UANAITINU ENﬁ]@\?@qﬂqi‘ﬂmumqumﬂ’&qi‘wqﬂHLﬂN‘V]NqV]ﬁmq

AAUNIETANNEITNIA (Antimicrobial phytochemicals) 11 WIwan (Phenolics) uazlalnsiauilafaanlasnnylu

ununazinasaenly (kwong & Moran, 2016)

857



B M9IANTIMENANARTYIN TN 31 (211U7 3) Aueneu — WAl WA, 2569

- BURAPHA SCIENCE JOURNAL Volume 31 (No.3) September — December 2026 Academic Article
BURAPHA SCIENGE JOURNAL
ISSN 2885-0983

2.3 Anwuamralun1saaneuladive Tien s UIunITIUNLeATY (Metabolic and enzymatic contribution)

wsluTeamndnndsz@nsninaqstununmasnlunistasdanagnsaivnanuasasialdls @ n1suamn

] a a

wuladinedasaaislnsea¥reniiaings (Pollen exine) NHAINNLNINEGL viFatiasaa eanyRa)inguna lauoss

q

(Flavonoids) uazwaauinenlsdidedan iaiiulsz@nininnisgatinasaing dedupnianinnanudiAnetieds

[ 1
a

TUANIIZN TN ABARLIN AT AN EITNTIN R LA A9 b TLB1U AN AR AUAI N9 INTUIN1337 TR (Brodschneider &

q

Crailsheim, 2010)

Y v

2.4 ANMNAUNILADRINUUAZAIINLABALE (Host-specificity and biosafety)

nsldqaunseiiasiiu (Autochthonous strains) Nueinlaainialuiui 1w Lactobacillus spp. #3a

a a & '

Bifidobacterium spp. AnHeRug ludszinalneg dnlinadwinandiaraiugriidi iasainqdunsedina i

A9muIn1939u (Co-evolution) fuieluanian v liiamansnlunisdiudseguugluaz A nauduimns lu

anazuandanian1ziuldanda (Goli Mehdi Abadi et al., 2023; Yooboriboon et al., 2023) $9NT4AaHIUNT
nIraaauANUasniadtlsaaniunesnUfjiaus (Antibiotic resistance genes) ivetlaariunisdennunzadialan

= o Aal %
21U Qﬂ@’]’)zﬁ@ﬂLL’Jm@@N

3. nalnnseengnanisianinyesinglulesandlui (Biological mechanisms of probiotics in honey bees)

nsdszgnelldinslulesndlutiviug inewsiidunisdiuaunatsransqaurisailssandulunasiuvamnsg
Wil wididunisdagsugunaneuna indjduiuinisioninnduden TnaanizedeBiuuanGansauansn

TUNIQAUIMNING LU NgN Lactobacillus Firm-4 (14 L. mellifer) way Firm-5 (114 L. apis Wa¥ L. mellis) T4HAN

TaAuLEaRdmuINIg3an (Co-evolution) szANuNUaATH Tne LAB ngw Firm-5 Inguiu (Gene clusters) Na1tnng

q

santstesaaanaauinanlesdidsdauainuilaunasaentd wu tadimaglaauaziwniu dnunszuaunisudnuuy

Phosphoketolase pathway laiilunsalasiuaradu Inataniznsauedfnuaznsauansn (Ellegaard & Engel, 2019;

| o

Kesnerova et al., 2017) Gelaliientouanan pH iadutidanalsa ws SCFAs davinutiiduluanadednynns

=

(Signaling molecules) linszaurtaglasiu (Fat body) sesisidamssillsiulomalaatiuuazmdlnsenuaaunse

(AMPs) N un19LBudy Y1 s Toll kaz Imd (Zheng et al., 2017) sanvianaslalnsiauidasaanlasd (H,0,) uas

2

d171sznauszimedng (VOCs) Rfudanisanaedalafiiasnnalsnating Nosema spp. toaenallszdnsan

=

'
=2 o Y o o

(Vasquez et al., 2012) mmiﬂﬂﬁﬁuﬁuﬁmﬁqmwﬁm AUMET amnsuuneanitly 3 nalnudn s
3.1 nseugadanalrAsun IR AR TR INEN (Competitive exclusion)
wslulefind TnaannznguuuaniFansauansn dusz@nsningalunistiainizuilianld denaliiin
ﬂ@iﬂﬁu&L%'ari@‘l:imhumzmuﬂwzﬁwﬁry 2 tlsznnse
1) NNTWAQLENATLMUSEALINNY (Competition for adhesion sites) delnslulefndidnd nasesiiuiiuy
wadyAasnld avadreduildimsdan el WuueiiGanelsn wu P. larvae (a1mglsneuisiunaduge)

wnBiannzuazgnsuiietials (Raymann & Moran, 2018)
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2) NNTUMNLENA1281911 (Competition for nutrients) NaatastiAuinetnemaiisasdnslulafnddaan
b % ¥ o i v 1 Wdy 1 1 o/ dl o QI o
ANnFan I Fauaasansavnmanluan 14 denalifidenalsrrnnuaanwraanasnuiandulun1siinanuauuaznig

LWTN7zant (Kwong & Moran, 2016)

-

3.2 NIAFNAIFIUAAUNTELASNIABUNTE (Production of antimicrobial substances)

1 o o o o 5 2= ¢ = o o &
ﬂ@iﬂul{]‘juﬂ@@ﬂmﬁV’]ELI‘V]‘]]’]EI@mﬂ’]ﬁ‘i‘]]ﬂ’]ﬂ{]‘]]')u‘éﬁﬂlu’qﬁl@’]ﬂﬂﬁ‘ﬁ'&lﬂﬁﬂ@‘ﬂﬂﬁN IAANTEUIUNITNAN AT

1

1) N13aAAIANLTINNTA-AN (pH reduction) wuANBENgN LAB iatuinmalinarailunsauansn
(Lactic acid) Wazn3atdu (Acetic acid) getaliiluanldian19aaudunsaNinaL Tea181708UT9IN17990 294

atlafimenalsauazdugnisasayifulnvesadunemlsdnetlsyasd (Vasquez et al., 2012)
2) nmedunszviuuamesiadu (Bacteriocins) nglulafnduisanaiugainisonananslusiuniions

° o - aa ' Vg ) - 2 A A oA e o2
NIRVENUN LA XU bbi ﬂVILTﬂﬂ@Iﬁ'ﬂ'ﬂﬂ"]\i LRANIZEANEAN Iﬂﬂiﬂ@ﬁm@ﬂ?xmumﬂm@@ﬂﬂ\? N\Tﬁ?’ﬂﬂ@umﬁ‘ﬂwwﬂﬁ\ziﬂﬁu ki Lﬂu

wwannetaansiandinisldundjcusuuunanndna (Vasquez et al., 2012) avaanndasiunisdnuilutlszinalne

o

Tne) Thacharoen et al. (2023) NYiNN1sARLENULANEHAINUIRIEIINT A Iwdandnides il wudnq@uvsengu Bacillus

waz Priestia HAnantmrulunsduinslulefing easaindanununiuseaniozatsedluniaufueims (annay

pH Auazinaeng) wasignitudiwuanFanalsaliatialidszdnsnin dayailidusngiudrAnylunisimun

'
a

wsluleRndansiugiesduie ldnaununisundnainsslssne

3.3 msAuANszUL)AANTuazna IntTeariusa (Immunomodulation)

q

°

nsluledndlunuindrdyluntenszfuuazliuannaszuugiduiunediia (Immune priming)

tunalnsssialilil

v o

1) nazsunisuaneanvestiuniAniu nslasuinsluledndidn lunssduniadudoyoyios (Signaling

pathways) L1 Toll #3a Imd pathway dsxaliiianisdaunsziiazuasli/Insdenuaaurise 1u defensin, abidaecin

° o

waz hymenoptaecin aanunuyuRauluszuLaen (Hemolymph) iandpmautlaniaas (Kwong & Moran, 2016)

a o ad

2) magiuaiIeinn s ueyyadasy TAseiilmiuinTneluleRnddaaiiuniminauaes
ieulgaliueyyadas (Antioxidant enzymes) S9gaanAadEsnE18Tas (Oxidative stress) AiflanmAuNAN
Tadamauen Wy nsiialdfuannaiitdadngits wian1azaraeianaInniseInansa1mns (Dietary stress)
(Aurell et al., 2024)

4. [ANIENUFIRLITZANEAINANTLRBILAL ZHUNIN. nsaiani lurlzzinalng (Impact on production efficiency and

health: case study in Thailand)

miﬂimﬂﬁﬂﬁwﬂuiﬂﬁﬂﬂu@mmunﬁmwﬁmﬁwmﬂizmﬂvl,‘wﬂiﬁ?ﬂﬂﬁiﬁuﬁuﬁaﬂivaw%mwm’m

o

miAsuidmnsasetisaiios laaniznialduueiifangu Lactobacilus idauenldainadurisdlunadiu fedea

o

TIUaNAaFTITAR AT mqmmmm”mm Aa piatl
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Biological Mechanism of Probiotics in the
Gut of the Honey Bee (Apis mellifera)

1. Competitive 2. Production of 3. Immunomodulation & .'g 4. Overall Health &
A Antimicrobial Substance: e} Survivability
Exclusion @ & Organic Acids Antioxidant Support Enhancement

Immune Signaling & 5 ey
Reduction of Antibiotic Use Systemic Probiotic Effects

Gut Protection &

Exclusion of Pathogens Metabolic & pH Regulation

Beneficial Probiotics = Probiotic-derived § Metabolic ] I.ocai'l'lnl Probiotic Isolates:
" L Y e molecules bind to Saee = \. @ Bacillus spp.
P, larvae . ’ {J bee gut immune v V' 4 4—?3 € Priestia spp-
spores receptors o / \
'* w o, o @ 0 ° Toll /Imd Pathway
Virulent / LR LS e, J N = Activation
P:t’l.?&‘g;:' Pﬂhoge:m s Immune apidaecln Lactic Acetic  Bacteriocin widsecn, 1 apidaecin 4
occupy available are excluded [Eceptor acid acid prosioic metabolc 1 hymencptzecn | hymenoptaecin
surfaces llymenopmcm Organic Acids  by-products
~ b o) pH duoed ol Antioxidant Enzyme Activation
”% 1UDreguIallon -—_—- in qm" e o5 @
o (hlom nsulvza;7 ’ gftmé.d. Q{)Ide a
ulation o acidic Superox|
a""'l','n ’:sh"l lpnhecm Mmon L ’\ Host and pmbio\lc meubnlk:/ dlrrfmhse c?éﬂ;)“
\pe -nmmc k synergy lowers local pH \__(sop) -
v 4

Cellular protection

1. Pathogen inhibition via 2. Production of host-derived 3. Immune system modulation Enhances health of worker bees;
competitive exclusion and LA LY increases survival rate and
( nutrient competition antimicrobial peptides and self-defense mechanisms colony longevity

Figure 1 Schematic diagram illustrating the biological mechanisms of probiotics in the honey bee gut

(Modified from Vasquez et al., 2012; Raymann & Moran, 2018; Thacharoen et al., 2023; Aurell et al., 2024)

4.1 duasuninasauluaznmdnga (Growth promotion and body weight)

nsluledndlunumédnylunsifudsz@ninwnisidasuansanmaiduiiaiiie (Feed conversion

efficiency) H11Na lNN1967TIINEN

v
1R [

1) NISANNIATININ (Biomass) 9UA4E U84 Yooboriboon et al. (2023) 33NN ugN i Fua1mns
winnannslulasndluminieasgandnguilasuanmsndamaining lulefindatnaftid Aty Tnafunmingy
A o M, . - o -
WinTuednfeaay 10-15 asanqauvisdiistesaaaaisamisluanalunlunasiien dewaliteainnsngai
nenazlunaratnllldlunsaFandsitavaziiatie ks laasnallseANEA 1NN T RAAARBITLNIAUNLIUD
Zheng et al. (2017) ivmwmumﬂumqLmummavl,uvl,ﬂmemeaﬂ@mmmﬁ WA T d Fryoynnunnulyl
nsnAaBuTAY LI mequ@um LR AT LTI TATANNA LT B Eag Tl usTLL ml,ﬂun@”l,ﬂﬁuﬂmﬁﬁhm%mﬂ

drmelanslasuinsluTesindasdanalnansesianisiiunaadionwaasiig
2) nsimunlussazsageu (Larval development) s lasuaaurisemiltlsrTaamifsusszasfdanudas
- s e aa . N TR o - Y mem
@INaFeANANYsaMNaTIINgn asna iR AfndeiiseanuianaagninaaniiiauniaslunisUim

v dl o % 1 <
wrhinaluslaetrasudnanin

4.2 mj‘ﬁmmg/iﬂvﬁum mwwumu"z/mm\ﬂu (Longevity of worker bees)

28 fuvesienuiuadeiinlannssseunmuananinbouasauduaed
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1) NIVAAIINANUUAZAANITENNNUNLIAATN (Energy allocation and metabolic burden mitigation)

a & = = & o gt y 1y o o
mmummwumqmummmm’m@u@mm:ﬂmﬂmnmiﬁ;ﬂmummmﬂﬂaim WWSLMNQVLNWEQQO&IL@EVISWH’m?

v o 1 1

maumueddaliliunisneuanessanisaniauizansnszfuss LU NANTUatNAaLilas dsnaliseniaaiunsn
Pnaa w1l un st ua N I uN AN NI LATTEADNITIEANANINYBILTAS ( Cellular senescence) baagi1ai
19¢@n5n W (Brodschneider & Crailsheim, 2010; Raymann & Moran, 2018)

2) HARALTNIUANIALLNLNANANAINEG 911A8 28 Yooboriboon et al. (2023) NU31BINTLETH

o  a

ai a , A o £ Y 1 Ao ~ = a o 4
MnaninslulefindiostinangdovesicaulietealiiedAty Tanniefan1sinauon “Namnenuis” (Foragers)
meluialdasegldunuan danalaansssanisiindsununisfiuinaonandnunmulaings wanannisz@nsnan

lunaiuanuautlszansiaundn TwslulafnddsliunumdrAnylunsusaminansznuainanaeinienisinems tne

¥ 1
a

Alberoni et al. (2018) szydninslulafnddaenuyannaqaurzdluniaaua s ldfuaudeniaa e sinuuas

al a9

° o

TIRaAARAINL Aurell et al. (2024) 1'71mm’mfj’]mﬁmﬂﬁirﬁ’huimmmﬂﬁuﬁﬁﬁmmﬁyiummmﬁmmmi@;mL’Eﬁi‘”\‘iﬁ\i
ANNENIITANNLATLARZ AN (Combined stress)

4.3 NISNAUIANINGSULALNUE ARSI (Reproductive quality in drones)

1

da/d s v o
pyatitalueIAnNNIE

o

q
31
<
o

o

. - &
WFUNNRARRIUInEy Tulsvnelne

o=y

1) NITUIUNNIAINTAFALWUT (Spermatogenesis) 411338 Int Yooboriboon et al. (2021b) Wu3N3

[
=< o v

w@snInslulefnddsnadauanseanninadfuaasiesog Inadosiinaaududusasadlsyi (Sperm concentration)

D

o o

o ' o | Ao a o ' = A a = R
wazdnsNNI9etisan (Sperm viability) atiefiid1Any WeanFaumsuiunguaruan Ganalnnieassinannaiagnld
asuedsngnisaiianans dulisgiudnieaannisiinslulefinddos dunszianssueyyadass nanlasiuaadu

warnsaaziluaniiy fedqaananinzipzeAanTLAdu (Oxidative stress) ﬁﬁﬁmm%ﬁumm’mﬂ{u AYUANLNNT

|
g A v v

A43UNNI9ATNA981119N9 T UEaN191N 9 AR AUNUE (Raymann & Moran, 2018) LaHeAagNanwug aillsu

q b

Aunngaanlazgninliliiuine dlugafiuadlsu (Spermatheca) 209HIUNINEYN TIN1TFNHIANINUIARBNN

Q a

= =

°mLm:uLL@u@u”lsnﬁﬁm@%@%aazmﬂumLﬁ‘umlﬂ{uﬁ@L‘ﬂuﬂzﬂmz&’ﬂﬁmhmmm@miﬁﬂmmwLLmﬁ‘”ﬂmamwmm
f3naesaidfilinseridenauunaenangit (Baer e al, 2009) lnaiidenurinuiriidusanatslunisnszans
a1981913%siN @siuunua la g Ay Lmzﬂauﬁﬂﬂé’mm%ﬂ‘lu‘?ﬂmuﬂizmuﬂ’wﬂ@ummm@ﬂLﬂ?}lﬂuﬁu WLl
tnsiatn (Trophallaxis) WazN19aANTT11NNNE 11U (Powell et al., 2014)

2) mmmmmtﬁwﬁuqmmLmzﬂ?mmﬂ@zmmmmﬁaﬁqiﬁl‘ﬁmqmug?qumeg\i daelianunsn
mmmiﬁL%@ﬁﬁmwLﬁuﬂi’uLL@zmﬂs’mﬁLLﬁqLLNIﬁ’Lm'ﬁqmqwmﬂmwdwmm@uﬁuﬁf zdw@‘lﬁﬁqmqwgyﬁﬁi@mm
adfuazanluguivadfunemediniuninelddfausldedeiidsedninn %'\‘m'fm@mﬂa&mqmm%\aﬁqmqwa&m
fialvainaunu (Queen supersedure) ﬁﬁnLﬁmmnmiﬁﬁ\imqwmﬂé’%aLﬂ?’ﬂﬁiLﬁﬂ\ﬂw‘ﬂu‘?‘@zﬁlﬂi’uﬁ”@mmmw (Tarpy
et al., 2012; Pettis et al., 2016) fa”ul,ﬂu@qﬂmmziﬂﬁmﬂumﬁmmi%ﬁqmﬂiﬁmmwLLfmﬁﬂﬁ;LLﬂiﬂmulumm”au

(Chantawannakul et al., 2016)
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o

naaasnadsninslulefndranisanseiunnNagarasNdaHIuN AR ANLATIA ST ALLTAS 14 T

al
v
s v

danganizuieiugivinngy widtaenerdesiulsngnisnimsdainanludndiaaegnioaun uywel uazdndtn i
naln@auleasenINNTzUUNINAULIUITULALITULAUNUE (Gut-Testis axis / Gut-Reproductive axis) (Ding et al.,

2020; Sanchez-Rodriguez et al., 2025) Ingnsiasuqauvzeing lulaAndaunsniinanauannsalunisdnueyya

o

Basz annainaNAINeTaaNTIATY (Lipid peroxidation) MiadNITaARE4a WATAANITLANTNTAIALELIEILEEA

'
v A o

(Prihadi et al., 2026) &NUFLEIFMETIHANHIENNETIIN AR NAa i uin s umasega i lugafiveda (Seminal
. dl o & Yo v a 1 a G a 1
vesicles) tVasan1suaNiug nslafuieulalduayyadase (1w SOD uay CAT) anqaunseinslulafindngu
Priestia spp. Wa¥ Bacillus spp. A4dAugAtyatsialunisindasaruanysnfaaseganialdaniazaniuesen
5 X d
AINAINTAU (Heat stress) Tununianiai

5. malszgnsldinslulafindluniaidsavuazannialiainad (Probiotic application in beekeeping and

chemical reduction)

nslasudiuanuuanenisdanseiidnasziuarentijious (Antibiotics) ungnisuseneldqaunse
=l

v &

nslulesing andudesendunagnsnisndunsdnnisnillss@nsnin inedaainliqaunsdaiunsnasann (Viability)

o

< . . - Y o & = o o &
LL@ZLL@@QQV]ﬁVI’]\WQﬂ’]W (Biological activity) VLL‘W@EI’]\?QQQWWEI@LMNN\? IALAUUINIINEAN AN

5.1 nsuFuraani1revndsuaan iwslulad@nd (Management of probiotic dietary supplements)

v
o o

e liinsluledngdannnsadnlusasa (Colonization) Tuszuumniamuea i svedielaasnaflsz@nsnn

o o v

sluuunistingeansensaatiutadudn Ay isesiansun Wenainn19adunsd lun19ANaI NI AENAAAN

o

'
a

an1nziazan n17vas Ing lulefndanasiugyiaediu (Autochthonous probiotics) Wu Bacillus spp., Priestia spp. by

Lactobacillus Firm-4 Tuinasiig e uiion Az o 1alman1snnauaasqaustunumaniion lainunuazisnsy
= o ?/ dgl/ 1 a o s (2 f ' ¥
(Table 1) Inedinalndudamanalsnawdiunngun (P. larvae) uazglstWnagugn (M. plutonius) H1uN196519N9A
BuvatfanAn pH LATNIINAILLAYE3 AT (Thacharoen et al., 2023) wWiananaseulaiFnuayyadasy (SOD uas
CAT) 1081anANLATEATLALIIAS LNNERIIN1998ATIAUBNY (Disayathanoowat et al., 2012b) WATALETHAUNN
agaluiignieldaninainiAfawumu (Yooboriboon et al., 2021b)
1) g IngluleRndluenunsllsRunawn1na3a33:8917 (Pollen substitute enrichment) Tagin@3
o ' ., 2 ' a o . . . = A a = a
LUANLTENAN Lactobacillus spp. NTANQNAUNTENAN (Microbial consortium) adlunasnannuanainilsnuigsu
, = o o = A AN ey o Yy ve a o TR Ao . , & oA
i Tlsfuannanndomassvsetias doaliilaiuqaunsdaaugldiuaisaruisnandusenisdanugsuiilo e
TmﬂL@W’lzslum'fgfmqmﬁmmLm@ummmnimuﬁiimﬁ (Brodschneider & Crailsheim, 2010)
N T A a . aa . a
2) nsasnuasararaidennannslulasing (Probiotic sugar spray) 38n1siendanalnngfnsss
. . , 4o : 4 y .
N199INANINALDIATINNTE (Grooming) waznistfauatvisuanilasuiuuuulinsetn aemaunsedunianszansso
a a o a o KX o $ ¥ 1 @ e:/ =2 .
we9qauEe llfvan@nnng lufimntsdgauaedielfatinsnFouazyiaia (Yooboriboon et al., 2021a)

5.2 n198an19 198U TN UAZ kLN INNINAENANULILIAWNTE (Reduction of antibiotic use and organic

beekeeping practices)
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nstszgneildlngluTefindnetlunianssudrAnyluntsudladoynsiesasn (Antimicrobial resistance)
WAZENIZALNIATFIUNTNAR NI LARAE
1) n1stlaeiu@egn (Proactive prevention) nstasuinslulafindasluaivisiasuinldiaaaiantng

a !

adanataainEnIazaNiiung (pH) luanlduaznszfunisuasansid naduqdursdanassunm Tetoean

o

giinsnfaasTsnanidiuniiaugauaslsag Tadaunndugn Tnaannisienansiad (Vasquez et al., 2012) danAdas

U

o dld o 1 a al a o a d’j a al 1
19189114294 Elenany & Hassan (2023) NEiududnuuafiFansauansn a1u13nansnsnisindauuaiiGanalsaly
Faaulsnaldannznaaunale
2) NTENITALNIAIFINLATANLARASEN19EMT N9anns daTAldenalaansasianIsanans
v oo ¥ X 2 4 24 . ¥ ¥ x
anAsTuiauaslaig (Beeswax) faiunisiindinaananunsnlunisugeduaasgaarunssuiisnalunaialany
Jumrniranulaaasianiea1vnafiduen (Goulson et al., 2015)
5.3 uualdumsWmuuianssu s luledndviaeiiu (Trends in the development of indigenous probiotic
innovations)
nannsade lulsewalnatsddn nnsldaaurisailssandunuenldainialunum Jusvdnsningandnans
o & ©° 7 1 d: = o o 1 a d’l’ % vl |
Wuguudansdszing iwesainiaanainisalunisdiudoseaninguugiuazaananluanfeuldsng,
(Yooboriboon et al., 2023) firnan1swmun s lulesndlusuianaasyadullnnisldinalulainnsvaiusanlulas
. . d‘ a a £ d’ 1 o % a = U
waLlga (Micro-encapsulation) ienaninslulamndlugtuuuneuiy GedaesnunaNAIFoLATANININTBIqAUYITE I
g9 UL IUANNIZNN9AENNANILAY (Yooboriboon et al., 2023) uanannit Thacharoen et al. (2023) lauaneliisiu
= o =1 [ % a o & a o a £ AI 1 o a di AI v ' d’l
feanudrialunisimunnaninelidsne mnsandngavluiesdusuiuns lulesng iiaiinadu sunusalie
P. larvae Faflusnmnuanaaslsnaunidiunnadugs lunhsuisiunnawiiareslszmelne
6. Anenmniailsseinsldinslulafindlunaaesaugandiae’ (Potential for probiotic application in commercial
beekeeping)
A

TuiFunmsgRamnIsunIamnziaesie nMsdszeneldnslulesndilfaninegiesunuinaesaimiaiaen

U

~ o o = A A o o a o s a a A o =

LWﬂﬂqﬁ‘?ﬂﬂﬂ’WI?ﬂquuu LLmﬂﬂLﬂuLﬂiﬂQN@@qﬂﬂ_lwsluﬂf]?Uﬁ‘ﬂ'ﬁ"ﬂﬂﬂqﬁ‘ﬂﬁ‘zmmﬁﬂ’]‘wnq?m@[ﬂLW@Eﬂ?Z@Umﬁﬂqqmﬂquﬁ‘ﬂiu
1 o a o & d?/ o = [~ o o’ o d’l

ﬂ’]ﬂlﬂ]\‘iﬂ“‘ﬂ@\‘iNﬂmﬂm“ﬂ@qﬂm\ﬂu?gﬁmﬂmﬁlﬂ@ Imﬂﬂﬂj‘glﬁu@qﬂmmﬂu

6.1 mmﬂvai/mm?jﬁu@Mﬂﬁwﬁdm\?WEyﬁ (Queen bee quality enhancement)

a

TUgAAIUNTINNIINAAIIUINNEYNUANDNITANUNE ATINTWUAZALINANY TN UE TBIHIUIINEY

ey MULBNIUUALANNINTBIBEA (Sperm viability) N AFUAINNIEE (Drone) NsidsnTnslulesAndluamsing

q

v
=X

Tunnsdassunszuaunsainsegaesiadag Wllsc&nsn1mgeau (Yooboriboon et al., 2021b) @edanalneinsesianis

1
a o ae o o o

tinangningldrasiaueneyn uarandnsnisgadaiandnsslug (Colony failure rate) duiiuiladadAnylunnsan

o a s S &
ﬂfJ’]lIL@F;I\WH\‘]Lﬂﬁ“]:i’ﬁﬂ@“ﬂ@xﬁ@]ﬂﬁ‘ZHEUﬂ’]TL@ﬂQNQ
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6.2 N1LUTMI29ANI939 UTNANGA (Crisis management)
nmalsaniazanuulslauaesaningiennie wu dsingnisaiieatiley (Bl Nifo) Tedsnalinaanmis
Tdunuangania nastszgnsldinsluleAnduanluamsiaindos iEAMNUWILLLLENLITIINTHNIU WIaN9A
Fan naeiaieliasd (Yooboriboon et al., 2023) dswaliinumsnsainnsnsnunaanunianaeslszainsianaiing
[~3 !ﬂl 96’ 4?1 Y o 1 = 7 =l o 1 1 dl Ai?l -ﬂl =l
ggniaiunaaiiebdiuniad Ingluifedenaiindsgeutalusiivenaunutlssansisnungoyide
6.3 WWNYAAINARSIUTILAZN7ANREN (Value addition and export opportunity)
-a; ' 1% ax Y a A el - a o o A
nmaiaguituannsfendasuringnisliqaunseniyselanininsssus duuwimedrAnyndos
’Lﬁﬁwﬁmfa@nm"mmmgmmimm@mummnﬁwﬁLﬁmqmmwmwg‘iiﬂ (EU) wazilszmadilu (Goulson et al.,
2015) nsuan e luszuLnemsaensiavie “U1HsBunae” (Organic Honey) laiiasusidoaanglassanianiadn
o A e 2 VPN 20 Jir y
Fewmaila widsidunisiiuyarnansueiligenanunieioliuiasmann
6.4 AMNENEILIBNTTULTIANITINEAT (Ecological sustainability)

nsdaasuguniInieanaTnslulefnddsnauanidsscuusailsz@nsninnisnanings (Poliination

'
o ]

efficiency) luiiAsmgRandAny 1w anly AuA uazyBeu Beldiieuwiiunandnnienisinensuazse L liun

[
o

inwasnadresan widudunisainsruulinaniansnsiianga 1 llgnsimunrssgiagnudanimindatiu

7. UANNI7ABNULILAIYNTIANaAN e U TaAnd (Design principles of probiotic dietary supplements)

NIREMUIGATRIMNLETHNAWNWINATs SN TR NN a1asN Ing luTesind andusasiarsnununnndniveanis
WqaurstnanadlugnIansing 1w wideslipand Ay i “anudiulinie@anin” (Biocompativility)
A o o a a a A o o o &
WaineANAEaLazsrAnin ntesaaurtaunsyiadn I lusnms
7.1 ANNANAATBIAITEIIINUT I (Nutritional matrix)
a £ = o = aa) a a lzll dl 9/4?1 Yo U 1
aundIumeesraulUsiu Al wardmiuimnnzan e liielasuansenmsasudau Inauuas
lsmudestasdrauarliiiuivsoqauristinslulafing (Brodschneider & Crailsheim, 2010)
7.2 mndena1ansluladng (Prebiotics integration)
a A %’ a £ a a 1 1 v 1 a
nnnlgennsviratnmadetauuerinaaliuenvnaddn daeiduinasanunsiunnslulesnglu
\ | a =2 = A o a o o & L
SEMINNIIHIUNILALEMNT sanDiedasTuntstianzuaziiuanuiutlszansaduaeluan ldaaeia (Synbiotic effect)
TemoeliNERIIN1990ATINIRIALYITY R AZNAY (Borges et al., 2021; Motta & Moran, 2024)
7.3 NABANITINEIANIN (Encapsulation and viability)
d; a al ol ] v v = Y o ] v &
\Wasanqaurstilanulasauasuazannufeu nsaanuuulugusuis vdenisldudnnssuviaiuiiag
s lulasuailgadasilasiuldliadunsdnialusendnanssuaunisnanvisaanizang i lusaian e g dgedseanu

34-36°C (Alberoni et al., 2018; Killam et al., 2024)
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o

7.4 ANHINULAedNETd (Palatability and texture)

(2
v o AKX o

P 1 a ° X o P =2 ¥ = R
aaasusesditladuianiesuaunsoianuuazin hlidessasaulding muieasiinauiinge
FRENAUNTAIATNAN INALALNAUNATEF0TF LNadaasd lAnn 13U lnA lu T s anananislasuLTun o
qaurIEMNNzaN (Effective dose)

1
Y o o a

8. 1891NAUAZAINNIALN (Limitations and risks)

a o o

wiinnsdszgnaldinslulemndlutieazidsslamdacnamainuane atelsfinnn nnssh Wl lunpdfimdaened
daariauazdanissyisdrAyninidanaananeaInIaLdusdasnszmin Al
8.1 AIWULTLIILTBNAENHTUAZANIIZUINABN
nadnsaasinglulasndanaldwiniulunniais Wasananinuonden wasiugnasuaesieluusayvum
oo . g o am o x
WANFNGIU FaanadanasianstnnIzuaNNAIUILYI AT a1 1d299ika (Raymann & Moran, 2018)
8.2 AmAsNainnisLhuiles (Contamination risks)
a a a 1 v a dﬁl a a I
winnszuaunisnanamnsauaaningluleAndlilininsgau enananisdwilenseswuanGarelsa
& < o : « o & = °
TG R At NG T LT Y PR P AITER S TR SR IR S EAR T PR T P

8.3 n19gaALLlss@nanw (Loss of viability)

1 1%
o A

a = a = I3 ° o & o ay - aa
@g@umiﬂwﬂuiﬂmﬂ@fumqmimu NEIINA mimmm:m”li’luqmmwmm@lmmqfz'vmmwmum

a al

g

vasszindlng anagenaliiunnaawiimidinanas auldifemefiazuanasz@nininlunsdusiugunmaes
isldaginaiud (Yooboriboon et al., 2023)
8.4 WANTENUABNWOANTINNNEITNTIA
nawesuInsluledndlu Bunnfiunndulyl sitenisiianenvnsiaduifeetnaien 81ATUNIUNG FNTIH

mimmmﬂuﬁﬁmwﬁmmﬁﬂmm:mfﬂﬁ (Goulson et al., 2015)

Conclusions
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a

P%
A
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o
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