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ABSTRACT 

The effects of pre-processing steps (washing, blanching and cooking) and combination preservation of irradiation (10 
kGy) and nitrite (0, 50, 100, 150 and 200 mg·kg–1) on the survival of Clostridium sporogenes spores in a ready-to-eat 
(RTE) spinach relish and sorghum porridge meal were investigated. Chlorine wash (250 mg·l–1) reduced the C. sporo- 
genes counts in spinach by 1.6 log cycles. Blanching following the chlorine wash caused no significant decrease in the 
spore counts in spinach. On the other hand, cooking significantly reduced the counts in the porridge by about 1.7 log 
cycles. In both components of the meal, there was a significant decrease in the Clostridia counts with increased sodium 
nitrite levels. However, the counts increased in the sorghum porridge component after 12 d of storage at 10˚C. Cooking 
alone significantly reduced the final nitrite levels in both components of the meal. In both components of the meal, ni- 
trite in combination with irradiation reduced the C. sporogenes counts to less than 10 cfu/g. A safe RTE spinach relish 
and sorghum porridge meal could be expected when a pre-processing, followed by a combination treatment of at least 
50 mg·kg–1 sodium nitrite and a target dose of 10 kGy is applied. 
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1. Introduction 

In South Africa, most of the African people in formal and 
informal urban areas depend on commercially produced 
food products. It has also been shown that significant 
numbers of these people prefer traditional meals. How- 
ever, traditional foods are not commercially produced, 
have a short shelf life and are laborious to prepare.  

Few studies have been done on the preservation of 
RTE foods such as spinach morôgo and sorghum porridge. 
However, the survival and growth of pathogens in RTE 
meals is possible. Previous study in RTE spinach and 
sorghum porridge meal produced by a combination of 
Modified Atmosphere Packaging (84.5% N2 + 15.5% CO2) 
with irradiation (10 kGy) found the possible growth of 
Clostridium botulinum if the meal is temperature abused 
[1].  

From the microbiological point of view, food irradia- 
tion alone has two potential advantages, first it reduces 
the number of pathogens and so increases food safety, 
and secondly it extends the shelf life of the product by 
reducing the number of spoilage organisms [2]. However, 
one of the major concerns about food irradiation is that 

insufficient doses of radiation might serve as a mutagenic 
catalyst that could create radiation-resistant strains, in the 
same way that certain strains of microbes have developed 
resistance to antibiotics [3]. On the other hand, the for- 
mation of benzine (and its delivetives) and alkylcyclobu- 
tanones (ACBs) has become a food safety concern be- 
cause of the potential of ACBs to induce DNA damage 
which have been observed under experimental conditions 
[4]. So far, regulatory and health organizations recom- 
mend that food irradiation below 10 kGy as safe level [4]. 
However, irradiation alone at 10 kGy dosage does not 
render food free from pathogenic bacteria. 

Hence, there is a need to try other methods or a combi- 
nation of methods to ensure the safety of RTE meals and 
avoid the use of higher irradiation dosage. A combination 
preservation methods such as sodium nitrite in combina- 
tion with irradiation could be considered. Sodium nitrite 
has been found to be effective in preventing outgrowth of 
C. botulinum in temperature abused cured meat products. 
A considerable amount of research has been done relating 
to the use of nitrites in perishable cured meat such as 
bacon, sausages, vieners and canned hams [5] but very 
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little research has been done on ready-to-eat (RTE) meals.  
The objective of this study was to investigate the ef- 

fects of the pre-processing steps and nitrite-irradiation 
combination processing on the safety of a RTE sorghum 
porridge and spinach morôgo meal.  

2. Materials and Methods 

2.1. Effects of Pre-Processing Steps on C.  
sporogenes Spores 

Pre-processing treatments were followed in order to re- 
duce the spore counts in the raw materials prior to further 
processing. Figure 1 gives the summary of the process 
description. 

2.2. Preparation of a RTE Sorghum Porridge 
and Spinach Relish 

Sorghum porridge and spinach based relish meals were 
prepared following the method adapted from Duodu et al. 
(Figure 2) [6]. Samples of the product were taken imme- 
diately before and after irradiation and the Clostridia  

C. sporogenes 
t

Sorghum porridge 

Blanching  
(Two water changes: 77˚C for 6 min) 

Cooking  
(Mild heat treatment) 

Cooking  
Water inoculated with 105 

spore/g and cooked (mild heat 
treatment) 

Pre-processing  

Spinach morôgo 

Shredded spinach (100 g)

Immersed into 100 ml 
inoculated water  
With 105 spore/g 

Mix for 10 min 

Washing  
(NaOCl; 250 mg·l–1 available Cl2) 

 

Figure 1. Pre-processing steps of spinach morôgo and sor- 
ghum porridge meal. 

Preparation of a RTE meal 

Cooking of spinach morôgo 
(Cooked chopped spinach 
added to simmered canned 
tomato and onion mix, salt 
and white pepper used as 
flavourants; cooking time 

25 - 30 min) 

Cooking of Sorghum porridge 
(Sorghum flour mixed with cold 

water to form a paste; paste 
poured into boiling water; 
stirring to prevent lumps 

formation; cooking of watery 
paste; cooking time 25 - 30 min)

Packed in polystyrene trays and semi-permeable polyethylene bags 
(polyvinylchloride-coated polyester; 15 m barrier abuse layer 

laminated with 50 m linear low density polyethylene); sealed and 
kept refrigerated at 5˚C overnight 

Transported to irradiation facility (Using cooler boxes) 

Irradiated with a 60Co source at refrigeration temperatures  
(target dose of 10 kGy) 

Stored at 10˚C during the period of analysis 

 

Figure 2. Flow diagram of preparation and processing of 
RTE spinach morôgo and sorghum porridge meal. 

counts were performed on day 1, 6 and 12 after irradia- 
tion. The time intervals used for Clostridia count were 
chosen based on a previous study by Obilana [1]. Storage 
temperature of 10˚C was chosen in order to determine the 
safety of the RTE food in case of temperature abuse dur- 
ing storage. Although samples were irradiated at a target 
dose of 10 kGy, samples received irradiation doses of 
13.8, 10.4, 10.0 and 12.3 kGy at a dose rate of 1.4 kGy/h 
for the first to the fourth replicates respectively.  

2.3. Determination of Residual Sodium Nitrite 

Residual sodium nitrite levels in RTE sorghum porridge 
and spinach relish were determined using the Association 
of Analytical Communities (AOAC) Official Method of 
Analysis [7].  

2.4. Microbiological Analysis 

2.4.1. Sampling and Preparation of Dilutions 
Tenfold serial dilutions of the samples were made by 
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aseptically transferring 20 g of sample into a sterile sto- 
macher bag containing 180 ml of sterile 0.1% peptone 
water. Samples were homogenised for 0.5 to 1 min using 
a Stomacher 400 laboratory blender (Seward Laboratory 
UAC House, Britain). Further dilutions (10–2, 10–3, 10–4, 
10–5 and 10–6) were made by transferring 1 ml of succes- 
sive serial dilutions into McCartney bottles containing 9 
ml of sterile peptone water.  

2.4.2. Enumeration of C. sporogenes 
C. sporogenes spore suspension (isolates Cl3, Cl5 and 
Cl10) was enumerated as described by Anellis et al. [8]. 
Cells were not heat shocked because the preparation of 
samples involved a cooking process whereby the tem- 
perature and time used were enough to activate spore 
germination. Peptone P (Merck, Wadeville, South Africa) 
was used to prepare Tryptic Yeast Thioglycolate agar 
instead of Thiotone (BBL).  

2.5. Statistic Analysis 

The analysis of variance (ANOVA) was carried out using 
a Statistica Version 5.0 from the Microsoft Corporation. 
The least significant difference test (LSD-test) was used 
to determine whether a difference existed between means 
of treatments. All comparisons were done at a level of 
5% significance.  

3. Results 

The effects of pre-processing steps on the survival of 
inoculated C. sporogenes spores in the spinach and sor- 
ghum porridge components are shown in Table 1. The 
analysis of variance revealed that there was a significant 
(p < 0.05) decrease of 1.6 log10cfu/g in the spores sur- 
vived in spinach washed with 250 mg·l–1 NaOCl. No 
significant decrease of spores was observed after subse- 
quent blanching in two water changes (at 77˚C for 7 min). 

Table 1. Effect of pre-processing of spinach and sorghum 
porridge on the survial of C. sporogenes (log10cfu/g). 

Treatment Spinach1 Porridge1 

Initial spore inoculation 
5.0c  

(±0.2)2 
4.7b  

(±0.2) 

Washing (Chlorinated H2O) 
3.4a  

(±0.3) 
N/A 

Blanching 
3.1a  

(±0.2) 
N/A 

Cooking 
4.0b  

(±0.4) 
3.0a  

(±0.2) 

1Mean values in the same column with different letters differ significantly (p 
< 0.05) from each other; 2Standard deviations are given in brackets. N/A: 
not applicable. 

The Clostridia counts after cooking were significantly 
higher than those after blanching. With sorghum porridge, 
a significant (p < 0.05) decrease of 1.7 log10cfu/g in the 
number of C. sporogenes spores was observed after cook- 
ing. 

Table 2 shows the effect of different sodium nitrite 
levels on the survival of the inoculated C. sporogenes 
spores and their subsequent growth in the spinach com- 
ponent of the meal stored at 10˚C for 12 d period. Statis- 
tical analysis showed that there was a significant de- 
crease (p < 0.05) in the C. sporogenes counts with in- 
creased sodium nitrite concentration. However, there was 
no significant (p < 0.05) change in the spore counts over 
time. 

Table 3 shows the effect of different sodium nitrite 
levels on the survival of the inoculated C. sporogenes 

Table 2. Effect of different nitrite levels on the survival of 
the inoculated C. sporogenes (log10cfu/g) in the spinach 
relish component of the meal stored at 10˚C for 12 days.  

Added nitrite levels (mg·kg–1) 
Time (days) 

0 50 100 150 200 Time effect1

1 
4.1 

(±0.3)3
4.1 

(±0.1)
4.1  

(±0.2) 
2.3  

(±0.1) 
2.9 

(±0.1)
3.9a  

(±0.5) 

6 
5.0 

(±0.4)
3.7 

(±0.3)
3.3  

(±0.1) 
3.2  

(±0.1) 
3.3 

(±0.1)
3.7a  

(±0.7) 

12 
4.5 

(±0.3)
3.5 

(±0.2)
3.5  

(±0.3) 
3.1  

(±0.8) 
2.8 

(±0.5)
3.5a  

(±0.7) 

Treatment effect2 4.5d 
(±0.5)

3.7c 
(±0.3)

3.6bc  
(±0.4) 

3.4b  
(±0.5) 

3.0a 
(±0.3)

 

1Mean values in the same column with different letters differ significantly (p 
< 0.05) from each other; 2Mean values in the same row with different letters 
differ significantly from each other; 3Standard deviations are given in brack- 
ets. 

Table 3. Effect of different nitrite levels on the survival of 
the inoculated C. sporogenes (log10cfu/g) in the sorghum 
porridge component of the meal stored at 10˚C for 12 days. 

Added nitrite levels (mg·kg–1) 
Time (days) 

0 50 100 150 200 Time effect1

1 
3.0 

(±0.2)3
2.7 

(±0.2)
2.5  

(±0.3) 
2.5  

(±0.2) 
2.9 

(±0.6)
2.7a  

(±0.4) 

6 
4.8 

(±0.4)
2.9 

(±0.2)
2.9  

(±0.2) 
2.6  

(±0.4) 
2.5 

(±0.3)
3.1a  

(±0.9) 

12 
5.5 

(±0.7)
4.9 

(±0.4)
2.5  

(±0.3) 
3.2  

(±0.4) 
2.9 

(±0.4)
4.0b  

(±1.1) 

Treatment effect2 4.4c 
(±1.2)

3.5b 
(±1.1)

3.0a  
(±0.6) 

2.8a  
(±0.4) 

2.8a 
(±0.5)

 

1Mean values in the same column with different letters differ significantly (p 
< 0.05) from each other; 2Mean values in the same row with different letters 
differ significantly from each other; 3Standard deviations are given in brack- 
ets. 
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spores and their subsequent growth in the sorghum por- 
ridge component of the meal stored at 10˚C for a period 
of 12 d. Overall, there was a significant decrease (p < 
0.05) in clostridia count for samples treated with 0 and 
50 mg·kg–1 of sodium nitrite. The two samples also dif- 
fered significantly from the other samples. However, 
there was no significant difference between the other 
three samples. The overall time effect showed that there 
was no significant increase (p > 0.05) in Clostridia count 
between day 1 and day 6, but there was a significant in- 
crease of a 1.0 log cycle in Clostridia counts after 12 d of 
storage.  

Results on the effect of cooking alone, and the effect 
of cooking and irradiation on the residual sodium nitrite 
level in the RTE spinach based relish and sorghum por- 
ridge meal are showed in Table 4. Cooking reduced the 
nitrite level significantly (p < 0.05) in both the spinach 
relish and the sorghum porridge components. A decrease 
in nitrite levels of between 85% and 92% was observed 
after cooking spinach, while a decrease of between 62% 
and 75% was observed in sorghum porridge after cook- 
ing. The residual nitrite level after cooking and irradia- 
tion was 355% - 510 % higher than after cooking alone. 
In the case of the sorghum porridge, the residual nitrite 
level was virtually the same after cooking and after cook- 
ing and irradiation. 

Nitrite in combination with irradiation reduced the C. 
sporogenes counts in both components of the meal to less 
than 10 cfu/g immediately after irradiation (results not 
shown). No significant increase (p < 0.05) in Clostridia 
count was observed with time in the sorghum porridge. 
However, there was a significant increase (p < 0.05) of 
4.15 × 102 cfu/g in the spinach relish component on day 6 
for the sample treated with 0 mg·kg–1 nitrite and 3.55 
×102 and 5.05 × 102 cfu/g on day 12 for the samples 
treated with 150 and 200 mg.kg–1 nitrite respectively. 

Table 4. Effect of cooking alone, and in combination with 
irradiation (10 kGy) on the residual nitrite levels (mg·kg–1) 
in spinach relish and sorghum porridge. 

Initial (added) nitrite concentration 
(mg·kg–1)1 

Treatments 

50 100 150 200 

Spinach relish  
After cooking 

7.6a 
(±1.1)2

9.7a  
(±1.9) 

13.5a 
(±1.7)

15.7a 
(±1.7)

After cooking and irradiation 
40.1b  
(±4.1)

59.1b  
(±23.0) 

67.3b 
(±25.7)

71.2b 
(±27.7)

Sorghum porridge  
After cooking 

19.2a  
(±1.1)

35.3a  
(±1.9) 

38.5a 
(±5.3)

49.3a 
(±8.1)

After cooking and irradiation 
19.6a  
(±1.1)

29.9a  
(±5.1) 

39.4a 
(±9.6)

52.0a 
(±10.2)

1Mean values in the same column with different letters differ significantly (p 
< 0.05) from each other; 2Standard deviations are given in brackets. 

4. Discussion 

An irradiation dose of 10 kGy was chosen as a cut-off 
point in this study following a consumer sensory accept- 
ability test of a RTE meal (results not shown). The re- 
sults showed that the two components of the meal re- 
mained acceptable up to 10 kGy. The limiting factor for 
using higher doses was the porridge component losing its 
appearance, texture and taste with increased irradiation 
dose. Meanwhile, the irradiation dose of 10 kGy used in 
this study is the maximum dose allowed in food accord- 
ing to the Codex standards [9].  

Pre-processing (washing, blanching and cooking) steps 
were followed in order to reduce the initial spore counts 
of the spinach before further processing. The significant 
decrease in the number of spores surviving after washing 
spinach with 250 mg·l–1 NaOCl could be attributed to the 
sporicidal effect of the chlorine compound [10]. Contrary 
to what was expected, blanching in two water changes 
did not significantly reduce the number of C. sporogenes 
spores inoculated in spinach. However, the findings of 
the present study were similar to a different study by 
Obilana [1]. The possible reason for blanching being 
ineffective after chlorine wash was that C. sporogenes 
spores that survived the chlorine wash at the concentra- 
tions used were resistant to blanching at 77˚C for 6 min 
[2].  

The greater survival of spores observed after cooking 
spinach could be due to spore activation by heat during 
cooking. The spores are normally activated by heat treat- 
ment, which triggers their germination and outgrowth [11, 
12]. Meanwhile, the lower survival of spores in sorghum 
porridge was probably due to the fact that porridge takes 
longer period to cool than spinach. Hence, there is a pos- 
sibility that the vegetative cells that have germinated 
during cooking of the sorghum porridge were inactivated 
or were heat-injured due to the long exposure of vegeta- 
tive cells to heat. This could have affected their viability 
and therefore prevent them from germinating. The heat 
treatment of spores at 85˚C is thought to inactivate the 
germination system of non-proteolytic Clostridium spp. 
[13].  

The findings on both components of the meal where 
the higher levels of added sodium nitrite resulted to 
lower C. sporogenes counts in both components of the 
meal were probably due to the ability of the nitrite to 
inhibit growth of Clostridium spp. The significant de- 
crease in the counts with increased nitrite levels could 
probably be that more nitrite remained available for inhi- 
bition when used at higher concentration than lower 
concentration. 

With regard to the spinach relish components of the 
meal, there was no significant increase of Clostridia 
counts with time. This could be due to the amount of 
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nitrite and nitrate available in spinach naturally. Under 
certain conditions nitrate can be reduced to nitrite and 
thereby reduce Clostridia counts with time, or at least 
prevent their increase. This is due to the inhibitory effect 
of the nitrite. However, the increased inhibitory effect of 
nitrite when heated could be another possible reason for 
the lower counts observed in the spinach component [14]. 
It appears that the formation of these inhibitors is due to 
involvement of nitrite, iron and sulfhydryl groups [15]. 
Nitrite and iron are usually more available in spinach 
than in sorghum grain. The lower level of these sub- 
stances in sorghum porridge could be the reason for the 
significant increase of the C. sporogenes counts in the 
sorghum porridge components of the meal after 12 d of 
storage at 10˚C, which was not observed in the spinach. 
On the other hand, porridge is more likely than the spin- 
ach relish to have developed pronounced internal an- 
aerobiosis due to the cooking effect. This is because heat 
promotes the expulsion of air, and the thickness of the 
porridge would likely make it an ideal growth medium 
for anaerobic Clostridia.  

The decreasing trend of nitrite concentration observed 
in the present study was similar to those of Abo Bakr et 
al. who found a decrease of 40.9% nitrite in jew’s mal- 
low after cooking [16]. The differences in percentage 
decrease found in this study as compared to that of Abo 
Bakr et al. was probably due to the differences in the 
initial levels of nitrite in the two products and the cook- 
ing procedures. The decrease in final nitrite levels in the 
two meals components may be attributed to leaching 
during the cooking process because of the high solubility 
of nitrite. However, there is also a possibility that nitrite 
might have changed to another form and evaporated with 
water. Nitrite can be reduced to nitric oxide by using 
most reducing agents at room temperature, whereas con- 
version of nitrate to nitric oxide requires strong reducing 
agents such as iron and tin with high temperature [17]. 
The higher levels of nitrite observed in the sorghum por- 
ridge as compared to those in the spinach after cooking 
could be due to the transformation of nitrite into other 
forms and the formation of complexes with other inor- 
ganic substances during cooking. The levels of inorganic 
substances are more likely to be more in spinach than 
porridge.  

The effect of irradiation after cooking on the residual 
nitrite level in the spinach component of the meal is simi- 
lar to that observed by Mondy et al. [18]. The three 
found that an irradiation dose of 1.0 kGy increased the 
nitrite-nitrogen concentration of potato tubers up to 300% 
as compared to the controls. During irradiation in the 
presence of oxygen, highly oxidising free radicals may 
be formed [19] and these may oxidise nitrogen from 
sources such as protein and nucleic acids leading to an 
increase in nitrate [6]. The same mechanisms could pos- 

sibly result in an increase in the nitrite levels in the spin- 
ach relish. The smaller increase in nitrite observed in the 
sorghum porridge could be due to lower nitrate levels in 
cereal grains than that found in vegetables. The amount 
of nitrate present can be considered as the index of the 
amount of nitrite which may be formed during process- 
ing [1].  

The reduction of the C. sporogenes counts in the com- 
ponents of the meal to less than 10 cfu/g after irradiation 
could be due to the low initial spore counts after cooking; 
i.e. 4.1 and 3.0 log10cfu/g in spinach relish and sorghum 
porridge respectively. A different study has found that 
irradiation at 5 and 10 kGy would reduce the number of 
viable bacteria in poultry viscera by 4 to 6 cycles respec- 
tively [20]. Thus, with the initial spore counts of about 4 
log10cfu/g before irradiation, one would expect less than 
10 cfu/g of viable bacteria to remain after irradiation. 

The other possible explanation for the low count after 
irradiation is that nitrite increases the germination rates 
of spores that survived heating [21] which potentiate the 
direct killing effect of the vegetative cells. Bacterial 
spores are more resistant to the lethal action of ionising 
radiation than their corresponding vegetative cells by a 
factor of about 5 to 15 [19]. Therefore, if there is nitrite 
induced germination during processing, more cells would 
be inactivated during irradiation at 10 kGy. On the other 
hand, the formation of sugar acids and keto sugars in- 
creases when starch is irradiated in the presence of oxy- 
gen. The formation of acids leads to a decrease in the pH 
of irradiated sugar solutions, which can prevent the out- 
growth of the bacteria spores [22]. This could be another 
reason for the lower counts (<10 cfu/g) in the sorghum 
porridge meal in all treatments.  

5. Conclusion 

The nitrite in combination with irradiation reduced the 
counts of C. sporogenes to undetectable levels for at least 
6 d in both components of the meal regardless of the ni- 
trite levels. This finding suggests that, if the meal had 
undergone pre-processing, lower initial levels of spores 
would be expected and the combination treatment would 
reduce the counts at least 4 log cycles. Therefore, a safe 
ready-to-eat meal would possibly be expected when a 
pre-processing followed by a combination treatment of at 
least 50 mg·kg–1 of nitrite and a target dose of 10 kGy of 
irradiation had been applied. However, this would de- 
pend on the absence of any further contamination of the 
meal. 
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