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Effect of dietary protein level on colony development of
honey bees (Apis mellifera ligustica) in spring
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Abstract A feeding trial was conducted to investigate the effect of dietary protein levels on the population growth, food
consumption, emergent weight and body protein of Apis mellifera ligustica Spinola. In early spring, 30 A. mellifera
ligustica colonies of equal size, queen quality and age were randomly divided into 5 treatment groups and 1 control group.
The treatment groups were fed experimental diets containing different amounts of dietary protein (20% , 25% , 30% ,
35% , 40% ) , and the control group was fed rape pollen. The results indicate that the food intake of the control colonies
was significantly higher than that of the 40% protein group (P < 0.05) . The adult population growth of the 25% , 30%
and 35% protein groups were not significantly different (P > 0.05) , but all were significantly higher than that of the
control group (P < 0.05). The emergent weight of workers increased in colonies fed up to 35% dietary protein, but
decreased in colonies fed higher levels of dietary protein. There was no obvious difference in the body protein of the nurse
worker bees between the control group and treatment groups receiving 20% , 25% and 30% dietary protein (P > 0.05) ,
but the body protein of nurse worker bees in the other treatment groups was significantly higher than that of the control
group (P < 0.05).
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Schmidt A1 Buchmann (1985) #f 97 & Bi, 1T 1 33 44
J5 28 d WP R HLELEAE 19.2 mg A . HA
B, BB DR X — 3 B8R (A I (Mattila
and Otis,2006a) , 4423 52 W & W (M AR KK & § 3%
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and Crailsheim,1988) .
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1.1.2 #EEN R B A3
WIAHE AW, il 5 ANE A KT, 25Kk
20% (P1) \25% (P2) 30% (P3) .35% (P4) .40%
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Table 1 Composition and nutrient levels of experimental diets (air dry basis)

i H Ttems

KPR Treatments

P1 P2 P3 P4 P5
J5URl Ingredients (% )
246 & f Extruded soybean meal 35.0 33.0 40.0 44.0 68.5
¥4k £ Kk Extruded corn flour 12.0 12.5 18.0 19.6 0.0
164 4> B B 1 Peanut protein isolated 2.0 8.0 9.0 12.0 8.0
H K White granulated sugar 49.8 45.3 31.8 23.2 22.3
W 445 Ca(H,PO,),*H,0 0.4 0.4 0.4 0.4 0.4
o E TR B Vitamin premix' 0.3 0.3 0.3 0.3 0.3
FrE R4 Sodium citrate 0.5 0.5 0.5 0.5 0.5
41l Total 100. 0 100. 0 100. 0 100. 0 100. 0
2 7K F- Nutrient levels
HL % 4 Crude Protein” (% ) 20. 16 25.03 30.05 35.04 40.20
¥ % 1 Crude Protein’ (%) 20. 02 25.32 30. 00 35.14 40. 54
M BE Gross energy (kJ/g)* 17.21 17.50 17. 42 17.54 17.75

L YRR PR T s AR AL e 3K A5 000 TU; 423K BL,S. 4 mg; 443K B2,6 mg; 443K C, 100 mg; 42 R
D3,2 000 TU; 4/E % E,240 mg; 4L 3 B6,7 mg; 1,20 mg; MR, 18 mg; JLHZ, 318 mgo 2. 7157 3. SEE. 4. o5
B AR B 00 IR0 B KL 5 W I fig B 23. 64,39, 54 F1 17.50 kI /g 154G .

1. Vitamin premix contained the following vitamins per kilogram feed: vitamin A, 5 000 IU; thiamin, 5.4 mg; riboflavin, 6 mg;
vitamin C, 100 mg; vitamin D3, 2 000 IU; vitamin E, 240 mg; vitamin B6, 7 mg; folacin, 20mg; niacin, 18 mg; inositol, 318
mg. 2) . The calculated value. 3. The measured value. 4. The calculated value, and gross energy (kJ/g diet) = (% crude protein

x23.64) + (% crude lipids x39.54) + (% carbohydrates x 17. 50) .
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SHT s - B AT Duncan VAT 2 T ELEL

2 HZERE5HH

ZHENAS LR

B ARE AR AR 50 390 W) X 1 AN [ B 1 5 7K S 1 ) e
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35% (1) 5 2P Rl e £ R OB 9 R 1 5 0 R
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Table 2 The feed intake of the colony of Apis mellifera ligustica fed on diets with different protein levels

_— I T CRE) BHCEE (g/8) B BHE #E A (g / BE)

) Bee colony Food consumption Powderbee bread
Diets amount ( colony) (g/colony) consumption (g/colony)
P1 5 1901.0 + 266.7 ab 856.4 + 120. 1ab
P2 4" 2328.5 + 269.5a 978.4 + 113.2a
P3 5 2 085.2 + 214.0 ab 891.6 + 91.5a
P4 5 2329.4 + 243.9 a 953.2 + 99.8a
P5 5 1516.0 + 142.8 b 564.3 + 61.7b
C 5 2505.8 + 247.7 a 1171.0 + 115.8a

R R B EEANET RS iE. PL~ PS5 BT FUKSE 2200 O 20% 25% ~30% ~35% ~40% (¥4 kL Co A il
SEAEH o RN A FIME + bz, RSB G MR TR REZRAREH (P > 0. 05) . FTXMA.

* A queen of the treatment was lost, and there was no data of the colony. P1 —P5: The dietary protein levels in diets: P1, 20% ;
P2, 25% ; P3, 30% ; P4, 35% ; P5, 40% . C: The rape pollen. Values are mean + SE, and followed by the same letters in the

same column are not significantly different at 0. 05 level. The same below.
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Fig.1 The adult bee population of Apis mellifera
ligustica fed diets with different protein levels
PL ~ P5: A3 W & (1 ) 7K 7 73 0 24 20% 25% ~30% -
35% ~40% (V4R C o i ALKy o AN/ P RE R
RN WIAE 0.05 KV B2 B2, FREIFE.
P1—P5: The dietary protein levels in diets: P1, 20% ;
P2, 25% ; P3, 30% ; P4, 35% ; P5, 40% . C, the rape
pollen. Different letters indicate significantly different at

0.05 level. The same below.

2.3 ITHMEEILER

PP 2 a] A, B R KT R 20% AR
T W TNy (96.5 £7.0) mg, i W EE )%
KR 35% kL T ) AR T B Kk (111.9 =
2.2) mg, “HEFEE (P < 0.05) . T#YE
A Ak A 2 R R K 20% ~

35% W, w40 A B4 B A ADRE AR TOK P R 8
TN 48K L E 0 i 35% I, g 4] AR
Bt K R0 I By I B o A e e L R
P AT AR B Rk, T 1) B A B BT R B
VWY I v R 1 T 2 U0 0 & BB A Kk

2
B o

115
HJIIO-
b 110 F

100 |

mg

ht(

cig

HIHFE Emergent w
[==]
.

Pl P2

P3 P4 P5 C

¥ Diet

B2 AEZEQRKFEMERN TENEEZENFMN
Fig.2 The emergent weight of worker bee

fed diets with different protein levels
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BEMLTHHA (P < 0.05), H & [ FKEHR
30% 35% 40% KL T T 5 5 oo 4l 2 7R
BEP > 0.05) . BARKIL N BEAS R & AR
S B N E R R TR

Ky AR 5 Ak B4 5 0 HE 4 2 TR TR K o
WY ERARZE (P > 0.05).

FL A A 5K F R 40% FRDEL ) %
HHEASERFE M T HM&4 (P < 0.05), 3
b B AR EAEZRARE (P >
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FECHR T P A0 T AR A6 o xR A e R
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Table 3 Carcass proximate composition (wet weight basis) of worker bees fed on diets

o T () K5 (%) HLE 1 (%)
Diet Dry weight (mg) Moisture content (% ) Crude protein (% )
P1 17.40 = 0.09b 66.92 + 0.29a 23.94 = 0.21b
P2 17.45 + 0.23b 67.26 + 0.26a 24.02 = 0.21b
P3 17.78 £ 0.17ab 67.69 £ 0.19a 23.78 = 0.18b
P4 17.76 £ 0.07ab 67.11 = 0.23a 24.64 £ 0.17a
P5 17.82 + 0.24ab 67.32 + 0.28a 24.21 + 0.25ab
C 18.04 = 0.13a 66.92 + 0.19a 23.77 = 0.14b

feky Lo 8 AR g 46 0 X % g 1 W 51 ) A% (Doull,
1975 ; Keller et al. ,2005) o 75 A S5 o, 25 8 X T
F AACHIAE K TR B SR B B AR T Ak R
B e B 1) 1 HCf R e A, XL R i bh AR
(2009) WFFT 45 FAH— . A 46K 1) kxS T % i
IR 51 0 T JRE S R R AIE 2 i kL 1 B A
H AT A A8 R — e InoN — & 100 B 7
by B0 B T 19 im0 1 51 g (Doull, 1974
Schmidt and Buchmann,1985) .
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B AE AR I I K B T bR R R K i
PEEE KR E A S 7%, Mattila 1 Otis (2006a) Hf
FU R BLAE A 7 W e 46 By sl AT A8k A e RS
HH IR T B B S & T AN W K W . Farrar
(1936) Ak Bk = e B A6 B ik A7 e 15 4 2 0 A 11 4
PR/ W A S TE AR I RE A B 2 10 A8 R ik
B AR T BT I U T Y KR . TR TR
AR R i A7 AR AR AN AL, 1T BL A e T AR AT 46 R
TRl . fH 2 Keller 25 (2005) i 45 % B, 4 M2 A%
A0 X8 T 0GR A 2 T A 1) 19 AT AT 13 A B AR 19
RO, e R b 0 B Y KO W . Cook FHI
Wilkinson (1986) A 2 #b 75 1] W 7T g A 23 5¢ i) 1 d%
S B, (H 23 5% R I R b T 1 AR U A A
A ATTIN DA b 78 o] W P e R R A e T S LA
b 78 A B R 2 o AE ARG A5 AE T T Rl
A0 PR 0T T 2L R A KA G2 1, T BE Y
SACHY RLOR A7 303 18] 5 77 F sk B, sH e T &5
f 2 ik R 6 T I ) R il AN A B
Hagedorn F1 Burger (1968) B} 3% & Bl 4¥ ¥y o 4 /= 2%
C4E R 28 BO 250 AT, 25 5 £ -

AREBRKEN TEVEENFNE
ANTF] B R IR B 2 2 ELEE W Tk T

3.2

3.3

ARG WA A= AR — 5 RE T b S e T i &) e 3]
K175 R S R IR B o K F 50 R I e A 1) K
ANET W W B 1 B A K S (Ribeiro,
1994 ; Nguyen, 1999 ; Roulston and Cane, 2002) .
Kunert 1 Crailsheim (1988) A g W H 5 1 1 ) 4k
AR A& B A S R sh. [F,
T A A A i R R ) A AR I R
fabr (E&E4,2005) o £ & (2005) Lo 1 12
WEAERY S AERY +20% S2oBy Ry X WA AR T I 52
Wiy A B » ) W A My e R 1) T e ) A A R Y ) 8
A R G At A AC ] A BB . AT 5T A,
AR FOAS N 0 pRE T DLW R 3 i T ) ) AR
L, IX UG B 0 AR PR e B R T
BTN I o R R A A v i AR
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(Crailsheim et al. ,1992) , 4R 5 I 7 06 17 W2 &) &
B R R BRAA S W o i b R R R e
o R AR AR A AL 1 J, (HIX L)
HOARNRE R G R [F) I A0 0 A B P T AR
25 %A% (Crailsheim, 1990) o X I I i% 7E 45 2= 1 K
7Y B ] R e A v U D R 06 TR, T EL v BT (R
B AR R T I AR KR IR IE R R BT A
A (£ &52006) o A [R] 4R E 95 00 88 25 B
REW 0 TR IR0 B AT TA) 42 5 e E )
H(EALE,1992) o [N, TikE A GRS Tk
(1) 73 iy B HEAH OC, AR HR 1 B R e I B O Ay L
AT (14 B KM % 1y K (Crailsheim, 1990) o 2 i%
77 i K 5 R A R TR e e IR e A R 2R
WA T M . Ik, WA W E A —

3.4
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