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ABSTRACT 

Three doses of gamma irradiation (viz. 2, 2.5 and 3 KGy) were tested against the 
red flour beetle (Tribolium castaneum Hrbst) in bread flour in Khartoum, 
Sudan. Corresponding control exhibited two groups of infested and uninfested 
flours. The results obtained showed that all the doses used reduced the 
infestation in a range 46 – 100% during a six month storage period. The 2 KGy 
mortality range, of the test insect, was 46 – 100%, whereas the corresponding 
readings for 2.5 KGy and 3 KGy were 90 – 100% and total kill (100%), 
respectively. However, a natural infestation occurred in all the treated flours and 
in the infested and uninfested controls as well. This may refer to the resistant 
eggs of this insect whose a smaller size than the major bulk flour particles and 
therefore not affected by the milling process and the irradiation doses used too. 
The treatment mortality in this test was corrected by the Abbott's formula. 
Moreover, the flour analyses results implied that all the chemical parameters 
(moisture %, ash % and protein %) and the quality parameters (wet gluten and 
falling number) are within the recommended levels of the Codex Alimentarius. 
It was also found that these doses used had no harmful effect on dough 
rheological properties.  
Keywords, Bread flour quality, Codex Alimentarius, Gamma irradiation, Red 

flour beetle. 
 

INTRODUCTION 

Wheat flour consumption in Sudan is estimated at about 3 million tons/ 
annum. Half of this amount is from the domestic production (Mckee, 2010). 
However, storage is a very vital process and marketing charge that facilitate the 
consumption of the wheat flour around the year by providing the triangle of 
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food safety, quality and food security (Krishnamurthy et al., 1989). The post 
harvest losses of wheat grains have been estimated to about 30%. In countries 
like Sudan, insects cause a lot of damage to stored grains and flour where the 
prevailing climates create conditions favorable to insect multiplication. (Lal, 
1990). However, Kabbashi and Suliman (2006) reported, in a survey, that insect 
infestation reduces sorghum prices by 10 – 50%. Elshazali (personal 
communication) stated that the damage in flour is due to its essential pest (T. 
castaneum) which is itself considered a minor pest of intact grains since it is 
incapable of invading them. Yet it is responsible for rather the major losses in 
grains (due to grain cracking for a variety of reasons). Darling (1951) 
considered T. granarium the most important stored grain pest under high 
temperature and very dry conditions. However, a lot of research was done on 
the control of T. castaneum that include the use of synthetics and garlic oil 
(Ahmed, 1998); use of neem seed extract (Siddig, 2009) and use of temperature/ 
time regimes (Kabbashi, 2004). This research is the first trial of using the 
gamma irradiation in the control of T. castaneum. Thereby it upgrades the 
quality of the stored wheat flour.  

MATERIALS AND METHODS 
Materials  

This research was executed in a laboratory at the grain technology 
department of the food research centre, Khartoum North, Sudan. The average 
temperature and average relative humidity of this laboratory were 33 ± 3°C and 
18 ± 10%. A radiator (Gammacell® 220 Excel, Research Irradiator, Science 
Advancing Health MDS Nordion, Ontario, Canada) of Sudan Atomic Energy 
Commission (SAEC), Soba West, Khartoum. A newly produced fresh wheat 
flour; 1 Kg paper packets; electronic sensitive balance (Sauter K 1200®); big 
glass and plastic transparent bottles for insect rearing; petridishes, fine camel 
hair brushes and small tea spoons, for insect manipulation; fine mesh (32 
meshes to the inch Tyler Standard Screen scale®), fine camel hair brush, plastic 
basins, magnifying lens, a thermohygrometer, inframatic 8600 with ash (Perten 
instrument); Barbender farinograph (Barbender OHG Kulturte, 51 – 55, D – 
47055, Duisburg, Germany); Glutamatic instrument  etc…… were all needed to 
run the experiment. 

Methods 

Insects (10 beetles and 10 immature stages, larvae and some pupae) 
were taken gently from the sieve into the glass petridish with a small spoon and 
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fine hair camel brush and then mptied into a 1 Kg paper packet full of bread 
flour. The packets then subjected to irradiation with gamma rays at Soba West. 
Three doses were tested (2, 2.5 and 3 KGy). Each test has 5 replicates with 
corresponding controls, each infested with the same number of insects 
mentioned earlier. Another control was prepared from the flour without any 
artificial infestation. Five packets from each treatment were checked monthly 
and for consecutive six months which were assigned at random (Completely 
Randomized Design, CRD). The readings of living and dead insects were taken 
after each check using fine mesh (32 meshes to the inch Tyler Standard Screen 
scale®). The temperature and relative humidity records were taken using a 
Thermohygro®. The insect death was confirmed using a magnifying lens and, if 
needed, a binuclear microscope. Moisture content and crude protein were 
determined using inframatic 8600 with ash (Perten instrument). Ash was 
determined according to the method of AACC (2000). Gluten content was 
determined by Glutomatic instrument (Type 2200), according to the ICC 
method (1982). The falling number (Seconds, alpha amylase activity) was 
determined according to Perten (1996), manual falling number (1800 – 
specialists in systems for quality control of grain and flour – Perten 
instruments). The rheological properties of dough prepared from the flours of 
the different treatments were estimated using the Barbender farinograph 
(Barbender OHG Kulturte, 51 – 55, D – 47055, Duisburg, Germany) according 
to the method of AACC (1986). However, all these tests were done after a 
month storage in the laboratory.  

The mortalities of the different treatments were calculated using the 
Abbott's formula (Tattersfield and, 1924).  

X100
Mort. % Control100

Mort. % ControlMort. %Test 
Mortality %Correct 




  

RESULTS AND DISCUSSION  

The corrected mortality percentages of the flour beetle (T.  castaneum) 
adults and immature stages are summarized in  Table 1. All the doses used were 
capable of producing a total kill (100%) in the first and second months for the 
adults and immature stages of the T.  castaneum with an exception of the 
percent kill for the 2 KGy (89 and 88% kill of immature stages) for the first and 
second month, respectively. However, the 2 KGy dose produced a percentage 
kill range 48 – 89% during the test period for the immature stages. On the other 
hand, it produced a percent kill range 46 – 86% for the period 3rd – 6th month for 
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the mature beetles. The 2.5 KGy dose failed to score total mortality in the 4th 
month (90%) and the 6th month (92%) for the immature stages and only in the 
4th month for the adult beetles (92% kill). However, the 3 KGy dose was 
capable of producing a total mortality for the infestation insects for both the 
introduced immature and adult insects although the test period (Table 1).  

Table 1: Corrected mortality of T. castaneum in irradiated wheat flour 

Dose (KGy) 2 2.5 3 
Number of Insects  

Month 
IS1 

(% Mort.)  
Adults 

(% Mort.) 
IS1 

(% Mort.) 
Adults 

(% Mort.) 
IS1 

(% Mort.)  
Adults 

(% Mort.) 
1st  89 100 100 100 100 100 
2nd  88 100 100 100 100 100 
3rd  84 86 100 100 100 100 
4th  48 53 90 92 100 100 
5th  72 78 100 100 100 100 
6th  78 46 92 100 100 100 

1. Immature stages  

Table 2 displays the raw data of the irradiation of the adults and 
immature stages of the test beetle. That is, the infestation number was 10 insects 
for immature stages and adults, separately. However, the counts reflect numbers 
greater, further and farther greater than the introduced (50 insects for the adults 
and immature stages each) even in the treated packages. This may be 
deciphered, partly, by the presence of eggs in the packed flour (natural 
infestation) that passed the milling process safely and/ or to the oviposition of 
the resistant insects in the treated flour. The count of natural infestation in the 
infested control flour was not possible due to lack of ways to differentiate 
between insects produced from the introduced insects and those from the eggs 
referred to the processing site i.e. naturally occurring.  This panorama of results 
displayed reflect the following: (1) The irradiation negatively affects T. 
cataneum and  kills a lot of them (2) A resistance in some of the individuals 
used in the test appeared clearly in the results of the last three months of the 
dose 2 KGy and the 4th and 6th months of the 2.5 KGy results (3) The highest 
irradiation (3 KGy) dose used was capable of killing all the test insects 
introduced (100 % mortality) throughout the test period (6 months) (4) All the 
doses used failed to completely eliminate the eggs from natural infestation. 
However, the viviparity of these eggs showed a decreasing trend as the 
irradiation dose increased. That is, mortality of insects from natural infestation 
was directly proportional with the dose rate (Table 3).  However, Kabbashi et 
al. (2012) exploited 2 KGy gamma dose to disinfest guava fruits from fruit flies 
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in Sudan. Comparing fruit flies of guava (Diptera: Tephritidae) and the  
T. castaneum (Coleoptera: Tenebrionidae), the latter body is far more hard (the 
exoskeleton has a lot chitin sedimentation) compared to the former and this 
which is implied by the name (Coleoptera). Moreover, this may elucidate the 
resistance of the test beetle to gamma rays as compared to the dipterans 
mentioned. However, Crenshaw (1965) reported, polygenic mutations were 
induced in an inbred strain of T. confusum by exposure to 500 roentgens of 
gamma radiation. Female progeny of irradiated males bearing induced 
mutations in the heterozygous state produced significantly more viable 
offspring than control female progeny of non irradiated males. The literature 
mentioned goes with the findings of this study. 

Table 2: A Summary of the infestation in wheat flour irradiation experiment  

Dose 
(KGy) 

2 2.5 3 CI1 CU2 

Mort. 
Month 

IS.3 Adl.4 IS. Adl. IS. Adl. IS. Adl. IS. Adl. 

1st  45d5+ 
31a6 

51d + 
10a 

50d 
+0a 

50d + 
0 a 

50d + 
0a 

50d + 
1a  

7d + 
α7 a 

5d + 
566a 

1d + 
0a 

4d + 
0a  

2nd  44d + 
965a 

55d + 
502a 

50d 
+0a 

52d + 
14a 

50d + 
0a  

50d + 
0a  

0d + 
α a 

1d + 
α a 

0d + 
2a  

2d + 
2a  

3rd  42d + 
144a  

43d + 
108a 

61d + 
4a  

75d + 
9a  

50d + 
0a  

50d + 
0a  

0d + 
α a 

1d + 
616a  

0d + 
35a  

0d + 
27a 

4th  24d + 
262a  

27d + 
93a 

45d 
+191a 

46d + 
21a 

50d + 
0a  

56d + 
0a  

8d + 
α a 

17d + 
715a 

0d + 
1a  

0d + 
6a 

5th  36d + 
α a 

39d + 
368a  

63d + 
α a 

59d + 
201a  

63d + 
0a  

57d + 
0a  

13d 
+α a 

9d + 
α a 

8d + 
5a  

3d + 
3a  

6th  39d + 
α a 

23d + 
α a 

46d + 
667a 

68d + 
371a  

55d + 
535a  

54d + 
660a  

14d 
+α a 

6d + 
α a 

10d + 
α a 

0d + 
α a 

1. Control (infested), 2. Control (Uninfested), 3. Immature stages (larvae & pupae), 4. 
Adults,  5. Dead,  6. Alive, 7.  > 1000 insects.   
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Table 3: Insects from natural infestation of the test flour  

Month  1st  2nd  3rd  4th  5th  6th  
Insect 
Stage  
Dose 

(KGy) 
IS3 Adl.4 IS Adl. IS 

Adl

. 
IS Adl. IS Adl. IS Adl. 

2 26 10+1* 959 502+
5* 

136 101 236 70 α5 357 Α α 

2.5 0 0 0 14+ 
2* 

4+ 
11* 

25+ 
9* 

186 17 α + 
13* 

201 
+ 9* 

663 371 
+18* 

3 0 1* 0 0 0 0 0 6* 13* 7* 535 
+ 5* 

66+4
* 

0(CI)1 UK6 UK UK UK UK UK UK UK UK UK UK UK 

0(CU) 2 1* 5* 2 2+2* 35  27 1 6 5+8* 3+3* Α α 

1. Control (infested),  2. Control (Uninfested),  3. Immature stages (larvae & pupae), 4. Adults,  5. > 
1000, 6. Unknown,  * dead  

The quality indices of the test flour were complied in Table 4. A 
significant difference was observed in moisture content of all treatments. No 
significant differences were found in ash content. The protein content of 
samples reflected a range of 11.43–13.70%. Sample D (infested wheat flour + 2 
KGy dose of radiation)   gave similar results compared to the control samples in 
protein contents. Generally, no significant difference was found between A, B 
& D samples respectively (wheat flour control 1–infested wheat flour control 2–
infested wheat flour+2KGy dose of radiation). Also, no significant differences 
were found between sample C (wheat flour+2 KGy dose of radiation) and 
sample G (wheat flour+2.5 KGy dose of radiation) in their protein contents.  

Table 4: Effect of the test irradiation doses on the wheat flour quality 
Treatment Moisture % Ash % Protein % Wet Gluten % Falling No. (Sec.) 

A 10.73±0.06cd 0.8933±0.06a 13.67 ± 0.12a 31.13 ± 0.15c 352.0 ± 8.54b 

B 10.67±0.6 d 0.9260±0.00a 13.70 ± 0.10a 30.03 ± 0.06d 367.7 ± 9.61a 
C 11.97±0.06 a 0.8737±0.18a 13.40 ± 0.10b 28.97 ± 0.06e 367.7 ± 7.09a 
D 10.83±0.12 c 0.9333±0.00a 13.67 ± 0.12a 32.30 ± 0.20a 339.3 ± 5.51b 
E 10.60± 0.10dc 0.8257±0.00a 11.43 ± 0.12c 21.23 ± 0.15g 338.0 ± 7.94b 
F 10.37 ±0.12 e 0.8047±0.00a 11.50 ± 0.10c 25.47 ± 0.15f 313.3 ± 6.81c 
G 11.00 ±0.10 b 0.9383±0.00a 13.43 ± 0.15b 32.03 ± 0.15b 351.00±7.81b 

LSD0.05 0.5166* 0.1238n.s 0.1997* 0.2477* 13.51** 
SE± 0.05164 0.04082 0.06583 0.08165 4.453 

Mean±SD value(s) bearing different superscript letter(s) within columns are significantly 
different (P≤0.05). Where: A = Wheat flour (control-1); B = Infested wheat flour (control-2); 
C = Wheat flour + 2 kGy dose of radiation; D = Infested wheat flour + 2 kGy dose of 
radiation; E = Wheat flour + 3 kGy dose of radiation; F = Infested wheat flour + 3 kGy dose 
of radiation; G = Wheat flour + 2.5 kGy dose of radiation.;  * = Significant at 0.05 and ** = 
Highly significant at 0.05. 
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Sample E (wheat flour + 3KGY dose of radiation) and sample F 
(infested wheat flour+3 KGy dose of radiation) showed a lower value in protein 
content as compared to the previous two irradiation doses. 

The wet gluten of sample D (infested wheat flour + 2 KGy dose of 
radiation) and sample G (wheat flour + 2.5 KGy dose of radiation) are 
considered to be excellent. On the other hand, the effect of the high dose of 
radiation observed in sample E (wheat flour + 3 KGy dose of radiation) and 
sample F (infested wheat flour + 3 KGy dose of radiation) by increase of wet 
gluten content. All samples showed acceptable falling number values that 
ranged between 313 – 367 sec. and these showed a little bit high enzyme 
activity. No significant difference was found between sample C, sample B and 
sample A, D, E, G in falling number (alpha amylase activity) respectively.  

From these results obtained, it could be observed that all chemical 
parameters (moisture %, Ash %, Protein %) and quality parameters (wet gluten 
and falling number) are within the maximum recommended level (Table 4) 
(Codex, 2007). 

Dough rheological properties of wheat flour treatments were shown in 
(table 5). Water absorption values of the flours ranged from 61.7 – 65.6%. 
Dough development time ranged from 1.7 – 4.4 minutes while the dough 
stability of the flours ranged from 1.9 – 7.7 minutes. Degree of softening for the 
flours of all treatments was found to be in the range of 38 – 72 F.U. These 
results were relatively in good agreement with those reported by Mohamed 
(2000), Hamada et al (1982) and Meredith (1967). So it is concluded that 
irradiation has no big effects on dough rheological properties. All the above 
parameters were done after one month storage. Moisture content and protein 
content were within the maximum recommended standard level for Sudanese 
Standard Methodology Organization (SSMO) which indicated that the Moisture 
content of white flour is ranged between 10 – 13% and protein content from 11 
– 13%.These results were in good agreement  with Codex standards for wheat 
flour which indicated that the maximum moisture content for wheat flour 
is15.5% and the minimum protein content is 7% (Codex, 2007). 
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Table 5:  Effect of different irradiation doses and infestation on dough rheological 
properties of wheat flour 

Farinograph reading Wheat flour 
treatment 

Water absorption 
(%) 

Dough 
development time 

(min.) 

Dough stability 
(min.) 

Degree of 
softening (FU) 

A 63.9 3.5 7.2 43 

B 63.9 2.0 1.9 63 

C 65.6 2.0 6.5 47 

D 65.3 2.7 5.2 72 

E 

 

61.7 1.7 7.5 50 

F 63.7 1.8 5.2 59 

G 64.9 4.4 7.7 38 

A =  Wheat flour (control 1); B =  Infested wheat flour (control 2);  C =  Wheat flour + 2 KGY doses of 
radiation;  D = Infested wheat flour + 2 KGY doses of radiation; E  = Wheat flour + 3 KGY doses of 
radiation; F = Infested wheat flour + 3 KGY doses of radiation; G = Wheat flour + 2.5 KGY doses of 
radiation.  
RECOMMENDATION 

A future study of the effect of irradiation on the quality of stored wheat 
flour is needed. This study must consider the recommended storage period (six 
months) and the disinfestation of the flour from T. castaneum using gamma 
irradiation.  
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