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Mult-functionality of honey bees for eco-friendly food production
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Abstract

Current food system has developed with the
to feed the
population of the world, but with high costs such as

agricultural  innovation increasing
environmental contamination and inequality with low
sustainability. Human has developed long history of
mutualistic interaction with honey bee. This manuscript
describes the multi-functionality of honey bee for
food production. Firstly honey bee produces honey,
bee pollen, royal jelly and propolis which are rich in

functionality. Second honey bee serves as the main
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pollinator for crop production which is worth for 28%
of total crop production values in Korea. Lastly honey
bee can be an alternative meat produciton system
with lower energy, carbon costs but higher nutritional
security.

This manuscript described those parts and discussed
the multi-functionality of honey bees for eco-friendly
food security pursuing lowered environmental cost and
carbon-zero strategies in the climate change era.
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ME
U= olv] 19ke] MR EHa 1Us A E 3
ot EHolu} EHARSS o]83l Yth(Ruttner,
1988; Roffet—Salque =, 2015). U= o]
0] 7|4 a1t EEAd Al koA S
AR EHo] sl ghh= 7150] HafjdthJung,
2014), f-eluetoll= 5F5E A (Apis cerana) ¥t Al
oF2HY (Apis mellifera) 2] AA1skch 1900
tff o] A7 = FFEE ] 2451 e™ 1900
ool sfsiel iAol SlshA A2 Aok
o] == cHJung¥t Cho, 2015). A\ 309 Eﬂ%
QF EHE 7| % WE) AY 59| ofH AEYAR

QA FalS WL glon, 58] 2hd A&e] B¢ o
FEE| HAF 8l Aol o ng;q Fe]
S7keke el w2 A Pafii e samet
QFEL 123 Zrksta QA AR 7SS WA
2 23]7 FolEaL ek, E5 —Loc?j R Fdhe
AL Qlom] Bt 5o Bl H| R Fo] £ 23]
o A AL A% é% *m sPA Al b
2} YA Zfol . HAA FS o] Zc) E3E A
goll thigk 87 4] ool Tﬁa FA9 el v A
443 ftol A et 715 AlF 877t g0t

A= Z=A|o]|tH(Food and Agriculture Organization
of the United Nations [FAO], International Fund
for Agricultural Development [IFAD] & World
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Fig. 1. Change of honey bee hives (Apis cerana and Apis mellifera) and honey production (tone) for last 100 yers in Korea (adopted from

Jungz} Cho, 2015)
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Table 1. Biological and functional effects of bee products (adopted from Yucel 5, 2017)

Biological effects

Functional effects

antibacterial, fungicide, antiviral, antioxidative, inhibition of bacterai, fungi and virus, anti-
Honey, pollen, royal jelly, propolis | immunomodulating, immunoactivating, anti— cancer, stimulate immunity, acting against
inflammatory, analgesic inflammation
radioprotective, anti—arteriosclerotic, enhance protect against radiation, artherosclerosis,

Pollen, royal jelly, li i
ollen, royal jelly, propolis Ca absoption

osteoporosis

prebiotic (oligosaccharides), probiotic (micro- | stimulate healthy digestion, promoting intestine

Hone .
Y flora) bacteria
Roval iell antihypertensive, vasodilative, improve repro- | cardioprotective, energizing against stress and
oyal je . . .
val ety duction and nerve system fatigues, protecting nerve system
increase broiler weight, egg production, andro- . .
Bee brood ght, egg p increase semen count, germ cell densit

genic effects

Food Programme [WFP], 2015; International
Food Policy Research Institute [IFPRI], 2022). ©]
& QI 27} Wrke Q1T 9 A vt U
A 5 Al Al 212 A
2 27k Qo) Al ash iRe aTE %
£A1717] igt reiet Aelo] elo] Ik & 4
AUtH(Aizen 5, 2019). °ol& flsiA= TH B4
W E4e] 271, 59 A7) S Eolof gt
o}, ool o] 5-S BHlo| A A AL 7], B
B il g Al Teln B AAe) A
© 2 A2] 7}x]e| tfsto] 71 A-H(Potts 5, 2010;
Jung, 2014; IPBES, 2016; Gosh®} Jung, 2016)=
vetom gejsto] g gipo] ek WS A8
sk i

BHo| XY wEo] Y

rir

N

o] Yibsh= Al =4 EE, Hoki, =4
Az, z2Es Foloh, A=xdedsel st
HAA| BANE 5 o] T0-80% 7P W2 HlE&S
AA|sh z2Ees 2942 B Skt SOt +
2luzke] 7 1900d-1970d ol sdSEH
o] AFFE Lo Hlsf FAlSFAA|EE, 1970 T
HE AGFEE A St veRH o R St
sho] 2000t Z2RHEE = oF 2009t S-S XI5t

} g 693 (2022)

tHJung}t Cho, 2015). EoF2EH-L 20094
E1 AG7HA] B vro| A2 5 shul s
opftufHof oJejA] Bt 7 A At & 2
oA BEE] DL Q= FAo]th(Choi &, 2010; Jung
3} Lee, 2018). WIH ¢FgE1H-2- 2000 o] 3l
% /ﬂ/k];‘q H:]§]_ U10J7L/\ o]/\1-7]/\l- toxg ?lgH
A &2 082 AN g7t SEhekal it kA 100
oAl B HE AR Bit4=o] HIlol ¢o]
1980-90EthE 7|dog nljeky o Zrlst ms
< HRIt}, 1=t} 2000 tioll EolA] A Hsks}
A a1 @5 Aeof weba= 2 o Ak &
Zre| 3 Qo & HEe] ARl B = vlsst
7S Holal glom(Fig, 1), f-evhetellA] Aakst
= Ql= HEL oF 25 000% WQ)7) E#] k87t A
et &, dA = AR 9 AR Al A
Hog *}ﬂ*b}—ﬂ H*g_q oFo oF QuISHE Aw
82 A o] F oF 70%= oMW (Robinia
pseudoacacia) | 4] Uri% olF}AJoHE, °oF 10% WY
7} W Castanea crenata), °F 20%7}F ZsHEo]
AR|eh | 2| WS UHRE(Styrax japonicus) ] 48
Abgol S7Fsk= FAllolth A AlAIA e &2 of 8%vt
B0 o] oF 1607 Eo] HE-S Akt B
aEglom T FoA F=, Sk, E7|9} oE 2]
o} -5 200] 7H9] oFE ZdarollAl A HE AYAleFe]
oF 80%= AYAFSEAL QITHFAO Stat, 2022). HES



AF7} 2 Ft ol Al TR E A, I}
Ao vigolu 718 A 52 gt oz A9
7)%50] § EUAT Z|Lol= ARl SU1e) Bl
o] £ “AF o0& 22| I Qlrt. weka] HEe)
718 1A A FAF S 2= Codex, T o=
Al ZE o)A Agekar 9k, - 100 |zt v]ekE
o & ikt A7) Hojd HgabEo] Bk (bee
pollen)o|c}, EHo| Z2.& HlEalH ZHo|L} L2713
£ Hote A H= b, € IS HobA R
3 2A = TR 9l AL xjukato] ufj- F4s)
] o] & B3l SEANA 7158 WAE s 5T ¢
ek FZ =4 oyt /g 7] (brood)H HE (bee
bread) 5% A2 HAR U= Qi) YH
a2 7]154L Table 10 AAI5HTH

B AF M T 9Y
THe SRUAS Fo AT A S

Az A AAIR SR oF 1000] 7Hx]2] 2HE F
75% ool | It wizizE Al 2HEolH,
o= BhEu/l SEEE A= 4= UrhKlein 5,
2007; Jung, 2008). ol& E°1 &, %, 23 gtutof
52 SlEj7) QJEET) 0-10%2 &% FAT
A, A, B7] & sirptetr] 5o Sl olE=
= 10-40%= 27 9] oE=rt iAo s =
of, Al vlj, op7HEo} A|Y] 52 Sl ok
7} 40-90%% Sl o EE=T} w9 =& AHEol
=, 7|9, s=ut Fhejel sut 52 Eo] sk
o7} JEE7}F 90-100%2 1f-$- =0 A& o & 3}
7N 7F DA Rl AEolnt, WEH, Syt ARkl
TP e RS A ske A Y, e 2 T

shRul7) ojEEs} ug v,

A AAIRCR 3371 A didez 334709 =
& AT 3 AFollA e U 5 At At
Astm, o] B AYakFel Axpe] 1] oF 75%
© 544, 5o, 71AS Sk &2 A 2o At
o] WAat, oF 25%= ShEtul7Hel ofsf AR Ect

1 WSl e Garibaldi 5, 2016). =, 5 A
9] 25%= X O 2 FEu 250 Wl w3
5 5% AAikFo] $71E = k= AE ov|ahd,
wehA] B AERS AT = =7 Fask e
Q& sh7F & WEskes SHEiviAke] dEekar
H g vl Qloh, SRR A By opE R
U= 4= 9lom, o]&9] 7]ofsh= 54 WA 58
o] Zfolof] 3t A AErF LIl Qik, AR A&
o] 79 I ET} o o] Sk} o Fasich
+= A3ll(Garibaldi &, 2013)2} B} T2 He|7Hs
gt shEuf7fRle] ggo] = olak=(Martins G,
2015) 42 i shEujle] 5849S Adulsict
HH7} -2 SlEu)7iR= 919491 )7} 7sskal
A A S S8l H - o= FYo] 7hsst
A5k, oy o] SREmZAFES] Wies @ 22| £ A
Ax0] A7)0f| oaf] AHct &, HAX] TR A
A A AR 7 S8 SR o] Q)R] ¢k wli= oy 3t
FHAFE L] ARIAE S = §loBR F %0 =
Y WA SHE HlsliAle olds Bdat ol
27} 7Fssb 23 Fo] 7hssh s sRRe] &
o] ujf- Fasiotal skl it

SHEI7HE &3 5 AL ZRR]of tigh 4
T A AR O o]Roj4 1 9t} Levin(1983)
2 mlaoflA] o] REMNE ol 52 AL
o 71ofsk 7P B BAE At shAel
oF 143u2 =AWt} IPBES (Intergovernmental
Science—Policy Platform on Biodiversity and
Ecosystem Services, 2016)= <A 2 0 2 3}Eujj7|
ABIAQ] 7HR] = oF 250-600% Yolakil X 15}
t}, oA Jung(2008)0] = 52 AJAk]]
7)ol T SRl o] 71 S oF 5,92 Yolet
1 Grrskeint, Ft Jung} Shin(2022)2 = 2t
=0l A SRR |20 ofRE AAREE 0. 2%A T
70 79 Arkerel oF 42%, A AaF= oF
13.8%, 18]31 AJA AAF= 49 2%71 SREa 7o)
ojzgicta RSy, B3 G5 AR 3t
E-8 A5 AAkEFO] oF 35.9%7F AA|= shEul 7o
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Table 2, Distribution of pollination dependant (PD) production quantity and its economic value (adopted from Jungz} Shin, 2022)

Production (ton) Proportion Economic value (b W) Proportion
Category

Total PD (%) Total PD (%)

Cereal 5,115,627 11,492 0.2 6,320 42 (40-44) 1

Fruits 2,539,016 1,090,489 429 6,018 2,431 (2310-2553) 40

Field vegetables 6,091,894 838,219 13.8 7,599 1,920 (1824-2016) 25
Greenhouse vegetables 1,590,271 782,696 49.2 3,821 2,108 (2002-2213) 55
Specialty 50,405 18,107 359 724 349 (331-366) 48

Total 15,387,213 2,741,004 17.8 24,481 6,850 (6508-7193) 28

oEgtrt . et whebA, Mo g HE 5
e o R &, Ao 17.8%7} SHEa7H
of o]&star glow, AHitHhS 7]EO0R HH 24%
A9] HAFE AAL] 2= 98%9] 6,82 AET} L5

o] s o] ojEshrtar 1 sy,

0
o

o]F% 6.8 Eoh= SR Al w2
I} 7] opgslEuli7itZoll Sfsl ol Foixin, &
I} opeRE7EE-2) aEo] drpal rpgeith,
=2 el Wieof ofsl] = ko] SRuf7l Aul s
vlgo] AE, vt A EANA ERe] Wet
&) 70% g5kl ol&rk= Holl 7Hkshd, 6.8%
O} 70%R] 4.750] EHof| 23t ShEufizl A
&2 g7k = ok, 9] aL of et SREuiA ZHRl=
wHouy P 5o HEA 0 2 RIsHR] QA AT
HHA JsEEE Bl olFolRIHaL A Qi
= EHO] 7FA|AL @l oF 4,752 o] sl 7HA
S 30%%] °F 1.9% 912 Eo] opdy} Hsto
HEolAls 7H]2kaL 3 eHJung¥t Shin, 2022).

Euehs w7 A HAol High wd Wt Al
AolA 7 morne Erle] sl AulAe of
i ST A ARl 2kEe] Al
A4 FF= & 7 HJung} Cho, 2015). 3}
w7 ejEme] 7Rkt 2h=e] A de Ad 60
T Edel Arke 9 EE e Wl digh 8l
wAE AAIEE o, Elueke] - 53] Skl
ojE=T7H AA AEe Ad SH7E =

o

g3l Arq] 6935 (2022)

Al YebstHGhosh®t Jung, 2016), o]8gh @2
Y 35 FERE SolME FAksHA HarE]g)
om o]z feuete] FAAA7F SRR el olEx
7t =& FE SR JfEE L Qo= A T
2o g2 AAFSHAL Qi webA] 5 AEA Eelofl 9L
o S} 7R} F41 2] SRl el S A
22 ARFsHA El9ckEgan 5, 2020; Jung, 2021).
2okR 0= SRR S35 BAEES vk
A, A& 9 A5 o vlEkrl g nd|E-2 Alg-st
of =91 7ol 7]ofsfar Qi Sejubet =HvlEo] 4
H|5k= HIEM Z 34%2] HIE A, 11%2] B]ERT C,
95%2] w]Eba] E 5o SHu o] S1slA S
=S SOl saEAL e, ZE, Ze, HE YA
10% ol4go] SEol) k2o Sl BT ek
(Eliers =, 2011; Ghosh?} Jung, 2018).

33uozNe BY

4t

3l 24%7} BiZE L Ql=tl, YRk A7 Hl
=9 85% ool FAE Sl o]FofAaL Utk
(Intergovernmental Panel on Climate Change
[IPCC], 2014). S718h= S5 4H| 2.5 51|
I Hlg g0l 37 Hdo] A &R A
AP A|28o] 25T S Tkg 98 AR o



2.8E2] CO 7} WA¥sh= o whsto], 22 oFe] 2%
S A4k = 1000819 oj4keleta a&Ado] B
15 v} 9JtiFood and Agricultural Organization
of the United Nations [FAO], 2015). 1&g &4
2 64 Fete] A4 S Al oF 20008 =2
o] o]Folxict, T &2 0. 1mg?ld|, go] F
3kete] 6U-5et AdAlske] miR|al TA| f-50] HY|
717} E7] A HFFARE °F 200mgl. 2 %St
o}, weba] B oY= v a8 Ql S5 A4
Aago] = £ 9ty B {5, Hdl7] € AFE
7}E3kete] et HAS AAISFATHGhosh &
2016, 2020, 2021). A o= ZH ZuFo] g5—
80% JE7t O & o]FoA glom AxFTFY
oF 35—-50%7F GAR JLAH) FFolA 4Fe
2= ARSFO] Tl A w52 olx|A|ut, A
2 OF 156%00A 7% A== Wolkit}, ©3l=2]
785 oAz 46%= v o AdFollA= oF
30%= Fragict, HbH 3E9] 73-¢- AdFo] EHHA]

gust fu|50] F7Fste] Sk wolA|Al HH,
Z oy =R Ax F7F 100mgollAl oF 380—
470kcalo|th(Table 3). T2 FheFe H|w S uf
S ARl 5, =A]ar7] W Aa17] Fof Hls|
L =2 A SRS 7HAH Rt E 2o &
2w WA YERE R ufj9- 253t Ao E
= UckFig. 2).

Th S LB o] Ak F 200] F9] o}l
Abo] EAfsh o]F 4= ofu|ieAl 105771 9L
HHO| g T Faut Atglo] A5 9 W
7|ollA] 4= ofu|ieito] FEetH H|IS: of|iAk
AA| FE5] ZFFsal Qlrh, P4 ofu|ieAl Fefe
oF 40—46%, BB ofu]ieAbo] ¢F 55-60% 2 TLA]
=lo] Qlom(Table 4), 4= ofn] Al Fof A= 2to]
A, FAL 59 gheFol A UEkdTth FAOE
B3 WHOoIIA AAIE QI7Fo] A7 F-A13t 4= Q)
= oAkl Fhegof| vl E1H 2| Q] ofu| Al g
Fol AjF oz w2 702 BiErHFood and

(N

5

Table 3, Approximate nutrients composition of worker larvae, pupae and adults of Apis mellifera ligustica (adopted from Ghosh

5, 2021)
Moisture Protein Fat Carbohydrate Ash Energy
% as is % of DM Kcal/100g DM
Larvae 74.4+0.33 35.3+2.09 14.5+0.15 46.1+1.73 4.1+0.16 455.8
Pupae 79.3+0.19 45.9+0.63 16.0+£0.24 34.3+0.24 3.8+0.06 465
Adults 65.6+0.94 51.0+0.01 6.9+0.25 30.6+0.38 11.5+0.14 388.4
Protein Fat
Soybean
Beef
Pork
AM-L
AM-P |
AM-A |
} : : . . . ' T .
0 10 20 30 40 50 60 0 20 40 60 80
g/100g g/100g

Fig. 2. Comparison protein and fat contents of soybean, beef, pork, Apis mellifera larvae, pupae, adults (Honey bee data from Ghosh &,
2016; 2020a,b; 2021a,b, and others from United States Department of Agriculture [USDA])
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Table 4. Amino acid composition (g/100g DM) of different stages of Apis cerana and A, mellifera (Ghosh 5, 2016; 2020a,b;

2021a, b)
Apis cerana AM Apis mellifera

Pupae Adult Pupae Adult

Val 3.1 3.7 2.4 2.7
Tle 2.4 32 2.3 22
Leu 44 5.2 3.2 3.8
Lys 3.0 42 3.0 2.6
Thr 2.2 2.4 1.9 2.1
His 1.3 1.1 1.1 1.0
SAA 2.4 43 0.4 0.7
AAA 4.0 42 2.2 2.2
Arg 2.5 3.1 2.3 2.3
Asp 6.3 2.1 3.5 32
Ser 2.4 3.0 2.0 23
Glu 5.3 8.5 8.4 6.0
Gly 39 43 2.5 3.0
Ala 49 6.0 29 3.8

Pro 34 3.8 - -
Others - - 2.8 1.5
Total 51.3 59.0 40.9 394

* SAA! sulfur—containing amino acid, AAA: aromatic amino acid

Agricultural Organization of the United Nations
[FAQ], 2013; Ghosh &, 2021). A|HMAke] 749 =
o At 9w 2L SES) ARAR 9 A
St AARS = Uis 4= i, EH O] A= E3) A
WAL SRR OF 45-50%, =3ESF A RAF Sheke of
48—52%= HERHIL Qlo] &} Atk ghegol 4
Ao k= AE o 4= AUckTable 5). ©t &
ESF A AR T2 ASSEE 9 ssEEe 4
ZollAl oF 0.8—1% FH-5farL Qlet, EHo) AJFak ¥
o7& Hlasis f tiEEe] mdEES AdSellA]
Za o #A Uehbe AE & 4 okFig. 3). e
o] 550l of 7 ull Ak wom Hukdor 7z
B9 o] 7H wskon, Tt ® <l mhy|
&, 181 Z 08 = UERT B3 ofdd,
A, ] 9 oFF Al A vEhd -2 Q17ke] AY

212 750l mwe = o vkl I A2

Agagm 49 69 (2022)

2 ARFE0] Aeks UERe] 39 grjsos
Fago] W A2 B 4 9tk
of v vf o] ke Fio] A et
rong mo] wiyy] % A4S 1%
o1 g7 3 Aol T 4 Glrk 2L HofE

22 Ao RAe] BHe) S HMEp )} AT
Ok, 52) S W] 71708 AR AR oz A
7o) 2o) 20T WPt gl 5 AR Ao
A BEop] olel 90 R ofF of2l 4F Ei= vhx}
% WAelAe] et 7o @ st gl wat 4
o] 13} o] ot AAH O i AL
felshe BEHEn), ol A S 4
£ 3ol Felsto] Q1914 0 2 S s 4
st Ao R AAE webd ATeuE, A
oLl EoF WA o} §8 5 MejsteS u) 8




Table 5. Fatty acids composition (mg/100g DM) of different stages of Apis cerana and A. mellifera (adopted from Ghosh 5,

2016; 2020a,b; 2021a, b)

Apis cerana AM Apis mellifera
Pupae Adult Pupae Adult
Saturated fatty acids
C12:0 30 20 24.6 4.5
C13:0 10 10 - -
C14:0 190 80 157.5 9.8
C16:0 1990 770 1942.2 250.8
C18:0 670 510 696.8 162.4
C20:0 40 40 - -
Subtotal 2930 1430 2821.1 437.9
Monounsaturated fatty acids
Cl16:1 30 50 31.1 447
C18:1 3160 2440 2632.1 785.5
C20:1 150 190 41.6 3334
Subtotal 3340 2680 2704.8 1163.6
Polyunsaturated fatty acids
C18:2 60 110 - 135.5
C18:3 10 10 - -
Subtotal 70 120 - 135.5
Total 6340 4230 5525.9 1737
Mg Na K
Chicken 58.8 I 205.8 . 5557
Beef 39.8 — 138 (247
Pork 259 — 537 5043
AF 117.2 729 1235
AD 103.4 186 1136
AC 1043 144 11532
AM 193.9 60.5 2073
0 50 100 150 200 250 O 100 200 30 g 1000 2000 3000
Ca Zn Fe
Chicken 323 — 3.9 - 26
Beef 187 I §.4 _— 43
Park 379 — 32 14
AF 67.1 7.7 7.9
AD 68.9 6.4 58
AC 629 7.7 7.1
AM | : o 1.7 153
0 50 100 150 o 5 10 is 0 5 0 15 0

Fig. 3. Comparative account of minerals content (mg/100g DM) among honey bee, Apis mellifera worker pupae and conventional meats

(Honey bee data from Ghosh 5, 2016; 2020a,b; 2021a,b, others from United States Department of Agriculture [USDA])
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H712 AR 2] 71l oS ES AVksA wh
A2 A A ek BB 02 gkt

A
ZE

Z71she Qfol it A% T3 ATYGRY
Ale] Arargel sAoled o] Tye AeA Bl

e grom Qgslolof A4 M
o] 7RsakA ek, ool A Aol
St T AR TR B N Al A
Qo] jero @ weew gk BHe 98 ¢
Vg oelE BABAS B LuA S
B9 SRR A4S AUT W o} W
o, Bh, R Ee|s 5o W AR AL o}
ot B2 B Al Aol KA Bz
Fo} EG BE AL A2 S 5
PR FFUOR 7)%50] 7RsH Hlgiet, A X7
O QT F7h, AR D AR +20] wste} @ 4]
o R B9 Z4HEo] e B Av] 0t
2 e EX9 B aTE o7l 42 8
7 R0 2k W] BA 5 thEE 4t
o X4 7RsAe Ble)Holt), 7 okt Ho] g
& FYAolu] o2 7o) & THS B 4]
o AAR} QO] oy T vle A chuel
Hefo] B 4 glon], thla] 713 HEe] 7hsdt 2
o= gt Hgo] 62 B o] HAS F
oF 97 v AAFSH Fe Thake] 5 AL o]
g W oluje}, Qo) M A AR FE
3k 7hX)7} ickar s,

1o
1= o
(Y

[
i

AN 2

o] = FHATAI o FATEEH AT LA
¢ 3P SHEIZHE Y 2 AGH(NRF—2018R1ABATA
03024862 7|9} 521154 obdickaA): sheo)

A A 712 R FeP Bk (PI01574604)9] A
22 o) 24 Hosu

Azastn 49 695 (2022)
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