


 ISOLATION AND CHARACTERIZATION OF MICROORGANISMS ASSOCIATED WITH BREAD SPOILAGE AROUND CLIFFORD UNIVERSITY, IHIE, ABIA STATE 


ABSTRACT
Bread products are among the most important basic foods consumed by people around the world. They are widely recognized as a highly convenient type of food that appeals to all populations, rich and poor, rural and urban. Bread products are vulnerable to a variety of spoilage around the globe. Therefore, the purpose of this study was to isolate and characterize microorganisms associated with bread spoilage in around Clifford University. The microorganisms involved in bread spoilage where isolated using standard microbiological methods where tenfold Serial-dilution was carried out in the samples and inoculated using pour plate technique. The Isolates obtained Includes Staphylococcus sp., Microccus sp, Bacillus sp and Lactobacillus sp ,while the fungi isolated includes white bread mold, Aspergillus niger, Aspergillus flavus, Aspergillus fumigatus and Penicillium sp. The frequency of occurrence varied with environmental conditions and storage duration. The results revealed the presence of both bacterial and fungal contaminants. The study confirms that improper handling and storage of bread significantly promote microbial contamination and spoilage.These findings underscore the need for improved hygienic practices in bread production, packaging, and distribution to minimize spoilage and health risks associated with microbial contamination.
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INTRODUCTION 
Bread is universally recognized as a very convenient food that is essential to all populations. Its origins can be traced back to the Neolithic era, and it is still one of the most commonly consumed and acceptable staple foods around the world. It is high in macronutrients (carbohydrates, protein, and fat) and micronutrients (minerals and vitamins), all of which are necessary for human health (Oluwajoba et al. 2012; Abdelhameed and Khalifa, 2024: Ayo and Joseph, 2014; Dai Bello and storm, 2007). Bread is now Nigeria's second most popular non-indigenous food product, trailing only rice. It is widely consumed in most households, restaurants, and hotels. It was previously produced using wheat as a major raw material (Oluwajoba et al., 2012; Ben-fadhel and Aragones, 2023; Chon and Lu, 2024; Garcia et al., 2019; Guynot and Marin, 2002; Lee and Yoon, 2021; Liu and Wang, 2011; Morgan and Aldred, 2006).  Wheat production in Nigeria is limited, so wheat flour is imported to meet local flour requirements for bakery products. As a result, a large amount of foreign exchange is spent on wheat imports each year. Efforts have been made to promote the use of composite flours, in which flour from locally grown crops and high protein seeds replace a portion of wheat flour in bread, reducing the demand for imported wheat and aiding in the production of protein-enriched bread (Olaoye et al., 2008; Marin and Ramos, 2003; Member and Chene, 2001; Messens and De Vuyst, 2002; Moghaddam and Noun, 2020; Moor et al., 2008; Narayana and Varghese, 2017; Needham and Magan, 2005; Nielsen and Rios, 2000; Okorie and Onyeneke, 2012; Okpala and Okoli, 2013; Olaoye and Onilude, 2008).  Most tropical cereal grains and some tubers have been combined to create composite flour for bread making (Ayo et al., 2014). Although there is now a significant amount of composite bread, it still requires at least 70% wheat flour to rise because wheat contains gluten Olaoye and Oladoye (2007). Composite flours with up to certain levels of breadfruit flour substitution in wheat flour could yield high-quality and acceptable baked goods (Pereira and Sant Ana, 2020; Petrulakova and Sturdik, 2020; Qian and Ye, 2021; Rahman and Raposo, 2022; Ribeiro-Santos and Sanches- Silva, 2017; Rumeus and Turtos, 2013; Ryan and Arendt, 2009; Saddozal and Samina, 2009; Saranraj and Geetha, 2012). Composite flours have been widely used in the manufacture of baked goods. Several attempts have been made to make cookies using various types of composite flours. In countries where malnutrition is a serious problem, particularly among children, composite flours with higher nutritional value would be highly desirable. Composite flour can be made from legumes and nuts, as well as roots and tubers like yam, cassava, and sweet potatoes, and the sensory properties of yam and sweet potato flours have been investigated (Okorie et al., 2012; Torres and Magan, 2003; Valerio and Sisto, 2012; Valerio and Lavermicocca, 2014; Vermelho and Moreira, 2024; Vermenlen and Vogel, 2006; Ybar et al., 2012; Zhao et al., 2021).
Bread and other bakery products are vulnerable to a variety of spoilage issues, including physical, chemical, and microbial, with the latter being the most serious. Bacillus spp. and various moulds are among the most common microbial contaminants discovered in bread. Food safety has become a top priority for governments, food manufacturers, and consumers. Microbiological hazards in bakery products, like those in other foods, have raised public health concerns (Narayanan et al., 2012). Spoilage in bread and other bakery products can be inanimate physical and chemical spoilage, such as moisture loss or rancidity, or animate spoilage caused by mould or bacteria growth. The spoilage potential of bakery products is affected by their acidity and water activity, with high moisture and low acidity products being the most vulnerable to microbiological spoilage (Pacher et al., 2022). Spoilage of bread by microorganisms has become a major threat to public health and the food industry, resulting in a food shortage in society as well as a source of disease and infection for consumers who consume bread and other baked products contaminated with spoilage microorganisms. There is therefore a need to isolate and characterize spoilage microorganisms in bread in order to advise and raise public awareness especially in Clifford University.

MATERIALS AND METHODS 
Sample Collection: Different samples of  bread were bought from plaza of Clifford University, Ihie Campus, Abia State. The samples of bread were kept in different places of Clifford community for possible spoilage.
Media Preparation: Nutrient agar and Sabouroud dextrose agar were prepared respectively according to the manufacturers instruction.
Microbiological Analysis: One gram of each of the spoilt breads was weighed using a digital weighing balance respectively and was transferred aseptically in to 9ml sterile distilled water. 1ml from the stock sample was transferred into 9ml of sterile distilled to form 10-1 of tenfold serial dilution, the tube was shake vigorously and 1ml was pipetted into the second test tube to form 10-2, the process was continued till the last test tube while 1ml aliquot was discarded. Pour plate technique was used for the inoculation, 0.1ml from the tubes containing 10-3, 10-4 and 10-5 were aseptically transferred into an empty sterile plate followed by pouring of media held at 45 0 C for both nutrient agar and Saboroud dextrose agar. The plates were incubated at 37o C for 24 hours for bacteria while the SDA plates where incubated at room temperature for 4 -7 days for fungi growth in duplicate.
Purification of Culture: The resultant colonial growth was purified by constant subculturing on sterile nutrient agar plates and SDA plates respectively. The purified organisms were stored in agar slant and stored in the refrigerator until when needed.
Identification of Isolates: The method of Cheesbrough, 2000, was used to characterize the isolates by Gram staining and series of biochemical tests like catalase, coagulase, indole, oxidase, citrate utilization, sugar fermentation, urea and voges proskuer.
Gram Staining: A smear of the isolates were made on clean grease free slide and heat fixed by passing it several through a flame. The heat fixed smear was stained with crystal violet for 30 seconds and was also washed with a slow running tap water. After the washing, iodine which is a mordant was used to flood it for 60 seconds, which after it was washed with a slow running tap water. 75% ethanol was used to cover the smear for 5 seconds which after it was washed with slow running tap water. A counter stain safranine was then stained for 60 seconds and washed with slow running tap water. It was allowed to air dry and was viewed with x100 oil immersion.
Biochemical Tests for characterization of Bacteria 
Catalase test: A 3ml of 3% hydrogen peroxide solution was transferred into series of test tubes then distilled water was dropped on the second rows as controls. Different colonies of each test organisms were picked using sterile wire loops and immersed in the hydrogen peroxide solution in the test tubes. No organism was added in the test tubes containing water. Each will be monitored for reaction after 2 seconds. 
Coagulase test: A drop of distilled water was placed on two sets of different glass slides. A colony of each test organism was emulsified on each of the drops to make thick suspensions. A loop full of human plasma was added to each of the suspension and mixed gently. No organisms were emulsified in the control slides. All the slides were kept for 10 seconds for reaction. 
Oxidase test: A piece of filter paper was placed on a clean petri dish and 2 drops of freshly prepared oxidase reagent will be dropped on it. A colony of bacteria was used to make a smear on the paper and kept to stand for 10 seconds.
Citrate utilization test: Simmons Citrate agar was prepared and sterilized according to the manufacturer’s instruction and poured in sterile test tubes in slant and was allowed to solidify. A sterile wire loop was used to pick different test colonies of the test organisms and inoculate on the slant by first stabbing the butt and finally streaking the slant. It was incubated at 37o C for 24 hours and was checked for color change. 
Indole Production test: Trypton Broth was prepared and the test organisms was inoculated separately on them and incubated for 24 hours at 37o C. Ten drops of kovac’s reagent was added to the trypton broth. The test tubes were allowed to stand for five minutes and then observed.
Hydrogen Sulphide Production: Tripple Sugar Iron Agar was prepared according to the manufacturer’s instructions. It was sterilized in an autoclave and slanted to solidify. A sterile wire loop was used to pick a colony of the test organisms separately and inoculated on the slant by first stabbing the butt and then streaking the slope. It was incubated at 37o C for 24 hours.. 
Sugar Fermentation Test: The various bacteria isolates was inoculated into a sterile trypton-glucose broth which contains 5% alpha naphthol, 40% pottassium hydroxide and 0.1 % methylred indicator and Durham’s tube. The cultures was incubated at 370 C for 48 hours.
Characterization of Fungal isolates: The fungi isolates were first characterized macroscopically by observing the physical characteristics of the fungi like the filament, front and reverse coloration on plate, which was matched with a fungi atlas for preliminary identification. The fungi isolates were further characterized by preparing a slide culture which was made by cutting a sterile SDA agar in a square form and placing on a disinfected slide which was covered with a cover slip. The slide culture was incubated for 7 days at room temperature. After the period of seven days a teasing needle was used to pick the spores which was used to make a wet mount on a glass slide with the help of lactophenol cotton blue. The wet mount was viewed under the microscope using x40 and x100 oil immersion respectively.
RESULTS
 Table 1 shows the bacterial load of the spoiled bread sample. The bread samples were designated A and B. Bread sample A with different tube dilutions (10-3, 10-4 and 10-5) and bread sample B with different tube dilutions (10-3, 10-4 and 10-5). The bacterial load of sample A under different dilutions; 10-3, 10-4 and 10-5 had total viable count of 2.3 x 108 Cfu/g, 1.5 x 107 Cfu/g and 2.6 x 104Cfu/g respectively. The bacterial load of the sample B under different dilutions; 10-3, 10-4 and 10-5 had total viable count of 3.1 x 105 Cfu/g, 1.1 x 104 Cfu/g and 9.6 x 103 Cfu/g respectively. Table 2 shows the fungal load of the spoiled bread samples A and B with fungal load of 6.0 x 101 Cfu/g and 3.2 x 101 Cfu/g respectively.
The following biochemical and microscopic test were used to identify and characterize the bacterial isolates; Gram staining reaction, Catalase, Coagulase test, Oxidase test, Indole test, Citrate test, Spore formation test and Sugar fermentation test. Based on the biochemical and microscopic examination, the isolate code LBY1, LBC1and HBW1 were identified as Staphylococcus aureus. Isolate code with LBW1, LBW2 and LBW3 were identified as Bacillus sp. while the isolate code with HBR1 was identified as Lactobacillus sp. (Table 3).
Based on the microscopic and macroscopic characteristics of the Fungal isolates, the following isolate code; Aclu1, Mclz, Yclm and Hclk were characterized and identified as Whyte bread mold, Aspergillus flavus, Aspergillus fumigatus and Penicillium sp. respectively while the isolate code with Bclup and Zcluz were characterized and identified as Aspergillus niger (Table 4).
Table 1 Bacterial Load of the Spoilt Bread Samples
	Bread Samples
	Tube Dilution
	Total Viable Count (Cfu/g)

	A
	10-3
	2.3 x 108

	A
	10-4
	1.5 x 107

	A
	10-5
	2.6 x 104

	B
	10-3
	3.1 x 105

	B
	10-4
	1.1 x 104

	B
	10-5
	9.6 x 103





Table 2 Fungal Load of Spoilt Bread Samples
	Bread Samples 
	Average Fungal Count (Cfu/g)

	A
	6.0 x 101

	B
	3.2 x 101





Table 3 Biochemical characterization of Bacterial Isolates
	Isolate code
	Shape
	Gram reaction
	CAT
	COA
	OX
	IND
	CIT
	SP
	S
	B
	G
	H₂S
	Possible organism

	LBY1
	Cocci
	Positive
	+
	+
	-
	-
	-
	+
	+
	+
	-
	-
	Staphylococcus sp.

	LBC1
	Cocci
	Positive
	+
	+
	+
	-
	-
	+
	+
	+
	-
	-
	Staphylococcus sp.

	LBW1
	Cocci
	Positive
	+
	-
	-
	-
	+
	-
	+
	+
	+
	-
	Micrococcus sp.

	HBW1
	Cocci
	Positive
	+
	-
	-
	-
	+
	-
	+
	+
	+
	-
	Staphylococcus sp.

	LBW2
	Rod
	Positive
	+
	+
	+
	-
	-
	+
	+
	+
	-
	-
	Bacillus sp.

	LBM3
	Rod
	Positive
	-
	+
	-
	-
	-
	+
	+
	+
	-
	-
	Bacillus sp.

	HBR1
	Rod
	Positive
	-
	-
	+
	-
	+
	+
	+
	+
	-
	-
	Lactobacillus sp.


KEY: CAT – Catalase test; COA – Coagulase test; OX – Oxidase test; IND – Indole test; CIT – Citrate test; SP – Spore formation test; Sugar fermentation test: S – Slope; B – Butt; G – Gas; H₂S – Hydrogen Sulphide formation.

Table 4 Macroscopic Characteristics of Fungal Isolates
	Code
	Reverse color 
	Color of Mycellium
	Tentative fugal isolates 

	Aclu1
	Milky
	White mycelium with long filaments
	Whyte Bread Mold

	Bclup
	Brown
	Black mycelium with white circumference 
	Aspergillus niger 

	Zcluz
	Light Brown
	Brown with white circumference
	 Aspergillus niger

	Mclz
	Creamy
	Leave green with white circumference
	Aspergillus flavus

	Yclm
	brown
	Dark green with white circumference
	Aspergillus fumigatus

	Hclk
	Creamy
	Sky blue with white ring centered color
	Penicillium sp





DISCUSSION 
-The bacterial load of sample A under different dilutions; 10-3, 10-4 and 10-5 had total viable count of 2.3 x 108 Cfu/g, 1.5 x 107 Cfu/g and 2.6 x 104Cfu/g respectively. While the bacterial load of the sample B under different dilutions; 10-3, 10-4 and 10-5 had total viable count of 3.1 x 105 Cfu/g, 1.1 x 104 Cfu/g and 9.6 x 103 Cfu/g respectively. This is in agreement with Certel et al. (2009) Who reported that the degradation of  bread crumb was caused by the combined effects of microbial population with proteolytic and amylolytic enzymes break down. They reported that the sticky nature of the spoilt bread was due to the slime, extracellular polysaccharides, formed by certain rope-inducing strains of microorganisms with a complex population. Microbial analysis showed that the levels of each microorganism found increased with time (Needham et al., 2005).

Bread spoilage microorganisms were isolated from the two different breads samples using Gram staining, biochemical tests and standard microbiological methods. Four different bacteria such as Staphylococcus sp., Micrococcus sp, Bacillus sp and Lactobacillus sp were isolated as the bread spoilage bacteria while fungi like Aspergillus niger, A. fumigatus, A. flavus, white bread mold and Penicillium sp where equally isolated as bread spoilage molds. The result of this research is inline with the previous report of Membre et al. (2001). Contamination of bread occurs after baking and airborne distribution of dust and mold spores were the main cause for bread spoilage. In addition to economic losses, bread spoilage also represents a health hazard for the consumers, especially when bread is contaminated with mycotoxigen molds (Moore et al., 2008). The origins of the Bacillus species are reported to be raw materials, particularly ﬂour, and from the bakery atmosphere, equipment surfaces and other raw materials. Spores found in ﬂour and other raw materials are resistant to heat and some of them can survive the baking process where temperatures in the center of the crumb remains at a maximum of 97–101° C for only a few minutes. Failure to reach this temperature in all parts of the bread greatly increases the proportion of surviving spores. It has been found that most baking flours if not handled well might be contaminated with Bacillus spores as a result of cultivation and processing methods. As this type of spoilage only affects the central portions of the loaf in its initial stages it is seldom evident to consumers at the time of purchase (Certel et al. 2009).

CONCLUSION AND RECOMMENDATIONS
This research shows that microorganisms including fungi and bacteria are responsible for spoilage of bread and these organisms can cause severe health challenges when ingested into the human body. This research recommends the following:
1. Good manufacturing practice should be put in place to avoid risk of microbial contamination which enhances bread spoilage.
2. Bread should be preserved in the refrigerator so that the shelf life will be improved and microbial spoilage will be avoided.
3. The public and bread vendors should be properly educated on the need for hygienic practices when handling bread to avoid cross contamination with microbial-pathogens. 
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