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Introduction 

The main microbiological objective of heating food is 

to destroy vegetative cells and spores of 

microorganisms (WHO, 2017). Although very drastic 

heat treatment (sterilization) can be used to kill all the 

microorganisms present in a food, most foods are 

heated to destroy specific pathogens and some 

spoilage microorganisms, which are important in food 

(Gideon, 2017). Heating food to a desired temperature 

for a specific time can help destroy or reduce the 

activity of microbial cells. Some microorganisms can 

release toxins in food; also some food can have 

natural toxins (Tewari and Abdullah, 2015). If a toxin 

is heat sensitive, sufficient heating will destroy it and 

consumption of such food will not cause health 

hazards (Achi, 2005).  

It is also important to recognize that microbial (and 

natural) heat- stable toxins are not completely 

destroyed even after high heat treatment (EFSA, 

2005).  

Clostridium botulinum is an anaerobic, spore-forming 

bacterium that produces a neurotoxin (Gilbert et al., 

2006). The bacteria can exist as a vegetative cell or a 

spore. The spore is the dormant state of the bacteria 

and can exist under conditions where the vegetative 

cell cannot (Redmond, 2008). When conditions are 

right, the spore will grow into the vegetative cell. 

When the vegetative cells grow to high numbers, this 

bacterium produces the toxin. The vegetative cells 

of Clostridium botulinum are destroyed by heat but 

the spore is very resistant to heat (Uzuegbu and Eke, 

2005).  
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ABSTRACT 

The aim of this study was to validate the inactivation of Clostridium botulinum toxins in soured soups prepared in the 

south-south region of Nigeria.  In a preliminary study Clostridium botulinum neurotoxins were detected in soured 

Ogbono soup, Egusi soup, Okra soup, Vegetable soup, and Fisherman soup. These soups were cooked and allowed to 

get spoilt and were used for this study. To ascertain the inactivation of Clostridium botulinum neurotoxins in the soured 

soup these parameters were used: effect of temperature on the toxins and the addition of palm oil. To evaluate the effect 

of temperature, each of the soured soups was heated to 100ºC and held at this temperature for 1 hour. One hundred 

milliliter (100 ml) of palm oil was added to each of the soured soups and also heated to a temperature of 100ºC for 1 

hour to ascertain the effect of palm oil and heat on the toxins. Tests for the neurotoxins were carried out before and after 

the experiments. The study revealed that Clostridium botulinum neurotoxin was denatured at a temperature of 100ºC. 

Also, the serological activity of the toxins treated with palm oil was unaffected, whereas, the joint treatment with heat 

and palm oil remained denatured. It is concluded that heat- treatment at the temperature of 100ºC holding up to 15 

minutes can actually inactivate botulinum neurotoxins but the addition of palm oil alone without heat treatment cannot 

denature botulinum neurotoxin.  
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Temperatures well above 100°C (212°F) are needed to 

destroy the spore. The bacteria and the spore are 

inhibited from growing in acidic environments. 

Clostridium botulinum produces dangerous toxins 

(botulinum toxins) under low-oxygen conditions, and 

the toxins are one of the most lethal substances known 

(Dolan, et al., 2010). Botulinum toxins block nerve 

functions and can lead to respiratory and muscular 

paralysis. Human botulism may refer to foodborne 

botulism, infant botulism, wound botulism, and 

inhalation botulism or other types of intoxication 

(Oomes et al., 2007).  

Foodborne botulism is a very severe intoxication, 

historically caused by consumption of improperly 

processed food, preserved low acid, low oxygen foods 

in which C. botulinum had grown and produced BoNT 

(Chander, et al., 2000). It is a potentially fatal disease 

if not diagnosed rapidly and treated with antitoxin. 

Common source of foodborne botulism are homemade 

canned, preserved or fermented foodstuffs (e.g. 

canned vegetables, meat and fish) and their 

preparation requires extra caution (Montanan et al., 

2004). Foodborne botulism is a serious, potentially 

fatal disease. However, foodborne botulism is 

relatively rare (Mead et al., 2000). It is an intoxication 

usually caused by ingestion of potent neurotoxins, the 

botulinum toxins, formed in contaminated foods. 

Person to person transmission of botulism does not 

occur. Spores produced by the bacterium Clostridium 

botulinum are heat-resistant and exist widely in the 

environment; and in the absence of oxygen they 

germinate, grow and then excrete toxins (Pelczar et 

al., 2006).  

Not all C. botulinum strains cause illness in humans. 

Strains produce one of seven (7) distinct forms of 

botulinum toxin types of BoNT (A to G). Only those 

producing four of these (Types A, B, E and rarely F) 

cause botulism in humans (WHO, 2002). While Types 

C, D and E cause illness in other mammals, birds and 

fish. Strains are also separated into two groups based 

on physiological differences: Group I (can produce A, 

B or F toxin) are proteolytic and cause food spoilage; 

Group II (can produce B, E or F toxin) are non-

proteolytic and may be present in foods without 

obvious spoilage (Agatha et al., 2002). 

Botulinum toxins are ingested through improperly 

processed food in which the bacteria or the spores 

survive, then grow and produce the toxins (Jenson and 

Moir, 2003).  

Though mainly foodborne intoxication, human 

botulism can also be caused by intestinal infection 

with C. botulinum in infants, wound infections, and by 

inhalation (Clouditz et al., 2006). Infant botulism is an 

extremely rare toxico-infection that occurs when C. 

botulinum grows and produces toxins in the intestines 

of babies; symptoms appear in 3-30 days and include 

constipation, lethargy, floppiness and breathing 

difficulties (Paulina et al., 2017). Botulinum toxins 

are neurotoxic and therefore affect the nervous 

system. Foodborne botulism is characterized by 

descending, flaccid paralysis that can cause 

respiratory failure. Early symptoms include marked 

fatigue, weakness and vertigo, usually followed by 

blurred vision, dry mouth and difficulty in swallowing 

and speaking. Vomiting, diarrhoea, constipation and 

abdominal swelling may also occur (Sanni et al., 

2000). The disease can progress to weakness in the 

neck and arms, after which the respiratory muscles 

and muscles of the lower body are affected (paralysis 

of the eyes, mouth, throat and, progressively, 

muscles). There is no fever and no loss of 

consciousness. The symptoms are not caused by the 

bacterium itself, but by the toxin produced by the 

bacterium. Symptoms usually appear within 12 to 36 

hours (within a minimum and maximum range of 4 

hours to 8 days) after consuming the contaminated 

food. Incidence of botulism is low, but the mortality 

rate is high if prompt diagnosis and appropriate, 

immediate treatment (early administration of antitoxin 

and intensive respiratory care) are not given (Dinges 

et al., 2000). The disease can be fatal in 5 to 10% of 

cases. C. botulinum is an anaerobic bacterium, 

meaning it can only grow in the absence of oxygen.  

Foodborne botulism occurs when C. botulinum grows 

and produces toxins in food prior to consumption. C. 

botulinum produces spores and they exist widely in 

the environment including soil, river and sea water. 

The growth of the bacteria and the formation of toxin 

occur in products with low oxygen content and certain 

combinations of storage temperature and preservative 

parameters (Martin et al., 2001). This happens most 

often in lightly preserved foods and in inadequately 

processed, home-canned or home-bottled foods. C. 

botulinum will not grow in acidic conditions (pH less 

than 4.6), and therefore the toxin will not be formed in 

acidic foods (however, a low pH will not degrade any 

pre-formed toxin). Combinations of low storage 

temperature and salt contents and/or pH are also used 

to prevent the growth of the bacteria or the formation 

of the toxin (Leloir et al., 2003).  
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The botulinum toxin has been found in a variety of 

foods, including low-acid preserved vegetables, such 

as green beans, spinach, mushrooms, and beets; fish, 

including canned tuna, fermented, salted and smoked 

fish; and meat products, such as ham and sausage 

(Chander et al., 2000). The food implicated differs 

between countries and reflects local eating habits and 

food preservation procedures. Occasionally, 

commercially prepared foods are involved. Though 

spores of C. botulinum are heat-resistant, the toxin 

produced by bacteria growing out of the spores under 

anaerobic conditions is destroyed by boiling (for 

example, at internal temperature greater than 85°C for 

5 minutes or longer). Therefore, ready-to-eat foods in 

low oxygen-packaging are more frequently involved 

in cases of foodborne botulism (Dolan et al., 2010). 

Prevention of foodborne botulism is based on good 

practice in food preparation particularly during 

heating/sterilization and hygiene. Foodborne botulism 

may be prevented by the inactivation of the bacterium 

and its spores in heat-sterilized (for example, retorted) 

or canned products or by inhibiting bacterial growth 

and toxin production in other products (Cheesbrough, 

2005). The vegetative forms of bacteria can be 

destroyed by boiling but the spores can remain viable 

after boiling even for several hours. However, the 

spores can be killed by very high temperature 

treatments such as commercial canning. 

In the South-South region of Nigeria, the weather is 

very humid with typical tropical climate and 

temperatures which encourages rapid proliferation of 

microorganisms. This situation coupled with very 

inadequate supply of electricity for preservation of 

cooked soups results in ready spoilage of cooked 

soups. The aim of this study therefore, was to validate 

the inactivation of Clostridium botulinum toxins in 

soured soups prepared in the south-south region of 

Nigeria.   

 

 

Materials and Methods 

 

Type of Soup Samples 

Soup ingredients for five different types of soups; 

Ogbono soup, Egusi soup, Okra soup, Vegetable soup, 

and Fisherman soup - Odu-fulo: Kalabari, Nigeria) 

which are common or popular delicacies in the South-

South region of Nigeria were bought at Creek Road 

Market, Port Harcourt and used for the study. 

Preparation of Soups Used for the Study 

The different types of soups were cooked as is done in 

the Kalabari traditional setting and left for 3-5 days at 

room temperature to allow to get spoilt for toxin 

production before being used. For the preparation of 

soup samples, five hundred milliliter (500 ml) of each 

sample (sour soup) was dispensed into a sauce pan 

separately for analysis. One hundred milliliter (100 

ml) of palm oil and 250g of washed/sliced onion bulb 

was added to each of the sample for further analysis.  

 

Media employed for detection of the bacterial 

toxins 

The media employed for detection of the bacterial 

toxins is Biothreat Alert BONT/A/B test strip 

(Gaithersburg) for Clostridium botulinum neurotoxin. 

All media were used according to the manufacturer’s 

instructions.   

 

Detection of Toxins in Soured Soups  

Rapid Identification of Clostridium botulinum 

Neurotoxin: Biothreat Alert test strip for the detection 

of BONT/A/B was purchased from the National 

Institute of Standard and Technology (Gaithersburg, 

U.S). Fifty milliliters (50 ml) of sour soup sample was 

mixed with 10 ml of sample buffer and homogenized 

with a bench top stomacher to make a homogenous 

suspension. The soup /buffer mixture was centrifuged 

at 7,000 x g for 30 minutes at 40C to remove solid 

particles, and was filtered through membrane filter. 

Five hundred microliters (500 µl) of soured soup 

supernatant was thoroughly mixed with five hundred 

microliters (500 µl) of sample buffer in a glass test 

tube that was used for the experiment. Each test 

device was removed from the protective pouch and 

placed on a flat surface. One hundred and fifty 

microliters (150 µl) of sample was placed into the 

round sample port according to the manufacturer’s 

instructions and results were recorded visually after 

15 minutes. 

 

Determination of the Effect of Addition of Palm 

Oil on Toxins in Sour Soup  

 

The determination of the effect of addition of palm oil 

on toxins in sour soup was carried out by the addition 

of one hundred milliliters (100 ml) of palm oil into 

each soured soup sample and allowed to stand for 1 

hour, and analysed. 
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Results  

The result of the effect of heat (100ºC) on Clostridium 

botulinum neurotoxin is shown in Table 1. 

Clostridium botulinum neurotoxin that was previously 

detected in the soured soups was found to be absent 

after heating the soup at 100ºC for 1 hour. 

The result of the effect of palm oil on the stability of 

Clostridium botulinum toxins is shown in Table 2. 

Data obtained showed that addition of palm oil to the 

sour soup did not denature or destroy the toxins of 

Clostridium botulinum. 

Table 3 shows the result of the combined effect of the 

addition of palm oil, and heat treatment taken together 

on the toxins. Results showed that palm oil treatment 

alone had no effect on Clostridium botulinum toxin 

but heat treatment affected Clostridium botulinum 

neurotoxin.   

 

Table 1: Effect of heat treatment on Clostridium botulinum toxins 

Type of Soured Soup Temperature 

(ᵒC) 

Time allowed 

(Mins) 

Observation 

   Before After 

Okra 100 60 + - 

Ogbono 100 60 + - 

Fisherman (Native) 100 60 + - 

Vegetable 100 60 + - 

Egusi 100 60 + - 

Key: Positive (+): Toxin detected; Negative (-): No toxin detected 

 

Table 2: Effect of palm oil on Clostridium botulinum toxins 

Type of Soured Soup Temperature 

(ᵒC) 

Time allowed 

(Mins) 

Observation 

   Before After 

Okra 100 60 + + 

Ogbono 100 60 + + 

Fisherman (Native) 100 60 + + 

Vegetable 100 60 + + 

Egusi 100 60 + + 

Key: Positive (+): Toxin detected; Negative (-): No toxin detected 

 

Table 3: Effect of heat treatment on soured soup and palm oil on Clostridium botulinum toxins 

Type of Soured 

Soup 

Palm Oil (ml) Temperature 

(ᵒC) 

Time allowed 

(Mins) 

Observation 

    Before After 

Okra 100 100 60 + -  

Ogbono 100 100 60 + -  

Fisherman (Native) 100 100 60 + -  

Vegetable 100 100 60 + -  

Egusi 100 100 60 + -  

Key: Positive (+): Toxin detected; Negative (-): No toxin detected 
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Discussion 

 

This research studied the effect of heat, and palm oil, 

on the stability and the inactivation of botulinum 

toxins in soured soup. This toxin (Clostridium 

botulinum neurotoxin) was previously detected in the 

soured soups.  C. botulinum was found to be absent 

after heating the soup at 100ºC for 1 hour (Table 1). 

This is supported by the findings of Pat-Harkins 

(2015) who noted that heat may thermally denatured 

Clostridium botulinum toxins.  

At ambient temperature it was observed that 

Clostridium botulinum neurotoxin that was 

completely inactivated. This is in agreement with the 

findings of Paulina et al. (2017), which noted that 

heating of sour soup only kills the bacterial vegetative 

cells but does not affect the spores or the toxins but 

the toxins of C. botulinum. Bacterial spores and toxins 

according to Pat-Harkins (2015), can survive 

temperatures up to 100ºC or more. So heating of sour 

soup up to serving temperatures of 150ºC and above 

will not destroy or denature some bacterial toxins 

(especially Staphylococcus aureus enterotoxins and 

Bacillus cereus emetic toxins) but can destroy that of 

C. botulinum. This study also agrees with the findings 

of other workers (Balaban and Rasooly, 2000; 

Stewart, 2003; Rajkovic et al., 2008; Wang et al., 

2014; Tarek and Mansel, 2013), who observed that 

Heat stability is one of the most important properties 

of staphylococcal enterotoxins (SEs) in terms of food 

safety. Normal cooking times and temperatures are 

unlikely to completely inactivate staphylococcal 

enterotoxins (SEs) (Balaban and Rasooly, 2000). The 

potency of the toxins of Staphylococcus aureus is not 

destroyed by the normal cooking times and 

temperatures. Cooking at temperatures below 60°C 

will not fully inactivate Staphylococcus aureus 

enterotoxin already present in the food (Dinges, et al., 

2000).   

According to Jenson and Moir, (2003), Bacillus 

cereus toxins are highly heat-resistant; they are able to 

survive at 126°C for 90 minutes, (resistant to all 

normal food processing and food preparation 

temperatures). Activity of B. cereus emetic toxin 

persisted at 100ºC for 2 hours before it was 

inactivated, but Clostridium botulinum toxins were 

more readily inactivated by heat. This is supported by 

the findings of Szabo and Gibson (2003) and Oliver et 

al. (2010), who found a 99% reduction in toxin 

concentration in haddock heated at 60°C.  

The explanation for this observation is that despite its 

extreme potency, botulinum toxin is easily destroyed. 

Heating to an internal temperature of 85°C for at least 

5 minutes will, therefore, decontaminate affected food 

or drink (Johnson, 2007; Szabo and Gidson, 2003).                    

 

The result of the effect of palm oil on the stability of 

the toxins showed that addition of palm oil to the sour 

soup did not denature or destroy the toxins of 

Clostridium botulinum (Table 2). According to Gaze 

(2013), addition of palm oil resulted in the 

development of heat resistance by C. botulinum due to 

encapsulation of the bacterium in the oil, which 

protected the cell from thermal injury. It is possible; 

therefore, that palm oil cannot destroy the bacterial 

toxins.  

Result of the combined effect of the addition of palm 

oil, and heat treatment taken together on the toxins 

showed that palm oil treatment alone had no effect on 

Clostridium botulinum toxin but heat treatment 

affected Clostridium botulinum neurotoxin (Table 3). 

This meant that Clostridium botulinum toxin was 

inactivated at 100°C after 60 minutes in the presence 

of palm oil and onion bulb, which still showed that 

temperature denatures and destroys the toxins, not the 

presence of the palm oil.  

In conclusion, Palm oil treatment did not destroy the 

toxins produced by Clostridium botulinum. C. 

botulinum neurotoxin was destroyed by heating the 

sour soup to a temperature of 100ºC for 5-15 minutes. 

It is, therefore, unsafe to consume soured soup to 

which palm oil is added as a means to treat the soup or 

with the hope of repairing or restoring the soup. 

Although heat treatment destroyed the toxins of C. 

botulinum, one can never be sure of the kind of toxins 

present, whether heat-resistant or not. 
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