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Abstract

The Mediterranean flour moth, Ephestia kuehniella is widely used in rearing parasitoids and predators. Therefore, it’s
nutritional and immunity indicators and its defense potential against pathogenes are important. Therefore, in this
research, the effect of a standard diet including a mixture of wheat flour (68%), wheat bran (29%) and yeast (2%) as
well as the combination with four types of vitamins A, C, E and D3 (1%) on the nutritional and safety index for
pathogenes were evaluated. In this research, by measuring the blood cells of second, third and fourth instar larvae fed
with different diet, the sensitivity of third instar larvae to different concentrations of Bacillus thuringiensis, Beauveria
bassiana and Nucleopolyhedrovirus (NPV) was obtained by LCso and LTso values. In the evaluation of nutritional index
on third instar larvae of Mediterranean flour moth, the highest relative growth rate, relative consumption rate, efficiency
of conversion of eaten food and efficiency of conversion of digested food were observed in larvae fed in standard diet
with vitamin C. Also, the LCso and LTso values resulting from the effect of different concentrations of B. bassiana, B.
thuringiensis and NPV virus on the third instar larvae of the Mediterranean flour moth showed that the least effect was
on the larvae fed on the standard food diet including vitamin C followed by vitamin D3. Therefore, in the reproduction
and rearing of this host in the production of biological agents, it is recommended to use food supplements containing
vitamin C and D3.
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Figure 1. The effect of different vitamins in the diet on the total blood cells (hemocyte) of second, third and fourth

instar larvae of the Mediterranean flour moth, Ephestia kuehniella with Tukey's test at the probability level of 5%.
Similar lowercase letters in each column indicate no significant differences.
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Table 1. Lethal effect (LCso) of Beauveria bassiana on the 3™ larval stage of the Mediterranean flour moth, Ephestia
kuehniella after 96 hours.

. Concontrations LCso Toxicity Relative
o + 2 .
Diets (Conidia/ml) Slope£SE  Intercept X" (df) (95% CL5s) index (%)  potency
6
Vit A+st. diet 0.25£0.06  3.70 18203) SO0t g 287 251.78
8
Vit C+st. diet  10° 0.20+005  3.17 0.650(3) ;'%’;187_ piage 001 1.00
Lo 2x107-4,
Vit E+st. diet 105 0.23+004 341 1.050(3) gg:igs-l gx1o7 155 136.26
o6 2x10°1,
Vit D3+st. diet 107 0.22+0.03 3.35 0.350(3) ?,Zﬁgsq g7 029 25.70
. 8.1x10*
St. diet 0.330.05 3.36 L75103)  57y10003x105  100.00 8742.93
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Table 2. Lethal effect (LCso) of Bacillus thuringiensis on the 3 larval stage of the Mediterranean flour moth, Ephestia
kuehniella after 72 hours.

. Concontrations LCso Toxicity Relative
+ 2 .

Diets (ppm) Slopet+ SE  Intercept  XZ(df) (95% CLs) index (%) Potency

Vit Atst. diet 0.67:011  3.06 4.644 (3) Zg;‘ig_ﬂ g 3899 4.5

Vit C+st. diet 100 0.64:020 271 1.339(3) fégi'gé-m seazs 861 1.00
400 ' :

Vit E+st. diet 700 0.70£019 291 30408) 0043 e, 3446 4.00
1000 ' :

Vit D3+st. diet 1300 058:015 3.1 3270Q) o 190% e 1674 1.94

St. diet 114019 217 125403) 2279 100.00 11.60

199.20-456.23
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Table 3. Lethal effect (LCso) of NPV on the 3" larval stage of the Mediterranean flour moth, Ephestia kuehniella after

72 hours.
. Concontrations LCso Toxicity Relative
+ 2 .
Diets (OB/mL) Slope+ SE  Intercept  X* (df) (95% CLys) index (%)  potency
. . 8.7x10°
Vit A+st. diet 0.21+0.06 3.94 15013)  Jeiotiaxios 478 185.48
. . 1.6x107
2
Vit C+st. diet 183 0.18+0.05 3.59 0.170(3) 8.6x105-2.2x10° 0.025 1.00
. . 1.5x105
4
Vit E+st. diet 185 0.26+0.04 3.87 0.622(3) 3 1x10%-3.5x106 2.76 107.00
. . 1.5x107
6
Vit D3+st. diet 10 0.19+0.05 3.79 0.191(3) 1 6x106-8.1x10° 0.26 1041
. 4.1x10*
St. diet 0.35+0.03 3.70 1.480(3) 100.00 3876.36

1.3x10%-1.1x10°
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Table 4. Time required for 50% lethality (LTso) of Beauveria bassiana on the 3" larval stage of the Mediterranean flour
moth, Ephestia kuehniella.

. Time LCso LTso (hr.)
. + 2
Diets (hr)  (Conidi/mi) S'oPet SE Intercept XD (959 cLs)
Vit A+st. diet 2.8x106 0.22+0.04 3.27 2.541(3) ?2'32-94 42
24 57
Vit C+st. diet 36 7.1x108 0.14+0.06 2.98 1.322(3) 2421'2;-105 02
48 ' '
Vit E+st. diet 60 5.2x108 0.24+0.01 3.06 0.880(4) ;g";g_% 78
72 43
Vit D3+st. diet 84 2.7x108 0.15+0.02 2.84 5.620(3) 32'33_100 98
96 ' '
St. diet 8.1x104 0.31+0.07 3.12 2.151(3) gé';z_ﬁ 68
ARPP
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Ephestia s,1 slail iae o e 59,Y pow (o 59, Bacillus thuringiensis s zS1 (LTs0) ao o 8+ Saxis lp o3V slo; O Jgua

kuehniella

Table 5. Time required for 50% lethality (LTso) of Bacillus thuringiensis on the 3" larval stage of the Mediterranean

flour moth, Ephestia kuehniella.

Diets Time (hr.)) LCso(PPM) Slope+ SE Intercept X2 (df) LTso (hr.) (95% CLs)
Vit A+st. diet 764.10 0.14+0.06 3.84 0451(3) 5o ee 2065
Vit Cst, diet y 3457.94 0.09+0.05 333 2512Q)  Sood o
Vit E+st. diet - 864.43 0.12+0.04 3.48 L603(3) o2l
VitDasst diet 5o 1779.62 0.11+0.06 355 0.3823)  0g 2010
St. diet 297.95 0.27+0.07 353 18033) 000 o

Ephestia s,1 sl sooe o s (59,Y pgs oy 59y LCs0 clale LNPV ug g (LT50) oo 0 8 SouiS slp oY oloj £ Jgus

kuehniella

Table 6. Time required for 50% lethality (LTso) by NPV on the 3™ larval stage of the Mediterranean flour moth,

Ephestia kuehniella.

Diets Time (hr.) LCso(OB/ml) Slope+ SE Intercept X2 (df) LTso (hr.) (95% CLys)
. . 28.18
3
Vit A+st. diet 8.7x10 0.34%0.11 3.64 1.872(3) 95 63-30.77
i i 18 7 35.82
Vit C+st. diet ” 1.6x10 0.14+0.12 3.50 5.773(3) 32.81-39.46
, : 30 s 28.23
Vit E+st. diet 36 1.5x10 0.24+0.05 3.64 3.360(3) 25.67-30.83
VitD3+st diet 12 15x107 0.15:008 331 3180(3) 292
' 48 ' T ' ' 30.48-35.65
St. diet 4.1x104 0.3620.07 3.43 4.422(3) 23.06
: ' U ' ' 21.05-24.99
3 5 D3 5 C lagralyg adbawy a3 00l & QI @5, Shdss slo azls

5 0ad 03,95 5lae Jos o5 Bran o F 5 b adal,
oy 0 eddadas slag )Yy calipan glié o ‘SJ)LY
(Y Jguz) 20,5 oanlie C sl g odle 4y o lusbnl olae

pow o ogY (g9, luds laasls oLl e

Le W) ‘54..: @‘J& fb")) L! 0 d.Jd.x.: Q)T Lg‘dq‘).ud..o e).!w
31 i gl aals Jles 9 D3 E C A sloysliss alouss

Load ads5 slag)¥ jo b ol 5 a3l e &S

- oeelig alewg @ 00l f I3 w3, L adws o Ephestia kuehniella o1 slal zoe o pous pow (o 9,Y @385 slaasls Y Jgoo

Table 7. Feeding indices of third instar larvae of the Mediterranean flour moth, Ephestia kuehniella fed on nutrition
enriched with vitamin A, C, E, D3 and control treatment.

Related Efficiency of Efficiency of

. Related growth rate . . .

Diets (mg/mg/day) consumption rate conservation of conservation of
g/mgraay (mg/mg/day) ingested food (%) digested food (%)

Vit A+st. diet 0.112+0.01° 1.880+0.12° 5.89+0.21°¢ 11.90+0.44°
Vit C+st. diet 0.215+0.022 2.360+0.30? 8.01+0.36% 18.48+0.192
Vit E+st. diet 0.197+0.01° 1.998+0.21° 5.59+0.31°¢ 12.58+1.02°
Vit D3+st. diet  0.202+0.012 1.977+0.27° 6.89+0.31° 13.88+0.22°
St. diet 0.096+0.02¢ 1.882+0.08° 5.38+0.22°
F(df, df) (4,10) (4,10) (4,10) (3,8)
P 0.001 0.001 0.02 0.03

Similar lowercase letters in each column indicate no significant differences.
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e sl Condy Wl (Bgn CodsS 5 B
2l slaass, 5l esliiul (nl » odle ans 5 il Cou
Al sl ol 2 Wilgs oo 5 (gdhe Slge (5,0 ¢ o 9ras
Vogelweith et al. 2011; Wilson & Ruiz ) asb 138
Sl e S 5 S ysSl dl 36 slaslllas o (2019
sl wlbols g glapdss slaasls » Jsisle 5 Joinysm
a0 Ay (oo E g b Glalel o)l (gl e 0y
slag ¥ ol las g)ls sme Giulidl vals 4 o bayles
S w25 35 8L (P95 )] lailmae oy pges (s
o 2L e o5 4 Ul 5 C by sol>
(FDI) (oo mad a5Ls (YL 5 (ECI) oud 05,55 (5l
(ECD) ouds pan sl Jyos sasls o VL isg Ll 1,
035 C uallyg sl lid 5l a5 g olag,Y 4 bgy e
sile s 5 C Galing daloss oo 15 o IS y5b & s
opeed @ 123y 40 (olie loan I ploie 4wl o
JaS obg)Y jo ad 0l i aisd blad o)l slail o
S i 5 lastne ysbo 4 isgs 00, 35 i sla oS
i Cangllae saims lis el ol 4 0e walis (glag,Y
ot 35y sl 28 la); (nl ) 3z ge 2l ol
5 C by oo bt solul  @dly 45 .l 3,1 slail o
e ) £ p wikly Jeible 9 Jote e Lol oo
oo s | caal33l Caie 236 5,1 (lail e 0 pends (slag,Y
4 (Ajam Hassani & Amiri Jami 2020) ool azils
2 osdle oLt Lo & e C bty b ol 3o
@y S lew Jelse pln jo Cuglie gioml slogazll 9
b owpn baly Guea po ols RIBEE slo e ok
3 (Sepgsl anl) € by Sote 236 5 (e
Gl 00ls ylitd 1y oo Ol i 0dgs g (glsl Cawgy a8
slse 3L .(Cohen 2003; Morales-Ramos et al. 2014)
Sasis 5> Jsh sl (slagenls sy lsil i gl
PS5 Gl g amse Gl ) ol il
Colled (sob il slagul detdgslSsisel 5 lacousil
Sma el 0s oS3l Wy s slis slash
Gz plp 50 Coglie Gl 4 e B Gualhg ol
olis b cwyp (Han et al. 2000) cul oo 5 jlen Jole
St g)¥ (23 Slge )3 (55, yate o5 Hleww CdalE oS ool
—=>30 Spodoptera litura F. (Lep.: Noctuidae) ,lg=S s 0,
Lee et ) g o oyl (ol dgut 5 9,Y (glis g o, (iul3l
4o Ll .al. 2008; Cotter et al. 2011; Manjula et al. 2020

Gl giae 3 WlgE oo 0l 03,93 (SIAE LS 5 oS
wdls wliie el g Siglsid sloanlp e 5 925 2
srailge a5 Wlbo S 5155 goaxte o Kiagh b
A5 0,50 oldd oole g4 SL Cow Ayl oo Ol i g
Madboni & Pourabad 2012; Abdi et al. ) &,.5 1,3 la]
2014; Mason et al. 2014, Safa et al. 2014, Borzoui et al.
SYL e 5L g ol sl 5 &l i asili> (2017
b aslgs ooy 9 4tls (65598 (ol alolis Wigd sieo g0
S9yY lhed yo (B s wgdle 4y .S ablie Al Jolse
ol a5 05l o0 cslio (559)b Ol b (Slpi adgi @ e
Lo lg Sl Lawly (e it (8595 moe Slaal 5l 929
¢ o3, (Singer et al. 2014; Ponton et al. 2013) ..l
Sl CoaS ax e sl L) cnl 5o e Al S
2 Fye sllsSlse 55 3V )T slail e oot slag ¥
5 95 Lo 5 020 0l s aialy il i gid o,
aly> plnil gy Qlaabl b o] orb (liadis 1285
O30 B9y 9 Shnaag S il (8 g oglbe slalic oo S
Olee sismal iy slogasl 5 a8 5 )13 gty sy
Adamo et al. ) aas oo 1,8 50 cod |, Jreadss o Sloons
(2016

sladshe » Ste gls Jols Slas el abbs
Wgdeo JUb cope a a5 ool il iz g Sl
- oo eas ol glls oS ST Jysig el i
2 ot G araaling 980 oo (LS oo il 5wl
b pol> uegh o (Siva-Jothy et al. 2005) o ks ol oy
soll les 4 Cod baopeling ol 2l Slaws; 4o
Sl sk a4 ) S len plp po Cuglie 5 Sl
L o,Shos o yige D3 g C paoling 45 (g y5b & ools Liul3il
595, 5l oads s slag Y sl gy jo sl lis
(sensu stricto) 3 leo g0 a4 wald e 5 oplSLel
Slews ol lis m s B. thuringiensisy Bacillus cereus
Suaglie (Rl g )3 s pobo ar TS Ll aSe IS
(Dhinaut et al. 2017) 545 oo bg,¥ coul 9 b )T len @
P A Gy b Wl )0 C ey jled pol> oy )0
B. &ySL B. bassiana z,B 5y 4w Jlas
355 3l (6 yiim Ceoglie 5 ol NPV g 559 5 thuringiensis
N IPE IOV JORSICH R -3t IS SN K APV S R
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