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Effects of artificial pollen diet supplementation on the production and
nutrition of honey bee (Apis mellifera L.) larvae
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ABSTRACT: The purpose of this experiment was to study the effect of artificial pollen diet supplementation on
bee larvae production efficiency as alternative protein food. The dietary supplement contains 4 main protein
ingredients including skim milk, yeast cell, soy flour, egg and then together mixed with 30.0% sugar, minerals, and
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vitamins to provide the nutrition value of 16.0% protein. This diet (T2) was supplemented continuously for
honeybees in a standard 8-frame hive with an average number of 4,000 bees for 30 days compared with the
control that did not receive supplementation (T1) and commercial diet (T3). The results of the experiment found
that the bee was fed with an artificial pollen diet (T2) had an average of 7.89+1.52% increase in the worker bee
population while the control group (T1) and the commercial diet supplement (T3) had the mean worker bee
population decreased to 15.77+3.89 and 22.45+6.41%, respectively. Nutritional analysis of honey bee larvae
revealed that the proportion consumed was more than 90%, with an average protein content of 40%. Essential
amino acids such as Threonine (1.27+0.01%), Valine (1.67+0.01%), Phenylalanine (1.05+0.01%) and Arginine
(0.31+£0.01%) were relatively high, while Aspartic acid (0.58+0.01%), Isoleucine (0.85+£0.01%) and Arginine
(0.31+0.01%) were relatively low. In addition, bee larvae have a relatively high fat content, averaging 29.83%.
Therefore, beekeeping by providing appropriate nutritional supplements can be used to increase the efficiency of
raising bee larvae, especially in areas or seasons where there is a shortage of honey bee feed.
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Table 1 Components and nutritional values of artificial pollen diet for honey bees

Compositions Protein content (%) Proportion used (%) Calculated protein (%)
*Whey protein 40 15 6
*Commercial yeast cell 40 1 1
*Soybean flour 40 18 7.2
Egg white 11 2.5 0.22
Egg yolk 16 1 0.16
Water 0 215 0
Mixed vitamin 0 0.5 0
Mixed mineral 0 0.5 0
**Bee pollen 15 10 1.5
Sugar 0 30 0
Total - 100 16.08

* The raw materials were mixed with water and then added 1.0% (v/w) of protease (ikKnowZyme™ purchased from
Rechbiotechnology Co., LTD, Thailand) and then incubated at 60°C before used.

**Bidens pilosa var. radiata pollen (Jan-Jun 2023)

Table 2 Nutrition values of artificial pollen diets

Artificial pollen diets

Parameters (g/100g)

16% P diet Commercial diet
Dry matter 80.95+3.15 88.90+2.01
Crude protein 16.01+£1.02 22.90+1.11
Crude fiber 2.01+0.25 0.60+0.09
Crude fat 6.20+0.78 21.71+1.02
Ash 4.13+0.65 3.17+0.11
Nitrogen free extract 74.66+5.26 71.01+3.14

Energy (kcal/100g) 425.12+21.02 461.62+26.52
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Table 3 Amino acid profiles of artificial pollen diets

Amino acid Artificial pollen diets
Commercial diet 16% P diet
Aspartic acid 1.67+0.057 2.08+0.009
Threonine 0.80+0.053 1.10+0.015
Serine 0.98+0.007 1.22+0.029
Glutamic acid 2.56+0.027 4.13+0.301
Proline 0.89+0.067 1.36+0.221
Glycine 0.70+0.029 0.87+0.002
Alanine 0.88+0.040 1.19+0.063
Valine 0.71+0.046 1.17+0.031
Cysteine 0.20+0.006 0.21+0.014
Methionine 0.29+0.016 0.25+0.033
Isoleucine 0.90+0.045 1.06+0.005
Leucine 1.20+0.073 1.83+0.028
Tyrosine 0.63+0.030 0.78+0.013
Phenylalanine 0.85+0.047 1.03+0.027
Histidine 0.41+0.021 0.49+0.018
Lysine 1.01+0.041 1.27+0.062
Arginine 1.04+0.030 1.26+0.070
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Paray et al.,, 2021, Ricigliano et al., 2022)

Figure 1 The acini of the hypopharyngeal gland (HPG) in honey bee, characterized by a rounded morphology
resembling clustered grapes, when fed to varying dietary proportions.

Control (a), 16% P diet (b), and commercial diet (c)
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Table 4 Mean + SE values of nutrition values of bee larvae compared with other references

Bee larvae (100 g dry weight)

Nutrition values (g/100g) T1 T2 T3
Ghosh et al (2016)
Control 16% P diet Commercial diet
Moisture 74.61+0.80 76.6+0.80 75.57+0.74 74.4+0.33
Fat 27.40+0.10° 29.8+0.33° 29.76+0.33° 14.50+0.15
Fiber 2.51+0.03 2.42+0.03 2.43+0.44 -
Ash 4.27+0.01 4.22+0.21 4.40+0.14 4.10+0.16
Protein 42.30+0.21 43.14+0.30 44.62+0.14 35.0+2.39

Carbohydrate 27.77+0.16 27.8+0.18 26.87+0.25 46.10+1.73
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Table 5 Mean + SE values of amino acid profiles of bee larvae

Amino acid profiles (mg/g substrate) Bee larvae
Aspartic acid 0.58+0.01
Threonine 1.27+£0.01
Serine 1.96+0.04
Glutamic acid 5.96+0.04
Proline 7.23+0.15
Glycine 23.87+0.01
Alanine+ Cysteine 16.19+0.16
Valine 1.67+0.01
Methionine 2.48+0.03
Isoleucine 0.85+0.01
Leucine 1.22+0.04
Tyrosine 1.55+0.02
Phenylalanine 1.05+0.01
Histidine 1.37+0.01
Lysine 1.94+0.03
Arginine 0.31+0.01
G

NANIINABDILAAIALIILIT NITHANDIMNTNATTEUNTLATUINISAWILNZEY AD B vnsHaunlidadiuvedllsriunay

a a o 1

16.0% way tmawds 30.0% awsadilldduemnsiasulunisifesiiviugliedaiiussdvinm uasfesuilafingnled

AaAseIsasldanuLatenannsudy 9 faunselduslanduomsuyed nanisnuialudnmadenwila il

nensnIasalindnemnsinanendmiuideraiugla

AUBUAN

ATl Nunseg Ay sallanieANsdenIININTTERIITTINedense wardnimuiemisdnd
nsuUadnd mama‘u@mnuaﬁuauﬂumsmﬁuﬁ'mﬂimamimiﬁmmimmfmﬁ%’aLLazmawamLﬁamﬁ%’ﬂsﬂmﬂ@wmu
daay @110NUN15ITEUNIYIA TauUseuIaun.A.2566 (N71A660401) N153ATIEYNTSILADSITENULATITTEIUT T
dninnaoanuneay AG04001/2564 HIUNUITEIINNUIBUTNITRAL TANITYUATUNITHAILINSIAULAS Y UATUNI TR
andugaudnuinisideuarnisasieuinnssy (una.) (Grant No. B16F640174) ureTuatly v1ayseliay WaguNaIITsuns
gaziny Uanarvnaluladnisinens AusNEAIAIEATLaTNSNEINTETINYIR U1 Iendensien dmsun1su]iRnuide

warnsiivfeyaluszaunipauiy



KHON KAEN AGRICULTURE JOURNAL 52 (4): 724-736 (2024)./doi:10.14456/kaj.2024.52. 733

LONA191989
NIUEANLETUNITINEAS. 2557. mﬁwamﬁﬂya@mmw. BNETIVING. IﬁnﬁuﬁﬁguuuawﬂiaﬁmimwmiLm'd“LJisL‘V]ﬂi‘vw, N3N 164
.
Yorian ity Tosan 19Rasses, auvid sug, lua lasana wasussndey el 2562, wavasnslainneamsing iU
I1luems Giaﬂizﬁw%mwmiwﬁmLLaz@mmwmmLﬁa lnftudies. Nsanifouardnafiinmainuns. 36(2); 45-
57.
Yo wiuen. 2551, Aswasnsldusslend. Ariilaningenans. 8(2): 75-81.
Ay Asving. 2544, D1SINATIALIUA S UREIRS. 918039, uninendeidedil. Bedl.
audng agusyIal, 21 Futu, suned d1Lnnaey warsTTng Unese. 2564, navesomaasuhssadnslulefndsionns
assadsuvaaiiaiug. nsansinemansananszd. 30(1); 44-54.
dtinnuuadniion 5. 2560. doyannsukeildunsdeusngiuniu. wnamsUszneunenuraniafuleyaditneu
neRsTain. drdnauladaiion 5 nsenTiununsiarannsal. unaslaya
https://region5.dld.go.th/webnew/index.php/th/. Fudle 22 unsnAu 2565.
Abou-Shaara. 2017. Effect of various sugar feeding choices on survival and tolerance of honey bee worker to low
temperature. Journal of Entomological and Acarological Research. 49(6200): 6-11.
Agarwal, R., A. Bansal, A.S. Saini, A. Raj, A. Kumar, and S. Gharde. 2023. Bee nutrition and artificial food. The Pharma
Innovation Journal. 12(6): 1635-1641.
Ahmad, S., S.A. Khan, KA. Khan, and J. Li. 2021. Novel insight into the development and function of
hypopharyngeal glands in honey bees. Frontiers in Physiology. 11: 615830.
Al-Ghamdi, AA., AM. Al-khaibari, and M.O. Omar. 2011. Consumption rate of some proteinic diets affecting
hypopharyngeal glands development in honeybee workers. Saudi Journal of Biological Sciences. 18: 73-77.
AOAC. 2019. Official Methods of Analysis of AOAC INTERNATIONAL. 21° Edition, AOAC International, Washington DC.
Aqueel, M.A,, HK. Shurjeel, A.B. Muhammad, M.Y. Raza, I. Akram, and M.K. Ahsan. 2023. Seasonal Management of
Honeybees for Their Improved Honey Production. Advances In Insect Pollination Technology In
Sustainable Agriculture. IK International Pvt. Ltd, India.
Burgett, M., and . Burikam. 1985. Number of adult honey bees (Hymenoptera: Apidae) occupying a comb: a
standard for estimating colony populations. Journal of Economic Entomology. 78(5): 1154-1156.
Chen, P.P., S. Wongsiri, T. Jamyanya, T.E. Rinderer, S. Vongsamanode, M. Matsuka, H.A. Sylverter, and B.P. Oldroyd.
1998. Honey bees and other edible insects used as human food in Thailand. American Entomologist. 44(1):
24-29.
Corby-Harris, V., and L.A. Snyder. 2018. Measuring hypopharyngeal gland acinus size in honey bee (Apis mellifera)
workers. Journal of Visualized Experiments. 139: 58261.
Crailsheim, K. 1990. The protein balance of the honey bee worker. Apidologie. 21: 417-429.
Danmek, K., R. Ruenwai, C. Sorachakula, J. Chuleui, and B. Chuttong. 2022. Occurrence of invertase producing
strains of Aspergillus niger on longan pollen and used to improve the quality of longan syrup for rearing

honey bee worker. Journal of Ecology and Environment. 46(13): 1-8.


https://region5.dld.go.th/webnew/index.php/th/

unnwms 52 atiufl 4: 724-736 (2567)./doi:10.14456/kaj.2024.52. 734

Dastouri, M.R., and S.N. Maheri. 2007. The effect of replacement feeding of some protein sources with pollen on
honey bee population and colony performance. Journal of Animal and Veterinary Advances. 6(11): 1258-
1261.

Delaplane, K.S., J.V.D. Steen, and E.G. Novoa. 2013. Standard methods for estimating strength parameters of
Apis mellifera colonies. Journal of Apicultural Research. 52(1): 1-12.

Dietemann, V., J.D. Ellis, and P. Neumann. 2013. The Coloss Beebook Volume II, Standard Methods for Apis mellifera
Pest and Pathogen Research: Introduction. Introduction. Journal of Apicultural Research. 52(4): 1-4.

Dolezal, A. G., C.J. Tripp, W.A. Miller, B.C. Bonning, and A.L. Toth. 2016. Intensively cultivated landscape and Varroa mite
infestation are associated with reduced honey bee nutritional state. PLoS ONE. 11(4): e0153531.

Frizzera, D., D.S. Fabbro, G. Ortis, V. Zanni, R. Bortolomeazzi, and F. Nazzi. 2020. Possible side effects of sugar
supplementary nutrition on honey bee health. Apidologie. 51: 594-608.

Ghramh, H.A,, and KA. Khan. 2023. Honey bees prefer pollen substitutes rich in protein content located at short
distance from the apiary. Animals. 13(5): 885.

Ghosh, S., C. Jung, and V.B.M. Rochow. 2016. Nutritional value and chemical composition of larvae, pupae, and adults of
worker honey bee, Apis mellifera ligustica as a sustainable food source. Journal of Asia-Pacific Entomology.
19: 487-495.

Ghramh, H.A., and KA. Khan. 2023. Honey bees prefer pollen substitutes rich in protein content located at short

distance from the apiary. Animals. 13(5): 885.

Ghosh, S., H.Y. Sohn, S.J. Pyo, A.B. Jensen, V.B.M. Rochow, and C. Jung. 2020. Nutritional composition of
Apis mellifera drones from Korea and Denmark as a potential sustainable alternative food source:
comparison between developmental stages. Foods. 9: 389.

Groot, A.P. 1953. Protein and amino acid requirements of the honeybee (Apis mellifera L.). Physiologia Comparata
et Oecologia. 3: 97-285.

Grupe, A.C.,, and C.A. Quand. 2020. A growing pandemic: A review of Nosema parasites in globally distributed
domesticated and native bees. PLOS Pathogens. 16(6): €1008580.

Hoover, S.E.R., H.A. Higo, and M.L. Winston. 2006. Worker honey bee ovarian development: seasonal variation and
the influence of larval and adult nutrition. Journal of Comparative Physiology B. 176: 55-63.

Hsu, C.K, D.Y. Wang, and M.C. Wu. 2021. A potential fungal probiotic Aureobasidium melanogenum CK-CsC for the
western honey bee, Apis mellifera. Journal of Fungi. 7(7): 508.

Jang, H., S. Ghosh, S. Sun, KJ. Cheon, S.M. Namin, and C. Jung. 2022. Chlorella-supplemented diet improves the
health of honey bee (Apis mellifera). Frontiers in Ecology and Evolution. 10: 922741.

Jensen, A.B., J. Evans, A. Jonas-Levi, O. Benjamin, I. Martinez, B. Dahle, N. Roos, A. Lecocg, and K. Foley. 2019.
Standard methods for Apis mellifera brood as human food. Journal of Apicultural Research. 58(2): 1-28.

Jensen, AB., J. Evans, A. Jonas-Levi, O. Benjamin, I. Martinez, B. Dahle, N. Roos, A. Lecocq, and K. Foley. 2016.
Standard methods for Apis mellifera brood as human food. Journal of Apicultural Research. 58(2): 1-28.

Lalanne, G.M., AJ.H. Alvarez, and A.S. Castro. 2019. Edible insects processing: Traditional and innovative

technologies. Comprehensive Reviews in Food Science and Food Safety. 18(4): 1166-1191.



KHON KAEN AGRICULTURE JOURNAL 52 (4): 724-736 (2024)./doi:10.14456/kaj.2024.52. 735

Manning, R. 2018. Artificial feeding of honeybees based on an understanding of nutritional principles. Animal
Production Science. 58: 689-703.
Mattila, H.R., and G.W. Otis. 2006. The effects of pollen availability during larval development on the behaviour
and physiology of spring-reared honey bee workers. Apidologie. 37: 533-546.
Melgar-Lalanne, G., AJ. Hernandez-Alvarez, and A. Salinas-Castro. 2019. Edible insects processing: Traditional and
innovative technologies. Comprehensive Reviews in Food Science and Food Safety. 18(4): 1166-1191.

Mohamed, F.E.R., K. Mohanny, and G.S. Mohamed. 2023. Artificial feeding of honey bee colonies by adding
nutritional supplements to pollen substitutes and its effect on the development of the hypopharyngeal
gland stages of honeybee workers Apis mellifera L. SVU-International. Journal of Agricultural Sciences.
5(2): 29-41.

Mortensen, C.R., R. Neel, R.B. Cialdini, C.M. Jaeger, R.P. Jacobson, and M.M. Ringel. 2019. Trending norms: A lever
for encouraging behaviors performed by the minority. Social Psychological and Personality Science. 10(2):
201-210.

Nicholson, S.E. 2001. Climatic and environmental change in Africa during the last two centuries. Climate Research.
17: 123-144.

Otto, C.R.V,, C.L. Roth, B.L. Carlson, and M.D. Smart. 2016. Land-use change reduces habitat suitability for
supporting managed honey bee colonies in the Northern Great Plains. The Proceedings of the National
Academy of Sciences. 113: 10430-10435.

Paray, B.A., I. Kumari, Y.A. Hajam, B. Sharma, R. Kumar, M.F. Albeshr, M.A. Farah, and J.M. Khan. 2021. Honeybee
nutrition and pollen substitutes: A review. Saudi Journal of Biological Sciences. 28(1): 1167-1176.

Pernal, S. F., and R.W. Currie. 2000. Pollen quality of fresh and 1-year-old single pollen diets for worker honey
bees (Apis mellifera L.). Apidologie. 31: 387-409.

Porrini, M.P., M.C. Audisio, D.C. Sabaté, C. Ibarguren, S.K. Medici, E.G. Sarlo, and M.J. Eguaras. 2010. Effect of
bacterial metabolites on microsporidian Nosema ceranae and on its host Apis mellifera. Parasitology
Research.107(2): 381-388.

Ricigliano, V.A., S.T. Williams, and R. Oliver. 2022. Effects of different artificial diets on commercial honey bee
colony performance, health biomarkers, and gut microbiota. BMC Veterinary Research. 18: 52.

Rumpold, B.A., and O.K. Schluter. 2013. Nutritional composition and safety aspects of edible insects. Molecular
Nutrition and Food Research. 57(5): 802-823.

Saffari, A., P.J. Kevan, and J. Atkinson. 2010. Consumption of three dry pollen substitutes in commercial apiaries.
Journal of Apicultural Science. 54: 13-20.

Smart, M.D., C.R.V. Otto, and J.G. Lundgren. 2019. Nutritional status of honey bee (Apis mellifera L.) workers across
an agricultural land-use gradient. Scientific Reports Nature. 9: 16252.

Steinhauer, N.A., K. Rennich, M.E. Wilson, D. Caron, E.J. Lengerich, J.S. Pettis, R. Rose, J. Skinner, D.R. Tarpy, J.T.
Wilkes, and D. VanEngelsdorp. 2014. A national survey of managed honey bee 2012-2013 annual colony
losses in the USA: results from the Bee Informed Partnership 2012-2013. Journal of Apicultural Research.
53(1): 1-18.



unnwms 52 atiufl 4: 724-736 (2567)./doi:10.14456/kaj.2024.52. 736

Sullivan, D.M., and D.E. Carpenter. 1993. Method of Analysis for Nutritional Labeling. AOAC International.
Gaitherburg, US. 115-120.

Topitzhofer, E., H. Lucas, P. Chakrabarti, C. Breece, V. Bryant, and R.R. Sagili. 2019. Assessment of pollen diversity
available to honey bees (Hymenoptera: Apidae) in major cropping systems during pollination in the western
United States. Journal of Economic Entomology. 112: 2040-2048.

Ullah, A., M.F. Shahzad, J. Igbal, and M.S. Baloch. 2021. Nutritional effects of supplementary diets on brood
development, biological activities and honey production of Apis mellifera L. Saudi. Journal of Biological
Sciences. 28: 6861-6868.

Wang, K., Z.G. Liu, Q. Pang, W.W. Zhang, X.M. Chen, and R.L. Fan. 2018. Investigating the regulation of
hypopharyngeal gland activity in honeybees (Apis mellifera carnica) under overwintering conditions via
morphologic analysis combined with iTRAQ-Based comparative proteomics. Annals of the Entomolosical
Society of America. 111: 127-135.

Wright, G.A,, S.W. Nicholson, and S. Shafir. 2018. Nutritional physiology and ecology of honey bees. Annual Review
of Entomology. 63: 327-334.

Zheng, B., Z. Wu, and B. Xu. 2014. The effects of dietary protein levels on the population growth, performance,

and physiology of honey bee workers during early spring. Journal of Insect Science. 14(1): 191.



