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Abstract
In the present study, the pathogenicity of spores/crystals produced byBacillus thuringiensis subsp.
kurstaki (HD-1) in different culture media within fermented and non fermented conditions were
determined against the second larval instar of Ephestia kuehniella L. The colony forming unit (CFU),
spore count, optical density (OD) and cell mass indices in enriched ?nd non-enriched liquid media of
fermented condition after 96 h cultivation were g28.2><1014 CFU.mL™, 11.8x10" spore.mL™, 28.0x10°
mg.mL™ and 11.0 E:L'l) and (26.6x10* CFU.mL™, 10.0x10'° spore.mL ", 24.4x10°mg.mL"" and 9.9 g.L-
), resp?ctlvely w |I§ those were found to be (18.1x10** CFU.mL™, 8.1x10" spore.mL™ 16.4x10°
mg.mL™" and 8.9 g.L ™) and (16.8x10™ CFU.mL™, 7.4 x10" spore.mL *, 15.6x10° mg.mL™ and 7.9 g.L'l)
in non-fermented condition, respectively. The LCs, value of Btk spore/crystal cultured on enriched and
non-enriched liquid media for 96h cultivation in fermented condition after 2 days treatment against larval
instar were obtained (0.9 and 3.0) and in non-fermented condition (1.5 and 4.2) ug.mL™, respectively.The
LTs value in fermented condition (6.2 and 10.7) and in non-fermented condition (7.2 and 12.6) h were,
respectively. Bioassay studies indicated that the Btk spore/crystal suspention cultured on enriched and
non-enriched media in fermented condition for 96h cultivation after 2 days treatment had (61.0 and 46.6-
%) and in non-fermented condition 553.3 and 38.6%) mortality, respectively. The results confirm that
enriched culture medium in fermented conditions produced the highest amount of spores and crystals and
thus increased bacterial toxicity on the second larval instar of E. kuehniella after treatment.
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Figure 1. Log colony forming unites (CFU), spores count, number of bacterial cells (OD) and Freeze

dried powder weight (biomass) of Bki suspention cultured on enriched and non-enriched media at
different intervals during the fermented and non-fermented process.
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Table 1. Assesmen toxicity (LCsp) after 2 days of treatment by Btk spore/crystal suspention extracted

from non enriched media under fermented and non-fermented condition every 12h against second instar
larvea of Ephestia kuehniella.

Cultivation . . 2 LCsp (95% CLs*)
condition Extraction S/C time (h) Slope+ SE X (df) (ng.mL™)

12 2.1+0.92 0.59 (3) 57.6 (36.7- 1817.4)
24 2.1+0.84 0.04 (3) 54.8 (36.6 - 5409.7)
36 2.1+0.80 0.11 (3) 35.5 (22.0 -540.7)
48 1.3+0.50 0.23 (3) 34.2 (25.1- 185.6)

Before fermentation
60 1.6 +0.62 0.24 (3) 16.3 (12.0 - 63.0)
72 1.6+0.72 0.29 (3) 9.7 (7.2 - 40.6)
84 1.2+0.62 0.14 (3) 6.3 (3.4 - 55.4)
96 1.0+ 0.47 0.06 (3) 4.2 (1.7-88)
12 - - -
24 - - -
36 2.2+0.77 0.14 (3) 245 (19.2 - 61.6)
48 1.3+0.44 0.13 (3) 235 (15.7- 92.7)

After fermentation 60 1.6+0.62 0.03 (3) 10.5 (7.8 -21.7)
72 1.8+0.67 0.03 (3) 7.1(5.1-11.4)
84 1.3+0.53 0.07 (3) 49(29-8.8)
96 0.8+0.34 0.14 (3) 3.0(1.3-14.3)

*Confidence limits
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Table 2. LTs, based on LCx after 2 days of treatment by Btk spore/crystal suspention extracted from non-
enriched media under fermented and non-fermented condition every 12h against second instar larvea of

Ephestia kuehniella.

Cultivation condition EXt[?;g‘zz)s’ c (u;/CrEOL) Slope + SE X2 (df) LTs (95% CLs) (h)

12 57.6 2.9+0.32 17.2 (8) 22.5(17.0 - 28.0)

24 54.8 2.7+0.30 13.9(8) 20.1 (15.2 - 24.9)

36 355 24+0.33 17.2 (7) 17.9 (11.7 - 23.8)
Before fermentation 48 34.2 25+0.31 10.1 (6) 16.4 (11.0 - 21.4)

60 16.3 25+0.31 12.2 (7) 15.3 (10.4 - 19.7)

72 9.7 2.2+0.30 14.4 (7) 15.1 (9.1 -20.3)

84 6.3 2.1+0.29 15.1(7) 13.8(7.3-19.2)

96 4.2 1.9+0.31 13.7 (6) 12.6 (5.0 - 18.7)

12 - - - -

24 - - - -

36 245 2.6+0.32 12,5 (7) 15.5 (10.7 - 19.8)

48 235 25+0.31 9.5 (7) 14.4 (11.6 - 17.1)

After fermentation 60 10.5 2.4+0.33 10.2 (6) 14.1 (9.9 - 19.6)

72 7.1 2.3+0.33 9.6 (6) 13.8 (8.7 - 18.2)

84 4.9 2.4+0.33 9.3 (6) 12.3(9.5-14.9)

9% 3.0 2.1+0.32 8.1 (6) 10.7 (8.5 - 14.5)
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Table 3. Assesmen toxicity (LCsg) after 2 days of treatment by Btk spore/crystal suspention extracted
from enriched media under fermented and non-fermented condition every 12h against second instar larvea

of Ephestia kuehniella.
Cultivation Extraction S/C

N ) Slope + SE X2 (df) LCso (95% CLs) (ug.mL™)
condition time (h)
12 2.1+0.87 0.46 (3) 45.9 (33.4-1793.0)
24 1.8+0.72 0.25 (3) 32.6 (23.0- 345.3)
36 2.1+0.76 0.08 (3) 23.5(16.3-42.0)
+ R
Before 48 1.1+0.47 0.23 (3) 20.5(13.0-607.1)
. 60 1.4+0.52 0.06 (3) 8.3(5.2-13.1)
fermentation
72 1.3+0.48 0.00 (3) 47(1.9-6.9)
84 1.2+0.47 0.14 (3) 2.6 (0.7-3.8)
96 0.9+0.38 0.18 (3) 1.5(0.0-2.5)
12 - - -
24 1.6 +0.69 0.00 (3) 18.8 (14.0-79.8)
36 2.0+0.69 0.33(3) 12.9 (9.8 -18.9)
. 48 1.1+0.38 0.04 (3) 6.3(3.6-11.7)
After fermentation
60 1.4+0.44 0.17 (3) 31(1.2-43)
72 1.2+0.44 0.20 (3) 1.9(0.3-3.0)
84 0.8+0.33 0.12 (3) 1.1(0.0-2.0)

96 0.7+0.26 0.05 (3) 09(0.1-17)
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Table 4. LTsy based on LCxqafter 2 days of treatment by Btk spore/crystal suspention extracted from
enriched liquid media under fermented and non-fermented condition every 12h against second instar
larvea of Ephestia kuehniella.

Cultivation Extraction S/C LCso
Slope * SE X2 (df) LTso (95% CLs) (h)
condition time (h) (ug/mL)
12 45.9 2.6+0.30 15.7(8) 19.2 (14.0 -24.3)
24 326 23+0.28 11.5(8) 16.0 (12.8 - 18.9)
36 235 2.5+0.34 16.7 (6) 14.1 (7.6 - 19.8)
Before 48 20.5 2.3+0.33 10.0 (6) 11.5 (6.6 - 15.6)
fermentation 60 8.3 2.1+0.40 75(4) 104 (2.2-14.5)
72 4.7 1.9+0.32 8.2 (6) 9.4(6.0-12.3)
84 2.6 2.1+0.37 7.4 (5) 8.5 (5.6 - 11.0)
96 15 1.8+0.35 7.3(5) 7.2(47-11.1)
12
24 18.8 2.6+0.37 11.6 (5) 14.4 (8.0 - 20.1)
36 12.9 24+0.33 11.4 (6) 13.1(8.7-18.9)
After 48 6.3 24 +£0.37 8.2 (5) 11.0 (5.8 - 15.3)
fermentation 60 3.1 2.4+0.37 9.4 (5) 10.2 (4.6 - 14.5)
72 1.9 2.0+0.36 6.9 (5) 9.2(6.0-11.8)
84 11 1.7+0.35 8.1(5) 74(1.2-125)
926 0.9 2.1+0.37 8.0 (5) 6.2 (4.9 - 10.4)
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Table 5. Mean comparsion percentage of Btk spore/crystal suspention extracted from enriched and

non- enriched media in fermented and non-fermented conditon effect per 12h for 96h against second
instar larvea of Ephestia kuehniella by tukey test after 2 days of treatment (P = 0.05).

% Mortality + SE (After 2 days)

Non enriched medium Enriched medium

Extraction time(h)

After After
Before fermentation Before fermentation

fermentation fermentation

12 1.1+1.1 53+1.1° 55+ 1.1 10.0 + 0.0°"
24 44+11° 8.8+1.1% 12.7 £1.1% 14.4+1.1%
36 55+1.1° 12.2 +1.1% 21.1+1.14 18.8+1.1%
48 7.6 +0.0° 19.4+1.1° 27.4+1.1° 22.2+1.1%
60 11.9 +1.9% 28.1+1.1° 355+1.1° 34.8+1.1%®
72 18.3+1.9™ 36.3+0.0% 457+ 1.1% 58.7 +1.1°
84 244429 445+ 1.1° 50.0 + 0.0° 59.8 +1.1°
96 38.6+1.9° 46.6 +0.0° 53.3+ 1.9 61.0 + 1.1°
Control 0.0 +0.0f 0.0 +0.0f 11+1.1 11+1.1°
P 0.03 0.001 0.02 0.001
F(8, 18) 19.4 109.1 38.1 97.2
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Fig 2. SDS-PAGE profiles of Btk Cry proteins extracted from enriched and non-enriched medium in
fermented condition. Media: lane M: protein molecular weight marker (10 to 250 kDa); lane 1: cry
protein of non-enriched medium for 12h; lane 2: cry protein of enriched medium for 12h; lane 3: cry
protein of non-enriched medium for 24h; lane 4: cry protein of enriched medium for 24h; lane 5: cry
protein of non-enriched medium for 36h; lane 6: cry protein of enriched medium for 36h; lane 7: cry
protein of non-enriched medium for 48h; lane 8: cry protein of enriched medium for 48h; lane 9: cry
protein of non-enriched medium for 60h; lane 10: cry protein of enriched medium for 60h; lane 11: cry
protein of non-enriched medium for 72h; lane 12: cry protein of enriched medium for 72h; lane 13: cry
protein of non-enriched medium for 84h; lane 14: cry protein of enriched medium for 84h; lane 15: cry
protein of non-enriched medium for 96h; lane 16: cry protein of enriched medium for 96h.
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Table 6. Molecular weight of Btk Cry proteins extracted from different media in fermented condition
every 12h for 96h cultivation.

Btk Cry proteins extracted from fermented condition(kD,)

Extraction time (h) Non-enriched medium

Enriched medium

12 17-95-250

24 95 -130 -280

36 19-22 -36 -55-72 - 95
48 10-17 -72 -110- 150- 210
60 17 -22 -55 -110

72 12 -17 -50 -72 -95

84 10-21-50 -72 -140
96 12 -17 -20 -38 -72 -95
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