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ABSTRACT

In this study, the sorption isotherm, proximate composition and sensory characteristics of oven dried and fried cheese were investigated.
The understanding of the moisture sorption properties, nutrient composition and sensory properties of the oven dried and fried cheese
can help quality, shelf-life prediction and overall acceptance. The experimental methodology for this study followed a standard
procedure to determine the sorption isotherm of oven-dried and fried cheese samples. First, the raw milk samples were obtained from
white Fulani cows at the Teaching and Research Farm, Ekiti State, University, Ado-Ekiti, Nigeria and processed into cheese. The
cheese was divided into two portions: one group was oven-dried at 50 °C for 16 hours, while the other group was fried in pre-heated
edible canola to internal temperature of 68°C. Sorption parameters, proximate and sensory characteristics were carried out according
to standard methods. This study revealed that the monolayer moisture was higher in fried cheese than oven dried cheese. Oven-dried
cheese had 0.299 water activity and 21.26 monolayer moisture while fried cheese had higher water activity of 0.32 and monolayer
moisture of 29.67. Fitness of curve (R?) of 0.731 0.903 were computed for oven-dried and fried cheese. The results of proximate
composition and sensory characteristics showed that processing methods influenced the sensorial properties and nutritional composition
of oven-dried and fried cheese. In conclusion, oven-dried cheese can be predicted to be more stable than fried cheese.
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1. INTRODUCTION

Cheese has been an important part of human history and culture for centuries, and its importance to man such as infant mortality
reduction and enhancement of demographic shifts in farming communities [1] and food security [2] cannot be overstated. This is
due to a number of reasons, including its nutritional value; as a rich source of protein, calcium, biologically active conjugated
linoleic acid (CLA) and milk fat globule membrane (MFGM) biologically active conjugated linoleic acid (CLA) and milk fat globule
membrane (MFGM) [3]. Cheeses are considered ‘functional' foods due to their unique composition, which includes bioactive
peptides, lipids, prebiotics, and probiotic bacteria, as well as calcium for bone health [4]. Also, cheese is used in a wide variety of
dishes, making it an essential ingredient in many cuisines around the world [5]. The taste, texture and other attributes of cheese have
made many to incorporate it into their diets as a regular indulgence [6]. Cheese has played an integral role in shaping human society
through its nutritional benefits, versatility in cooking methods, economic impact, and cultural traditions. However, proximate
composition which refers to the chemical components of a food item, including its moisture content, protein, fat, and carbohydrate
levels and sensory properties can vary with processing methods and temperature [7].

Cheese being a popular and versatile food that has been enjoyed by humans for centuries is a perishable food item, which gets spoil
if not properly stored or preserved [8]. The process of cheese spoilage involves the growth of microorganisms such as bacteria, mold
and yeast which can alter its sensory properties such as taste, texture, and appearance [9]. There are several factors that contribute
to cheese spoilage which include humidity and temperature fluctuations during storage, exposure to air and moisture [10], bad
handling and animal hygiene [11], and improper packaging. These factors create a favourable environment for microorganisms to
grow and cause deterioration of the cheese. Cheese stability has been a subject of concern due to its poor storability. Various
techniques such as modified atmosphere, addition of preservatives, active and edible coatings had been adopted to extend its shelf-
life [12].
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To prevent cheese spoilage and extend its shelf life, various preservation methods have been developed over time. Some common
techniques include refrigeration at low temperatures (around 4°C), vacuum sealing to remove oxygen from the packaging which
inhibits bacterial growth [13], addition of preservatives such as salt or vinegar to provide unsuitable environment for microbes. As
consumer demand for high-quality cheeses continues to rise globally, the importance of understanding how best to preserve them
becomes crucial. Traditional method and factory system of fresh cheese making and storage, especially the cold storage has helped
greatly in meeting the demand for fresh cheese [14]. To ensure cheese quality, several production and storage techniques such as
pasteurization of milk, cold storage, use of commercial starters are been employed [15]. Product developments from fresh cheese
such as boiled and fried cheese are the delicacies of many Nigerians. However, these products get spoiled within few days due to
lack of proper knowledge of the storage conditions. Sorption isotherm which refers to the relationship between water activity and
moisture content of a food product at a specific temperature may offer a more promising storage alternative. The interrelationship
of moisture and water activity of products is crucial to it shelf life [16]. Water activity is also useful for predicting the final moisture
content [17]. The moisture content and sensory properties of food are interrelated [18]. An understanding of the chemical and
sensory properties of cheese can help manufacturers create desirable products [19]. The main objective of drying is to decrease the
water activity to a safe value in order to increase shelf life by inhibiting the growth of microbes and enhance storage at ambient
temperature [17].

A number of empirical models have been derived for the correlation of water sorption and water activity in food substances. Among
these, is the Guggenheim-Anderson-de Boer (GAB) model [20] employed in this study because Guggenheim, Anderson and De
Boer (GAB) model has been proven to be the best fit for the desorption and adsorption of foods over a large range of water activities
[21] Determination of the sorption isotherm proximate composition and sensory characteristics of oven dried cheese and fried cheese
will enhance their storage life quality assessment, hence this study.

2. MATERIALS AND METHODS

2.1 Procedure for collection of raw milk and production of soft cheese

The raw milk was obtained from white Fulani cows at the Teaching and Research Farm, Ekiti State, University, Ado-EKiti, Nigeria.
The raw milk was placed in 250ml beaker, pasteurized at 65°C for 30minutes, cooled to 32°C prior production of soft cheese. Fresh
leaves of Calotropis procera were harvested from the surrounding villages in Ado-Ekiti, Nigeria, sorted, cleaned with distilled
water, drained, dried, weighed and chopped into tiny sizes to aid the process of pulverization. 25009 of chopped fresh Calotropis
procera were blender using USHA mixer grinder (MG 2053N, 500 watts). The mixture of the blended leaves of Calotropis procera
was sieved and supernatant collected as the extract. 50ml of fresh supernatant of Calotropis procera extracts were added as source
of calotropin enzyme, a milk coagulant into 500ml of pasteurized milk at a holding temperature of 32°C in a stainless pot on heater,
mixture was continually stirred until curds were produced. The curd was collected, sieved using cheese cloth and left 20 min to
drain out the whey. The curds were pressed into v-shaped using perforated moulds, and allowed for 10 minutes for proper draining
and shaping.

2.2 Cooking of Soft Cheese (Wara)
Two methods were adopted in the processing of the soft cheese, viz-a-viz deep frying and oven drying.

2.3 Fried Cheese
50g by wet weights of soft cheese were fried-cooked in pre-heated edible omega-3 fatty acid oil (canola oil) placed in deep frying
pots with strainer, to internal temperature of 68°C, drained and dried with Kitchen disposable sheets.

2.4 Oven-Dried Cheese

50g (wet weights) each of soft cheese was set in a slight oiled oven tray, placed in a pre-heated oven at 50 °C for 16 hours. Each
side was flipped at interval of 5 minutes until the cheese were totally dried. Dried cheese samples were cooled to room temperature
and stored prior to analysis

2.5 Procedure for Adsorption Isotherm

The equilibrium moisture content of fried and oven dried cheese were determined at 25 °C using the static gravimetric method [22].
The product samples were dried over phosphorus pentoxide (P2Os) prior to sorption experiment, for a period of about 7 days to
ensure they were at the same initial moisture content and dry enough for adsorption isotherm to take place [23]. Ten grams of fried
and oven dried cheese were placed in a plastic mesh bag, which was dropped above the saturated salt solution contained in a glass
jar. The jar was tightly closed and placed in a temperature controlled cabinet (£0.2 °C). The sample was weighted daily until the
mass difference was less than 0.001g. To determine the equilibrium moisture content, the sample was dried in the oven at 105 °C
for 24. The samples were cooled over silica gel before the final weights were taken. All the experiments were carried out in triplicate.
Ten saturated salt solutions were prepared with a range of 0.043 to 0.973. The salt solutions used and their matching water activities
were as reported [23] and this is as given in Table 1.

£ 2024 EPRAIJRD | Journal DOI: https://doi.org/10.36713/epra2016 | https:/eprajournals.com/ |49 |



4 ”~
&)

SJIF Impact Factor (2024): 8.675| ISI LF. Value: 1.241| Journal DOI: 10.36713/epra2016  ISSN: 2455-7838(Online)

EPRA International Journal of Research and Development (IJRD)
Volume: 9 | Issue: 3 | March 2024 - Peer Reviewed Journal

Table 1 Salts and water activities

Salts (25°C)
Cesium Flouride 0.043
Lithium Chloride 0.113
Potassium Acetate 0.225
Magnesium Chloride 0.328
Potassium Carbonate 0.432
Sodium Bromide 0.576
Potassium lodide 0.689
Sodium Chloride 0.753
Potassium Chloride 0.843
Potassium Sulfate 0.973

The formula for the determination of equilibrium moisture content is as stated below:
EMC == ¥ 100 (AOAC, 2010)
.............................. Equation 1

The GAB equation which is mostly suitable for aw of 0 - 0.95 [Mustafa, 2018], was used to determine the water activity and
monolayer moisture value of the product.

. M ABaw
GAB Equation = = M (1-Baw)(1_BawiABam) (Van Den Berg, 1985)
.............................. Equation 2
GAB was rearranged into second degree polynomial for the determination of water activity and monolayer moisture value.
Mo — Monolayer value = 1/v/b2—4ac Equation 3
aw = aw/M = Equation of linezy Equation 4

Y= aw/M (M= Monolayer value) Monolayer value indicates the amount of water that is strongly adsorbed in specific sites, and it is
considered to be the value at which a food product is the most stable.

2.6 Sensory Evaluation

The sensory evaluation was conducted by the methods of Apata et al. [24]. A Ten member of semi-trained taste panelist of both
sexes participated in the assessment of sensory properties of the samples. The assessors were placed in an individual unit cell without
seeing each other; each person was given unsalted biscuits and fresh orange juice to cleanse palate after each taste of the sample.
Samples were coded and independently evaluated using a 9- point hedonic scale ranked as follows; like extremely to very much (8—
9 scores), like moderately to like slightly (5—7 scores), neither like nor dislike to dislike slightly or dislike moderately (2—4 scores)
and dislike extremely to dislike very much (0-1 score) for aroma, flavor, tenderness, texture, saltiness, hotness and over all-
acceptability.

2.7 Proximate Composition
Proximate composition was analyzed according to the official method of analysis as described by the Association of Official and
Analytical Chemist (25).

2.8 Statistical Analysis
Statistical analysis was carried out using IBM SPSS Statistics 20, One-way ANOVA Post Hoc Multiple Comparisons of Ryan-
Einot-Gabriel-Welsch F’ test at 0.05 significance level [26]

3. RESULTS AND DISCUSSION

The water activities used for this study ranged from 0.043 to 0.973 for both oven dried and fried cheese. Equilibrium moisture
content for oven dried cheese ranged from 11.27 to 43.31. A gradual increase in equilibrium moisture content was observed from
water activity of 0.043 to 0.432 while a sharp increase occurred from 0.432 to 0.576 aw as equilibrium moisture rose from 19.35 to
33.55. This sharp increase continues till 0.689 water activity with equilibrium moisture content of 44.12. Retardation in equilibrium
moisture content was however observed between the water activities of 0.689 and 0.753 as equilibrium moisture content drops to
39.98 from 44.12. There was a recovery in the retardation of the equilibrium moisture content as water activity moves from 0.753
to 0.843 and further to 0.973. The results of equilibrium moisture contents move from 39.98 through 41.15 to 43.31 for the water
activities; 0.753, 0.843 and 0.973 respectively. The water activity of moisture for oven-dried cheese ranged from 0.0038 to 0.0225.
The highest water activity of moisture; 0.0225 corresponds to the highest water activity of 0.973 while the lowest water activity of
moisture; 0.0038 corresponds to the lowest water activity of 0.043. However, highest equilibrium moisture content (44.12) as
revealed in this study does not correspond to the highest water activity neither to highest moisture content of moisture in oven dried
cheese.
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Equilibrium moisture content of fried cheese as revealed in this study shows that it traversed between 21.35 and 45.32. There was
a progressive increase in equilibrium moisture content from 21.35 to 29.03 which corresponds to the water activities from 0.043 to
0.576 respectively. Tremendous increase in equilibrium moisture content from 0.576 to 0.689 water activities was observed.
Equilibrium moisture content increased from 29.03 to 50.15 as water activity moves from 0.676 to 0.689. Equilibrium moisture
content drops to 45.25 and further to 43.22 at water activity of 0.73 and 0.843 apiece. This downward movement in equilibrium
moisture content recovered at 0.973 water activity which recorded; 45.32 equilibrium moisture content.

The water activity of moisture for fried cheese as revealed in this study shows three phases of sorption behavior; increase, decline
and further increase over the range of water activities of 0.043 to 0.973 tested. The first phase covers the range of water activities
of 0.043 to 0.432 which had a progressive increase in water activity of moisture (0.0020 to 0.0160). Second phase spans through
water activities of 0.576 to 0.689 which equally had water activity of moisture from 0.0151 to 0.0137. The third phase was a recovery
from a decline experienced an the second phase which resulted in a further increase in water activity of moisture from 0.0166
through 0.0195 to 0.0125 of the water activities; 0.753, 0.843, and 0.973 respectively. Similarly, highest equilibrium moisture
content (50.15) does not correspond to the highest water activity (0.973).

However, lowest equilibrium moisture content corresponds to the lowest water activity as observed in this study. Both the water
activities of oven-dried and fried cheese had the same pattern of progress with increase in water activity.

Table 2 Equilibrium moisture content and water activity of moisture of oven-dried and fried cheese

aw Oven-Dried Cheese Fried Cheese
EMC (M) £SD (%) aw/M EMC (M) £SD aw/Mm
(%)

0.043 11.2740.028 0.0038 21.35+0.052 0.0020
0.113 13.31+0.59° 0.0085 22.42+0.01° 0.0050
0.225 15.52+0.01¢ 0.0145 24.98+0.02° 0.0090
0.328 17.38+0.02¢ 0.0189 25.41+0.66° 0.0129
0.432 19.35+0.01° 0.0223 27.04+0.02¢ 0.0160
0.576 33.55+0.00° 0.0171 29.03+0.03¢ 0.0151
0.689 44.12+0.01i 0.0156 50.15+0.05 0.0137
0.753 39.98+0.019 0.0188 45.25+0.10° 0.0166
0.843 41.15+0.02" 0.0204 43.22+0.219 0.0195
0.973 43.31+0.01 0.0225 45.3240.10f 0.0215

awm = water activity of moisture, EME= Equilibrium moisture content. Each value is expressed as mean + standard deviation
(n=3) of triplicate analysis. Means within column followed by different superscripts indicate significance difference (p<0.05) by

post hoc multiple comparisons of ryan-einot-gabriel-welsch f” test.
Sorption Isotherm of processed products from fresh Cheese
0.025
A == oven Dried Cheese
0.02
== Fried Cheese
0.015 -
aw /M ;
001 y = -0.0281 + 0.0424x + 0.0047 Poly. (oven Dried
. RZ=0.7317 Cheese)
0.005 V= 0.0143x2 + 0.0322% + 0.002 POIy. (F”ed Cheese)
R2=0.9032
0 ; ; ; ; ; .
0 0.2 0.4 0.6 0.8 1 1.2
aw

Figure 1: Sorption Isotherm of processed products from fresh local soft Cheese
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Water activity and equilibrium moisture content of oven dried and fried cheese at
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Figure 2: Water activity and equilibrium moisture content of oven dried and fried cheese at 25° C

Table 3: Analysis of sorption data of cooked local cheese according to GAB Model

Product sample Water activity Critical Water Monolayer value (Mo) (g R?
(aw) activity (RHc) H20/g Solid)
Oven Dried 0.299 0.432 21.26 0.731
Cheese
Fried Cheese 0.32 0.432 29.67 0.903

R? = Fitness of curve

Table 4: Proximate composition of oven-dried and fried cheese (%)

Components Oven-dried cheese SEM Fried cheese SEM
Crude protein 52.00 0.00 38.37 0.20
Moisture content 22.00 0.58 35.97 0.03
Ash 5.33 0.33 7.73 0.13
Fat 12.00 0.58 10.10 0.10
Carbohydrate 8.67 0.33 7.83 0.17

Each value is expressed as mean + standard error of mean (n=3) of triplicate analysis. Post hoc tests were not performed because
there were fewer than three groups SEM=standard error of mean.

Table 5 Sensory characteristics of oven-dried and fried cheese (%0)

Components Oven-dried cheese SEM Fried cheese = SEM
Aroma 6.00 0.23 571 0.42
Flavour 5.86 0.46 5.57 0.48
Texture 5.43 0.43 5.86 0.96
Tenderness 5.14 0.14 6.14 0.60
Juiciness 3.13 0.51 4.86 0.14
Overall acceptance 6.57 0.20 6.29 0.18

Each value is expressed as mean + standard error of mean (n=3) of triplicate analysis. Post hoc tests were not performed because
there were fewer than three groups; SEM=standard error of means

The moisture adsorption data are useful in selection of appropriate packaging materials, determining the permeability of appropriate
packaging materials and predict their shelf life [27]). The analysis of adsorption data of oven-dried and fried cheese shows that
water activity, monolayer values and fitness of curve for these two products are different. The water activity and monolayer values
as determined by GAB equation are as presented in Table 3. The equilibrium moisture content of oven-dried cheese was found to
be relatively lower compared to fried cheese. This shows that oven-drying removes a considerable amount of moisture from the
product. The water activity of fried cheese was also higher than that of oven dried cheese, suggesting that oven-dried cheese would
be more stable and have a lower risk of microbial growth. Oven-dried cheese had 0.299 water activity and 21.26 monolayer moisture
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while fried cheese had higher water activity of 0.32 and monolayer moisture of 29.67. Fitness of curve (R?) of 0.731 0.903 were
computed for oven-dried and fried cheese (Figure 1). This study revealed that the monolayer moisture was higher in fried cheese
even at a temperature higher than oven drying temperature as investigated in this study, a contradiction to a report of decrease in
monolayer moisture with increasing temperature [28]. This might be due to short time used to fry cheese compared to long time of
oven drying used in this experiment. Both the oven dried and fried cheese products will be most stable at their monolayer moisture
contents, which largely depends on the chemical composition and structure [17].

Fried cheese sample had the higher value of equilibrium moisture content than oven dried cheese at all the water activities tested in
this experiment. The variation in the results obtained from this study could be due to the different processing methods for the
production of fried and oven dried cheese [12]

The water activities at which the growth of microorganisms becomes active for oven dried and fried cheese were calculated at 0.299
and 0.32aw respectively using the GAB models for each sorption isotherm are good values which indicate that only lower water
activities will be appropriate for the growth limitation of microorganisms and subsequently for the extension of shelf life these
products. Shelf life of these products at the water activities of 0.299 and 0.32 for oven dried cheese and fried cheese apiece requires
packaging materials that will limit water vapour transmission as lack of good storage can lead to microbial contamination and
spoilage. Higher temperature of storage should be avoided as high temperature will increase the transmission rate of water vapour.
The water activities, the critical water activities of the products and the storage conditions are essential parameters for the prediction
of shelf life. Moisture imparts mobility of molecules and enables microbial growth as water activity enables for proper monitoring
of moisture so that products are stored at safe water activity. In this study, foil lined packaging materials should be considered for
long term storage of these products as protection from physical damage, microbial contamination, oxygen, light and moisture are
very essential due to their low water activities [29]. Sorption which refers to the process of adsorption or desorption of moisture by
food materials plays a major role in the science of preservation and storage of cheese products. In fried cheese, high temperature
causes water content to evaporate during frying, which resulted in a golden and crispy exterior. The fried cheese product however,
has capacity to absorb moisture from atmosphere if exposed to air of high relative humidity which can lead to breakdown of texture
and loss of crispness in storage if appropriate packaging materials are compromised. To maintain sensorial parameters, hermetic
packaging to minimize moisture uptake should be considered. Oven-dried cheese product in this study made use of relatively low
heat for an extended period to lower moisture content of the product and prolong its shelf-life. Oven-dried cheese has lower water
activity compared to fried cheese which suggests it is less prone to absorbing moisture from the atmosphere. This behaviour
contributes to its longer shelf life compared to fried cheese. Development of airtight package to reduce exposure to moisture uptake
from the environment will enhance and promote good shelf-life of these products as over time they may experience changes in their
sensorial properties.

Proximate analysis which involves the determination of basic composition of a food product, typically moisture, ash, protein, fat,
and carbohydrates carried out for oven dried and fried cheese shows that the processing methods affected the nutrient composition
of the products (Table 4). Lower moisture content of oven dried cheese as evaluated in this study may be connected to the longer
processing time oven dried cheese passed through. Similar, the protein, fat and carbohydrate content were more concentrated in
oven-dried cheese as more water was removed during oven drying than in fried cheese. In this study, both oven drying and frying
preserve the nutrients substantially but oven drying method retains more nutritional contents than frying [30]. This might be as a
result of low temperature used for oven drying in this study as oven drying at 50°C and 70°C have been adjudged the best method
for retaining the highest volatile oil, protein, calcium, and magnesium contents of food materials [31]. The reduction in fat content
of fried cheese may be connected to possibility of lipid oxidation due to heat as high temperature accelerates lipid oxidation. The
low content of ash in oven dried cheese is proportional to increase in protein content [32].

An understanding of the chemical and sensory properties of cheese can help manufacturers develop desirable products. Oven dried
cheese had the best sensory acceptability in terms of aroma, appearance and flavor. This agrees with the submission of Ndife et al.
[33] who reported oven drying method to improve the concentration of nutrients and antioxidant activities, with preservation of the
sensory acceptability of food materials. However, aroma should not only be attributed to change in temperature, it is also a function
of the type of microorganism used in cheese making and chemical changes such as lipid hydrolysis and proteolysis that occur in the
curd during the early stages of ripening.

4.CONCLUSION

In conclusion, the sorption isotherm curves had sigmoidal shapes for both oven-dried and fried cheese, which indicates that the
composition and structure of these products influenced water sorption behavior. The sorption isotherms of oven-dried cheese showed
lower equilibrium moisture content and water activity compared to fried cheese. This difference could be attributed to decrease in
porosity and surface area of oven dried cheese due to the processing method, which could enhance its shelf life in storage. Hence,
this study contributed to knowledge sorption behavior of cheese products.

£ 2024 EPRAIJRD | Journal DOI: https://doi.org/10.36713/epra2016 | https:/eprajournals.com/ |53 |



4 ”~
L)

SJIF Impact Factor (2024): 8.675| ISI LF. Value: 1.241| Journal DOI: 10.36713/epra2016 ISSN: 2455-7838(0nline)
EPRA International Journal of Research and Development (IJRD)

Volume: 9 | Issue: 3 | March 2024 - Peer Reviewed Journal

5. CONFLICTS OF INTEREST
The authors declare that there is no conflict of interest.

6. REFERENCES

1.

2.
3.

NSO

©

10.

11.

12.

13.

14.
15.

16.
17.

18.

19.

20.

21.

22.

23.

24.
25.
26.
27.
28.

29.

30.

McClure SB, Magill C, Podrug E, Moore AMT, Harper TK, Culleton B], et al. Fatty acid specific 613C values reveal earliest Mediterranean
cheese production 7,200 years ago. Loor ], editor. PLOS ONE. 2018 Sep 5,13(9) :e 0202807.

Ingram D. Michael H. Tunick: The Science of Cheese. Food Security. 2014 Jun 18;6(4):605-6.

Ganesan P, Kwak, H, Hong, Y. Nutritional Benefits in Cheese. In: Cheese: Types, Nutrition and Consumption. - Cheese: Types, Nutrition
and Consumption. 2012 Dec:268-89. https /fwww.researchgate.net/publication/284479670

Gutiérrez-Pefia R, Avilés C, Galdn-Soldevilla H, Polvillo O, Pilar Ruiz Pérez-Cacho, José Luis Guzman, et al. Physicochemical
Composition, Antioxidant Status, Fatty Acid Profile, and Volatile Compounds of Milk and Fresh and Ripened Ewes’ Cheese from a
Sustainable Part-Time Grazing System. Foods. 2021 Jan 3;10(1):80-0.

Fox PF, Cogan TM, Guinee TP. Factors That Affect the Quality of Cheese. Cheese. 2017;617-41.

Guinee TP, Kilcawley KN. Ingredient Cheese and Cheese-Based Ingredients. Elsevier eBooks. 2017 Jan 1;715-55.

Naiane Sangaletti. Estudo da vida 1itil do queijo Minas frescal disponivel no mercado. 2015 Oct 21;

Burtscher ], Kiiller F, Dreier M, Arias-Roth E, Drissner D, Domig K]. Characterization of Clostridium tyrobutyricum Strains Using
Three Different Typing Techniques. Microorganisms. 2020 Jul 16,8(7):1057.

Alfei S, Marengo B, Zuccari G. Nanotechnology application in food packaging: A plethora of opportunities versus pending risks assessment
and public concerns. Food Research International. 2020 Nov;137:109664.

Martin NH, Kent D], Evanowski RL, Zuber Hrobuchak T], Wiedmann M. Bacterial spore levels in bulk tank raw milk are influenced by
environmental and cow hygiene factors. Journal of Dairy Science. 2019 Nov;102(11):9689-701.

Raji AO, Oluwanisola RM, Oyebanji OM, Sunmonu BA. Nutrients composition, sensory properties and storage stability of processed
Nigerian soy cheese (Beske). Measurement: Food. 2023 Jun;10:100088.

Sameli N, Sioziou E, Bosnea L, Kakouri A, Samelis ]. Assessment of the Spoilage Microbiota during Refrigerated (4 °C) Vacuum-Packed
Storage of Fresh Greek Anthotyros Whey Cheese without or with a Crude Enterocin A-B-P-Containing Extract. Foods [Internet]. 2021
Now 30 [cited 2022 Oct 4];10(12):2946. Available from: https.//www.ncbi.nlm.nih.gov/pmc/articles/PMC8701269/.

WMpuna byanoba, Buyanova I, Cemaana JIynuncxas, Lupinskaya S, Eaena Jlobaue8a, Lobacheva E. Technological Aspects of Cold Storage
of Protein Dairy Products. Texnuka u mexuosoeus nuueBoix npousboocmd. 2019 Feb 13;48(4):5-11.

Johnson ME. A 100-Year Review: Cheese production and quality. Journal of Dairy Science. 2017 Dec;100(12):9952-65.

Biegalski ]. Water activity of smoked pasta filata cheese during storage. Electronic Journal of Polish Agricultural Universities. 2020 Jun
30,23(2).

Bonazzi C, Dumoulin E. Quality Changes in Food Materials as Influenced by Drying Processes. 2014 Jun 13;1-20.

Viisquez VR, Coronella CJ. A simple model for vapor-moisture equilibrium in biomass subtrates. AIChE Journal. 2009 Apr 20,55(6):1595-
603.

Jo Y, Benoist DM, Ameerally A, Drake MA. Sensory and chemical properties of Gouda cheese. Journal of Dairy Science. 2018
Mar;101(3):1967-89.

Van der Berg C. Description of water activity of foods for engineering purposes by means of the GAB model of sorption. Vol. 1. New york:
Elsevier Applied Science Publishing: New York; 1984.

Frédeéric Prothon, Ahrné L. Application of the Guggenheim, Anderson and De Boer model to correlate water activity and moisture content
during osmotic dehydration of apples. Journal of Food Engineering. 2004 Feb 1,61(3):467-70.

Mallek-Ayadi S, Bahloul N, Kechaou N. Mathematical modelling of water sorption isotherms and thermodynamic properties of Cucumis
melo L. seeds. LWT. 2020 Sep;131:109727.

Ikhu-Omoregbe DIO. Comparison of the Sorption Isotherm Characteristics of Two Cassava Products. International Journal of Food
Properties. 2006 Jul;9(2):167-77.

Greenspan L. Humidity fixed points of binary saturated aqueous solutions. Journal of Research of the National Bureau of Standards Section
A: Physics and Chemistry [Internet]. 1977 Jan [cited 2020 Aug 3];81A(1):89. Available from:
https;//mulpubs.nist.gov/nistpubs/jres/81A/jresv81An1p89_Al1b.pdf

Apata ES, Kuku IA, Apata OC, Adeyemi KO. Evaluation of Suya (Tsire) - An Intermediate Moisture Meat Product in Ogun State,
Nigeria. Journal of Food Research. 2013 Jan 24;2(1):87.

Horwitz W, Latimer GW. Official methods of analysis of AOAC International. Maryland: AOAC International; 2011.

IBM SPSS Statistics 20, 2011

Alakali |S, Irtwange SV, Agbali FA. Physico-thermodynamic properties of soy-gari. Journal of Food Processing and Preservation. 2010
May;34:470-89.

Yaptenco KF, Pardua SN, Duque JAC, Pangan RS. Moisture sorption isotherms and shelf life prediction for whole dried sandfish
(Holothuria scabra) AgricEngInt: CIGR Journal Open access. 2017 Aug: 19(2): 176-86 http,/fwww.cigrjournal.org

Alamuoye NO. Effects of packaging materials on weight loss, moisture content and qualityof wheat flour infested by Tribolium castaneum
(Herbst) (Coleoptera: Tenebrionidae). International Journal of Zoology Studies. 2019 Nov: 4(6):57-1. Available from:
www.zoologyjournals.com.

Oloruntola A, Omotosho O. Proximate Analysis, Phytochemical Screening and Mineral Content of Pleurotus Pulmonarius (Oyster
Mushroom) (P20-019-19). Current Developments in Nutrition. 2019 Jun 1;3(Supplement_1).

£ 2024 EPRAIJRD | Journal DOI: https://doi.org/10.36713/epra2016 | https:/eprajournals.com/ |54 |


https://www.researchgate.net/publication/284479670
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8701269/
https://nvlpubs.nist.gov/nistpubs/jres/81A/jresv81An1p89_A1b.pdf

31.

32.

33.

£7 7N
&)

SJIF Impact Factor (2024): 8.675| ISI LF. Value: 1.241| Journal DOI: 10.36713/epra2016  ISSN: 2455-7838(Online)

EPRA International Journal of Research and Development (IJRD)
Volume: 9 | Issue: 3 | March 2024 - Peer Reviewed Journal

Mamman T, Ipinjolu JK, Shamsuddeen BK, Jibrin H, Mohammed U. Effect of Different Drying Techniques on the Nutrients Content of
Fish Feedstuffs. International Journal of Biochemistry Research & Review. 2019 Apr 5;1-6.

Boumba VA, Voutsinas LP, Philippopoulos CD. Composition and nutritional value of commercial dried whey products from feta cheese
manufacture. International Journal of Dairy Technology. 2001 Nov;54(4):141-5.

Ndife ], Ubbor S, Chinweikpe A, Onwuzuruike A. Comparative Effects of Oven-Drying on Quality of Selected Leafy Spices. Indonesian
Food Science & Technology Journal

£ 2024 EPRAIJRD | Journal DOI: https://doi.org/10.36713/epra2016 | https:/eprajournals.com/ |55 |



