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� Abstract: Background: Consumer interest in convenience foods is a new trend worldwide that is 

expected to increase due to busy lifestyles. Studies have shown that sweet potato has unique 

nutrients, which if incorporated into cheese, can make it a functional food. Food product 

development process requires that before a product is commercialized, it is subjected to consumer 

acceptability and shelf-life tests. 

Objective: The objective of this study was to determine the sensory acceptability and shelf life of 

mozzarella cheese that was enriched with orange-fleshed sweet potato to improve fiber content. 

Methods: Mozzarella cheese was prepared with orange-fleshed sweet potato powder at 0% up to 

5.5% at intervals of 0.5% and a seven-point hedonic scale was used to evaluate product 

acceptability based on colour, aroma, acidity, texture, and fibrousness. Cluster analysis and 

principal component analysis were carried out using Minitab
®

 software. For shelf life, total 

coliform count, E. coli, and yeasts and moulds counts were used. 

Results: Hedonic scores for all sensory attributes except color were not significantly (p>0.05) 

different between control and treatments. Cluster analysis grouped the sensory attributes into 3 

clusters (1-color; 2-aroma, texture and fibrousness; 3-taste and acidity). All the sensory attributes 

loaded positively on component 1, while taste, acidity, and fibrousness loaded negatively on 

component 2 of principal component analysis. Fresh cheese had no coliforms, E. coli, yeasts and 

molds. The yeasts and molds were used to predict shelf life and their numbers were directly 

proportional with the cheese storage period. The control samples had the longest predicted shelf 

life of 42 days and the shelf life decreased with increase in orange-fleshed sweet potato 

incorporation with a treatment of 5.5% orange-fleshed sweet potato having 29 days. 

Conclusion: Orange-fleshed sweet potato (OFSP)-enriched mozzarella cheese had similar 

sensory acceptability as the control without OFSP. It should therefore be promoted as a 

functional food with a possibility of using food grade anti-mold agents for extended shelf life. 
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1. INTRODUCTION 

Mozzarella is a type of cheese that is the most consumed 

worldwide due to its continued use in fast food preparations. 

The growth in the cheese sector is mostly due to convenience 

packaging, increased use of cheese in the foodservice sector, 

and growth in specialty cheeses [1]. Mozzarella cheese has 

gained utilization in convenient foods such as pizza, pasta 

products, and burgers [2]. Mozzarella is rich in proteins and 

fats but low in dietary fiber. Through product enrichment 

and fortification, some highly valued foods such as pizza can 

be improved nutritionally with elements such as fiber. 

Traditional value-added dairy products are an integral part of 

global diets [1]. Given the modern and busy lifestyles 
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accelerated by urbanization and mass and social media 

among the working class, nutritional value of foods has 

become a key component in making food choices [3]. Food 

impacts on health, growth and development. Owing to the 

increased awareness of the linkage between diet and health, 

there is increased interest in consumers about the nutritional 

and therapeutic aspects of the food they eat; hence increased 

demand for low fat and dietary fiber-fortified dairy products 

[3, 4]. Fiber-rich and low-fat foods are known to play a role 

in better health [5].  

Trends within consumers have also shown an avoidance 

of high calorie foods [4]. High fat intake is associated with 

an increased risk for obesity and some types of cancer. 

Saturated fat intake is associated with high blood cholesterol 

and coronary heart disease [6]. Milk and derived dairy 

products are devoid of dietary fiber [7]. Inclusion of dietary 

fiber will make dairy products to be of special interest and 
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several efforts to provide good health options to the 

consumers have been led by governments [8]. Enriching 

mozzarella cheese with functional components such as 

dietary fiber is a strategy expected to moderate the calories 

and fat content in cheese.  

Fiber is added to dairy products because of its water-

holding capacity and its ability to increase the production 

yield, improve textural properties and structure, and reduce 

caloric content by acting as a bulking agent [9]. Some of the 

ingredients that have been incorporated in dairy products to 

increase fiber content include inulin [10], citrus (orange and 

lemon) fiber [11], date fiber [12], and gum Arabic [13]. The 

results from these studies indicate that dietary fiber could be 

used to improve the functional properties of dairy products, 

including mozzarella cheese, which is desirable by many 

consumers. Some of the ingredients are expensive and little 

effort has been made to process cheese with potato flour as a 

locally available source of fiber and fat replacer. 

Orange-fleshed sweet potatoes (OFSP) are an excellent 

source of fiber especially insoluble dietary fibre (1.35%-

2.64%) [14], minerals, β-carotene, and vitamin C [15]. Sweet 

potatoes have potential of reducing blood cholesterol 

especially LDL (low density lipoproteins) [16] and can also 

serve as a functional ingredient in cheese to improve 

physical and structural properties, and sensory characteristics 

[17]. However, there is very little information on the effect 

of enriching mozzarella cheese with OFSP on acceptability 

and shelf life. This information would be useful for dietary 

interventions on fast foods whose consumption is steadily 

rising. The aim of this study was therefore to investigate the 

consumer acceptability and shelf life of OFSP-enriched 

mozzarella cheese. 

2. MATERIALS AND METHODS 

2.1. Study Site 

The study was conducted at the Guildford Dairy Institute, 

Egerton University, Kenya. Cow milk was obtained from the 

Tatton Dairy Unit at Egerton University, while OFSP was 

sourced from Kenya Agricultural and Livestock Research 

Organization (KALRO), Njoro, Kenya. The cheese starter 

culture containing a mixture of Streptococcus salivarius ssp. 

thermophilus (formerly Streptococcus thermophilus) and 

Lactobacillus delbrueckii ssp. bulgaricus (formerly 

Lactobacillus bulgaricus) was used. Both the starter culture 

and Rennet were sourced from Promaco Ltd., Nairobi, 

Kenya.  

2.2. Procedure of Sample Preparation 

2.2.1. Procedure of OFSP Preparation 

Locally available orange-fleshed sweet potatoes 

(KENSPOT 4) were sourced from KALRO Njoro, Kenya. 

These were selected, washed with clean water, peeled, and 

sliced into small pieces using the universal kitchen machine. 

The pieces were quickly blanched in water held at 60
o
C for 

one minute and oven dried at 60
o
C for 36 hours until the 

moisture level was 12 ± 1%. The pieces were then ground 

into flour using a laboratory miller and sieved to attain the 

finest sizes (about 200 µm). These were then placed in an 

amber colored container before use in the making of the 

mozzarella cheese. 

2.2.2. Procedure for Preparation of Mozzarella Cheese 

Cheeses (from 20 L bovine milk for each replication) 

were prepared in triplicates for each treatment according to 

the method described by Jeewanthi et al. [18]. Briefly, 

pasteurized (72°C/15s) bovine milk was heated to 30
o
C and 

inoculated with cheese starter culture (2%). Acidity 

development was monitored for 30-45 minutes while 

continuously stirring. After adding rennet (0.003%), the milk 

was ripened for 45 min as per the manufacturer’s 

instructions. The resulting curd was cut with a cheese wire 

knife into 1 cm cubes. The curds were cooked to 38
o
C by 

slowly increasing temperature at the rate of 1°C rise per 5 

min with agitation. Whey was drained and curds were 

cheddared at 38
o
C and flipped every 15 min until the pH 

dropped to 5.4-5.5 (Titratable acidity 0.4-0.5%). The curds 

were milled and formed into a ball which was put into 75-

85
o
C hot water (curd to water of 1:1) and kept stretching 

manually using a kitchen stick until curds were exposed to 

enough heat. The obtained cheese was weighed immediately 

before storage using a digital weighing balance. The weight 

of the cheese sample was recorded, and the yield of the 

cheeses determined (was approximately 11%). Salting was 

done at 2.0 % with addition of OFSP powder at 0% up to 

5.5% at intervals of 0.5% into the cheese. Salt and OFSP 

addition was followed by vigorous kneading and molding for 

10 min using a kitchen stick for complete mixing. Finally, all 

samples were packaged aerobically in plastic films and 

stored at 4
o
C. 

2.2.3. Procedure for Sensory Evaluation 

Each experimental cheese sample was coded and 

provided to evaluators. The evaluation was conducted 

independently, and the evaluators had to rinse their mouths 

with warm water and take a break for about 20 s between 

testing. The evaluation of consumer preference for all cheese 

samples was conducted on the same day the cheese was 

manufactured. Consumer preference test for variables such 

as color, aroma, texture, acidity, fibrousness and overall 

acceptance was done. The sensory analysis was performed 

by a panel of 25 semi-trained panel. The testing and scoring 

was based on a 7-point hedonic scale, (7-like extremely, 6- 

like very much 5-Like, 4-neither like nor dislike, 3-dislike 2-

Dislike very much and 1-dislike extremely [19]. 

2.2.4. Microbial Load Determination 

Microbial loads for total coliform count, yeasts and 

moulds, and faecal coliforms were determined according to 

standard methods. Twenty-five (25) grams of the cheese 

samples were homogenized in 225 ml sodium citrate solution 

(2%), serially diluted and inoculated on plates in replicates. 

Total coliform counts (TCC) were enumerated by pour 
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plating on MacConkey agar and incubating at 37°C for 24 h. 

Yeasts and molds were determined on Potato Dextrose Agar 

(PDA) supplemented with 0.01% chloramphenicol and 

incubating at 25
o
C for 5-7 days [20]. Fecal coliform counts 

were enumerated on EMB agar and incubated at 37°C for 24 

hours. Cheese samples were serially diluted up to 10
5
 before 

being pour plated onto appropriate media. 

2.2.5. Procedure for Shelf Life Testing  

Shelf life can be tested by either real-time or by 

accelerated methods. In this study, real-time technique was 

used. Shelf life was determined by monitoring the yeasts and 

molds counts of samples stored at 4°C for 21 days at 

intervals of 7 days. Shelf life was determined according to 

the method by Labuza [21], and Calligaris et al. [22]. The 

other variables such as packaging and environmental 

conditions were kept constant.  Yeast and mold counts 

obtained for each day of analysis were plotted against time. 

The regression model obtained was fitted to the reaction 

kinetics model of zero-order and the shelf life extrapolated.  

Formula for expressing the reaction order is given below 

(Eqs. 1-3): 

�����

��
� ������                                                             (1) 

Where: K is the rate constant of reaction, n is order of the 

reaction (a curve fitting parameter),  

[YM]� ��������                                                                (2) 

S.L: =
�� ������

�
                                                                   (3) 

YM is the maximum yeasts and moulds count as a factor 

of measuring quality (100 cfu/g).  ���= Initial yeasts and 

moulds count. 

S.L: is the predicted shelf life in days. 

2.3. Data Analysis 

A completely randomized design (CRD) was used in this 

study. Where, there were 12 treatments which are the levels 

of OFSP flour incorporation at 0, 0.5, up to 5.5% on weight 

basis. The 0% treatment was the control and the treatments 

were replicated 3 times. Response variables were initial 

microbial load, sensory parameters and shelf life. Microbial 

data was first transformed to log10 before analysis. Analysis 

of variance, regression analysis, cluster analysis, principal 

component analysis and post-hoc analysis using Tukey’s 

HSD (Honestly significant difference) were carried out using 

Minitab® software version 18 at 95% confidence level. Data 

were reported as mean ± standard error. 

 

 

 

 

 

 

3. RESULTS  

3.1. Consumer Acceptability 

3.1.1. Sensory Evaluation 

Consumer panel rating of the sensory attributes of 

mozzarella-style cheeses enriched with OFSP is shown in 

Table 1. There were no significant (p >0.05) differences of 

mean hedonic scores of sensory attributes across the 

treatments except for color. Color was significantly (p<0.05) 

affected by the level of OFSP incorporation into the 

mozzarella cheese where the control was rated the highest 

with score of 6.40, while incorporation level of 5.5% rated 

the lowest with score of 4.72. Mozzarella-style cheese with 

OFSP incorporation level of 0.5% was rated the highest on 

aroma (5.60), texture (5.76), fibrousness (5.36), and overall 

acceptability (5.72), while mozzarella-style cheese with 

3.0% OFSP was rated the highest (5.68) on taste. 

3.1.2. Cluster Analysis of Sensory Properties 

Cluster analysis of the sensory attributes of mozzarella 

cheese enriched with OFSP as scored by the panelists is 

shown in Fig. (1). The contribution of the sensory attributes 

towards the overall acceptability of the cheese products was 

found to cluster into three groups: cluster one had only 

colour, cluster two had aroma, texture and fibrousness, while 

cluster three had taste and acidity.  

3.1.3. Principal Component Analysis 

Loading matrix of the sensory attributes of mozzarella-

style cheeses on principal components is shown in Table 2. 

All the sensory attributes loaded positively on principal 

component one (53.2%) while only taste, acidity, and 

fibrousness loaded negatively on component two (12.1%). 

The pictorial output on how sensory attributes were loading 

on the principal component analysis is shown in Fig. (2). The 

two principal components accounted for approximately 

65.3% of sensory attributes important in cheese where color 

and texture were the major sensory attributes contributing to 

the overall acceptability of the cheese, while fibrousness and 

acidity were the least attributes contributing to the 

acceptability of mozzarella cheese. 

3.2. Shelf Life of Cheeses 

3.2.1. Initial Microbial Load 

The initial microbial counts of the mozzarella cheeses 

were evaluated on the day of manufacture (day zero-0) and 

the total coliforms counts and E. coli were not found in the 

samples. This then formed the basis for using the yeasts and 

molds as the target spoilage microorganism in this study. 
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3.2.2. Effect of Storage Time on Yeasts and Molds Growth 

The effect of OFSP incorporation in mozzarella cheese 

on yeasts and molds growth during storage is presented in 

Fig. (3). Molds were detected on day 7 of cheese storage for 

most of the treatments. The molds continued to multiply till 

day 21. However, the control and the treatments with OFSP 

up to 1.5% had significantly lower (p<0.05) mold counts at 

days 14 and 21 compared with the treatments with over 2% 

OFSP incorporation. The treatment having 5.5% OFSP had 

the highest mold count while the control had the least counts 

on day 21. 

3.2.3. Predicted Shelf Life of the Mozzarella-style Cheeses 

Counts obtained for each day of analysis of the 

mozzarella cheeses enriched with OFSP were plotted against 

time and gave a first order reaction as shown in Fig. (4). The 

coefficient of determination was well above 0.95. The 

regression model obtained was fitted to reactions kinetics 

model of zero-order and the shelf life extrapolated. The 

effect of OFSP substitution level in mozzarella cheese on 

predicted shelf life in days at 4±1°C using regression model 

is shown in Table 3. It was predicted that the control had the 

longest shelf life of 41.5 days, while mozzarella-style cheese 

with 5.5% OFSP had the shortest shelf life of 29.1 days. 

 

Fig. (1). Dendrogram showing the correlation coefficient distances among the study variables. (A higher resolution / colour version of this 
figure is available in the electronic copy of the article). 

 

 

Fig. (2). Principal component analysis showing the loading of sensory attributes of mozzarella-style cheeses. (A higher resolution / colour 
version of this figure is available in the electronic copy of the article). 
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4. DISCUSSION 

The overall consumer acceptability of the mozzarella 

cheeses with orange-fleshed sweet potato (OFSP) was not 

significantly different among the treatments and had similar 

score as the control. The overall acceptability of a food 

product reflects the total sum of the sensory attributes [23]. 

In this study, hedonic scores for most of the sensory attri-

butes including aroma, texture, taste, acidity, and fibrousness 

of the OFSP treatments were not significantly different 

compared with the control (no OFSP incorporation). The 

similarity of hedonic scores for the sensory attributes for the 

control and treatments was reflected in the overall 

acceptability scores, where treatment scores were similar to 

those of the controls. However, with increase in OFSP 

incorporation, the cheese visual appearance (color) changed 

gradually towards yellow probably due to the carotenoids in 

the OFSP [24]. 

Cluster analysis is a statistical method used to benchmark 

consumer liking. It enables both the identification and 

definition of the key drivers of preference and eventually, 

sensory specification [25]. In this study, cluster analysis 

offered a basis for the interpretation of PCA plot and 

identification of sensory attributes that were related. The 

sensory attributes grouped into three clusters. The first 

cluster had only color, indicating that color individually 

contributed significantly to the acceptability of the cheese 

products and it laid the foundation for clusters. Similarly, the 

position of color on the PCA plot indicated a significant 

contribution to the overall acceptability of the cheeses. 

Orange-fleshed sweet potato is rich in pro-vitamin A (beta-

carotene) [24] that gives a yellow/orange color that could 

affect consumer acceptability. Therefore, the variations 

observed in the study treatments are attributed to color 

intensity that depend on the amount of OFSP incorporated 

into the product. This is in tandem with other studies where 

it is documented that visual appearance massively influences 

Table 1. Hedonic scores of sensory attributes for the mozzarella-style cheeses with different levels of OFSP. 

OFSP (%) Colour  Aroma  Texture  Taste  Acidity  Fibrousness  Overall  

0.0 6.40±0.15a 5.08±0.28a 5.48±0.30a 5.40±0.24a 5.12±0.28a 5.08±0.24a 5.56±0.22a 

0.5 6.04±0.19ab 5.60±0.19a 5.76±0.19a 5.44±0.28a 5.08±0.24a 5.36±0.19a 5.72±0.17a 

1.0 5.64±0.23b 5.52±0.23a 5.28±0.22a 5.56±0.25a 5.64±0.23a 5.04±0.18a 5.44±0.18a 

1.5 4.80±0.25c 4.96±0.25a 5.44±0.19a 5.28±0.27a 5.40±0.19a 5.20±0.22a 5.08±0.20a 

2.0 4.76±0.27c 5.28±0.30a 5.12±0.23a 5.44±0.23a 5.20±0.28a 4.92±0.27a 5.08±0.26a 

2.5 4.40±0.23d 4.80±0.27a 4.76±0.25a 5.32±0.20a 4.88±0.25a 5.00±0.27a 4.96±0.22a 

3.0 5.64±0.22bc 5.40±0.16a 5.36±0.24a 5.68±0.24a 5.48±0.19a 5.28±0.23a 5.60±0.22a 

3.5 5.12±0.28c 5.40±0.21a 5.24±0.18a 5.32±0.19a 5.04±0.23a 5.24±0.18a 5.16±0.24a 

4.0 5.40±0.20c 5.32±0.19a 5.12±0.18a 5.24±0.18a 5.00±0.25a 5.32±0.22a 5.48±0.20a 

4.5 4.92±0.30c 5.16±0.21a 5.20±0.26a 5.12±0.25a 5.28±0.26a 4.84±0.23a 4.96±0.24a 

5.0 5.00±0.24c 5.32±0.22a 5.12±0.24a 5.24±0.19a 5.16±0.24a 5.08±0.23a 4.92±0.24a 

5.5 4.72±0.30cd 5.12±0.27a 4.96±0.25a 5.32±0.22a 5.44±0.22a 4.92±0.21a 4.96±0.27a 

Key: The values are means standard deviations of triplicate measurements. Letters with different superscript along the column are statistically different at 

p<0.05. 

Table 2. Table showing cluster analysis for sensory attributes of mozzarella cheese enriched with OFSP. 

Sensory Attribute Principal Component 1 Principal Component 2 

Colour 0.63919 0.61370 

Aroma 0.73113 0.10725 

Texture 0.74231 0.24697 

Taste 0.74709  -0.19405 

Acidity 0.71560  -0.40128 

Fibrousness 0.67184  -0.44135 

Overall 0.84103 0.08874 
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consumer acceptability of food [26]. In cluster two, there 

were aroma, texture and fibrousness. The position of texture 

on the PCA plot indicated that it had a significant 

contribution to the overall acceptability of the cheeses, 

although ANOVA of the hedonic scores did not detect 

significant variation between the treatments and the control. 

Texture is a hard-to-measure attribute, which is a sensory 

and functional manifestation of the structural, mechanical 

and surface properties of foods [27, 28]. Texture is 

determined by the fingers, tongue, incisors and molars when 

the cheese is chewed by the panelists and the added 

quantities of OFSP may not be high enough to alter textural 

characteristics to be detected. However, OFSP is high in 

starch compared to the cheese matrix, hence it could affect 

the cheese gelling matrix (texture) and thus affect overall 

acceptability of the products. This is similar to an 

observation by Bi et al. [29], who found that addition of 

inulin to mozzarella cheese affected the molecular 

interactions and spatial arrangements of the proteins and fat 

globules, hence affecting texture. The fibrous texture 

(fibrousness) loaded negatively on component two of PCA 

plot and thus incorporation of the OFSP had a negative effect 

on the overall acceptability of the cheeses. 

The flavor parameters of taste and aroma in the cheeses 

could not be differentiated by the panelists. Taste and aroma 

clustered differently in cluster analysis, which was consistent 

with their positions on the PCA plot. The contribution of the 

flavor parameters to the overall acceptability of the cheeses 

was minimal. Flavor is the sensory impression of food 

determined mainly by the chemical senses of taste and smell 

 

Key: CFU= colony forming unit per gram. 

Fig. (3). Effect of OFSP substitution in mozzarella on yeasts and moulds growth during storage. (A higher resolution / colour version of this 
figure is available in the electronic copy of the article). 

 

 

Fig. (4). Regression curve showing linear growth model for yeasts and moulds. (A higher resolution / colour version of this figure is 
available in the electronic copy of the article). 
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[30]. Smell is the main determinant of a food item’s flavor, 

whereas the taste of food is limited to sweet, sour, bitter, 

salty, and umami. Cheese flavor emanates from the free fatty 

acids, probably hexanoic, butyric or methyl octanoic acids, 

resulting from the breakdown of amino acids, fatty acids, 

lactic acid and the metabolism of citrate from milk [31, 32]. 

The volatile fatty acids in the cheese could mask other 

flavors from the OFSP that is comprised of mostly starch 

polymers and soluble fiber that could be fermented along 

with milk ingredients, hence having a little contribution to 

cheese flavor, explaining the similarity of aroma and taste 

hedonic scores between the controls and the treatments. 

Acidity loaded negatively on principal component 2 and 

had a negative effect on the taste and overall acceptability of 

the cheeses. The sour taste stimuli in this case comprised of 

acids mainly citric acid or lactic acid [33]. The acid 

development in cheese comes about from the breakdown of 

milk lactose to lactic acid by the action of starter 

microorganisms and thus affect cheese hedonic scores. 

Fernandez-Garcia and McGregor [34] reported that fiber 

addition did not significantly affect lactic acid production by 

the starter cultures. In this study, addition of OFSP did not 

affect acidity hedonic scores among the treatments and the 

control. 

Evaluation of microbial quality was done through the 

analysis for total coliform, Escherichia coli, and yeasts and 

molds counts [35]. Total viable counts were excluded since 

starter microorganisms were found to be growing on the 

plate count agar. In all successive plating, there was no 

growth for total coliforms and E. coli but only for yeasts and 

molds and the results were not significantly different among 

the treatments and the control. This could be attributed to the 

lactic acid starter bacteria that acidified the cheese matrix 

through, presenting an inhibitory environment for the 

spoilage bacteria. The Codex Alimentarius Standard (CAC) 

for microbiological quality for mozzarella cheese require the 

total viable counts (TVC) of 400 cfu/g or less, mold count of 

less than100 cfu/g, and yeast counts of less than 10 cfu/g. 

This implied that hygienic standards were observed during 

the processing of the cheeses in this study and the microbial 

safety to consumers was assured.  

Shelf life study of mozzarella-style cheeses enriched with 

OFSP showed that the higher the amount of OFSP incor-

porated into the cheese, the lower the shelf life of the 

product. The shelf life of the control (0% OFSP incor-

poration) was predicted to be 42 days compared with 

reduced shelf life of the treatments which was predicted to 

be 29 days for treatments with 5.5% OFSP incorporation. 

OFSP incorporation probably destabilized the protein-protein 

cheese matrix and provided an energy source for the growth 

of yeast and molds. Mozzarella cheese can be utilized just 

after processing as compared to the other specialty cheeses. 

It can also be stored, presenting a marketing opportunity for 

mozzarella-style cheeses that could be utilized for dietary 

interventions up to 5.5% OFSP incorporation. On the other 

hand, mold inhibitors along with modified atmosphere 

packaging could be used along with OFSP incorporation if 

longer shelf life of the cheeses is desired [36].  

CONCLUSION 

This study sought to determine the sensory acceptability 

of mozzarella-style cheeses incorporating orange-fleshed 

sweet potato (OFSP). Compared with the control, the 

treatments with OFSP did not exhibit significant differences 

in mean hedonic scores for overall acceptability and sensory 

attributes except for color. OFSP is orange/yellow in color 

due to high level of beta-carotene, hence its influence on 

color’s hedonic scores. This indicated that incorporation of 

OFSP did not significantly alter consumer acceptability of 

the products. Incorporation of OFSP to the mozzarella 

Table 3. Table showing predicted shelf life as extrapolated by the regression model. 

OFSP Level Regression Model R
2 Shelf Life (Days) 

0.0 Y=0.0481X+0.037 0.9908 41.5 

0.5 Y=0.0516X-0.007 0.9949 39.0 

1.0 Y=0.051X+0.037 0.9740 39.0 

1.5 Y=0.0503X+0.019 0.9840 39.8 

2.0 Y=0.0599X+0.036 0.9633 33.4 

2.5 Y=0.0609X+0.056 0.9618 32.8 

3.0 Y=0.0618X+0.033 0.9615 32.3 

3.5 Y=0.0682X-0.139 0.8482 29.3 

4.0 Y=0.064X-0.013 0.9562 31.1 

4.5 Y=0.062X+0.035 0.9559 32.3 

5.0 Y=0.0633X+0.048 0.9687 31.6 

5.5 Y=0.0687X-0.073 0.9272 29.1 
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cheese matrix did not significantly affect the initial microbial 

load of the cheese, meaning that it did not alter the overall 

microbiological quality of the products. The shelf life of the 

mozzarella-style cheeses incorporating OFSP was 

significantly affected by the substitution level. The higher 

the substitution level, the lower the shelf life as exhibited by 

higher microbial counts especially the molds. The use of 

OFSP enrichment of mozzarella cheese could therefore be 

promoted as a novel food. The products can be consumed 

immediately after manufacture or recruit food grade mold 

inhibitors for extended shelf lives.  
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