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Abstract |

We evaluated the productivity of royal jelly (RJ) and morphometric characteristics in cross-bred
of honeybees. The present study compared the productivity of RJ of the FD with Jangwon line
honeybees. The FD and Jangwon (superior line for honey product) colonies showed high rates of
larvae acceptance over 80%. The FD exhibited higher RJ production (316 mg/cup) than Jangwon
(269 mg/cup). The FD also produced more RJ per colony than the Jangwon. The RJ produced in FD
contained more water, lipid, glucose, and essential amino acids such as valine, isoleucine, lysine than
those of RJ in the Jangwon colony. In addition, the 10-hydroxy-2-decenoic acid (10-HDA) content
was higher in the FD colony (2.75%) than that of the Jangwon colony (1.89%). According to the
morphological measurement, body length, number of hamuli, head width, and femur length showed
differences between colonies. The discriminant function analysis revealed that 98.6% of original
grouped cases were classified correctly. The results of the present study suggest that the new hybrid
FD colony can be expected to have higher production of RJ with a high quality and further research on
the honey production is also needed to find the new traits of the FD.
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Table 1. The operating conditions of amino acid analyzer

Instrument
Column

Flow rate
Mobile phase
Detector
Temperature
Injection volume

L-8900, Hitachi Co. Ltd., Tokyo, Japan

Cation exchange column (#2622SC PF), 4.6 X 60 (mm)
Buffer 0.40 mL/min, Ninhydrin 0.35 mL/min

Na buffer set (pH-1, pH-2, pH-3, pH-RG)

UV/VIS 440 nm/570 nm

Column 57°C Reaction 135°C

20 uL

Fig. 1. Morphometric characters in Apis mellifera. BL: body length, HH: head height, HW: head width, PL: proboscis length, GL: glossa
length, FWL:fore wing length, HWL: hind wing length, NH: number of hamuli, FL: femur length, TL: tibia length, BL: basitarsus

length, cubital vein index: a/b.
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Fig. 2. Evaluation of royal jelly productivity. (A) Larvae acceptance ratio (%), (B) Royal jelly yields per queen cell cup, (C) Royal jelly pro-
duction per colony. The results are expressed as the means +SD. **p<0.01 vs Jangwon.

Table 2. Chemical compositions in royal jelly

Jangwon FD ISO standard
Water 62.48+041 66.84+3.15%** 62.5~68.5
Protein 13.44£0.02 1323+1.02 11.0~18.0
Lipid 1.53+0.33 4.47+0.28%** 20~80
Fructose 244+0.06 3861046 20~90
Glucose 2.84+0.13 3.8510.20%** 20~90
Sucrose 5.46+£0.04%** 1.38+£0.29 <3.0

YValues represent means +SD.
Dk <0.001 vs Jangwon
YISO standard: ISO 12842:2016(E)
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Table 3. Amino acid compositions in royal jelly

% Jangwon FD
Asparate 2.13+0.05 220%0.1
Threonine™ 0.54+£0.01 0.54+0.03
Serine 0.76£0.02 0.75+£0.05
Glutamate 1.22+£0.03 1.22+£0.06
Glycine 0.40x£0.01 0.42+0.03
Alanine 041£0.01 043+£0.02
Valine% 0.64+0.01 0.66+0.02*
Isoleucine™ 0.56+£0.00 0.58+0.01*
Leucine®® 1.00+0.02 1.03+0.04
Tyrosine 045+0.01 0.49 £0.00%%**
Phenylalanine® 0.56+0.02 0.57+£0.03
Lysine® 0.88+0.03 1.00£0.08*
Histidine’ 0.31+0.00 0.32+0.03
Arginine 0.65+0.01 0.69+0.05
Proline 0.55+0.02 0.53+£0.02

DValues represent means + SD.
P¥p <0.05, *+%p<0.001 vs Jangwon
MaEgsential amino acid

*kk

10-HDA content (%)

Jangwon FD

Fig. 3. HPLC chromatogram of 10-HDA standard (A) and 10-HDA contents (B). The results are expressed as the means +SD. *#%p<0.001 vs

Jangwon.



104 ololg} -

Table 4. Morphometric characteristics

Table 5. Classification of discriminant analysis

Variables Jangwon FD Predicted group
1 Body length (mm) 12.63+£0.69%**  12.21+0.73 Jangwon FD Total
2 Head length (mm) 327+0.16% 323+0.17 Janewon 35 0 35
3 Head width (mm) 3.73+0.13 3.76+£0.10%* Count FDg ) 0 34
4 Proboscis length (mm) 6.38+0.69 6.16+0.30 Original
5  Glossa length (mm) 395+0.23 4.03+0.32 % Jangwon 100 0 100
6  Forewing length (mm) 942+0.22 947%0.26 7 FD 29 97.1 100
7  Hindwing length (mm) 6.69+0.16 6.61+0.17
8  Number of hamuli 224£2.01%* 21.62+£1.98
9  Femur length (mm) 2.601+0.15 2.621+0.12%*
10 Tibia length (mm) 2.95+0.16 2.94+0.17 L4, 190 & 2948 AAERS wH]R FD 316 mg/
11 Cubital vein index 2.28+0.34 2.23+0.52 =
12 Corbicular area(mm?)  1.57+0.13 1.6140.13 cupS 2 YUY 269 mg/cup Bt} 174% F7F5HAH

YData are means + SD.
D#kp <001, ##4p<0.001.

RSN sS4 24

Qs wel = FDO| FEIeHY E4& 245t 12
744 FE-S Table 49 YRR FLEe B0,
g o], 7147} wHj R FDET §o)Hog Age

o, WHjE FD+= HeE, Yade] Zo|7p e
233t (p<0.05). SHEAF F7H2l corbicular area:
7F AR YA YA gt B 4
0|2} corbicular area®} 2] TAS ZH=t}
I 910} (Milne and Pries, 1984), W8} = FD
AU vwste], 2FA ] YAHYE of
o] o3t FrPRtRE FHsk= 2o I8
Aoz Atz E o7t

FEHEA FES ol8sto] APEY WHEA (dis-
criminant analysis)& A3} T} Table 59 YeRd vf
oF Zro], e ATt 98.6%7F Lxt2A EEE Q).
FHEZ 100% HEsHA R, wHj= FD& 34
uhe] & 17 (2.9%)7 FYUEE 2RE0 97.1%9 4
gE2 FFEUT

il
0 TS

flo

k

jag

o

=R
14 oo

L o ke
-lgktﬁ

&
I

1o

22

FO

2de A 95 AEL AE5) Yol =
Yold BE-84 £ A%E Y 2AAE 5 FA
£3} D AEL @ FDO| 2R AL %4

W3} ) wahodch 80% ol4ke] EL H48L wal 7}

B0 2EA ] YARFS wHj= FD7}F 17.6 g/colony,
A9 154 g/colony® WH|Z FDO| 2G4 ] YAtk
o] FUth wHE FDA A4kt 2 E A2 o] =&, A
1} olucose, B4otu] = ARQ] valine, isoleucine, lysine 2]
dFo] AUdoA A 2EAY R 24 e
ot 29499 A #PJRCE FEEE= 10-HDA HF
% FD A% 2.75%, 3¢9 1.89%2 wujZ FD7}F dA
3] =9ttt =g o] 43 Ui} wuij R FDY| §
HE v A% 43 F20], Slee AYdol
o, HeZ qEE dol= wujx FD7F Al
2 Aol A2 A Wz FD= 2g4e At
o] Spetal, 1EE =g A4k st Ao s

e

Apicultural Science Association of China. 2011. China’s bee
products market review of 2010 and prospect for 2011.
ASAC, Beijing, China.

Bloodworth, B. C., C. S. Harn and C.T. Hock. 1995. Liq-
uid chromatographic determination of trans-10-hy-
droxy-2-decenoic acid content of commercial products
containing royal jelly. J. AOAC Int. 78: 1019-1023.

Chen, J. and J. K. Li. 2009. Comparative analyses of proteome
complement between worker bee larvae of high royal



2 Mg 105

jelly producing bees (A. m. ligustica) and carniolian bees
(A. m. carnica). Agric. Sci. China 8: 1219-1227.

Chen, S., S. Sum and X. Lin. 2002. An introduction to
high-yielding royal jelly production methods in China.
Bee World 83: 69-77.

Christian, W. W. Pirk. 2018. Honeybee evolution: Royal jelly
proteins helps queen larvae to stay on top. Curr. Biol.
28: R342-R366.

Fratini, F., G. Cilia, S. Mancini and A. Felicioli. 2016. Royal
Jelly: An ancient remedy with remarkable antibacterial
properties. Microbiol. Res. 192: 130-141.

Haydak, M. H. 1970. Honey bee nutrition. Ann. Rev. Entomol.
15(1): 143-156.

Kanelis, D., C. Tananaki, V. Liolios, M. Dimou, G. Goras, M.
A. Rodopoulou, E. Karazafiris and A. Thrasyvoulou.
2015. A suggestion for royal jelly specifications. Arh.
Hig. Rada. Toksikol. 66: 275-284.

Kim, H. K., M. L. Lee, M. Y. Lee and Y. S. Choi. 2017. Iden-
tification of a single nucleotide polymorphism (SNP)
marker for the detection of enhanced honey production
in honeybee. J. Apicult. 32: 147-154.

Lass, A. and K. Crailsheim. 1996. Influence of age caging upon
protein metabolism, hypopharyngeal glands and tro-
phallactic behavior in the honeybee (Apis mellifera L.).
Insect. Soc. 43: 347-358.

Lee,M.L.,M.Y. Lee, H. S. Sim, Y. S. Choi, H. K. Kim, G. H.
Byoun, I. S. Kim and C. R. Kwon. 2014. Characteristics
of superior triple crossed honeybee (Apis mellifera L.):
Honey collection, hibernation, hygienic behavior. J.
Apicult. 29: 257-262.

Michener, C. D. 1974. The Social Behavior of the Bees. Har-
vard University Press, Cambridge, Massachusetts.

Milne, C. P. Jr. and K. J. Pries. 1984. Honeybee corbicular size
and honey production. J. Apic. Res. 23: 11-14.

Nie, H., X. Liu, J. Pan, W. Li, Z. Li, S. Zhang, S. Chen, X.
Miao, N. Zheng and S. Su. 2017. Identification of genes
related to high royal jelly production in the honey bee
(Apis mellifera) using microarray analysis. Genet. Mol.
Biol. 40: 781-789.

Ramadan, M. F. and A. Al-Ghamdi. 2012. Bioactive compounds
and healthpromoting properties of royal jelly: A review.
J. Funct. Foods 4: 39-52.

Ramanathana, A. N. K. G.,A.J. Naira and V. S. Sugunan. 2018.
A review on royal jelly proteins and peptides. J. Funct.
Foods 44: 255-264.

Ruttner, F. 1988. Biogeography and taxonomy of honey bees. pp.
251. Springer-Verlag.

Sabatini, A.G., G. L. Marcazzan, M. F. Caboni, S. Bogdanov and
L. B. Almeida-Murandian. 2009. Quality and standardisa-
tion of royal jelly. J. ApiProd. ApiMed. Sci. 1: 1-6.

Viuda-Martos, M., Y. Ruiz-Navajas, J. Ferndndez-Lo6pez and J.
A. Pérez-Alvarez. 2008. Functional properties of honey,
propolis, and royal jelly. J. Food Sci. 73: R117-R124.

Wu, L., J. Zhou, X. Xue, Y. Li and J. Zhao. 2009. Fast determina-
tion of 26 amino acids and their content changes in royal
jelly during storage using ultra-performance liquid chro-
matography. J. Food Comp. Anal. 22: 242-249.

Zheng, H. Q., W. T. Wei and F. L. Hu. 2011. Beekeeping industry
in China. Bee World 88: 41-44.



	국내 선발 서양종 꿀벌 (A. mellifera) 교배종의 로열젤리 생산성과 형태학적 특성
	Abstract
	서론
	재료 및 방법
	결과 및 고찰
	적요
	인용문헌


