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Physiological Changes Induced by Propolis and Honey in
Drosophila melanogaster

JooHeon Cha', Ok Young Jung?3, Seongeun Cho?%, Choyeon Kim?25, Hye Ryeong Seo?¢, Yejin Jo?,
Solji Park?, Dahye Kang?, Hyean Jang?, Young Ho Kim'.7*

'Department of Vector Entomology, Kyungpook National University, Sangju, Gyeongbuk 37224, Republic of Korea
2Sangju Girl's High School, Sangju, Gyeongbuk 37237, Republic of Korea
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“Department of Nuclear Engineering, Hanyang University, Seoul 04763, Republic of Korea

SDepartment of Nursing, Gumi University, Gumi, Gyeongbuk 39213, Republic of Korea

Department of Nursing, Gimcheon University, Gimcheon, Gyeongbuk 39528, Republic of Korea
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m Propolis and honey are beekeeping products and are widely used as health supplements for
humans. Previous studies have shown that propolis and honey have various physiological
properties, including antioxidant, anti-inflammatory, and antibacterial effects. In order to
investigate the physiological response induced by propolis and honey, including developmental
time (larval and pupal periods), reproductivity, and adult lifespan (both male and female], we
treated Drosophila melanogaster, a representative model organism, with these beekeeping
products. We observed alterations in developmental time, adult longevity, and reproductivity in D.
melanogaster treated with either propolis or honey. Interestingly, when honey or propolis induces
an increase in oviposition, the survival rate of female adults tended to decrease. However, when
female D. melanogaster were fed with propolis the oviposition rate remained constant and, the
extended longevity was observed. In this study, we provided insight into the physiological activity
of honey and propolis through the Drosophila model, and future follow-up studies are expected
to elucidate their molecular physiological mechanisms.

LG ES Drosophila melanogaster, Propolis, Honey, Physiological effect

M B (Ghisalberti, 1979; Burdock, 1998). BH2 A g2

E25 Y EAE HIAY WH AdAE =

n2EZYAs Blol R4S Azl Bolu ¢ Z, el t-&ot=tl A-&-3ttt (Ghisalberti, 1979;
Z

=1
T 2 gt oA ffote HEES o]-8ot Marcucci, 1995; Burdock, 1998; De Almeida and Menezes,
of AAibsh=d], 9] et 2 §A4AE Hrtel FEAHS 2002). TR2EYAS P JEES TR A, &
2 4315 § Uty 2gste] ttes =214 Edo|t A, AT 7L trfRt 940 BH oz JFs v
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of ZrEA0 A4 wpet 11 42| 2folE Hel
Tk (Toreti et al., 2013; Huang et al., 2014). Aot} Hol
A 8] LEZA (poplar) A=A Fallste Z2Ee
A QRS 7 ZEkH o= (flavonoids) 0] 1, B A
O] BI7}E] 2 (baccharis)Al A== T2 ol=HEH
(artepillin C)©] Z2EZ| A0l FQ AJHQl Zog HiY
T )Tt} (Salatino er al., 2005; Ristivojevié et al., 2015). =
tﬂol jH;Gﬁ} U].C,L_]oﬂ ]I]—E‘{- I‘Liiﬂ/\g /\-]_tr‘_ ?-/H H]%

2 2ol & HolA|qk A¥tH o2 42| 50%, YH 30%, 7
F 10%, B 5%, 12|30 716 §71E 5% = T35 )
TH(Monti et al., 1983; Cirasino et al., 1987). T2-Z2 A 9]
therRt 4 AR T 7P & ARe EA4e fidske
AE-2 A= 53 89H= (phytochemical) Q] SetE o] =
(flavonoids)} & H= (polyphenols) = (Havsteen, 2002),
Fat, FAtet, e, FESH 22 ot avE yErd
= Zo7 d#A ot (Lindenfelser, 1967; Ghisalberti,
1979; Harborne and Williams, 2000).

HES M o] TR AAAFow, Y
A1E0] 31 (nectar) ol A=E o] &3l Aitaidle &
7‘;_10]13:] om}x% oz 1:}(3,55\:} ol J4.1:1-)_|_,_ 70~80%, —rH
18~20%<}F o] i, ohuiedt, v, E|vlsE
zZ3Ret freRtE so= 445 o] Sl (Chang et al.,
1988; Bogdanov et al., 2008; Alvarez-Suarez et al., 2010),
Fat, atel, FE5H E2 Rt a9E Uedle A
o2 &efx] Ath(Vallianou et al., 2014).

LeEPAet o] F5A R 7= ket avhs
(Bankova et al., 2000; Omotayo et al., 2010) EHo|
She oheFeh ol 2otE E9HlE Aol ot Aol
2k1l 4214 Ith(Bors and Michel, 2002; Kaskoniené and
Venskutonis, 2010; Kurek-Gérecka et al., 2013). T2-E2]
20 A Fd 70%°] et 542 dste {71
Sit=R olFolA 3l o] F 58%7F E¥E 4=
Q1 Zof| ¥}l (Kedzia and Hotderna-Kedzia, 1991), &2 F
05%° fr7]eketa< Aelstile g4dadt oo s
A Jotal B3 E S Itk (Bogdanov et al., 2008; Miguel
etal.,2017).

A, 237), 457 2L Dk 59 AE5e] Pl
2] Y3 7l T 915 AH8F1o] S Kanbur
et al., 2009; Taira ef al., 2016; Wibowo ef al., 2020), ZI}
2| (Drosophila melanogaster)®] 735, -2 o7, =

< 4, Add Wl A=) ol So= s v

_1

g Ao By BEE Z-8EI UTH(Zhu er al., 2003;

Jennings, 2011). 53] iﬂrﬂl% pdo] FafjE ALt g

E= ol AASh=dl, Zube] o] A4 72 theket

T mAEol L@Ee] U, o]F nEe] o) &

a/7 o) sFstEdo] s g2 YAYSHT It (Zhu et al.,

2003; Becher et al., 2012). Z1t2] o] 44| $73-& 1
Z

jq._a].ﬁl‘:'m i%z )
o, hénﬁb}ﬁu é} i},ﬁo

goh=t 5 OJ nd Ay :
A A o] ez x o] 210  (Adams et al., 2000), Z}

Azpe] 7150l Bt A7t o] A Fl 2dll A
2 Seto s avhset A e} Bat ofu 2k (Zirin and
Perrimon, 2010; Ong et al., 2015; Mirzoyan et al., 2019)

mgZels 9 Bo] ejohd 71%-S BAYEIHY 7
ol ATPle] A BEoIh B £ kel S
o}

olgste] Meluishe PAFORN, o5 T
oM FAES ol §7F5HE At 2ARER o
89 4 Qv waE

wet 2 AFAL TeEe et HEo] Sk A
2Johd 7 ANE 21| 919 wgzatele] el
%, mEE 0l uFo| Zutel] WY AE >

%, 9 WA Sl nlAE A7E Sastt,

—_

l.Z2E3A & N2 =

& Z1}+2 (wild-type control strain Canton-S of Dro-
sophila melanogaster)+= S5 4% Z1t2] A€ (BDSC,
Bloomington Drosophila Stock Center)Z5-E] F-¢15}o]
2 AdAA FAISHL Qe RS ARl ol &5kt
(Kim et al., 2014; Kim et al., 2018). A @ EE AS3H4

2 A3 A5 (Zwaan et al., 1991; Dalton et al., 2011)E &
J15ke] 25+2°C, 16L: 8D XPF7], dEE 50% 27
O® fAstH o, rE et E& 2447 ARt ¢
& HolujA|eF A Zxt2] Hiold (10 mL, Model: FFV-
11010, Hansol Tech, Seoul, Korea)ol| 4] &HE AdZof o]

25 A AollF7] EF ASE QI
AF HoluiAl= AAHANA A2 $15] Fadte

5

At 207 18] 7| FHS 100 mL 83
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EEELCTEE SRR

oIr

of HH 1 g, 247 IE 408 g, X AR 624 g, FAA
0.577 mL, &EHOIA 146 mLE H7Fste] A x5H91,
A1 (10 mL, Model: K50732895, ShinChang Medical
Corp, Gumi, Korea)& ©]-8-5to] Zutz] vfo]&ro]| 3mL &
Fo 2 FUsHA B3 F, 4°C T0f|A] Bt F
B2 309 2, H7|7E 29A] H7] & AfEA
Azl Ao o] 8ottt T2 -EZ2] A (Chong Kun Dang
Pharmaceutical Corp, Seoul, Korea)g& 7t 915 Ho]
HjZ] 9] 749 100 mL -&Fol| 7]& Ho] 243} FYstA
84 g XL S FUkota, ARIAAS Sofl eIt Zut
g]o] A 9 a—]Mo] 7Hsqt TR EEA FEQl 1 g7 5¢
S H7tete] 1% 2 5% Z2E A wj2E As
= 7K Q15 Holujz| 9] A, 7]E o] wjz|o] &
sa= o dixdolM = Ag=, AdTolxe HekE
(YASAENG & THEBEE, Gwangju, Korea)2 A|-55F{tt.
AL HE] dFS 4SS & FAS e a7
A5 100 mL 2] 21F Holujz] 7|&Eo 2 tF o= A
g 88 g, Aol BE 113 g H7Fste] Zuta] uf
ZE A2l

r

20| =ut2| Mol ojXl= I Yot
& Aol E ZrER|Ae; Eo] P zute]e
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FN‘

ol zuje]e] dge] njx

H7tksr] S8l #% 717 (- d 7))t 7] 7]

Tt SAsklnt. T2 Eea Eol & 0;401

Ayt Holujz|of| 4] ALS F21 HE|7]efl A 2t

A7} ml ) oFF ZF sute T2 EA
o a7} Q1= Zufe] Hpo] Yol

5 24 A1t Bt wa| W AFE G T SFGITE 24A]7E
Zﬂﬂ okl &4o] {5

23 w2

arTr
of

N
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b 30 o oo

o
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Fl

-101‘ o 1
o B me fO 2 opN omH oot N kuonlo

rJ ok

wie] ol i BEo] BAISt] 55 7108 54
o, Wiel7]oA gl Setal EAT A
] 7178 SYen 5 710

=

A2l Bz 3709 Zute vio|dollA ARt HE

™
)
J:i
rE
)
N,
N,

In

252 ol gste] Z45talrt.
%0 29 AP 7 9 B 349 =
sfolgte] 10uke]4 5 30utele] ZatelE o] 5tol
St L Eel s Ei Hol g WA
oﬂ o zukelrt 4oz Sotehe B 9 AER
;L foled A2 Mol @ T BER T )
71 5 2ARKE 3712 AERE ANSSH B
72*@1}& el vpolR & At A2 Sfol (B
EL mREes g% WA)E FEehn zuke S
AASIG). 20l S A2 Hholeti $7 wefi o)t
Sfetag olgste] AR 5 WAL ol gstel §AF

2 =
Z_Eo?.:ﬂl

]
7]

" J}m ne +>

s
il

—um

< $l5ll SPSS for Windows
version 25.0 (IBM, Armond, NY, USA)S ©]-&5}%tt. o
ZA(R2EYA 5 oA H 1%9 5% TREA
5o Hi x| oA AAAFSE 2ubeE] o] grdr) 7 9 WAL
S A Au R EALE A (one-way ANOVA with Bonferroni
tests) (p<0.05)= &off H|W - EA S, B A2+
o zutele] WEr|7t A WSS SYRE 8%

(Independent Two Samples #-test) (p <0.05)2 24515

of ZrEdA 9 Fo| xupd] 450 e nAl=
¥ BN Kaplan-Meier RES S (Kaplan-Meier survival

analysis )(p 05) o]-& 0}04 H]Wolgth BE Hlo]E

1. Z2EI|AJL x0f2| Y& 0)X|= S

21 Qe Ao dEA = ZTZ2E A (Lindenfelser,

1967; Ghisalberti, 1979; Harborne and Williams, 2000)2]

3



(A) Larva
12 1 »<0.001

10 1 *

Developmental Time (day)
(=)
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(B) Pupa
7 - 2 <0.001
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Fig. 1. Comparison of developmental time of larval stage (A) and pupal stage (B) of D. melanogaster treated with 0%, 1%, and 5% of
propolis. The developmental time of D. melanogaster treated with different concentration of propolis was statistically analyzed by one-way

ANOVA with Bonferroni tests (p <0.05).

B GE AFH] Sl8) 2B 199 5%
o FER Qg Holujxlo] Helgh F Zutelo] W o
A A0 ARKE AEY £ W Akl AL 9Fe
B3 BBl Fashd g AT, 19 U
S0 MREEE A R WAelA 22t Fake zute)

9outa], 1819t2], 3181} g
A 7] 712k Bl 24T A ZeER AT &
AL

HotA 2 iz 55 7172 4 fud

ZH & A 5k oEH R /7 7|7o] Eolves A3
< HArh(F=318.574,p<0.001, Fig. 1A). ¥ W] 7] 7]
7He 2Tl A 41040599, 1% Z2EE A Ao
A 300+£061Y, 5% Z2E2A A4 3.94+0.57
AR, 1% TE2EA A2 F9] xute]] Hy|7] 7]7to]
FA2 2 5% A2l Hlo| FAHOR Fou|et 4
F0 2 FolA] = HFS HIATH(F=72.186,p<0.001, Fig.
1B). 13} 5% ZR2EL A Ay} g2 o= 5
AA felAdo] Atk (p=0.242, Fig. 1B). Z1t2] -4-5°]
e 71742] A7stet] el ARte] Ze &40
o] &Aoo g F7eh= HHH (Fig. 1A), & &4 0]
A= GARE T2 EAA HF A ;7] 7172 HAas)
7o g AE = (Fig. 1B), 0] T2 EA7} &
Zape| o] g dAlo whet TE7|ThE BEAI7|AY

o, rr

»

AAAE o Qe Qnltt. o] ko] ofst HhHj
AAMEIE (Spodoptera frugiperda)©ll SetE 0| E AJ&
% ohel FH (ruting& HHARAE df §5 712 52
oEH0z St WH7] 717k ks Zlo] Bl

L (Silva et al., 2016), Z2]HE 20| FHIt A
258 Wy FE2ES AW (Manduca sexta) %
o AANZLE T Wel7] 71kl 747k PR Bt 9

Tt (Tayal et al., 2020). ©]¢} TE0] ZetHio|E=9t 215
O] e 1ET =wollAe tFet et keolE 4
wEo| ZF9 e Ao g vty B
51 9Jeh(Simmonds, 2003). & &1 At= 9] APATF
S AR AFEE e 9 WSS SAT o,
ZavE} SetE ot o] SR 2 EE AV
LgzatE|o] 43 7|7 A7) 713t 9 713 A
o2 ghghEr

DR EYAS Fk oEH A
B ARt 71 xmlE|o] 4
2A). 50%°] ZHAI7 AFERE Al 3
o] z2 ZH|AE AT AFolAE s1€0]9x

naEeAg AT 8L £ 57 V1T BU 50%

o4,
o > n
H‘]
rJ
i
)
w30

Hu)
e
0o

|zl A 20.83%, 1% Z2ZE] A A2l A 36.36%,
5% L2EE| A A 2]doll A 55.56%2] A7 &S T
(Fig. 2A). & Al Z1F 7H A8 W3} oS 24

LB }\g = S 71:13_
I, 55 gEAe £ 97 @] BAH G B
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D= E2|A HES Y2 J|s

(A) Male

100 A

80 1

60 1

40 1

20 1

—_— 1%
5%

Cumulative Survivorship (%)

0 10 20 30 40 50 60

(B) Female
100 = =i 1
L| an
80 |_‘_ L
60
40 p <0.001
20
0 v v v -
0 10 20 30 40 50 60

Days after Emergence

Fig. 2. Effect of propolis on adult survivorship in D. melanogaster male (A) and female (B). The longevity of flies exposed to 0%, 1%, and
5% of propolis was monitored for 60 days and was statistically compared with Kaplan-Meier survival analysis (p <0.05).

ATH(x*=9.186, p=0.006, Fig. 2A). ©]H AFoA Z7
E2AE AFR F9] a0l TR EYAL T OEA
o7 ZIVok= AoR WEE T (Gressler et al., 2012),
D2 E A0 4kE aate] ot ARtAE A AT}
1 A%l dFE F= Ao T (Bankova et
al., 2000; Mujica et al., 2017). = tt2 8L B4=2 &
HA = AFT (Curcumin)e =F 2] f507
= ANZE O 459 ol S7kohe Ao R WEEE
9| (Soh et al., 2013), ©|= T 2Z&]| A 0] Aitst g} e
Fxute] k3t Y F IS ARIAEYAE FAA
A % 48 Qe 71ogt 7/"13?-_ Ahiﬂt’r
DTZ2EIAS HHF 710 4
2 Zape]oll A W= =], 5%4 i%'%ﬂi
Z0te] AAL 604 °]F 80.95%°] HEE
A, 2T 19 T2EA Aol A= 22
&} 35%°] E&E Hth 0|59 BE T4 —Er*ﬂ 2
5%° TREYUA E PFo] TAZHCE 19 T2EL
2 Aol ti 2wt A Zupeof] Bl 2 AEES
Holk Aog BAME Y (x2=9.158, p<0.001, Fig. 2B),
Nx2T 19 ZR2E A AT 2ol SAA Fo4dol
A= A2 FRIE ]It (p=0.785, Fig. 2B).
AA 0] T H o] 4tEE TR Ee A o)
A7t =d], ui—*ﬁﬂ]/\ 1%°] &%

o

o

200 - p=0.007

150 1

100 1

50 1

Average Number of Eggs (mean t SE)

0 1 5

Concentration of Propolis (%)

Fig. 3. Average number of eggs (mean=* SE) laid by D. melano-
gaster females developed in the diet containing 0%, 1%, and 5%
of propolis. The reproductivity was statistically analyzed by one-
way ANOVA with Bonferroni (p <0.05).

ﬁoﬂ Hlol 3AA o= Fomet a0 &

HATHF=8.229, p=0.007, Fig. 3). 7}& &
= LE3ANX F R =R E EYulE ARl 7=
o] AA171 9] et g
T 5t AR 7]7]
et al.,2020), ©]= =& T2E |~ 0] o ula} At

ol 513 5 51 Gl Aol BY 5 ke A5y
11—
.

i
et
o
R :{o
H
R
o



(A) Larva
12 - p=0.083

11 4 .

10 1 L] .

Developmental Time (day)
-
.
*

Sucrose Honey

(B) Pupa

10 - p=0.004
*

8 .

L ]

6 . .

.,

2 4 .

0 : :
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Fig. 4. Comparison of developmental time of larval stage (A) and pupal stage (B) of D. melanogaster treated with honey and sucrose. The
developmental time of D. melanogaster treated with honey and sucrose was statistically analyzed by Student #-test (p <0.05).

mRZelse] LEE GRS AL 0] B AU 5%
mREelso] w2 E Gl Hs) S SHE Bl n
2|27} 2ake]o] 47 Ao BE GRS WA 2
o ATk Ee ol Hls) Be L At
o gotrEd s nEY A0 R AT 1% L2 E

l- (

of &= et 7P HH 5% uiiﬂA 2 oA
mtejo] w5t 7HY F AAH o2 WSk ATStAEH
7t mREE 20 o ZHaote] I o] FAHCR F

>

71t A0 &2 AFR HTHFigs. 2B, 3). Asto]| 2|3t AStAE
AAE A 4= Sl A, R OA EE]
+ T2 EYA9 fof| wfe}t Tk oEH O R o] FTt
She @42 B B9 e & 0] it aE A9
Stk THHE o (Fig. 2A).
2 A T Al ootd, ehEd kE X0t

rely
ofi
oN K
N
u
4

2]of| 4] antimicrobial peptides (AMPs)<] 2t f
Wkl AMPE] AT 577 offgh-Zolut opH EAtat 2
< spetEdo] gtk WAES Eol= Aoz =Sl

(Seong et al., 2020; Kim et al., 2022). °]& SI1&4 &
2 zapy 24 @J_(ROS, reactive oxygen species)iq
WS S7H71U (Kim et al., 2022), AMP2] & o]
AW ROSE AaAZIvE ol @7l 24 H (Zhao

)

et al., 2011), AMP7} AFSIAEH A 2 -0 Tod =
= AR R IR EL AV AMPY] HES X
Sh= Toll-like receptor (TLR)®ll F&F= Frh= L 1L
o 243 w (Aliyazicioglu and Kanbolat, 2018), 5=
2 2ol QAT 2 EA o] ZutE] o] AMP
AF Z7He FEokil o] & B AR AE Ao Tt
Ak F7F 9 zate] 439 14 TV S8t A
= A= Erh(Fig. 2). A 2 A=l skl 9
2Z 2|20 AMP el *o“ & A F
= Z2EY AT 7 st 3ate] 712ks A
Tl A o ] T & S AR weE

e

IO f.: ruE e

0_L4

| e/
rlr
[E

Lo g
24

7]

ny

RUBN)

r

2, @E0| Xxnf2| Mo 0jxj= I

D2 EACL GAVSH g+t a4te}, S 22 o
oFet S YetlE 2l o7 U4 A Q1= HE (Vallianou
et al.,2014)9] B8 & 22| & Fofl 71 TS
o 92 ook e tlxEd BB FRE WA

o4 217 Rafe ze) 1a0nke), 1070}2] A4S o
o {5 IR 9 W] /G i stk 4

rr osh

0.94¢= SAA %-Cﬂ*é% AN (F=3.353, p=0.083,
Fig. 4A), HH7] 7172 & A2|FollA 496095,

ZAolA 463107442 ES FHT zutelo] Y]
717to] SAH SR Fou|stA Frteke AS AR
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Fig. 5. Effect of honey to adult survivorship in D. melanogaster male (A) and female (B). The longevity of flies exposed to honey and su-
crose independently was monitored for 60 days and was statistically compared with Kaplan-Meier survival analysis (p <0.05).

T} (f=5.266, p=0.004, Fig. 4B). & AA72] Ao} FA
SHA A Aol e B AF e Heupddo| nad
(Bracon hebetor)®] % 717ke] 42t ¥id]7] 717He]
717} = vh7} Q=4 (El-Wahab et al., 2016), O]=
o] 2Fol g GAM R 1 7|I7HE & Be AFAIE
AlARRt), & AFIRE Z22]9] & 11*4
e fid|7] 717te] 57 A4t ”01 SHAI(F
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t= Aol =18l (Fig. 1),
F=Hl (Fig. 4), °ol= 5 ¢
o] zuta]o] W] 2-gol= HLr o apo|E EAfohs

E rlo
ir e 12 %o

S ==
Y]
@
ne
1o,
Rl
9
rtl
o
Jo
i
O]l
o
0

W

T B 5440
0% EE-S (Fig. 5A), AL tixwo] 579, & A
ZJ}H(Fig. 5B). & AT F
A 2700 R ET 52 HEES HAAT 3620

1 H-oJu]sHA FH—ZSLEE} k3

ﬂ
N
F{i‘

0*744 73 36°‘ 93.3%°] Jﬂi—%‘% l%c& 7ﬂ OMOHt
2o W2 28-S 7153 H?=3.860, p<0.001,

Fig. 5B). Z21t2] 4 F°] £ A%l o] 342 o
T T G 2 AT Aot AutEA ATl A

Lt Bl aolnA do] WEL AL
o

al., 2016), 42} LgzaE|oA &S 45 Al71H FHt
Zate] AJZo] o] Frtsta AW AStAEH A} 7F
A9ty B SN QITH(Cruz et al., 2014; Hegazi et al.,
2014; Cruz et al., 2016). & A7l A oA A
Algotdedl, ddol sk JEH o2 zutE|o] Ho| 4
S 714 A7) 3 (Rovenko ef al., 2015), ko Zutz] o
ol & ARMYS o Zute] o] s=go] 71
Tofl ZAT W (Mair er al., 2003), 8% 53
Hrh= tix zateof Alggt A
ﬂ Z I o] dldEct 2T
iH] B2 AHT &, 3 2he] EE Aol E H| WS,
2 iE] B2 AFHT ] AEE Ao (p<0.001,
Fig. 5B)7} 719 i}O](p 0.049, Fig. SA) 2Bt B4 &
4“4 Z‘I‘OM A 2o, ol Ategate] e

S
4 ﬂoﬂo& *@é %7} i*J(Figs. 2,3)°0] T At
A E-& A FT 4A =]
Atete] ot ARIAE ﬂi Z7 ]—(Wang et al., 2001; Rush
et al.,2007)7F 3ol AR FFe = A o= o
ok AA| 2 ApolA] HE AeTolAs GHo] 244
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S 550 B Qo] AT A%} Bz A4EoRe] o AHEe]
4 PEOOY T grge qio mrek AR ot ate] 2] A
g 200 I & A A7) 2ot Alvkg 9 4% S 2L
E.ﬁ ol o) maFelsg WBe B4 b4 AT 2
- ATollA P ZeZe| A0t dEo] 7= Z442e] A
(=]
5 10 eJohd B4 B4 27 T S A A 2
£ Agt BAREEA PN 27} QA9vt BaHom
S s Zeuts]olof & 3102 Ajzheich
=
g
2 o
Sucrose Honey x4 Q
Fig. 6. Average number of eggs (mean+ SE) laid by D. melano-
gaster females developed in the diet containing honey. The repro-
ductivity was statistically analyzed by student #-test (p <0.05). D2 EP At B2 F83 FE AMERE A HERAR
e o] g5 Qit. w2 o] ofstd B3 =2 E
7 Bt 183224.90709] S MRSt Ao paAEg ST TS FAS, P4 AHE HIRA IR A=
105+ 1114709] e b daguch B ge A TSI Qs Ao s I gln & el
FAAN BARCR folulg Aere Zrb pamgny £ HEAL 2R ARAL 2AHE ddo s 2REe
(f=6.078, p=0039, Fig. 6). £ A7 Azte} gapspy w28 Bl 7Hal= ARt G323 A5k el %
2o TR o] WE-S HAXAL o otzio] wa  ZIREMEY] 7Ikbe Xdshe ZupE] o] dhg wA o] v
S2jo] 2718kl B E W7} Q=] (EL-Wahab er al., 1 @8 &, 4] I ATES ARkl
2016), ol TEFA£S} GAIGH BB Fpe] g L A mRIEA0h Fol 2upH ol AT WA 24
L molmsg Zetuuo|ta WAL AgHos  AREH AE0] SHI Alehed] G Fr Aoz B
FFE F= A= WHETt (Lopez et al., 2016; Santos- dE . Sol Folut Z2Ee 2] ofe AtkhE S
Buelga et al.,2017; Hashem et al., 2020). g B, A Ao AL e Aadte FEE B
RO, e Z s I dFlo] Aetao] Hart ¢l
+ dvole ol dEHe st EEIH. & o
4 = TolA Zute] RdS S B e &AL 7RR]= A
2ot &7 gyt W b 35 o590 A st
2 Ao e Bd 25¢] 2ot E o]§5te] ZrE A 7|2k et & AFE PR AmE 8T ¢ e

2] Ao HEo] 7k2)= A8 92 XA 35 Aoz 7|HH
Hog gatst 852 T TEEe A9 HE (Bankova
et al.,2000; Omotayo et al., 2010)°] =&z u}a]o] -GAFSH

ke A Zoleh o4} g WE Hal 2ol A WA el =

20| Z7kat AL A9l5hT, G50 (9% 7]

9] AR wEse] 430 pye npg T OTE SEOSY QA GI0ITI8012009)9
o2 Helat Auio] AGAS Har) ofe maEy ) 0o® FREASIH

2o} WBo| makg Aeled 219 Selusy) Sopn

Lo]E9] ¢4 zpo](Kedzia and Hotderna-Kedzia, 1991; X2

Bogdanov et al., 2008; Miguel ez al., 2017)2 13+ A5 &

aro] x Hoy = oJo] o AH O] %

Fol Aeleh vlzel, £8 ouAd B e A2\ jamg M. D., S. E. Celniker, R. A. Holt, C. A. Evans, J. D.
olef ¥ Axtz Tt et Gocayne, P. G. Amanatides, S. E. Scherer, P. W. Li,R. A.
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