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Effects of three aliphatic esters of brood pheromone on development and

foraging behavior of Apis cerana cerana workers

ZHANG Han, ZENG Zhi-Jiang", YAN Wei-Yu, WU Xiao-Bo, ZHENG Yun-Lin ( Honeybee Research
Institute, Jiangxi Agricultural University, Nanchang 330045, China)

Abstract: To study the effects of brood pheromone esters (three aliphatic esters, i. e., methyl palmitate,
ethyl palmitate and ethyl oleate ) on development and foraging behavior of Apis cerana cerana workers) , 1
day-old workers were fed with different food, of which the treatment group workers were fed with food
(candy) mixed with one of the aliphatic esters at 1% or 0. 1% (w/w) , the control group workers were fed
with food (candy) without any aliphatic ester; then, the percentage of workers with developed ovary at two
phases (7 and 14 day-old) , the width of hypopharnyngeal glands of workers at six phases (3,5, 7, 12, 18
and 21 day-old) and the first foraging age were tested. The results showed that (1) At 7 and 14 day-old,
the workers fed with methyl palmitate (1% , 0. 1% ) with developed ovaries were less than the control group
in queenless colony. At 14 day-old, the workers with developed ovaries treated with ethyl palmitate (0.
1% ) were significantly less than the control group in queenless colony. At 14 day-old, the workers fed with
methyl palmitate (1% ) and ethyl oleate (1% , 0.1% ) were both significantly less than the control group
in queen-right colony. (2) At5 and 7 day-old, the widths of hypopharnyngeal glands of workers tested with
methyl palmitate (1% , 0.1% ) in queen-right colony were longer than the control group, while shorter than
the control group at the later phases (12, 18 and 21 day-old). From 7 to 21 day-old, the hypopharnyngeal
gland development of treated workers with ethyl oleate (1% , 0.1% ) was shorter than that of the control
group. (3) Of the three aliphatic esters, only methyl palmitate exerted a stronger effect, causing a
significant delay to first foraging age. The results suggest that different brood pheromones of honeybee have
different biological effects on development and foraging behavior of Apis cerana cerana workers.
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JaRo WERErh B e BT E AT ARG B3,
DAGERITE SR AR R B R, PR B b 2 —
ERGEHENENKE RS, MEKFRREERRE
BARBFTARTHEZRLEES, BEEREFELERE
T8 BEAS TR ST MAAE BE 15 2 BT B B A T R SR B
B EYI B, FERAT ARG ER
( releaser pheromone ) F1 5| % f§ B & ( primer
pheromone ) i K 2E, BilfF B R B ELMHAE RS,
FEA R B AT RN 5 B R AR R Rl A
ARG, PHEZE MR AWAT RN

HEG AN BRI E R RIRK L, MXTE
WS R R R AR T R H A R (5 6,
2007) ., EELRFEERRBWETIRERRW—Fh, XF
THE L R E BRI EEEPLETT )& 4 Apis
mellifera }, Le Conte Z5(1989) B IR & B 7 & e4h
BFEREH 10 FhsIRERA N, JF 2 &KL R
RREXN KA TIFEEN, ZIB5E R AR
FPEE TARK R, XA R REAM TR BMR
YFRIHEEVERT . I 20 4E3K, Le Conte 1+ 5 bR
FUNHRGR ST T V7 B 4 B B R X P T
TR AR B TN T BTk T E &
B LEERRART  TERET N IR 0K
o, BUS T2 RBME S BUR (Le Conte et al.,
1990, 1994, 1995a, 1995b, 2001; Trouiller et al.,
1991, 1992; Armold et al., 1994; Mohammedi et al.,
1996, 1998 ; Leoncini et al., 2004 ) ,

HAE B Apis cerana cerana (fETFR ¥ ) R F E
FEA AT B A S St IR, R AN P Ir &
W B — AN ST W, T MR ) AR AR AR TR RS
HlE ST R, BA—SORFEZAL, tin, H
SEE ST R IS PR FIR PP 5 MR R S (B A, 2001)
I 5 4Rk, REIARDEE X A W) 2 AT 2
AT T 5 BB (Bt , 2005 ; FRAASE,
2007 ; BEIBIRE:, 2007 ; ZEH14, 2007a, 2007b; i
FEEE 45 2007, 2008a, 2008b, 2008¢c; Hifh E 4,
2009a) , BUHESF(2009b) HIRWFFE AT Hrigs)h
fRERMP T E gL R E R R 2 10 FEIRR
BRLA AL, (B 5VE T B fUE B R, PR L)
HERRTWER S BREAR B RIERK 6
MEARFE, hifEERPERBS NPT ERE
FAT 2R SE, 240K LA HH 26 R E
KT, RANSRALTBERWIR TS, REHRT

e BUF R R P R AR RS | £ AR AR RR IR AN
CHETMPRTE 3 FhBRSS S X i AR 2 e T 0 i B RISR:
EATAMIR, BRIELTT

1 ##fnrAaiE

1.1 SEIe#hat

1.1 SERuERf. TLPaR IR FE G B A
KOS 7 B, SCHETE 2008 4F 3 H
F 2009 4E5 A,

1.1.2 FEEGH: FEAFRRREE (methyl palmitate) ,
ZEFENEBR TS (ethyl palmitate ) F11 Z, F7H BR g ( ethyl
oleate) (HPLC), W F Sigma A w], #7345 R
kL, W F 3 [H Testors /&), B4R 1114 yellow
Jaune, 1363 yellow Jaune, 1111 Dark Blue, 1357
Orange #11 1103 Red Rouge %,

1.1.3  FBUE: BaEBSIT RS (ICASS.2),
fEIRAENRAE (302A) , BOKREE & 4T (F500CQ) , HRA}
FAREY, BILHE,

1.2 BEEHHESRNPLEEETERZ T
X E

1.2.1 SEERr4H . 7EfR—RFP i 1 ~2 ke S
e LU R, MOEIREYRAE (IR R 34 £ 1°C, #H
YHBEEH 80% +5% )ik TPk, BRMEREH
TPk, HE—KA KE TP, KNP LR
1 Hi#(0 ~ 12 h) T B IR E 4G h B I
THARIE AR IC, S5 NS 3H 120 3k
PO LR 3 AN il B 28 i 4R SR A8 Hh (12 em x
10 cm x4 cm, WHEE) , BIEAMAFRFEHA 120 %
PRiC T8, IR mFRAE E TEIRE AR T R 30
+1°C, MHXHBREEN 55% £5% ) , SEH A 4K R
TRMRANE 50 g, [RIEORUETE R 7K FIZERYDF , HEEIH
Fo JEMEEIBERERIN 0. 1% B 1% (w/w) B Fhg
M THEZH VAL FHAE, DAPRR IR AN S N ER 2
(0% ) B9 T ARt BRZH o 3 /M4l B 28 e A SR 48
S35k 2 ANREERZE AN 1 ANSTHRZH . 3 FHERIESLER S A
##17, YU ESERER 6 K,

1.2.2 THIELFRNE . ENET M 14 Hig
1 T 20 Sk, R CeRE B E 7ERR b, FOK
YR K TR RTINS , He 0K B e 76 XL H
FISET . F—RE SR R T e AL, A5
—AREH ORI A B R B Y R B, ) BRI
B, WP Rl e — T HERIFG, KKEERHET
e, REREER, &E/NFHEHALRE AR
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AR5 )5 BIA] & 3 T 5 (0 Donnell ,
2001) , ZTERERER T RGE TIENRRFTHFR,
Z B TIPS 07 vk (Bt ds, 2001) , K T
BN SAEFR, HPWEREE L ~ 14 kK
F, I~ VERHERE, M TEEEE R,
THEDRE R TR = S RBER TP ESER x %
R T ek 81/20 sk x 100%
1.2.3 THERBERXEHNE: €3, s, 7,
12, 18 F121 HERHIFRIC T4 10 3k, JEH8 Tiede
(B B 7R B TR R D RS &b, R &
Hi2REITER, R REPE L E IR FE A
K, K5 ST R A Ul E AR, HE R R
FHEERRE THAZRBKNEE S b, iETEE
KR BRI (B EHEE, 1995) . FHERI T MTE
FEEBRITRGET , WEERKR TR,
1.3 EREYHESRNPEBEBETERETAHY
M Y SR 36 77 7%
1.3.1 SEEsr4H: B SR AR b e T g
T, MAERAERRAE GREN 34 £ 1°C, MR
1 80% +5% )ik T#EPIMb, KWL 1 HEE (0
~12 h) Toi WA IR 1E SR AR P B T 7E R AR
[F B 8 IR R IC , A5 BEDL > 51 B 500 SkARic T
W T EdEHlgs(14.5 cm x 13 em x 1.5 cm, W H
HE) BAETE 3 BRSO G (2 3 5k, HIMER
) EEE HIREA B PR, ARiC T
FIMERFFA T o] B i, (EORRE A HodEd . 7E
3 ANl a b AR IEA 8 R R FIIE R DF, 42
MRE BRI 0. 1% 50 1% (w/w) LRI ERZR
THEZHAE AL B, MRE M AR INEEZE (0% )
M TR X B . FEARIC L8 7 HidE, #83E

TGS, Rrbmic T . SERER 3 1K,
1.3.2 THERETHMINE: KHRSHIALE
YRR 5T T8 (Le Conte et al., 2001) , 7EARic T#&
7 HigR, FFRMEER PR LEERS 5RE
ek TAER H %, SRR B4 7:00 -
10:00, F4-15:00 -17:00, 4 Z A Fric THEFF
U REEACHIBT , 057 5 KR HbrIC T8
K HE, FBFAFEE &0 %m0 T, BiikEE T
o IEFEET30 kAR TN E RS SREMHH
1%, JFH A TR ER T H I,

THBERCREM T HE = X TEERREN
H i x 1% H # T4k %0730 3%,
1.4 HiESH

SEI6 B R A StatView %4 “ ANOVA and -
test” {1 “ ANOVA or ANCOVA” #4740 ¥ o

2 ZREH5MH

2.1 3 BRI TIETEL BRI

W VAT, 7 ERER, 7 B TR R
#, 3 FEREAPIAL L] (1.0% , 0. 1% ) 5xf B4
WLRRDE; 14 DB THMEEE, R 1% F
HAFHRRBS AL B B T3 AL (P <0.05) , Z,
S R R T A A B E AR T X IR AL (P <
0.01), A o LEEERRRE.

EEER, 7 B THIEEE, HA R
KRB P AL A SR A2 B B, HoAbs 2 1]
HARHRERRRE; 14 HIR THIERE, ik
HRATE T AL LR 0. 1% 2, 3 A A RS AL B 441 55 %
FRULER 2 AR B

F1 3WEANPEEETHENERETE(%) M

Table 1 Effect of three aliphatic esters on ovary developmental rate ( %) of Apis cerana cerana workers

F A7 BR TS Methyl palmitate

ZEAFERATE Ethyl palmitate ZEEIMFREE Ethyl oleate

Age (d) HER FER #ER FER HER FER
groups Queen-right Queenless Queen-right Queenless Queen-right Queenless
7 1.0% 8.3:4.4a 20.0+5.0b 3.3+2.9a 13.3£5.8 a 8.3+7.6a 6.7+2.6 a
0.1% 15.0+3.2 a 18.3£2.9 b 1.742.9a 11.7+5.8a  10.05.0a 8.3+1.6a
¢ HR41 Control group 30.0 0.2 a 30.0+5.0a  10.0+1.2a 13.3+5.8a  10.0+3.2a  11.7%2.9a
14 1.0% 33.3+7.6 b 46.7+2.9B  25.05.0a 56.7+5.8 AB  31.7+5.8B  38.3:2.9a
0.1% 36.7+5.8ab  48.3+5.8B  26.7:7.6a 46.7+7.6B  31.7:+5.8B  41.7:12.6a
XHB4 Control group 51.7£10.4a  86.7+10.4 A  28.3%2.9a 66.7+2.9A  58.3:7.6 A  41.710.4a

RPEAE A THE « fnfi; F—FIME B &L, RRKXNEFEDHRRTE 1% M 5% KV L HF7EESF B EM, Data in the table are

mean + SD. Data of the same day old in the same column were compared, and the capital and small letters indicate significant difference at the 1% and

5% level, respectively. 3 2 [i] The same for Table 2.
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2.2 3WMEENITEFIRBREETHFN

ME2 A5, 3~21 HIR THFERBEEE, 7
A ERMIT TR EAFBRES AL (1.0% ,
0.1% ) PTG T Bf 2, B T FR R ) W9 Ab BE 41 5 %) BR 4
ZREARE

FERE BR TR Y 0 A 38 20 B 35 K F X R4 (P <0.05)
12 ~21 HI THEFERRET , B EEARHERRER 099 Ak
PR B E/NFXTEBL4H (P <0.01); 7 ~21 HiIS T
YeFIRRART, CHEMBRERPIAL A L B2 B 3
/e ZELERH, 12~21 HRETHRERKRET,

HEHERP, S~7T HRIEERRLT, P&
R2 3 MBI RLEE T T RIREE (mm) BRI

Table 2 Effect of three aliphatic esters on width (mm) of hypopharnyngeal glands of Apis cerana cerana workers

HUA R A R e W A B A 3R T R A

H i LAY FA FEAF BT Methyl palmitate ZFHEAZHBERTE Ethyl palmitate ZEMERTE Ethyl oleate
i .
Age (d)  perimental HER ES HER KR #ER KR
groups Queen-right Queenless Queen-right Queenless Queen-right Queenless
3 1% 0.32+0.04 a 0.30 +0.06 a 0.35+0.09 a 0.33+0.06 a 0.30+0.06 a 0.33+0.06 a
0.1% 0.34+0.04 a 0.32+£0.07 a 0.33+£0.05 a 0.34+0.05 a 0.32+0.07a 0.34+0.05a
Sif HRZH Control group 0.34 £0.04 a 0.32+£0.06 a 0.36 £0.07 a 0.34£0.03 a 0.32+0.06a 0.34+0.03 a
5 1% 0.38+0.10 b 0.32+£0.06 a 0.37£0.05 a 0.40 £0.07 a 0.36 £0.05a 0.40+0.07 a
0.1% 0.38+0.03 b 0.35+0.06 a 0.38+0.08 a 0.40 £0.06 a 0.34+0.04a 0.40+0.06 a
% BB 4H Control group 0.34 +£0.05 a 0.33+0.08 a 0.38+0.07 a 0.37 +0.05 a 0.34+0.08a 0.37+£0.05 a
7 1% 0.39+0.04 b 0.34 +0.06 a 0.43 +0.06 a 0.44 +0.07 a 0.38+0.06 b 0.45+0.08 a
0.1% 0.39+0.08 b 0.36 £0.04 a 0.43+£0.08 a 0.43 £0.06 a 0.40+0.04b 0.43 +0.06 a
%} HB4H Control group 0.35+0.05 a 0.36 £0.10 a 0.40+0.08 a 0.40 £0.06 a 0.45+0.11a 0.40+0.07 a
12 1% 0.38 +0.08 B 0.36 £0.06 a 0.42+0.07 a 0.42+0.07 a 0.43+0.05b 0.42+0.07 a
0.1% 0.36 £0.09 B 0.36 +£0.08 a 0.42+0.06 a 0.44+0.07 a 0.42+0.04b 0.44 +0.07 a
%t BB 4H Control group 0.45 +0.08 A 0.35+0.09 a 0.39+0.77 a 0.44 +0.08 a 0.48+0.09a 0.44+0.08 a
18 1% 0.36 £0.07 B 0.46 +0.09 B 0.40 +0.03 a 0.38 +0.06 a 0.40+0.06 B 0.38 +0.06 a
0.1% 0.34+0.06 B 0.42+0.07 B 0.40 +0.05 a 0.40 +0.09 a 0.43+0.03 B 0.40+0.09 a
%+ H&2H Control group  0.41 £0.06 A 0.33+0.09 A 0.41 £0.05 a 0.39+0.06 a 0.44+0.05 A 0.39+0.06 a
21 1% 0.33+0.04 B 0.46 +0.06 B 0.39+0.05 a 0.38 +£0.05 a 0.39+0.05b 0.38+0.05 a
0.1% 0.34+0.06 B 0.45+0.06 B 0.39+0.05 a 0.40 +0.06 a 0.41+0.07b 0.40+0.06 a
%t B8 2H Control group 0.38 +0.07 A 0.33+0.10 A 0.39+0.06 a 0.39+0.05 a 0.43+0.06a 0.39+0.05 a

2.3 3 PhEREX TR KT ARG
M3 A, AT R R PO AL B (1. 0% ,

24.00 £0.54, XFHRZH 20.79 +1.20, WikhHsH T
BEERRERREZERTXEBA(P<0.05), 231

0.1% ) M THETUCREHIRIHH 24.51 £+ 1.98 F1 FFHIPRER A £ e R TR 1 &% 4 [H) 22 R AN B35
R3 3 FMEEAX THEREITHHIRM

Table 3 Effect of three aliphatic esters on the age of first foraging of Apis cerana cerana workers

VIV RS Hi% Age of first foraging (d)

% sl _
N . %1 RUER 52 kg 53 kg SEIME + pRdfE
Aliphatic ester Experimental groups
1st observation 2nd observation 3rd observation Mean + SD
1.0 26.80 23.31 23.43 24.51+1.98 b
FAF 4
;ﬁllt¥ﬁfﬁéﬁﬁ 0.1 24.60 23.83 23.57 24.00 £0.54 b
oty’ pimitate 4 HR41 Control group 20.10 2.17 20.10 20.79 £1.20 a
1.0 24.07 24.50 23.20 23.92£0.66 a
ZHAF TR
Eﬁﬁfﬁ% 0.1 25.43 25.23 23.83 24.83£0.87 a
thyl paimitate BR4] Control group 23.40 20.27 24.27 22.65£2.10 a
1.0 21.13 18.37 21.43 20.31+1.69 a
ZA 3 =3
E)f&fﬁ?ﬁﬂﬂ 0.1 21.20 19.93 20.87 20.67 £0.66 a
1y’ oleste 4 HR41 Control group 19.40 19.43 20.20 19.68 £0.45 a

[] — 3 R[] 25 R R AP BERAE 5% /K LA ZEF B E . Data of the same aliphatic ester in the same column were compared, and the different
letters indicate significant difference at the 5% level.
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3 Wit

ANEREAR TR, BT ERH T, g Ty
HEFTEEHS TV % % (Mohammedi et al.,
1998; #iehi, 2001) , X1 BA Ho g T e () B BL B 25
BRE o 3 FERA (F EARERRER . £ ZEA7 R BR R A1
CFETERTR ) TEAN[R) S5 44 T #0400 11 o e T B 6 %
B PIHEBEMFREGRRERY, 10 FEEFRA
S FHERFRE BR TR 0 P 2 0 R IR T 47 51 G A 7 2 0
TRV KT, W EIZ PR BRI 7E & 3 30 I 1E
B ER AR — N 5257 & ( Mohammedi et al., 1998)
X AT BB AN [ e o 2 e 40y o i 4 0 R 4 AUAR B R Y
B & A TR 4 H {5 B R S R BUE AR (Le
Conte et al., 1989 ; Ziff E%, 2009b) , Z KBRS
WEMHA TR TE 14 HEBMIWERT, MXT
ERTLERAMGEMR, KRTREEEEFER
% B5 B R A1 U3 [F)/E A (Hoover et al., 2003),
B ZI8)38 i 4 B LI RV R A 1o Tk
— T,

A ERD, PEREBREEN 5 ~7 Hig T
ERBEBARHEEM, BX 12 ~21 HERTEE
KRR BAMHER, X 5797 BN R4 R
21 ( Mohammedi et al., 1996) , Z FIMEZEEXT 3 ~5

WBTEEERRRE Ei%?iﬁﬁ%ggﬂﬁ (EGETE L
7~21 HIR T EIRMATE , X RER L HMARER
ERBIRBEER, X T ERIRR TR EEE
MFARSE, FE-EFNEHREARET
e

3 FpER R B EAR R BR R 7T LA B R
e THERSREETT R, [RIRTASSEG th i SR 42 H iR
KT ZEWE(Le Conte et al., 2001) , XA e 51&

M ER, UDARSMREERERNBMERER
(Pankiw et al., 1998) F 3%,

it FHPAETIEHRLKFRE ;ﬁl'l\éﬁﬁi
At ZFRFHIFFFE, ERETES
Rl o
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