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ATERMYFIEEREFTLEENRXH T

FEWsRE 28Ik FEET £ &K FRAE BRE W &

(T MAB FRWERL A5 T, AR 132108)

ik &

OE. KRBA R EE- SRR AR (LC-MS) sH4h 4 Tt /7R3 o 47, § IR
KRB LRSS LA KR F R ARRBGHwm, A T RF A TR RE— T
AR YE, RIS 1 B #69 F KA K (Apis mellifera ligustica)300 2,5 H 5 40, 5 A 4% 5
FPAN TR, 40 30 A T8 AFRBALAAM, AR B E =301 K000 A PR AR AR
F=6:5:1;XI4 B WAL R R E =6:311 XA C R BB e B E =651,
K20 D A, AR e ¥ E =631, ASAATARIITEARS, LXEETIdARGRL
THE,FIRBEHAFTBAE 1357 KRG IERATR,MNETLPFHETE REMRBE,
F A LC-MS Z ikt M X 3620 A Fo 3t P41 % ¥ 4% 7 d )5 a9 K4 £ 57 | T A& ) 2038 3 47 85 X iR
B, Rk AR 2R R, SREW )M BAFRIEE A EHES 1~5 R EA BN
T, EH 6F 7T REFXIEA A BRLTHEN ZEIKTATELA(P<0.05), KA B.C.DH
FHRECANLEHAT, 2)RBLAFTANAEE R TR IFHEETIZS T RA(P<
0.05) ,"B FRAE A LA E, BB TR DR H, 3) KA x4 5 (PCA) hx D =F
% F) %) 75 % (PLS-DA) Fo iE AR 3% > = e 7 —#] ) 4 47 (OPLS-DA) 4 #r At A & 4%, & R
KIEZL A Aot BAN R 55, 5T R 23 AN ZF KM, LEALR EE BEF LFA 10
AR LA 13 AR TR, ZFRBDBR SR, 2 FHEEHOERA FBR AT
FER B A WA R AR SE MR T R AR S R ABBEIR ARG A RS AR A0 A B MR IR B AR B A AL A8 5%
(P<0.01) , 2% R F 698 B A BB AW B & R B, AR ME B, T BRAM
B AR R AR B BB ARG B RS R BRI BR A A BE (P<0.05) . W T, K4 A 8
PR EELSFRE TG ERL T AR, ERF RSP TREF R A EAEAR,

KR B AR A0 R TR Rt o AT

FESES.S891 XHERFRIRAD: A XEHES :1006-267X(2021)02-1070-11

BN E AL BB, B BRI AR
AT A Horh, T8 et iy 2%
RHER I, TR AR AL R LB B 3 SR i IR 4
HAERR T RS LIS B A AL S5 . B9 T3 5 57
PRI, TR A | 2 A ) e 0 A AR A 0 A DI 0
P R OR TR B R B 5 v e T, A M) T T
A9 A e T RIHE A T 6 ) 7 iy, 0 T 97 B A ) R
NER,

%5 B #8:2020-07-21

AUTAFRE B 1 SR T TS IO T B B
{H A e B e 4 sl R B R R 4
PR g T AR R /D X AR T
BRMARGIIT, WIS AR T i KRR,
T B 0 MR ) PP OR AR 9 AR TR B 2 00
WA A B B v S R R RS LW IR A
FERW, AR s IR B i SRR, S R OK AL
Yo BB AR I AR R

EETA . R LRI H (201902012841C) 5 B 59 7= b 3 A A 22 #5351 H ( CARS-44-KXJ3)
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ARUOE SRR E R R B AR A E X E
BERIFER

AR 136 T ok ) R e AT — 0 L B A
3 REMEAS Y GRR , 55 1 8 00 MR 4R REE AT X L
7 356 3 S5 DI 5 %) o) AR 3 e YRR €53/ o 3 BB
K (liquid chromatograph mass spectrometer, LC-
MS) A H x4y 4 T AR 1 35 A0 52 el
1843 43 M7 ( principal component analysis, PCA) | i
Fe/N e 3 F ) 43 B (partial leastsquares discrimi-
nant analysis, PLS-DA ) 1 1F 32 s ¢ /> — 3 122 — 1 53]
4 #F ((orthogonal partial leastsquares-discriminant a-
nalysis, OPLS-DA) , fifi i X T R 15 52 i (19 22 5%
R, I &5 5 A0 18 18 KO P2 5T ik A
2HH B 4 1 (kyoto encyclopedia of genes and ge-
nomes , KEGG ) #3351 18 5, & 0 0 28 i 1E 1
/MR AR B SRR, & BR K T
B AR A (AL TR O A

1 #RtER=E
1.1 RIE A
111 M

T R A 7 AR IR e B A AT I R 1
K W (Apis mellifera ligustica) , %M REH 13 &
HE BT HE M 0.9,3.0 SKEF S5 B 0.5 5K A

1.1.2 {555 5k

SRR (BB f B R RO ) AEH (2R dE
K MEEE (7 W H U R B 420 U
DRAF T M KRS 2 A ) BEREBY (Bl ST B 80
B ARL, )P B A DA PR A R ) | fk
afi | FIHLT ARG R AT R (A,
B LTREARARAR) NG (A, i
BLIHHRARARA ) (L-2-F RN AR (O3
af AT AR TR A RA )%,
1.2 RIEER

DATEWE A | M AR 06 28 0 A6 03 R TR, e BB —
FE HLBITR A BC i 5 i iml R, X R A ] R . TR R
FE B 321 LU EAT S0 o0 TR0 I A& 5 g
0 A T AR RERE R B R 0 W R R
6 :5 1B 38, B AR & 5 g & ;iR
41 B TR RERRY MR MR IR 6:3:1 L A A
PP ARG 5 g & I C R FERE
Wy ALK MR 6:5:1 HO B TS R B AR
&5 g I D R RESEA AER | e
MR 6:3:1 L 7870 b B AT 5 ¢ & . 1ol
WA MK R (KxTixE =15 ecmx4 cmx3 cm) ,
T FHAR D, AR AR 54 TR A L2 1,

&1 ARAER

Table 1 Composition of diets %

st BR 4 HKA A K4 B R C KK D
i . Control Experimental Experimental Experimental Experimental
Ingredients

group group A group B group C group D

FEMEK Sucrose powder 75.00 50.00 60.00 50.00 60.00
1% Honey 25.00 8.40 10.00 8.40 10.00
&} Bee bread 41.60 30.00
AEH; Pollen 41.60 30.00
47T Total 100.00 100.00 100.00 100.00 100.00

1.3 RWA*E

TR0 R A s B R Ak A LR T
PR, N T BT 0 S LA LA Rl
I FHAE 2 R 7= 01 245 B i 94 5 7F ot 5109 - = P
12 h, R w7 B S Gk A v, T
W BERT 1 RE] 34.5 CIHEFRAG R TR T B
BP1 H& T8, RN O T8 = N F R

(25~29 C)IAFE, /0 5 4, L F 27 s 7] i
TUETEM, — R PERNE B3R 5 B N TR, 4
3 AT,
1.4 F5ERHEIMZR IO E
1.4.1  BWEFET 1 DAY MEE

B ENEEA 30 H 1 HE KT, i
FENHFIR(25~29 T) TR, BRGNS 1 1Y
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S 33 &

FET-IE O, MBI ST B AT I
1.4.2 WA f EE 50 R EE

FNFET AR A 1,35 /7K
Ja BT R BT R TSk W R 75% 1Y
TR HEAT 2R 0E T 75, 0T 59 25 fil A, A R B A
SRRl R R U T RN TFRBY ) B bR &
AR, 4R 5 RS OBk 2 T I o R ) sk T R )
TR MR T R O i ) 4 B R R R R AT
FREE, ARG LM T B e T i 2kt i b, i 1
TZRIRK LR BRI, B T BB N AR
FE R B
1.4.3 AR 22508700 5E
1.4.3.1 HARE

XA A A NI SR 7 d, BURE AR iR
fEIEH & e (Lige A e s i) 2 HidE T
B A T4~ 2 mL B0 A BRA TR 2 h
e AN—-80 CUKFHIRAE, B2H 6 N,
1.4.3.2  FEAHTALBE

fifF 85 4% L1580 FRHX 30 mg, Jin A P9 bR (L-2-
AN A M, 0.3 mg/mL; Lyso PC17 : 0,
0.01 mg/mL, ¥k I EERL ) 4 20 wL #1400 pL
(I K (R ARG 4:3) 5 A 2 ANS/NE B, 76
—-20 Cik & 2 min #l %, A B B #L (60 Hz,
2 min) ; 7K 7K ¥ HOR 7S $E HR 10 ming —20 C &
20 min; & 0> 10 min ( 13 000 t/min, 4 CT),
300 wL FIEWET 2R 400 pL B EE—K (R
T 1:4) B IRTE 30 s, #5 2 ming B0 10 min
(13 000 r/min, 4 C) , HEF W E 150 wL /) 1
THW, B 0.22 pL A MU AT FLaL g fe L BB S
R E LC YERE/NI, 80 C F A TE, H B E T
LC-MS/H T,
1.4.3.3 Kl &1k

{0 3% 4 4. (3% 8 ACQUITY UPLC BEH
C-18(% 3% A (100 mmx2.1 mm, 1.7 pum), i &
0.35 mL/min, i 45 C;3shMH A 5 0.1% H R,
TLBlAH B O R GRS AHBR R T LR 2,

JT % 25 A - T3 SR FH PR IS 25 B8 - UR ( ESI) |, Mg
FHJEIEEF 3 500 V 7B 3 100 V, AR5
T 35 arb, #ff B R KR 10 arb, T 40 IR
320 C.
1.5 HESZITHH

TR B 3 g Ak B R A A 2 A B AR
4 Progenesis QI v2.3 % {4 ( Nonlinear Dynamics,

=

pacd

Newcastle, UK) 4347, #] F§ PLS-DA OPLS-DA 75
53 IR PLS-DA 7 st 1 3o kAR A 2 75 2 i
WP GG, HAS 4% 5% 8 %2 i (variable impor-
tance in the projection, VIP) 43 M1 45 & + #6556k i it
25, HEJTIE N R I T ) Cor REL, H
W Q7 AR AR IR T R R AR A AT i R
0°>0.5 F/R IR BA B47 1 4150 43 Hr e 1, 0° AN
R® MR B R A e v e Bl G % . 5
THREHA T i 8 G v DL R TR &R A il
KEGG | A\ 24818 2H 2045 £ ( the human metabolome
database , HMDB) | Lipidmaps ( v2.3) Pl 2 Metabo-
lite Link (METLIN ) 4 P 3145 & SCHR AT 2 1

®2 MIEBERRER
Table 2 Mobile phase gradient elution program %

i 1] B A AR B
Time/ Mobile Mobile
min phase A phase B
0.01 95

1.50 95

3.00 70 30
7.00 40 60
9.00 10 90
11.00 100
12.00 100
15.00 95 5

2 &% B

2.1 AEARNERIETHENIM

1% 3 WD A GBI AESE 1 2 RIf %A
PAET S 20 C AR 4 D BAESE 3 K
BUAET 7255 5 REF 30 H T2 ERIET; {504l B
TESS 3 REFHHIIET: 7656 6 KIT 30 H T 43
BT X IR AR SR 2 A 56 1 ~5 RS04
FETT, RS 6 M 7 REHAI 4] A Bt T4y
i E AR TR R4 (P<0.05)
2.2 AEMEARMEEETREZ S

FH2 4 AT, T FON TARAR SR 1 ORI, X
MR A 2l A T B P35 8 i 25 S R B 3% (P>
0.05) 3 WA T Ji 20 € 44 S K € W R /0N 1A A 35t
JEYIR ARG, T N TR 3 Kt Xt
HRAH ANt 2l A T IR F 38 i 25 R B 3 (P>
0.05) ; X FRZE MR T B 250 45 A K 1 0, il e 2 A TR
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TRBO N AEEL B O, 280K A O T A
PRLIG BE 29 AL, T N AR R ER 5 K
If, % IR AN A T IRF I E R 2R AR
# (P>0.05) ; 0 BEAH WA T IR (ol DR B 0, 2
BOKE @ IRERH A T IRBUE N D BOKH 6, £
BOFL A X BEZE AT /N A 6396 32 b S A 3 3k

B2 A TR BR/IMARL G B S B . TR A
TARDR S 7 KB, %k B A 40 A W ART-1
FEEF R FH(P<0.05) ; %F 4L R R &0 @k /b
AL A6, 280K A6 R A A T REE 2
L €8 5 XoF FELZEL R R/ A 6 S A At 0 3
B2 A WETR R/ INMACTRL G B R T

£33 AREAEARIE LT HERFM

Table 3 Effects of different diets on death number of honeybees H

iR A iR 4H B iR C iR 20 D

5 — RS Ry E S| R
Experimental Experimental Experimental Experimental

Items Control group

group A group B group C group D
% 1K Day 1 0 0 0 0 0
% 2 X Day 2 0 0 0 0 0
% 3 K Day 3 0* 0* 1.67+0.58" 4.67+1.15° 6.33+0.58°
% 4 K Day 4 0* 0° 6.00+1.00° 10.33£1.53° 12.33+0.58°
%5 5 K Day 5 0" 0* 11.33+0.58" 16.00+2.64° 11.33+0.58°
% 6 X Day 6 3.67+1.53° 0.67+0.58" 11.00+1.00¢ 0* 0*
% 7 K Day 7 3.67+2.08° 1.67+0.58" 0* 0* 0*

FIATE S AR A /NG R FR 2 5 B3 (P<0.05) MRS F TR EFALE(P>0.05),
In the same row, values with different small letter superscripts mean significant difference ( P<0.05) , while with the same or

no letter superscripts mean no significant difference ( P>0.05).

R4 AEARMITEERETIRA S KRN
Table 4 Effects of different diets on hypopharyngeal gland development of honeybees

M T - Y W T i IR s 1
i H 5 Meai‘?{;':eii:ht of " B Pli%mjprﬁ,gss@ va -
Items Groups hypopharyngeal Hypopharyngeal hypopharyngeal

gland/mg gland colour gland corpuscle

ERIDN ¥ H82[1 Control group 0.73+£0.03 IKE A
Day 1 I E 4l A Experimental group A 0.72+0.02 KA A
3R %} HE4H Control group 0.81+0.03 K AL
Day 3 54 A Experimental group A 0.82+0.01 DEFLE M, ZHUKE® ANt
5K %} HEZH Control group 0.84+0.02 PEELAE, ZBUKAG ANH i
Day 5 RI4H A Experimental group A 0.86+0.03 CEOKAE, Z8E A6 B
TR Xt H82[l Control group 0.90+0.02% SEFLA S, ZHUKA G B
Day 7 I 4 A Experimental group A 1.06+0.03" e R ok

[Fi) —isf [B] [7) 51 K530 5 B AN [/ 7 b 7R 22 57t ik 3 (P<0.05) |, o7 BE R IR 22 57 R ik 3% (P>0.05) o
In the same time and column, values with different small letter superscripts mean significant difference ( P<0.05), while
with no letter superscripts mean no significant difference ( P>0.05).

2.3 EEKiEY PCA

A& 1 AL, DL T LC-MS (AR i 2H 27 07
Y SR, B T R A ] RS B
A R A B IR IRD O SR A 5000 A o A T
A MZ AR G i, il ad K8, BB BE N

VIP>1.0, 22 55 (FC) >2.0, i ¥k ) 429 > 25 5%
R, Hodh 185 A~ i, 244 A4 E1E

H I 2—A 50, RS AR 1 ANFEAS 5 R
4 BE B A 3R R AR 2 fa) A AR L, 4 R AR 2 A
95% [ B AR X 0] P, KR 53050 4 A REWS B i
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DX CETTIEAERX IR, = AIB R A)

k1L Volcano plot
« T Down-regulated
AR Not-significant
- ki Up-regulated

~logl0 P{E(P-value)

LY

P& P-value=0.05

0 10
log2 (£ Ff5H(FC)

B1 XRASKKAAZFKEWHNLE
Fig.1 Volcano plot of differential metabolites between

control group and experimental group A

& 2-B A, 7F PCA AR Bl | F— 25
AR R AR T e g R AR 2 57 a2 5

ERA T PCA

A
100
50 v
E - - v
= 0 — =
- v
-50
~100
v
~200 ~100 o] 100 200

t[1
RX[1]=0.328 R!X[z]:[ 156

I 33 &
R, 57 PLS-DA #EA X X B 20 MR I8 41 A

12

AR OEAT Z B0 22 55, 45 3 5 41 43 2
R, iz H & XK E ( cross validation ) 7 X
PLS-DABE AU AT BHIE , 0° $ KT 0.50, 15 A1 2§
FETEE(Q%>0.50 F 7 AR R 5 A 55 45 1 0 1 43 Bt
REST) o

OPLS-DA T4y F WL 3-A, 454 T IEXR G5
4 1E. (OSC) Fl PLS-DA J7 %, Wl /> e T 4, fifi
LA AR BN W, AR T 22 S A U,
OPLS-DA Z3Hrid ik 25 B AN #H 5 1) 22 5 R i 32t |, fig
b A5 2 B MERA 1Y 25 S A8 i X OPLS-DA 5 54 3
M, /5 3 AR E ST RPX (cum) = 0.628, R*Y
(cum)=0.995,0%(cum) = 0.917, 3¢ B4 7 | 45
U (IETIACE R IR, = MR A)

ST R R R G UL, X AR TR R AT HE
Bk, WK 3-B, B @ ¥ R* Z N, JFH 0
AT T B2k 5y Bl 32 R AE y Bl Bk Bl
(0*<0) A IIE IS, BRI E T FEAE X,
Al HEAT 22 AR 0 S A

P fie /s —FeIEFI M 43T PLS-DA

B
10 000
L[ ] v
L v
0 v
v
v
-10 000
-25 000 0 25 000
t[1]
RX[1]=0.457 R®X[2]=0.0778

2 RASKIKAE A K1 PCA 71 PLS-DA 55 E
Fig.2 PCA and PLS-DA score scatter plots of metabolites between control group and experimental group A

A IEA e/ —3feik- 25 4047 OPLS-DA

10 000:

=10 000

k

\[/

-25 000 25 000
t[1]

RX[1]=0.427 R*X0[1]=0.102

R*=(0.941) Q*=(-0.395)
1 {r """""""""" ' """""""" .""""""'.'_":""
A
I H
0 e I
----- 1
| .Ia2
4 43
.
.
- .
-3
0 0.25 0.50 0.75 1.00

B3 MHRASIKKE A K OPLS-DA 545 B HF 1IEE

Fig.3 OPLS-DA score scatter plots and sorting validation plots between control group and experimental group A
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24 ERREWEESHHF
2.4.1 ERMRYLEE

e 5 al 0, I 2 A 50 IR 2H 0 22 S AR
Yy L, A A S 600 KS B 0 R R R I

{7 BAF KEGG \HMDB 4540l PE 48 3 Hoxt , b 17 %
SEARIN, IR IA N 23 D22 AU, AR =R
Y% WERSE HOPAT 10 AR LR 13 AL
ZEZ IR

x5 MRASKEAH A WEFKHEY

Table 5 Differential metabolites between control group and experimental group A

T i pngg s RS, PR
Items Metabolites RT/min WIRTE Variation P-value Molecular
VIP trend formula
N-Z. 227 2 R N-acetyldjenkolic acid ~ 1.12 8.23 TR 0.003 7 C,H;N,O;S,
fi# 22 Tyrosine 3.74 5.26 TR 0.001 7  C,H,NO,
LR L% L-proline 1.32 3.65 TR 0.006 4 C,H,N,O,
. . A2 R Glutamic acid 3.35 3.39 L 0.0089  C, Hy,N,O;
Amino acids o
FELE MR Tsoleucine 4.15 3.43 F 0.0020 C,H,N,O,
AR Lysine 2.97 3.18 ETF 0.0027 C,H,N,0,
-t fi Taurine 1.00 2.89 Tt 0.0008  C,H;NO,S
P %ﬁtt%d Vit.amil? B, 1.02 5.83 Tt 0.000 6 C.H,N,
Vitamins Qﬁi? B, Vitamin B, 1.00 2.99 EFt 0.000 4 C,H,,N,0,
44 & B, Vitamin B, 2.52 2.83 LF 0.0005  C,H,,NO,
WE2 R HATAE ) B R Gluconic acid 1.11 15.40 TR 0.019 0 C,H,,0,
Sugars and their a—FL# a-lactose 1.21 4.51 TR 0.001 7 C,H,0,
derivatives T RSB METE Dodecyl glucoside  5.19 2.57 T 0.0190  C,H,O0,
il KRR Palmitic acid 7.58 4.57 TR 0.0011  C,H,,0,
Fatty acids TR Stearidonic acid 7.68 2.38 F 0.000 3 C,H,,0,
KR S AT Y WL Inosine 1.47 3.11 TR 0.0190 C,H,N,O;
Nucleic acids and oA L YR A
their derivatives Arﬂﬁf@pﬁ;ﬂ;ﬂne 1.06 2.65 TR 0.000 4 C,H,N,O,
W2 — £ T8 Triethyl phosphate 5.23 12.98 TR 0.0270  C,H,;0,P
#ARI% Pipernonaline 4.55 4.69 TR 0.0100  C,H,;NO,
Ho A, B} 77 458 Monocrotaline 3.12 3.11 TR 0.0073 C,H,NO,
Others 3-#2FLE W 3-hydroxyflavone 1.09 2.63 L 0.000 8 C,H,,0,
LA Cefuroxim 1.95 2.18 LTt 0.0026 C,H,N,0S
[ I %R Kynurenic acid 3.74 8.23 TR 0.000 2 C,,H.NO,
2.4.2 225 o B R R A ] 55 4 3L %) A i, v R 3 R e

FH L 4 AT, 22 55 At 35 1 3 I A 2 8 7R R
S A it A 0 S B R T O o | M
i £ A G A0 % | IR A 2 W I TR A L Ak i I
(P<0.01) ;22 5 18 35 09 1% A & JE R 10 A W A
B €0 S T A A I e 1T 0E B, TR X E
B IER K &R R AN A & R AR 5%, N R R
AL % (P<0.05) .

3 i #
B AT XF SRV 9 T, 51 A B

EGIFOR TR NI, KB lRar e £ 4
AU BE IR T4 T 0, P20 A BT R, ORIk R
L 0 A (H G 2 B T R S A
AR/ GEIR TN B, B SR X T M RN
AR BAHER B AR AR B R i SR H
Aof R 7 e 2 AL A SR DRIE M B AR RN
(BT R 3% I 2 552 R P05 v o] £ i 885 86 A 35
RH o A8 i B T AT i i A W) S T
A B R XT L, 4 21 B AE DR UE T 36 4 I 1] A7 3% 3L BE
PRAUEMA T IR % 5 B9 1R 3R I 068 7 4F T e st g
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I Y/

S

orAEE FOIR A IR RIS E R E SRR, &
Je R AR 2 2 T 5 e T s AR L, $R B R

Wi T8 AR ORI OGS IR T

3.0
2.5
2.04---
1.5

1.0

~log10 P{E(P-value)

0.5

Taurine and hypotaurine metabolism ; 4~/ FR F1 V. 4~ fif iz 4= ¥ & 1 ; Lysine degradation ; i 2 2 I f# ; Pentose phosphate me-
tabolism ; S 12 £5 1 18 ; Pentose and glucuronate interconversions ; SR T 28 R R R AT LR Mk ; Biosynthesis of amino acids;
FHEFR MY 4 )& B ; Tryptophan metabolism ; %, 23 2 { i ; Carbon metabolism : ##% 1X.3§} ; Butanoate metabolism : T B2/t 1§} ; Ala-
nine, aspartate and glutamate metabolism : ¥ 24 & , K 4 22 Fil 4+ Z B Uil ; Pyruvate metabolism : P A2 .

SN B TS T s B, T AR R [ 22 5 B (P<0.05) 5 AFE I T s 3 T 40 2R i, AR 2R ol % 22 S A W 2

(P<0.01) ,

When the top of the column was higher than the blue line, the pathway had significant difference ( P<0.05), and when the

top of the column was higher than the red line, the pathway had significant difference ( P<0.01).

4 E=RNREY KEGG RSIEREEE

Fig.4 Differential metabolite KEGG metabolism pathway enrichment map

31 AEERMNEEETHENZIT

MR T 06 77 e FF H 8 B4 4 R, A 3 56 1 Wi R
[F] EE f31) B e AR A6 A B0 N T AR, S50 A e 28
FITREME () SR BRI X L . 255 R I, e o th I 4
AP T IR 4L C Al D, HBLAE = N 5 1 46 3
K5 REHRIGZH C F1 D i 23T, i
4 BEMAESE 5 Mo R AKEIT, LK 4 B
AR AR S BRG0P 42, X T g 5 B 0
PRFEIET R, K041 B.C.D EKESAN
R4 FR A0 T, 70 I ), o0l JE SE PR ik, 7 d
WIS 20 A B W0 T B0 fe /b, 8 K = N AR SR A
) 2 B0 A 2 0 A 0 Ao [ B %8 e A i AR A
TR, R A ()T R T N3 A B 0%, BB RS IR
IE 28 W A I 3k HE T 7 R R PR B v IE R AR TR AR
it ] e 35 A2 4 [ 9 P A IR 27, Gregory ' A
FER I, AN [A) 2 5T KT 09 AR A6 8 %o 52 35 %
JESR W AT A D, A5 R A OK R Y
FHAER R 42 = T £ 30 32 Al 50 45 2 5 I A
—5,

3.2 ARAMRMELERTREZ TR0

WA R 2 — R T T 06 K AR A Sh o s A
SBT3 WA M T B R S A ) S e
e AN RUR) F R Y, R IR A R BUE A
RO L B AR AR, — BOA N B E L
BRI YN NS Py A=l A L S AR 3
YA IR 1) A R L O B B, R 2 A
A PR RO AR S R BOA G, X RE A 1]
PP 0 B A AN 20 A B 0 23 0 e B AR
551,357 KN HEAT WA A o5 BR EE AN L A
T RAYE AR R AR 7 KmE 2 B R i
Ko A EERYIN R IR B R T XA, W
BT B AR SRS 3 R AR A g 20 A
AR BRIV S FL B T IR AL iR
S K A A5 7 REHAE AL A T IR/ MA 4
FR L, X BRAL AR R MA A AL E
Xt PR AR I AL A WA R R/ MA £ AT ARARSS 1 703
KIa ¥ EAMBERES B RS 7 K5 A4
WA T /N R A 23 L6, X BEZH WA R AR A 2
R (IR B u s L N i | RGN DR ]
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WL RG] A B TESE 7 R IR R 5k
AR KB R IR 4L A R R EL X HE 4 R R T AT B
THEW TR LT .
3.3 A EMARY k4 IR A R
3.3.1 s EEFRACH

ARG B, R R ARl A S 7
PR s E, b4 MaEEme s L7t 3
P LR o B P, IR A Tl R & i He x
H T, F/NBE B IT SR I 2 R A 2 I Y
AR R R AR, 2 e O R T oK
EIN50%, BUERA A IR & & xR d] BT,
3 25 XA B o BT 2 B A i R N I A i
B A= O I 22 S B A R — R S R
IR, EEEN AR, B AR KN AT A
AL TS 5 AR A T ag ) i HLE
TRPEENEER, &R & LIRS
1A IR I A T T R EF, T RE
JEA T IR KB T O e EAR TR, R4
A RS O e B AR R 3l o i — A0 AR
% AT A B I o i 3 s R B 22 5 L AR
R AR P ) — o T A TR 0 AR e R Ay
it J5 2 L B~ A (CoA) , LAVA 4 4 1Y i
Wi R A 5, A R T A A B IR A A g g
BRI E R AR LT RS0 IR
AT AR 2 HEAE
3.3.2  dErEE R

ARG 4l AT L 22 R A 4R R B,
YR B, MYeEE B, IR A HEXIRYL S Ry
T, HEE B, RARRT ZaMNGEER, B
Z 50 LA i R Wl 40 3L, AR R Y Rk B R
YRR AR, 505 8 R s A 2 DA oG,
Wb & FE g R R A B 7 d AL
TR, HEMILA IR EGERK, BEE
AU gY R W], de k2 B, X ARSI T M 1Y 75 Ay

S, T AR 2) A ar b e A 2 B, BN 1Y)

FrEmisin, 4ER B, 35 TERKNNEY
Ak, B AR OB B R D AR O e
71,4 T 5 W AR A K R B ORNIE K 0 A K
74y, 4R B, FEENRE S 52
FE R RIYI R, U ATP A0 B Bl AR s — R R
W2 (NADP) 45 | & DNA il RNA 1Y 5 % 4 i &%
4y, HEEE B, FEL CoA RS 58 5 &M
AR, EEL R, deE B, Ik

FWENARKKRE  WRIUAPT A LRE T .
3.3.3 A EEY AR

22 FAC Y o LA R A 4 P B A AL
O3, BRBEIR = TR 2R EIARER B A
B, X 4 Fh A IR I AL A X IR AL R R,
WETR — L BRAE & 7 & T 7™ 2k — FhRR e 0 4 Fn i 2%
AL RS 5t B0 AU 8 h B 28 W o, R R 48 1
PHFERE 514 mg/kg, B A GWE R ERY T,
K2 O 2EEAEHE 71 mg/kg, R4 A KA
FEAC= ) % B LT IR 2R B, T AR 5 B0
W2 A () B 5 A He G IR 4 8 0 5 A K0 R
FARP LB 2t — 2B 05T
3.3.4  fgmfti

IR A XTI WL & & BT, WL 2
BN ATP CoA .DNA Il RNA ALY, 25
LR A A AR AR, KRR Bt &
B, WLHT BE 2 B A XS AR P ATP AR, AT ik £
iR, 25 & A WA T BE £ & 45 Fh g )
WEPE R 7= A= Bk, WL X 28 e iy 2B KO
B KA RZ M 5 F A UL

4 45 g

@ FH R A e IR 6051 EL B Y
N ARV, 76 B 8L R 27 B 458 v ] 88 1 2 6 A7 305 5%
A 75, 0 FLAA AT 2 000 T IR & F, PR e
AFIEE TR o R

@ R LC-MS o I il M55 2 A vt B4
TR 7 H s T | 00 vk 45 5 23 Fp 2z AR,
FEALSE IR R RER R 4R B, L
Y R A R R Y A B IR A A G
2 o 3 B B e O S 8

SE

[ 1] RATNIEKS L W, CARRECK N L. Clarity on honey
bee collapse? [ J].Science, 2010,327(5962) :152—
153.

[2] JEWsE, Z&H, EH#HM, % KT LC-MS BRMR
B 27 7 B O 58 it He bR T AR 2w [T ] h
[ B 4 B2, 2019,46(8) :2220-2227.
ZHUANG M L,LIZ Y,WANG J Z, et al. Metabolo-
mic analysis imidacloprid effect of honeybee worker
based on liquid chromatograph mass spectrometer|[ J ].
Chinese Animal Husbandry and Veterinary Medicine,
2019,46(8) ;2220-2227.(in Chinese)



1078 B oWoE R Rk 33 &
[ 3] XU, /N, B £, 45 SRR KX A PERE[T] R E R Y5 R ,2019,25(7) :9-15.
W BB L Y T AL ERE R [ 1] VPR YAN S,ZHAO L H, WU L M.Research advancement
AR 2F 244 ,2011,33(5) :960—964. on bee bread and fermented bee pollen food[ J ].Food
LIU J F, WU X B,YAN W Y et al.The Effect of di- and Nutrition in China,2019,25(7) :9-15. (in Chi-
etary protein levels on spring multiplication and larva nese)
oxidative stability of Apis cerana cerana[ J].Acta Ag- [10] VAUDO A D, TOOKER J F, GROZINGER C M, et
riculturae Universitatis Jiangxiensis, 2011, 33 (5) ; al. Bee nutrition and floral resource restoration [ J].
960—964. (in Chinese) Current Opinion in Insect Science,2015,10,133-141.
[4] WG4, B, S B XNERER AR [11] DIPASQUALE G,ALAUX C,LE CONTE Y, et al.
TR AL 25 KO B X 4 B A AR T PR Y R Variations in the availability of pollen resources affect
[T].hERRE 2011 ,44(22) :4714—-4720. honey bee health [ J]. PLoS One, 2016, 11 (9) .
LI C, YANG W R, XU B H, et al. Optimal protein e0162818.
levels required and their effects on larval antioxidation [12] il , XUEERR , W SCAE 55 O [RI A0 M % 2 KR 2
of Apis mellifera ligustica Spinola[ J].Scientia Agri- WEME TR T TS R BRI [ T] . 3h s FR ik,
cultura Sinica, 2011, 44 (22) : 4714 - 4720. (in Chi- 2019,31(10) :4630-4636.
nese) GAO L J,LIU J L,LUO W H,et al.Effects of differ-
[ 5] FEoh, a5 A fa R 2R 5K S X i i 26 ent bee pollens on colony reproduction and worker de-
FEPERE RO M [T 0 B 2 )R, 2012,49(2) . velopment of Apis mellifera ligustica [ J]. Chinese
486-489. Journal of Animal Nutrition, 2019, 31 (10) : 4630 —
WANG G Y,YANG W R, XU B H. Effects of dieta- 4636. (in Chinese)
ry protein levels on the reproductive performance of [13] BARENE I,DABERTE I, SIKSNA S.Investigation of
honeybee colonies| J ].Chinese Bulletin of Entomolo- bee bread and development of its dosage forms [ J].
2y,2012,49(2) :486-489. (in Chinese) Medicinos Teorija ir Praktika,2015,21(1) :16—22.
[6] Ik, B, FR%E, 5 % EKEXNERXAE [14] ZULUAGA C M,SERRATO J C,QUICAZAN M C.
eI PR AT A L TERI R IR [ T A8 B AR AR K 2 Chemical , nutritional and bioactive characterization of
FICHRBL2EMD) ,2011,40(6) :632-635. colombian bee-bread[ J ].Chemical Engineering Trans-
FENG Q,YANG W R, XU B H, et al.Effects of vita- actions ,2015,43:175-180.
min E on royal jelly production and antioxidation of A- [15] DEGRANDI-HOFFMAN G, ECKHOLM B, HUANG
pis mellifera ligustica[ J].Journal of Fujian Agricul- M.Methods for comparing nutrients in beebread made
ture and Forestry University ( Natural Science Edi- by Africanized and European honey bees and the
tion) ,2011,40(6) :632—635.(in Chinese) effects on hemolymph protein titers [ J ]. Journal of
[ 7] S, wdi, FHE, S ANEKFEYEE R A X Visualized Experiments,2015(97) ;52448.
KR 2 1 5 BB B R 35 S &) B S A0 104 52 i) [16] GREGORY P G. Protein diets and their effects on
[T]. 9 EREEE,2012,45(17) :3584-3591. worker weight, longevity, consumption and hemo-
FENG Q,YANG W R, XU B H, et al.Effect of differ- lymph protein levels of Apis mellifera| C]//Proceed-
ent levels of vitamin A on the colony development and ings of the american bee research conference, [ s.1.] :
larvae antioxidation of Apis mellifera ligustica during [s.n.],2006.
the period of spring multiplication[ J].Scientia Agri- [17] DEGRANDI-HOFFMAN G,CHEN Y P,HUANG E,
cultura Sinica, 2012, 45 (17) : 3584 — 3591. (in Chi- et al. The effect of diet on protein concentration, hypo-
nese) pharyngeal gland development and virus load in work-
[ 8] L. EFRMEEEZXEERB LM D]. er honey bees ( Apis mellifera L.) [ J].Journal of In-
228 S0 B LR AR R 22,2015, 32, sect Physiology,2010,56(9) :1184—1191.
WANG Y. Effects of nutritional factors and living [18] H/N, LI L AR R R [T P EEY S E

(9]

space on the caste determination of honey bees[ D ].
Ph.D.Thesis. Taian ; Shandong Agricultural University,
2015:32.(in Chinese)

SEPE AN, 5= BB MR R i TR B AL oy 7 it T 5

F.,2011,17(5) :78-80.

BAI X X,KONG D Y.Research advancement of tau-
rinet[ J ].Food and Nutrition in China,2011,17(5) :
78-80. (in Chinese)



FE M55 « N TR G 4F T e A KOk & K A PRI B 52 0

1079

[19]

[20]

[21]

[22]

DE GROOT A P.Protein and amino acid requirements
of the honeybee ( Apis mellifica L.) [ J]. Physiol
Comp Oecologia,1953(3) :197-285.

NARKEWICZ M R, JONES G, MORALES D. Serine
and glycine transport in fetal ovine hepatocytes[ J].
Biochimica et Biophysica Acta; General Subjects,
2000,1474(1) :41-46.

B W, RN, AR B, WA T
W i e 2 2D A0S RE I R e [ ] Bh W 3R AR AR,
2016,28(10) :3346-3351.

LIAO C H,YUAN A, WU X B, et al.Effects of vita-
min B, on lifespan and learning memory ability of
worker bees for Apis cerana cerana| J].Chinese Jour-
nal of Animal Nutrition, 2016,28 (10) : 3346—3351.
(in Chinese)

T LA MR Iz R KO W B ROR e 2 K M BE BT

[23]

A AP RE SR A B [ D] R 2 618 30 2§
L AR R, 2017 :19-20.

LEI C H.Effects of dietary pantothenic acid level on
growth performance, antioxidant indices and lipid me-
tabolism of honey bee ( Apis mellifica L.) [ D ]. Mas-
ter’ s Thesis. Taian; Shandong Agricultural University,
2017:19-20. (in Chinese)

TR FMR A BRI, S5 A 0O T KR UL B X AR
G TR A K R S LT e e e bR iy S [T ]
A% Tk ,2019,40(6) :13-16.

ZHANG X R,YAN J S,HUAN H L,et al. Effect of
inosinc acid in feedstuffs for broiler breeders on
growth performance and serum immune indicators of
offspring in later growth stage [ J]. Feed Industry,
2019,40(6) :13-16.(in Chinese)



1080 IR/ S 33 &

Effects of Artificial Diets on Growth and Development and Physiological
Metabolism of Young Worker Bees

ZHUANG Mingliang LI Jianfei LI Zhiyong®™ WANG Zhi NIU Qingsheng
CHEN Donghai GE Peng ZHANG Fa
(Apiculture Science Institute of Jilin Province, Jilin 132108, China)

Abstract; To study the effects of different artificial diets on growth and development and physiological metabo-
lism of young worker bees, the metabonomics analysis was conducted for worker bees based on liquid chroma-
tography-mass spectrometry (LC-MS) , and to provide some theoretical basis for the preparation of artificial di-
et of mailed queen bee. A total of 300 one-day old Apis mellifera ligustica was selected and divided to 5 groups
with 30 worker bees in each group, and fed with Five kinds of artificial diets. Control group diet; sucrose
powder ‘honey=3:1; experimental group A diet :sucrose powder :bee feed :honey=6:5:1; experimental group
B diet: sucrose powder :bee feed :honey=6:3:1; experimental group C diet: sucrose powder :pollen :honey =
6 :5:1; experimental group D diet; sucrose powder :pollen :honey=6:3:1. Five kinds of artificial diet were
used for indoor feeding, recorded the death number of honeybees within 7 days. The hypopharyngeal glands of
worker bees on days 1, 3, 5 and 7 were dissected and measured the average weighing, color and plumpness.
The metabolite differences of honeybees after feeding 7 days between experimental group A and control group
were detected by LC-MS method, the detected data were carry out the pattern recognition analysis, screened
and identified the different metabolites. The results showed as follows: 1) the honeybees in control group and
experimental group A were no death during days 1 to 5, the death number of honeybees on days 6 and 7 of ex-
perimental group A was significantly lower than that of the control group ( P<0.05). The honeybees in experi-
mental groups B, C and D were all died within 6 days. 2) The mean weight of hypopharyngeal gland of hon-
eybees on day 7 of experimental group A was significantly higher than that of the control group ( P<0.05) , the
hypopharyngeal gland colour were all milky white, and hypopharyngeal gland corpuscle was plump. 3) The
metabolomic data were analyzed by principal component analysis ( PCA ), partial leastsquares discriminant a-
nalysis (PLS-DA) and orthogonal partial leastsquares-discriminant analysis ( OPLS-DA) , the results showed
that the experimental group A and the control group were significantly separated, the 23 different metabolites
were identified, included amino acid, lipid and saccharides, among then, 10 metabolites were up-regulated
and 13 metabolites were down-regulated. The differential metabolite pathways analysis showed that the path-
ways with significant differences were taurine and hypotaurine metabolism pathway, alysine degradation path-
way, pentose phosphate metabolism pathway and pentose and glucuronate interconversions pathway ( P <
0.01), and the pathways with significant differences were biosynthesis of amino acids pathway, tryptophan
metabolism pathway, carbon metabolism pathway, butanoate metabolism pathway, alanine, aspartate and glu-
tamate metabolism pathway and pyruvate metabolism pathway ( P<0.05). In conclusion, the diet of experi-
mental group A is more suitable for the growth, development and survival of worker bees, it can replace the
common sugar refining diet in mailing environment. [ Chinese Journal of Animal Nutrition, 2021, 33(2) .
1070-1080 ]
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