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ABSTRACT 
Studies on post-harvest fungi causing deterioration in cabbage (Brassica oleracea) 
sampled from farmers at Kwakwachi irrigation area in Kano State was carried out 
between September and December, 2014. The samples were surface sterilized using 3% 
sodium hypochlorite solution and homogenates were cultured on potato Dextrose Agar 
and incubated at 25.7 ±2oc for three days. Pure cultures of the resulting fungal colonies 
were obtained from the subcultures of the primary plates. These were identified 
morphologically and microscopically. The investigation revealed that over 90% of the 
samples were infected with one or more fungal species. A total of 134 fungal species 
were isolated and identified. The most predominant pathogenic fungus isolated from the 
samples was A. niger with50 (36.76%), abundance this was followed by Rhizopus 
stolonifer 38 (27.5%) and.  Candida albican 16 (11.8 %)., Aspergillus flavus had the 
lowest percentage abundance with32 (23.5%).More colonies were recorded on Monday 
exposure 72 (53/7%), than Thursday 62 (46.2%). 
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INTRODUCTION 
Cabbage (Brassica oleracea L. var. capitata) 
is one of the most important vegetables 
grown worldwide. It belongs to the family 
Cruciferae, which includes broccoli, 
cauliflower, and kale. The different 
cultivated types of cabbage show great 
variation in respect of size, shape and color 
of leaves as well as the texture of the head 
(Singh et al., 2006). Approximately 6.3 kg of 
Brassica vegetables are consumed per person 
annually (Jordbruksverket, 2003).  
Cabbage is consumed either raw or processed 
in different ways, e.g., boiled or, fermented 
or, used in salads. Due to its antioxidant, 
anti-inflammatory and antibacterial 
properties, cabbage has widespread use in 
traditional medicine, in alleviation of 
symptoms associated with gastrointestinal 
disorders (gastritis, peptic and duodenal 
ulcers, irritable bowel syndrome) as well as 
in treatment of minor cuts and wounds and 
mastitis. Many studies have examined the 
role of this cruciferous vegetable in cancer 
prevention (and in some cases, cancer 
treatment). The uniqueness of cabbage in 
cancer prevention is attributed to the 
presences of three different types of 

nutrients antioxidant richness, anti-
inflammatory richness, and richness in 
glucosinolates (Sami et al. 2013). 
Fresh cabbage juice, prepared either 
separately or mixed with other vegetables 
such as carrot and celery, is often included in 
many commercial weight-loss diets (Samec, 
2011), diets that improve the bioavailable 
content of nonheme iron (Chiplonkar et al., 
1999), as well as alternative therapies for 
cancer patients (Maritess et al., 2005). 
Clinical research has shown positive effects 
of cabbage consumption in healing peptic 
ulcers (Cheney, 1949), and facilitating the 
reduction of serum LDL levels (Suido et al., 
2002). Chemical components analysis has 
shown that the main constituents of cabbage 
are carbohydrates, comprising nearly 90% of 
the dry weight, where approximately one 
third is dietary fiber and two thirds are low-
molecular weight carbohydrates (LMWC). 
Other characteristic components are 
glucosinolates (Wennberg et al., 2006).  
Research has shown that different types of 
cabbage (red, green, and Savoy) contain 
different patterns of glucosinolates (Samec, 
2011). 
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This finding shows that the broadest health 
benefits from cabbage are likely to come 
from inclusion of all varieties in a diet. In 
another study (Sami et al. 2013) Savoy 
cabbage in particular—turns out to be an 
especially good source of sinigrin. Sinigrin is 
one of the cabbage glucosinolates that has 
received special attention in cancer 
prevention research. The sinigrin in cabbage 
can be converted into allyl-isothiocyanate, or 
AITC. This isothiocyanate compound has 
shown unique cancer preventive properties 
with respect to bladder cancer, colon cancer, 
and prostate cancer. 
Sami et al. 2013 
Microorganisms infect and contaminate the 
fruits and vegetables which is eaten for food 
and for medicine. They may influence the 
quality availability, and quantity of the food. 
Naturally occurring foods such as fruits and 
vegetables normally contain some 
microorganisms and may be contaminated 
with additional organisms during handling 
(Lund, 1971). Fruits and vegetables can serve 
as a medium for the growth of 
microorganisms and as a result, transmit 
diseases. Other microorganisms, if allowed to 
grow in certain fruits and vegetables 
products, can produce toxic substances that 
result in food poisoning when ingested 
(Pelczar et al., 1993). Different disease 
problems arise when crops are harvested 
which may ultimately lead to scarcity and 
high cost. Therefore, thewas aim at isolating 
and identifying mould species associated with 
post-harvest lossesof Cabbage grown at 
Kwakwachi irrigation areawhich will provide 
the base line informationfor design of control 
strategies. 
MATERIALS AND METHODS 
 STUDY AREA 
Kwakwachi irrigation area is located at 
Nassarawa Local Government Area, a 
distance of about 65 kilometers away from 
Kano University of science and Technology, 
Wudil. The area has the large hectares of 
land use for cultivation of fruits and 
vegetables both in the dry and raining 
season. Famers in the area growfruits and 
vegetables including Cabbage, Lettuce, 
Tomatoes, Spinach, Carrot and Onion. 
Wastewater from the household is the source 
of irrigation water in the area. They do not 
use fertilizer; however, they use chemicals 
which is applied about three times before 

harvesting for protection against disease. 
Method for harvesting is by hand picking and 
the product is parked in baskets and 
conveyed to the market. 
SAMPLE COLLECTION 
Cabbages were collected from Kwakwachi 
irrigation area. Six samples were collected on 
weekly basis, Mondays and Thursdays, 
respectively. This lasted for eight weeks. The 
samples were collected directly from the 
farm. Samples collected were placed in 
polythene bags (container) and transported 
immediately to the laboratory for analysis. 
 ISOLATION AND IDENTIFICATION OF 
POSTHARVEST FUNGI 
This involved the isolation and identification 
of fungi associated with losses of quality and 
quantity in cabbage. The methodology used 
in this research follows the one used by 
Essien et al (1999). 
SAMPLE HANDLING 
Cabbages obtained from Kwakwachi irrigation 
area were surface sterilized by immersion in 
3% (v/v) sodium hypochlorite solution for 3 
minutes. They were rinsed in three changes 
of running tap water and allowed to dry. 
Portions (2mm) were cut with a sterilized 
cork borer. Cut pieces were placed on petri 
plates containing Potato dextrose 
agar(PDA)and lactic acid (30mg/l) to prevent 
the growth of bacteria. The plates were 
incubated at 25.7 ±2

o
c for 3 days. Each week, 

growths of fungal colonies were monitored 
and the number of colonies that appeared 
was recorded. Each distinct colony was sub 
cultured into fresh PDA. 
PATHOGENICITY TEST OF ISOLATED 
MICROORGANISM 
Pathogenicity tests were conducted to proof 
Koch postulate. All fresh samples were 
separately washed in 10% (v/v) sodium 
hypochlorite solution and rinsed in three 
changes of running tap water and allowed to 
dry. A ruler was used to mark a (2mm) 
diameter circle on each sample; a sterilized 
needle was used to streaked fungal hyphae 
on marked portions. Controls were inoculated 
with sterile distilled water. Materials were 
placed on the laboratory bench. Sterilized 
forceps were used to remove portions from 
the diseased areas on the 4

th
 day and placed 

on freshly prepared PDA plates and incubated 
at 25.7 ±2

o
c for 3 days. Fungal growth that 

appeared was recorded. 
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MICROSCOPIC EXAMINATION 
For each examination, a streak of fungal 
mycelium was placed on a clean glass slide. 
One drop of cotton blue lactophenol was 
added and the cover slip placed. The slide 
was mounted on the microscope and 
observed at magnification of ×10, ×40 and 
×100. Morphological characteristics of fungi 
isolated were determined and identified 
using method described by Dorothea, el al., 
(1976). Lengths of the hyphae were 
determined with eyepiece graticule by using 
colonial and morphological characteristics. 
Photographs of fungal mycelia were taken 

from mounted slide using camera Lucida at 
Kano University of Science and Technology, 
Wudil. 
RESULTS 
Fungal Infection of fungal was recorded on all 
the leaf samples. A total of 134colonies were 
isolated belonging to the two the species of 
Aspergillus, A. niger (plate 1), A. flavus, R. 
stolonifer and C. albican. The percentage 
occurrence of the colonies were A. niger50 
(36.76%), A. flavus 32 (23.5%), R. 
stolonifer38 (27.5%). Yeast   16 (11.8 %). 
Control plates showed no growth (Table 1).  

 
Table 1: Number of identified fungal species isolated from Cabbage grown at Kwakwachi 
irrigation area andtheir percentage occurrence  
_________________________________________________________________________ 
                                      Day of Exposure 
Isolated mold           Monday         Thursday              Total           Mean              % 
A.niger                     29                     21                      50              25              36.76 
R.stolonifer              20                     18                       38              14              27.9 
A.flavus                   18                      14                      32               16              23.5 
C. albican                 7                        9                       16               08              11.8 
_________________________________________________________________________ 
TOTAL                     74                       62                      136               63               100 
 
 
Isolation of fungal colonies from samples 
collected on Mondays 
A total of 72 (53/7%) isolates were recorded 
on Mondays(Table 2) A. niger recorded the 
highest number of occurrence with 29 

(40.2%), this was followed by R. stolonifer 
20(27.7%),A. flavus 18 (25.0%) the least 
occurring isolates on Mondays was C. albican 
7 (9.72%). 

 
Table 2: shows frequency on occurrence of identified fungi on cabbage   obtained on 
Monday 
_________________________________________________________________________
__ 
Week A. niger R. stolonifer A. flavus C. albican       Total       Mean     %  
1               7              4                   2           2              15           3.75          20.83 
2               3              4                   4           1              12             3             16.7 
3               4               3                  2           2              11           2.75          15.28 
4               2               3                  2           -               07           1.75            9.72 
5               6               4                  4           2              14             3.5           19.4 
6               7               2                  4           -                13            3.25          18.0 
 
TOTAL    29            20                18         7              72              18            100            
  
Isolation of fungal isolates from samples 
collected on Thursdays  
A total of 62 (46.2%) were recorded on 
Thursday(Table 3)A. niger recorded the 

highest number of occurance with 29 (40.2%), 
this was followed by R. stolonifer 21 (33.8%), 
A. flavus 14 (25.5%) the least occurring 
colony on Thursdays was C. albican9 (14.5%). 
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Table 3: shows frequency of occurrence byidentified fungi on cabbage obtained   on 
Thursdays 
 
Week   A. niger    R. stolonifer   A. flavus     C. albican    Total       Mean          %  
1               3                  2                  4               2                 11           2.75         17.7 
2               3                  6                  3               3                 15           3.75         24.3 
3              6                   3                  3               -                  12             3           19.4 
4              4                   3                  2               2                 11           2.75         17.7 
5              2                   4                  -                1                 07          1.75         11.29 
6             3                    -                  2                1                 06           1.5            9.7 
 
TOTAL 21                  18               14               9                  62          15.5         100            
 
Colonial and Morphological Characteristics 
of isolated fungal colonies 
The identification of the colonies into species 
was done on the basis of colonial as seen 
from the petri dish and morphological 
characteristics view under microscope at x 
10, x 40, and x100. Four colonies were 
identified (Table 4). 
Pathogenicity test of the isolated colonies 
The results obtained from pathogenicity test 
proved all the four criteria outline in Koch 

postulates used for identification of the 
causative agent of a particular disease. The 
pathogen where present in all cases of the 
disease. The same pathogens was isolated 
from the diseased host and grown in pure 
culture. When inoculated into a healthy 
sample of lettuce plant the pathogen from 
the pure culture causes the same disease. 
The same pathogen was reisolated from the 
new host and shown to be the same as the 
originally isolated pathogen (Table 4). 

 
Table 4: Pathogenicity test on fresh/apparently healthy potatoes 
        _________________________________________________________ 

    A. niger     A. flavus        R. stolonifer      C. albican 
       __________________________________________________________ 

+   +   +   + 
+   +   +   + 

      ____________________________________________________________ 
Key: + = Isolates grow with a similar growth characteristic features to the original diseased 
samples 
 
DISCUSSION 
During the study a total of 136fungal colonies 
were isolated. Second, four species were 
identified two belonging to Aspergillus 
speciesA. niger and A. flavus, Rhizopus 
stolonifer and yeast specie Candida albican. 
The Aspergillus niger was the most 
commonest occurring colony with a 
percentage occurrence of 36.76% and C. 
albican sp was the least abundant with 
percentage occurrence of 11.8%. Third more 
colonies were recorded on Mondays than 
Thursdays.  
The finding of this studyagree with the result 
of Bukar et al. (2009) who isolated A. niger, 
A. flavus , R. stolonifer, Fusariumsp, 
Penicilliumsp and Alternariasp from sample 
of sweet orange collected from Na’ibawa and 
Yanlemo market in Kano metropolis.The 

results also confirmed the results of Yahaya 
and Mustapha (2005) who studied mould 
deterioration of Tomato, Pepper and Spinach 
in Kano State, Nigeria and found that 57% of 
losses in pepper was attributed to the 
activities of A. niger, A. fumigatus, Rhizopus 
stolonifer account for 330% and10% 
respectively.  The finding of the present 
study could also be related to the results 
obtained by Hayatu (2000) who isolated A. 
niger, A. flavus, Rhizopus and Mucor species  
from sample of  pepper grown at irrigation 
sites of  Nassarawa local government area of 
Kano state. 
The study therefore, shows that fungal 
pathogens account for various post-harvest 
diseases of cabbage grown at Kwakwachi 
irrigation area.  
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The occurrence of these organisms may be 
attributed to their ability to produce 
resistance spores as reported (Yahaya2005; 
Yahaya 2007; Bukar et al. 2009; Samec, 
2011;Yahaya and Ahmed, 2015). The spores 
of Aspergillus species are more resistance to 
high temperature and in conjunction to this, 
Aspergillus species has been implicated in 
the spoilage of fruits and vegetables in 
Nigeria and it was the most commonly 
occurring pathogen ofcabbage in the studied 
area. This is possible because it is a primary 
invader to the produce and secrete enzyme 
which serves as an opening to the others that 
serve as secondary invader (Uzuegbu and 
Emifomiye, 1994). The result of the present 
study indicate that the majority of the 
diseases were obtained due to the 
contaminated water from household channels 
and dumping of waste in the water channel 
which in turn become toxic and health 
hazard.In addition it was found that farmers 
treated their produce with toxic  insecticide 
Gammalin 20, to control insect pest. Yahaya 
(2005) reported that vegetable treated with 
Gammalin 20 are not recommended for  
immediate consumption because the produce 
carry the residue of the chemical and may 
pose a serious health treat especially if the 
raw produce is eaten. This may have affected 
the post-harvest pathology of the 
vegetablesby lowering it defensive 
mechanism which predisposed it to attack by 
microorganisms. 
Contrary to the result of this work, Uzuegbu 
and Emifomiye (1994) in their work of post-
harvest fungal spoilage of some Nigerian 
fruits and vegetables isolatedAlternaria in 
40% of total sample used Alternaria was not 
isolated in this study. They also reported that 

the differences in spoilage conditions and 
varieties of these products in different areas 
where it is produced may account for 
variation in the isolates observed by different 
workers. They also reported that isolates 
differences may be due to varied 
geographical location where the vegetables 
are grown and hence variation of micro flora 
in this location. Also farmers in Kwakwachi 
irrigation area used contaminated water from 
household and industries, for irrigation and 
the temperature of the area are sufficient 
for proper growth of the vegetables.  
Result from Sami et al. (2013) had shown 
that high temperature favors the growth of 
pathogenic fungi and cool temperature and 
dry or low humidity reduces the rate of 
multiplication of fungal diseases. This might 
be the reason why fruits and vegetables last 
long despite they are perishable items. 
CONCLUSION 
Conclusively, the results of the present study 
have revealed the spoiled cabbage were 
mainly contaminated withA. niger, 
R.stolonifer, A.flavus, C,albican. Presence of 
these fungi on cabbage, most especially 
Aspergillus sp poses a serious threat to 
health of consumers as the organism could 
produce mycotoxins, which are lethal when 
consumed. Most of the fungi isolated were 
observed to be able to reinfect healthy 
cabbage within short time, which poses a 
serious economic threat to sellers of cabbage 
grown in Kwakwachi irrigation area.This 
infection may likely be attributed to the 
contaminated water which is the source of 
irrigation water. Therefore effort should be 
made to discourage irrigation with waste 
water from household and industries. 
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