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Cheese Type and Pre-Drying Morphology Critically Determine the Flavor Profile, 1 

Oxidative Stability, and Storage Performance of Freeze-Dried Cheese Powders 2 

 3 

Abstract 4 

Freeze-dried cheese powders provide concentrated flavor and extended shelf life, but their 5 

quality may depend on cheese type and sample morphology before drying. This study 6 

evaluated the effects of cheese type (Cheddar, Mozzarella, and enzyme-modified cheese 7 

(EMC)), pre-drying morphology (shreds, slices, and cubes), and storage/ripening time (0, 30, 8 

and 60 days) on the physicochemical properties, volatile profile, fatty acid composition, and 9 

oxidative stability of freeze-dried cheese powders. Proximate composition, water activity, 10 

free fatty acids, peroxide value, total oxidation value, and thiobarbituric acid-reactive 11 

substances were determined, while volatile compounds and fatty acids were analyzed by gas 12 

chromatography-mass spectrometry. Cheese type, morphology, and storage/ripening time 13 

significantly affected most attributes (p < 0.05). All powders had high total solids (96.01-14 

97.88%) and low water activity (0.21-0.25). Cheddar developed the most complex volatile 15 

profile, whereas EMC showed accelerated flavor development, the highest free fatty acid 16 

content (0.26-0.46%), and the highest total oxidation values (5.1-7.5). Mozzarella retained a 17 

milder volatile profile and greater oxidative stability. Cubes generally retained higher 18 

concentrations of volatile compounds, whereas shreds favored moisture removal and showed 19 

greater lipolysis and oxidation. These findings demonstrate that cheese type and pre-drying 20 

morphology can be optimized to balance flavor development, oxidative stability, and storage 21 

performance. 22 

Keywords: freeze-drying; cheese powder; sample morphology; volatile compounds; fatty 23 

acid profile; enzyme-modified cheese; lipid oxidation. 24 

1. Introduction 25 

Cheese powder is a nutrient-rich ingredient widely used in the food industry due to its 26 

convenience, extended shelf life, and concentrated flavor profile (Deshawal et al. 2024). As a 27 

versatile component, it is used in a variety of products such as snack foods, sauces, and 28 

dressings (Shinaliyeva et al. 2025). Consumers choose cheese snacks for their high protein 29 

content as an alternative to snacks high in fat and carbohydrates (Shinaliyeva et al. 2025). 30 

Drying increases the shelf life of food products by lowering the moisture content 31 

(Pronschinske et al. 2026; Sviridenko et al. 2021). Generally, air drying, smoking, drum 32 

drying, and spray drying are used to dry cheese. These dehydration techniques change the 33 

physical structure of cheeses, which can affect the nutritional profile of the products (Rosa 34 
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and Prudencio (2023); Xin et al. 2022). Freeze-drying is a technique used to create high-35 

quality dried food items. Freeze-dried food products maintain the same color, flavor, and 36 

nutritional value as the original food Uwineza and Zhang (2026).  37 

In addition to being rich in nutrients, cheese has a unique fatty acid profile. The fatty acid 38 

composition of cheese is influenced by the source of the milk, animal feeding and 39 

management practices, and cheese-making processes (Paszczyk et al. 2022). This 40 

composition determines the nutritional quality of dairy products and significantly affects the 41 

color, texture, flavor, and overall nutritional value of cheese powder (Ponnampalam et al. 42 

2024). In food applications, cheese powder is primarily used as a flavoring ingredient and 43 

plays an important role in sensory perception (Zheng et al 2021). Blue cheese powder 44 

enhances the concentrations of volatile compounds such as ketones, esters, and alcohols in 45 

sausages, whereas brown cheese powder is used in foods to provide umami flavor and 46 

Maillard reaction-derived compounds (López-Díaz et al. 2023; Sharma et al. 2020) The 47 

volatile profile of cheese powder varies according to the cheese type and commonly includes 48 

aldehydes, esters, alcohols, sulfur compounds, terpenes, ketones, and pyrazines (Clarke et 49 

al.2021). For example, Danbo cheese powder is rich in sulfur compounds and alcohols, 50 

whereas Emmental cheese powder contains esters (e.g., ethyl acetate and propyl butanoate), 51 

aldehydes (e.g., 2-methylbutanal, 3-methylbutanal, and hexanal), and methyl ketones 52 

(Varming et al. 2013). Similarly, blue cheese powder is characterized by aldehydes (e.g., 53 

butanal, 2-methylpropanal, and 2-methylbutanal), esters (e.g., methyl butanoate, methyl 54 

pentanoate, and methyl hexanoate), and ketones (e.g., 2-pentanone and diacetyl) (Sutthiwong 55 

et al. 2023). Oxidation is a critical issue that affects the quality and shelf life of cheese 56 

powder flavor Ritschard and Schuppler (2024). Oxidation is the degradation of lipids present 57 

in the cheese, which causes the loss of nutrients as well as the development of off-flavors and 58 

rancidity. The presence of volatile organic compounds from lipid oxidation, such as hexanal 59 

and heptanal, correlates with negative sensory attributes in dairy powders (Clarke et al. 60 

2020). This may be due to several factors, such as the presence of oxygen, temperature, light 61 

exposure, and fatty acid composition. This oxidative degradation affects the sensory attributes 62 

and marketability of cheese powder flavor. Different storage conditions can significantly 63 

affect the concentration of these volatile organic compounds and, consequently, consumer 64 

acceptance (Amer et al. 2023; Kaminarides et al. 2007). 65 

Although cheese powder production and flavor development have been investigated 66 

previously, limited information is available on how the surface area-to-volume ratio of cheese 67 

samples before freeze-drying affects the physicochemical characteristics, volatile flavor 68 
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retention, fatty acid composition, and oxidative stability of the resulting cheese powder. This 69 

relationship is important because sample morphology may influence moisture removal, 70 

volatile compound retention, lipid hydrolysis, and oxidation during storage. 71 

Therefore, the aim of this study was to develop freeze-dried cheese powder flavors from 72 

three cheese varieties, namely Mozzarella, Cheddar, and enzyme-modified cheese (EMC), 73 

prepared in different morphologies with varying surface area-to-volume ratios, including 74 

shreds, slices, and cubes. Specifically, this study investigated the effects of cheese type, 75 

sample morphology, and aging/storage period on the physicochemical characteristics, fatty 76 

acid profile, volatile flavor composition, and lipid oxidation stability of freeze-dried cheese 77 

powder flavors. 78 

 79 

2. Materials and Methods 80 

2.1. Materials  81 

For the preparation of cheeses (Mozzarella, Cheddar, and enzyme-modified cheese), milk 82 

was procured from the Dairy Training and Development Center (DTRC) B-Block, University 83 

of Veterinary and Animal Sciences, Ravi Campus, Pattoki. DVS (Direct Vat Set) starter 84 

culture, rennet, and a blend of enzymes (proteinases, peptidases, lipases, and esterases) were 85 

purchased from Christian Hansen Company, Denmark through local suppliers.  86 

2.2. Production of cheese powders  87 

Cheddar, Mozzarella, and EMC cheeses were prepared using the methods of (Nazish et al. 88 

2022; Kendirci et al. 2020) respectively. The Cheddar cheese was ripened for two months. 89 

Each month during ripening, the Cheddar cheese was cut into different shapes with varying 90 

surface area-to-volume ratios (shreds, slices, and cubes), and then freeze-dried and tested for 91 

quality. Similarly, Mozzarella and enzyme-modified cheeses were stored for 60 days. Cheese 92 

samples with different surface area-to-volume ratios (shreds, slices, and cubes) were freeze-93 

dried and tested for quality at 0, 30, and 60 days of storage. The surface area-to-volume ratios 94 

of the cheese samples were as follows: shreds (0.47 × 0.67cm2: 0.47 × 0.67 × 0.85 cm³), 95 

slices (0.65 × 3 cm2: 0.65 × 3 × 4 cm³), and cubes (1×1 cm2 :1 × 1 × 1 cm³). 96 

2.3. Cheese ripening storage conditions 97 

After drying, cheese powder samples were immediately packed in bioplastic polylactic acid 98 

(PLA) pouches, heat-sealed, and stored at 8 ± 1 °C and 80 ± 5% relative humidity (RH) 99 

until analysis. Samples were analyzed at predetermined storage intervals (0, 30, and 60 days). 100 
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During storage, the packages remained unopened until the designated sampling day to 101 

minimize moisture uptake and oxidative deterioration. 102 

2.4. Physicochemical analysis of cheese powders  103 

The powdered flavors of Cheddar, Mozzarella, and enzyme-modified cheeses were analyzed 104 

for fat, protein, ash, water activity, and total solids content using the methods outlined in 105 

AOAC (2016). 106 

2.4.1. Determination of free fat and encapsulated fat 107 

Free fat was determined according to the solvent extraction method described by Buma 108 

(1971) with slight modifications. Approximately 5 g of cheese powder was mixed with 109 

petroleum ether (or hexane) and gently agitated for the specified extraction time. The solvent 110 

was filtered and evaporated, and the extracted fat was weighed. Total fat content was 111 

determined using the AOAC official method. Encapsulated fat was calculated as the 112 

difference between total fat and free fat using the following equation: 113 

 114 Encapsulated fat (%)   = Total fat (%) −  Free fat (%) 115 

Results were expressed as percentages (%) of the cheese powder on a dry-weight basis. 116 

117 
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2.4.2. Determination of water activity. 118 

The water activity (aw) of the samples was determined at 25°C using a water activity meter 119 

(Aqualab, Decagon 3TE, Decagon Devices Inc., Pullman, WA). All measurements were 120 

performed in triplicate. 121 

2.5.  Flavor profile of cheese powder flavors 122 

Flavor compounds were analyzed using gas chromatography–mass spectrometry (GC–MS) 123 

following the method described by (Zheng et al. 2024). A 4 g cheese powder sample was 124 

transferred into a 20 mL headspace vial, and 10 μL of 2-octanol (1.00 mg/mL) was added as 125 

an internal standard. The vial was immediately sealed and incubated in a water bath at 85°C 126 

while being stirred at 500 rpm using a magnetic stirrer for 20 min to allow equilibration. A 2 127 

cm, 50/30 μm divinylbenzene/Carboxin/polydimethylsiloxane (DVB/CAR/PDMS) solid-128 

phase microextraction (SPME) fiber was then exposed to the headspace for 30 min. Before 129 

extraction, the SPME fiber was conditioned in the GC injector at 250°C for 20 min according 130 

to the manufacturer's instructions. 131 

Volatile flavor compounds were analyzed using a GC–MS system (Agilent Technologies Inc., 132 

CA, USA) equipped with a DB-WAX capillary column (30 m × 0.25 mm × 0.25 μm; Agilent 133 

J&W, CA, USA). The injector temperature was maintained at 250°C, and helium was used as 134 

the carrier gas at a constant flow rate of 1.0 mL/min. The GC oven temperature program was 135 

as follows: initially held at 40°C for 3 min, increased to 150°C at 4°C/min, then to 200°C at 136 

5°C/min, and finally to 230°C at 20°C/min, where it was held for 5 min. The MS ion source 137 

temperature was maintained at 230°C, and mass spectra were acquired over a scan range of 138 

m/z 40–450. 139 

Volatile compounds were identified by comparing their mass spectra with the NIST14 and 140 

NIST14S libraries, and only compounds with a spectral similarity greater than 80% were 141 

retained. Semiquantitative analysis was performed using 2-octanol as the internal standard, 142 

and the results were expressed as mg/kg. 143 

 2.6 Fatty acid profile of cheese powder flavors 144 

The fatty acid profiles of Mozzarella, Cheddar, and enzyme-modified cheese (EMC) powders 145 

were determined during storage using the GC method described in (Zhang et al. 2024). Fatty 146 

acid methyl esters (FAMEs) were prepared from 300 μL of a well-mixed, melted cheese 147 

powder sample. The sample was transferred into an 11 mL screw-capped test tube, dissolved 148 

in 3 mL of n-hexane, and mixed with 2 mL of 0.5 N sodium methoxide. The mixture was 149 
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vortexed at high speed for exactly 3 min and then allowed to stand for 5 min to achieve phase 150 

separation. The upper organic layer was injected into a gas chromatograph (Agilent 7890B, 151 

Agilent Technologies, USA) equipped with an autosampler and a DB-5MS capillary column 152 

(60 m × 0.25 mm i.d., 0.25 μm film thickness). Fatty acids were identified by comparing the 153 

retention times of sample peaks with those of the Supelco 37 Component FAME Mix (Sigma-154 

Aldrich, USA), which served as an external reference standard. Quantification was performed 155 

according to the method described in (Zhang et al. 2024). 156 

2.7. Free Fatty acids in cheese powder flavors 157 

For the determination of free fatty acids in cheese powder flavors, approximately 50mL of 158 

ethanol was measured into a conical flask, and 2-3 drops of phenolphthalein were added as an 159 

indicator. The solution was titrated with 0.1N NaOH until a light pink color appeared, 160 

marking the neutralization point of the ethanol. In a separate conical flask, a cheese powder 161 

sample was placed, and 50mL of the neutralized ethanol was added to it. Afterward, 2-3 162 

drops of phenolphthalein were added, and the mixture was titrated with 0.1N NaOH until a 163 

light pink color developed. The volume of 0.1N NaOH used was recorded, and the value was 164 

used in the formula according to (AOCS 1995). 165 ���� ����� ���  = Volume of 0.1N NaOH × 100 × 282 ×  NWeight of sample 0 100 166 

The results were expressed as percentage (%) free fatty acids (as oleic acid equivalent). FFA 167 

values were calculated based on the volume of standardized alkali required for neutralization 168 

and the sample weight, following the equation specified in the cited method. 169 

2.8.  Peroxide value of cheese powder flavor 170 

To determine the peroxide value (PV) of cheese powder, approximately 2-5g of the sample 171 

was first dissolved in a mixture of 30mL chloroform and 30mL acetic acid. Then, 0.5mL of 172 

potassium iodide (10% w/v) solution was added and allowed to react for 5 minutes. 173 

Afterward, 30mL distilled water and a few drops of 1% starch solution were added as an 174 

indicator. The mixture was titrated with a 0.01N sodium thiosulfate solution until the blue 175 

color disappeared. The peroxide value was calculated using the formula:  176 12 = [(V1 −  V2)  ×  NW 0 1000 177 

where V1 and V2 are the volumes of sodium thiosulfate used for the blank and sample, N is 178 

the normality of the thiosulfate, and W is the sample weight. The result was expressed in 179 

milliequivalents of peroxide per kilogram of sample (meq/kg). 180 
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2.9. Total Oxidation (TOTOX) Value 181 

The overall oxidative status of the cheese powder was evaluated by calculating the Total 182 

Oxidation (TOTOX) value using the peroxide value (PV) and the p-anisidine value (p-AV) 183 

according to the following equation: 184 45456 = (2 ×  Peroxide Value)  +  p − Anisidine Value 185 

Peroxide value was expressed as meq O₂/kg fat, whereas the p-anisidine value was 186 

determined according to the AOCS official method. The calculated TOTOX value provides 187 

an overall assessment of primary and secondary lipid oxidation products. 188 

2.10 Thio barbituric Acid Reactive Substances (TBARS) 189 

Lipid oxidation was assessed by measuring Thio barbituric acid-reactive substances 190 

(TBARS) following the method of Buege and Aust (1978) with minor modifications. Cheese 191 

powder samples were homogenized with trichloroacetic acid solution, filtered, and mixed 192 

with Thio barbituric acid reagent. The reaction mixture was heated in a boiling water bath for 193 

15 min, cooled to room temperature, and the absorbance was measured at 532 nm using a 194 

UV–visible spectrophotometer. A calibration curve was prepared using 1,1,3,3-195 

tetraethoxypropane (TEP), and the results were expressed as mg malondialdehyde (MDA)/kg 196 

cheese powder. 197 

2.11. Statistical Analysis 198 

Data from the physicochemical analyses, flavoring compound analyses, and fatty acid 199 

profiles were analyzed using two-way ANOVA, whereas free fatty acids, peroxide value, 200 

TOTOX, and TBARS were analyzed using three-way ANOVA with PROC GLM in SAS 201 

software (Version 9.1). Tukey’s HSD test was used to compare significant treatment means; 202 

significance was set at p ≤ 0.05. 203 

 204 

3. Results and Discussion 205 

3.1. Physicochemical composition of freeze-dried cheese powder flavors 206 

The physicochemical composition of freeze-dried Cheddar, Mozzarella, and enzyme-207 

modified cheese (EMC) powder flavors is presented in Tables 1-3. Fat, protein, ash, and total 208 

solids are expressed as percentages. Cheese type, sample morphology, and storage/ripening 209 

period influenced the chemical composition of the powders. Moisture content was 210 

significantly affected by cheese type, surface area-to-volume ratio, and ripening/storage 211 

period (P < 0.05). Fat and ash contents varied significantly with cheese type (P < 0.05), 212 

whereas surface area-to-volume ratio and ripening/storage period had no significant effect on 213 
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these parameters. Protein content was not significantly affected by surface area-to-volume 214 

ratio or ripening/storage period, although Cheddar powder showed higher protein values than 215 

EMC and Mozzarella. Total solids were influenced by cheese type, morphology, and 216 

storage/ripening period. 217 

In Cheddar cheese powder, fat content ranged from 46.16 to 46.95%, protein from 38.29 to 218 

38.88%, ash from 12.32 to 12.99%, and total solids from 97.21 to 97.46%. In Mozzarella 219 

cheese powder, fat ranged from 45.43 to 45.85%, protein from 36.04 to 36.98%, ash from 220 

14.12 to 14.65%, and total solids from 97.39 to 97.88%. EMC powder showed relatively 221 

higher fat and ash contents, ranging from 47.63 to 47.97% and 15.39 to 15.67%, respectively, 222 

whereas protein content ranged from 33.02 to 33.93% and total solids from 96.01 to 96.39%. 223 

The water activity (aw) of enzyme-modified cheese powder remained low and stable 224 

throughout the 60-day storage period, ranging from 0.22 to 0.25. Shreds showed the lowest 225 

aw (0.22), while cubes exhibited the highest value (0.25). The consistently low water activity 226 

indicates good microbial stability and extended shelf life of the cheese powder during 227 

storage. The water activity (aw) of Cheddar cheese powder remained low and stable during 228 

the 60-day ripening period, ranging from 0.22 to 0.24. Shreds exhibited the lowest aw (0.22), 229 

followed by slices (0.22) and cubes (0.24), with no notable changes during storage. These 230 

low values indicate good microbial and storage stability of the powder. 231 

The higher fat and ash contents in EMC compared with Cheddar and Mozzarella indicate 232 

that cheese type was the dominant factor affecting the gross composition of freeze-dried 233 

cheese powders. This variation may be attributed to differences in cheese matrix, processing 234 

conditions, and compositional characteristics among cheese types, as previously reported for 235 

cheese and cheese-powder systems (Karaziack et al. 2024) Cheddar powder contained the 236 

highest protein content among the three cheese powders, while EMC showed the highest fat 237 

and ash values. The high total solids content suggests substantial water removal during 238 

freeze-drying; however, residual moisture and water activity should be reported before 239 

concluding powder stability (Liu et al. 2022). Freeze-drying is considered suitable for 240 

producing high-quality dried dairy ingredients because it removes moisture under low-241 

temperature conditions and helps preserve nutritional and sensory quality (Liu et al. 2024). 242 

These low aw values indicate limited availability of free water, which is generally associated 243 

with reduced microbial growth and improved physical stability during storage. However, 244 

water activity alone does not provide evidence of oxidative stability, as lipid oxidation is 245 
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influenced by additional factors such as oxygen availability, fatty acid composition, light 246 

exposure, packaging conditions, and storage temperature (Ali et al. 2023). 247 

Sample morphology also influenced the physicochemical characteristics because shreds, 248 

slices, and cubes differed in surface area-to-volume ratio. Shreds have a greater exposed 249 

surface area, which can facilitate moisture removal, while cubes have less surface exposure 250 

and may retain components more effectively during drying. The role of surface area in heat 251 

and mass transfer during drying has been reported previously, and this can explain differences 252 

among shreds, slices, and cubes (Árpád et al. 2024). Thus, although freeze-drying produced 253 

high-total-solid powders in all cheese types, the interaction between cheese type, 254 

morphology, and storage/ripening period contributed to differences in chemical composition 255 

and storage behavior. 256 

3.2. Volatile flavor compounds of freeze-dried cheese powder flavors 257 

The volatile flavor compounds of Cheddar, Mozzarella, and EMC powder flavors are 258 

presented in Tables 4-6. The concentrations of volatile flavor compounds are expressed as 259 

mg/kg. Cheese type, surface area-to-volume ratio, and ripening/storage duration significantly 260 

influenced the composition of volatile compounds, including fatty acids, lactones, ketones, 261 

aldehydes, diols, alcohols, esters, terpenes, and furans (P < 0.05). These changes are 262 

consistent with the complex biochemical pathways involved in cheese flavor development, 263 

including lipolysis, proteolysis, lactose metabolism, amino acid catabolism, and secondary 264 

microbial or enzymatic reactions during ripening and storage (Curioni and Bosset. 2002; Fox 265 

et al. 2017).  266 

3.2.1. Volatile fatty acids 267 

Acetic acid, butanoic acid, and heptanoic acid were the main volatile fatty acids detected in 268 

the cheese powder flavors. Volatile fatty acid concentrations differed significantly among 269 

cheese types, sample morphologies, and ripening/storage periods (P < 0.05). Their 270 

concentrations increased during ripening/storage in all cheese types. In Cheddar cube powder, 271 

acetic acid increased from 10.17 ± 0.04 at day 0 to 357.00 ± 10.00 at 60 days. Butanoic acid 272 

increased from 10.90 ± 0.44 to 110.00 ± 3.00, while heptanoic acid increased from 5.89 ± 273 

0.18 to 10.18 ± 0.02 during the same period. Mozzarella showed lower values, with cube 274 

powder acetic acid increasing from 9.97 ± 0.04 to 340.00 ± 10.00, butanoic acid from 11.80 ± 275 

0.44 to 100.00 ± 3.00, and heptanoic acid from 4.18 ± 0.18 to 8.18 ± 0.02 by 60 days. EMC 276 

cube powder showed acetic acid, butanoic acid, and heptanoic acid increasing from 11.17 ± 277 
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0.04, 12.80 ± 0.44, and 6.18 ± 0.18 at day 0 to 355.00 ± 10.00, 110.00 ± 3.00, and 9.18 ± 0.02 278 

at 60 days, respectively. 279 

The increase in volatile fatty acids reflects progressive lipolysis and microbial or 280 

enzymatic conversion of milk fat components during ripening/storage. Acetic acid formation 281 

in cheese has been associated with lactic acid bacterial metabolism, amino acid catabolism, 282 

and lipolytic reactions (Rehman et al. 2000; Carbonell et al 2002). Butanoic and heptanoic 283 

acids are important cheese-flavor compounds because they contribute sharp, rancid, fatty, and 284 

cheese-like notes. Their increase in Cheddar during prolonged ripening supports the 285 

development of a stronger aged-cheese flavor. In contrast, Mozzarella maintained a milder 286 

profile because of shorter storage and lower ripening intensity. The higher values in cube 287 

samples compared with slices and shreds suggest greater volatile retention in samples with 288 

less surface-area exposure. During freeze-drying, greater exposed surface area can promote 289 

volatile loss, whereas a lower surface area-to-volume ratio may improve retention of aroma 290 

compounds (Nwankwo et al. 2023). Among the volatile fatty acids, acetic acid showed the 291 

greatest increase during storage. Its formation is associated with multiple metabolic 292 

pathways, including lactose and citrate metabolism as well as amino acid catabolism by 293 

starter and non-starter microorganisms. Butanoic acid is mainly produced through lipolytic 294 

degradation of milk fat and is recognized as an important contributor to the typical buttery 295 

and aged cheese aroma. Heptanoic acid, although detected at lower relative abundance, also 296 

increased during ripening, reflecting the progressive release of medium-chain fatty acids from 297 

milk lipids. 298 

3.2.2. Lactones and ketones 299 

The main lactones identified were γ-butyrolactone and δ-dodecalactone. Lactone 300 

concentrations were significantly affected by cheese type, surface area-to-volume ratio, and 301 

storage duration (P < 0.05). These compounds increased during storage/ripening and 302 

contributed sweet, caramel, fruity, and creamy flavor notes. In Cheddar cube powder, γ-303 

butyrolactone increased from 0.30 ± 0.43 at day 0 to 1.70 ± 0.70 at 60 days, while δ-304 

dodecalactone increased from 0.19 ± 0.00 to 16.12 ± 0.23. Mozzarella cube powder showed 305 

γ-butyrolactone increasing from 0.20 ± 0.23 to 1.00 ± 0.70 and δ-dodecalactone from 0.14 ± 306 

0.00 to 14.12 ± 0.23 by 60 days. EMC cube powder showed γ-butyrolactone increasing from 307 

0.29 ± 0.03 to 1.79 ± 0.60 and δ-dodecalactone from 0.22 ± 0.00 to 16.52 ± 0.13 over the 308 

same storage period. 309 
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Lactone formation is generally associated with lipid degradation and transformation of 310 

hydroxy fatty acids. Their increase in the present study indicates the contribution of milk fat 311 

degradation and enzymatic activity to the development of sweet and creamy aroma notes in 312 

cheese powder flavors (Curioni and Bosset. 2002; Fox et al. 2017). The higher lactone 313 

concentrations in EMC and Cheddar compared with Mozzarella may be related to greater 314 

enzymatic activity and lipid transformation. 315 

Ketones also increased during storage/ripening. Ketone concentrations were significantly 316 

influenced by cheese type, surface area-to-volume ratio, and ripening/storage duration (P < 317 

0.05). In Cheddar cube powder, acetophenone increased from 0.15 ± 0.01 at day 0 to 20.12 ± 318 

0.53 at 60 days. Acetoin increased from 0.36 ± 0.12 to 17.86 ± 0.01 during the same period. 319 

In Mozzarella cubes, acetophenone increased from 0.13 ± 0.01 to 19.12 ± 0.43 and acetoin 320 

from 0.34 ± 0.12 to 16.86 ± 0.15 by 60 days. In EMC cubes, acetophenone increased from 321 

0.17 ± 0.00 to 20.12 ± 0.43 and acetoin from 0.38 ± 0.12 to 16.00 ± 0.15. 322 

The increase in ketones is important because acetoin contributes buttery and creamy notes, 323 

acetophenone contributes floral and almond-like notes, and methional contributes a cooked-324 

potato-like aroma. Acetophenone and acetoin may arise from lipid and microbial metabolic 325 

pathways, whereas methional is more appropriately linked to methionine 326 

catabolism/Strecker-type reactions during cheese ripening (Lu et al. 2018; Wang et al. 2021). 327 

The lower accumulation in Cheddar after 60 days indicates more advanced ripening-related 328 

flavor development, whereas EMC developed stronger ketone levels within a shorter period 329 

because enzyme modification accelerates biochemical reactions. Mozzarella showed 330 

comparatively lower ketone formation, which is consistent with its milder cheese flavor. 331 

Differences among Cheddar, Mozzarella, and enzyme-modified cheese (EMC) powders are 332 

likely attributable to variations in cheese composition, microbial populations, residual 333 

enzyme activity, and ripening characteristics. The relatively greater formation of ketones in 334 

EMC is consistent with accelerated biochemical reactions promoted by enzymatic 335 

modification, which enhances the availability of precursors for volatile compound formation. 336 

In addition, differences among sample morphologies (cubes, slices, and shreds) may be 337 

related to variations in surface area-to-volume ratio, influencing oxygen exposure, moisture 338 

distribution, and enzyme accessibility, thereby affecting the rate of ketone formation during 339 

storage. 340 

3.2.3. Aldehydes, alcohols, and diols 341 
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Benzaldehyde and octanal were the principal aldehydes reported in the cheese powder 342 

flavors. Aldehyde concentrations changed significantly with cheese type, surface area-to-343 

volume ratio, and ripening/storage time (P < 0.05). In Cheddar cube powder, benzaldehyde 344 

increased from 0.76 ± 0.15 at day 0 to 0.98 ± 0.02 by 60 days, while octanal increased from 345 

0.04 ± 0.00 to 3.87 ± 0.52. Mozzarella cube powder showed benzaldehyde increasing from 346 

0.72 ± 0.15 to 0.81 ± 0.05 and octanal increasing from 0.03 ± 0.00 to 2.68 ± 0.68 by 60 days. 347 

In EMC cube powder, benzaldehyde increased from 0.76 ± 0.15 at day 0 to 0.93 ± 0.09 at 30 348 

days and then stabilized, while octanal increased from 0.04 ± 0.00 to 3.92 ± 0.68 by 60 days. 349 

Aldehydes are important aroma compounds but can also indicate lipid oxidation when 350 

present at high concentrations. Octanal is associated with fatty, soapy, and citrus-like notes. 351 

The increase in aldehydes during storage suggests progressive lipid oxidation and flavor 352 

development (Santamarina-García et al 2023; Shahidi and Hossain. 2022). However, 353 

aldehydes may also be converted into alcohols or acids during cheese ripening, which can 354 

reduce the development of undesirable off-flavors (Murtaza et al 2014). The higher aldehyde 355 

content in Cheddar is consistent with its longer ripening period and greater exposure to 356 

oxidation reactions. 357 

The concentration of 2,3-butanediol also varied significantly among cheese types, sample 358 

morphologies, and storage/ripening periods (P < 0.05). In Cheddar cubes, 2,3-butanediol 359 

increased from 1.70 at day 0 to 3.60 by 60 days. In Mozzarella cubes, it increased from 1.50 360 

to 2.60 by 60 days, whereas the concentration in EMC cubes increased from 1.80 to 3.41 361 

during the same period. Diols can arise from microbial metabolism and transformation of 362 

fatty acids and alcohols, contributing minor fruity notes to cheese flavor (Melkonian et al 363 

2023). 364 

Alcohols, including 1-nonanol and 1-hexanol, also increased during storage/ripening. In 365 

Cheddar cubes, 1-nonanol increased from 0.98 ± 0.75 to 2.42 ± 0.11, while 1-hexanol 366 

increased from 0.22 ± 0.43 to 5.67 ± 1.18 by 60 days. Alcohols can be generated through 367 

lactose metabolism, amino acid metabolism, methyl ketone reduction, and degradation of 368 

unsaturated fatty acids. Their role in cheese flavor is also related to ester formation because 369 

alcohols can react with fatty acids to form esters during ripening (Fernández-Garcı́a et al. 370 

2004). 371 

3.2.4. Esters, terpenes, and furans 372 

Esters, terpenes, and furans varied significantly with cheese type, surface area-to-volume 373 

ratio, and storage/ripening duration (P < 0.05). Esters increased markedly during 374 
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storage/ripening and contributed fruity, sweet, pear-like, and apple-like notes. In Cheddar 375 

cube powder, pentyl butanoate increased from 0.11 ± 0.00 at day 0 to 20.30 ± 4.80 by 60 days 376 

and continued to develop during longer ripening. 1-Methylbutylbutanoate increased from 377 

2.13 ± 0.89 to 8.90 ± 2.79, while ethyl octanoate increased from 1.99 ± 0.75 to 4.12 ± 0.11 by 378 

60 days. In Mozzarella cubes, pentyl butanoate increased to 19.30 ± 2.40, 1-379 

methylbutylbutanoate to 7.90 ± 1.65, and ethyl octanoate to 3.12 ± 0.11 by 60 days. EMC 380 

cubes showed pentyl butanoate increasing to 18.30 ± 2.40, 1-methylbutylbutanoate to 8.60 ± 381 

1.65, and ethyl octanoate to 4.00 ± 0.11 by 60 days. 382 

The increase in esters indicates esterification between alcohols and fatty acids during 383 

storage/ripening. Esters are important contributors to fruity and sweet notes in cheese and 384 

often increase as ripening progresses (Zhang et al. 2023). The stronger ester development in 385 

Cheddar reflects the longer ripening period, whereas EMC showed rapid ester formation due 386 

to enzymatic modification. Mozzarella had lower ester concentrations, supporting its milder 387 

flavor profile. 388 

Limonene concentration was significantly affected by cheese type, surface area-to-volume 389 

ratio, and storage duration (P < 0.05). Limonene was the main terpene detected and 390 

contributed lemon and orange notes. In Cheddar cubes, limonene increased from 0.51 at day 391 

0 to 21.30 by 60 days. Mozzarella cubes reached 16.30 by 60 days, while EMC cubes reached 392 

19.60 by 60 days. Terpenes in cheese are commonly associated with milk origin and animal 393 

diet, and they contribute to the aroma profile of dairy products (Fox et al. 2017). Cube 394 

samples generally retained higher limonene levels than slices and shreds, supporting the role 395 

of reduced surface area in volatile retention. 396 

Limonene concentration was significantly affected by cheese type, surface area-to-volume 397 

ratio (morphology), and storage duration (P < 0.05). Limonene was the predominant terpene 398 

detected and contributed citrus-like (lemon and orange) notes to the aroma profile. However, 399 

as terpenes are primarily associated with milk origin and animal feed, their presence reflects 400 

initial compositional input rather than de novo formation during ripening (Fox et al. 2017). 401 

The observed changes in limonene concentration during storage are therefore interpreted as 402 

matrix and process-related effects rather than biosynthesis. These differences reflect cheese-403 

specific structural and compositional characteristics; the firmer protein matrix and longer 404 

ripening period of Cheddar cheese enhanced the retention and concentration of hydrophobic 405 

volatiles such as limonene. Morphology also played a key role, as cube samples generally 406 

retained higher limonene levels than slices and shreds. This is attributed to the lower surface 407 

area-to-volume ratio in cubes, which reduces volatilization losses and oxygen exposure, 408 
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thereby improving volatile retention during storage. In contrast, increased surface exposure in 409 

shredded and sliced forms likely enhanced the diffusion and loss of terpenes. 410 

Furan compounds, particularly furfural and Hom furaneol, also changed significantly with 411 

cheese type, storage period, and surface area-to-volume ratio (P < 0.05). In Cheddar cube 412 

powder, furfural increased from 0.34 at day 0 to 0.44 by 60 days, while Hom furaneol 413 

increased from 2.02 to 6.30. Mozzarella and EMC showed lower furan concentrations over 414 

60 days. Furans contribute bread-like, almond-like, burned sugar, and caramel-like notes and 415 

may form during processing and storage. Their increase indicates gradual flavor complexity 416 

during storage, especially in Cheddar powder. 417 

Overall, the volatile profile showed that Cheddar developed the most intense flavor during 418 

extended ripening, EMC produced a strong flavor profile in a shorter time due to enzyme 419 

modification, and Mozzarella retained a milder flavor profile. The cube morphology 420 

generally improved volatile retention, whereas shreds had greater exposure and lower 421 

retention of some volatile compounds.  422 

3.3. Free fatty acid content 423 

The free fatty acid (FFA) content of freeze-dried cheese powder flavors is presented in 424 

Table 7. FFA values are expressed as percentages. FFA content was significantly influenced 425 

by cheese type, surface area-to-volume ratio, and storage/ripening period (P < 0.05). In 426 

general, shreds showed higher FFA values than slices and cubes, indicating that greater 427 

exposed surface area promoted lipid hydrolysis. This may be because the greater surface area 428 

increased contact between fat globules, oxygen, and lipolytic enzymes, increasing fat 429 

breakdown (Fox et al. 2017). Lipolysis and FFA release are central to cheese flavor 430 

development, but excessive FFA accumulation may increase the risk of rancid or undesirable 431 

flavors (Zhang et al. 2023; Collins et al. 2003). 432 

Mozzarella powder showed the lowest FFA accumulation. At day 0, FFA values were 433 

0.12% in shreds, 0.11% in slices, and 0.11% in cubes. By 60 days, these values increased 434 

only slightly to 0.15%, 0.14%, and 0.13%, respectively. This limited increase indicates higher 435 

lipid stability in Mozzarella powder during storage. The mild increase may be related to the 436 

fresh-cheese characteristics of Mozzarella and lower lipolytic activity compared with aged 437 

Cheddar and EMC. Mozzarella processing can also reduce native enzyme activity, which may 438 

limit FFA formation during storage (Alinovi et al. 2021). 439 

Cheddar powder showed a more pronounced increase in FFA content during ripening. 440 

Initial FFA values were 0.13% in shreds, 0.12% in slices, and 0.12% in cubes at day 0. By 60 441 
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days, FFA values increased to 0.15%, 0.13%, and 0.12%, respectively. This increase reflects 442 

ongoing lipolysis during ripening and storage. Controlled lipolysis is desirable in Cheddar 443 

because it contributes to sharp, savory, and mature cheese flavor. Similar development of 444 

lipolysis during cheese ripening has been reported in aged cheese systems (Bihola et al. 445 

2025). 446 

EMC cheese powder exhibited the highest free fatty acid (FFA) content among the three 447 

cheese types throughout storage (Table 7). At day 0, the FFA values of EMC powder were 448 

0.28%, 0.27%, and 0.26% for shreds, slices, and cubes, respectively, increasing to 0.46%, 449 

0.45%, and 0.44% after 60 days of storage. The higher FFA content of EMC powder is 450 

attributed to enzyme modification, which promotes lipolysis and accelerates the release of 451 

free fatty acids. EMC is widely used to produce intense cheese flavor in processed cheese 452 

products and snack applications (Bihola et al. 2025; Farkye. 2004). However, the elevated 453 

FFA levels also indicate a greater susceptibility to oxidative deterioration during storage, 454 

highlighting the importance of appropriate packaging and antioxidant strategies to maintain 455 

product quality. 456 

Among the cheese types, Cheddar powder showed intermediate FFA values, increasing 457 

from 0.13%, 0.12%, and 0.12% at day 0 to 0.16%, 0.15%, and 0.14% after 60 days for 458 

shreds, slices, and cubes, respectively. Mozzarella powder exhibited the lowest FFA values, 459 

increasing from 0.12%, 0.11%, and 0.11% to 0.15%, 0.14%, and 0.13% over the same storage 460 

period. 461 

Sample morphology also significantly influenced FFA formation. Shredded cheese powder 462 

consistently exhibited higher FFA values than slices and cubes, whereas cubes showed the 463 

lowest values throughout storage. This trend is attributed to differences in surface area-to-464 

volume ratio. Shreds provide a greater exposed surface area, facilitating enzyme–substrate 465 

interactions and enhancing moisture and oxygen transfer, thereby promoting lipolysis during 466 

storage. In contrast, cubes have the lowest surface area-to-volume ratio, limiting enzyme 467 

accessibility and slowing the release of free fatty acids. Slices exhibited intermediate 468 

behavior, consistent with their geometric characteristics. 469 

3.4. Fatty acid profile 470 

The fatty acid profiles of Cheddar, Mozzarella, and EMC powder flavors are presented in 471 

Tables 8-10. Fatty acid values are expressed as a percentage of total fatty acids. Fatty acid 472 

composition was significantly influenced by cheese type, sample morphology, and 473 

storage/ripening duration (P < 0.05). The main fatty acids reported were C4:0, C6:0, C12:0, 474 
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C14:0, C18:0, C18:1, and C18:2. Fatty acid composition is important because it influences 475 

both nutritional quality and flavor characteristics of cheese powders (Cobos et al. 2024). 476 

In Cheddar cheese powder, C16:0 (29.36–30.96%) and C18:1 (19.91–20.98%) were the 477 

dominant fatty acids, followed by C18:0 (10.72–10.88%) and C14:0 (10.01–11.21%). Short-478 

chain fatty acids such as C4:0, C6:0, and C8:0 (3.60% - 3.63%), (2.36% - 2.41%) and (1.18% 479 

-1.25%) were present in lower proportions but contributed significantly to flavor intensity. A 480 

gradual increase in several fatty acids (particularly C10:0, C12:0, and C16:0) during storage 481 

was observed, which may be attributed to lipolytic activity and concentration effects due to 482 

moisture loss and matrix changes. The increase in unsaturated fatty acids such as C18:2 also 483 

suggests possible release from complex lipid structures during storage (Hayaloglu et al. 2004) 484 

Medium-chain fatty acids, including lauric acid (C12:0) and myristic acid (C14:0), 485 

exhibited only minor changes during storage across all cheese powder types. Lauric acid 486 

(C12:0) showed a slight increase in Cheddar, Mozzarella, and enzyme-modified cheese 487 

(EMC) powders regardless of sample morphology. Similarly, myristic acid (C14:0) remained 488 

relatively stable, with only small variations observed among storage periods and sample 489 

geometries. These limited changes indicate that the relative composition of medium-chain 490 

fatty acids was largely maintained during storage. Because the fatty acid data are expressed as 491 

relative percentages, these small variations should not be interpreted as direct evidence of 492 

lipolysis or fatty acid release. Instead, the extent of lipolysis is more appropriately assessed 493 

using the free fatty acid (FFA) results presented in Table (8-10). Mozzarella cheese powder 494 

showed a comparatively lower level of short-chain fatty acids (C4:0–C10:0) than Cheddar, 495 

indicating its relatively milder lipolytic activity and fresh-cheese characteristics. The 496 

dominant fatty acids were also C16:0 (~28–30%) and C18:1 (~21–24%), but overall SFA 497 

levels were slightly lower than Cheddar. The relatively higher proportion of unsaturated fatty 498 

acids in Mozzarella may be due to its less ripened structure and lower enzymatic breakdown 499 

of lipids, preserving the native milk fat composition (Collins et al. 2003). 500 

The fatty acid results show that Cheddar developed more noticeable changes in fatty acid 501 

composition because of its longer ripening period, while Mozzarella remained comparatively 502 

stable during shorter storage. EMC cheese powder showed a fatty acid profile similar to 503 

Cheddar but with slightly higher variability and enhanced release of free fatty acids, 504 

particularly short-chain and medium-chain fatty acids. This is expected because of enzymatic 505 

modification during EMC preparation, which accelerates lipolysis and enhances flavor 506 

compound formation. The increase in fatty acids such as C10:0, C12:0, and C14:0 in EMC 507 
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indicates strong enzymatic hydrolysis of triglycerides, leading to higher flavor intensity 508 

compared to natural cheeses (Zhang et al. 2024) 509 

3.5. Peroxide value and oxidative stability 510 

The peroxide value (PV) of cheese powder flavors is presented in Table 11. PV values are 511 

expressed as meq O₂/kg. PV was significantly affected by cheese type, surface area-to-512 

volume ratio, and storage/ripening duration (P < 0.05). Lipid oxidation is a major quality 513 

concern in dairy powders because it can reduce nutritional quality and generate off-flavors 514 

associated with rancidity (Clarke et al. 2022). 515 

Cheddar cheese powder showed the greatest increase in PV during ripening. The PV 516 

increased from approximately 0.24 meq O₂/kg at day 0 to 0.46 meq O₂/kg by 60 days. This 517 

indicates that primary lipid oxidation increased in Cheddar powder during the 60-day period; 518 

it should not be directly compared with 60-day Mozzarella or EMC without a common-time-519 

point analysis. The increase after prolonged storage may be related to longer oxygen 520 

exposure, fat composition, and ongoing lipid degradation. Lipid oxidation can accelerate 521 

during storage due to oxygen, temperature, light, fatty acid composition, and pro-oxidant 522 

interactions [55,56]. 523 

Mozzarella powder showed greater oxidative stability over 60 days. PV increased only 524 

slightly from approximately 0.24 meq O₂/kg at day 0 to 0.38 meq O₂/kg by 60 days. This 525 

small increase suggests that Mozzarella powder was less prone to oxidation during the 526 

reported storage period. Previous work has shown that lipid stability in dairy products 527 

depends on cheese composition, moisture, fat structure, and storage conditions (Chemat et al. 528 

2023; Shahidi and Zhong. 2010). In Mozzarella and Cheddar powders, peroxide values were 529 

consistently highest in shreds, followed by slices and cubes, which can be attributed to the 530 

greater surface area of shredded cheese, resulting in increased oxygen exposure and faster 531 

oxidation. In EMC powder, peroxide values were considerably higher than in Mozzarella and 532 

Cheddar due to the greater availability of free lipids produced during enzyme modification. 533 

Although shreds showed slightly higher values than slices and cubes at the beginning of 534 

storage, the differences became minimal after 60 days. Overall, storage time was the primary 535 

factor affecting peroxide value, while cube-derived powders exhibited slightly better 536 

oxidative stability than shredded powders. The overall changes in FFA, PV, TOTOX, and 537 

TBARS during storage are presented in Figure 1. The results showed a clear increase in 538 

TOTOX values for all cheese flavoring powders in Table 12 during storage, indicating 539 

progressive lipid oxidation over time. Among all treatments, EMC cheese powder 540 

consistently exhibited the highest TOTOX values throughout storage (5.1–7.5), reflecting its 541 
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greater susceptibility to oxidation, likely due to higher levels of free fatty acids and enzyme-542 

modified lipid fractions. Cheddar cheese powder showed moderate TOTOX values (2.1–5.0), 543 

with a steady increase during storage, suggesting gradual oxidation of lipids under storage 544 

conditions (Abeyrathne et al. 2021). In contrast, Mozzarella cheese powder exhibited the 545 

lowest TOTOX values (2.4–4.4), indicating comparatively better oxidative stability. Overall, 546 

TOTOX values increased significantly (p < 0.05) with storage time in all samples, with the 547 

most pronounced changes observed at 60 days.  548 

EMC cheese powder exhibited the highest peroxide value (PV) among the three cheese 549 

types throughout storage (Table 11). The PV increased from approximately 1.25 meq O₂/kg at 550 

day 0 to 2.00 meq O₂/kg after 60 days of storage, whereas Cheddar and Mozzarella powders 551 

showed lower PV values over the same storage period. The higher PV observed in EMC 552 

powder is consistent with its greater free fatty acid content, which increases the availability of 553 

lipid substrates for oxidation. These findings indicate that enzyme-modified cheese powders 554 

are more susceptible to primary lipid oxidation and therefore require appropriate packaging 555 

and storage conditions to minimize oxidative deterioration (Rinaldi et al. 2026; Deeth  2020) 556 

TBARS values also increased gradually in all cheese flavoring powders during storage, 557 

indicating the formation of secondary lipid oxidation products, primarily malondialdehyde 558 

(MDA). Mozzarella cheese powder exhibited the lowest TBARS values throughout storage, 559 

followed by Cheddar, while EMC cheese powder consistently showed the highest TBARS 560 

values. The elevated TBARS values in EMC powder are likely associated with its higher 561 

degree of lipolysis and greater availability of free fatty acids for subsequent oxidation. 562 

Powder morphology also influenced oxidative stability; particles with a denser and smoother 563 

structure reduced oxygen diffusion and protected encapsulated lipids, whereas particles with 564 

a greater exposed surface area facilitated oxygen penetration and resulted in slightly higher 565 

oxidation. Overall, both cheese type and storage duration contributed to lipid oxidation, with 566 

cheese composition exerting the greater influence on oxidative stability. 567 

Overall, the results demonstrate that cheese type, sample morphology, and storage duration 568 

significantly influenced lipid hydrolysis and oxidative stability of freeze-dried cheese powder 569 

flavors. EMC cheese powder exhibited greater lipid hydrolysis and oxidation than Cheddar 570 

and Mozzarella powders, whereas Mozzarella showed the highest oxidative stability 571 

throughout storage. In addition, sample morphology affected lipid stability, with shreds 572 

generally exhibiting greater oxidative changes than slices and cubes because of their larger 573 

surface area-to-volume ratio. The combined free fatty acid (FFA), peroxide value (PV), p-574 

anisidine value, TOTOX value, and TBARS results provide a comprehensive assessment of 575 
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lipid deterioration during storage. Therefore, cheese type, sample morphology, and storage 576 

duration are key factors governing the physicochemical properties, flavor profile, fatty acid 577 

composition, and oxidative stability of freeze-dried cheese powder flavors. 578 

4. Conclusion 579 

This study demonstrated that cheese type, sample morphology, and storage/ripening duration 580 

significantly affected the physicochemical properties, volatile flavor composition, fatty acid 581 

profile, and oxidative stability of freeze-dried cheese powder flavors. Cheddar cheese powder 582 

developed a more intense and complex flavor profile during ripening. This was mainly due to 583 

the accumulation of volatile fatty acids, ketones, lactones, esters, alcohols, and aldehydes that 584 

are associated with flavor development and lipid oxidation. Enzyme-modified cheese powder 585 

showed rapid flavor formation in a relatively short storage period, primarily due to enzyme-586 

supported lipolysis and enhanced free fatty acid production. However, the higher FFA content 587 

in EMC also indicated a higher risk of oxidative deterioration during storage. In contrast, 588 

volatile compound formation in Mozzarella cheese powder was relatively low, whereas lipid 589 

stability was relatively high, consistent with its mild flavor characteristics. Among the tested 590 

morphologies, cube-shaped samples generally showed better retention of volatile aroma 591 

compounds than the other tested morphologies, probably because of their lower surface area-592 

to-volume ratio and lower exposure to volatilization and oxidation processes. However, 593 

shredded samples resulted in higher moisture removal and lipid hydrolysis, likely due to the 594 

greater exposed surface area. The results indicated that freeze-drying is a suitable method for 595 

preparing stable cheese powder flavors, but the cheese type, sample morphology, and storage 596 

conditions must be optimized to balance flavor intensity, oxidative stability, and the shelf-life 597 

performance of the cheese powder. Future studies should include sensory evaluation, odor 598 

activity value analysis, packaging optimization, and extended storage trials to validate the 599 

industrial applicability of freeze-dried cheese powder flavors. 600 
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 765 

Figure 1. Changes in lipid hydrolysis and oxidative stability indicators of freeze-dried cheese 766 

powders during storage. (A) Free fatty acids (FFA), (B) peroxide value (PV), (C) total 767 

oxidation value (TOTOX), and (D) Thio barbituric acid-reactive substances (TBARS) in 768 

Mozzarella, Cheddar, and enzyme-modified cheese (EMC) powders at 0, 30, and 60 days of 769 

storage. Each data point represents the mean value across the three sample morphologies: 770 

shreds, slices, and cubes. FFA is expressed as %, PV as meq O₂/kg fat, and TBARS as mg 771 

malondialdehyde (MDA)/kg cheese powder. TOTOX was calculated as 2 × PV + p-AV, 772 

where p-AV is the p-anisidine value.773 
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Table 1. Physiochemical analysis of Cheddar cheese powder (least square means ± standard error). 

Shreds (0.47 × 0.67cm2: 0.47 × 0.67 × 0.85cm3), Slices (0.65 × 3 cm2: 0.65 × 3 × 4 cm3), Cubes (1×1 cm2 :1×1×1 cm3).  

 

 

 

 

 

 

 

 

 

Cheddar cheese Ripening period  Fat % Protein % Moisture% Ash % Water Activity (aw) Total solid % 

Cube 

0 day 46.16ef ± 0.31 38.82b ± 0.12 2.96a ± 0.01 12.99a ± 0.12 0.24ab ± 0.03 97.21d ± 0.11 

30 days 46.13ef ± 0.32 38.62d ± 0.11 2.94b ± 0.03 12.98a ± 0.13 0.24ab ± 0.01 97.22d ± 0.11 

60 days 46.02f ± 0.27 38.35ef ± 0.17 2.86c ± 0.03 12.53d ± 0.17 0.24ab ± 0.02 97.27d ± 0.09 

Shreds 

0 day 46.35d ± 0.31 38.40e ± 0.12 2.85a ± 0.02 12.80b ± 0.12 0.23b ± 0.03 97.25d ± 0.11 

30 days 46.54c ± 0.38 38.47e ± 0.04 2.75b ± 0.04 12.64c ± 0.02 0.23b ± 0.13 97.44b ± 0.09 

60 days 46.21e ± 0.27 38.29f ± 0.06 2.75bc ± 0.13 12.31e ± 0.05 0.23b ± 0.03 97.46b ± 0.10 

Slice 

0 day 46.45dc ± 0.21 38.58d ± 0.17 2.71b ± 0.03 12.70c ± 0.15 0.23a ± 0.02 97.28c ± 0.13 

30 days 46.29e ± 0.21 38.82b ± 0.09 2.68c ± 0.03 12.69c ± 0.05 0.22a ± 0.07 97.31dc ± 0.09 

60 days 46.95a ± 0.36 38.66d ± 0.05 2.64c ± 0.03 12.32e ± 0.07 0.22a ± 0.00 97.36c ± 0.08 
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Table 2. Physiochemical analysis of Mozzarella cheese powder (least square means ± standard error). 

Shreds (0.47 × 0.67cm2: 0.47 × 0.67 × 0.85cm3), Slices (0.65 × 3 cm2: 0.65 × 3 × 4 cm3), Cubes (1×1 cm2 :1×1×1 cm3).  

 

Treatment   

(Mozzarella Cheese) 
Storage period Fat % Protein % Moisture % Ash % Water Activity Total solid % 

Cube 

0 days 45.80a ± 0.30 36.98a ± 0.05 2.76a ± 0.03 14.41b ± 0.06 0.23ab ± 0.06 97.85a ± 0.10 

30 days 45.73b ± 0.26 36.92a ± 0.03 2.66b ± 0.03 14.39cd ± 0.03 0.23ab ± 0.04 97.78b ± 0.09 

60 days 45.43d ± 0.22 36.64c ± 0.05 2.56c ± 0.00 14.24d ± 0.09 0.23ab ± 0.02 97.84a ± 0.08 

Shreds 

0 days 45.85a ± 0.29 36.06d ± 0.14 2.75a ± 0.03 14.65a ± 0.06 0.21b ± 0.03 97.40d ± 0.11 

30 days 45.81a ± 0.28 36.04d ± 0.13 2.65b ± 0.03 14.61a ± 0.05 0.21b ± 0.13 97.39d ± 0.10 

60 days 45.62c ± 0.23 36.89ab ± 0.10 2.55bc ± 0.13 14.48b ± 0.05 0.21b ± 0.23 97.52c ± 0.11 

Slice 

0 days 45.80a ± 0.27 36.94a ± 0.06 2.66b ± 0.03 14.49b ± 0.05 0.22a ± 0.02 97.50c ± 0.08 

30 days 45.78ab ± 0.26 36.91a ± 0.05 2.56c ± 0.02 14.47b ± 0.04 0.22a ± 0.07 97.53c ± 0.09 

60 days 45.66c ± 0.27 36.81b ± 0.09 2.54c ± 0.02 14.12e ± 0.02 0.22a ± 0.00 97.88a ± 0.10 
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Table 3. Physiochemical analysis of Enzymatic modified cheese powder (least square means ± standard error). 

Shreds (0.47 × 0.67cm2: 0.47 × 0.67 × 0.85cm3), Slices (0.65 × 3 cm2: 0.65 × 3 × 4 cm3), Cubes (1×1 cm2 :1×1×1 cm3).  

 

 

 

 

 

         

 

 

 

Treatment 

Enzymatic Modified 

Cheese 

Storage period  Fat % Protein % Moisture % Ash % Water Activity Total solid % 

Cube 

0 day 47.89ab ± 0.36 33.05d ± 0.08 3.76a ± 0.03 15.56b ± 0.09 0.25ab ± 0.16 96.01c ± 0.10 

30 days 47.84b ± 0.34 33.09d ± 0.11 3.66b ± 0.03 15.51b ± 0.08 0.25ab ± 0.14 96.03c ± 0.10 

60 days 47.63d ± 0.29 33.93a ± 0.16 3.56c ± 0.00 15.39c ± 0.08 0.24ab ± 0.02 96.16c ± 0.09 

Shreds 

0 day 47.97a ± 0.27 33.37b ± 0.10 3.75a ± 0.03 15.67a ± 0.09 0.24b ± 0.13 96.34a ± 0.07 

30 days 47.91a ± 0.25 33.33b ± 0.08 3.65b ± 0.03 15.61a ± 0.06 0.23b ± 0.03 96.36a ± 0.09 

60 days 47.77c ± 0.22 33.22c ± 0.16 3.55bc ± 0.13 15.53b ± 0.06 0.23b ± 0.03 96.39a ± 0.08 

Slice 

0 day 47.90a ± 0.32 33.26c ± 0.15 3.66b ± 0.03 15.57b ± 0.10 0.22a ± 0.12 96.27b ± 0.11 

30 days 47.86b ± 0.31 33.24c ± 0.13 3.56c ± 0.02 15.55b ± 0.09 0.22a ± 0.06 96.23b ± 0.10 

60 days 47.67d ± 0.24 33.02d ± 0.11 3.46a ± 0.03 15.45c ± 0.09 0.22a ± 0.10 96.35a ± 0.09 
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Table 4.   Flavoring compounds in Cheddar cheese powder (least square means ± standard error). 

 Compounds Odor Impression Treatments 
Quantity mg/kg 

0 day 30 days 60 days 

Fatty acids 

Acetic acid   Sour 

Cubes 10.17 ± 0.04g 158.00 ± 23.00f 357.00 ± 10.00e 

Shreds 10.81 ± 0.24g 155.00 ± 30.00f 350.00 ± 11.00e 

Slices 10.25 ± 0.14g 150 ± 23.00f 345.00 ± 10.10e 

Butanoic acid  Rancid, cheese 

Cubes 11.80 ± 0.44g 54.10 ± 1.67f 111.00± 3.00e 

Shreds 10.90 ± 0.34g 53.10 ± 1.57f 110.00 ± 3.99e 

Slices 10.79 ± 0.24g 51.10± 1.87f 108.00 ± 4.00e 

Heptanoic acid Fatty, Rancid 

Cubes 7.18 ± 0.18g 9.18 ± 0.15f 10.18 ± 0.02e 

Shreds 6.99 ± 0.17g 8.16 ± 0.16f 9.16 ± 0.01e 

Slices 5.89 ± 0.16g 8.15 ± 0.17f 9.15 ± 0.06e 

Lactones 

γ-Butyrolactone  Caramel, sweet 

Cubes 0.30 ± 0.13g 0.94 ± 0.83f 1.70 ± 0.70e 

Shreds 0.29 ± 0.03g 0.93 ± 0.83f 1.60 ± 0.70e 

Slices 0.28 ± 0.13g 0.92 ± 0.82f 1.55 ± 0.70e 

δ-Dodecalactone  Fruit, sweet 

Cubes 0.19 ± 0.00g 15.01 ± 0.22f 16.12 ± 0.23e 

Shreds 0.17 ± 0.00g 14.01 ± 0.33f 15.99 ± 0.13e 

Slices 0.19± 0.01g 13.01 ± 0.41f 15.12 ± 0.32e 

Ketones 

Acetophenone  

 
Musty, flower, almond 

Cubes 0.17 ± 0.00g 17.01 ± 0.73f 20.12 ± 0.43e 

Shreds 0.16 ± 0.00g 16.01 ± 0.42f 19.99 ± 0.53e 

Slices 0.15± 0.01g 15.01 ± 0.13f 18.12 ± 0.33e 

Acetoin  Butter, cream 

Cubes 0.38 ± 0.12g 0.60 ± 0.51f 17.86 ± 0.15e 

Shreds 0.37 ± 0.12g 0.55 ± 0.51f 16.96 ± 0.15e 

Slices 0.36 ± 0.12g 0.50 ± 0.51f 15.86 ± 0.15e 

Aldehydes 

Methional  Cooked potato 

Cubes 0.26 ± 0.05g 0.29 ± 0.05f 0.33 ± 0.05e 

Shreds 0.25 ± 0.05g 0.28 ± 0.05f 0.32 ± 0.05e 

Slices 0.24 ± 0.05g 0.27 ± 0.05f 0.31 ± 0.05e 

Benzaldehyde Almond, burned sugar 

Cubes 0.76 ± 0.15g 0.88 ± 0.09f 0.81 ± 0.05e 

Shreds 0.74 ± 0.15g 0.87 ± 0.09f 0.80 ± 0.05e 

Slices 0.72 ± 0.15g 0.86 ± 0.09f 0.79 ± 0.05e 

Octanal  Fat, soap, lemon Cubes 0.04 ± 0.00g 2.81 ± 0.36f 2.98 ± 0.68e 
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Shreds (0.47 × 0.67cm2: 0.47 × 0.67 × 0.85cm3), Slices (0.65 × 3 cm2: 0.65 × 3 × 4 cm3), Cubes (1×1 cm2 :1×1×1 cm3). 

Shreds 0.03 ± 0.00g 2.61 ± 0.36f 2.98 ± 0.68e 

Slices 0.02 ± 0.00g 1.91 ± 0.36f 2.98 ± 0.68e 

Diols 2,3-Butanediol Fruity  

Cubes 1.70 ± 0.65g 2.33 ± 0.02f 3.60 ± 0.14e 

Shreds 1.62 ± 0.65g 2.22 ± 0.02f 2.61 ± 0.14e 

Slices 1.53 ± 0.65g 2.11 ± 0.02f 2.52 ± 0.14e 

Alcohols 

1-Nonanol Sweet 

Cubes 0.98 ± 0.75g 2.02 ± 0.17f 2.42 ± 0.11e 

Shreds 0.96 ± 0.77g 1.92 ± 0.10f 2.15 ± 0.21e 

Slices 0.95 ± 0.78g 1.90 ± 0.19f 2.14 ± 0.11e 

1-Hexanol Sweet 

Cubes 0.22 ± 0.13g 4.30 ± 2.44f 5.67 ± 1.18e 

Shreds 0.21 ± 0.04g 4.20 ± 2.34f 5.55 ± 1.18e 

Slices 0.20 ± 0.02g 4.01 ± 2.33f 5.44 ± 1.28e 

Esters 

Pentyl butanoate Sweet 

Cubes 0.11 ± 0.00g 0.65 ± 0.30f 20.30 ± 2.40e 

Shreds 0.10 ± 0.00g 0.60 ± 0.40f 19.40 ± 2.40e 

Slices 0.09 ± 0.00g 0.55 ± 0.20f 18.30 ± 2.40e 

1-

methylbutylbutanoate 
Pear like, sweet 

Cubes 2.13 ± 0.89g 7.97 ± 1.20f 8.90 ± 1.65e 

Shreds 2.11 ± 0.98g 7.89 ± 1.22f 8.80 ± 1.62e 

Slices 2.00 ± 0.99g 7.77 ± 1.21f 8.75 ± 1.35e 

Ethyl octanoate Apple Like 

Cubes 1.99 ± 0.75g 3.02 ± 0.17f 4.12 ± 0.11e 

Shreds 1.94 ± 0.77g 2.92 ± 0.10f 4.10 ± 0.21e 

Slices 1.90 ± 0.78g 2.90 ± 0.19f 4.04 ± 0.11e 

Terpenes Limonene   Lemon, orange 

Cubes 0.51 ± 0.00g 0.65 ± 0.30f 21.30 ± 2.40e 

Shreds 0.33 ± 0.00g 0.60 ± 0.40f 20.20 ± 2.40e 

Slices 0.21 ± 0.00g 0.55 ± 0.20f 19.30 ± 2.40e 

Furans 

Furfural  Bread, almond,  

Cubes 0.34 ± 0.17g 0.40 ± 0.16f 0.44 ± 0.15e 

Shreds 0.32 ± 0.16g 0.39 ± 0.15f 0.42 ± 0.15e 

Slices 0.30 ± 0.15g 0.37 ± 0.14f 0.40 ± 0.15e 

Hom furaneol   Burned sugar 

Cubes 2.02 ± 0.66g 4.70 ± 2.78f 6.30 ± 1.90e 

Shreds 2.00 ± 0.56g 4.50 ± 1.68f 6.20 ± 1.22e 

Slices 1.99 ± 0.44g 4.40 ± 1.55f 6.10 ± 1.80e 
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Table 5. Flavoring compounds in Mozzarella cheese powder (least square means ± standard error). 

 Compounds 
Odor 

Impression 
Treatments 

Quantity mg/kg 

0 day 30 days 60 days 

Fatty acids  

Acetic acid   Sour 

Cubes 9.97 ± 0.04c 148.00 ± 23.00b 340.00 ± 10.00a 

Shreds 9.81 ± 0.24c 145.00 ± 30.00b 340.00 ± 11.00a 

Slices 9.25 ± 0.14c 140 ± 23.00b 335.00 ± 10.10a 

Butanoic acid  Rancid, cheese 

Cubes 11.80 ± 0.44c 43.10 ± 1.67b 100.00± 3.00a 

Shreds 10.80 ± 0.34c 42.10 ± 1.57b 99.00 ± 3.99a 

Slices 10.79 ± 0.24c 41.10± 1.87b 98.00 ± 4.00a 

Heptanoic acid Fatty, Rancid 

Cubes 4.18 ± 0.18c 7.18 ± 0.15b 8.18 ± 0.02a 

Shreds 3.99 ± 0.17c 7.16 ± 0.16b 8.16 ± 0.01a 

Slices 3.89 ± 0.16c 7.15 ± 0.17b 8.15 ± 0.06a 

Lactones 

γ-Butyrolactone  Caramel, sweet 

Cubes 0.20 ± 0.03c 0.74 ± 0.13b 1.00 ± 0.70a 

Shreds 0.18 ± 0.00c 0.73 ± 0.03b 0.98 ± 0.70a 

Slices 0.17 ± 0.03c 0.72 ± 0.22b 0.95 ± 0.70a 

δ-Dodecalactone  Fruit, sweet 

Cubes 0.14 ± 0.00c 13.01 ± 0.22b 14.12 ± 0.23a 

Shreds 0.13 ± 0.00c 12.01 ± 0.33b 13.99 ± 0.13a 

Slices 0.12± 0.01c 11.01 ± 0.41b 12.12 ± 0.32a 

Ketones 

Acetophenone  
Musty, flower, 

almond 

Cubes 0.15 ± 0.00c 16.01 ± 0.73b 19.12 ± 0.43a 

Shreds 0.14 ± 0.00c 15.01 ± 0.42b 18.99 ± 0.53a 

Slices 0.13± 0.01c 14.01 ± 0.13b 17.12 ± 0.33a 

Acetoin  Butter, cream 

Cubes 0.36 ± 0.12c 0.55 ± 0.51b 16.86 ± 0.15a 

Shreds 0.35 ± 0.12c 0.54 ± 0.51b 15.96 ± 0.15a 

Slices 0.34 ± 0.12c 0.52 ± 0.51b 14.86 ± 0.15a 

Aldehydes 

Methional  Cooked potato 

Cubes 0.24 ± 0.05c 0.27 ± 0.05b 0.32 ± 0.05a 

Shreds 0.23 ± 0.05c 0.26 ± 0.05b 0.31 ± 0.05a 

Slices 0.22 ± 0.05c 0.25 ± 0.05b 0.30 ± 0.05a 

Benzaldehyde 
Almond, 

burned sugar 

Cubes 0.72 ± 0.15c 0.80 ± 0.09b 0.81 ± 0.05a 

Shreds 0.71 ± 0.12c 0.79 ± 0.09b 0.80 ± 0.05a 

Slices 0.70 ± 0.13c 0.78 ± 0.09b 0.79 ± 0.05a 
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Octanal  
Fat, soap, 

lemon 

Cubes 0.03 ± 0.00c 2.51 ± 0.36b 2.68 ± 0.68a 

Shreds 0.02 ± 0.00c 2.50 ± 0.36b 2.64 ± 0.68a 

Slices 0.01 ± 0.00c 1.87 ± 0.36b 2.62 ± 0.68a 

Diols 2,3-Butanediol Fruity  

Cubes 1.50 ± 0.65c 2.33 ± 0.02b 3.60 ± 0.14a 

Shreds 1.42 ± 0.65c 2.10 ± 0.02b 2.41 ± 0.14a 

Slices 1.37 ± 0.65c 2.05 ± 0.02b 2.22 ± 0.14a 

Alcohols 

1-Nonanol Sweet 

Cubes 0.94 ± 0.75c 1.98 ± 0.17b 2.20 ± 0.11a 

Shreds 0.92 ± 0.77c 1.90 ± 0.10b 2.10 ± 0.21a 

Slices 0.91 ± 0.78c 1.89 ± 0.19b 2.14 ± 0.11a 

1-Hexanol Sweet 

Cubes 0.20 ± 0.00c 3.30 ± 2.44b 4.67 ± 1.18a 

Shreds 0.19 ± 0.10c 3.20 ± 2.34b 4.55 ± 1.18a 

Slices 0.18 ± 0.02c 3.01 ± 2.33b 4.44 ± 1.28a 

Esters  

Pentyl butanoate Sweet 

Cubes 0.10 ± 0.00c 0.60 ± 0.30b 19.30 ± 2.40a 

Shreds 0.09 ± 0.00c 0.58 ± 0.40b 18.40 ± 2.40a 

Slices 0.08 ± 0.00c 0.56 ± 0.20b 17.90 ± 2.40a 

1-

methylbutylbutanoate 
Pear like, sweet 

Cubes 1.13 ± 0.89c 6.97 ± 1.20b 7.90 ± 1.65a 

Shreds 1.11 ± 0.98c 6.89 ± 1.22b 7.80 ± 1.62a 

Slices 1.00 ± 0.99c 6.77 ± 1.21b 7.75 ± 1.35a 

Ethyl octanoate Apple Like 

Cubes 1.97 ± 0.75c 2.92 ± 0.17b 3.12 ± 0.11a 

Shreds 1.92 ± 0.77c 2.82 ± 0.10b 3.10 ± 0.21a 

Slices 1.88 ± 0.78c 2.80 ± 0.19b 3.04 ± 0.11a 

Terpenes Limonene   Lemon, orange 

Cubes 0.45 ± 0.00c 0.60 ± 0.30b 19.30 ± 2.40a 

Shreds 0.32 ± 0.00c 0.55 ± 0.40b 18.20 ± 2.40a 

Slices 0.20 ± 0.00c 0.50 ± 0.20b 18.10 ± 2.40a 

Furans 

Furfural  Bread, almond 

Cubes 0.32 ± 0.17c 0.38 ± 0.16b 0.42 ± 0.15a 

Shreds 0.30 ± 0.16c 0.37 ± 0.15b 0.40 ± 0.15a 

Slices 0.29 ± 0.15c 0.36 ± 0.14b 0.38 ± 0.15a 

Hom furaneol   Burned sugar 

Cubes 1.02 ± 0.66c 3.70 ± 0.78b 5.30 ± 1.90a 

Shreds 1.00 ± 0.56c 3.50 ± 0.68b 5.20 ± 1.22a 

Slices 0.99 ± 0.44c 3.40 ± 0.55b 5.10 ± 1.80a 



35 

Shreds (0.47 × 0.67cm2: 0.47 × 0.67 × 0.85cm3), Slices (0.65 × 3 cm2: 0.65 × 3 × 4 cm3), Cubes (1×1 cm2 :1×1×1 cm3).  

Table 6. Flavoring compounds in Enzyme modified cheese powder (least square means ± standard error). 

 Compounds 
Odor 

Impression 
Treatments 

Quantity mg/kg 

0 days 30 days 60 days 

Fatty acids 

Acetic acid   Sour 

Cubes 11.17 ± 0.04c 160.00 ± 23.00b 355.00 ± 10.00a 

Shreds 10.81 ± 0.24c 155.00 ± 30.00b 350.00 ± 11.00a 

Slices 10.25 ± 0.14c 150 ± 23.00b 345.00 ± 10.10a 

Butanoic acid  Rancid, cheese 

Cubes 12.80 ± 0.44c 53.10 ± 1.67b 110.00± 3.00a 

Shreds 11.80 ± 0.34c 52.10 ± 1.57b 109.00 ± 3.99a 

Slices 10.79 ± 0.24c 51.10± 1.87b 108.00 ± 4.00a 

Heptanoic acid Fatty, Rancid 

Cubes 5.18 ± 0.18c 7.18 ± 0.15b 8.18 ± 0.02a 

Shreds 4.99 ± 0.17c 7.16 ± 0.16b 8.16 ± 0.01a 

Slices 5.77 ± 0.16c 7.15 ± 0.17b 8.15 ± 0.06a 

Lactones 

γ-Butyrolactone  Caramel, sweet 

Cubes 0.29 ± 0.03c 0.94 ± 0.43b 1.70 ± 0.70a 

Shreds 0.29 ± 0.13c 0.93 ± 0.83b 1.60 ± 0.70a 

Slices 0.28 ± 0.11c 0.92 ± 0.82b 1.55 ± 0.70a 

δ-Dodecalactone  Fruit, sweet 

Cubes 0.19 ± 0.00c 15.01 ± 0.22b 16.12 ± 0.23a 

Shreds 0.17 ± 0.00c 14.01 ± 0.33b 15.99 ± 0.13a 

Slices 0.19± 0.01c 13.01 ± 0.41b 15.12 ± 0.32a 

Ketones 

Acetophenone  
Musty, flower, 

almond 

Cubes 0.17 ± 0.00c 17.01 ± 0.73b 20.12 ± 0.43a 

Shreds 0.16 ± 0.00c 16.01 ± 0.42b 19.99 ± 0.53a 

Slices 0.15± 0.01c 15.01 ± 0.13b 18.12 ± 0.33a 

Acetoin  Butter, cream 

Cubes 0.38 ± 0.12c 0.59 ± 0.51b 16.86 ± 0.10a 

Shreds 0.37 ± 0.10c 0.54 ± 0.52b 15.96 ± 0.15a 

Slices 0.36 ± 0.11c 0.49 ± 0.33b 14.86 ± 0.25a 

Aldehydes 
Methional Cooked potato 

Cubes 0.25 ± 0.04c 0.28 ± 0.00b 0.32 ± 0.01a 

Shreds 0.24 ± 0.02c 0.27 ± 0.00b 0.31 ± 0.04a 

Slices 0.23 ± 0.01c 0.26 ± 0.05b 0.30 ± 0.03a 

Benzaldehyde Almond, Cubes 0.76 ± 0.13c 0.88 ± 0.09b 0.81 ± 0.05a 
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burned sugar Shreds 0.74 ± 0.12c 0.87 ± 0.19b 0.80 ± 0.01a 

Slices 0.72 ± 0.11c 0.86 ± 0.10b 0.79 ± 0.02a 

Octanal  

 

Fat, soap, 

lemon 

 

Cubes 0.04 ± 0.00c 2.81 ± 0.36b 3.98 ± 0.38a 

Shreds 0.03 ± 0.00c 2.61 ± 0.36b 2.89 ± 0.44a 

Slices 0.02 ± 0.00c 1.91 ± 0.36b 2.52 ± 0.10a 

Diols 2,3-Butanediol Fruity  

Cubes 1.80 ± 0.65c 2.33 ± 0.02b 3.41 ± 0.16a 

Shreds 1.62 ± 0.65c 2.22 ± 0.02b 2.31 ± 0.11a 

Slices 1.43 ± 0.65c 2.11 ± 0.02b 2.62 ± 0.14a 

Alcohols 

1-Nonanol Sweet 

Cubes 0.98 ± 0.75c 2.02 ± 0.17b 2.42 ± 0.11a 

Shreds 0.96 ± 0.77c 1.92 ± 0.10b 2.15 ± 0.21a 

Slices 0.95 ± 0.78c 1.90 ± 0.19b 2.14 ± 0.11a 

1-Hexanol Sweet 

Cubes 0.22 ± 0.03c 4.50 ± 2.44b 4.67 ± 1.18a 

Shreds 0.20 ± 0.00c 4.10 ± 2.34b 4.55 ± 1.18a 

Slices 0.19 ± 0.02c 4.01 ± 2.33b 4.44 ± 1.28a 

Esters  

Pentyl butanoate Sweet 

Cubes 0.10 ± 0.00c 0.64 ± 0.30b 19.30 ± 2.40a 

Shreds 0.09 ± 0.00c 0.59 ± 0.40b 19.40 ± 2.40a 

Slices 0.09 ± 0.00c 0.55 ± 0.20b 18.30 ± 2.40a 

1-

methylbutylbutanoate 
Pear like, sweet 

Cubes 2.13 ± 0.89c 7.97 ± 1.20b 8.90 ± 1.65a 

Shreds 2.11 ± 0.98c 7.89 ± 1.22b 8.80 ± 1.62a 

Slices 2.00 ± 0.99c 7.77 ± 1.21b 8.75 ± 1.35a 

Ethyl octanoate Apple Like 

Cubes 1.99 ± 0.75c 3.02 ± 0.17b 4.12 ± 0.11a 

Shreds 1.94 ± 0.77c 2.92 ± 0.10b 4.10 ± 0.21a 

Slices 1.90 ± 0.78c 2.90 ± 0.19b 4.04 ± 0.11a 

Terpenes  Limonene   Lemon, orange 

Cubes 0.49 ± 0.00c 0.62 ± 0.30b 20.30 ± 2.4a 

Shreds 0.32 ± 0.00c 0.57 ± 0.40b 19.20 ± 2.40a 

Slices 0.20 ± 0.00c 0.53 ± 0.20b 18.30 ± 2.40a 

Furans 

Furfural  Bread, almond 

Cubes 0.31 ± 0.17c 0.37 ± 0.16b 0.41 ± 0.15a 

Shreds 0.30 ± 0.16c 0.33 ± 0.15b 0.40 ± 0.15a 

Slices 0.29 ± 0.15c 0.30 ± 0.14b 0.39 ± 0.15a 

Hom furaneol   Burned sugar 
Cubes 1.92 ± 0.66c 4.50 ± 1.78b 5.30 ± 1.90a 

Shreds 1.90 ± 0.56c 4.60 ± 1.68b 5.20 ± 1.22a 
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Shreds (0.47 × 0.67cm2: 0.47 × 0.67 × 0.85cm3), Slices (0.65 × 3 cm2: 0.65 × 3 × 4 cm3), Cubes (1×1 cm2 :1×1×1 cm.

Slices 1.89 ± 0.44c 4.30 ± 1.55b 5.10 ± 1.80a 
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Table 7. Effect of storage on free fatty acids of cheese flavoring powder (least square means ± standard error). 

Shreds (SH) (0.47 × 0.67cm2: 0.47 × 0.67 × 0.85cm3), Slices (SL) (0.65 × 3 cm2: 0.65 × 3 × 4 cm3), Cubes(C) (1×1 cm2 :1×1×1 cm3). 

 

Storage 

periods 

Mozzarella cheese flavoring powder 

FFA% 

Cheddar cheese flavoring powder 

FFA% 

EMC cheese flavoring powder    

FFA% 

SH SL C SH SL C SH SL C 

0 days 0.12±0.01b 0.11±0.31b 0.11±0.01b 0.13±0.02c 0.12±0.01d 0.12±0.02d 0.28±0.01c 0.27±0.01c 0.26±0.01c 

30 days 0.13±0.02b 0.12±0.02b 0.12±0.02b 0.14±0.01c 0.13±0.10c 0.13±0.01c 0.40±0.01b 0.39±0.01b 0.37±0.01b 

60 days 0.15±0.03a 0.14±0.03a 0.13±0.03a 0.16±0.02c 0.15±0.02c 0.14±0.02c 0.46±0.02a 0.45±0.02a 0.44±0.02a 
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Table 8. Effect of Storage on Fatty Acids of Cheddar cheese powder flavor cheese powder (least square means ± standard error). 

Fatty Acids Treatments 
Quantity % 

0 day 30 days 60 days 

Butyric acid C4:0 

Cubes 3.60±0.01c 3.61±0.01c 3.63±0.01c 

Shreds 3.57±0.02c 3.58 ± 0.00b 3.59 ± 1.00a 

Slices 3.59±0.02c 3.60 ± 2.00b 3.61 ± 0.10a 

Caproic acid C6:0 

Cubes 2.36±0.03c 2.40±0.03c 2.41±0.03c 

Shreds 2.38±0.04c 2.48±0.24c 2.49±0.14c 

Slices 2.37±0.01c 2.38±0.02c 2.39±0.00c 

Caprylic acid C8:0 

Cubes 1.18 ± 0.18c 1.20 ± 0.15b 1.25 ± 0.02a 

Shreds 1.09 ± 0.17c 1.10 ± 0.16b 1.11 ± 0.01a 

Slices 1.11 ± 0.16c 1.13 ± 0.17b 1.15 ± 0.06a 

Capric acid C10:0 

Cubes 2.30 ± 0.43c 2.94 ± 0.83b 3.00 ± 0.70a 

Shreds 2.29 ± 0.43c 2.33 ± 0.83b 2.60 ± 0.70a 

Slices 2.28 ± 0.43c 2.42 ± 0.82b 2.55 ± 0.70a 

Lauric acid  C12:0 

Cubes 4.19 ± 0.00c 4.21 ± 0.22b 4.32 ± 0.23a 

Shreds 4.17 ± 0.00c 4.21 ± 0.33b 4.33 ± 0.13a 

Slices 4.20± 0.01c 4.25 ± 0.41b 4.36 ± 0.32a 

Myristic acid C14:0 

Cubes 10.17 ± 0.00c 10.71 ± 0.73b 10.82 ± 0.43a 

Shreds 11.16 ± 0.00c 11.21 ± 0.42b 11.09 ± 0.53a 

Slices 10.15± 0.01c 10.01 ± 0.13b 10.12 ± 0.33a 

Palmitic acid C16:0 

Cubes 30.38 ± 0.12c 30.60 ± 0.51b 30.86 ± 0.15a 

Shreds 30.37 ± 0.12c 30.55 ± 0.51b 30.96 ± 0.15a 

Slices 29.36 ± 0.12c 29.50 ± 0.51b 29.86 ± 0.15a 

Palmitoleic acid C16:1 

Cubes 2.26 ± 0.05c 2.29 ± 0.05b 2.33 ± 0.05a 

Shreds 2.25 ± 0.05c 2.28 ± 0.05b 2.32 ± 0.15a 

Slices 2.24 ± 0.00c 2.27 ± 0.01b 2.31 ± 0.02a 

Stearic acid C18:0 
Cubes 10.76 ± 0.15c 10.88 ± 0.09b 10.81 ± 0.05a 

Shreds 10.74 ± 0.15c 10.87 ± 0.09b 10.80 ± 0.05a 
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Shreds (SH) (0.47 × 0.67cm2: 0.47 × 0.67 × 0.85cm3), Slices (SL) (0.65 × 3 cm2: 0.65 × 3 × 4 cm3), Cubes(C) (1×1 cm2 :1×1×1 cm3).  

 

Slices 10.72 ± 0.15c 10.86 ± 0.09b 10.79 ± 0.05a 

Oleic acid C18:1 

Cubes 20.04 ± 0.00c 20.81 ± 0.36b 20.98 ± 0.68a 

Shreds 20.03 ± 0.00c 20.61 ± 0.36b 20.98 ± 0.68a 

Slices 20.02 ± 0.00c 19.91 ± 0.36b 20.98 ± 0.68a 

Linoleic acid C18:2 

Cubes 1.70 ± 0.65c 2.33 ± 0.02b 3.60 ± 0.14a 

Shreds 1.62 ± 0.65c 2.22 ± 0.02b 2.61 ± 0.14a 

Slices 1.53 ± 0.65c 2.11 ± 0.02b 2.52 ± 0.14a 

Linolenic acid C18:3 

Cubes 0.98 ± 0.75c 0.92 ± 0.17b 0.92 ± 0.11a 

Shreds 0.96 ± 0.77c 0.92 ± 0.10b 0.15 ± 0.11a 

Slices 0.95 ± 0.78c 0.90 ± 0.19b 0.14 ± 0.11a 

Arachidic acid C20:0 

Cubes 0.02 ± 0.00c 0.30 ± 0.00b 0.20 ± 0.10a 

Shreds 0.21 ± 0.10c 0.20 ± 0.04b 0.55 ± 0.11a 

Slices 0.20 ± 0.02c 0.21 ± 0.03b 0.24 ± 0.08a 

Eicosenoic acid C20:1 

Cubes 0.11 ± 0.00c 0.65 ± 0.30b 0.30 ± 0.00a 

Shreds 0.10 ± 0.00c 0.60 ± 0.40b 0.40 ± 0.10a 

Slices 0.09 ± 0.00c 0.55 ± 0.20b 0.30 ± 0.20a 

CLA (Conjugated Linoleic 

Acid.) 

Cubes 0.81 ± 0.00c 0.95 ± 0.30b 0.90 ± 0.00a 

Shreds 0.80 ± 0.00c 0.83 ± 0.40b 0.80 ± 0.10a 

Slices 0.89 ± 0.00c 0.95 ± 0.20b 0.92 ± 0.20a 
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Table 9. Effect of storage on Fatty Acids of Mozzarella cheese powder flavor (least square means ± standard error). 

Fatty Acids Treatments 
Quantity % 

0 days 30 days 60 days 

Butyric acid C4:0 

Cubes 2.60 ± 0.01c 2.61 ± 0.01c 2.63 ± 0.01c 

Shreds 2.57 ± 0.02c 2.58 ± 0.00b 2.59 ± 1.00a 

Slices 2.59 ± 0.02c 2.60 ± 2.00b 2.61 ± 0.10a 

Caproic acid C6:0 

Cubes 1.36 ± 0.03c 1.40 ± 0.03c 1.41 ± 0.03c 

Shreds 1.38 ± 0.04c 1.48 ± 0.24c 1.49 ± 0.14c 

Slices 1.37 ± 0.01c 1.38 ± 0.02c 1.39 ± 0.00c 

Caprylic acid C8:0 

Cubes 0.18 ± 0.08c 0.20 ± 0.15b 0.25 ± 0.02a 

Shreds 0.09 ± 0.07c 0.10 ± 0.06b 0.11 ± 0.01a 

Slices 0.11 ± 0.00c 0.13 ± 0.10b 0.15 ± 0.06a 

Capric acid C10:0 

Cubes 1.30 ± 0.43c 1.94 ± 0.83b 1.00 ± 0.70a 

Shreds 1.29 ± 0.43c 1.33 ± 0.83b 1.60 ± 0.70a 

Slices 1.28 ± 0.43c 1.42 ± 0.82b 1.55 ± 0.70a 

Lauric acid  C12:0 

Cubes 3.19 ± 0.00c 3.21 ± 0.22b 3.32 ± 0.23a 

Shreds 3.17 ± 0.00c 3.21 ± 0.33b 3.33 ± 0.13a 

Slices 3.20± 0.01c 3.25 ± 0.41b 3.36 ± 0.32a 

Myristic acid C14:0 

Cubes 9.17 ± 0.00c 9.71 ± 0.73b 9.82 ± 0.43a 

Shreds 9.16 ± 0.00c 9.21 ± 0.42b 10.09 ± 0.53a 

Slices 10.17± 0.01c 10.90 ± 0.13b 10.99 ± 0.33a 

Palmitic acid C16:0 

Cubes 29.38 ± 0.12c 29.60 ± 0.51b 29.86 ± 0.15a 

Shreds 28.37 ± 0.12c 28.55 ± 0.51b 28.96 ± 0.15a 

Slices 29.36 ± 0.12c 29.50 ± 0.51b 29.86 ± 0.15a 

Palmitoleic acid C16:1 

Cubes 1.26 ± 0.05c 1.29 ± 0.05b 1.33 ± 0.05a 

Shreds 1.25 ± 0.05c 1.28 ± 0.05b 1.32 ± 0.15a 

Slices 1.24 ± 0.00c 1.27 ± 0.01b 1.31 ± 0.02a 

Stearic acid C18:0 
Cubes 11.76 ± 0.15c 11.88 ± 0.09b 11.81 ± 0.05a 

Shreds 11.74 ± 0.15c 12.87 ± 0.09b 12.80 ± 0.05a 



42 

Shreds (SH) (0.47 × 0.67cm2: 0.47 × 0.67 × 0.85cm3), Slices (SL) (0.65 × 3 cm2: 0.65 × 3 × 4 cm3), Cubes(C) (1×1 cm2 :1×1×1 cm3).  

 

Slices 12.72 ± 0.15c 12.86 ± 0.09b 11.79 ± 0.05a 

Oleic acid C18:1 

Cubes 22.04 ± 0.00c 23.81 ± 0.36b 23.98 ± 0.68a 

Shreds 21.03 ± 0.00c 22.61 ± 0.36b 22.98 ± 0.68a 

Slices 22.02 ± 0.00c 21.91 ± 0.36b 21.98 ± 0.68a 

Linoleic acid C18:2 

Cubes 2.70 ± 0.65c 3.33 ± 0.02b 3.60 ± 0.14a 

Shreds 2.62 ± 0.65c 3.22 ± 0.02b 3.61 ± 0.14a 

Slices 2.53 ± 0.65c 311 ± 0.02b 3.52 ± 0.14a 

Linolenic acid C18:3 

Cubes 0.98 ± 0.75c 0.92 ± 0.17b 0.92 ± 0.11a 

Shreds 0.96 ± 0.77c 0.92 ± 0.10b 0.15 ± 0.11a 

Slices 0.95 ± 0.78c 0.90 ± 0.19b 0.14 ± 0.11a 

Arachidic acid C20:0 

Cubes 0.12 ± 0.00c 0.30 ± 0.00b 0.20 ± 0.10a 

Shreds 0.23 ± 0.04c 0.20 ± 0.04b 0.55 ± 0.11a 

Slices 0.22 ± 0.02c 0.21 ± 0.03b 0.24 ± 0.08a 

Eicosenoic acid C20:1 

Cubes 1.11 ± 0.00c 1.65 ± 0.30b 1.30 ± 0.00a 

Shreds 1.10 ± 0.00c 1.60 ± 0.40b 1.40 ± 0.10a 

Slices 1.09 ± 0.00c 1.55 ± 0.20b 1.30 ± 0.20a 

CLA (Conjugated Linoleic 

Acid.) 

Cubes 0.41 ± 0.00c 0.55 ± 0.30b 0.50 ± 0.00a 

Shreds 0.40 ± 0.00c 0.60 ± 0.40b 0.43 ± 0.10a 

Slices 0.39 ± 0.00c 0.52 ± 0.20b 0.51 ± 0.20a 
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Table 10. Effect of Storage on Fatty Acids of EMC cheese powder flavor (least square means ± standard error). 

Fatty Acids Treatments 
Quantity % 

0 day 30 days 60 days 

Butyric acid C4:0 

Cubes 3.70±0.01c 3.71±0.01c 3.73±0.01c 

Shreds 3.67±0.02c 3.68 ± 0.00b 3.69 ± 1.00a 

Slices 3.69±0.02c 3.70 ± 2.00b 3.71 ± 0.10a 

Caproic acid C6:0 

Cubes 2.46±0.03c 2.50±0.03c 2.51±0.03c 

Shreds 2.48±0.04c 2.58±0.24c 2.59±0.14c 

Slices 2.47±0.01c 2.48±0.02c 2.49±0.00c 

Caprylic acid C8:0 

Cubes 1.28 ± 0.18c 1.30 ± 0.15b 1.35 ± 0.02a 

Shreds 1.19 ± 0.17c 1.20 ± 0.16b 1.21 ± 0.01a 

Slices 1.21 ± 0.16c 1.23 ± 0.17b 1.25 ± 0.06a 

Capric acid C10:0 

Cubes 2.40 ± 0.43c 2.97 ± 0.83b 3.00 ± 0.70a 

Shreds 2.39 ± 0.43c 2.39 ± 0.83b 2.50 ± 0.70a 

Slices 2.38 ± 0.43c 2.32 ± 0.82b 2.58 ± 0.70a 

Lauric acid C12:0 

Cubes 4.29 ± 0.00c 4.31 ± 0.22b 4.42 ± 0.23a 

Shreds 4.19 ± 0.00c 4.26 ± 0.33b 4.34 ± 0.13a 

Slices 4.25± 0.01c 4.27 ± 0.41b 4.38 ± 0.32a 

Myristic acid C14:0 

Cubes 10.19 ± 0.00c 10.79 ± 0.73b 10.88 ± 0.43a 

Shreds 11.19 ± 0.00c 11.28 ± 0.42b 11.35 ± 0.53a 

Slices 10.35± 0.01c 10.41 ± 0.13b 10.42 ± 0.33a 

Palmitic acid C16:0 

Cubes 30.48 ± 0.12c 30.70 ± 0.51b 30.96 ± 0.15a 

Shreds 30.47 ± 0.12c 30.65 ± 0.51b 30.99 ± 0.15a 

Slices 29.36 ± 0.12c 29.50 ± 0.51b 29.86 ± 0.15a 

Palmitoleic acid C16:1 

Cubes 2.26 ± 0.05c 2.29 ± 0.05b 2.33 ± 0.05a 

Shreds 2.25 ± 0.05c 2.28 ± 0.05b 2.32 ± 0.15a 

Slices 2.24 ± 0.00c 2.27 ± 0.01b 2.31 ± 0.02a 

Stearic acid C18:0 

Cubes 10.76 ± 0.15c 10.88 ± 0.09b 10.81 ± 0.05a 

Shreds 10.74 ± 0.15c 10.87 ± 0.09b 10.80 ± 0.05a 

Slices 10.72 ± 0.15c 10.86 ± 0.09b 10.79 ± 0.05a 
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Shreds (0.47 × 0.67cm2: 0.47 × 0.67 × 0.85cm3), Slices (0.65 × 3 cm2: 0.65 × 3 × 4 cm3), Cubes (1×1 cm2 :1×1×1 cm3). 

 

Oleic acid C18:1 

Cubes 20.04 ± 0.00c 20.81 ± 0.36b 20.98 ± 0.68a 

Shreds 20.03 ± 0.00c 20.61 ± 0.36b 20.98 ± 0.68a 

Slices 20.02 ± 0.00c 19.91 ± 0.36b 20.98 ± 0.68a 

Linoleic acid C18:2 

Cubes 1.70 ± 0.65c 2.33 ± 0.02b 3.60 ± 0.14a 

Shreds 1.62 ± 0.65c 2.22 ± 0.02b 2.61 ± 0.14a 

Slices 1.53 ± 0.65c 2.11 ± 0.02b 2.52 ± 0.14a 

Linolenic acid C18:3 

Cubes 0.88 ± 0.75c 0.82 ± 0.17b 0.92 ± 0.11a 

Shreds 0.86 ± 0.77c 0.99 ± 0.10b 0.95 ± 0.11a 

Slices 0.95 ± 0.78c 0.90 ± 0.19b 0.94 ± 0.11a 

Arachidic acid C20:0 

Cubes 0.32 ± 0.13c 0.30 ± 0.00b 0.20 ± 0.10a 

Shreds 0.34 ± 0.04c 0.20 ± 0.04b 0.55 ± 0.11a 

Slices 0.20 ± 0.02c 0.21 ± 0.03b 0.24 ± 0.08a 

Eicosenoic acid C20:1 

Cubes 0.24 ± 0.00c 0.68 ± 0.30b 0.39 ± 0.00a 

Shreds 0.13 ± 0.00c 0.61 ± 0.40b 0.45 ± 0.10a 

Slices 0.19 ± 0.00c 0.57 ± 0.20b 0.36 ± 0.20a 

CLA (Conjugated Linoleic 

Acid.) 

Cubes 0.94 ± 0.00c 0.98 ± 0.30b 0.99 ± 0.00a 

Shreds 0.93 ± 0.00c 0.91 ± 0.40b 0.95 ± 0.10a 

Slices 0.99 ± 0.00c 0.97 ± 0.20b 0.96 ± 0.20a 
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Table 11 Effect of storage on Peroxide value of cheese flavoring powder (least square means ± standard error). 

Shreds (SH) (0.47 × 0.67cm2: 0.47 × 0.67 × 0.85cm3), Slices (SL) (0.65 × 3 cm2: 0.65 × 3 × 4 cm3), Cubes(C) (1×1 cm2 :1×1×1 cm3). 

 

Table 12. Effect of storage on TOTOX Value of cheese flavoring powder (least square means ± standard error). 

 

Table 12.1 p-anisidine values of cheese flavoring powder (least square means ± standard error). 

 

 

Storage 

periods 

Mozzarella cheese powder flavor 

Per - Oxide Value 

Cheddar cheese powder flavor 

Per - Oxide Value 

EMC cheese powder flavor 

Per - Oxide Value 

SH SL C SH SL C SH SL C 

0 day 0.24±0.21b 0.22±0.01b 0.21±0.12b 0.24±0.03e 0.23±0.01f 0.22±0.02e 1.25±0.01c 1.21±0.02c 1.19±0.03b 

30 days 0.25±0.11b 0.24±0.11b 0.23±0.11b 0.27±0.03e 0.26±0.01f 0.25±0.01e 1.68±0.02b 1.67±0.01b 1.65±0.01a 

60 days 0.38±0.12a 0.37±0.21a 0.36±0.13a 0.46±0.02d 0.45±0.02e 0.44±0.02d 2.00±0.02a 1.99±0.03a 1.98±0.02a 

Storage 

periods 

Mozzarella cheese powder flavor 

TOTOX Value 

Cheddar cheese powder flavor 

TOTOX Value 

EMC cheese powder flavor 

TOTOX Value 

SH SL C SH SL C SH SL C 

0 day 2.5±0.21b 2.4±0.01b 2.4±0.12b 2.4±0.03e 2.3±0.01f 2.1±0.02e 5.3±0.01c 5.2±0.02c 5.1±0.03b 

30 days 3.0±0.11b 2.9±0.11b 2.8±0.11b 3.2±0.03e 3.1±0.01f 3.0±0.01e 6.8±0.02b 6.7±0.01b 6.6±0.01a 

60 days 4.4±0.12a 4.3±0.21a 4.2±0.13a 5.0±0.02d 4.9±0.02e 4.8±0.02d 7.5±0.02a 7.4±0.03a 7.3±0.02a 

Storage periods 

Mozzarella cheese powder flavor 

p-anisidine 

Cheddar cheese powder flavor 

p-anisidine 

EMC cheese powder flavor 

p-anisidine 

SH SL C SH SL C SH SL C 

0 day 2.02±0.01b 1.94±0.01b 1.98±0.12b 1.92 ±0.03e 1.84 ±0.01f 1.66 ±0.02e 2.80 ±0.01c 2.78 ±0.02c 2.91±0.03b 

30 days 2.54±0.01b 2.44±0.11b 2.34±0.11b 2.66 ±0.03e 2.58 ±0.01f 2.50 ±0.01e 3.44 ±0.02b 3.76±0.01b 4.06±0.01a 

60 days 3.64±0.10a 3.46±0.21a 3.48±0.13a 4.08 ±0.02d 4.00 ±0.02e 3.92 ±0.02d 5.50 ±0.02a 5.74±0.03a 6.03±0.02a 
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Table 13 Effect of storage on TBARS value of cheese flavoring powder (least square means ± standard error). 

 

 

 

Storage 

periods 

Mozzarella cheese powder flavor 

TBARS value 

Cheddar cheese powder flavor 

TBARS value 

EMC cheese powder flavor 

TBARS value 

SH SL C SH SL C SH SL C 

0 day 0.10±0.21b 0.09±0.01b 0.08±0.12b 0.13±0.03e 0.12±0.01f 0.11±0.02e 0.50±0.01c 0.50±0.02c 0.40±0.03b 

30 days 0.11±0.11b 0.10±0.01b 0.10±0.01b 0.14±0.03e 0.13±0.01f 0.12±0.01e 0.52±0.02b 0.50±0.01b 0.46±0.01a 

60 days 0.12±0.12a 0.12±0.01a 0.11±0.03a 0.15±0.02d 0.16±0.02e 0.14±0.02d 0.53±0.02a 0.51±0.03a 0.47±0.02a 



  Encapsulated   fat   ( % )     = Total   fat   ( % )   −   Free   fat   ( % )


  𝐅 𝐫 𝐞 𝐞   𝐟 𝐚 𝐭 𝐭 𝐲   𝐚 𝐜 𝐢 𝐝   =   Volume   of   0 . 1 N   NaOH   × 100 × 282 ×   N  Weight   of   sample x   100


  𝐏 𝐕   =   [ ( V 1   −   V 2 )   ×   N W x   1000


  𝐓 𝐎 𝐓 𝐎 𝐗   = ( 2   ×   Peroxide   Value )   +   p − Anisidine   Value

