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Abstract

is the best physical method which successfully kills several

life stages of insects. Survival of adults, pupae, younger
larvae and older larvae of Tribolium castaneum exposed to 40, 50,
60, -5 and -10 °C at different exposure periods (15, 20, 25, 30, 40,
45, 60, 90 and 120 min) were investigated. Probit analysis was
used to determine the lethal time required for 50 and 95% Kkill
(LTsp and LTss) of the population of tested insect, results indicated
that: Younger and older larvae were the most heat susceptible
stages with LTsp and LTes as compared the pupae and adult stages
at the higher temp. (60 °C). Pupae and adult stages were the most
heat tolerant stage at 60 °C. Exposing the beetles to 60 °C and -10
OC resulted a higher mortality than for beetles that were
maintained at two previous tested temperature. The cold tolerance
of different stages from lower to highest at -5 and -10 °C were
older larvae < younger larvae < adult < pupae. Grain Technology
studied were carried out on samples of wheat flour exposed to 60
oC for 120 min. and to -10 °C for 90 min. to determined chemical
composition, Rheological properties and organoleptic characteristics
of balady bread. Results indicated that, No significant differences
were observed between treated samples and untreated control.
Finally, it could be concluded that, the influence of both heat or
cold treatments on the mortality rate of tested insect was positively
correlated with the time of exposure, the increase of heat or cold
temperature and the stage of insect.

INTRODUCTION

T emperature treatments of stored grains and grain products

There is a continuous need to protect the stored products against deterioration,
especially loss of quality and weight during storage mainly due to insects. Flour mill
can be infested by a variety of beetles. Among them, Tribolium castaneum Herbst is
one of the most wide spread and destractive pests of stored products, feeding on
different stored grain and grain products (Weston and Rattlingourd, 2000; Mishra et
al. ,2012).

Conventional chemicals, either grain protectants or fumigants have been or
may be restricted globally for use in the control of stored products insects because of

problems related to the persistence of toxic residues in food grains, the development
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of insect resistance and adverse environmental impact. Thus, ecologically safe
methods to control insect of stored food products have been extensively investigated.
Fortunatly, insects are sensitive to temperatures changes within their environment,
therefore, the use of extreme temperature to restrict pest population is an ideal tool
for organic food industry. The lethal temperature zones for insects are those above or
below the suboptimum which will eventually kill the organism. Susceptibility of insects
to lethal temperature varies greatly between species and life stages and it often
dependent upon factors such as temperatures, length of exposure time, sex and
ambient air relative humidity (Ferizli ef al. , 2004). Most of the stored product insects
cannot tolerate extreme temperatures, heating or cooling and show heavy mortality.
Super heating of food grains provide extra protection without treating with any
insecticides (Upodhyay and Ahmed 2011).

The present study was designed to identify the most tolerant stage of 7. castaneum
for high and low temperatures and different temperature - exposure time needed to
kill the various stages of insects in flour mill.

On the other hand, the effect of temperature treatments on a chemical analysis,
rheological properties, determination of gluten of flour mill were studied also, balady

bread making and sensory evaluation of bread loaves.
MATERIALS AND METHODS

Insect culture: Cultures of red flour beetle, Tribolium castaneum (Hbst) were reared
on 250g wheat flour inside glass jar (each 0.5kg. capacity) and infested with 500
adults. Jars were closed with filter paper lids until the emergency at 28 °C and 65 %
5% RH. Cultures were sieved weekly till the end of experiments.
Prepared the tested stages: To obtain larval stage, 500 newly emerged adults
were introduced in plastic containers (1kg capacity) holding 500 gm of flour that was
sifted through a 250 pum sieve to obtain eggs. Deposited eggs were incubated at 28
OC and 65 = 5% RH., left up to hatched. The flour were divided to four groups (100
larvae/ group). Every group i.e 100 larvae were introduced in plastic container holding
50 gm of the flour and left for 6 days; 20 day; 25-30 days to obtain younger larvae,
older larvae and pupal stage respectively. The final group lift until emergence of
adults.

Pupae (one- day old) and adults ( 2- wk- old ) were used in the experiments.

Untreated control containers were also prepared for each stage.
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The exposure to tested temperature: Young and old larvae, older larvae, pupal
and adult stages were introduced in 30 ml glass vials on ( 10g ) flour. The stages
were exposed to 40, 50, 60, -5 and -10 °C degree at different exposure time i.e 15,
20, 25, 40, 45, 60, 90 and 120 minute.

All experiments as well as the untreated control were kept in rearing room at
28 °C and 65 + 5% RH. and replicated for three times.
- Insect mortality assessment: After 24 hours of heat and cold treatments, the
number of live and dead larvae, pupae and adults was determined. Percentage of
mortality in immature stages (young and old larvae) was calculated based on number
of individuals that did not transfered to pupae stage.

Pupal stage was held until adult emergence. Mortality account was based on
those that failed to emerge while the number of dead adult was detected for adult
stage.

All bioassay were brought to laboratory and incubated at 28-C and 65 + 5% RH.
Grain Technology properties: All experiments were carried out on wheat flour
exposed to 60 °C for 90 min. and -10 °C for 60 min.

Chemical analysis: Moisture, crude protein, lipids, crude fiber and ash contents
were determined according to the methods of AOAC (2005). Total hydrolysable
carbohydrates were calculated by difference.

- Rheological properties: The rheological properties of different wheat flour
doughs were tested by farinograph according to the methods described in AACC
(2002).

- Determination of gluten: The wet and dry gluten were determined according to
the method of AACC (2002).

- Balady bread making: Balady bread was prepared according to the method
described by Faridi and Rubenthaler (1984).

- Sensory evaluation of bread loaves: Balady bread loaves were organo -
leptically evaluated for general appearance (20), roundness (10), crust color (10),
separation of layers (10), distribution of crumb (10), odor (20) and taste (20). The
evaluation was carried out by ten trained panelists from Food Technology Research
Institute (FTRI). The quality scores of the evaluated bread loaves were performed as
reported by EL- Farra ef al. (1982).

- Statistical analysis

Mortality of T. castaneum stage was corrected for mortality in corresponding control
treatments (Abbot 1925). The corrected mortality data for tested stages were
calculated.

Computed percentage of mortality was plotted versus the corresponding
concentrations using LD p line software program to obtain the toxicity regression
lines. The lethal concentrations LCso and LCos were determined.
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RESULTS AND DISCUSSION

1- Survival of different development stages at high temperature:

Pupae and adults stages were the most heat tolerant stages with LT 50 of 89.62
and 69.09 min. resp. at 40 °C followed by younger and older larvae (Table 1). Lethal
time (LTes) required to kill the pupae and adults was investigated at tested
temperatures.

LT95 values were 150.84, 128.65 and 97.71 min. at 40, 50 and 60 °C resp. for
pupal stage, meanwhile, it was 128.63, 106.8, “and 91.89 min at tested temp. for
adult stages (Table 1). These results agreed previous research which has shown that
the susceptibility of stored product insects to heat varied among species and within a
species among the life stages (Mahroof et al. , 2003a).

Younger and older stages were the most heat susceptible stages with LT50 of
60.51 and 44.69 min. at 40 °C the susceptibility was increased at 60- C which gave
37.82 and 30.71 min., meanwhile, 50 °C gave intermediate values at LT 50.

Results in (Table 1) indicated also that LT95 of younger and older larvae
decreased by increasing the temperature, it reach 51.25 and 47.2 min. resp. at 60 °C.
Exposing the larvae to 60 °C resulted a greater mortality than prolonged maintenance
at 40 °C.

In mentioned before, the tested larvae of 7. castaneum seemed to be more
susceptible as compared the pupae and adult stages. These results agreed with
upadhyay and Ahmed (2011) who proved that, super heating of grains provide extra
protection without treating with any insecticides. and proved that it can kill all life
stages of stored grain pests in werehouse by extreme temperatures.

2- Survival of different stages of T. castaneum at cold temperatures :
Table (2) indicated that, pupal stage was the most cold - tolerant with LT 50 of 41.01
and 33.53 min. at -5 and -10 rasp. , meanwhile, adult stage gave a tolerant values to
cold temp. but less than pupae with LT 50 of 35.94 and 26.33 min. and with LT 95 of
84.43 and 61.57 min. at -5 and -10 °C.

Older larvae showed the most susceptible degree at two previous cold temp. LT50
gave 23.06 and 16.90 at -5 and -10 °C. and gave 40.40 and 27.0 min. at LT 95 in
older larvae resp. Table 2 showed also that younger larvae gave a degree of
susceptible but less than older larvae.

Finally, the cold tolerance of different stages from lower to highest at -5 and -10
OC were older larvae < younger larvae < adult < pupae.

Reviewing the obtained results, it could be conducted that, the influence of both
dry heat and cold treatments on the mortality rate of tested insect was positively
correlated with the time of exposure, the increase of both heat and cold temp. and
the stage of tested insect.
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In a general trend, larvae stages proved more susceptible to both heat and cold
treatments when compared with pupae and adult stages. These results agree with
Eliopouls et a/ (2010 ) and Alder ( 2000).

Chemical composition of wheat flour samples : Results in Table (3) showed the
chemical composition, i. e. , protein , moisture, ash, fat, fiber and total carbohydrates
of wheat flour samples.

From results, heat treatment recorded the highest moisture value followed by
control then cold treatment, these results due to treatments.

No significant differences were observed between all samples in ash, protein and fat
values. They ranged from 0.88 to 0.90% , 11.25 to 11.50% and 1.85 to 1.88% resp.

Concerning fiber, cold treatment recorded slightly decrease compared with
control and heat treatment ( 0.86% ). Carbohydrates value showed insignificant
differences between control and other samples.

Rheological properties of wheat flour dough

Rheological properties were measured by farinograph parameters and gluten
content as presented in Table (4 ).
a- Farinograph parameters:

Wheat flour doughs were rheologically tested by using farinogragh for water
absorption ( % ), arrival time (min. ), dough development ( min. ), dough stability (
min. ) and degree of softening ( or dough weakening ) ( B. U. ).

Results in Table ( 4 ) and Fig.( 1 ) showed that heat treatment recorded the
highest values of water absorption and dough stability ( 61.5% and 12.5 min. , resp. )
followed with cold treatment then control.

Degree of softening recorded the same value in all samples ( 40 B. U. ).

Regarding gluten values, it was found that dry gluten increased in heat and

cold treatments compared with control, but gluten index decreased compared with
control Table (4 ) and Fig.(1)
Oraganoleptic characteristics of balady bread : Sensory evaluation of balady
bread leaves produced from treated wheat flour, i. e. , general appearance,
roundness, crust color, separation of layers, distribution of crumb, odor and taste are
presented in Table (5 ) and Fig. (2)

Results in Table ( 5 ) indicated that values of general appearance, roundness
and crust color increased gradually from control to heat and cold samples, but the
other parameters decreased. Odor and taste ranged from 19.00 to 19.33, resp.

Generally, no significant differences were observed between control and the
other samples in all organoleptic characteristics.
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Table 1. Lethal time to kill 50 and 95% of the population of various life stages of the
T. castaneum exposed to different constant high temperatures.

Stage 40 oC Probability
LTso ( min. ) LTos ( min. ) Slope + SE (P)
Younger larvae 60.51 118.99 2.69 £ 0.34 0.15
Older larvae 44.69 91.01 2.93 +£ 0.28 0.84
Pupae 89.62 150.84 2.10 £ 0.40 0.61
Adults 69.09 128.63 3.02 £ 0.48 0.18
50 °C
Younger larvae 41.83 85.11 3.05+0.3 0.96
Older larvae 40.79 63.35 340 £ 11.1 0.18
Pupae 88.11 128.65 4.38 £ 0.6 0.11
Adults 51.02 106.80 434 £0.5 0.002
60 °C
Younger larvae 37.82 51.25 3.95 £ 0.36 0.0006
Older larvae 30.71 47.2 3.97 £ 0.37 0.02
Pupae 43.48 97.71 443 £0.31 0.0
Adults 42.26 91.89 2.81 £ 0.44 0.62

Table 2 . Lethal time to kill 50 and 95% of the population of various life stages of T.
castaneum exposed to -5 and -10 °C:

Stage -50C Probability
LT 50 ( min.) LT 95 (min.) Slope £+ SE (P)
Younger larvae 30.03 45.78 3.14 £ 0.26 0.0
Older larvae 23.06 40.40 2.55+ 0.21 0.10
Pupae 41.01 89.32 2.17 £ 0.19 0.12
Adults 35.94 84.43 2.26 + 0.19 0.09
-10 °C
Younger larvae 20.26 58.90 2.46 £ 0.27 0.12
Older larvae 16.90 27.00 3.38 £ 0.31 0.56
Pupae 33.53 66.16 2.95 + 0.38 0.22
Adults 26.33 61.57 452 £ 0.4 0.00
Table 3 . Chemical composition of wheat flour samples ( % on dry weight ).
Treatment Moisture Protein Crude fiber Fat Ash Total
carbohydrates
Control 12.86 11.37 £ 1.00 £ 1.88 £ 0.88 £ 84.88 £
0.0565° 0.1626° 0.0565° 0.282° 0.0141° 0.1484°
Heat sample 13.04 £ 11.50 £ 1.01 + 1.85 % 0.90 £ 84.75 £
0.13432 0.16262 0.03532 0.02822 0.0141° 0.2121°
Cold sample 10.68 + 11.25 + 0.86 £ 1.86 £ 0.88 £ 85.16 £
0.2191° 0.08482 0.0282° 0.02122 0.0494% 0.1272°
L.S.D 0.4836 0.4504 0.1331 0.0831 0.0984a 0.5301

Mean ( n= 3) + SD in the same coloum with different superscripted letters are significantly different ( p < 0.05).

Table 4 . Farinograph parameters and gluten values of wheat flour dough samples

Treatment Farinograph parameters Gluten values
Water Arrival Dough Dough Degree Wet Dry Gluten
absorption time development | stability of gluten | gluten Index

(%) (min) (min) (min) softening (%) (%)
(B. U)*

Control 57.0 1.0 1.5 11.0 40 17.96 4.25 97.27
Heat sample 61.5 1.0 1.5 12.5 40 20.86 5.48 95.61
Cold sample 59.0 2.0 2.5 12.0 40 21.64 5.59 94.52

B. U Brabender unit.
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Table 5. Sensory evaluation of produced bread from wheat flour samples.

Treatment General Roundness Crust color Separation of Distribution of Odor Taste
| 10 b (10
appearance (10) (10) ayers (10) crumb (10) (20) (20)
(20)

Control 18.77+0.87002 9.66%0.5000° 9.16+0.6614° 9.88+0.3333° 9.77+0.4409° 19.66+0.7071° 19.33+0.8660°
Heat sample 18.94+1.07362 9.66%0.7071° 9.33+0.8660° 9.44£1.1303° 9.00+1.3228° 19.05+1.1303? 19.16+1.06062
Cold sample 19.11+0.7817° 9.77+0.4409° 9.38+0.4859° 9.55+1.0137° 9.00+0.8660° 19.00+1.0307° 19.00+0.9682°

L.S.D 0.8916 0.5458 0.6702 0.8732 0.9220 0.9466 0.9420

Mean (n= 10) % SD in the same coloum with different superscripted letters are significantly different ( P < 0.05 ).
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Fig. 1 . Farinogram curves of wheat flours dough samples.
(a) Control sample.

( b)) Heat sample.

( ¢ ) Cold sample.
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(b) (c)

Fig. 2 . balady bread produced from wheat flour dough sample
(a) Control sample.

( b)) Heat Sample.

(c) Cold Sample.
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