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Abstract
Background and Objectives
Honey bees demand substances such as proteins, fats, vitamins, and minerals for their survival,
growth, and reproduction. These compounds are mainly supplied to honeybees from flower
pollen. This well indicates the importance of pollen in the life of honeybees. This study explored
the effect of feeding six different pollen diets, including rapeseed, date, corn, and their mixtures,
on the biological and physiological characteristics of the Iranian honey bee, Apis mellifera meda
(Hym., Apidae).
Materials and Methods
This study was conducted for 35 days in a breeding cage (disposable plastic cup) at a
temperature of 29+1°C and a humidity of 60 to 70% in a germinator. In each cage, 50 newly
emerged worker bees had access to honey syrup (natural bee honey and water, in a 1:1 ratio)
and water, in addition to the corresponding pollen diet. In a subsequent experiment, the pollen
food preference of worker bees towards different pollen treatments (including 6 pollen diets,
similar to the previous experiment) was ascertained under natural conditions (Southwest of Iran,
Ahvaz), under choice (treatments concurrently) and non-choice access (treatments separately
on different days). To undertake the experiments, Iranian honey bee hives with 8 population
frames were employed. In each diet, 1.2 g of pollen was provided to the bees in three Petri
dishes (each containing 0.7 g). Petri dishes containing pollen were placed in a tray and placed
on a table (one meter high) 10 meters away from the hives. Every two hours (8, 10, 12, and 2
p.m.), photographs were taken of each Petri dish with the number of bees attracted to each dish
(containing pollen from different treatments) counted further.
Results
According to the findings, the highest consumption on all days belonged to rapeseed pollen and
the lowest consumption to the mixed diet of rapeseed pollen and corn. Workers fed only canola
pollen weighed more than bees on other food treatments. After counting the daily mortality of
bees in the cage, it was determined that the lowest number of deaths was linked to bees that had
been fed rapeseed pollen (6 percent) and the highest mortality to the corn pollen diet (69
percent). The area of hypopharyngeal glands was influenced by the type of pollen diet,
determined in the first seven days of rearing and remained unchanged with increasing age. Bees
that fed on rapeseed pollen revealed significantly higher levels of hypopharyngeal glands.
Adding other pollens (date or corn) in small amounts (20%) or combining these two pollens
(10% each) with rapeseed pollen resulted in a significant reduction in the level of
hypopharyngeal glands (approximately threefold), compared to the rapeseed pollen treatment



alone. It appears that small amounts of other low-quality pollen in the diet can have an inhibitory
effect on the growth of the hypopharyngeal glands. By inspecting the size of the rectal surface,
it was determined that the type of pollen diet had no impact on rectal size. A comparison of the
protease enzyme activity of midgut extracts from worker bees fed different pollen diets
demonstrated that the highest amount of protease activity was observed in the midgut of worker
bees fed a mixture of "rapeseed and corn pollen.” The lowest protease activity was also noted
when consuming a mixture of all three types of pollen (rapeseed, date, and corn pollen). The
results of choice and non-choice access tests of hives to different pollen diets under natural
conditions indicated that in both access conditions, the consumption of date pollen and corn
pollen was higher compared to other pollen diets.

Discussion

The results of the present study exhibit a significant effect of the type of pollen diet on the
biological and physiological characteristics of worker bees, based on which rapeseed pollen
was identified as the highest quality pollen. Nevertheless, under both choice and non-choice
access conditions in nature, foraging worker bees consumed significantly higher amounts of
date and corn pollen compared to canola pollen. This reveals that workers are attracted to the
apparent attractiveness of pollen over its true value. These results demonstrate the significance
of beekeepers' attention to providing high-quality pollen in sufficient quantity for hives.
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Table 1. Mean (+ SE) daily consumption of different pollen regimes (grams) by adult worker bees, Apis mellifera in
the rearing cages, at a temperature of 29 + 1 degrees Celsius and a relative humidity of 60-70%

Sampling age (days)

Parameters Fa.20 P
3 6 9 12 15
Canola 1.01—:—3.17 1.16Ata0.17 O.iié;)t.)l? 0.52;;;.09 0.4681a0.09 4.866 0.007
46+ 0. 44+0. 76%0. 76 +0. 62 +0.

Date 0 46Ab0 06 0 44Ab0 06 0 76Aa0 12 0 76Aa0 16 0 62Aa0 15 1.612 021

3£0. 28+0. 36+0. 44 +0. 34+0.

Corn 0 3At()) 03 0 28Ab0 05 0 Sia;) 05 0 41'1%;) 06 0 34Aa0 06 1971 0.312
Canola + Date O.34Btb0.02 O.64Atb0.07 0.428161%07 0.4Btag.03 0.3881a0.02 5,689 0.003
Canola + Comn 0.32Atb0.05 0.42}3;—) 0.1 0.26Atb0.04 0.28Atb0.06 0.38Ata0.04 1775 0.174

+ 46+ 0. 48+0. 4+0. 46 +0. 4+£0.
Canflgorr?ate 0 46Ab0 09 0 4ib 0.3 0 4Aag 03 0 4(;@;) 04 0 4A: 05 0.449 0.772

Fs.24 11.025 10.063 3.576 3.342 1.478

P <0.001 < 0.001 0.015 0.02 0.243

* In each row, the values with similar capital letters, and in column, the values with similar lowercase letters are not significantly
different (Two-way ANOVA, Tukey's post-hoc test; P > 0.05).
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Table 2. Mean (+ SE) weight of adult worker bees, Apis mellifera (grams) that were fed on different pollen diets in the
rearing cages, at a temperature of 29 + 1 degrees Celsius and a relative humidity of 60-70%.

Sampling age (days)

Parameters F P
7 14 21 28 35
0.67 £0.02 0.64 £0.03 0.71+£0.04 0.53+0.08 0.67 £0.03
Canola Aa* Aa Aa Aa Aa 1.88 0.16
0.62 £0.02 0.55+0.03
Date Aa Aab - - - 3.13 0.115
0.62 £0.01 0.52 £0.02
Corn Aa Bab - - - 12.236 0.008
0.49 £0.02 0.49 £0.02 0.6+0.03 0.54+0.01 0.51+0.02
Canola + Date Bb ABb Aa ABa ABb 2.987 0.033
0.46 £0.01 0.52 £0.02 0.58+0.02 0.53+0.04
Canola + Corn Bb Ab Ab Ab - 3.725 0.039
Canola + Date 0.46 £0.01 0.52+0.01 0.58+0.03 0.52+0.01 0.53+0.01 4574 0.01
+ Corn Bb ABab Aa ABa ABDb ' '
F 22.062 3.475 2.946 0.035 11.756
[ <0.001 0.017 0.067 0.991 0.004

* In each row, the values with similar capital letters, and in column, the values with similar lowercase letters are not significantly
different (Two-way ANOVA, Tukey's post-hoc test; P > 0.05).
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Table 3. Mortality rate of worker honey bees, Apis mellifera, fed with different pollen regimes in the rearing cage, for
a 42-day period, at a temperature of 29 + 1 degrees Celsius and a relative humidity of 60-70%

Frequency and mortality rate

Pollen type Total no. Alive Dead Mortality (%)
Canola 400 376 24 6

Date 400 127 273 68

Corn 400 124 276 69

Canola + Date 400 342 58 14,5

Canola + Corn 400 286 114 28.5

Canola + Date + Corn 400 286 114 28.5

Cin Oler 3038 w3, 5 Soke 4 il S,
U5, gen 308 Ay 6oy 1y 355 Hls gme 56l 59,
3,55 Gl s s 3ub Comluws ¢ il 1L 5 2ilE
(F Jsd)
SO Olaga) 30 paisy 031l

TP YY) e o e Jels el sla ize I 1
5 Fr= VAOA;, P = s/AYY) 555 o 5 (Fa= V/PYY
S35 Fro= VAYY; P = o /¥FY) aoT folize Ol 31 puoman
(badly plal B (6513 gae U S Cole

Gl gre U Gas Y (bes & Calibes slae > 14k

.0 d,vt#)g;m,uu)}g,'rf{,g;,wsw

SIS 08 7 Lalisee ey 5y b ool 408 17 (S yg4 3 (MM?) Jb 5556 gud oué saw (Hle Slas £) (pSle —£ Jeoa

SO Ol3903 38 JU 5 Bgmd ous drwgd g Wby
AV 0 P < /i) 03 8 o o 6 5 ol i

Sl sae 30 JU5,baas ode Uiy Olsm s, (Fa=
Sl g (Fem +/0¥ P = 2 /YVE) 435 o 51 Ll el
Sl sne «(Fro= +/070; P = +/8) Lol sz 95 filaw
085 glay ) en § Caliien (Slao o s Auslin 531355
3ae Colan o i (e plad 3 IS 03 8 L o
) bloee (glao o Lo 4 dis (slay 55 9 JU 556 s
o) sl OLE3 1y o Comlwn o 208 (03 5 0 £ 5
o 03 S Sl 55 JL 56 e 34e alaw 4 e (F

YV A s e Ol pde Sl etk

Ao )8 Y- d Cogb ) 9 womde 4350 YA £ (Slod 50 039y T Sy 098 (o g B 50 ol

Table 4. Mean (+ SE) hypopharyngeal gland surface (mmz2) of adult worker bees, Apis mellifera fed on different pollen
regimes, during a 21-day period in the rearing cages, at a temperature of 29 + 1 degrees Celsius and a relative humidity

of 60-70%
Sampling age (days)
Pollen type 5 9 21 Fs16 P
8420.7 = 77718 %
canola 8499.0 +841.3 77457 +513.2 ok eea 045 0716
Aa* Aa
Aa Aa
8481.2 + 5425.8 +
Date 5637.('36\ : 200.5 5314.; : 346.3 N ) 016 0,921
Ab Ab
5462.5 + 4334.4+
corn 5445.; t:_rC258.5 4838.2 th180.3 ey e 583 0,069
Ab Abc
3033.3 + 3278.9+
Canola + Date 28115+801.3  2830.8+337.7 314.9 458.6 0.178 0.91
Ad Ad
Ac Ac
2750.6 + 2734.0 +
Canola + Corn 32354+4763 34856+ 305.5 280.6 415.9 0.976 0.43
Abcd Acd
Ac Ac
3472.3 + 2614.2 +
Canola + Date + Corn 502864283 2850.4+230.3 320.4 519.3 0.45 0.716
Acd Ad
Ac Ac
Fooe 1516 31.67 30.84 2155
P <0.001 <0.001 <0.001 <0.001

* In each row, the values with similar capital letters, and in column, the values with similar lowercase letters are not significantly
different (Two-way ANOVA, Tukey's post-hoc test; P > 0.05)
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Table 5. Mean (+ SE) rectal area (mm2) of adult worker bees, Apis mellifera fed on different pollen regimes, during a
21-day period in the rearing cages, at a temperature of 29 + 1 degrees Celsius and a relative humidity of 60-70%
Sampling age (days)

Pollen type 6 9 12 21 Fa16 P
2.04£0.15 2.26 £0.33 2.14+£0.09 2.41+0.31

Canola A+ Aa Aa Aa 0.691 0.571
2.49+0.17 2.1+0.37 26+0.34 1.64+£0.18

Date Aa Aa Aa Aa 3.457 0.051
2.19+£0.12 1.92+0.43 1.84+£0.31 2.06 £0.28

Corn Aa Aa Aa Aa 0.376 0.772
2.28 £0.07 2.31+0.17 2.43+0.25 1.58+0.25

Canola + Date Aa Aa Aa Ba 3.678 0.035
25+0.17 2.54 +£0.37 2.69+0.31 2.05+0.2

Canola + Corn Aa Aa Aa Aa 0.669 0.587
2.21+0.26 2.46 +£0.23 2.49+0.21 2.38+0.34

Canola + Date + Corn Aa Aa Aa Aa 0.269 0.847

Fs,.24 1.11 0.464 1.527 1.871

P 0.381 0.798 0.228 0.15

* In each row, the values with similar capital letters, and in column, the values with similar lowercase letters are not significantly
different (Two-way ANOVA, Tukey's post-hoc test; P > 0.05)
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Figure 1. Effect of different pollen diets on protease enzyme activity of worker bees
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Figure 2. Mean (x SE) number of worker bees, Apis mellifera meda attracted to different pollen diets with choice (A)
and non-choice (B) access condition, under natural conditions in Malayer, Hamadan Province. Means within a pollen
regime bearing the same upper case letter, and means within a two-hour period bearing the same lower case letter, were
not significantly different (Two-way ANOVA, Tukey's post-hoc test; P > 0.05).

Jsb &S Cules S o il De Groot (1952) Ll oyl
ol Gladeol b by s Jlie e b jas
el (kS b glres S g y03 g a5 0 (615,00
andllan 5 b Gillae 555 0 OYLE 5 oo sk 213!
2l baslie 53 IS 038 L S wls ol
o dsh SRl 4 e (sola e gl 035 slae
Lok 405 gl S e 5 &8 0 Ol e 45 (55 5b & e

&

S
o Slisles § 3 O Lt hlpl 5 ST ()90,

Y P I P PSS SOV P ICIE T
ciS Lo S L 5055 5,5 .(Human et al., 2007)
Zheng ) eds ob S 01 S5 e o5 355 o Sl ol
s, 4SOl ¢ (et al., 2014; Seyfi et al., 2019

s> .(Smartetal., 2016) & 5a 055 28l s 503 03



Yoo s SO s e B S hs s b 5 o3 IS laes Sl adis 360l 5 )l

2555 b 3)b g 245 i) (A5 Dlalllae b 5olas
24 olasssi 3 ens 4 b A Celu YE S,
TP AN INE B Olsl g oo
b 4 (Crailsheim & Stolberg, 1989)s,5 .
ler 535 Jilae b SIS 55 sae ul L sy oo
2 3N gl ple b ph 4 S (6 (Sl
5> (Crailsheim & Stolberg, 1989) s,ls s
4 (S50 VY 51 L36gs 322 510l 2alS Slides
walsl e SRl L 2alS Wy ol s ds S F e
Brouwers, 1982; Lass & Crailsheim, ) c.ls
(1996
DeGrandi-Hoffman et (2010) &otlas b las
gmxsjgi:@a.\g@jw VYl cws al
93 ol alllan (Glaasl b ilae LI JU 5,6 son s
Olen 53 U 55,6 sn 38 Ly Ol e S T o jles _oles
oI 33 (6 i ¢y Rl L g odaline Jyl joy Cin
Slallas s sae oIl s s phe AL ks s
pe Sl AL el (S (s ) (2B LST
(b andllas oy 55 Jsb 55 5,¥ a0 5,5 gla ) 45 o e
Sl 0l 318 5 e ple by S 50
.(De Grandi-Hoffman et al., 2010)
L oS G5 slayss b5 S, 035 Ol
3 8 g3daze Olalllas o (Llodd 4 dss Calises (glao o
Omar, 1984; Mostafa, 2000; «8 I3 o),
S s 3,18 5 (Abdalla, 2001; Al-Qarni, 2006)
Condy e J fle s g8 b Olse 055
Roulston and ) wsb Ju Juas 514 ¢ 55 ( S50 58
S slaes S (g5 ok el Sliios )3 .(Cane, 2000
Trifolium alexandrinum ) (et 2 (B. napus)
U6 o3, (gl o 5 il 4t e (L
G RIS Ol e 055 ABL By 5 s an
sl s o (Ara Begum et al., 2022 ) 555 . L5
)}&}‘mmwﬁbu(’ﬁ)&é‘@‘?ﬁ‘f‘;ﬂf
530S b 5 68 LT L ks 5 e s

«(Wigglesworth, 1932) 555 5T OT sdoee Ol

Jsdr) 551 o y3 Lo o355 Y 055 5 53038 o
155 03,5 L ods it SIS glay 55 055 oiomen (¥
0dias Ol aS (Y Jgdr) 550 o lde Glao o o 51 s
03,8 Slooper plo b alie 53 058 ool YL oS
() Jgue) wil e anlllas ) 50

trn gy S Gl Sl s e 03l G 55
250 b Jes a3 slaasY S5 bl o U5 6sen 52
ol sd 4l Wil Slyday S sl bw ST Slis
Maurizio, 1954;) 55 dalgs Ay LOT s s
ol aallles s L ke (Siavoshi et al., 2016
j\&.x;a.\ﬁ;&u,ﬁ;jﬁdlﬂ;sﬂéﬁ;.@c@d%
) o3 3 plu 05,5 Lol ks S 4 ds 1315 go3 5
i S 63 8w (Ao ys Yo 61 0) oS slia b (&y3
03l B L @) JL5obsps sue mlaw falS o
Ao a5 (F Jgdr) b IS 05 8 L e L i
o 33 Sl TS L laes § e 51 (S polie oS
JU 5,6 gen 3Ub Ly 53 (glodiylajl 30 Ll 5 e ¢ o lde
4 56 s 38 (Dlalas plo L Gllas LSL ails
@M slse 533 50 55 5 Sl g 5> D h 4 e e
Brouwers, 1982; Huang, ) 4ws . ol STy
oS (S p blijlsts ol a5k 4 .(1990
ok O3 pan LS Glaes 8 55 (55,0 4T (Gladn
.(Pernal & Currie, 2000) s,I»

e Glan ) e Gy edd plawil o) p 5o
Ly s LOT 56 5 ARaLST Ll 53 55,
03348 Ay Ol o i ¢ A5 Ol 93 53 U 56 g
=P o OT 5l g 5 A8 1S 5555 OB L 4 s
aals I3 "Ll sy 4+ 68 ou it s S
(2 » osde (Alkazim Al-Ghamdi et al., 2011)
e sy S s 6 AL adlls
2555 0L &S sls Olis glie ols LS Ol 4 s
JU3mn 5ae 435 61y mle oy g b5 038 5 Jue
Ol ol andlles mls i (Al-Qarni, 2006) wst o
Cromb et Il 038 sde pl Ay 43 &S sl

.Q‘)‘))?ﬁ‘_}k{ob_)f@w“. 5



VE D Ll ¥ o leds JFA ala ((5),sliS cole alome) (Si50lS )

23 bysds g 038 ol e mli bl
N n oo s Bl oy bl 5l fly me
0 kb 18 e 3l ik g ln 53 Sl oyl lalllas
Pernal & Currie, 2001; Shakeel et al., ) .l
okl 5y, . WLl (2019; Ghosh et al., 2020
23 sladde Gl i i L Say Slele 53 o res 8
j':fhb- 4 die Mg Y laoT > S Ay 51‘-15
Slowanzs 5 (Krebs, 1978) sl ails Callas (i y o0
WlS Loyl b i b Sl S 1 Olisl LS50
Moran-Bariso & Gilley, ) s34 o sume 8Lt
F b ol adles s > Sl o 5L (2025
e B2 s sl S WS Sl
AL Ol e DS (5955 5 (o545

503 S Sl 53 I3 gme Sl il andllas o
Sy GBSl 5 Gl e ey Lld s b
e oS Gl Lyl s OBy oS (S & il
ol -6l 151" 035 S5l paz & o S35 e VY Csla
115 03 8 (6557 poar ¢l b (g s Ll 53 0SS
ol 03 8 L byl s .l anlsl VP Cele b o>
lacels b (Bl b (o s 53 ) 555 Sl odas
& g o3 Ll 553 68 Sl o 3 3 oo VYA
o L) g5 Cleb otas (st 0g03T) 03,8 o o 615
(3 03,8 osas 43 i odalie \F LY glacela
o 035 osTpar S (sl 05T diles
T3S Bl 0503 T MWy 505 VP LA Glacsle
o) Bl O5a3T 55 e VYVF Sl ol s Sl
A a3V B gl o sl

OF Celo lam by sds o ol pw mws Ll 5 s
(3 S5 oIl (glo o b S35 035 o5l par & S
‘ﬁo}fd})&é\v\?&w‘x.ﬁ‘fﬂﬂ))égél}‘)}
o) Ay s Sl a7 Cele U Edle Lz
yars b bl lls s o8 08 Ol uls Sl
oS s BB A 63 8 (VL o 4 SIS g 2
J}‘Md—’r}:ﬁjj)M\}‘))@f&)ﬁ‘(abfr;'/v
st 53 a8 038 alall & Bl g s o

53 (o585 059) p5S5 5 slse mazd Olse 5> sl
gt &S s e 5o edd SIS sl
e oy S Gl 4 iy (Kol oS
e Jsb 9y S5 o 5 (Omar, 1984) wils o555,
Maurizio, 1946; ) wb 18 56 55 5,8 Gl ss)
adlles 05 b llas 325 ol L .(De Groot, 1953
055 e G55 GOl S 03,5 o g5 P>
;,L:“;\)L;u,'t.mx;:(,»fjcb.ﬂou;u;\fg,@\.u
0 Jgd) sl

DL b w03 st (8 Slalllas s b Gollas
Boelter &) o L;”ch Jes slays; Lws
5 «Wilson, 1984; Di Pasquale et al., 2013
ST oo 5 b Lld 3 o Jus sl
ar s Bes S plea S ) es 8 5l (S o d 1S
Olis 53 ol anllles ol .(Yang et al., 2020) s
03,5 Calien (slao o o Ly g5 l3 e g 3 oin
VI I VL

Ll s 5o by gmes S Sl I ol il
2 I Ol o8 51y Ol sl b 5 BBl w2
3y b s Dl e g Gy Cele e
Cl oS Sy o gl Luls s Jle sk Lol
g5 ol ol o, LIS 038 L 2ty a8ons
gl o3 S O pan )t Cole Slan gy b es 8
WP Cela b bz 03,8 5, YU b ol 5 A
Sl slaosl opl (bl slaes £ 45 (5550 4 (il
oo & gbiln 53 Loy si5 Jolie 5> ey pladl &
plowl andllas 3 (7 Jpudr) Lsl Ol foles 1S 65 8
Ol s, Khan and Ghramh  (2021) L s ous
G ol o zio A mellifera Jus 55 o5 S
Colu 53 OT 5l w5 b VYior Cola 3 138 03 8
ol aallas s VS, 5 ep b 5w VF
GNF e Vrive Zele 3 1y Sl Ol o %S
53 adlee > .(Khan & Ghramh, 2021) ws S
2555 oo S 75\ ¢ Brassica osl gl &Y yuamas 535,
Ghosh et al., 2020) 4 cualis b ;5 fus



.o & . . /. . - * g 1= Hle oo .
YY) S s e S S s oyl 5 D3 S slaes S L adss L5 0K 5 ke

93 K> mow g mlie 511 o 4 Joled Jue Sl 555
s p Sl b gmes 8l ser ol sla) 555 8 N
SosTpaz Gy fho ) Go5p8 el Sladel 5 5V
Sl 4 o8 Jual 5l 55 M 5 (ol @ Lsls mr 5
4 s s Gla) 50 (S oo S a3 Lok eZanS
Leonhardt &) a=zils s gl Sl
.(Bluthgen, 2012
L FCP g

Suss Sroan 3 el ARaleT mls L Gillae
S 03 8 (5 e 0 5 2ty Bl U 85187 ¢ kB )3 June
S sl (Lsls OLEs 555 31055 (glse o il 4 o
oo dsb s Gl LOT 53 Sawls Bl 4
SWss) plo b awslie 53 (JU 5,6 gn sde zéw Aby 4
b Ll 50 mes S las gy s S
oo 4 5 Jilod (bl 5 (bl (o o)
S sb e sl IS e S cs i sl g e 8
QWS Sl es 8 555 LS Rl (sl Jus s 55
P 4 S w5 waF I Sl Gl Ysen
3y ol Ll (03,5 (6l a5 dgd (gl 42) L lalig
5 Sl A 5l 5y Ollanl Sl 035 (SosTrer )
sk g o3 (AS S 5 Caliies OIS 03 8

SOl ol

oils i Siglae Jlo glacylas Sl dhou g

(SCU.AP1404.437 o5l &3 £) jisal Ol jar g

P P ERRE]

REFERENCES

Wl VP Csla b o es S g jm o b) sy S
S5l 05031 O 55 a5 5,87 0,Lal by puioman LSl
23 s )3 5l 03 8 Ll ba s odes 5k w oS
Slosr g 038 Glher pld (bl 05T
OLa S5 ol AB S 515 4 5 3500 b Laes S b glons
Sl S ba 555 ¢ fcnlin (Glaos 8 55 53 4 dads
b o2l 5 Wl @ 55 ml CadS L glees 8
L LaskiS (gl colin 03,5 ol gl Olyls 055 4 55
by g 03,5 3508 Soppo 03 S Iz cdS 0 258 8
S gy CokS Pl L (slaes 8 El w4y ol Seae
2 G gl s Cand D355 U 5 53 ey ol e
355 0Ll codd oy Lal OT 4 andllas -y
A RalS Glaysss 5o 08 Ol Slaaas
Ol cagrlse Ol wlul , dw,w b mellifera
s 0,53 05,5 Ol5me Ol 5 350 s 9 lS 4 glouls
355 o 03,8 O e sl isyl s S 58550
Lan et al., 2021; Moran-Bariso & Gilley, )

2025; Camazine, 1993; Bilisik et al., 2008;
35 2 s candlas ol s L Glles (Ghosh et al., 2020

038 Oy Oljn ¢ S5l b 5 ST (o s Ll 2
Losg pie Ao bes 8 oo boawlie ;3 &yl 5 b s
Ol psdse ool IS 03 8 SV GliE 5500 4 a5
Jlio 53038 (52l glacalder 4 OLEIS x5 oins
plosil adlllas 53 LL,I cpl 55 il o0 Lol s 55

S i eie BOmbUs 5 APIS gl g5, ks

Abbasian, A., & Ebadi. R. (2002). Nutritional Effect of some protein sources on longevity,
protein and fatbody of bee workers (Apis mellifera L.). Journal of Water and Soil Science,
6(2),149-158. URL.: https://jstnar.iut.ac.ir/article-1-181-fa.html

Abdalla, M.A. (2001). Studies on certain factors influencing the honeybee queen rearing

[Doctoral dissertation, Assiut University].

Abdulkadir, M., & Danjuma, J. B. (2015). Microbial profile and nutritional quality during the
fermentation of cereal based weaning food fortified with soya bean and tiger nut using starter

culture. World Scientific News, 24, 103-115.


https://jstnar.iut.ac.ir/article-1-181-fa.html

VE D Ll ¥ o leds JFA ala ((5),sliS cole alome) (Si50lS Y

Ali-Aghaie Naraghi, M. (2023). Honeybees and beekeeping, Ayzh Publication. (In Farsi)

Alkazim Al-Ghamdi, A., Al-Khaibari, A.M., & Omar, M.O. (2011). Consumption of some
proteinic diets affecting hypopharyngeal glands development in honeybee workers. Saudi
Journal of Biological Science, 18, 73—77. https:// doi.org/10.1016/j.sjbs.2010.10.001

Alkanani, L., Rasekh, A., Mossadegh, M. S., & Hemmati, S. A. (2023). The feasibility of
substituting date syrup for sucrose in honeybee stimulatory feeding in late winter and early
spring, in the natural condition of Karbala, Irag. Plant Protection (Scientific Journal of
Agriculture), 45(4): 107-119. https:// doi.org/10.22055/PPR.2023.18089

Al-Qarni, A.S. (2006). Influence of some protein diets on the longevity and some physiological
conditions of honeybee Apis mellifera Worker. Journal of Biological Science, 6(4), 734-737.
https://doi.org/10.3923/jbs.2006.734.737

AraBegum, H., Idrees, A., Afzal, A., Igbal, J., Abdul Qadir, z., Faisal Shahzad, M., Li, z., Shebl
Ibrahim, S.S., Alkahtani, J., & Li, J. (2022). Impact of different pollen protein diets on the
physiology of Apis mellifera L. (Hymenoptera: Apidae) workers from essential plant sources.
Journal of King Saud University- Science, 35(2): 1-8.
https://doi.org/10.1016/j.jksus.2022.102511

Bashr, M., & Yehia, S. Y. (2012). Comparative study of the nutritional value of four types of
Egyptian palm pollens. Journal of Pharmacy and Nutrition Sciences, 12, 50-56.
https://doi.org/10.6000/1927-5951.2012.02.01.7

Bilisik, A., Cakmak, I., Bicakci, A., Malyer, H., 2008. Seasonal variation of collected pollen
loads of honeybees (Apis mellifera L. anatoliaca). Grana 47 (1), 70-77.

Blakemore, D., Williams, S., & Lehane, M. J. (1995). Protein stimulation of trypsin secretion
from the opaque zone midgut cells of Stomoxys calcitrans. Comparative Biochemistry and
Physiology Part B: Biochemistry and Molecular Biology, 110 (2): 301-307.
https://doi.org/10.1016/0305-0491(94)00156-0

Boelter, A., & Wilson, W. (1984). Attempts to condition the pollen preference of honey bees.
The American Bee Journal, 124, 609-610.

Brouwers, E. V. M. (1982). Measurement of hypopharyngeal gland activity in the honeybee.
Journal of Apicultural Research, 21(4), 193-198.
https://doi.org/10.1080/00218839.1982.11100541

Camazine, S., 1993. The regulation of pollen foraging by honey bees: how foragers assess the
colony’s need for pollen. Behav. Ecol. Sociobiol. 32 (4), 265-272.

Campos, M. G. R., Bogdanov, S., Almeida-Muradian, L. B., Szczesha, T., Mancebo, Y.,
Frigerio, C. & Ferreira, F. (2008). Pollen composition and standardization of analytical
methods. Journal of Apicultural Research and Bee World, 47(2), 156-163.
https://doi.org/10.3896/IBRA.1.47.2.12

Chengcheng, Li., Baohua, X. U., Yuxi, W., Qiangian, F., & Weiren Y. (2012). Effects of dietary
crude protein levels on development, antioxidant status, and total midgut protease activity of
honey bee (Apis mellifera ligustica). Apidologie, 43, 576-586. https://doi.org/10.1007/s13592-
012-0126-0


https://doi.org/10.1016/j.sjbs.2010.10.001
https://doi.org/10.22055/ppr.2023.18089
https://doi.org/10.3923/jbs.2006.734.737
https://doi.org/10.1016/j.jksus.2022.102511
https://www.researchgate.net/journal/Journal-of-Pharmacy-and-Nutrition-Sciences-1927-5951?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://doi.org/10.6000/1927-5951.2012.02.01.7
https://doi.org/10.1037/ppm0000185
https://doi.org/10.1037/ppm0000185
https://doi.org/10.1037/ppm0000185
https://doi.org/10.1037/ppm0000185
https://doi.org/10.1037/ppm0000185

.o & . . /. . - * g 1= Hle oo .
VP ) S s e S S s oyl 5 D3 S slaes S L ads L5 0K 5 ke

Crailsheim, K., & Stolberg, E. (1989). Influence of diet, age and colony condition upon
intestinal proteolytic activity and size of the hypopharyngeal glands in the honeybee (Apis
mellifera L.). Journal of Insect Physiology, 35(8): 595-602. https://doi.org/10.1016/0022-
1910(89)90121-2

Dadd, R. H. (1956). Proteolytic activity of the midgut in relation to feeding in the beetles
Tenebrio molitor L. and Dytiicut marginalii L. Journal of Experimental Biology, 33, 304-311.
https://doi.org/10.1242/jeb.33.2.311

Dadd, R. H. (1973). Insect nutrition: current developments and metabolic implications. Annual
Review Entomology, 18, 381-420.

DeGrandi-Hoffman, G., Chen, Y., Huang, E., & Huang, M.H., (2010). The effect of diet on
protein concentration, hypopharyngeal gland development and virus load in worker honey bees
(Apis  mellifera  L.). Journal of Insect Physiology, 56, 1184-1191.
https://doi.org/10.1016/j.jinsphys.2010.03.017

De Groot, A.P., (1952). Amino acid requirements for growth of the honeybee (Apis mellifica
L.). Experientia, 8(5): 192-194. https://doi.org/10.1007/BF02173740.

De Groot, A.P. (1953). Protein and amino acid requirement of the honeybee (Apis mellifera L.).
Physiology Comparatae Oecologia, 3, 197-285.

Dobson, H. E. M. (1988). Survey of pollen and pollenkitt lipids — chemical cues to flower
visitors. American Journal of Botany, 75(2): 170-182. https://doi.org/10.1002/j.1537-
2197.1988.th13429.x

Di Pasquale, G., Salignon, M., Le Conte, Y., Belzunces, L. P., Decourtye, A., Kretzschmar, A.,
Suchail, S., Brunet, J.-L., & Alaux, C. (2013). Influence of pollen nutrition on honey bee health:
Do pollen quality and  diversity matter? PLoS ONE, 8, e72016.
https://doi.org/10.1371/journal.pone.0072016

Ebadi, R., & Ahmadi, A. A. (1990). Honeybee reaning. raha nejat Isfahan Publication. (In Farsi)

Elpidina, E. N., Vinokurov, K. S., Gromenko, V. A., Rudenskaya, Y. A., Dunaevsky, Y. E., &
Zhuzhikov, D. P. (2001). Compartmentalization of proteinases and amylases in Nauphoeta
cinerea midgut. Archives of Insect Biochemistry Physiology, 48, 206- 216.
https://doi.org/10.1002/arch.10000

Fruit Growers News. (2020). Things to consider when renting bees for crop pollination,
https://fruitgrowersnews.com/article/things-to-consider-when-renting-bees-for-crop-
pollination/

Ghosh, S., Jeon, H., Jung, C., 2020. Foraging behaviour and preference of pollen sources by
honey bee (Apis mellifera) relative to protein contents. J. Ecol. Environ. 44 (1), 4.

Grigoryan, G. A., Stepanyan, V. A., Markosyan, A. A., & Danielean, S. G. (1969). Trace
elements in pollen pellets and in the body of bees. P. 425. Proceedin s of the XXlird
International Beekeeping Congress Munich, August 1-7, Apimondia Publishing House,
Bucharest, Romania.


https://doi.org/10.1016/0022-1910(89)90121-2
https://doi.org/10.1016/0022-1910(89)90121-2
https://doi.org/10.1242/jeb.33.2.311?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1016/j.jinsphys.2010.03.017
https://ui.adsabs.harvard.edu/link_gateway/1988AmJB...75..170D/doi:10.1002/j.1537-2197.1988.tb13429.x
https://ui.adsabs.harvard.edu/link_gateway/1988AmJB...75..170D/doi:10.1002/j.1537-2197.1988.tb13429.x
https://doi.org/10.1371/journal.pone.0072016
https://doi.org/10.1002/arch.10000
https://fruitgrowersnews.com/article/things-to-consider-when-renting-bees-for-crop-pollination/
https://fruitgrowersnews.com/article/things-to-consider-when-renting-bees-for-crop-pollination/

VE D Ll ¥ o leds JFA ala ((5),sliS cole alome) (Si50lS Yo

Hashemi, M. (2001). Complete guide to beekeeping. Tehran, Iran. Community Culture
Publications. (In Farsi)

Herbert, E. W., & Shimanuki, H. (1977). Brood-rearing capacity of caged honey bees fed
synthetic diets. Journal of Apicultural Research, 16, 150-153.
https://doi.org/10.1080/00218839.1977.11099877

Haydak, M. H. (1970). Honey Bee Nutrition. Annual Review of Entomology, 15, 143-156.

Herbert, E. W. J., & Miller-1hli, N. J. (1987). Seasonal variation of seven minerals in honey bee
collected pollen. The American Bee Journal, 127, 367—3609.

Hocherl, P. N., Siede, R., lllies, 1., Gatschenberger, H., & Tautz, J. (2012). Evaluation of the
nutritive value of maize for honey bees. Journal of Insect Physiology, 58(2), 278-285.
https://doi.org/10.1016/j.jinsphys.2011.12.001

Hosseininaveh, V., Bandani, A., Azmayeshfard, P., Hosseinkhani, S., & Kazzazi, M. (2007).
Digestive proteolytic and amylolytic activities in Trogoderma granarium Everts (Dermestidae:
Coleoptera). Journal of  Stored Products Research, 43(4), 515-522.
https://doi.org/10.1016/j.jspr.2007.02.003

Huang, Z. Y. (1990). A simple in vivo bioassay for estimating the hypopharyngeal gland
activity in honeybee (Apis mellifera L.) (Apidae, Hymenoptera). Journal of Apicultural
Research, 29, 75-81.

Human, H., Nicolson, S. W., Strauss, K., Pirk, C. W. W., & Dietemann, V. (2007). Influence
of pollen quality on ovarian development in honeybee workers (Apis mellifera scutellata).
Journal of Insect Physiology, 53(7), 649—655. https://doi.org/ 10.1016/j.jinsphys.2007.04.002.

Kaushik, V. K. 2012. Beekeeping in India a profitable Enterprise. Jain Brothers Publication.

Khan, K. A., & Ghramh, H. A. (2021). Pollen source preferences and pollination efficacy of
honey bee, Apis mellifera (Apidae: Hymenoptera) on Brassica napus crop, Journal of King
Saud University — Science, 33, 101487. https://doi.org/10.1016/j.jksus.2021.101487

Krebs, J. R. (1978). Optimal foraging: decision rules for predators. In: Krebs JR, Davies NB,
editors. Behavioral ecology: an evolutionary approach. Sunderland, MA: Sinauer Associates,
Inc. p. 23-63.

Lan, J., Ding, G., Ma, W., Jiang, Y., & Huang, J. (2021). Pollen source affects development
and behavioral preferences in honey bees. Insects, 12, 130.
https://doi.org/10.3390/insects12020130

Lass, A., & Crailsheim, K., (1996). Influence of age and caging upon protein metabolism,
hypopharyngeal glands and trophallactic behavior in the honey bee (Apis mellifera L.). Insects
Sociaux. 43(4), 347-358. https://doi.org/10.1007/BF01258408

Leonhardt, S. D., & Bluthgen, N. (2012). The same, but different: pollen foraging in honeybee
and bumblebee colonies. Apidologie, 43, 449-464. https://doi.org/10.1007/s13592-011-0112-

y


https://doi.org/10.1080/00218839.1977.11099877
https://www.sciencedirect.com/journal/journal-of-insect-physiology
https://www.sciencedirect.com/journal/journal-of-insect-physiology/vol/58/issue/2
https://doi.org/10.1016/j.jinsphys.2011.12.001
http://dx.doi.org/10.1016/j.jspr.2007.02.003
https://doi.org/10.3390/insects12020130
https://doi.org/10.1007/BF01258408
https://doi.org/10.1007/s13592-011-0112-y
https://doi.org/10.1007/s13592-011-0112-y

.o & . . /. . - * g 1= Hle oo .
YE ) S8 s s S S oyl 5 D3 S slees S L adss L300, 5 ke

Loidl, E., & Crailsheim, K. (2001). Free fatty acid digested from pollen and triolein in the honey
bee (Apis mellifera carnica Pol.) midgut. Journal Comparative Physiology, 171(4): 313-319.
https://doi.org/10.1007/s003600100178.

Maurizio, A. (1946). Observation on the life span of bees kept in cages and their food
consumption. Beih. Schweitz Bienenztg, 2(13), 1-48.

Maurizio, A. (1954). Pollen nutrition and life processes in the honey bee. Agricultural Yearbook
of Switzerland, 62, 115-182.

Maurizio, A., & Hodges, F. E. D. (1951). Pollen analysis of honey. Bee world, 32(1), 1-5.

Mishra, R. C. (1955). Social behavior of bees and related management practices. Haoney bees
and their management in India. Krishi Anusandhan Bhawan Publication.

Moran-Bariso, C. F. P., & Gilley, D. C. (2025). Pollen-foraging preferences of honey bee
colonies (Apis mellifera L.) based on plant bloom timing in an urbanized Northeast U.S. habitat.
PL0oS One 20(10): e0335828. https:// doi.org/10.1371/journal.pone.0335828

Mostafa, A. M. (2000). Influence of some supplementary feeding on physiological characters
and productivity of honeybees [Doctoral dissertation, Assiut University].

Mousavi, M. (2018). Determining the genetic diversity of the honey bee population in Gilan
and Mazandaran provinces using microsatellite markers [Master's dissertation, Zanjan
University]. (In Farsi with English summary)

Muller, H. M., Catteruccia, F., Vizioli, J., dellatorre, A., & Crisanti, A. (1995). Constitutive and
blood meal-induced trypsin genes in Anopheles gambiae. Experimental Parasitology, 81(3):
371-385. https://doi.org/10.1006/expr.1995.1128.

Nielsen, N. (1955). Investigations on the chemical composition of pollen from some plants.
Acta Chemistry Scandinavia, 9, 1100-1106.

Omar, M. O. M. (1984). Influence of supplementary honeybee feeding with pollen and yeast
paraffin to development haemolymph composition and enzymatic activity of Apis mellifera
[Doctoral dissertation, Bucuresti University]. (In Romanian with English summary)

Osterman, J., Theodorou, P., Radzeviciut, R., Schnitker, P., and Paxton, R. J. (2021). Apple
pollination is ensured by wild bees when honey bees are drawn away from orchards by a mass
co-flowering crop, oilseed rape. Agriculture, Ecosystems & Environment, 315, 107383.
https://doi.org/10.1016/j.agee.2021.107383

Pernal, S. F., & Currie, R. W. (2000). Pollen quality of fresh and 1-year-old single pollen diets
for  worker  honeybees (Apis mellifera L.). Apidologie, 31, 387-409.
https://doi.org/10.1051/apido:20001.

Pernal, S.F., & Currie, R.W. (2001). The influence of pollen quality on foraging behavior in
honeybees (Apis mellifera L.). Behavioral Ecology and Sociobiology, 51(1), 53-68.
https://doi.org/10.1007/s002650100412

Refahi, M., & Alipour, M. J. (2018). valuable plants in beekeeping of Iran. Zarih Aftab
publication. (In Farsi)


https://www.sciencedirect.com/journal/experimental-parasitology
https://www.sciencedirect.com/journal/agriculture-ecosystems-and-environment
https://doi.org/10.1016/j.agee.2021.107383
https://dx.doi.org/10.1051/apido:2000130
https://doi.org/10.1007/s002650100412

VE D Ll ¥ o leds JFA ala ((5),sliS cole alome) (Si50lS YV

Roulston, T. H., & Cane, J. H. (2000). Pollen nutritional content and digestibility for animals.
Plant Systematics and Evolution, 222(1), 187-209. https://doi.org/10.1007/BF00984102

Saeedi, D., Sarabandi, Kh., & Najafi Darmian, Y. (2013). Studying the rheological properties
of honey. Marja Danesh Publication.

Seyfi, A., Tahmasebi, Gh., Mehmannavaz, Y., & Parichehreh, Sh. (2019). The effect of vitamin
C on maturation, mating and egg-laying ages of Iranian honey bee queens (Apis mellifera
meda). Plant Protection (Scientific Journal of Agriculture), 42(2), 85-95. (In Farsi with English
summary)

Serra Bonvehi, J., & Escola Jorda, R. (1997). Nutrient composition and microbiological quality
of honeybee-collected pollen in Spain. Journal of Agricultural and Food Chemistry, 45, 725-
732.

Shakeel, M., Ali, H., Ahmad, S., Said, F., Khan, K.A., Bashir, M.A,, et al., (2019). Insect
pollinators diversity and abundance in Eruca sativa Mill. (Arugula) and Brassica rapa L. (Field
mustard) crops. Saudi Journal of Biological Sciences, 26(7), 1704-17009.
https://doi.org/10.1016/j.sjbs.2018.08.012

Siavoshi, Y., Bahraini Behzad, M., & Behjatian-Esfahani, M. (2016). Isolation, identification
and investigation of the changes in honey bee mammary gland proteins at different growth ages
by sodium didecyl sulfate polyacrylamide gel electrophoresis method. Animal Research
Journal (Iranian Biology Journal), 30(3), 435-428.

Sigel, A. J. (2011). Ovarian regulation of honey bee (Apis mellifera) foraging division of labor.
[Doctoral dissertation, Arizona state university].

Smart, M., Pettis, J., Rice, N., Browning, Z., & Spivak, M. (2016). Linking measures of colony
and individual honey bee health to survival among apiaries exposed to varying agricultural land
use. PLoS One 11, e0152685. https://doi.org/10.1371/journal.pone.0152685

Somerville, D. 2005. Fat bees skinny bees: a manual on honey bee nutrition for beekeepers.
Wageningen University and Research Library catalog, 1440-6845 (05/054): 142.

Somerville, D., & Nicol, H. I. (2002). Mineral content of honeybee-collected pollen from
southern New South Wales. Australian Journal of Experimental Agriculture, 42(8), 1131-1136.
https://doi.org/10.1071/EA01086

Toosi, M., Rasekh, A., Ziaee, M., Shishehbor, P., & Tahmasbi, Gh. (2024). Effect of Varroa
destructor (Acari.: Varroidae) on morphological and nutritional characteristics of the worker
honeybee, Apis mellifera meda (Hym.: Apidae). Iranian Veterinary Journal, 20(2), 50-63.
https://doi.org/10.22055/ivj.2023.406057.2594

Wigglesworth, V. B. (1932). Function of rectal glands. Quarterly journal of microscopical
science, 75, 131-150.

Williams, G. R., Alaux, C., Costa, C., Cséki, T., Doublet, V., Eisenhardt, D., Fries, 1., Kuhn,
R., McMahon, D. P., Medrzycki, P., Murray, T. E., Natsopoulou, M. E., Neumann, P., Oliver,
R., Paxton, R.bJ., Pernal, S. F., Shutler, D., Tanner, G., Van der Steen, J. J. M., Brodschneider,
R., (2013). Standard methods for maintaining adult Apis mellifera in cages under in vitro


https://doi.org/10.1007/BF00984102
https://pubs.acs.org/doi/abs/10.1021/jf960265q
https://pubs.acs.org/doi/abs/10.1021/jf960265q
https://doi.org/10.1016/j.sjbs.2018.08.012
https://doi.org/10.1371/journal.pone.0152685
https://doi.org/10.1071/EA01086
https://doi.org/10.22055/ivj.2023.406057.2594

.o & . . /. . - * g 1= Hle oo .
YA ) S5 s s S S 55 oyl 5 D3 S slaes S L ads L5060, K 5 ke

laboratory  conditions.  Journal of  Apicultural Research, 52 (1), 1-36.
https://doi.org/10.3896/IBRA.1.52.1.04.

Yang, H., Sun, J,, Tang, P., Ma, C., Luo, S., & Wu, J. (2020). The ratio of sunflower pollens
foraged by Apis mellifera Is more than that of Apis cerana does during sunflower blooming.
Sociobiology, 67, 256-260. https://doi.org/10.13102/sociobiology.v67i2.4408

Zheng, B., Wu, Z., & Xu, B. (2014). The effects of dietary protein levels on the population
growth, performance, and physiology of honey bee workers during early spring. Journal of
Insect Science, 14: 191. https://doi.org/10.1093/jisesa/ieu053

SIS - < atice

A—ME © 2026 by the authors. Licensee SCU, Ahvaz, Iran. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution-
NonCommercial 4.0 International (cc BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/.


https://doi.org/10.3896/IBRA.1.52.1.04
https://doi.org/10.13102/sociobiology.v67i2.4408
https://doi.org/10.1093/jisesa/ieu053
http://creativecommons.org/licenses/by-nc/4.0/

