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This study examined the effects of temperature on cooked food in Abraka, Delta State, Nigeria. It 
utilized the survey research design. Primary data about cooked food conditions between hours of 
reheating were generated from women in the area using copies of checklist. Temperature data were 
collected for a period of one year from Department of Geography and Regional Planning, Delta State 
University, Abraka. The data were analyzed using analysis of variance (ANOVA) and Pearson’s product 
moment correlation (PPMC). Results indicate that, incidents of soup souring were related to 
temperature at p < 0.05, although the relationship was direct (r = 0.72), revealing that as temperature 
increases soup sours or as temperature reduces soup taste was sustained longer. Again, melon, banga, 
and owo soups went sour within 6 h of previous heating as temperature reaches 31°C, while, vegetable, 
okra, and ogbono soups stayed beyond 6 h at 31°C. The ANOVA revealed that, there was a significant 
difference in soup sour incidence at p < 0.05 (F = 274) at different seasons (December, January, and 
February [DJF], May, June, and July [MAM], June July and August [JJA], September, October, and 
November [SON]) of the year thereby emphasizing the effects of weather on soup behavior after 
cooking. Based on these findings and dangers that soured soup can cause to human health and the 
loss of money, there should be proper kitchen ventilation in the absence of refrigerator and/or power 
supply. Choice of soup to cook should also be made with utmost consideration of prevailing air 
temperature in the tropics where air temperature is generally high.     
 
Key words: Tropics, local-soup, sour, weather, cooked-food. 

 
 
INTRODUCTION  
 
Man’s survival on earth depends largely, on the quality of 
food and water available to him for consumption (Dolan 
et al., 2010). Food and water are basic materials required 
by man for energy and growth. Food is  also  required  for 

building up of immune system, which helps the body fight 
against diseases that may try to attack the human body 
from time to time (Baxter, 2008). However, food can 
become  a  source  of poison, when proper cautions were
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not taken, before, during and after cooking, due to 
bacteria activities (Schmutz and Hoyle, 2011). 

Generally, there are bacteria everywhere (water, air, 
and soil) (Dolan et al., 2010; Omaye, 2004; Kotsonis and 
Burdock, 2008). Therefore, allowing cooked food to stay 
out of cold environments (>4.5°C) or in warm-hot 
environment (4.5 to 60.5°C) for a long time may lead to 
bacterial contamination (USDA, 2011a, b; USFDA, 2009). 
Such bacteria include Escherichia coli, Staphylococcus 
aureus, and Salmonella enteritidis (Schmutz and Hoyle, 
2011). Nevertheless, all raw food and vegetable have 
various levels of bacteria infestation (USFDA, 2010) 
which are killed or reduced during cooking (USDA, 
2011a). Conversely, if the cooked food is not properly 
preserved and in time, some bacteria that did not die 
during cooking or those reintroduced during scooping or 
air infiltration, will be incubated by temperature, and 
consequently, begins to grow in numbers that are 
potentially harmful to human health (Schmutz and Hoyle, 
2011). A good environment for bacteria to grow is one 
typical of 4.5 to 60.5°C temperature (Hutt et al., 2007; 
Jones, 1995; Kotsonis and Burdock, 2008) and it takes 
about 20 min for bacteria to double in number in such 
environment. Based on this, USDA (2011b) advised that 
food must not be left unconsumed after 2 h of cooking or 
removal from freezers, and if temperature of that 
environment is up to 32°C, cooked food must be 
consumed within an hour from cooking or re-heating 
period. 

In the developed world, these above precautions are 
practicable, not only because of difference in climate 
characteristics, but also because of stable power supply, 
which allows for refrigerating cooked food consistently. 
However, a sharp contrast exists in Nigeria (a developing 
country), where power supply is very poor or in some 
cases non-existent. Furthermore, alternative sources of 
power are very expensive to acquire, since technological 
advancement is low. Furthermore, the cost of 
refrigerating sets makes them beyond the reach of many 
Nigerians. As a result of these, cooked food is mostly left 
for long hours at the mercy of temperature and other 
environmental factors of the tropical climate where 
Nigeria is positioned, thereby leading to contamination of 
food and consequently food wastage. Because of 
poverty, some locals still consume such soured foods 
and end up having some medical complications (Ozabor 
and Obaro, 2016; Ostertag et al., 2002).  

In Abraka, the Benin Electric Distribution Company 
(BEDC) supply power on an average of an hour per day, 
thereby making refrigerating of food after cooking 
impossible. Local temperature is also high (ranging 
between 23 and 32°C), thus making reheating of food 
after cooking to be the only means of its preservation. As 
a result of economic activities engaged in by locals, food 
is left for up to 6 to 7 h without reheating, as such 
bacteria are allowed to incubate and multiply. The 
implication of this is that  soups  go  soured  and  in  most  
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cases are poured away, while in some other cases are 
still consumed, since some locals are very poor (Efe, 
2006). The consequences of these include, triggering 
some health conditions and exacerbating poverty 
situation in the area, since the already poor has to spend 
more money to replace food that had already been 
cooked. Ironically, to the best of the knowledge of the 
researchers, no known work exist regarding the subject 
matter especially in the tropics. This work thus examined 
effects of temperature on different local soups in Abraka, 
Delta State, Nigeria.  
 
 

MATERIALS AND METHODS 
 

Description of the study area 

 
Abraka is an area in Delta State, Nigeria. To the east, the area is 
bordered by Ukwani Local Government Area, at the west by Edo 
State, at the north and south by Ethiope River and Ughelli North, 
respectively. It is situated on latitudes 5° 46’ and 5° 48’ north of the 
equator and longitudes 6° 05’ and 6° 08’ east of the Greenwich 
meridian. The area extends over 168.4 km2 (Olomo and Ajibola, 
2006). Abraka is located within the tropical environment, based on 
the classification of Koppen (1918) and Strahler (1965). Monthly 
temperature ranges between 23 and 32°C, while monthly rainfall 
ranges between 25.4 and 457 mm (Efe, 2006). The major economic 
activities of the locals include farming, transportation, trading, 
service, etc. These activities signify that people will have to leave 
their homes in the morning to come back in the evening or at night. 
This coupled with the poor power supply situation in the area 
implies that, cooked food is left at the mercy of prevailing 
temperatures, which are hot enough to allow for bacteria 
incubation, which could affect soup and food tastes in the area. 

 
 
Study design and sampling technique 

 
The study adopted the survey research design which involved the 
use of questionnaire in the area (Nwagbara et al., 2017). Copies of 
check lists were administered to women in the area to generate 
information about soup conditions after cooking. To be able to 
achieve proper sample for the study, the total population of 
registered residential buildings were generated from the archive of 
Ministry of Lands, Survey, and Urban Development, Oria, Abraka. 
After which, the Taro Yamane formula was applied to the total 
registered residential buildings (7643) and a sample size of 380 
were derived using alpha 0.05 levels. However, for the purpose of 
efficient distribution of the check list to respondents, the systematic 
sampling technique was used to select 1 in every 3 streets in the 
area. After which 2 copies of the check lists were randomly 
distributed to households in the area. Furthermore, daily 
temperature data were obtained from the Department of Geography 
and Regional Planning, Delta State University, Abraka and for a 
period of one year (June 1, 2016 to May 31, 2017). The need for 
this was to help the researchers find out the relationship between 
outdoor and indoor temperatures. Also, a thermometer was placed 
in the kitchens of the houses to which checklists were administered. 
This was done to find out the relationship between outdoor and 
indoor temperatures and from there find out the relationship 
between the incidences of soup sour in the various houses. 

Analysis of variance (ANOVA) was used to find out the statistical 
difference between soup tastes both at seasonal and daily intervals. 
Again, the Pearson’s Product Moment correlation (PPMC) was 
used to determine the  statistical  relationship  between temperature
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Table 1. Frequently cooked soups and their ingredients in Abraka. 
 

Soup type Ingredients 

Owo Cassava flakes, red oil, beef or fish or both, potash, seasoning cubes, water, pepper, salt, crayfish, prawn.  

Ogbono Red oil, beef or fish or both, seasoning cubes, water, pepper, salt, crayfish, prawn, onion, Irvingia. 

Egusi Red oil, beef or fish or both, seasoning cubes, water, pepper, salt, crayfish, prawn, onion, melon seeds. 

Vegetable Red oil, beef or fish or both, seasoning cubes, water, pepper, salt, crayfish, prawn, onion, pumpkin leaf, water leaf and Celosia argentea 

Okra Red oil (optional), beef or fish or both, seasoning cubes, water, pepper, salt, crayfish, prawn, onion, Abelmoschus esculentus 

Tomatoes Red oil or ground nut oil, beef, chicken or fish or both, seasoning cubes, water (optional), curry, pepper, salt, crayfish, prawn, onion, and tomatoes 

Banga Palm fruits, beef, fish (dry of fresh), seasoning cubes, water, curry, pepper, salt, crayfish, prawn, onion 

 
 
 
and soup sour incidences.  

The basic soups that are cooked at least twice a week 
by a household in Abraka were determined by a focused 
group discussion and informal experience of the 
researchers and they include the following soups: owo, 
ogbono, egusi, vegetable, okra, tomato and banga. The 
ingredients used for the soups are listed in Table 1.  

 
 
RESULTS AND DISCUSSION  
 

In Table 2, egusi soup has the highest cases of 
soup sour, with 5212 cases. The next to that is 
owo soup (2231) and then banga soup (1432). 
However, tomato soup recorded the lowest cases 
of soup sour in the area. The variation in soured 
soup cases, center on the variation in preparation 
techniques, which reduces the activities of 
bacteria in the soup after preparation. Within the 
temperature limit for cooked food to get spoilt (4.5 
to 60.5°C) as identified by USDA (2011a), only 
vegetable, okra and tomato soups were able to 
last up to 6 h or beyond without going bad or 
changing taste (Table 3). This also reveals that 
these soups are able to resist high temperature 
more than other local soups such as egusi, owo, 
and banga in tropical environments such as 
Abraka. 

Table 4 shows that there is a  strong  correlation  

between outdoor and indoor  temperatures at p < 
0.05. Nevertheless, in Table 5, there was a strong 
relationship (r = 0.72) between temperature and 
cases of soup sour, thus revealing that as 
temperature increases, soup sours, and 
conversely as temperature reduces, soup taste is 
sustained. This finding is also consistent with that 
of Schmutz and Hoyle (2011) and USDA (2011b), 
who identified that the rates at which foods go bad 
after preparation is related to temperature 
fluctuations. 

However, temperature was only able to explain 
51.84% of soup sour cases, while leaving the 
remaining 48.16% possibly to poor cooking 
techniques, contaminated ingredients, etc. The 
correlation model was also significant at P<0.05, 
implying that, soup sour cases are significantly 
related to temperature in Abraka.  

Furthermore, the seasonal characterisation of 
soup sour cases is shown in Table 6. Here, May, 
June, and July (MAM), is the season with the 
highest soup sour cases (2649), the next to that, 
is September, October, and November (SON) 
season with 2633 cases. June July and August 
(JJA) recorded the lowest cases of soup sour 
(1621). It is expedient to state that, these seasonal 
distributions are not accidental. For example, 
temperature in  Abraka  is  usually  low during JJA 

which also coincides with the peak of rainy season 
in the area. Therefore, the heavy rains have a 
moderating effect on temperature and conse-
quently on the soup sour cases in the area.  

Similarly, although December, January, and 
February (DJF) belong to the dry period, the 
harmattan winds that blow into the area during the 
period have a lowering effect on temperature, as 
such temperature has reduced effect on soup at 
this time as compared to other periods of the year 
such as MAM and SON where convective heating 
exacerbate temperature conditions, which in turn 
results in high soup sour cases.  

Nonetheless, the effects of temperature is 
established in Table 7, where the ANOVA analysis 
indicated that there is significant seasonal variation 
in soup sour cases at P < 0.05 in the area.  

As shown in Table 8, within the day soup sour 
cases were significantly different at p < 0.05. 
However, between 7 am and 12 noon, the highest 
amount (4475) of soup sour cases are recorded, 
while the lowest is recorded between 8pm and 

5am. Reasons advanced for this variation is that 

in the tropical environments, there exists a sharp 
or rather steep change in temperature between 6 
am and 12 noon and this quickly creates room for 
bacteria incubation, resulting in the high amounts 
of soup sour in that period of the day. 
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Table 2. Reported cases of soup sour incidence. 
 

Soup type Sour taste incidence 
Owo 2231 
Ogbono 1067 
Egusi 5212 
Vegetable 823 
Okra 842 
Tomato 231 
Banga 1432 

 
 
 

Table 3. Duration and temperature effect on the different local soups. 
 

Soup type Temperature range (±) Average duration (h) 
Owo 4.5-32 4 
Ogbono 4.5-32 ±6 
Egusi 4.5-32 ≤4 
Vegetable 4.5-32 >6 
Okra 4.5-32 >6 
Tomato 4.5-32 >6 
Banga 4.5-32 5 

 
 
 

Table 4. Relationship between outdoor and indoor temperatures.  
 

Sample size Indoor and outdoor  temperature (Pearson’s) P value (0.05) 

365 0.842 0.00 

 
 
 

Table 5. Relationship between temperature and local soups. 
 

Sample size Soup sour and temperature (Pearson’s) P value (0.05) 

365 0.721 0.00 

 
 
 
Again, the effects of time of day temperature is shown in 
Table 9, where the ANOVA analysis indicated that there 
is significant daily time variation in soup sour cases at P < 
0.05 in the area. 
 
 
CONCLUSION AND RECOMMENDATIONS 
 
This study identified the effects of temperature on 
incidences of soup sour in Abraka, Delta State, Nigeria. 
Investigations revealed that, egusi soup is the most 
susceptible to temperature as compared to the other local 
soups investigated. On a time scale of 1 to 6 h under 4.5 
to 32°C, egusi soup mostly went sour in less than 4 h, 
while okra and tomato soups were able to retain original 
taste after  6 h  of  previous  heating.  Furthermore,  soup 

sour cases were strongly correlated with temperature. 
This, by extension, established that there is variation in 
the seasonal occurrence of soup sour, as most cases of 
soup sour were recorded in the dry season.  

However, what is not established in the current study is 
a laboratory analysis which should tell what types of 
bacteria and chemical components are involved in the 
soured soups. 
This is a limitation which this study has not handled of 
which is being suggested for further investigation. 
Nevertheless, whenever a soup sours, money is lost. 
This is not a small measure by exacerbating existing 
poverty conditions in the study area in particular and 
developing countries of tropics in general if nothing is 
done to avert this problem. 

From the current study, the following recommendations
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Table 6. Seasonal variation in soup sour events.  
 

Season 
Subset for alpha = 0.05 

N 1 2 3 

JJA 92 1621.4520 - - 

DJF 91 - 2115.9434 - 

SON 92 - - 2633.1635 

MAM 90 - - 2649.8890 

Sig. - 1.000 1.000 0.884 
 
 
 

Table 7. Significance of seasonal variation in soup sour events. 
 

Sum of variance Sum of squares Df Mean square F Sig. 

Between groups 655679.205 3 218559.735 274.001 0.000 

Within groups 1272558.696 361 3525.093 - - 

Total 1928237.901 364 - - - 
 
 
 

Table 8. Daily time variation in soup sour events. 
 

Time of the day 
Subset for alpha = 0.05 

N 1 2 3 

8  pm - 5 am 365 1801.5252 - - 

4 pm  - 6 pm 365 - 2741.2954 - 

7 am - 12 noon 365 - - 4475.1794 

Sig. - 1.000 1.000 0.884 
 
 
 

Table 9. Significance daily time variation in soup sour events. 
 

Sum of variance Sum of squares df Mean square F Sig. 

Between groups 1276667.420 2 638333.710 126.537 0.000 

Within groups 5508740.936 1092 5044.635 - - 

Total 6785408.356 1094 - - - 
 
 
 

could be made: 
 
(i) There should be proper kitchen ventilation in the 
absence of refrigerator and/or power supply.  
(ii) Choice of soup to cook should be made with utmost 
consideration of prevailing air temperature in the area 
and other areas in the tropics since air temperatures are 
generally high. 
(iii)  For private consumption, there is need to reduce the 
quantity of soup cooked per time. 
(iv) There is need to wash food ingredients properly 
before cooking, so as to reduce the bacterial load that 
may be inherent of such ingredients themselves which 
may quicken souring with increasing temperature.     
(v)  Proper public orientation should be initiated by Delta 
State government using electronic media to sensitize the 
locals on the effects of temperature on soups.  
(vi)  The  use  of  food  thermometers  by  all  who cook is  

recommended as it will help them identify the internal 
food temperature of food especially during reheating. 
(vii) Finally, improvement on power supply in Abraka is 
highly recommended. With an improved power supply, 
the residents would be able to utilize their refrigerating 
sets which have already become cupboards and homes 
for pests. 
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This study aimed to compare the stability of five types of coconut (Cocos nucifera) oil available in Sri 
Lanka. The types of coconut oil studied were coconut pairing oil (CPO), white coconut oil (WCO), 
refined bleached and deodorized coconut oil (RBDCO), virgin coconut oil (VCO) and coconut oil (CO). 
Oils were exposed to elevated temperature (60±5°C) in the presence of excess air or oxygen to induce 
autoxidation and florescent light (2650 lux) to induce photo-oxidation in 28 days of storage. Samples 
were taken on 0, 1, 3, 5, 7, 14, 21 and 28 days to assess the level of oxidation by peroxide value (PV), 
conjugated dienes (CD), conjugated trienes (CT) and thiobarbituric acid reactive substances (TBARS) 
with time. WCO and VCO possessed the highest oxidative stability against autoxidation followed by CO 
and CPO, while, RBDCO showed the lowest stability. WCO and VCO possessed highest stability against 
photo-oxidation. CO was more susceptible to photo-oxidation among the oils examined followed by 
CPO and RBDCO. WCO and VCO possessed similar stability against both autoxidation and photo-
oxidation. VCO has highest monounsaturated fatty acid: polyunsaturated fatty acid ratio (4.28) and 
suitable n6/n3 ratio (5:1); hence applicable as whole purpose oil which is resistant to processing and 
storage conditions with good nutritive value.   
 
Key words: Autoxidation, coconut oil, fluorescent, oxidative stability, photo-oxidation. 

 
 
INTRODUCTION 
 
Coconut (Cocos nucifera) is one of the major plantation 
crops cultivated in Sri Lanka over many decades and 
coconut oil is the widely used edible oil in the country. 
Coconut fat accounts for 80% of fat intake among Sri 
Lankans (Amarasiri and Dissanayake, 2006). In 2015, the 
total area  under  coconut  cultivation  was  approximately 

455,000 ha which produced almost 3,056 million nuts, 
while coconut oil production was approximately 52,790 
MT (Central Bank of Sri Lanka, 2017). Coconut oil is the 
major dietary source of medium chain triacylglycerols 
(MCTs). The MCTs are quickly absorbed and utilized when 

as   consumed    compared    to    long    chain   triacylglycerols
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(Krishna et al., 2010). MCTs may reduce the incorporation 
and storage of dietary fats and oil in adipose tissue, thus, 
reducing body fat (Adhikari et al., 2010). In addition, 
coconut oil is considered to be the most stable for deep 
frying because of high level of saturation as compared to 
other edible oils. Therefore, recently, there is a trend to 
encourage the use of coconut oil for deep frying to 
reduce the health risks arising from trans fats (Manchanda 
and Passi, 2016).  

Oxidative stability is an important indicator to determine 
quality and shelf life of edible oils (Choe and Min, 2006). 
Most plant oils in their natural forms do not possess 
sufficient oxidative stability, which limits their application 
for food processing and long term storage (Comandini et 
al., 2009). Lipid oxidation causes deterioration of the oils 
leading to loss of essential fatty acids and alteration of 
sensory qualities such as flavour, aroma and colour; thus 
reducing palatability. Moreover, oxidation of lipids 
produces primary and secondary oxidative products such 
as peroxides, hydroperoxides, aldehydes, ketones, acids 
and alcohols which adversely affect the sensory quality, 
nutritive value and safety of the oil (Choe and Min, 2006; 
Vidrih et al., 2010).  

Chemical mechanisms such as autoxidation and photo-
oxidation are responsible for the oxidation of lipids during 
processing and storage (Choe and Min, 2006). 
Autoxidation and photo-oxidation of lipids are influenced 
by heat, light, composition of fatty acids, type of oxygen 
and minor compounds such as metals, pigments, 
phospholipids, free fatty acids, mono- and di-
acylglycerols, thermally oxidized compounds and 
antioxidants. In contrast, phenolic compounds, especially 
carotenoids, decrease autoxidation in oil, while 
tocopherols, chlorophylls and phospholipids exhibit both 
antioxidant and pro-oxidant activity depending on the oil 
system and storage conditions (Shahidi and Zhong, 
2005; Choe and Min, 2006).  

Triplet (
3
O2) and singlet (

1
O2) oxygen act as the 

initiators of oxidation of the lipids (Ahmed et al., 2016). 
Unsaturated fatty acids undergo autoxidation, which is 
initiated by triplet oxygen via the free radical chain 
reaction through attack on alpha methylene of the carbon 
double bonds leading to the formation of hydroperoxides 
(primary oxidation product), which are further 
decomposed to form secondary oxidation products 
(Rukmini and Raharjo, 2010). Lipid autoxidation involves 
three steps: initiation, propagation and termination 
stages. In the initiation step, when lipid is exposed to an 
initiator (heat, light or metal ions), hydrogen atom of 
double bond is abstracted and alkyl radical is formed. 
This free radical abstracts hydrogen from other lipid 
molecules and reacts with the hydrogen to form 
hydroperoxide, which is a tasteless and odourless 
compound and another alkyl radical. Alkyl radical also 
reacts with triplet oxygen to form peroxy radical, which 
abstracts hydrogen from other lipid molecules and reacts 
with hydrogen to  form  hydroperoxide  and  another  alkyl  
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radical. Radicals react with each other to form non-radical 
species and the reaction is terminated (Choe and Min, 
2006; Lee et al., 2004). Hydroperoxide further break 
down via several steps into secondary oxidation products 
such as carbonyl compounds responsible for 
objectionable odour and taste such as aldehyde, ketones, 
acids, alcohols, acids, esters and short-chain 
hydrocarbons via monomolecular and bimolecular 
reactions (Choe and Min, 2006). 

Singlet oxygen initiates photo-oxidation via the direct 
attack of the extremely electrophilic singlet oxygen on the 
unsaturated fatty acids. In the presence of light, 
photosensitizers such as chlorophyll and porphyrin 
convert triplet oxygen into singlet oxygen, which is a 
highly reactive non-radical molecule. If wavelength of 
solar light is less than 220 nm, unsaturated fatty acids 
cannot absorb light; however, photosensitizers can 
absorb light energy and convert triplet state sensitizer to 
singlet state sensitizer (Ahmed et al., 2016). Two types of 
photo-oxidation mechanisms have been proposed; an 
electron or a hydrogen atom transfers between an 
excited triplet sensitizer and a substrate, producing free 
radicals or radical ions; and triplet oxygen can be excited 
by light to singlet oxygen, which reacts with the double 
bond of unsaturated fatty acids, producing an allylic 
hydroperoxide (Gordon, 2001; W¹sowicz et al., 2004; 
Song et al., 2007; Galano et al., 2015; Ahmed et al., 
2016). The autoxidation is comparatively a slower 
process than photo-oxidation (Rukmini and Raharjo, 
2010). 

Although, the oxidative stability of some oils is higher 
compared to other edible oils due to lower amounts of 
polyunsaturated fatty acids and presence of natural 
antioxidants, natural photosensitizers in oils such as 
chlorophyll may initiate photo-oxidation (Kim et al., 2000). 
Coconut oil is an example for saturated oils. Thus, 
greater concern should be given to photo-oxidation than 
auotoxidation of coconut oil. Generally, the oils are 
packaged in transparent plastic or glass bottles during 
storage display of retail markets. The opacity of the 
packaging material to light is of fundamental importance 
to minimize the deterioration of edible oils by photo-
oxidation (Méndez and Falqué, 2007). Therefore, 
prevention of light exposure during storage of vegetable 
oils is necessary to preserve the quality and extend its 
shelf-life (Gargouri et al., 2015).  

Different types of coconut oil are available in Sri Lanka. 
Coconut pairing oil (CPO) is extracted from fresh pairings 
resulting from the desiccated coconut, coconut cream 
and coconut milk industry and contains free fatty acid 
content of maximum 0.8%. Virgin coconut oil (VCO) is 
manufactured from fresh kernel either through dry or wet 
process without high heat treatment. Coconut oil (CO) is 
prepared from traditional copra (dried coconut kernel). 
Refined and bleached and deodorized coconut oil 
(RBDCO) is obtained from crude coconut oil by refining 
process. White coconut oil (WCO) is  obtained  from  best  
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quality copra and contains free fatty acid percentage of 
less than 0.8%. These oils may differ in their 
susceptibility to oxidation because of the processing 
methods which may lead to differences in the presence of 
minor components. For example, chemical refining may 
remove major proportion of natural antioxidants (Ayyildiz 
et al., 2015). Thus, the knowledge on the stability of 
different types of coconut oil for autoxidation and photo-
oxidation will be useful to suit the oil type for different 
cooking or processing techniques and to select suitable 
packaging materials to extend their shelf life. In this 
backdrop, the aim of this study was to examine and 
compare the stability of five types of oils from coconut 
available in Sri Lankan market against autoxidation and 
photo-oxidation in order to understand the impact of 
storage conditions such as temperature and florescent 
light on the oxidation of selected oils and to select the oil 
which is most resistant to oxidation during processing 
and storage.  
 
 

MATERIALS AND METHODS 
 
The study was carried out at the Department of Food Science and 
Technology, Faculty of Agriculture, University of Peradeniya, Sri 
Lanka. 

All oil samples were collected from a local oil mill within three 
days after manufacture. It was ensured that the oils do not contain 
any additive. Oil samples in glass bottles wrapped with aluminum 
foil were stored at -20°C after flushed with nitrogen. After an oil 
sample was drawn for a particular analysis, the bottle was flushed 
with nitrogen again, covered with the original cap and sealed with 
parafilm. All the chemicals used in this study were of analytical 
grade with highest purity available (>99.5%) and obtained from 
Sigma Chemicals Company (MO, USA). 
 
 

Determination of fatty acid composition of oils 
 

Fatty acids profile of selected oils was determined by gas-liquid 
chromatography (GLC). Fatty acid methyl esters (FAMEs) were 
prepared according to the method explained by Christie (1992). To 
prepare FAMEs, 3 mL of 0.5 M sodium methoxide and 0.3 mL of 
dichloromethane were added to the 0.2 g of oil sample.  The 
mixture was kept at 50°C for 30 min. The mixture was allowed to 
cool to room temperature and 5 mL of deionized water was added. 
Then, 0.1 mL of acetic acid and 0.5 mL of hexane was added and 
centrifuged at 1500 rpm for 10 min at 5°C. The distinct upper layer 
of hexane containing FAMEs was separated for analysis. Analysis 
of FAMEs was carried out on GLC (GC-14B, Shimadzu, Japan) 
equipped with Flame Ionization Detector (FID) and capillary column 
(SPTM 2560, 100 m × 0.25 mm ID, 0.20 µm film). The initial column 
oven temperature was maintained at 140°C for 5 min and increased 
to 220°C at the rate of 4°C/min, then maintained at that temperature 
for 10 min. Both injector and detector temperatures were 
maintained at 260°C. Helium was used as the carrier gas at flow 
rate of 30 mL/min. The injection volume was 1 μL at split ratio of 
100:1. Fatty acids were identified by comparison of their retention 
time with authentic standards (SupelcoTM 37 component FAME 
mix).  
 
 

Extraction of phenolic fraction 
 

Phenolic fraction present in 50 g of oil was extracted into methanol 
by passing oil through  a  gravity  column  packed  with  silica  (60-Å 

 
 
 
 
pore diameter) according to the method described by Steel et al. 
(2005). Hexane and methanol (1:1) mixture was used for 
conditioning the column and hexane and ethyl acetate (9:1) mixture 
was used for washing the column. The oil sample thoroughly mixed 
with hexane was introduced to the column and the phenoilc fraction 
bound to silica was subsequently extracted into methanol. The 
extract was recovered after desolventizing in vacuo at 40°C. The 
prepared extracts were stored under frozen condition (-20°C) after 
flushing with nitrogen. The frozen extracts were thawed and 
appropriately diluted before chemical analysis.  
 
 
Determination of total phenolic content 
 
The total phenolic content (TPC) of the extracts was determined 
colorimetrically using Folin-Ciocalteu’s reagent as described by 
Thaipong et al. (2006) with minor modifications. Twenty microliters 
of oil extract and 1.58 mL of deinozed water were mixed with 100 
µL of Folin-Ciocalteu’s reagent, left for 3 min and subsequently 300 
µL of sodium carbonate (0.7 M) was added and vortexed. The 
absorbance of the resulting mixture was read at 725 nm using a UV 
visible spectrophotometer (UV 1601, Shimadzu, Japan) after 
leaving for 30 min at room temperature (27°C). The results were 
expressed as mg of gallic acid equivalents (GAE) per liter of extract 
using a gallic acid (50 to 500 mg/L) standard curve. 
 
 
Determination of oxidative stability of oils 
 
Oxidative stability of selected oils was examined by accelerated 
oxidative stability tests.  The rate of oxidation was monitored by the 
measurement of peroxide value (PV), conjugated dienes (CD), 
conjugated trienes (CT) and thiobarbituric acid reactive substances 
(TBARS) with the time. 
 
 
Preparation of samples for Schaal oven test method 
 
The oxidative stability of the investigated oil samples was studied 
using the Schaal oven accelerated oxidation test (Shahidi et al., 
1997). The test was performed in an oven at constant temperature. 
Sixteen samples (5 mL) of each oil type were placed in glass vials 
(2 cm ID × 4.5 cm) and kept in the oven at the temperature of 
60±5°C for up to 28 days without lids to facilitate the oxidation. Two 
samples from each oil type were drawn on days 0, 1, 3, 5, 7, 14, 21 
and 28, and the level of oxidation of oil samples was analyzed.  
 
 
Preparation of samples for accelerated photo-oxidation 
method  
 
The stability against light induced oxidation of selected oils was 
evaluated under fluorescent light (2650 lux) (Khan and Shahidi, 
1999) up to 28 days of storage period. Sixteen samples (5 mL) of 
each oil type were placed in glass vials (2 cm ID × 4.5 cm) and 
glass vials were placed in a polypropylene box (70 cm length x 35 
cm width x 25 cm height) equipped with 80 Watt cool white 
fluorescent lights fixed on the lid above the surface of the oil 
containers. The remaining open space of the box was covered with 
aluminum foil. The fluorescent radiation was at a level of 2650 Lux 
and the temperature inside the container was maintained at 
27±1°C. Two samples from each oil type were drawn from the box 
on days 0, 1, 3, 5, 7, 14, 21 and 28 to assess the level of oxidation. 
 

 
Determination of PV 

 
PV  of  the oil samples was measured according to the modified IDF 



 
 
 
 
method (Hornero-Méndez et al., 2001). The sample (0.01 to 0.05 g) 
was dissolved in 1 mL of chloroform/acetic acid (2:3), with addition 
of 100 µL Fe (II) solution, mixed for 15 s in a vortex mixer and left in 
the dark for 10 min. Deionized water (2 mL) was added and 4 mL of 
diethyl ether was added. Organic phase was discarded and 
remaining ether in the aqueous phase was removed under N2 
current for a few seconds. Aqueous phase (1 mL) was transferred 
into another tube and 100 µL of saturated ammonium thiocyanate 
solution was added. After 10 min, absorbance at 470 nm was read 
against water blank using a UV visible spectrophotometer (UV 
1601, Shimadzu, Japan). A reaction blank also prepared. PV was 
calculated and the results were expressed as meq/kg of oil using a 
Fe (III) solution (0 to 40 µg/mL) calibration curve. 
 
 
Determination of TBARS  
 
The sample of oil (0.05 to 0.10 g) was thoroughly mixed with 5 mL 
1-butanol solution and 5 mL of 0.2% (w/v) thiobarbituric acid (TBA) 
in 1-butanol solution was added. Prepared solution was incubated 
for 2 h in a water bath maintained at 95°C and cooled immediately. 
Absorbance of the solution was taken at 532 nm using a UV visible 
spectrophotometer (UV 1601, Shimadzu, Japan). The results were 
expressed as mg of malonaldehyde equivalent/g of oil using TMP 
(1×10-6 - 1×10-5 M) as standard (Yi et al., 2011). 
 
 
Determination of CD and CT 
 
CD and CT values were determined by IUPAC II.D.23 analytical 
method (Paquot, 1979).  Oil sample (0.01 to 0.03 g) was thoroughly 
mixed with 25 mL of iso-octane using vortex mixer for 15 s. Then, 
the absorbances were measured separately at 233 nm for CD and 
268 nm for CT using a UV visible spectrophotometer (UV 1601, 
Shimadzu, Japan). The results were calculated as extinction values 
(E1%) using following equation. 
 

   
 
Where, Aλ is the absorbance measured at either 233 or 268 nm; C 
represent the concentration of oil solution (g/100 mL); l is the path 
length of the cuvette (cm). 
 
 
Statistical analysis 
 
The data were analyzed using Minitab 16 (Minitab Inc., UK) and 
Microsoft (Excel) procedures. All measurements were performed in 
triplicate and results are expressed as mean ± SD. The ANOVA 
tables were constructed using GLM procedure. Duncan’s new 
multiple range test was used to determine significant differences at 
0.05 significant levels.  
 
 
RESULTS AND DISCUSSION 
 
PV of all oils ranged between 0.21 and 0.42 meq/Kg. As 
per the Codex Standard (Codex Alimentarius, 1999), the 
maximum limit of peroxide values for any refined oil and 
virgin oils are 10 and 20 meq/kg, respectively. Thus, 
initial quality of the oil sample used in this study complied 
with this standard. 
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Fatty acid composition of oils 
 
The fatty acid composition of oils is presented in Table 1. 
All oil samples were characterized by five to seven 
different types of saturated fatty acids of chain length C6 
to C22 and three to six different types of unsaturated fatty 
acids of chain length C18 to C22. Palmitic acid (C16:0) 
and stearic acid (C18:0) were common in all saturates.  

The amount of saturated fatty acid of the selected oils 
ranged from 87 to 93%. Lauric acid (43-52%) was most 
predominant followed by myristic acid (16-18%). 
Moreover, oils contained considerable amounts of short 
chain fatty acids such as caproic, caprylic and capric. The 
average content of oleic acid and lauric acid were 
significantly higher in WCO and VCO as compared to that 
of other coconut oils tested. Results of this study 
appeared identical with those of earlier published findings 
in the context of major fatty acids of the respective oils 
(Vidrih et al., 2010). It is recommended that the n-6/n-3 
fatty acid ratio in the diet should be between 4:1-5:1 and 
10:1 (Candela et al., 2011). The most suitable ratios were 
found in all types except CO (Table 1).  

In addition to fatty acid composition, the presence of 
minor components in edible oils contributes to their 
oxidative stability (Bendini et al., 2009; Shinagawa et al., 
2017). Due to this reason, even though all types of 
coconut oils selected for this study contained more than 
87% of saturated fatty acid, oxidative stability of these 
oils may differ. Table 2 shows the total phenolic content 
of the oils. WCO contained highest amount of total 
phenolic content followed by VCO, whereas, CPO and 
RBDCO had the lowest. Lowest level of total phenolic 
content of RBDCO indicates that refining process 
reduced the phenolic content. VCO, WCO and CO did 
not undergo refining chemical refining process. However, 
the lower total phenolic content of the CO than VCO and 
WCO could be due to the heat applied during the 
processing. Szydłowska-Czerniak and Łaszewska (2015) 
reported that the refining process of rapeseed oils 
reduced the antioxidant capacity by about 60% and total 
phenolic content by above 80%. 
 
 
Oxidative stability of oils against autoxidation 
 
Accelerated storage tests have been used extensively in 
researches to evaluate the stability of edible oils against 
oxidation. In this test, the oxidation of oils is accelerated 
by keeping the oil at 60 to 65°C. By increasing the 
temperature of storage, the oxidation rate is increased 
(accelerated). One day of storage at this condition is 
equal to one month of storage at ambient temperature 
(Evans et al., 1973). Therefore, the present study has 
evaluated the stability of oils for 28 months of storage at 
the ambient temperature.  

Table 3 summarized the rate of increment of PV, CD, 
CT and  TBARS  per  day  of  the oils tested to study their  

 

             

         

 

E1%     = 
Aλ 

(C×l) 
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Table 1. Percentage of saturated (SFA), monounsaturated (MUFA) and 
polyunsaturated (PUFA) fatty acids of each type of oil. 
 

Fatty acid CPO WCO RBDCO VCO CO 

SFA 92.29
a 

90.72
a 

92.86
a 

87.88
b 

91.36
a 

MUFA 4.19
d 

6.81
b 

5.18
c 

9.76
a 

5.82
c 

PUFA 2.81
a 

2.45
b 

1.37
c 

2.28
b 

2.83
a 

MUFA/PUFA 1.75
d 

2.78
c 

3.78
b 

4.28
a 

2.06
c 

n-6/n-3 9:1 4:1 4:1 5:1 24:1 
 

Values (means) with different superscript letters in the same row indicate significant 
differences (p <0.05). CPO, coconut pairing oil; WCO, white coconut oil; RBDCO, refined 
bleached and deodorized coconut oil; VCO, virgin coconut oil; CO, coconut oil; SFA, 
saturated fatty acids, MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty 
acids. 

 
 
 

Table 2. Total phenolic content of oils. 
 

Oil TPC (mg GAE/ g extract) 

WCO 28.37 ± 0.46
a
 

VCO 24.52 ± 0.34
b
 

CO 20.40 ± 0.41
c
 

CPO 12.78 ± 0.03
d
 

RBDCO 12.64 ± 0.28
d
 

 

Values (means (n=3) ± SD) with different letters in the same column 
imply significant differences (p <0.05). 

 
 
 

Table 3. Rate of value increment (per day) of PV, CD, CT and TBARS of different oils 
stored at 60±5°C during storage period. 
 

Parameter CPO WCO RBDCO VCO CO 

PV 0.471 0.044 0.044 0.029 0.030 

CD 0.025 0.034 0.044 0.022 0.021 

CT 0.013 0.017 0.025 0.022 0.035 

TBARS 0.163 0.064 0.199 0.112 0.127 

 
 
 
oxidative stability against autoxidation. PV is an indicator 
of the extent of primary oxidative products formed in oils 
(Yi et al., 2011). The effect of storage condition at 60±5°C 
on the formation of primary oxidative products is 
expressed as PV. The PV of the oils with storage time is 
shown in the Figure 1 and the fold increment of PV with 
duration of storage is presented in Table 4. Development 
of PV was observed in all samples except VCO during 
the experimental period. Level of oxidation gradually 
increased with the storage time in all oil samples. 
However, rate of formation of hydroperoxides decreased 
with extent of duration. Li et al. (2014) reported that the 
higher rate of increment during early storage, decrease 
the rate during the latter period during the storage of oil 
blends under accelerated condition for 24 days. Instability 
of hydroperoxides under higher degree of oxidation could 

be the reason for lower detection values. In the later 
stages of lipid oxidation, the hydroperoxides are broken 
down into secondary oxidative products (Ullah et al., 
2003). Autoxidation is affected by temperature. Since 
these oils were stored at 60±5°C, which might have 
accelerated autoxidation and rapid production of 
secondary oxidative products. The PV varied among oils 
due to different oxidative stabilities of the oils. During the 
first three days of storage, no significant decrease 
(p>0.05) in level of the primary oxidative products was 
observed in WCO and VCO. The induction period of the 
oils that contained considerable value of MUFA: PUFA 
ratio and high antioxidant activity is high. The rapid 
oxidation that occurred in CPO and RBDCO indicated 
that the oxidative stability deteriorated quickly during 
autoxidation. Based  on the PV, highest oxidative stability  



Sivakanthan et al.          221 
 
 
 

 
 

Figure 1. Peroxide value of oils stored under Schaal oven conditions at 60±5°C. 

 
 
 

Table 4. Fold increment of PV of different oils stored at 60±5°C up to 28 days. 
 

Storage time (days) CPO WCO RBDCO VCO CO 

1 7.58±0.20
b
 1.56±0.01

a
 1.00±0.02

b
 0.91±0.01

 a
 1.03±0.03

a
 

3 11.85±0.37
a
 1.19±0.44

ab
 1.31±0.01

a
 0.88±0.01

a
 0.94±0.01

b
 

5 0.98±0.05
c
 0.37±0.02

c
 0.37±0.01

d
 0.67±0.01 

b
 0.78±0.01

bc
 

7 1.11±0.07
c
 1.20±0.02

bc
 0.49±0.01

c
 0.62±0.01

c
 0.70±0.01

b
 

14 0.16±0.01
d
 0.59±0.02

c
 0.26±0.02

e
 0.50±0.01

d
 0.62±0.02

b
 

21 0.17±0.01
d
 0.54±0.01

c
 0.21±0.02

e
 0.21±0.01

e
 0.33±0.03

d
 

28 0.09±0.01
d
 0.58±0.03

c
 0.28±0.01

e
 0.13±0.01

f
 0.24±0.02

c
 

 

Values (Means (n=3) ± SD) with different letters in the same column imply significant differences (p <0.05). 

 
 
 
was observed in VCO. Highest oxidation rate was 
executed in CPO, RBDCO and WCO.   

CD value is also useful for monitoring the early stages 
of lipid oxidation that formed almost immediately after 
peroxides are produced (Xia and Budge, 2017). The 
oxidation of the tested oils expressed as CD value is 
presented in Figure 2 and fold increment of the values 
are shown Table 5.  

All oil samples revealed the increase of CD value 
during the experiment. Therefore, oxidative stability of 
oils decreased with storage conditions. The CD values of 
all oils were slowly decreased after third or fifth day of 
storage since they would have completed conjugation of 
unsaturated fatty acids available. Based on the CD 
values, the highest oxidative stability was observed in 
VCO followed by CPO and CO. The  rate  of  autoxidation 

of RBDCO was the highest under accelerated storage 
conditions.  

The oxidation of the tested oils expressed as CT value 
is presented in Figure 3 and the fold increment of CT 
value of oils obtained during experimental period is 
presented in the Table 6. The CT values of all oils tested 
increased with the storage time. According to the data 
shown in Table 3, the rate of formation of CT value per 
day was lowest in WCO followed by CPO, VCO and 
RBDCO. 

TBARS value is an indicator for the extent of secondary 
lipid oxidative products, aldehydes (Ross and Smith, 
2006). Data illustrated in Table 7 and Figure 4 indicated 
that the TBARS value of the oils fluctuated with 
experimental time. During the first few days of the storage 
period, WCO,  CPO  and  CO showed the highest level of 
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Figure 2. CD of different oils stored under Schaal oven conditions at 60±5°C. 

 
 
 

Table 5. Fold increment of CD of different oils stored at 60±5°C up to 28 days. 
 

Storage time (days) CPO WCO RBDCO VCO CO 

1 0.81±0.03
ab

 0.95±0.10
a
 0.94±0.14

bc
 0.77±0.01

a
 0.96±0.04

a
 

3 0.96±0.01
a
 1.23±0.24

a
 1.48±0.14

a
 0.64±0.06

ab
 0.82±0.04

a
 

5 0.86±0.11
a
 1.04±0.19

a
 1.29±0.04

a
 0.50±0.10

bc
 0.43±0.07

b
 

7 0.77±0.09
ab

 0.45±0.13
b
 0.68±0.01

c
 0.38±0.01

c
 0.27±0.06

bc
 

14 0.82±0.01
ab

 0.29±0.02
b
 0.72±0.14

c
 0.35±0.02

cd
 0.32±0.01

bc
 

21 0.78±0.11
ab

 0.49±0.06
b
 0.74±0.01

c
 0.33±0.02

cd
 0.24±0.02

bc
 

28 0.33±0.05
b
 0.51±0.01

b
 1.21±0.02

ab
 0.17±0.01

d
 0.22±0.04

c
 

 

Values (Means (n=3) ± SD) with different letters in the same column imply significant differences (p 
<0.05). 

 
 
 

TBARS value and then reduction was observed. This 
could be attributed to the rapid production of tertiary 
oxidative product by these oils. Therefore, they did not 
respond positively for tests which evaluate secondary 
oxidative product. Thus, the increasing temperature may 
quicken the breakdown of fatty acids in the above 
mentioned oils. VCO and RBDCO positively responded to 
the test with the accelerated heating. TBARS values of 
these oils increased with time. As data shown in Table 3, 
based on the rate of development of TBARS value per 
day, WCO and VCO possessed higher oxidative stability 
as compared to other oils examined. RBDCO showed 
higher rate of oxidation. 

Based on results obtained during the oxidation in the 
oven, WCO and VCO possessed the highest oxidative 
stability. Despite higher oxidation rate as measured by 
PV and CD value, WCO showed the lowest rate of 

formation of TBARS and CT (Table 3). Therefore, WCO 
can be categorized as oil which has the strongest 
oxidative stability against autoxidation. Oxidation rate of 
both primary and secondary oxidative parameters was 
lower for VCO. Therefore, oxidative stability of VCO was 
more or less similar to that of WCO. Oxidative stability of 
the oil tested can be arranged in descending order as 
WCO, VCO, CO, CPO and RBDCO.  

High oxidative stability of VCO and WCO is mainly due 
to its higher phenolic content (Table 2) than other types 
of oils examined as well as fatty acid composition, in 
particular, to the high MUFA to PUFA ratio (Table 1). 
Even though the RBDCO contain higher MUFA: PUFA 
ratio than WCO, RBDCO showed poor oxidative stability 
than WCO, which could be attributed to the loss of minor 
components in RBDCO during refining. Several studies 
reported  that  the  refined  oils  have less stability against  
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Figure 3. CT of different oils stored under Schaal oven conditions at 60±5°C. 
 
 
 

Table 6. Fold increment of CT of different oils stored at 60±5°C up to 28 days. 
 

Storage time (days) CPO WCO RBDCO VCO CO 

1 0.93±0.02
c
 0.94±0.04

bc
 1.13±0.37

c
 1.14±0.10

ab
 1.32±0.03

cd
 

3 1.03±0.09
bc

 0.99±0.01
bc

 1.04±0.50
c
 0.99±0.02

b
 1.16±0.01

d
 

5 1.08±0.05
abc

 0.90±0.06
c
 1.10±0.37

c
 1.03±0.13

b
 1.28±0.08

cd
 

7 1.17±0.04
ab

 1.20±0.06
abc

 1.23±0.70
b
 1.39±0.07

ab
 1.46±0.03

bc
 

14 1.28 ± 0.05
a
 1.24±0.11

ab
 1.35±0.38

ab
 1.32±0.33

ab
 1.44±0.16

bcd
 

21 1.18±0.09
a
 1.11±0.08

abc
 1.50±0.61

a
 1.23 ±0.06

ab
 1.80±0.15

a
 

28 1.30±0.04
a
 1.37±0.12

a
 1.50±0.38

a
 1.59±0.02

a
 1.70±0.03

ab
 

 

Values (means (n=3) ± SD) with different letters in the same column imply significant differences (p <0.05). 
 
 
 

 
 

Figure 4. TBARS values of oils stored under Schaal oven conditions at 60±5°C. 
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Table 7. Fold increment of TBARS of different oils stored at 60±5°C up to 28 days. 
 

Storage time (days) CPO WCO RBDCO VCO CO 

1 1.00±0.01
cd

 1.01±0.01
b
 4.00±0.02

c
 0.50±0.23

c
 1.99±0.01

e
 

3 1.44±0.18
bc

 1.01±0.03
b
 2.00±0.02

e
 1.50±0.21

bc
 2.82±0.32

d
 

5 0.73±0.09
d
 0.50±0.01

d
 2.00±0.05

e
 2.00±0.46

b
 5.03±0.02

b
 

7 4.14±0.17
a
 1.51±0.04

a
 2.83±0.23

d
 2.81±0.61

a
 6.27±0.33

a
 

14 1.47±0.34
b
 1.02 ± 0.03

b
 4.93 ± 0.18

b
 1.76 ± 0.69

bc
 1.88 ± 0.02

e
 

21 1.59±0.25
b
 1.53±0.02

a
 6.92±0.50

a
 1.96±0.03

b
 4.80±0.06

b
 

28 0.71±0.10
d
 0.76±0.01

c
 6.99±0.31

a
 3.55±0.52

a
 3.84±0.03

c
 

 

Values (means (n=3) ± SD) with different letters in the same column imply significant differences (p <0.05). 
 
 
 

 
 

Figure 5. Peroxide value of different oils stored under fluorescent light at 27±1°C. 
 
 
 

Table 8. Rate of increment (per day) of PV, CD, TBARS and CT of different 
oils stored under fluorescent light at 27±1°C during storage. 
 

Parameter CPO WCO RBDCO VCO CO 

PV 0.087 0.025 0.014 0.115 0.061 

CD 0.011 0.014 0.014 0.006 0.018 

TBARS 0.340 0.066 0.205 0.120 0.525 

CT 0.040 0.013 0.023 0.019 0.058 
 
 
 

oxidation than their unrefined counterparts attributed to 
the loss of natural antioxidants during chemical refining 
process (Velasco and Dobarganes, 2002; Medina-Juárez 
and Gámez-Meza, 2011; Szydłowska-Czerniak and 
Łaszewska, 2015). Same reason is applicable in the 
present study. 
 
 
Oxidative stability of oils under fluorescent light 
 
The rate of increment of PV, CD, CT and TBARS per day 

of tested oils is summarized in Table 8. The oxidation of 
edible oils exposed to fluorescent light as measured by 
PV is shown in Figure 5 and Table 9. According to the 
results, the peroxide value of oils increased up to 28 days 
of storage under fluorescent light. The oxidative stability 
of oils decreased with the storage period. At the end of 
the storage period, PV of WCO and RBDCO exceeded 
the acceptable level which is less than 1 meq/kg (Khan 
and Shahidi, 1999). The concentration of peroxides and 
hydroperoxides was low in all oils tested during 28 days 
of  storage  under  the  fluorescent  light. Despite  the fact 
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Table 9. Fold increment of PV of different oils stored under fluorescent light at 27±1 °C up to 28 days. 
 

Storage time (days) CPO WCO RBDCO VCO CO 

1 1.07±0.09
e
 1.05±0.02

cd
 1.21±0.03

 cd
 2.14±0.32

b
 0.88±0.01

d
 

3 1.31±0.09
d
 0.84 ± 0.01

e
 1.18±0.02

 d
 4.32±0.88

ab
 0.80±0.05

d
 

5 1.34±0.11
d
 0.99±0.02

d
 1.18±0 .02

d
 6.73±0.80

a
 2.28±0.04

a
 

7 1.99±0.10
c
 1.00±0.03

d
 1.27±0.04

c
 6.14±0.60

a
 1.15±0.01

c
 

14 2.43±0.08
b
 1.11±0.01

bc
 1.42±0.01

b
 5.20±0.35

a
 2.28±0.02

a
 

21 3.40±0.19
a
 1.17±0.01

b
 1.39±0.03

b
 5.60±0.41

a
 1.95±0.02

b
 

28 3.43±0.19
a
 1.45±0.01

a
 1.53±0.04

a
 4.08±0.43

ab
 2.31±0.02

a
 

 

Values (means (n=3) ± SD) with different letters in the same column imply significant differences (p <0.05). 

 
 
 

Table 10. Fold increment of CD of different oils stored under fluorescent light at 27±1°C up to 28 days. 
 

Storage time (days) CPO WCO RBDCO VCO CO 

1 0.98±0.01
b
 0.97±0.10

b
 1.25±0.10

a
 0.83±0.05

a
 1.26±0.16

a
 

3 1.00±0.12
b
 1.10±0.10

ab
 1.29±0.11

a
 0.91±0.20

a
 1.24±0.33

a
 

5 1.04±0.07
b
 1.01±0.01

b
 1.22±0.02

a
 0.66±0.26

a
 1.15±0.09

a
 

7 1.15±0.10
ab

 1.12±0.02
ab

 1.18±0.09
a
 0.83±0.06

a
 1.35±0.44

a
 

14 1.17±0.06
ab

 1.19±0.06
ab

 1.32±0.16
a
 0.75±0.06

a
 1.29±0.18

a
 

21 1.28±0.09
a
 1.23±0.04

ab
 1.36±0.17

a
 0.88±0.07

a
 1.40±0.09

a
 

28 1.29±0.01
a
 1.36±0.04

a
 1.48±0.02

a
 0.96±0.10

a
 1.55±0.31

a
 

 

Values (means (n=3) ± SD) with different letters in the same column imply significant differences (p <0.05).  

 
 
 

 
 

Figure 6. Conjugated dienes of different oils stored under fluorescent light at 27±1°C. 

 
 
 
that initial stages of photo-oxidation progressed rapidly, 
the level of oxidation is less as compared to that of 
autoxidation. In this experiment, RBDCO and WCO 
showed higher oxidative stability against the fluorescent 
light oxidation as measured by increment of  PV  per  day 

VCO was more susceptible to photo-oxidation (Table 8).   
The CD values and fold increments of CD values of 

tested oils under fluorescent light are presented in Figure 
6 and Table 10, respectively. The variation of CD values 
during  experiment  period followed a similar trend as PV,  
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Table 11. Fold increment of CT of different oils stored under fluorescent light at 27±1°C up to 28 days. 
 

Storage time (days) CPO WCO RBDCO VCO CO 

1 0.88±0.36
a
 0.95±0.18

a
 0.99±0.24

a
 0.65±0.63

a
 1.07±0.73

a
 

3 1.02±0.50
a
 0.95±0.06

a
 1.10±0.34

a
 0.46±0.60

a
 1.40±0.41

a
 

5 0.80±0.04
a
 0.90±0.04

a
 0.93±0.05

a
 0.52±0.50

a
 1.52±0.02

a
 

7 0.88±0.19
a
 1.05±0.15

a
 1.17±0.09

a
 0.78±0.55

a
 1.16±0.08

a
 

14 1.16±0.21
a
 0.94±0.22

a
 1.16±0.44

a
 0.61±0.04

a
 1.78±0.30

a
 

21 1.03±0.38
a
 0.86±0.18

a
 0.84±0.05

a
 0.59±0.18

a
 2.24±0.34

a
 

28 0.98±0.35
a
 0.91±0.11

a
 1.03±0.05

a
 0.95±0.46

a
 2.17±0.81

a
 

 

Values (means (n=3) ± SD) with different letters in the same column imply significant differences (p <0.05). 

 
 
 

 
 

Figure 7. Conjugated trienes of different oils stored under fluorescent light at 27±1°C. 

 
 
 
VCO, WCO, CPO, RBDCO and CO showed more or less 
constant fold increment throughout the time of 
illumination.  

Fold increment of CT value and development of CT 
value of the oils obtained during experimental period is 
presented in the Table 11 and Figure 7. The oxidation of 
all oils tested increased with the storage time. Therefore, 
the effect of fluorescent light on oxidation was obvious. 
CPO, WCO, RBDCO, VCO and CO showed an ability to 
maintain a statistically more or less constant fold of 
increment throughout the experiment. This may be due to 
the presence of higher amount of antiphoto-oxidative 
compounds of theses oils. According to the results 
obtained as rate of formation of CT value per day (Table 
8), CO showed lowest stability followed by CPO, 
RBDCO, VCO and WCO. 

According to the data illustrated in the Figure 8 and 
Table 12, level of oxidation has increased with the 
extended storage life in  all  the  oil  samples. The  results 

suggested that the oxidation of these oils accelerated by 
the fluorescent light effect. First few days of the storage 
period of CO and VCO showed the highest level of 
TBARS value and then reduction was observed. In the 
later stages of lipid oxidation, the secondary oxidative 
products are broken down into tertiary oxidative products 
(Dąbrowska et al., 2015). The TBARS values of other oils 
excluding the aforementioned oils were well correlated 
with the storage time. Based on the data shown in Table 
8, WCO showed higher photo-oxidative stability. CO 
showed the highest oxidative rate followed by CPO and 
RBDCO.  

The role of light in the oxidation process is clearly 
shown by the rate of oxidation. Based on the results 
presented as PV, CD, TBARS and CT values, CO is 
more susceptible to photo-oxidation among the oils 
examined. The second lowest photo-oxidative stability 
was exhibited by CPO followed by RBDCO. Based on the 
results, the  susceptibility of these oils for photo-oxidation  
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Figure 8. TBARS value of different oils stored under fluorescent light at 27±1°C. 
 
 
 

Table 12. Fold increment of TBARS of different oils stored under fluorescent light at 27±1°C up to28 days. 
 

Storage time (days) CPO WCO RBDCO VCO CO 

1 2.10±0.41
c
 1.22 ± 0.21

a
 0.87 ± 0.03

ab
 2.84±0.26

a
 2.24±0.11

a
 

3 2.68±0.12
c
 1.13±0.23

a
 0.15±0.01

d
 1.67±0.03

c
 2.52±0.03

a
 

5 7.82±0.22
b
 1.17±0.15

a
 0.81±0.02

b
 1.33±0.01

c
 1.17±0.01

b
 

7 1.98±0.05
c
 0.08±0.01

c
 0.97±0.02

a
 1.66±0.05

c
 0.42±0.12

c
 

14 3.03±0.21
c
 1.31±0.25

a
 0.42±0.02

c
 1.27±0.01

c
 1.18±0.12

b
 

21 9.13±0.53
a
 0.64±0.14

b
 0.49±0.08

c
 2.29±0.04

b
 0.80±0.01

bc
 

28 3.01±0.11
c
 1.48±0.25

a
 0.58±0.03

c
 1.29±0.02

c
 1.20±0.12

b
 

 

Values (means (n=3) ± SD) with different letters in the same column imply significant differences (p <0.05). 

 
 
 
can be arranged as WCO<VCO<RBDCO<CPO<CO. 
High content of total phenolics could be the reason for 
higher stability of WCO and VCO against photo-oxidation 
than other types of oils. Furthermore, pigments such as 
riboflavin and porphyrins (chlorophyll) can act as initiators 
of lipid photo-oxidation (W¹sowicz et al., 2004). 
Therefore, the presence of pigments in addition to the 
less total phenolics could have led to less stability of CPO 
and CO.  
 
 

Conclusion 
 

In conclusion, WCO and VCO showed higher stability 
against both autoxidation and photo-oxidation than 
RBDCO, CPO and CO. This may be attributed to the high 
phenolic and other minor natural compounds as well as 
high MUFA to PUFA ratio. While the unrefined oils 
contain high amount of phenolic and other natural 
antioxidants including vitamins, which act to increase  the 

oxidative stability, presence of prooxidants such as free 
fatty acids, trace metals and others may act to reduce the 
stability. Thus, it is necessary to quantify all minor 
compounds present in these oils to make a clear 
conclusion regarding the stability of these oils against 
oxidation. Thus, further studies are needed to identify and 
quantify the minor compounds (pro-and antioxidants) in 
order to identify the exact reason for the variation in the 
oxidative stabilities among these various types of coconut 
oils. In addition, further research is necessary to examine 
the effect of packaging materials on the susceptibility of 
these oils to oxidation, which will help to minimize the 
oxidative deterioration and thus improve the organoleptic, 
nutritional and economic value of the coconut oils. 
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The present study was conducted to determine the probiotic properties of the lactic acid bacteria (LAB) 
isolated from Kunun-zaki processed with different thickeners. Kunun-zaki was processed using 50:50 
and 80:20 millet and sorghum. A total of seven isolates that is, Lactobacillus (Lb.) lactis, Lactobacillus 
casei, Lactobacillus brevis, Lb. acidophilus, Lactobacillus fermentum, Lactobacillus delbrueckii and 
Lactobacillus plantarum were isolated. The isolated LAB showed good growth in the presence of 1% 
NaCl but none at 10% NaCl except L. plantarum. The susceptibility of isolated Lactobacillus toward 
selected pathogenic organisms was determined using standard agar well diffusion method. Lb. 
plantarum was predominant and showed the most significant antimicrobial inhibition against tested 
pathogenic strains (Pseudomonas aeruginosa, Staphylococcus haemolyticus and Klebsiella 
pneumoniae) tested followed by Lb. casei. The results of this study showed that LAB species isolated 
from Kunun-zaki processed fulfill the most common criteria of probiotic bacteria. Therefore, numerous 
probiotic products can be developed from Kunun-zaki.  
 
Key words: Probiotics, kunun-zaki, Lactobacillus spp., antimicrobial inhibition. 

 
 
INTRODUCTION 
 
Lactobacillus spp. represents a highly diverse group of 
Gram-positive micro-aerophilic bacteria that micro-
scopically appear as long to short rods (MacFaddin, 
2000).  Species within this genus are generally catalase-
negative, either homo or  heterofermentative  with  regard 

to hexose metabolism (Hasan and Frank, 2001). Certain 
species of lactobacilli are important and are gaining 
increasing attention in food fermentation industry 
because of their biotechnologically interesting properties 
(Roy et al., 2000).  Based  on  their generally regarded as
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safe (GRAS) status, lactobacilli have been extensively 
studied for their molecular biology in order to improve 
their specific beneficial characteristics (Daly and Davis, 
1998). The largest group of probiotic bacteria in the 
intestine is lactic acid bacteria (LAB) (Diplock et al., 
2001).  

Probiotics are live microorganisms that are similar to 
beneficial microorganisms found in the human gut and 
have emerged as a major balancing factor influencing 
gastrointestinal physiology and function. In the food 
industry, LAB is widely used as starter cultures and has 
been recognized to be part of human microbiota 
(Holzapfel and Wood, 1995). The criteria for the in-vitro 
selection of lactobacilli to be used as health- promoting 
probiotic ingredients in food and pharmaceutical 
preparations include antibiotic tolerance as well as the 
production of lactic acid that inhibits the growth of other 
microorganisms which allow them to be established in the 
intestinal tract (Oskar et al., 2004). 

LAB is very significant to human health due to the 
production of some antimicrobial substances and ability 
to inhibit pathogenic bacteria (Flórez et al., 2005). 
Furthermore, the bacteria are also used as a starter 
culture in the production of various foods. Certain 
Lactobacillus strains are considered important owing to 
their role in various foods and feed fermentations, 
production of many important metabolites and owing to 
their role in the prevention of food spoilage. Furthermore, 
they play a role in combating intoxication and infection by 
acting as antagonists against other pathogens through 
the production of antimicrobials and bacteriocin (Hirano 
et al., 2003; Oyetayo, 2004).  

Kunun-zaki is one of the most highly consumed cereal-
based non-alcoholic, non-carbonated beverages in 
Nigeria (Ayo et al., 2004). It is a fermented non-alcoholic 
cereal beverage whose popularity is due to its 
characteristic sweet-sour taste typical of LAB fermented 
foods of African origin (Efiuvwevwere and Akoma, 1995). 
Cereals used for Kunun-zaki include: sorghum (Sorghum 
bicolor), millet (Pennisetum typhoideum), maize (Zea 
mays), rice (Oryza sativa), acha (Digitalis exilis) or wheat 
(Triticuma estivum) and other cereals could be used in 
non-composite proportions (Ayo-Omogie and Okorie, 
2016).  

Kunun-zaki is normally flavoured with a combination of 
spices which includes ginger (Zingiber officinale), cloves 
(Eugenia aromatica), black pepper (Pipper guinese), 
cinnamon (Xylopia acthiopica) and together with 
saccharifying agents such as paste of sweet potato 
tubers, malted rice, malted sorghum, crude extract from 
dried Cadaba farinose stems are also added (Adebayo et 
al., 2010).  

Research has been done on the production of Kunun-
zaki and many strains of probiotic bacteria have been 
isolated from different sources. However, not much 
studies has been carried out on isolation of probiotic 
Lactobacillus  strains   from   Kunun-zaki  processed  with  
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sweet potatoes and paddy rice thickener, so there is little 
or no information on it. The aim of this study was to 
isolate and identify probiotic Lactobacillus species 
from traditional drink Kunun-zaki fortified with different 
thickeners. 
 
 

MATERIALS AND METHODS   
 

Collection of raw materials for Kunun-zaki production 
 

Millet (Pennisetum glaucum), sorghum (Sorghum bicolor), ginger 
(Zingiber officinale), red pepper (Capsicum annum), clove (Eugina 
caryophyllata) and paddy rice (Oryza sativa) were all purchased 
from Eke Awka market, Awka South Local Government, Anambra 
State, Nigeria. These grains were sorted, cleaned and stored in 
plastic containers at ambient temperature before being used. 
 
 

Collection of pathogenic microorganisms 
 

Three pathogens (Staphylococcus haemolyticus, Pseudomonas 
aeruginosa and Klebsiella pneumoniae) were collected from 
Department of Microbiology, Chwukwuemeka Odumegwu Ojukwu 
Teaching Hospital, Awka, Anambra State, Nigeria. The isolates 
were confirmed by morphological and biochemical tests according 
to Cooper and Lawrence (1996). The isolates were sub-cultured on 
nutrient agar plates and incubated for 24 h at 35-37ºC. The colonies 
were picked and stored on slants at 4° C until when needed. 
 
 

Preparation of sweet potatoes 
 
Sweet potatoes (Ipomea batatas) was purchased from Government 
House Market Awka, Nigeria. The potatoes were washed, sliced 
into 2 cm and sundried for 5 days then ground into powder.  
 
 
Preparation of ground malted rice paste 
 
The 250 g of paddy rice to be used was washed with tap water and 
soaked in 500 ml of tap water (1:2 w/v) for 12 h and then drained. 
The drained grains were couched by covering them with a moist 
cloth for 4 to 5 days at ambient temperature (30°C) to germinate 
and then dried in the sun for 3 days. The dried malted rice was 
washed and ground into a paste.  
 
 

Preparation of Kunun-zaki  
 

Kunun-zaki was prepared from 50:50 and 80:20% millet and 
sorghum with modification on ingredients according to Adelekan et 
al. (2013).  500 g of cereal grains were washed with potable water, 
drained and steeped in 1000 ml of tap water (1:2 w/v) in a bucket 
for 8 h after which the grain was washed and mixed with 60 g of 
spices (ginger 40 g, clove 10 g, red pepper 10 g), these were 
washed and then ground to paste (Figure 1). The slurry was divided 
into two unequal portions (1:3 w/w). The larger portion was 
gelatinized by the addition of boiling water (1:1v/v) in a plastic 
container and stirred vigorously (2 to 3 min) following which it was 
cooled to about 50°C.  The slurry was allowed to sediment and 
ferment for 12 h. The fermented samples were sieved using a clean 
muslin cloth (mesh 350 µm).  The supernatant liquid was decanted 
and the filtrate (Kunun-zaki) was packed in the sterile container for 
subsequent analysis (Figure 1). The paddy rice and sweet potatoes 
based Kunun-zaki were produced differently by applying the 
aforementioned  procedures.  Kunun-zaki   produced   without   any
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Figure 1. Flow chart for the production of different Kunun-zaki samples.  
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thickener served as control. Figure 1 showed the preparation of 
Kunun-zaki. 
 
 

Isolation of lactic acid bacteria 
 

The bacteria Lactobacillus spp. were isolated from Kunun-zaki 
samples by using modified MRS broth and MRS agar (Tharmaraj 
and Shah, 2003). Additionally, 0.05% cysteine was added to MRS 
to improve the specificity of this medium for isolation of 
Lactobacillus spp. (Hartemink et al., 1997). The pH of the media 
was adjusted to 6.5. All media and glassware‟s were autoclaved for 
15 min at 121°C before use. 1 ml of each sample was separately 
suspended in 100 ml of MRS broth of pH 6.5 and homogenized. 
Five-fold dilutions were made from each homogenized sample, and 
all dilutions were incubated for 24 h at 37°C under an anaerobic 
condition in the presence of 5 % CO2. A loopful of each culture was 
streaked on to the MRS agar plate and plates were incubated under 
anaerobic condition at 37°C for 24 h. The single colony of 
Lactobacillus was isolated by observing their colony morphology 
and some biochemical tests (Gram staining, catalase and 
motilitytest), and the culture were maintained in MRS broth at pH 
5.5. 
 
 

Identification 
 

The isolated bacteria were identified as Lactobacillus species by 
observing their morphological characteristics: Gram staining, 
motility test, catalase test, indole, oxidase and milk coagulation 
activities and 1-10% NaCl tolerance test (Issazadeh et al., 2013). 
 
 

Sugar fermentation test 
 

MRS broth at pH 6.5 was put into a screw-capped test tube and 
phenol red (0.01 g per L) was added into the tube as pH indicator 
(Devriese et al., 1993). After autoclaving, 1 ml of different sterilized 
sugar solutions (10%) was inoculated into the different tube. Then, 
200 μl of an overnight bacterial culture was inoculated into the broth 
medium and incubated anaerobically at 37°C for 24 h. As a pH 
indicator, phenol red was included in the medium; acid production 
changed the medium from its original color to yellow (Manero and 
Blanch, 1999). After adding the proper amount of broth, Durham 
tubes were inserted into each culture tube in order to observe gas 
production (Herrero et al., 1996).  
 
 

Screening of isolated Lactobacillus species for probiotic 
properties 
 

Tolerance of isolated LAB to acidic pH   
 

The tolerance of the probiotic bacteria to acidic pH was tested in 
vitro as described by Pelinescu et al. (2009). 1 ml of each LAB 
culture at 1×10 8 CFU/ml was inoculated into sterile MRS broth and 
incubated anaerobically at 37°C overnight, then sub-cultured into 
fresh MRS broth tubes of pH 2 to 4 (broth was adjusted by a pH 
meter using HCl and NaOH) and incubated anaerobically at 37°C 
for 24 h. After incubation, 1 ml inoculums from each tube was 
inoculated into MRS agar medium using pour plate technique and 
incubated anaerobically at 37°C for 48 h. The growth (indicated by 
presence or absence of growth) of the LAB on MRS agar was used 
to designate isolates as pH tolerant. 
 
 

Sensitivity to temperature   
 

The  selected  LAB  cultures were inoculated into 10 ml sterile MRS 
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broth and incubated anaerobically at varying temperatures (from 15 
to 45°C) for 48 to 72 h. Thereafter, 1 ml inoculums were transferred 
to MRS agar plates by pour plate method and incubated at 37°C for 
48 h. The growth of LAB on MRS agar plates was used to 
designate isolates as temperature tolerant (Tambekar and Bhutada, 
2010). 
 
 

NaCl tolerance   
 

Tested LAB cultures were inoculated into 10 ml sterile MRS broth 
with NaCl concentration between 1 to 10% and incubated at 37ºC 
for 48 h. Growth was monitored by visual inspection of the test 
tubes and NaCl tolerance was evaluated after 1 ml was platted 
using sterile MRS agar, allowed to set and incubated at 37ºC for a 
period of 48 h (Tambekar and Bhutada, 2010). Positive control 
experiments were made of tubes containing LAB cultures without 
additional NaCl, while negative control experiments were tubes with 
added NaCl but without LAB cultures. 
 
 

Assay for antimicrobial activity 
 
Antimicrobial activities of probiotics were determined by the agar 
well diffusion method as described by Tajehmiri et al. (2014). A 0.2 
ml of a 24 h broth culture was aseptically introduced into the sterile 
petri dishes. The sterilized medium at 45 to 50°C was poured into 
petri dishes. The agar depth was 4 mm. A 26 ml medium was used 
for the plate with 90 mm diameter. Wells were made on the agar 
plates using a sterile cork borer of 5 mm diameter. A 100 µl of the 
supernatants of isolated probiotics were placed into each well. A 
negative control was 100 µl of the broth without organisms. The 
culture plate was incubated at 37°C for 48 h, and the resulting 
zones of inhibition were measured using a ruler calibrated in 
millimeter. Each experiment was replicated three times and the 
results were expressed as average values. Isolates which gave an 
inhibition zone bigger than 10 mm was determined to have 
antimicrobial activity. 
 
 

Statistical analysis  
 

Data were subjected to analysis of variance (ANOVA) using Minitab 
16.0 statistical software (Minitab Inc., State College, PA, USA), and 
they were characterized descriptively as means ± standard 
deviation. Statistically, significant means were separated using 
Duncan Multiple Range test (DMRT). The significance level adopted 
was P≤0.05. 

 
 

RESULTS AND DISCUSSION 
 

Isolation and identification  
 

Seven Lactobacillus bacterial isolates were obtained from 
five samples of Kunun-zaki. The organisms include 
Lactobacillus lactis, Lactobacillus casei, Lactobacillus 
brevis, Lactobacillus acidophilus, Lactobacillus 
fermentum, Lactobacillus delbrueckii and Lactobacillus 
plantarum. Microscopically, the isolates were: Gram 
positive, rod-shaped, oxidase negative, catalase negative, 
non-motile, indole- negative, starch hydrolysis negative 
and absence of endospores. The carbohydrates 
fermentation patterns of the isolates and their 
characteristics are listed in Table 1. This is in agreement 
with the study of  Adelekan  et  al. (2013) and Okoronkwo
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Table 1. Physiological and biochemical properties of Lactobacillus species isolated from Kunun-zaki. 
 

Variable  Isolate 1 Isolate 2 Isolate 3 Isolate 4 Isolate 5 Isolate 6 Isolate 7 

Gram reaction   + + + + + + + 

Catalase - - - - - - - 

Oxidase             - - - - - - - 

Motility - - - - - - - 

Indole - - - - - - - 

pH3   + + + - + + + 

pH5 + + + + + + + 

15°C   + + - + + - + 

45°C + + + + + + + 

CO2 from glucose + - - - + - + 

Production of acid - - - - + - + 

Glucose   + + + + + + + 

Lactose + + - + + + + 

Sucrose    + - + + + - + 

Mannitol    + + - - + - + 

Sorbitol   - + - - + - + 

Gala + + - + + - + 

Arabinose + + + + + - + 

Probable identity             L. lactis L. casei L. brevis L. acidophillus L. fermantum L. delbrueckii L. plantarum 
 

+ = Positive reaction; -= Negative reaction. 
 
 
 

Table 2. LAB isolated from Kunun-zaki processed with natural thickeners.  
 

Isolate Source of isolation Significant LAB isolated 

1 Millet- Sorghum at 50:50%                                     Lactobacillus lactis 

2 Millet- Sorghum+ Paddy Rice at 50:50%                Lactobacillus casei               

3 Millet- Sorghum + Sweet Potatoes at 50:50%       Lactobacillus  brevis 

4 Millet- Sorghum + Sweet Potatoes at 50:50% Lactobacillus acidophilus 

5 Millet and Sorghum at 80:20%                                 Lactobacillus   fermentum 

6 Millet and Sorghum at 80:20% Lactobacillus delbrueckii 

7 Millet- Sorghum + Paddy Rice at 80:20% Lactobacillus plantarum 

 
 
 

(2014). The identified LAB are organisms which are 
naturally present in the human gut also they are the 
organisms that cause fermentation in Kunun-zaki 
(Oluwajoba et al., 2013). Table 2 showed that L. 
fermentum and L. delbrueckii were isolated from Kunun-
zaki made from millet and sorghum at 80:20%. The 
colonies of Lactobacillus isolates appeared rough, dull 
white, 0.1 to 0.5 mm in diameter, and demonstrated 
medium to short rods.   
 
 

Sugar fermentation  
 
Isolate 7 tentatively identified as Lactobacillus 
plantarumfermented all the sugars used. L. lactis, L. 
brevis, L. acidophilus and L. delbrueckii did not produce 
gas from glucose and other sugars, and also showed 
variation in sugar fermentation patterns. Sorbitol was only 

fermented by three isolates.  
 
 

Sensitivity to temperature and pH 
 
The growth of the Lactobacillus species as presented in 
Table 1 showed that all the isolates were able to grow at 
high temperature but L. brevis and L. delbrueckii showed 
no growth at 15°C. According to Ibourahema et al. 
(2008), the bacterial capability to grow at high 
temperature is a good characteristic as it could be 
interpreted as indicating an increased rate of growth and 
lactic acid population. LAB are acidophilic which means 
they are tolerant to low pH (Klaenhammer and Kullen, 
1999). However, this needs to be differentiated from a 
condition of high concentration of free acids because the 
free acids may cause growth inhibitors (Mohd and Tan, 
2007). 
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Table 3. Sodium chloride tolerance of isolated Lactobacillus spp.. 
 

LAB 1% 2% 3% 4% 5% 6% 7% 8% 9% 10% 

A ++ + + + + + + + + + 

B - - - - - - - - - - 

Lacobacillus  lactis ++ + + + + + + + + - 

Lactobacillus casei ++ + + + + + + + + - 

Lactobacillus brevis ++ + + + + + + + + - 

Lactobacillus acidophillus ++ + + + + + + + + - 

Lactobacillus fermentum ++ + + + + + + + + - 

Lactobacillus delbruekii ++ + + + + + + + + - 

Lactobacillus plantarum ++ + + + + + + + + + 
 

++ = Good growth; + =  visible growth;  - = no growth. A=Positive control (Tubes with lactic acid bacteria cultures without NaCl); 
B=Negative control (Tubes with NaCl but without cultures); LAB= Lactic acid bacteria. 

 
 
 

Table 4. Inhibition zones (mm) induced by lactic acid bacteria against the pathogenic bacteria.  
 

Inhibition zone (mm) 

LAB isolates    Pseudomonas aeruginosa Staphylococcus haemolyticus Klebsiella pneumoniae 

Lactobacillus lactis         8.43±0.05
f
 7.57±0.02

g
 6.82±0.03

g
 

Lactobacillus  casei         13.57±0.02
b
 14.03±0.03

b
 11.83±0.02

b
 

Lactobacillus brevis 8.69±0.04
e
 8.46±0.06

e
 8.80±0.04

c
 

Lactobacillus acidophilus 9.71±0.55
c
 9.42±0.06

c
 8.46±0.02

d
 

Lactobacillus fermentum   9.46±0.04
d
 8.14 ±0.01

f
 7.25±0.04

e
 

Lactobacillus delbrueckii    5.15±0.02 9.23±0.01
d
 7.04±0.06

f
 

Lactobacillus plantarum   13.86±0.03
a
 14.25±0.03

a
 13.19±0.03

a
 

 

Each data is the mean of triplicate determination with standard error.; Different superscripts within the same column with each test are 
significantly different (P≤5). 

 
 
 

Tolerance to NaCl 
 
In this study, all the isolated probiotic candidates were 
able to grow at 1 to 9% NaCl, whereas fairly grow at 7% 
but completely failed at 8 to 10% NaCl (Table 3). The 
tolerance of all the isolates to high NaCl concentration (4 
to 9%) further indicated their potential to survive the 
harsh conditions and bile salt of the intestine (Cullimore, 
2000; Topisirovic et al., 2006).   
 
 
Antimicrobial activity of lactic acid bacteria 

 
The results of probiotics antimicrobial effect on selected 
pathogenic organisms are shown in Table 4. The 
comparison of the inhibitory zones caused by the seven 
strains of probiotics (L. lactis, L. casei, L. brevis, L. 
acidophilus, L. fermentum, L. delbrueckii and L. 
plantarum) showed that the antimicrobial effect of L. 
plantarum and L. casei was significantly different from 
other strains. L. plantarum had the highest zone of 
inhibitory on all the pathogenic organisms (Table 4).    L. 
delbrueckii exhibited lowest zone of inhibition on 
Pseudomonas aeruginosa (5.15±0.02 mm). Antibacterial 
activity of L. lactis against  Staphylococcus  haemolyticus 

and Klebsiella pneumoniae showed lowest zones of 
inhibition (Table 4). The observed variation in the 
inhibition of the test pathogens by the LAB is an 
indication that the organisms possess varying abilities to 
exert antimicrobial effects on pathogens and this 
corroborates the study of Azcarate-Peril et al. (2004) that 
antimicrobial effect exerted by lactic acid bacteria are 
strain specific. In general, tolerance to sodium chloride 
salts has been considered a condition for colonization 
and metabolic activity of bacteria in the host intestine 
(Anadon et al., 2006). The low resistance of Lactobacillus 
delbrueckii toward Pseudomonas aeruginosa may be an 
indication of their potential to survive the temperature of 
the human gut since temperature is an important 
requirement for bacterial growth, and the selected 
temperature range was chosen to simulate the normal 
human body temperature. This factor is very important in 
determining the effectiveness of probiotics since growth 
and viability during storage and use is one of the 
important determining factors for the functionality of 
probiotics (Tambekar and Bhutada, 2010) (Tables 1 to 4). 
 
 

Conclusion 
 

L. plantarum has been  shown  to  be  the  most  effective 
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probiotic which exerted the highest antimicrobial effect 
against the test pathogens. Lactic acid bacteria from 
Kunun-zaki may act as a reservoir of antimicrobial-
resistance genes. These bacteria could act as bio-
therapeutic microorganisms and might be good probiotic 
drink. 
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In this study, proximate composition, physical characteristics and mineral content of fruit, pulp and 
seeds of Parinari curatellifolia (Maula) fruits from Bunda forests in Central Malawi were determined. 
Proximate composition included crude protein, crude fat and crude fiber, while physical characteristics 
included mass, length, thickness of whole fruit and kernels and minerals included potassium, 
magnesium, manganese, copper, zinc, iron and phosphorus. Total carbohydrate contents were also 
determined. All the results have been presented on dry matter basis. Results on crude protein ranged 
from 3.9±0.03 to 15.61±0.05% with pulp registering the lowest values (P<0.05) while the highest values 
were registered in kernels. Results on crude fat revealed that kernels had the highest values 
(46.05±0.19%) compared to values obtained in pulp or a mixture of pulp and peels while for crude fiber, 
the highest values (21.39±0.28%) were obtained in whole fruit. Furthermore, results on ash content 
showed that the highest values (5.71±0.25 %) were obtained in fruit peels while the lowest values 
(1.58±0.15 %) were registered in whole fruit. Lastly, results on carbohydrate content revealed that the 
highest values (84.95±0.14%) were obtained in the pulp while the lowest values (34.34±0.21%) were 
registered in kernels. The findings from this study have shown that there are significant differences in 
nutrient and mineral composition in the whole fruit, seeds and pulp of P. curatellifolia from Central 
Malawi and therefore these findings can be useful in nutritional planning regarding consumption of the 
P. curatellifolia fruit.   
 
Key words: Maula (Parinari curatellifolia), indigenous fruits, kernels, minerals, crude protein, nutrition, Bunda 
forest.    

 
 
INTRODUCTION 
 
Global human population is estimated to reach 9.6 billion 
by 2050  and  10.9  billion  by  2100  respectively. On  the 

other hand, it is expected that the population would rise 
to  8.2  billion  by  2050  reaching  9.6  billion  by  the  21

st
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century in developing worlds with a 5 times increase in 
the least developed countries like Malawi (UNPD, 2012).  

Sub-Saharan Africa (SSA) population growth, Malawi 
inclusive, is expected to increase by 1.2% annually by 
2050 triggering urbanization and improved individual 
income (UNPFA, 2008; Thornton, 2010; Théwis and 
Galiş, 2012). It has previously been reported that SSA 
has the highest number of food insecure people where 
214.1 million people have been reported to be chronically 
undernourished in 2012 to 2014 with a prevalence of 
23.8% (FAO et al., 2014).  

Furthermore, it is widely acknowledged that global 
climate is changing. Global surface temperature has 
been estimated to increase between 1.8 and 4.08°C by 
21st century (IPCC, 2007a, b). In lower latitudes, like in 
SSA, temperature changes have been projected to be 1 
to 2.8°C with crop productivity in tropics and subtropics 
dropping by 10 to 20% by 2050 (Jones and Thornton, 
2003) creating food insecurity because of dependence on 
rain-fed agriculture (IPCC, 2007a).  

Cereal  production for a number of crops in SSA would 
decline by 3.2% spiking prices by more than 4% in 2050  
(Gachene et al., 2015; Ringler et al., 2010; Ringler et al., 
2011) culminating in declining of cereal demand by 3.6 
MMT representing 1.5% decrease by 2050 (Ringler et al., 
2010). In SSA, 23.2% of the population, live on calorie-
deficient food (FAO et al., 2015) with about 600,000 
children expected to suffer from malnutrition by 2050 as a 
result of climate change (Ringler et al., 2010). Many 
people in rural and peri-urban populations of southern 
Africa, face food shortage (FAO, 2000), resulting in food 
acute malnutrition (Akinnifesi et al., 2004).   

In SSA, many authors have previously reported that 4 
in 5 rural people are poverty stricken depending on wild 
fruit harvesting to secure food supply during times of 
hunger/famine (Loghrust, 1986; Lockett and Grivetti, 
2000; Makonda and Gillah, 2007; Msuya et al., 2010). 
Indigenous fruit trees (IFTs) are food and nutrient 
sources for SSA people in the form of minerals and 
vitamins from fruit consumption (Chirwa and Akinnifesi, 
2008) while the surplus fruits have been used  for sale 
(Akinnifesi et al., 2004). With respect to Malawi, many 
people experience severe food shortage in both dry and 
rainy season (October to February) forcing them to 
depend on wild products like indigenous fruits (Akinnifesi 
et al., 2004; Mtupanyama et al., 2008).  

These fruits are consumed in different forms and some 
are used as medicines by the rural marginalized 
communities (Benhura et al., 2012). Indigenous fruits, like 
Parinari curatellifolia fruit extracts are used as cardiac 
tonic and for the treatment of heart diseases like 
hypertension whereas the leaf extracts treat body 
inflammation and anemia (Peni et al., 2010). Despite 
being significant in people lives, wild edible fruits have 
been underutilized with little attention in investigating their 
various potentials (Salih and Yahia, 2015). In view of 
increasing  food  insecurity  from  the  effects  of  growing 
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human population and climate change, new and 
nonconventional sources of food from indigenous fruit 
trees (IFTs) should be explored. Therefore research 
intensification in exploration of the significance of 
underutilized crops like fruits from IFTs is of paramount 
importance.   

P. curatellifolia, locally known as Maula, is an IFT that 
grows in Sub-Saharan Africa, Malawi inclusive. P. 
curatellifolia grows naturally in Bunda forest and belongs 
to the Chrysobalanceae family (Oladimeji and Bello, 
2011). It bears greenish with grey spots (Benhura et al., 
2013) ovoid in shape fruits of 3-5 cm long and 2.4-4 cm in 
diameter (FAO, 1982). The fruits contain woody seed 
stones containing kernels which have high oil content and 
the kernels are eaten raw in the form of nuts (Saka and 
Msonthi, 1994; Katende et al., 1995; Benhura et al., 
2012). The kernels have been reported to contain high 
levels of nutrients like crude protein, 33.1±0.12%, 
carbohydrates, 52.38±0.01% (Oladimeji and Bello, 2011), 
and crude fat, 37.75 % (Orwa et al., 2009).   

Efforts have been made to explore the uses, growth, 
domestication and commercialization of wild fruit trees 
(IFTs) in SSA countries, Malawi inclusive, including that 
of P. curatellifolia (Mtupanyama et al., 2008; Kwesiga et 
al., 2000; Akinnifesi et al., 2004, 2006, and 2007). 
However, limited information exists on the nutritional 
value of these indigenous fruits in Malawi (Saka and 
Msonthi, 1994).  The significance of foods for human 
consumption is based on their nutrients, energy and 
mineral contents. Against this background of having 
limited information on nutritional value of indigenous fruits 
such as P. curatellifolia, this current study was carried out 
with the aim of characterizing the physical properties and 
nutritional value, in terms of proximate, mineral and 
chemical composition of Maula fruits, with respect to the 
fruit, pulp and seeds, from Bunda Forest in Central 
Malawi.  
 
 
MATERIALS AND METHODS 

 
Sample collection and preparation 
 

Ripe Maula (Parinari curatellifolia) fruits were collected from Bunda 
Forest which is under Lilongwe University of Agriculture and Natural 
Resources, Bunda campus, in Lilongwe district in Central Malawi in 
the months of September and October. The fruits were washed 
using distilled water and the peels and mixture of pulp and peels 
and pulp were manually removed (Figure 1) from the woody seed 
stone and were partially sundried for 24 h. The fruits were sundried 
at 37°C on a stainless metal sheet which was placed on a concrete 
floor to prevent dust accumulation (Brennand, 1994; Ahmed, 2013). 
The fruits were finally dried in the forced air laboratory oven at 60°C 
to avoid cooking them for 2 days (Wijewardana et al., 2016) (Figure 
1).  The woody seed stones were sundried for 5 weeks for seed 
kernel collection. The seed kernels were removed from the woody 
seed stone by crushing the stones with a hard stone as shown in 
Figure 2. Some fruits were sundried for 14 days and crushed 
together with kernels before finally being dried in the oven for 48 h 
at 60°C  (Ahmed,  2013) (Figure  2).  The  dried  whole  fruits,  pulp,
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Figure 1.  A: Parinari curatellifolia fruits, B: Peels, C: peeled fruits, D: fruit stones. 

 
 
 

 
 

Figure 2. A: Removing kernels from the stones, B: kernels in the container, C: Kernels. 
 
 
 

mixture of pulp and peels and peels were ground through a 1 mm 
sieve using a Thomas-WILEY model 4 Laboratory Mill before 
analyzing the chemical properties. The ground samples were used 
in the analysis for proximate composition; dry matter (DM), ash, 
crude protein (CP), crude fat and crude fiber (CF) using Association 
of Official Analytical Chemists (AOAC, 1996) methods.  
 
 
Physical characteristics determination 
 
The fruits and kernels were evaluated for their physical 
characteristics as described by Benhura et al. (2013) where 20 
fruits and kernels were randomly selected, thoroughly cleaned and 
weighed on JP-2000 electronic balance to the nearest 0.01 g. The 
20 fruits and kernels were weighed each at a time with its stone and 
peels weighed too. The physical characteristics of the seeds and 
kernels in terms of length (long axis) and thickness (short axis) 
were evaluated by using Mitutoyo vernier caliper.  

 
 
Proximate composition  
 
The analysis of dry matter, mineral ash, crude protein, crude fat, 
crude fiber and calculation of carbohydrate content in the samples 
were carried out using methods described in Association of Official 
Methods of Chemical Analysts (AOAC 1990), AOAC, (1996) and 
AOAC, (2005) respectively. 

 
 
Dry matter using oven method 

 
Dry matter (DM) was determined by drying the samples in a 
laboratory drying oven at 105°C for 5 h. The crucibles were 
thoroughly washed, dried in the oven, cooled in a desiccator and 
weighed.  2.5 g of the sample was weighed into the crucible and 
dried to constant weight. The sample dry matter in percentage was 
calculated as the fraction of the dried weight to that of the original 
one multiplied by 100 (AOAC, 1996; AOAC, 1990).   

Ash using muffle furnace 
 

Ash content was determined by igniting 2.5 g of the samples 
weighed in a porcelain crucible in the muffle furnace at 550°C for 2 
h.  The amount of ash content in percentage was calculated as 
shown below: 
 

 
 

Where: 
 

W0 is weight of crucible and sample before igniting the sample, Wa 
is weight of crucible and ash and Wt is weight of crucible only.  
 
 

Crude fat 
 

Crude fat was analyzed by extracting 2.5 g of the sample weighed 
in the porous extraction thimble by using petroleum ether in a 
soxhlet apparatus for 16 h. The soxhlet apparatus was equipped 
with a water cooled condenser fitted on to the weighed 250 ml flat 
bottomed quick fit flask containing petroleum ether as a fat solvent. 
The solvent was boiled at 40°C continuously to extract the fat from 
the sample.  The mixture of fat and solvent was collected in the 
flask and the solvent was evaporated at 40°C in a vacuum rotary 
evaporator. Thereafter, the flask was dried and re-weighed and 
crude fat content was calculated as a percentage of the dry weight 
of the sample as shown below: 
 

 
 

Where A = weight of flask + oil, B = weight of flask only, C = weight 
of dry sample. 
 
 

Crude fiber  
 

Crude fiber was  determined  by  boiling 1.5 g of the samples in 200 

 %Ash = [(Wa-Wt)/ (W0-Wt)] x 100 (AOAC, 1990). 

% Crude fat = [(A-B) / C] x 100 (AOAC, 1996). 



 
 
 
 
ml of weak Sulphuric acid (1.25%) and Sodium Hydroxide (1.25%), 
with few drops of anti-foaming agents being added, for 30 min 
respectively. The residues were filtered and washed three times 
with hot water and then washed with 95% ethanol and dried at 
105°C for 5 h to constant weight. The dried residues were ignited in 
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a muffle furnace at 550°C for 2 h. The crude fiber, in grams, was 
calculated as the difference between the weight of the residues and 
ash and converted as a fraction of the sample weight in 
percentages as shown in the equation below: 

 

 
 
Crude protein using Kjeldahl method 
 
Crude protein (CP) content of the samples was analyzed by using 
micro- Kjeldahl method, and the N content was converted to CP by 
multiplying by 6.25. The method involves digestion of the samples 
in concentrated (98 %) sulphuric acid with selenium tablet as a 
catalyst, distillation of the digests into weak acids (4 % boric acid) 
and titration of the distillates with 0.1 M Hydrochloric (HCl) acid 
(AOAC, 1990).  
 
 
Carbohydrates 
 
Carbohydrates content was calculated by difference using the 
following formula; 100 % - (CP % + CF % + crude fat % + Ash %) 
as described in AOAC (2005). 
 
 
Determination of mineral composition 
 
1.0 g of each sample was weighed in porcelain crucibles which 
were ignited in a muffle furnace at 550°C to constant weight. The 
ash was dissolved in 3 ml of 3 M Hydrochloric (HCl) acid, 
transferred to 100 ml volumetric flask and diluted to the 100 ml 
mark (AOAC, 2005). 0.75 ml of the diluted digested samples were 
placed in 20 to 25 ml glass vials and diluted with 9 ml of distilled 
water. Standards were prepared by adding 0.0 ml, 0.1 ml, 0.2 ml, 
0.3 ml, 0.4 ml and 0.5 ml into 20 to 25 ml vials and diluted with 9 ml 
of distilled water. 2.0 ml of phosphovanadomolybdate /molybdate 
reagent (solution) was added in each vial and absorbance was 
measured after 1 h of color development (AOAC, 2005). 
Phosphorus was determined by a DR 5000 WAGTECH projects 
ultra-violet visible spectrophotometer at 860 nm wavelength. 
Potassium (K) was analyzed using Flame Photometer while 
magnesium, iron, manganese, copper and zinc were analyzed 
using PG990 atomic absorption spectrophotometer (AAS) (AOAC, 
2005). 

 
 
Statistical analysis 
 
Data from the laboratory chemical analyses were done in triplicates 
and the mean value of each chemical parameter was calculated 
using Microsoft excel. The data was statistically analyzed by using 
analysis of variance (ANOVA) in Microsoft Excel ToolPak. T-test 
two-sample with unequal variances was used to compare mean 
values and significance was accepted at P≤ 0.05 level. 

 
 
RESULTS AND DISCUSSION 
 
Physical characteristics of P.curatellifolia seeds and 
kernels 
 
Results on the physical characteristics of P. curatellifolia 
fruit are presented in Tables 1 and 2 respectively. The 
ripe fresh fruit weighed on average 22.69±0.69 g and this 

observation was in agreement with findings reported by 
Benhura et al. (2013) in Zimbabwe who found an average 
weight of 23.0±3.0 g for Waterfalls samples. The mean 
proportions of pulp and pulp and stone as a fraction of 
fruit were 46.75±0.9 and 90.09±0.50% respectively. 
However, the pulp proportion obtained in this study was 
lower than 51.1, 48.9 and 50.1% for P. curatellifolia fruit 
obtained from Amby, Waterfalls and Acadia in Zimbabwe 
respectively as reported by Benhura et al. (2013). P. 
curatellifolia kernel from this study weighed 352.8±11.4 
mg and was 6.38±0.16 mm long with a thickness of 
3.66±0.13 mm. The kernels from this study weighed less 
than 14000±3000, 21000±4000 and 23000±3000 mg for 
P. curatellifolia kernels when compared with kernels from 
Amby, Waterfalls and Acadia in Zimbabwe respectively 
(Benhura et al., 2013). Similarly, the kernels from this 
study were shorter than 22±3, 30±6 and 30±6 mm for P. 
curatellifolia kernels from Amby, Waterfalls and Acadia in 
Zimbabwe (Benhura et al., 2013). These differences 
could probably be attributed to the differences in 
ecological zones from where the fruit was grown (Tables 
1 and 2).  
 
 

Proximate composition 
 

Results on proximate composition of P. curatellifolia fruits 
and its different parts in percentages are shown in Table 
3. 
 
 

Dry matter composition 
 

Results on dry matter composition revealed that there 
were significant differences for the different fruit parts. 
Dry matter composition ranged from 88.66±0.15 to 
99.31±0.04% for pulp and peels, and fruit respectively. 
Maula fruits registered higher dry matter values than 
(P>0.05) kernels, peels, pulp and (P<0.05) pulp and 
peels respectively.  
 

 
Crude protein composition 
 
Crude protein content ranged from 3.90±0.03 to 
15.61±0.05% for pulp and kernel respectively. Crude 
protein content in pulp was the lowest (P<0.05) compared 
to the mixture of pulp and peels, kernels and (P>0.05) 
peels. The high crude protein value in the mixture of pulp 
and peels compared to that registered in the pulp could 
be attributed  to  the  peels which are known to contribute

% Crude fiber = [(Loss of weight on ignition / sample weight)] x 100 (AOAC, 1990). 
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Table 1. Physical Characteristics of Parinari curatellifolia fruit. 
 

Parameter Value (Mean ± SE) 

 Mass of fruit (g)  22.69±0.69 

 Pulp + stone fraction (as % of fruit) 90.09 ±0.50 

 Pulp fraction (as % of fruit) 46.75±0.90 

 Pulp + peel fraction (as % of fruit) 56.67±0.77 

Mean peel fraction (as % of fruit ), n=20  9.91±0.50 

Mean stone fraction (as % of fruit ), n=20 43.33±0.77 

Mean fruit length (mm), n=20 38.30±0.48 

Mean fruit thickness (mm), n=20 30.84±0.56 
  

Mean ± SE= mean ± standard error, n=20. 
 
 
 

Table 2.  Physical characteristics of Parinari curatellifolia  kernel. 
   

Parameter Value (Mean ± SE) 

Mass of kernel (mg) 352.8±11.4 

Mean kernel fraction (as % of fruit), n=20 1.59±0.08 

Mean kernel fraction (as % of stone), n=20 3.69±0.19 

Mean kernel length (mm), n=20 16.78±0.40 

Mean kernel width (mm) , n=20  6.38±0.16 

Mean  ernel thickness (mm), n=20 3.66±0.13 
 

Mean ± SE= mean ± standard error, n=20. 
 
 
 

the extra crude protein to the pulp (Benhura et al., 2012). 
The crude protein content in pulp was higher than 3.4 
and 3.0 respectively as compared to the values reported 
by other researchers in Tanzania and Malawi 
(Ndabikunze et al., 2006; Saka and Msothi, 1994). The 
findings in this study have revealed that pulp, peels and 
mixture of pulp and peels are poor sources of proteins for 
humans.  Crude protein content in the kernel was 
15.61±0.05% which is lower than the value of 
33.10±0.12% (Oladimeji and Bello, 2011) and 27.10 
(Ndabikunze et al., 2006) for research conducted in 
Nigeria and Tanzania. Crude protein value of 
15.61±0.05% for the kernels was lower than 24.70% for 
raw Arachis hypogeae seeds as reported by other 
researchers for studies conducted in Nigeria (Ayoola et 
al., 2012). These findings have shown that P. 
curatellifolia kernels are good sources of proteins for 
human nutrition. 
 
 
Crude fat composition 
 

Results on crude fat content showed that the range was 
from 2.02±0.47 to 46.05±0.19% for pulp and kernels 
respectively. Crude fat content in fruit was the lowest 
(P<0.05) and kernels had the highest (P<0.05) crude fat 
contents. Crude fat content in pulp was 3.99±0.08% 
which was higher (P<0.05) than 2.07±0.23 and 
3.70±0.05% for the mixture of pulp and peels and peels 
only respectively. The values for crude fat  were  0.9  and 

1.5 higher than the values previously reported by other 
researchers (Ndabikunze et al., 2006; Saka and Msothi, 
1994). Interestingly, crude fat values in kernels were high 
by different values as compared to values reported by 
other researchers: 1.77 (Ogungbenle and Atere, 2014) 
and 5.11±0.10% (Oladimeji and Bello, 2011) but lower 
than 47.00% (Ndabikunze et al., 2006) as reported for 
studies conducted in Nigeria and Tanzania. Crude fat 
value of 46.05±0.47 for P. curatellifolia kernel was higher 
than 39.10% (Kumar et al., 2013) but similar to 
47.00±0.03 (Atasie et al., 2009) for groundnuts (Arachis 
hypogaea) as reported in other studies done in India and 
Nigeria respectively. The high crude fat and crude protein 
contents in kernels have shown  that the kernels are 
potential sources of energy and essential amino acids 
and could therefore be used both as food for humans and  
feed for animals. The P. curatellifolia kernels flour could 
be used as an alternative of groundnut (Arachis 
hypogaea) flour in preparation of traditional vegetable 
soup by the less privileged rural communities.   
 
 
Ash composition 
 

Ash content was found to be the highest (P<0.05) in 
peels compared to that of kernels, fruit, pulp, mixture of 
pulp and peels respectively. However, ash content in pulp 
was equal (P>0.05) to that of kernels and mixture of pulp 
and peels. The ash content in the pulp was 2.46±0.09% 
which was low  compared to the value  of  3.9%  reported 
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Table 3. Proximate composition of Parinari curatellifolia. 
 

Sample DM % (Mean±SE) 
Ash % 

(Mean±SE) 

CP % 

(Mean±SE) 

Crude fat % 

(Mean±SE) 

CF % 

(Mean±SE) 

NFE % 

(Mean±SE) 

P. Fruit 99.31±0.04
a
 1.58±0.15

a
 ND 2.02±0.47

a
 21.39±0.28

a
 ND 

Pulp 90.6± 0.4
a
 2.46±0.09

b
 3.90±0.03

a
 3.99±0.08

b
 4.71±0.06

b
 84.95±0.14

a
 

Pulp + Peels 88.66±0.15
b
 2.85±0.06

b
 5.14±0.10

b
 2.07±0.23

a
 6.25±0.11

c
 83.70±0.28

b
 

Peels 95.59±0.03
a
 5.71±0. 25

c
 4.17±0.03

c
 3.70±0.05

b
 19.44±0.13

d
 66.97±0.35

c
 

Kernels 99.27±0.04
a
 2.43±0.02

b
 15.61±0.05

d
 46.05±0.19

c
 1.58±0.04

e
 34.34±0.21

d
 

 

Mean ± SE= mean ± standard error. For each parameter, means with same superscript were not significantly different 
(P>0.05). ND= not determined. 

 
 
 

by Ndabikunze et al. (2006) in Tanzania but was higher 
than 1.8% (Saka and Msothi, 1994) as reported in 
Malawi.  However, ash content in kernels was found to be 
2.43±0.02%

 
which was lower than the value of 

2.65±0.21% reported in Nigeria by Oladimeji and Bello 
(2011). The ash content in kernels was lower than 4.55% 
(Kumar et al., 2013) but higher than 1.48% (Ayoola et al., 
2012) for A. hypogaea as reported by other authors for 
studies previously conducted in India and Nigeria 
respectively. 
 
 
Crude fiber 
 
The crude fiber content ranged from 1.58±0.04 to 
21.39±0.28% for kernels / nuts and whole fruit 
respectively. The kernel had the lowest (P<0.05) crude 
fiber content followed by pulp (4.71±0.06%), mixture of 
pulp and peels (6.25±0.11%) and peels (19.44±0.13%) 
respectively. The crude fiber content in the pulp was 
lower than 5.4 and 5.5% as reported in Tanzania and 
Malawi respectively (Ndabikunze et al., 2006; Saka and 
Msonthi, 1994). However, crude fiber content in kernels 
was lower than 5.45 and 1.6±0.1% as compared to the 
values reported in Nigeria by other researchers 
(Ogungbenle and Atere, 2014; Oladimeji and Bello, 
2011). On the other hand, the crude fiber values for the 
kernels were lower than 3.7±0.3% (Atasie et al., 2009) 
and 2.91% (Kumar et al., 2013) for raw groundnuts seeds 
as reported in Nigeria and India respectively. 
 
 

Carbohydrate composition 
 
Results on carbohydrate content showed that the range 
was from 34.34±0.21 to 84.95±0.14% for kernels and 
pulp respectively. Pulp registered the highest (P<0.05) 
carbohydrate content compared to the mixture of pulp 
and peels, peels and kernels. Carbohydrate content in 
pulp was higher than 21.40±0.30, 27.50±0.50 and 
28.90±0.40% respectively as compared to the values 
obtained for samples collected from Cranborne, 
Greendale and Prospect in a related study in Zimbabwe 
(Benhura et  al.,  2012).  However,  carbohydrate  content 

for pulp from this study was comparable to the value of 
88.20% reported in Malawi (Saka and Msonthi, 1994). 
The kernel carbohydrate content of 34.34±0.21% was 
lower than 52.38±0.01% (Oladimeji and Bello, 2011) but 
higher than 26.00% (Ndabikunze et al., 2006) in 
comparisons to values obtained in related studies in 
Nigeria and Tanzania respectively. Furthermore, the 
carbohydrates content for the kernels obtained in this 
study was higher than 17.41 (Ayoola et al., 2012) and 
25.30% (Kumar et al., 2013) for A. hypogaea observed in 
other studies in Nigeria and India respectively. The high 
carbohydrate contents in pulp have demonstrated that 
the pulp could be a potential source of energy for 
consumers in Malawi.  
 
 

Mineral composition 
 
Results on different minerals obtained in P. curatellifolia 
fruit, pulp, mixture of pulp and peels, peels and kernels, 
in mg 100 g

-1
, are presented in Table 4. Potassium 

content ranged from 680.20±4.88 to 736.24±6.29 for 
kernels and peels respectively. Potassium content in pulp 
was 712.65±12.02

 
which was higher (P<0.05) than 

710.86±10.51 but lower (P>0.05) than 736.24±6.29
 
for 

mixture of pulp and peels and peels respectively. 
However, potassium content in pulp, mixture of pulp and 
peels and peels were higher (P<0.05) than that of 
kernels. The potassium content in pulp was higher than 
22.3 (Ndabikunze et al., 2006), 103.68 (Saka and 
Msonthi, 1994) and 15±1.0% (Benhura et al., 2013) as 
reported in Tanzania and Zimbabwe. Potassium content 
in kernels was higher than 459 from a related study in 
Nigeria (Ogungbenle and Atere, 2014).   

Iron content ranged from 295.49±0.68
 
to 403.81±4.34 

for pulp and peels respectively. Peels had the highest 
(P>0.05) iron content compared to the mixture of pulp 
and peels which was high (P<0.05) compared to that of 
pulp and kernels respectively.  Pulp iron content was 
higher than 103.0 (Saka and Msonthi, 1994) but lower 
than 700±200, 500±100, 800±200 (Benhura et al., 2013) 
reported in studies conducted in Malawi and Zimbabwe 
respectively. Iron content in the kernels was high 
compared  to  13.2  obtained in a related study conducted
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Table 4. Mineral composition of P. curatellifolia (mg100 g-1 DM). 
 

Sample 
K 

(Mean±SE) 

Mg 

(Mean±SE) 

Mn 

(Mean±SE) 

Cu 

(Mean±SE) 

Zn 

(Mean±SE) 

Fe 

(Mean±SE) 

P 

(Mean±SE) 

P. Fruit ND ND ND ND ND ND ND 

Pulp 712.65±12.02
a
 213.06±8.25

a
 24.27±0.58

a
 6.26±0.00

a
 17.57±0.67

a
 295.49±0.68

a
 405.23 ± 2.17

a
 

Pulp + Peels 710.86±10.51
a
 216.08±13.61

a
 31.53±0.00

a
 112.74±0.54

b
 17.85±0.58

a
 398.78±0.56

b
 370.57±10.47

b
 

Peels 736.24±6.29
b
 200.01±7.64

b
 29.33±0.27

b
 70.23±0.61

c
 37.57±1.07

b
 403.81±4.34

b
 382.56±4.54

b
 

Kernel 680.20±4.88
 c
 222.45±2.72

c
 45.79±1.77

c
 12.59±0.76

d
 42.1±0.58

c
 357.02±3.65

c
 540.67±4.87

c
 

 

Mean ± SE= mean ± standard error. For each parameter, means with same superscript were not significantly different (P>0.05). ND= not 
determined. 

 
 
 

in Nigeria (Ogungbenle and Atere, 2014).  
Phosphorus content ranged from 370.57±10.47 to 

405.23±2.17 for mixture of pulp and peels and kernels 
respectively. Phosphorus in kernels was the highest 
(P<0.05) compared to pulp, mixture of pulp and peels and 
peels respectively. Phosphorus content in pulp was 
higher than 200±0.0 (Benhura et al., 2013) and 339 
(Saka and Msonthi, 1994) from other studies conducted 
in Zimbabwe and Malawi respectively. P. curatellifolia 
kernels had high phosphorus content compared to 180 
(Ndabikunze et al., 2006) and 196 (Ogungbenle and 
Atere, 2014) obtained from related studies conducted in 
Tanzania and Nigeria. Furthermore, phosphorus content 
for the kernels was higher than 340.2 for A. hypogaea as 
observed in India (Kumar et al., 2013) (Tables 3 and 4).   
 
 

Conclusion  
 
Results from the study have shown that P. curatellifolia 
fruits from Malawi contain essential nutrients and 
minerals which are essential for the nutritional well-being 
of less privileged communities in Malawi. The results 
have also revealed that there are differences in nutrient 
and mineral composition in different parts of the P. 
curatellifolia fruit. The high carbohydrate content in the 
pulp present in P. curatellifolia have demonstrated that P. 
curatellifolia fruit is a  potential source of energy which 
can benefit consumers from low resource communities in 
Malawi. It is therefore highly recommended that people 
should be encouraged to consume P. curatellifolia fruits 
to get good nutrition. It is further recommended that 
future studies should use P. curatellifolia from different 
regions in Malawi to find out to what extent the nutrient 
and mineral composition can be influenced by the 
differences in ecological zones.  
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