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Abstract

Background: Ripening of cheddar cheese is a time taking process, duration of the ripening may be as long as one
year. Long ripening time is a big hindrance in the popularity of cheese in developing countries. Further, energy
resources in these countries are either insufficient or very expensive. Therefore, those methods of cheese ripening
should be discovered which can significantly reduce the ripening time without compromising the quality characteristics
of cheddar cheese. In accelerated ripening, cheese is usually ripened at higher temperature than traditional ripening
temperatures. Ripening of cheddar cheese at high temperature with the addition of vitamin E and selenium
is not previously studied. This investigation aimed to study the antioxidant activity of selenium and vitamin E
in accelerated ripening using cheddar cheese as an oxidation substrate.

Methods: The ripening of cheddar cheese was performed at 18 °C and to prevent lipid oxidation, vitamin E
and selenium were used alone and in combination. The treatments were as: cheddar cheese without any addition
of vitamin E and selenium (T1), cheddar cheese added with 100 mg/kg vitamin E (T,), 200 mg/kg vitamin E (T3),
800 ug/kg selenium (T4), 1200 upg/kg selenium (Ts), vitamin E 100 mg/kg + 800 ug/kg selenium (Tg) and vitamin E
200 mg/kg + 1200 pg/kg selenium (T). Traditional cheddar cheese ripne ripened at 4-6 °C for 9 months was used as
positive control. Cheese samples were ripened at 18 °C for a period of 12 weeks and analyzed for chemical and
oxidative stability characteristics at 0, 6 and 12 weeks of storage. All these treatments were compared with a
cheddar cheese without vitamin E, selenium and ripened at 4 °C or 12 weeks. Vacuum packaged cheddar cheese
was ripened 18 °C for a period of 12 weeks and analyzed for chemical and oxidative stability characteristics at 0, 4 and
8 weeks of storage period.
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Results: Addition of Vitamin E and selenium did not have any effect on moisture, fat and protein content of cheddar
cheese. After 6 weeks of ripening, total antioxidant capacity of Ty, T, T3, T4, Ts, T, T7 and standard cheese were 29.61%,
44.7%, 53.6%, 42.5%, 41.4%, 64.1%, 85.1% and 25.4%. After 6 weeks of ripening, reducing power of Ty, T, T3, T4, Ts, Te, T
and SC cheese were 14.7%, 18.1%, 26.3%, 19.2%, 25.3%, 33.4%, 40.3% and 11.6%. After 6 weeks of ripening, 1, 1-
diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging activity of T¢ and T; were 54.2% and 66.9%. While,
DPPH free radical scavenging activity of T; and standard cheese after 6 weeks of ripening were, 19.1 and 18.
5%, respectively. Free fatty acids of vitamin E and selenium supplemented, non-supplemented and standard
cheese were not significantly influenced from each other in 0, 6 and 12 weeks old cheddar cheese. Peroxide
values of Ty, Ty, T3, T4, Ts, Tg, T7 and standard cheese after 6 weeks of accelerated ripening were 1.19, 1.05, 0.
88, 1.25, 0.29, 0.25, 0.24 and 0.28 (MeqO,/kg). After 6 weeks of ripening, anisidine value of T¢ and T, were 6.
55 and 6.14. Conjugated dienes of Ty, Ty, Ts, T4, Ts, T, T7 and standard cheese, after 6 weeks of accelerated
ripening were 0.61, 0.55, 042, 0.77, 0.65, 0.17,0.15 and 0.19. After 6 weeks of accelerated ripening, concentrations
unsaturated fatty acids in Ty, To, T3, Ty, Ts, Tg, T2 and standard cheese decreased by18.19%, 17.45%, 16.82%, 16.19%, 12.
71%, 848%, 6.92% and 14.71%. After 12 weeks of accelerated ripening, concentration of unsaturated fatty acids in Ty,
T,, T3, T4, T5, Te and T and standard cheese decreased by 26.2%, 21.2%, 18.7%, 14.2%, 10.4%, 4.84%, 1.03% and 6.78%.
Cheddar cheese samples added with vitamin E, selenium and their combinations produced more organic acids during
the ripening period of 12 weeks. After 6 and 12 weeks of ripening, flavor score of T and T was better than standard
ripened cheddar cheese.

Conclusions: After 6 weeks of accelerated ripening, sensory characteristics of Tg and T, were similar to cheddar cheese
that was ripened at 4 °C for 9 months. Ripening time of cheddar cheese may be reduced to 6 weeks by elevated

temperature (18 °C) using vitamin E and selenium as antioxidants at Tg and T levels.
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Background

Cheddar is recognized as a hard cheese, it is widely used
in sandwiches, burgers, pizza topping and dressing of
salads [1]. It frames a noteworthy extent of international
trade in cheese [2]. In terms of volume and overall con-
sumption, cheddar is the largest variety of cheese in the
world [3]. Cheddar is popular all over the world due to
its unique flavor characteristics that are produced during
the ripening. Ripening is a process in which several bio-
chemical changes take place that convert chalky curd to
a flavorful cheese. Biochemical and metabolic processes
lead to the significant changes in flavor and texture of
cheese. These processes are generally referred as glycoly-
sis, lipolysis and proteolysis. Lactose is metabolized into
lactic acid, citrate diacetyl and alcohol [4]. Lipolysis and
proteolysis play an important role in the breakdown of
triglycerides of milk fat, generation of free fatty acids, or-
ganic acids, free amino acids, peptides, large number of
flavoring compounds such as, thio-esters, alkan-2-ones,
alkane-2-ols, ethyl alcohols, lactones etc. [5]. Cheddar
cheese requires a long ripening time for the develop-
ment of flavor and textural attributes in ripened cheese.
Cheddar cheese is usually ripened for 6—12 months [6].
Few techniques are used to accelerate the ripening
process of cheddar cheese, for example, utilizing elevated
temperatures and enzymes [7]. The utilization of ele-
vated temperatures for the ripening of cheese is the least
complex procedure to accelerate the ripening of cheese

with minimal refrigeration requiement [8]. Ripening of
cheddar cheese at elevated temperature may lead to
auto-oxidation, that may lead to the development of
objectionable flavors, deterioration of texture and gener-
ation of potentially toxic oxidation products [9].
Temperature is a key factor in auto-oxidation of dairy
and food products, oxidative stability of foods may be
enhanced by antioxidants. Antioxidants are chemical
substances that can neutralize and scavenge the free rad-
icals, which are continuously produced in the body [10].
In order to prevent auto-oxidation, food and dairy prod-
ucts are supplemented with synthetic antioxidants, such
as butylated hydroxyl anisole, butylated hydroxyl toluene
and butylated hydroxyl quinone. The perceived carcino-
genicity of synthetic antioxidants has led the researchers
to find out the new sources of natural antioxidants and
extend the application of already discovered natural anti-
oxidants [11]. Antioxidant capacity of milk is due to sul-
fur containing amino acids (tyrosine and cysteine),
vitamins A, E, carotenoids, enzyme systems, superoxide
dismutase, catalase and glutathione peroxidase [9].
Vitamin E and selenium are important components of
the antioxidant system which play important role in re-
ducing lipid peroxidation. Vitamin E is one of the most
important lipid-soluble antioxidant in milk, due to its
presence in milk fat globule membrane it can prevent
milk from photo-oxidation [12]. It can also act as a pre-
ventative, chain breaking antioxidant and quencher of
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singlet oxygen in milk [13]. Vitamin E can inhibit the ac-
tivity of plasmin, a proteolytic enzyme and secondly it
can directly scavenge the free radicals [14]. Vitamin E, as
the primary lipid-soluble antioxidant found in foods in-
hibits the process of lipid peroxidation in foods and in
the biological lipid-protein complexes [15]. Selenium
plays an important role in the antioxidant defense
system due to its requirement by the Se-dependent
Glutathione Peroxidase (GSH-Px), which is involved in
cellular antioxidant protection. It has been suggested
that the synergistic relationship between selenium and
vitamin E enhanced the antioxidant activity, because
GSH-Px continues the work of vitamin E by detoxifying
hydroperoxides [16]. Ripening of cheddar cheese is
mandatory for the development of typical flavor and tex-
tural characteristics. Cheddar cheese is usually ripened
for 6-12 months at 4-6 °C. Ripening of cheese on such a
lower temperature for a fairly large period of time requires
massive refrigeration. Higher ripening temperature can ac-
celerate the metabolic processes in cheese. During rapid
ripening, cheddar cheese may develop oxidized flavor. Use
of natural antioxidants of milk origin in accelerated ripen-
ing of cheddar cheese is not previously investigated. This
investigation aimed to study the antioxidant activity of sel-
enium and vitamin E in accelerated ripening using ched-
dar cheese as an oxidation substrate.

Methods

Cheddar cheese was prepared using the facilities of
Acchha Foods, Lahore. Vitamin E (Catalogue No.
10191-41-0) and selenomethionine (Catalogue No. 3211-
76-5) were purchased from Sigma Aldrich (St. Louis
MO, USA). Rennet and calcium chloride were purchased
from Christian Hansen, Denmark. HPLC grade chemi-
cals, were obtained from Sigma Aldrich, USA.

Preparation of cheddar cheese and experimental plan

Experiment was planned in a completely randomized de-
sign; each treatment was replicated three times. For the
preparation of cheddar cheese, cow milk was heated to
60 °C, passed through a cream separator for the removal
of excess fat. Standardized milk was used for the manu-
facturing of cheese. Fat, protein, lactose, minerals con-
tent, solids not fat and total solids of the standardized
milk were 3.50%, 3.21%, 4.45%, 0.73%, 8.52% and 12.
02%, respectively. Pasteurized in a batch pasteurizer at
68 °C for 30 min followed by cooling to 31 °C, 2% bulk
starter culture comprised of Streptococcus lactis spp.
lactis and Streptococcus lactis spp. cremoris were added
and pre-acidification of milk was performed for 45 min,
then CaCl, (15 ml/100-1 milk, 35% solution) and rennet
(0.02%) were mixed to the cheese milk. Curd was
allowed to form for 30 min then it was cut into 1.5-2 cm
cubes, cooking of the curd was performed at 39 °C for
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45 min, whey was drained and cheddarding was per-
formed till pH 5.2. Batch size for every treatement of
cheese was 10 kg, quanitities of vitamin E and seleno-
methionine were calculated for 10 kg. The detail of
treatments with calculation of vitamin E and selenium is
as, cheddar cheese without any addition of vitamin E
and selenium (T;), cheddar cheese was added with
100 mg/kg vitamin E (1 g vitamin E/T;), 200 mg/kg vita-
min E (2 g vitamin E/T3), 800 pg/kg selenomethionine
(8 mg selenomethionine/T,), 1200 pg/kg selenomethio-
nine (12 mg selenomethionine/Ts), vitamin E 100 mg/
kg + 800 pg/kg selenomethionine (1 g vitamin E + 8 mg
selenomethionine/T¢) and vitamin E 200 mg/kg +
1200 pg/kg selenomethionine (2 g vitamin E+ 12 mg
selenomethionine/T;). Traditional cheddar cheese ripne
ripened at 4-6 °C for 9 months was used as positive con-
trol. Vitamin E and selenium were mixed with the milled
curd at the stage of salting, followed by molding, press-
ing and vacuum packaging (LEVAC C46). Each treat-
ment was replicated three times. Cheese samples were
ripened at 18 °C for a period of 12 weeks and analyzed
for chemical and oxidative stability characteristics at 0, 6
and 12 weeks of storage. Chemical and sensory charac-
teritics of all the treatments were compared with a posi-
tive control ie. cheddar cheese ripened at 4 °C for a
period of 9 months. All these treatments were compared
with a cheddar cheese without any addition of vitamin E
and selenium and ripened at 4 °C or 12 weeks, it was
written as standard cheese in this draft.

Compositional analysis
Fat, protein and moisture content in cheese were deter-
mined at 0, 6 and 12 weeks by the standard methods [17].

Total antioxidant capacity

Total antioxidant capacity of cheese was determined by
following the method [18]. Briefly, 0.3 ml sample was
mixed with 3 ml of 0.6 M sulfuric acid and 28 mM so-
dium phosphate and 4 mM ammonium molybdate). Test
tubes were put in hot air oven at 85 °C for 90 min, ab-
sorbance of the samples was recorded at 695 nm using
ascorbic acid as standard. Total antioxidant capacity was
expressed in Ascorbic Acid Equivalent/g.

Reducing power

Reducing power of cheese samples was determined ac-
cording to the protocol [19]. 2.5 ml sample was mixed
with equal volume of 1% potassium ferricyanide, test
tubes were then incubated at 50 °C for 20 min. After
this, 2.5 ml (10%) tricholoroacetic acid solution was
added, tubes were centrifuged at 1000 x g for 10 min.
Upper 2.5 ml layer was mixed with 2.5 ml deionized
water and 0.5 ml ferric chloride (0.1%). Absorbance of
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the samples were recorded at 700 nm using a double
beam spectrophotometer.

1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging
activity

DPPH free radical scavenging was estimated by follow-
ing the method [19]. One ml sample was mixed with
1 ml (I mM) solar solution of DPPH in methanol.
Samples were incubated at room temperature for 20 min
and absorbance of the samples were recorded on a
double beam spectrophotometer at 517 nm and expressed
in percentage.

Antioxidant activity in linoleic acid

Sample 0.5 ml was mixed with 0.13 ml linoleic acid
(99.8% in ethanol and 10 ml sodium phosphate buffer
(0.2 M), volume of mixture was raised to 25 ml. Solu-
tions were incubated in an incubator at 40 °C and
thiocyanate method was used to determine the extent
of oxidation. Briefly, 10 ml 75% ethanol and 0.2 ml
ammonium thiocyanate and 0.2 ml ferrous chloride
(20 mM in 3.5% hydrochloric acid) were mixed for
three min and absorbance was recorded at 500 nm
and expressed in percentage [20].

Estimation of lipid oxidation

Free fatty acids, peroxide value, anisidine value and con-
jugated dienes were determined at 0, 4 and 8 weeks of
ripening period [21].

Organic acids

Grated cheese samples (5 g) were mixed with 0.1 N
Phosphoric acid, homogenized at 1500 Rpm (Heidolph
Diax 900, Schwabach, Germany) for the extraction of or-
ganic acids, then centrifugation was performed for
15 min at 7000 Rpm, followed by the filtration. Organic
acids were determined by high performance liquid chro-
matography (LCM, Waters Corp., Milford, MA, USA)
fitted with ion exchange chromatography column
(Supelcogel C-610H, 300x7.8 mm, Supelco Inc.,
Bellefonte, PA, USA). Mobile phase consisted of phos-
phoric acid, flow rate was kept at 1 ml/min, 40 pl
was injected and measurements were carried out at
210 nm. Internal standards of citric acid, lactic acid,
formic acid and propionic acid (99% pure, Sigma
Aldrich, USA) were used. Concentration of organic acids
were calculated on a calibration curve, coefficient of corre-
lations for all the measurements were not less than 0.988.
Concentration of organic acids was reported as mg/kg dry
matter [22].

Sensory evaluation
Sensory evaluation of cheese samples was performed in
sensory evaluation laboratory at 20 °C, in individual
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sensory evaluation booths. Before sensory evaluation,
samples of all types of cheese were tempered to 12 °C,
coded with three digit random numbers and offered in a
completely randomized manner. A panel of trained
judges comprising of 7 males and 3 females (age 30—
50 years) performed the sensory evaluation of cheese
samples for color, flavor and texture on a 9 point scale
at 0, 4 and 8 week of ripening period. Sensory evaluation
for every treatment was performed at least three times
and coefficient of correlations was not less than R* = 0.
9682 [23].

Statistical analysis

The current investigation was arranged in a Completeley
Randomized Desigh (CRD). Data were analyzed by two
way analysis of variance technique. For the determin-
ation of significant difference, means were compared by
Tukey’s HSD Test by SAS 9.1 statistical software [24].

Results and discussion

Chemical composition of cheddar cheese

Addition of Vitamin E and selenium did not have any effect
on moisture, fat and protein contents of cheddar cheese.
Ripening of cheddar cheese at elevated temperature had a
significant effect on fat and protein content of all the treat-
ments (p < 0.05). After 12 weeks of accelerated ripening, fat
content of Ty, Ty, T3, Ty, Ts, T and T, decreased by 16.
54%, 12.66%, 8.88%, 8.09%, 8.05%, 6.892% and 6.67%, re-
spectively (Table 1). After 12 weeks of accelerated ripening,
protein content of Ty, Ty, T3, Ty, T5, T and T, decreased
by 11.52%, 7.68%, 7.57%, 7.42%, 7.45%, 7.16% and 7.08%.
The decline in fat and protein content of cheddar cheese
was due to the breakdown of lipids and protein during the
ripening of cheddar cheese. The decreasing trend in protein
and fat content of buffalo cheddar cheese during the ripen-
ing is reported [25]. Khan et al. [26] reported that fat and
protein content of Gouda cheese decreased during the
60 days of ripening period. Ahmad et al. [27] also reported
that fat and protein content of cheddar cheese decreased
during the ripening period of 60 days. Folkertsma et al. [28]
studied the effect of accelerated ripening on chemical
composition of cheddar cheese, concentration of fat
and protein decreased in both types of cheese with
no effect on moisture content.

Total antioxidant capacity (TAC)

TAC refers the antioxidant status of food substrates and
measures the antioxidant reaction of food systems to
scavenge/ neutralize the free radicals. TAC is a novel
method for the assessment of oxidative stresses [29].
TAC is associated with oxidative stability of food, higher
TAC values are usually linked with longer shelf life.
Khan et al. [26] used TAC as an important parameter
for the determination of antioxidant capacity of cow and
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Table 1 Chemical Composition of Cheddar Cheese in Accelerated Ripening (18 °C)
Treatments Ripening Period Weeks Moisture % Fat % Protein %
T, 0 39.16 + 0.53° 31.74+042° 2681+0.72°
6 39.11 + 048° 2011 +077° 2547 +035°%
12 3892 + 067° 2649 + 065 2372 +0.66°
T 0 39.16 + 0.53° 31.74+042° 2681+072°
6 39.05 + 0.71° 2081 +1.19° 2561+1.13%
12 3877 + 064° 27.72+083¢° 2463 +0.88°
T3 0 39.16 + 0.53° 31.74+042° 2681+072°
6 39.10 + 1.05° 3092 +061° 25.69 +0.89°
12 38.85 + 091° 2892+ 137° 2478 +0.42°
T4 0 39.16 + 0.53° 31.74+042° 2681+0.72°
6 39.04 + 0.59° 30.87 £143° 25.77 £093°
12 3872 + 0.55° 29.17 +0.52° 2482 +035°
Ts 0 39.16 + 0.53° 31.74+042° 2681+072°
6 3881 + 1.03° 30.56 +0.79° 2581+051°2
12 3862 + 043° 29.14+0.95° 2484 +0.59°
Te 0 39.16 + 0.53° 31.74+042° 2681+072°
6 38.79 + 0.82° 30.66 + 0.97° 2544 +147°
12 3865 + 1.13° 29.55+107° 2489+ 061°
T, 0 39.16 + 0.53° 31.74+042° 2681+0.72°
6 3855 + 061° 3095 +0.74° 25.19+048%
12 3849 + 0.94° 2962 +0.88° 2491 +037°
Standard Cheese 4 °C 0 39.16 + 0.53° 31.74+042° 2681+072°
6 3889 + 1.37° 3047 £0.72° 2511 +054%
12 3861 + 0.95° 2944+091° 2489+ 061°
Positive Control Ripened at 4 °C for 9 Months 38.14 + 0.53° 28.17 +0.69b 23.55+1.39%

Within a column, means denoted by a different letter are statistically different by Tukey’s HSD Test (p < 0.05)
The results presented in Table 1 are the outcome of triplicate treatment and triplicate analysis (3 x 3 =9, Mean * SD)

T,: Without Vitamin E and Selenium

T,: 100 mg Vitamin E

Ts3: 200 mg Vitamin E

T,: 800 pg/kg Selenium

Ts: 1200 pg/kg Selenium

Te: 100 mg Vitamin E + 800 pg/kg Selenium
T,: 100 mg Vitamin E + 800 pg/kg Selenium

Standard Cheese: Cheddar Cheese Ripened at 4 °C without any addition of vitamin E and selenium

Positive Control: Cheddar cheese ripened at 4 °C for 9 months

buffalo milk. Results of TAC of cheddar cheese added
with vitamin E and selenium are presented in Table 2. In
current investigation, vitamin E, selenium and their
blends were used as antioxidants in cheddar cheese ex-
posed to accelerated ripening. Addition of vitamin E and
selenium enhanced the TAC of un-ripened cheese. At
zero-day, TAC of Ty, Ty, T3, Ty, Ts, Ts, T and SC were
20.8%, 35.9%, 44.7%, 32.4%, 37.6%, 55.2%, 78.4% and 20.
8%. TAC of standard cheese, vitamin E and selenium
supplemented and non-supplemented cheese increased
throughout the ripening period of 12 week. After 6 weeks
of ripening, TAC of T;, Ty, T3, Ty, Ts, Ts, T and SC
were 29.61%, 44.7%, 53.6%, 42.5%, 41.4%, 64.1%, 85.1%
and 25.4%. TAC of 12 weeks old Ty, Ty, T3, Ty, Ts, T,

T, and SC were 40.2%, 50.6%, 59.7%, 48.3%, 46.1%, 72.
8%, 89.6% and 34.6%, respectively. During cheese ripen-
ing, several biochemical changes take place in cheese
matrix which lead to the production of water soluble
peptides that have antioxidant properties [30]. Antioxi-
dant capacity of probiotic cheese increased with the pro-
gression of ripening [31]. Transition in antioxidant
capacity of cheddar cheese in accelerated ripening is not
previously reported. Supplementation of yoghurt with
red ginseng increased the antioxidant capacity [32]. Surai
[33] studied the synergistic effect of selenium and vita-
min E on the antioxidant system of the yolk and the de-
veloping chick used in the maternal diet. The author
concluded that nutritional status of the laying hen
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Table 2 Effect of Vitamin E and Selenium Supplementation on Antioxidant Capacity of Cheddar Cheese in Accelerated Ripening (18 °C)

Treatments Ripening Period Weeks Total Antioxidant Reducing Power DPPH Free Radical Antioxidant Activity
capacity % Scavenging Activity% in Linoleic Acid %
T 0 208 + 0197 822 +094° 17540519 781 +019°
6 296 + 1.22° 147 + 036" 19.1+0.72° 115 + 0087
12 402 + 336 165+ 077™ 224+162" 163 + 022°
T 0 359 + 0.55° 129 + 105 237+108" 13.7 + 0.28°
6 447 +1.14 18.1 + 042¢ 267 +0.88 184 + 031"
12 506 + 1.59' 206 + 0.78 305+ 143" 213 +0.16"
T, 0 447 + 131 235+ 127 2824166 172+011°
6 536 + 237" 263 + 1449 315+1.12" 235 + 046
12 597 + 188" 284 + 153 339+ 1499 264 + 030
T4 0 324+ 16 146 + 169" 203+0619 224+ 072
6 425+142 192 4+ 1.15" 245+079 289 + 144
12 483+ 277 247 + 138" 2774083 328 + 1579
Ts 0 376+ 11" 225+ 091" 219+123 244 + 0939
6 414171 253 + 057" 258+ 111" 293 + 129"
12 461 +194 269 + 0959 2744156 356 + 175
Ts 0 552 + 2399 305 + 032° 415+189 379+ 233
6 64.1 = 177° 334+ 161° 542 +197° 454 +199°
12 728 + 346° 352+ 151° 625 +227° 534 +282°
T, 0 784 + 291° 374 +143° 583+3.19¢ 56.7 + 1.16°
6 85.1 + 166° 403 +131° 66.9 +2.88° 679 + 336°
12 896 + 139° 417 +103° 82.8 + 436" 756 + 2.88°
Standard Ripening 4 °C 0 20.8 + 0.19° 822 +0.94° 175+0.519 781 +0.19°
6 254 + 048° 116 + 0.22° 185+ 0.38° 927 £0.19
12 346 + 075° 198 + 066 212+0025° 132 + 044°
Positive Control Ripened at 4 °C for 9 Months 497 + 154 159 + 073" 329+1.19¢ 23.1 + 087

Within a column, means denoted by a different letter are statistically different by Tukey’s HSD Test (p < 0.05)
The results presented in Table 2 are the outcome of triplicate treatment and triplicate analysis (3 x 3=9; Mean + SD)

governs the efficiency of the antioxidant system through-
out embryonic and early postnatal development of the
offspring.

Reducing power

Vitamin E and selenium increased the reducing power
of un-ripened cheddar cheese. At zero day, reducing
power of Ty, Ty, T3, Ty, Ts5, T, T and SC cheese were 8.
22%, 12.9%, 23.5%, 14.6%, 22.5%, 30.5%, 37.4% and 8.
22% (Table 2). Reducing power of standard cheese,
vitamin E and selenium supplemented and non-
supplemented cheese increased throughout the ripening
period of 12 week. After 6 weeks of ripening, reducing
power of Ty, Ty, T3, Ty, Ts, T, T and SC cheese were
14.7%, 18.1%, 26.3%, 19.2%, 25.3%, 33.4%, 40.3% and 11.6%.
Antioxidant substances in milk can scavenge superoxide
radicals, hydroxyl radicals and peroxide radicals [19].
Supplementation of sheep butter with vitamin E consider-
ably improved the oxidative stability [34]. Oxidative

stresses can lead to cancer, diabetes, accelerated ageing
and breakdown of biochemical compounds such as, lipids
and proteins [35]. Demand of food containing natural an-
tioxidants is increasing all over the world, researchers are
trying to develop functional food containing natural anti-
oxidants. Saldamli [36] supplemented Turkish white
cheese with selenium to assess their recoveries in cheese,
they recorded that recovery of selenium in supplemented
cheese was about 71%. This is the pioneer study in which
the role of selenium and vitamin as E as antioxidants were
determined in accelerated cheese ripening. United States
Dietary Guidelines suggest to intake 50 pug/day, maximum
intake of selenium should be less than 200 pg/day.
Antioxidant and antitumor activities of selenium have
been reported in literature, intake of selenium reduced the
risks of heart diseases, cystic fibrosis and cancer [37].
Antioxidant activity of selenium for the inhibition of
superoxide dismutase is scientifically proven [38]. Gluta-
thione and selenium enhanced the functional value,
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antioxidant capacity of milk [39]. Vitamin E and selenium
efficiently inhibited the lipid oxidation in vacuum pack-
aged lamb meat [40].

1, 1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging
activity

DPPH assay is widely used for the antioxidant
characterization of dairy products. Ullah et al. [41] used
DPPH assay to study the antioxidant capacity of chia oil
supplemented cheddar cheese. Supplementation of ched-
dar cheese with selenium and vitamin E considerably
improved the antioxidant capacity of freshly prepared
cheddar cheese. At zero day of ripening, highest antioxi-
dant capacity was recorded in cheese supplemented with
100 mg Vitamin E +800 pg/kg Selenium. DPPH free
radical scavenging activity went on increasing in all sam-
ples of cheese. However, DPPH free radicals scavenging
activity of selenium and vitamin E supplemented sam-
ples in accelerated ripening were higher than non-
supplemented and standard ripened cheese. Antioxidant
capacity of cheese remarkably increased when selenium
and vitamin E were used in combination e.g. antioxidant
capacity of cheese supplemented with 100 mg Vitamin
E+800 pg/kg Selenium and 2100 mg Vitamin E +
1200 pg/kg Selenium after 6 weeks of accelerated ripen-
ing were 54.2% and 66.9%. While the antioxidant cap-
acity of non-supplemented and standard ripened cheese
after 6 weeks of ripening were 19.1% and 18.5% (Table 2).
Antioxidant capacity of cheese supplemented with
100 mg Vitamin E + 800 pg/kg Selenium and 2100 mg
Vitamin E + 1200 pg/kg Selenium after 12 weeks of
accelerated ripening were 62.5% and 82.8%. While the
antioxidant capacity of non-supplemented and stand-
ard ripened cheese after 6 weeks of ripening were 19.
1% and 18.5%. DPPH free radical scavenging activity
of mature cheese was greater than fresh cheese [42].
Bara¢ et al. [43] reported that antioxidant capacity of
cheese went on increasing during the ripening period.
Antioxidant effect of vitamin E and selenium on
omega-3 enriched poultry meat was investigated.
Thiobarbituric acid value decreased with the addition
of vitamin E and selenium [44].

Antioxidant activity in linoleic acid (ALA)

Supplementation of cheddar cheese with vitamin E and
selenium significantly improved the ALA of freshly pre-
pared cheddar cheese. Combination of selenium and
vitamin E considerably enhanced ALA of un-ripened
cheddar cheese. ALA of Ts (100 mg vitamin E and
800 pg/kg selenium) and Tg (200 mg vitamin E and
1200 pg/kg selenium) was 37.9% and 56.7%. ALA of all
types of cheese samples increased during the ripening
period of 12 weeks, however, cheese samples exposed to
accelerated ripening had higher ALA than cheese sample
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ripened at 4 °C. Similarly, cheese samples supplemented
with combination of vitamin E and selenium exhibited
highest ALA, for example, antioxidant activity of 6 weeks
old Tg and T, were 45.4% and 67.9%. ALA of 12 weeks
old Tg and T, were 53.4% and 75.6%. Cheese samples
having ALA had lower peroxide value, anisidine value
and conjugated dienes with better sensory score.
Rashidinejad et al. [45] monitored the antioxidant activity
of cheddar cheese added with tea extract, antioxidant activ-
ity of cheese increased during the ripened. Branciari et al.
[46] reported that phenolic compounds of rosemary leaf
significantly improved the antioxidant capacity of cheese
and efficiently inhibited the lipid oxidation. Addition of cat-
echin, improved the antioxidant capacity of cheese [47].
Supplementation of cow feed with vitamin E and selenium
improved the antioxidant status of blood [48].

Lipid oxidation

Free fatty acids

In cheese, free fatty acids are produced as a result of hy-
drolysis of triglycerides, catalytic factors include mois-
ture content, lipases, storage temperature, metal ions
etc. [49]. Free fatty acid plays an important role in the
development of flavor in cheese [50]. Supplementation
of vitamin E and selenium did not have any impact on
free fatty acids content of cheddar cheese at 0, 6 and
12 weeks of ripening (Table 3). Free fatty acids of trans
free margarine increased during the three months stor-
age time [51]. Hydrolysis of the triglyerides is the major
reason for the production of free fatty acids with no con-
nection with auto-oxidation [52]. No correlation was
established between free fatty acids and antioxicant [53].
Usually the concentration of free fatty acids increase
during cheese ripening. Concentration of free fatty acids
in mature cheese was more than fresh cheese [54]. Free
fatty acid may accelerate the auto-oxidation in fats by
speeding up breakdown of peroxides to oxidation prod-
ucts [55]. Supplmentatio of hen diet with vitamin E and
selenium significantly rasied the antioxidant characteri-
tics of eggs [56].

Peroxide value

Peroxide value describes the degree of oxidation previ-
ously taken place in fats and oils, it is one of the most
commonly used chemical marker in quality control labs
and edible oil industries to determine the oxidation sta-
tus of fats and oils [57]. Peroxide value greatly depends
upon the storage conditions, temperature has a major ef-
fect on peroxide value of fats [58]. In current investiga-
tion, cheddar cheese was ripened at higher temperature
(18 °C). Peroxide value of vitamin E and selenium
supplemented cheddar cheese, non-supplemented and
standard cheese went on increasing throughout the rip-
ening period of 12 weeks. Supplementation of cheddar
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Table 3 Effect of Selenium and Vitamin E Supplementation on Oxidative Stability of Cheddar Cheese in Accelerated Ripening (18 °C)

Treatments Ripening Period Weeks Free Fatty Acids Peroxide Value Anisidine Value Conjugated Dienes
(Oleic Acid) % (MeqO./kg) ("e1cm M232])
T 0 0.11+0.02f 0.22 + 003 581 +0.14 0.08 001
6 022 +004° 112 + 007° 973 + 0089 061+003
12 051 +007° 285 +0.12° 225 + 059° 217 +009°
T, 0 0.11+0.02f 0.22 + 003 581 +0.14 0.08+001
6 024 +003° 105 +0.14° 106 + 0.88° 055 +0.029
12 048 +0.05° 251 + 009° 207 £ 1.10° 163+0.14°
T, 0 0.11+0.02f 022 + 003 581 +0.14 0.08+ 001
6 0.19+003° 088 + 0.16' 94 + 0659 042+003"
12 049 + 0.06° 161 +0.19° 17.3 + 040¢ 139+007¢
T, 0 0.11+002' 022 + 003 581 +0.14 008+ 00V
6 023+001° 1.25 + 0.15° 9.14 + 031" 077 +0.13¢
12 052 +0.04° 218 £ 0.18° 186 + 092° 1,85 +0.06°
Ts 0 0.11+0.02f 0.22 + 003 581 +0.14 0.08 001
6 0.18+001° 029 + 006 897 + 1.24" 065 +0.05"
12 0.50 +0.07° 051 + 002° 162 + 155° 1494012
Ts 0 0.11+0.02f 0.22 + 003 581 +0.14 0.08+0.01
6 021 +006° 0.25 + 002 6.55 + 048 0.17+002'
12 053 +0.07° 042 + 004" 891 + 069" 041+004"
T, 0 0.11+002' 022 + 003 581 +0.14 0.08+007j
6 0.19+0.04° 024 + 005 6.14 + 037¢ 0.15 % 0.02i
12 049 + 003" 028 + 002 7.75 + 0,66 034+001"
Standard Ripening 4 °C 0 0.11+0.02f 0.22 + 003 581 + 0.14 008+ 001
6 0.16+001° 0.27 + 002 6.05 + 0.08 0.19+003'
12 031+004° 035 + 001’ 811 +017" 0.39+0.04"
Positive Control Ripened at 4 °C for 9 Months 047 +0.02a 045 + 005" 792 + 006 044+001"

Within a column, means denoted by a different letter are statistically different by Tukey’s HSD Test (p < 0.05)

The results presented in Table 3 are the outcome of triplicate treatment and triplicate analysis (3 x 3=9; Mean + SD)

cheese with vitamin E and selenium alone and in com-
bination significantly inhibited the auto-oxidation in
cheese samples. After 6 weeks of accelerated ripening,
peroxide values of Ty, Ty, T3, Ty, Ts, Ty, T and standard
cheese were 1.19, 1.05, 0.88, 1.25, 0.29, 0.25, 0.24 and 0.
28 (MeqO,/kg). After 12 weeks of accelerated ripening,
peroxide value of Ty, Ty, T3, T4 Ts Te and standard
cheese were 2.85, 2.51, 1.61, 2.18, 0.51, 0.42, 0.28 and 0.
35(MeqO,/kg). Peroxide value may be used to anticipate
the oxidative stability/ shelf life of fat rich foods, lower
peroxide value is usually linked with excellent storage
stability [53]. Peroxide value and concentration of anti-
oxidants were strongly correlated (R* =0.992). It is
worth mentioning that peroxide value was strongly
correlated with flavor score, treatments having higher
peroxide value had lower flavor score. Khan et al. [59]
studied the effect of mango kernel oil on oxidative
stability of Gouda cheese, natural antioxidant substances
efficiently inhibited the auto-oxidation in cheese. Natural

antioxidants of mango kernel oil altered the auto-
oxidation of milk fat, protected fatty acids from oxidation
[58]. Peroxide value of butter and ice cream increased
during the storage period [60]. Combined supplementa-
tion of vitamin E and selenium considerably improved the
lipid stability of veal [61].

Anisidine value

Anisidine value is hundred times the optical density of a
chemical reaction taking place between 2-alkenals and
anisidine. It is a good measure of secondary and tertiary
oxidation products [62]. Anisidine value is usually not
used during the cheese related studies, in current inves-
tigation, it was included as an important parameter to
measure the magnitude of secondary and tertiary oxida-
tion products in accelerated cheese ripening. Vitamin E
and selenium supplemented cheese samples revealed
lower anisidine value than non-supplemented cheese
samples (Table 3). After 6 weeks of accelerated ripening
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at 18 °C, anisidine vaue of T4 and T, was 6.55 and 6.14.
After 12 weeks of accelerated ripening anisidine values
of T¢ and T- and T; were 8.91, 7.75 and 22.5. Anisidine
value of Tg and T, was less than the standard limit of
10. The lower anisidine value in vitamin E and selenium
supplemented cheese was due to their antioxidant activ-
ity in cheese matrix. Anisidine value is extensively used
for the assessment of oxidation products in butter, butter
oil, cottonseed oil, ice cream and cheese [52, 58, 63, 64].
Soliman et al. [65] stated the synergistic effect of vitamin
E and selenium on some physiological and productive
characteristics of ewes and their lambs. There is improved
growth performance, immune responses and viability as a
result of favorable signs in their physiological reactions.

Conjugated dienes (CD)

Results of specific extinction coefficients of different
cheese samples measured at 230 nm are presented in
Table 3. CD measure the extent of primary oxidation
products produced as a result of auto-oxidation in fats
and oils [66]. Supplementation of cheese with vitamin E
and selenium considerably inhibited the formation of CD
in accelerated ripening. CD of T;, Ty, T3, Ty, T5, T and
T,, after 6 weeks of accelerated ripening were 0.61, 0.55,
042, 0.77, 0.65, 0.17, 0.15 and 0.19. While, CD of 6 weeks
old standard cheese was 0.19. After 12 weeks of accelerate
ripening, CD of Ty, T¢ and T, was 2.17, 041 and 0.34.
After 12 weeks, CD of T, and standard ripened cheese
were not significantly influence from each other. Few
studies have been reported regarding the inhibition of oxi-
dative breakdown in dairy products. Moringa oleifera leaf
extract significantly inhibited CD of butter during the
storage period of 90 days [52]. Sesame (Sesamum indicum
L.) cake extract inhibited the formation of CD in olein
based butter. CD of olein based ice cream increased dur-
ing the storage period of 180 days [64]. Conjugated dienes
of sunflower oil increased during the storage period [35].
Chatha et al. [67] also described an increasing trend in the
magnitude of conjugated dienes, when canola oil was sub-
jected to storage. Limited information is available regard-
ing the antioxidant activity of selenium in dairy products.
Concentration of oxidation products increased during the
one-year storage of vegetable oil blends [68]. Oxidation
status of dairy products changed during the storage [69].
Habibian et al. [70] investigated the effects of dietary sel-
enium and vitamin E on growth performance, meat yield,
and selenium content and lipid oxidation of breast meat
of broilers reared under heat stress. They concluded that
supplementation of selenium and vitamin E improved the
antioxidant capacity of breast meat.

Fatty acid profile
Fatty acid profile is one of the most significant parameter
to determine the oxidation status of fats and oils [71].
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In current investigation, effect of vitamin E and selen-
ium supplmenttion on fatty acid profile of cheddar
cheee was determined in accelerated ripening. For the
assessment of oxidative stability of dairy products,
fatty acid profile is used, the techniques of accelerated
oxidation are traditionally not employed to forecast
the oxidative stability of cheese and other dairy prod-
ucts. Nadeem et al. [53] used fatty acid profile as an
important parameter to adjudge the antioxidant cap-
acity of whey butter. Ullah et al. [41] while studying
the effect of chia oil on antioxidant capacity of ched-
dar cheese used fatty acid profile as a marker of oxi-
dative stability. Addition of selenium and vitamin E
alone and in combination did not have any effect on
fatty acid profile of fresh cheese. Fatty acid profile of
all the treatments and standard cheese considerably
changed during the rapid and traditional ripening.
However, the magnitude of transition was dependent
upon the ripening temperature, type and dose of anti-
oxidant added in cheese. Concentration of short-
chain, medium-chain and long-chain fatty acids de-
creased during the ripening period of 12 weeks. After
6 weeks of accelerated ripening, concentrations short-
chain fatty acids in T;, Ty, T3, T4 Ts, T, T, and
standard cheese decreased by 22.55%, 20.10%, 19.2%,
18.29%, 5.25%, 4.89%, 4.89%, 3.08% (Table 4). After
6 weeks of accelerated ripening, concentrations
medium-chain fatty acids in Ty, Ty, T3, Ty, Ts, Te, T7
and standard cheese decreased by10.59%, 9.27%, 6.
49%, 5.69%, 3.15%, 2.02%, 1.41% and 5.95%. After
6 weeks of accelerated ripening, concentrations unsat-
urated fatty acids in Ty, Ty, T3, Ty Ts Ts T, and
standard cheese decreased by18.19%, 17.45%, 16.82%,
16.19%, 12.71%, 8.48%, 6.92% and 14.71%. After
12 weeks of accelerated ripening, concentration of
short-chain fatty acids in Ty, Ty, T3, T4, Ts Te and
T, decreased by 33.5%, 30.7%, 17.1%, 9.94%, 8.13%, 1.
9% and 1.08%, from their initial values. Concentration
of short-chain fatty acids in standard cheese decreased by
3.17%, from the initial value. After 12 weeks of accelerated
ripening, concentration of medium-chain fatty acids in T},
Ty, T3, Ty, Ts, T and T, and standard ripened cheddar
cheese decreased by 15.4%, 13.4%, 11.02%, 7.34%, 4.73%,
0.81%, 0.55% and 10.79%, respectively. After 12 weeks of
accelerated ripening, concentration of unsaturated fatty
acids in Ty, Ty, T3, Ty, T, Tg and T and standard cheese
decreased by 26.2%, 21.2%, 18.7%, 14.2%, 10.4%, 4.84%, 1.
03% and 6.78%. Unsaturated fatty acids are more suscep-
tible to auto-oxidation as compared to saturated fatty
acids, oxidation rate of oleic acid, linoleic acid and linoleic
acid is 15, 25 and 35 times higher than stearic acid [71].
Vitamin E and selenium when used in combination (T
and T,) considerably inhibited the auto-oxidation of un-
saturated fatty acids and formation of oxidation products.
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Minimum values for conjugated dienes and anisidine
value were observed for Tg and T after 12 weeks of accel-
erated ripening. Arif et al. [72] described that concentra-
tion of short-chain, medium-chain and long-chain fatty
acids decreased in butter oil during the storage period of
2 months. Nadeem et al. [52] observed that antioxidants
of Moringa oleifera leaves efficiently inhibited the lipid
oxidation in butter oil, treatments added with natural anti-
oxidant revealed minimum changes in fatty acid profile.
Rayman et al. [73] studied the effect of various levels of
selenium supplementation on total cholesterol and
HDL, supplementation of selenium at 100-300 mcg/
day decreased total cholesterol and increased HDL.
Neutracueticals may be very useful to prevent/ cor-
rect dyslipidemia [74].

Organic acids

Ripening of cheddar cheese is a complex phenomenon,
several biochemical changes take place that influence
the flavor and texture perspectives of the cheese. In
current investigation, effect of accelerated ripening, vita-
min E and selenium was recorded on the production of
organic acids. Accelerated ripening, vitamin E and selen-
ium significantly influenced the production of organic
acid. After 12 weeks of ripening at 4 °C, cheddar cheese
revealed the lowest concentration of organic acids.
Concentrations of formic acid, pyruvic acid, lactic acid,
acetic acid and citric acid in 12 weeks old standard rip-
ened cheddar cheese (4 °C) were 519, 88, 8463, 262 and
649 ppm, respectively. Cheddar cheese samples added
with vitamin E, selenium and their combinations pro-
duced more organic acids during the ripening period of
12 weeks. Concentrations of formic acid, pyruvic acid,
lactic acid, acetic acid and citric acid in 12 weeks old T,
were 627, 115, 9253, 311 and 691 ppm. Concentrations
of formic acid, pyruvic acid, lactic acid, acetic acid and
citric acid in 12 weeks old T, were 659, 128, 9642, 339
and 728 ppm. Concentrations of formic acid, pyruvic
acid, lactic acid, acetic acid and citric acid in 12 weeks
old T3 were 676, 144, 10,118, 362 and 814 ppm. Concen-
trations of formic acid, pyruvic acid, lactic acid, acetic
acid and citric acid in 12 weeks old T, were 697, 155,
10,237, 391 and 849 ppm. Concentrations of formic acid,
pyruvic acid, lactic acid, acetic acid and citric acid in
12 weeks old Ts; were 751, 192, 10,663, 427 and
914 ppm. Concentrations of formic acid, pyruvic acid,
lactic acid, acetic acid and citric acid in 120 days old Tg
were 923, 269, 125,539, 633 and 1162 ppm. Concentra-
tions of formic acid, pyruvic acid, lactic acid, acetic acid
and citric acid in 12 weeks old T, were 1156, 295,
12,987, 751 and 1264 ppm. Hough et al. [75] observed
that flavor characteristics of Reggianio cheese improved
with the production of organic acids. Accelerated
ripening boosted the production of organic acids [76].
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However, the production of organic acids in accelerated
ripening of cheddar cheese in presence of antioxidants is
not previously studied.

Sensory characteristics

Addition of vitamin E and Selenium alone and in com-
bination did not have any effect significant effect on
color, flavor and texture of fresh cheddar cheese. Color
score of all the treatments at 0, 6 and 12 weeks of ripen-
ing were not different from the standard cheese.
Ripening temperature significantly affected the sensory
characteritics of cheese, cheddar cheese exposed to ac-
celerate ripening ripened earlier than standard cheese.
Flavor score of 6 weeks old Ty, T3, T, and T5 were not
different from 12 weeks old standard ripened cheddar

Table 5 Effect of Selenium and Vitamin E Supplementation on
Sensory Characteristics of Cheddar Cheese in Accelerated
Ripening (18 °C)

Treatments Ripening Period  Color Flavor Texture
Weeks
T 0 82+0.16° 6.1 +0.14° 65+0.16°
6 83+0.11° 67+021° 62+ 009
12 80+ 005 55+0.16 58+ 005
T 0 81+024° 63+008% 65+0.16°
6 80+ 020° 75+004° 64+012°
12 79+ 006° 58+ 009° 59+ 008°
T, 0 81+ 024 62+005¢ 65+0.16°
6 82+ 025 77+035° 66038
12 81+019° 59+027° 69+ 035
Ta 0 81+024° 63+0119 65+0.16°
6 81+009° 74+009° 68+0.18
12 78 £001° 68+004° 70+011°
Ts 0 81+ 024° 64+0.16° 65+0.16°
6 83+034° 73+0.17° 75+007°
12 81+026° 66+022° 7.8+ 005
Te 0 81+024° 60+0.18° 65+0.16°
6 82+0.18 81+031" 81+013°
12 82+ 006° 80+ 006° 82+0.16°
T, 0 81+024° 62+007° 65=+0.16°
6 81+0.18 83+003" 83+020°
12 80+ 028 81+0.10° 82+0.14°
Standard 0 81+024° 65+0.12° 65+0.16°
Ripening 4°C ¢ 80+ 031° 74+007° 80+ 041°
12 78+ 0337 76+ 015° 81 +006°
Positive Control  Ripened at 81+ 015" 83 +048" 84+ 0557

4°C or 9 Months

Within a column, means denoted by a different letter are statistically different
by Tukey’s HSD Test (p < 0.05)

The results presented in Table 5 are the outcome of triplicate treatment and
triplicate analysis (3 x 3 =9; Mean + SD)
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cheese (Table 5). After 6 weeks of accelerated ripening,
flavor score of T¢ and T, and positive control (cheddar
cheese ripened at 4 °C for 9 months) was not different
from each other. Flvor score was closely related with
peroxide value (R* =0.9987). A strong correlation
between peroxide value and flavor characteristics of
dairy product is recorded by [64]. Nadeem et al. [53]
observed that flavor score of whey butter decreased with
the rise in peroxide value. Addition of sesame cake extract
as antioxidant in olein based butter considerably inhibited
the auto-oxidation [53]. Flavor score of fresh and 90 days
old cheese was different from each other [54].

Limitations

In this investigation, a significant reduction in ripening
time of cheddar cheese has been achieved using natural
antioxidants. An appropriate mechanism should be
adopted to dispose off the ripened/ matured cheese
without any further storage. The storage of ripened and
matured cheese is not feasible from quality and commer-
cial aspects. Cheese manufacturers who want to adopt
rapid ripening of cheddar cheese should establish an ap-
propriate marketing/ dispose off mechanism to avoid
unnecessary storage of ripened/ matured cheese.

Conclusions

An innovation in the accelerated ripening of cheese was
achieved. The time required for the ripening of cheddar
cheese was reduced half year to 6 weeks only. Sensory
characteristics of 6 weeks old cheddar cheese that was
ripened at 18 °C was similar to the traditionally ripened
chese for 9 monhts at 4 °C. Selenium and vitamin E sig-
nificantly inhibited the lipid oxidation during accelerated
ripening of cheese. Selenium and vitamin E can be used
at Tg and T, concentrations as antioxidants in acceler-
ated ripening.
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