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Abstract

Ivanova, S., Miteva, D., Odjakova, Ts., Solak, A. & Todorov, P. (2025). Effect of the addition of aromatic plants
on the physicochemical and fatty acid composition and antioxidant activity of cow’s milk curds. Bulg. J. Agric.
Sci., 31(6), 1187-1197

The purpose of the study is to determine the influence of biologically active additives in different concentrations on the
organoleptic evaluation, physicochemical and fatty acid composition, antioxidant activity, and total polyphenols of cow’s milk
curd obtained from highly productive Bulgarian Rhodope cattle. The technological processing of collected cow’s milk into
curd with the addition of different concentrations of peppermint, turmeric, and black pepper leads to an increase in yield. A
loss of protein was detected when aromatic plants were added to the curd, but the amount of fat increased, and it was enriched
with fibber.

The technological processing of curd with the addition of different concentrations of aromatic plants results in an improve-
ment of the fatty acid composition of the curd, characterized by a decrease in saturated fatty acids and an increase in mono- and
polyunsaturated fatty acids. The use of plant supplements in varying concentrations results in a reduction of the atherogenic
and thrombogenic indices. The hypo-hypercholesterolemic index in the curd is 0.31 and increases slightly when additives with
different concentrations are added.

All types of additives lead to an improvement in the antioxidant activity of the curd, with the highest values obtained with
rosemary. In terms of total polyphenol content, the best results were achieved with rosemary supplementation.

Keywords: Bulgarian Rhodope cattle; yield; fat; protein; polyphenols; biologically active additive

Abbreviations: B — basil; M — lemon balm (Melissa officinalis); P — peppermint; T — thyme; R — rosemary; C — tur-
meric: black pepper; FAME — fatty acids methyl ester; F- fat; P — protein; pH — active acidity; E — energy; SFA —
saturated fatty acid; MUFA — monounsaturated fatty acid; PUFA — polyunsaturated fatty acid; MCT- middle chain
fatty acid; SCT — short chain fatty acid; BFA — branched fatty acid; FA- fatty acid; LPS- lipid preventive scor;
Al — aterogenic index; TI — trombogenic index; h/H — hyper-hypocholesterolemic index; TFA- trans fatty acids;
DPPH - 1,1-diphenyl-2-picrylhydrazyl; TPC — total phenolic content

Introduction is a traditional Bulgarian product that has been widely used
in dietary nutrition due to its high content of complete pro-

Curd is a type of fermented milk product, also called teins and the essential amino acids methionine and choline.
fresh cheese, protein, or protein-butter product, which is According to Disanayaka (2019), quality curd should have
usually produced from the milk of all ruminant species. It a firm and uniform texture, a pleasant aroma, and a smooth
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and glossy surface. According to the standard for cow’s milk
curd, it has a pH of 4.5, fat — 5.0% and SNF — 8.5%. Curd
exhibits therapeutic properties in gastrointestinal diseases,
such as constipation, diarrhea, and dysentery (Gandhi and
Nambudripad, 1975), and helps lower blood cholesterol lev-
els (Mann and Spoerry, 1974). Das and Seth (2017) found
the following physicochemical parameters of colostrum-en-
riched curd: dry matter -14.12%, fat 4.3%, protein 3.75%,
lactose 5.2%, ash 0.81%, reduced syneresis, and increased
hardness.

Functional food products have been the most promising
area in the dairy industry in the last decade. Products of this
type take into account the balanced nutrition of different
population groups and were able to satisfy the physiologi-
cal needs of energy and essential substances (Gorlov et al.,
2014; Slozhenkina et al., 2019). In the production of func-
tional fermented milk products, probiotics (starter microor-
ganisms), prebiotics (lactulose, inulin, oligo fructose, dietary
fibber, etc.) and natural plant materials (fruits, vegetables,
seeds and spices) were used, which were of great value,
mainly due to its specific combinations of biologically active
components (Cerdo et al., 2017; Wong et al., 2016). Kryuc-
hkova et al. (2020) analysed literature data. They found that
inulin and blackcurrant possess prebiotic properties, as well
as health-promoting properties and a rich chemical compo-
sition, making them suitable as functional food ingredients
with bifidogenic, immunomodulatory, antioxidant, prebiotic,
and hepatoprotective properties. They can be used to enrich
a dairy product with better quality indicators, including pro-
tein (0.5%), fat (0.2%), carbohydrates (12.4%), fiber (3.4%),
pectin (1.0%), ash (0.5%), and organic acids (86.4%).

Turmeric is a perennial herbaceous plant of the ginger
family, native to South India and Indonesia, and is known
as “Indian saffron”. The tuberous rhizomes or underground
stems are used as a spice, textile dye, and aromatic stimulant
in medicine. In ancient times, it was used as a perfume and
spice. The rhizome has a peppery aroma, a slightly bitter and
warm taste, and an intense orange-yellow color. It is widely
used in the food industry as a colorant and flavouring of nat-
ural origin, such as in mustard, curry powder, sweets, pick-
les, seasoned oils for vegetables, and in dishes featuring fish,
eggs, poultry, rice, and pork. It is used in the cosmetic indus-
try to improve skin color, for soaps, antiseptics, cosmetics,
and other products. It exhibits anti-inflammatory properties,
which help relieve the symptoms of arthritis and intestinal
problems. It has been used medicinally for long-term use and
is taken internally as a stimulant. The combination of tur-
meric and black pepper in warm milk is beneficial for sore
throats, coughs, colds, and other acute respiratory infections.
Turmeric contains the lipophilic bioactive compound cur-

cumin, which possesses antioxidant and anti-inflammatory
properties (Hewlings and Kalman, 2017). Idowu-Adebayo
et al. (2021a) investigated the effects of turmeric supplemen-
tation in soy milk and hibiscus beverage on organoleptic pa-
rameters and consumer acceptability.

Idowu-Adebayo et al. (2021b) established the nutrition-
al value and antioxidant activity of soy milk and a hibis-
cus-based drink supplemented with turmeric. Idowu-Ade-
bayo et al. (2022) investigated the effect of adding turmeric
paste to soy milk, both with and without heat treatment, on
the nutritional and chemical values of all variants. They re-
ported an increase in protein, iron, zinc, TPC (total phenols),
and antioxidant activity.

The use of aromatic plants as a dry additive in curd has
not been well studied, and the literature data have mainly
related to the addition by feed in ruminants; however, these
studies were also scarce. Therefore, an in-depth research is
necessary.

The purpose of the study is to determine the influence of
biologically active additives in different concentrations on
the organoleptic evaluation, physicochemical and fatty acid
composition, antioxidant activity, and total polyphenols of
cow’s milk curd obtained from highly productive Bulgarian
Rhodope cattle.

Material and Methods

Milk from highly productive Bulgarian Rhodope cattle
cows was collected, taken every month for one year, from
the Research Centre of Stockbreeding and Agriculture in
Smolyan. The milk (4 liters) was pasteurized, and techno-
logical processing to curd was carried out (Figure 1), adding
additives of aromatic plants in the form of a dry substance at
concentrations of 0% (control, K) and 0.05%, 0.1%, 0.2%,
and 0.3%. The different types of additives and their concen-
tration when added to brine cheese are presented in Table 1.

Table 1. Addition of aromatic plants to curd

Supplement 0.05% | 0.1% | 02% | 0.3%
Basil BI B2 B3 B4
Lemon balm M1 M2 M3 M4
Peppermint P1 P2 P3 P4
Thyme TI T2 T3 T4
Rosemary R1 R2 R3 R4
Turmeric:black pepper 3:1| ClI C2 C3 C4

Source: Authors’ own elaboration

The technological scheme is presented in Figure 1.
The study was conducted using processed milk every
month to assess changes in milk quality after technological
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treatment. An organoleptic evaluation of curd cheese with
and without an additive in different concentrations was con-
ducted to determine the most suitable concentration based
on the sensory perceptions of consumers (10 participants). It
was performed in accordance with the guidelines for ethical
and food research defined by the European Union (Alfonsi et
al., 2012). Smell, aroma, taste, consistency, and colour were
examined on a scale of 1 to 5, where one was ‘extremely
dislike’ and five was ‘extremely like’. A colour analysis was
performed to determine the differences between the treated
additive and the original curd. The physicochemical and
fatty acid composition of the control and treated curds was
measured at 24 hours.

¢ Total solids — BNS 1109: 1989, ISO 9622

*  Protein — ISO 9622, BNS EN ISO 8968-1: 2002

e Fat— BNS ENISO 1211: 2002, ISO 9622

*+ Ash—BNS 6154:1974

o Titratable acidity BNS 1111:1980

+  Salt content sodium chloride) BNS 8274:1982

*  pH- with pH-meter model MW102-FOOD

* Fiber by Dosi-Fiber-Selecta automatic fiber ex-

traction system, Spain

Extraction of total lipids was performed according to
the method of Roese & Gottlieb. Fatty acid methyl esters
(FAME) were analysed using a Shimadzu-2010 gas chro-
matograph (Kyoto, Japan) equipped with a flame ionization
detector and an automatic injection system (AOC-2010i).
The analysis was performed on a CP-7420 capillary column
(100m x 0.25mm i.d., 0.2um film; Varian Inc., Palo Alto,
CA). Hydrogen was used as the carrier gas. and as a makeup
gas — nitrogen from the gas tower. A four-step furnace mode
was programmed, with the column’s initial temperature set
at 80 °C /min. Maintained for 15 minutes. then increased by
12°C/ min to 170°C and maintained for 20 minutes. followed
by a further increase of 4 °C/min to 186 °C for 19 minutes
and up to 220 °C with a rate of 4 °C/min until the process is
complete. The qualitative assessment of the fat fraction of
the resulting samples includes the following: lipid preven-
tive score (LPS). Atherogenic (Al) and thrombogenic index
(TI) (Ulbricht and Southgate, 1991). the ratio between hy-
per- and hypocholesterolemic (h/H) fatty acids. trans fatty
acids (TFA) and the amount of saturated fatty acids (Regula-
tion (EC) No 1924/2006).

LPS = FAT + 2xSFA — MUFA — 0.5PUFA.

Al = 12:0+4x14:0+16:0/[EMUFAs+PUFA n-6+PU-
FAn-3]

TI=(14:0 + 16:0 + 18:0)/[0.5 x EMUFAs + 0.5 x PU-
FAn-6+ 3xPUFAn-3 + PUFAn-3/PUFA n-6]

h/H = (C18:1n-9 + C18:1n-7 + C18:2n-6 + C18:3n-3 +
+ C18:3n-6 + C20:3n-6+C20:4n-6 + C20:5n-3 + C22:4n-6 +
+ C22:5n-3 + C22:6n-3)/(C14:0 + C16:0).

Preparation of samples for analysis of total phenol con-
tent and antioxidant activity

The curd samples were extracted with 95% ethanol at a
ratio of sample: extractant of 1:5 (w/v) for 6 hours at room
temperature and in the dark. All samples after centrifugation
(10°C, 4000 rmp/, 10 min) and filtration (Whatman No. 4
paper) were stored at -20°C for subsequent analyses.

Determination of the content of total phenols in curd

For the quantitative determination of total phenolic con-
tent (TPC), the method of Singleton et al. (1999) was em-
ployed, with modifications as described by Valyova et al.
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(2012). Briefly, 3.0 mL of distilled water and 0.25 mL of
Folin—Ciocalteu reagent are added to 0.5 mL of the sample
(with the corresponding dilution). After standing for 2 min-
utes, 0.75 mL of a 20% sodium carbonate solution and 0.5
mL of distilled water were added to the mixture. Absorbance
was measured at 765 nm using a UV-Vis spectrophotometer
(Biochrom Libra S20, UK) after the sample had stood in the
dark at room temperature for 120 minutes. TPC is calculated
according to the standard law of gallic acid and is expressed
as milligrams of gallic acid equivalents per 100 grams of
fresh product (mg GAE/100 g product).

Determination of antioxidant activity by method: 1,1-di-
phenyl-2-picrylhydrazyl (DPPH) radical scavenging capaci-
ty at Trolox standard

The antioxidant capacity of the samples was evaluated
by determining the 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical scavenging capacity according to the method of
Brand-Williams et al. (1995) with a slight modification: 0.6
mL of a 0.2 mM solution of DPPH in methanol was mixed
with 0.9 mL of methanol and 0.5 mL of the corresponding
sample dilution. Absorbance was measured after standing
(60 minutes) at room temperature in the dark with a UV-
Vis spectrophotometer (Biochrom Libra S20, UK) at 517
nm against methanol. In the control, the sample solution was
replaced by 0.5 mL of 80% methanol. The antioxidant activ-
ity was calculated against the Trolox standard curve, and the
results were expressed as milligram Trolox equivalents per
100 grams of fresh product — mg TE/100 g product.

Statistical analysis. The results of the studies were ana-
lysed using the MiniTab 17 statistical program. Analysis of
Variance (ANOVA) and post hoc Tukey test were used. Data
are presented as mean + standard deviation (SD). A signifi-
cance level of p < 0.05 was adopted for all comparisons.

Results and Discussion

The organoleptic research conducted by consumers pro-
vides information about the changes in five indicators of curd,
with all indicators being most acceptable when using 0.05%
and 0.1% additives. The samples with a 0.3% additive were
the worst-rated in all indicators compared to the control sam-
ple and the other concentrations in the combination of tur-
meric and black pepper. The use of thyme also resulted in the
most acceptable smell, taste, consistency, aroma, and color at
a 0.1% addition, and unacceptable smell and aroma at 0.2%
and 0.3%. Basil, as an aromatic plant embedded in the curd, is
well accepted by all organoleptic indicators at concentrations
of 0.1% and 0.2%, and was evaluated less well when using
0.3%. Lemon balm, when added, influences the evaluators’
perceptions, and they rated the curd with 0.05% and 0.1% ad-

ditive as the most acceptable compared to the other variants.
The addition of peppermint to curd yielded the best evaluation
for smell and taste at a 0.05% concentration, aroma at 0.05%
and 0.1%, consistency at 0.05% and 0.1%, and colour at all
options. The addition of rosemary to curd showed the most
sensory acceptable performance at 0.05%, followed by 0.1%,
0.2%, and 0.3% additions (Table 2).

The curd yield after straining in the control group was
862.45 g and increased reliably in C3 and C4. The addition
of basil to the investigated curd variants results in a decrease
in yield at all concentrations, with the highest yield at 0.3%
(833.55 g). The yield when using lemon balm was lower com-
pared to the starting curd, varying depending on the concen-
tration of the lemon balm. The application of 0.05% lemon
balm yielded significantly more than the 0.1% supplement,
and at 0.2%, it was significantly higher than at both 0.1% and
0.3%. The application of peppermint in different concentra-
tions results in an unreliable increase in the yield of curd com-
pared to the control samples, whereas it decreases in the case
of thyme. The use of 0.05% and 0.1% oregano increases and
preserves the yield of curds, but at 0.2% and 0.3%, it decreas-
es unreliably compared to the control curds. The addition of
various types of additives falsely lowers the protein content
of the curd, leading to an increase in the amount of fat. The
addition of the additive leads to an increase in the fat content,
which is caused on the one hand by the fat content in the ad-
ditive, and on the other hand by the preservation of fat after
technological treatment in the cheese itself, and is not sepa-
rated from the whey of the curd. When basil was used, the fat
content increased reliably from 10.56% at 0.05% addition to
14.67% at 0.3% addition. The addition of lemon balm resulted
in a reliable increase in fat from 14.04% at 0.05% supplemen-
tation to 22.82% at 0.3% supplementation. Peppermint curd
maintained fat content at 0.1 and 0.2% (2.5 times the control)
and increased at 0.3% (3 times the control curd/ supplemen-
tation at 0.05%/twice the control curd). The use of thyme in-
creased the fat in the curd twice at 0.1%, 2.5 times at 0.2%
and threefold at 0.3%. Rosemary curd had a threefold higher
fat content at 0.1% supplementation, 3.5 times that at 0.2%
supplementation, and almost four times that at 0.3% supple-
mentation compared to the control curd. The use of turmeric
with black pepper resulted in a two-fold increase in curd fat at
0.1% and 0.2%, and a 2.5-fold increase at 0.3% supplementa-
tion compared to the baseline. The use of all types of additives
enriches the curd with fibber, the amount of which increases
proportionally with the concentration. The amount of sodi-
um chloride was highest in the curd control group — 0.40%.
This content contained natural milk and was not affected by
technological treatment, as no salt was added for salting pur-
poses. This allowed for the determination of changes during
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the introduction of additives and subsequent monitoring of the
storage period without the introduction of preservatives. The
ash content in the tested curds in the control group was 1.13%.
The introduction of different types of additives at four concen-

Table 3. Physicochemical composition of curd with additives, n = 6

trations results in their lowering due to technological losses of
mineral substances. The technological processing of milk into
curd with additives increases the dry matter compared to the
control group, with a few exceptions (Table 3).

K Bl B2 B3 B4 Ml M2 M3 M4 P1 P2 P3 P4
Yield 862.45%" | 742.75"% | 692.83 | 812.25 | 833.55 | 650.20%¢ | 673.63"™ | 716.78% | 628.40 | 846.02 | 96545 | 1006.05 | 956.15
8 18.55 29.25 37.82 25.95 23.45 26.80 25.83 34.33 27.30 33.53 18.85 15.95 22.05
PO 12.34 11.79 11,97 12.03 12.33 10.68 11.87 10.84 12.01 12.74 13.34 12.65 12.69
7 224 1.53 1.40 0.91 1.03 1.78 3.48 1.75 2.01 0.97 2.90 1.40 2.36
F Y 5.99 10.56 | 12.60%¢ | 13.41°° | 14.67 | 14.04%H | 17.52 16.55 2282 13.52 15.15 15.07 18.02
5 0.57 1.55 1.44 0.57 0.89 1.46 0.69 1.43 1.26 1.15 0.96 2.09 0.89
NaCL% (). 4CHIKMOPUVWX | () 34D | (358D 0.33 0.30 0.37 0.36 0.33 0.33 0.30 0.29 0.26 0.28
5 0.04 0.08 0.07 0.07 0.07 0.10 0.08 0.04 0.07 0.06 0.03 0.04 0.05
A% .19V 1.06 1.05 125 1.16 1.06 1.10 1.13 1.15 1.06 1.08 1.14 1.19
P 0.15 0.27 0.20 0.44 0.34 0.44 0.49 0.41 0.48 0.54 0.43 0.25 0.51
Fibber. % 0.00 1.80 3.77 7.61 11.25 1.72 3.32 6.52 9.65 149 2.92" 5.57 8.82
7 0.00 0.18 0.30 0.68 0.49 0.33 0.54 0.52 0.37 0.24 0.27 0.62 0.35
TS, % 41.4Y 42.25 41.58 4248 41.69 42.85 40.70 41.20 42.02 42.00 43.52 43.00 44.30
P 0.88 248 1.80 2.05 2.19 3.84 1.36 2.19 2.39 1.65 2.84 3.40 3.86
i 5.41 4.60% 4.77 5.07 4.74 473 | 471 4.72 4.62 4.90 5.35 4.75 4.72
P 0.07 0.28 0.10 0.30 0.07 0.04 0.02 0.06 0.06 0.02 0.61 0.02 0.03
E kel 110.06"YY 14493 | 164.16 | 171.07 | 183.53 | 171.13 | 205.67 | 19534 | 25424 | 17450 | 196.39 | 187.95 | 210.69
’ 10.05 6.86 6.09 4.12 4.74 8.23 15.63 7.64 8.76 3.85 6.84 5.59 4.15

P — protein; F — fat; A — ash; TS-total solids; E — energy; *Means not sharing any letter are significantly different by the Tukey-test at the 5% level of signif-

icance.

Source: Authors’ own elaboration
Table 3. Physicochemical composition of curd with additives, n = 6 (continue)

Tl T2 T3 T4 R1 R2 R3 R4 Cl C2 C3 C4
Yield, g 609.38 53.12 647.51 674.25 947.05 865.98 673.23 72152 919.75 961.32 | 1053.95" | 954.77
’ 33.63 25.62 36.50 82.75 2295 72.22 23.93 23.51 1.65 36.62 17.25 4742
P Y% 10.36 11.53 12.57 12.24 11.69 12.59 13.08 13.70 10.38 11.17 12.84 14.35
’ 122 129 1.54 0.92 131 3.05 1.98 1.53 0.57 0.46 0.61 0.59
% 8.31 1247 16.64 18.54 16.76% 18.59 20.46 2275 11.09 12.18 13.75 15.15
’ 0.94 0.95 1.34 12 13 1.32 1.61 215 0.76 1.11 0.99 1.15
NaCL% 0.34 0.33 0.33 0.31 0.40 0.38%S 0.33 0.33 0.29% 0.29 0.29 0.22
’ 0.08 0.10 0.03 0.10 0.06 0.05 0.05 0.06 0.06 0.03 0.02 0.02
A% 1.01 1.05 1.07 1.10 0.99 1.04 1.13 1.17 0.83U"% 0.86 0.97 1.03
’ 0.31 0.45 0.48 0.52 0.45 0.51 0.55 0.32 0.39 0.08 0.33 0.34
Fibber. % 2.00 3.93 7.53 11.04 2.19 423 8.52 12.71 1.15 233 4,67V 7.98
’ 0.51 0.55 0.49 0.63 0.36 0.38 0.51 0.56 0.16 0.25 0.82 0.73
TS, % 42.14 41.84 41.68 4141 40.84 41.07 41.79 4248 .11 44.47 41.66 43.46
’ 2.23 245 1.69 2.03 2.87 1.58 2.65 3.75 0.20 0.77 0.43 0.15
o 4.72 4.72 4.70 4.90 4.75 491 4.76 4.73 4,850V 4.95%V 4.73%% 4.86
0.02 0.02 0.04 0.04 0.04 0.04 0.03 0.05 0.04 0.14 0.06 0.02
E kel 117.66 161.03 202.90 217.86 200.44 21778 23731 262.03 143.71 156.07 17748 197.36
’ 5.45 5.63 6.76 4.25 5.88 13.70 8.04 6.91 2.56 2.03 2.74 11.68

P — protein; F — fat; A — ash; TS-total solids; E — energy; *Means not sharing any letter are significantly different by the Tukey-test at the 5% level of signif-

icance.

Source: Authors’ own elaboration
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Saturated fatty acids in the control group of curd were
78.02 g/100g fat. They were significantly reduced when
turmeric and black pepper were added in all variants, with
the lowest content found in C4 — 58.01 g/100g fat. The use
of basil lowered their content with increasing concentration
compared to the control curd, but at 0.2% and 0.3% addition,
their amount was preserved, respectively, at 53.57 and 53.92
g/100g of fat. Incorporation of lemon balm into the curd
falsely reduced saturated fatty acids compared to the con-
trol cottage cheese group. The SFA content of M1 and M4
is significantly lower than that of M2 and M3. Peppermint
reduces the amount of saturated fatty acids, with the highest
concentration in P4 at 76.02 g/100g fat and the lowest in
P2 and P3 at 70.54 and 70.41 g/100g fat, respectively. Curd
with thyme has the lowest amount of saturated fatty acids
at a 0.1% addition, at 58.20 g/100g fat. They vary depend-
ing on the concentration, and no decreasing trend was found
with increasing concentration. Adding rosemary to the curd
results in a decrease in the content of saturated fatty acids,
with an increase in the amount of the additive.

The lowest value was obtained at R4, 64.41 g/100g fat.
Monounsaturated fatty acids accounted for 19.73 g/100g fat
in the control group of curd. In contrast, polyunsaturated fat-
ty acids were 2.87 g/100g fat and increased with all types
of supplements, at the expense of lowering saturated fatty
acids. The use of supplements of plant origin leads to a de-
crease in the content of short-chain fatty acids from 10.22
2/100g fat to 0.30 g/100g fat for B1, 1.46 g/100g fat for M1,
0.19 g/100g fat at P2, 0.47 g/100g fat at T3, 0.16 g/100g fat
at R3, and 0.23 g/100g fat at C2. Medium-chain fatty acids

decreased from 20.09 g/100g fat when all supplements were
added; however, some of the concentrations in the supple-
ments made an exception for B2, P1, R1, and C1, where they
remained or increased slightly. Trans and cis fatty acids in
the control group of curds were 3.41 and 13.14 g/100g fat.
The addition of basil at concentrations of 0.2%, 0.3%, and
0.1% rosemary preserved the content of trans fatty acids in
the curds, compared to the control group.

In contrast, in the other variants, it increased. Cis isomers
increased in curd using supplements of different concentra-
tions, except for the 0.05% addition of peppermint and the
0.05% addition of a combination of turmeric and black pep-
per. The highest content of cis isomers was recorded when
0.2% peppermint was added, at 29.12 g/100g fat. The con-
tent of conjugated linoleic acid decreased when adding plant
supplements in different concentrations, up to 2.5 times, due
to their high fat content, which made high concentrations
unsuitable for the work. The amount of omega-3 fatty ac-
ids in the control group of curd was 0.49 g/100g of fat. The
application of basil and lemon balm leads to an increase in
omega-3 fatty acids with increasing concentration, where-
as the use of peppermint and rosemary preserves or lowers
them. With thyme, the highest content was found for T4 and
C3. Omega-6 fatty acids increase as a result of using the sup-
plement. The lowest content was obtained for peppermint,
rosemary, and turmeric, except for C4, which included black
pepper. Branched-chain fatty acids in the tested control curds
were 3.03 g/100g fat. The use of basil, lemon balm, thyme,
0.2% rosemary, and 0.3% rosemary leads to a decrease in
their levels, while in the case of the other variants, they in-

Table 4. Fatty acid groups in curd with additives, g/100g fat,n =6

K Bl B2 B3 B4 Ml M2 M3 M4
SFA 78.02000" | 1.48 | 67.67 | 0.48 | 68.56 | 1.36 | 53.57 | 0.75|53.92 | 1.07 | 57.12%% | 1.27 | 64.957 | 0.59 | 66.83%" | 0.33 | 61.42 | 1.67
MUFA 19.73Y 1 0.38 | 25.54*8 ] 0.17 | 24.00 | 0.48 | 34.07 | 0.48 | 33.43 | 0.66 | 31.69%¢ | 0.86 | 28.50"" | 0.26 | 26.99 | 0.13 | 26.34 | 0.72
PUFA 2.87"0U 1 0.05| 370 [0.02|3.67 |0.07| 9.81 |0.14[10.01[020| 7.59 |021| 473 [0.04| 445 |0.02| 895 | 0.24
X C-18:1 Trans-FA 341 007|557 1004|608 [012] 290 |0.04 | 3.59 [ 0.07 | 841F¢ | 023 | 728 |0.07| 7.80 |0.04| 5.63 | 0.15
X CLA 043 1001] 019 [0.00]038]0.01] 035 [0.00]0.24)0.00] 031 J001] 050 ]0.00] 020 |0.00] 036 | 0.01
C-16:0/C-18:1cis9 290 0.00] 229 |0.00|250 [0.00| 102 ]0.00| 1.06 [0.00| 1.62 |[0.00| 212 |0.00]| 231 |0.00| 1.78 | 0.00
C-16:0/C-18:1 ges. 224 1000) 1.61 [0.00| 172 0.00| 0.89 ]0.00| 0.90 [0.00| 1.06 |[000| 140 |0.00]| 147 ]0.00| 1.25 | 0.00
Xn-3 049 10.01] 038 [0.00]| 087 [0.02] 240 |0.03| 1.97 |0.04| 0.68 |002| 101 |0.01] 073 |0.00| 1.95 | 0.05
Zn-6 206V 10.04| 345 [0.02|287(006| 729 |0.10| 815|016 | 6.91% |0.19| 352 [0.03| 3.78 |0.02| 6.99 | 0.19
L MCT (C-10>C-14) | 20.09™°V | 0.38 | 16.98 | 0.11 [20.76| 0.41 | 13.91°°| 0.20 | 12.98 | 0.26 | 13.86* | 0.37 | 15.37 |0.14| 17.40 | 0.09 | 13.56 | 0.37
L SCT (C-4>C-8) | 1022 | 0.19 | 0.30 [0.07 | 0.72 | 0.01 | 1.47 |0.02| 270 [0.05| 146 |024| 196 |[0.02| 1.63 |0.01]| 512 | 0.14
CLA Oc,11t 027 10.01] 0.07 |0.00]0.19 [0.00| 0.10 |]0.00| 0.00 0.00| 0.05 |[000| 0.8 |0.00]| 0.08 |0.00| 0.06 | 0.00
X n-6/En-3 422 10.00] 898 [0.00]331[0.00] 304 ]0.00]| 414 |0.00] 10.09 |0.00| 349 ]0.00] 518 ]0.00| 3.59 | 0.00
XC-18:1 cis-FA 13.14 1025 17.60 | 0.12 [ 14.91] 0.30 [ 29.12°° | 0.41 | 27.82 | 0.55 | 19.14¢ | 0.52 | 16.98™ | 0.16 | 16.08"| 0.08 | 18.10 | 0.49
BFA 3.03NU 10.05| 2.62 |0.02266]005| 1.86 |0.03| 206|004 239%5 | 0.06 | 2.18 [0.02| 220 |0.01 | 1.64 | 0.04

*Means not sharing any letter are significantly different by the Tukey-test at the 5% level of significance.

Source: Authors’ own elaboration
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crease compared to the starting curd (Table 4).

The lipid preventive score in the studied milk from the
control group was 15.69. The addition of vegetable additives
to the curd leads to an increase in the lipid preventive score
due to an increase in the total fat content of the curd and the
content of long-chain saturated fatty acids. The lipid preven-
tive score was lowest with 0.05% thyme-16 and highest with
0.3% rosemary-45.30 (Table 5). The atherogenic index in the
control curds was 3.85, and the thrombogenic index was 3.40.
The use of plant supplements in different concentrations leads
to a decrease in the atherogenic and thrombogenic index. The

atherogenic index gives the correlation between the sum of
the main saturated fatty acids and the unsaturated fatty acids,
the former being considered proatherogenic (favoring the ad-
hesion of lipids in the cells of the immune and circulatory sys-
tem). The second were anti-atherogenic (inhibit plaque aggre-
gation and decrease levels of esterified fatty acids, cholesterol,
and phospholipids, thus preventing the occurrence of micro-
and macro-coronary diseases). The thrombogenic index is
defined as the tendency for blood vessels to form clots. It is
calculated as the ratio between prothrombogenic (saturated)
and antithrombogenic (monounsaturated and polyunsaturated

Table 4. Fatty acid groups in curd with additives, g/100g fat, n = 6 /continue/

P1 P2 P3 P4 Tl T2 T3 T4

SFA 73.96UK | 471 | 70.54 | 0.57 | 7041 | 049 | 76.02 | 6.32 | 61.74"" | 0.82 | 58.20"" | 0.30 | 68.34°" | 0.18 | 65.24 | 1.21
MUFA 22.73UL 10,05 |23.80% | 0.02 | 23.96 | 028 | 2421 | 0.18 | 2837 | 0.39 | 31.27 | 0.16 | 25.55 | 0.07 | 25.27 | 047
PUFA 2811 0.01 | 3.04 | 000 | 2.78 | 0.16 | 3.01 | 0.02 517 | 0.07 | 7.61% | 0.04 312 1001 | 696 | 0.13
X C-18:1Trans-FA 5.84 0.01 | 5.71 0.01 | 433 1.13 | 1093 | 0.08 6.84 | 0.09 | 894 | 0.05 6.65 |0.02| 420 | 0.08
X CLA 0.18 0.00 | 0.18 | 0.00 [ 024 | 0.02 | 035 | 0.00 021 | 000 [ 032 | 0.00 022 |0.00| 050 | 0.01
C-16:0/C-18:1cis9 3.18 0.00 | 297 | 000 | 2.66 | 0.18 | 4.60 | 0.00 202 1000 | 170 | 0.00 251 1000 191 | 0.00
C-16:0/C-18:1 ges. 2.12 0.00 | 206 | 000 [ 201 | 0.02 | 2.0 | 0.00 1.37 ] 0.00 | 1.08 | 0.00 1.67 000 | 141 | 0.00
Zn-3 0.38PK- | 0.00 | 040" | 0.00 | 031 | 0.02 | 041 | 0.00 0.63 | 0.01 | 0.59 | 0.00 048 10.00 | 1.55 | 0.03
X n-6 24211001 | 252 | 0.00 | 2.34 | 0.18 | 234 | 0.02 469 | 006 | 7.05 | 0.04 266 | 001 537 | 0.10
L MCT(C-10>C-14) | 20.13 | 0.75 | 1893 | 0.30 | 1822 | 030 | 1842 | 0.70 | 15.63 | 0.21 | 13.66 | 0.07 | 18.81 | 0.05 | 18.00 | 0.34
X SCT(C-4>C-8) 222 044 1 019 | 006 | 096 | 0.75 | 6.20 | 5.00 0.70 | 0.03 132 ] 0.01 047 10.00 | 483 | 0.09
CLA 9c,11t 0.07 0.00 | 008 | 0.00 | 0.11 0.03 | 0.15 | 0.00 0.12 ] 0.00 | 0.08 | 0.00 0.07 10.00 | 030 | 0.01
X n-6/Xn-3 6.36 0.00 | 627 | 000 | 7.64 | 0.16 | 571 | 0.00 743 | 0.00 | 11.94 | 0.00 551 10.00 | 3.46 | 0.00
XC-18:1cis-FA 13517 | 0.03 | 1442 | 001 | 1614 | 094 | 9.50 | 0.07 | 1849 | 025 | 19.63" | 0.10 | 15.61° | 0.04 | 18.73 | 0.35
BFA 3.39 0.01 | 341 | 0.00 |341%] 0.07 | 331 | 0.02 298 | 0.04 | 2.82" | 0.01 | 3.23% | 0.01 | 3.00 | 0.06
*Means not sharing any letter are significantly different by the Tukey-test at the 5% level of significance.

Source: Authors’ own elaboration

Table 4. Fatty acid groups in curd with additives, g/100g fat, n = 6 /continue/

R1 R2 R3 R4 Cl C2 C3 C4

SFA 70.664™ | 0.22 | 69.28 | 1.19 | 67.23 | 0.22 | 6441 | 231 |72.84%| 191 | 66.33 | 138 | 66.71 | 1.50 | 58.01 | 6.77
MUFA 2352901 0.07 | 24.17 | 2.16 [25.355T| 0.02 | 27.82 | 0.92 | 22.23 | 0.04 | 24.13 | 0.50 | 23.63 | 0.63 | 29.53 | 4.83
PUFA 348 | 0.01 | 326 | 048 | 29357 | 0.00 [ 3.72 | 0.12 273 0.00 232 | 0.05 | 416 | 0.11 737 | 379
X C-18:1Trans-FA 506 | 0.02 | 2.84% | 049 | 3.63 | 0.00 | 3.91 0.13 5.73 0.01 5.35 0.11 | 519 | 0.14 | 549" | 1.18
X CLA 026 | 0.00 | 033 | 0.06 [ 020 | 0.00 | 0.23 0.01 026 | 0.00 0.16 | 0.00 | 031 0.01 0.35 0.00
C-16:0/C-18:1cis9 274 1 0.00 | 230 | 026 | 2.12 | 0.00 | 1.84 | 0.00 | 3.14 | 0.00 265 | 0.00 | 2.67 | 0.00 1.74 | 0.66
C-16:0/C-18:1 ges. 191 000 | 190 | 028 | 1.70 | 0.00 | 148 | 0.00 | 2.07 | 0.00 1.86 | 0.00 | 1.89 | 0.00 134 | 0.53
Xn-3 047 | 0.00 | 048 | 0.07 | 039 | 0.00 [ 0.67 | 0.02 0.33 0.00 032 | 0.01 | 144 | 0.04 1.08 | 0.54
X n-6 3.0 | 0.01 | 2.63 | 042 | 2.557 | 0.00 | 3.01 0.10 | 2.29" | 0.00 210 | 0.04 | 2.53 0.07 6.13 3.28
L MCT(C-10>C-14) | 20.15 | 0.67 |19.31%| 1.60 | 17.29 | 0.23 | 15.63 | 0.89 | 21.27 | 0.03 |17.33"X| 036 | 17.35 | 0.34 | 13.88"*| 0.76
X SCT(C-4>C-8) 1.09 126 | 056 | 0.15 | 0.16 | 0.01 | 0.53 024 | 297 1.84 | 023"W | 0.00 | 026 | 0.09 141 1.30
CLA 9c,11t 0.14 | 0.00 | 0.15 | 0.03 | 0.09 | 0.00 | 0.07 | 000 | 0.08 | 0.00 0.05 | 0.00 | 0.10 [ 0.00 0.07 | 0.00
X n-6/Zn-3 6.66 | 0.00 | 549 | 0.06 | 647 | 0.00 | 452 | 0.00 | 7.00 | 0.00 656 | 0.00 | 1.76 | 0.00 554 | 039
XC-18:1cis-FA 152497 | 0.06 | 17.61 | 1.81 [18.7157| 0.02 | 2042 | 0.68 |12.99%%| 0.02 | 15.13 | 031 | 1521 | 041 |[21.44Y%| 4.03
BFA 347 1 010 | 3.72 | 024 | 2.99 | 0.00 | 2.03 0.07 |3.389%| 0.01 | 3.29" | 0.07 | 3.62 | 0.10 | 3.20% | 0.30

*Means not sharing any letter are significantly different by the Tukey-test at the 5% level of significance.
Source: Authors’ own elaboration
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omega-3 and omega-6 fatty acids) fatty acids (Ghaeni et al.,
2013). The thrombogenic and atherogenic index, as indicators,
should not exceed 1.00 while the cholesterol index is above
1.00 (Ivanova and Hadzhinikolova, 2015). The hypo-hyper-
cholesterolemic index in the curd is 0.31 and increases slightly
when additives with different concentrations are added. Using
0.3% basil increased h/H to 0.75, 0.1% lemon balm to 1.51,
0.05% peppermint to 0.64, 0.2% thyme to 0.74, 0.05% rose-
mary to 0.50, and 0.3% turmeric with black pepper to 0.35.
Cholesterolemic index was low (below 1.0) in all variants of
supplements and concentrations except for 0.1% lemon balm.

Trans fatty acids in the control group of curd were 0.23
g/ 100g product and vary when adding aromatic plants in dif-
ferent concentrations, with the lowest values found at 0.3%
basil — 0.11 g/ 100g product, 0. 1% lemon balm- 0.18 g/
100g product, 0.2% peppermint 0.65 g/ 100g product, 0.2%
thyme- 0.42 g/ 100g product, 0.05% rosemary -0.11 g/ 100g
product and 0.3% turmeric with black pepper — 0.24 g/ 100g
product. The introduction of additives from various aromatic
plants leads to an improvement of the fatty acid profile and
quality indicators of the curd.

The antioxidant activity in the tested curds was 1.14 TE
mg/100 g product. Curds with additives were characterized
by varying antioxidant activity, depending on their type and
concentration applied during the technological process. Add-
ing turmeric at a minimum concentration of 0.05% to the
curd increases the antioxidant activity fourfold, to 4.67 TE
mg/100 g product. As the concentration of the combination
of turmeric and black pepper increases, the antioxidant ac-
tivity also increases. The use of 0.1% turmeric supplement
increased the antioxidant activity in curd by 5-fold, at 0.2%

by 7.8-fold, and at 0.3% by 11-fold compared to the curd
control group. The addition of peppermint in dry form at low
concentrations (0.05% and 0.1%) reduces the antioxidant
activity in the curd to 0.47 and 0.73 TE mg/100 g product,
respectively. However, at 0.2% addition, it increases by 4
times, and by 8 times at 0.3%. Rosemary increased the an-
tioxidant capacity of curd, and at 0.5%, it increased to 1.88
TE mg/100 g product compared to the control curd group. At
0.1% supplementation, the increase was 12 times, at 0.2%
supplementation, it was 19.9 times, and at 0.3% addition,
it was 31 times. The inclusion of lemon balm in curd at a
0.05% concentration has a lower antioxidant activity com-
pared to the control group of curd — 0.51 TE mg/100 g prod-
uct, while at 0.1% it increases by 6.7 times, at 0 2% increases
by 12-fold, and by 17-fold with 0.3% addition. Thyme in dry
form at 0.05% addition in the curd increased the antioxidant
activity to 1.44 TE mg/100 g product, twice at 0.1% addition,
5.8 times at 0.2% addition, and 8.5 times at 0.3% addition
compared to the control curd. Identical results were obtained
for basil. All types of additives lead to an improvement in
the antioxidant activity of the cottage cheese, with the high-
est values obtained with rosemary. Basil and thyme should
be used at concentrations of 0.2% and 0.3%, respectively, to
increase the antioxidant activity in curd; however, they neg-
atively impact the organoleptic indicators (Table 6).

The total polyphenols in the studied curd were 4.67 GAE
mg/100g product. The use of the combination of turmeric with
black pepper increased the content of total phenols threefold
at 0.05% supplementation, 3.4 times at 0.1% supplementation,
4.7 times at 0.2% supplementation, and by 6.3 times at 0 .3%
additive. The addition of 0.05% and 0.1% peppermint to the

Table 5. Qualitative evaluation of the fat fraction of curd with supplements

K Bl B2 B3 B4 M1 M2 M3 M4 P1 P2 P3 P4
LPS 15.69 | 21.96 | 26.62 | 28.17 | 18.43 | 35.89 | 18.30 | 33.84 | 43.82 | 24.71 | 32.69 | 32.47 | 33.40
Al 385 | 2.88 | 321 284 | 217 | 291 0.61 2.62 1.96 198 | 3.55 | 348 | 2.93
TI 340 | 242 | 299 | 250 135 | 274 1.10 | 249 1.90 1.92 | 3.02 | 2.84 | 257
h/H 0.31 0.41 037 | 044 | 075 | 043 1.51 0.41 0.64 | 0.64 | 031 034 | 041
TFA (g/ 100g product) 0.23 0.59 0.77 0.71 0.11 0.72 0.18 1.29 1.28 0.74 0.86 0.65 0.75
SFA+TFA (g/ 100g product) | 544 | 7.73 | 9.40 | 10.00 | 2.65 | 1448 | 1.07 | 1235 | 1530 | 859 | 11.55 | 11.26 | 1047
Source: Authors’ own elaboration
Table 5. Qualitative evaluation of the fat fraction of curd with supplements
Tl T2 T3 T4 R1 R2 R3 R4 Cl C2 C3 C4
LPS 16.00 | 27.80 | 23.43 | 3740 | 19.62 | 39.55 | 4249 | 4530 | 24.63 | 2526 | 25.63 | 17.60
Al 2.34 2.24 1.81 2.60 4.64 3.32 3.05 249 3.73 3.30 3.57 3.04
TI 2.11 2.12 1.75 2.27 2.34 2.94 2.76 2.58 2.93 2.83 2.98 240
WH 0.49 0.52 0.74 0.51 0.50 0.39 0.42 0.49 0.29 0.33 0.31 0.35
TFA (g/ 100g product) 0.57 1.05 0.42 0.78 0.11 0.53 0.74 0.89 0.64 0.65 0.50 0.24
SFA+TFA (g/ 100g product) 5.70 11.12 4.94 12.87 1.73 13.41 14.50 15.54 8.71 8.73 7.63 1.90

Source: Authors’ own elaboration
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curd resulted in a decrease in polyphenol content compared
to the control group of curd. In contrast, the other concentra-
tions increased by 1.6 times at 0.2% and by 2.3 times at 0.3%
additive. The curd with the addition of 0.05% rosemary has a
higher content of total polyphenols compared to the control
series — 6.00 GAE mg/100g product. This content increas-
es depending on the concentration of the additive, with the
highest value recorded at 0.3%- 52.00 GAE mg/100g product.
Polyphenols increased with the addition of lemon balm com-
pared to the control curd from 6.00 GAE mg/100g product at
0.1% to 17.16 GAE mg/100g product at 0.3% addition. The
use of thyme in low concentrations (0.05% and 0.1%) result-
ed in a lower content of polyphenols compared to the control
curd. However, at concentrations of 0.2% and 0.3%, the con-
tent increased by 3.4 and 3.7 times, respectively, compared to
the control group. The addition of basil to the curd increased
the content of polyphenols at all concentrations compared to
the control curd. Adding basil to curd increased the total poly-

Table 6. Antioxidant activity and content of total poly-
phenols in curd with additives, n = 6

DPPH, TE mg/100 g TPC, GAE, mg/100g
TIPOIYKT TIPOIYKT
K 1.14+0.001°™ 4.67+0.29%"
Cl 4.67+0.026" 13.334+0.28¢H
C2 5.91+0.07% 16.00+0.00"
C3 8.93+0.17" 22.00+0.50°
C4 12.45+0.20F 29.50+0.008
P1 0.47+0.02R 0.83+0.28M
P2 0.73+0.06™* 1.67+0.29M
P3 4.44+0.05- 7.50+0.00°
P4 8.67+0.027" 10.83+0.28'
R1 1.88+0.13N 6.00+0.01%
R2 13.79+0.28P 14.03+0.05¢
R3 22.68+0.148 27.83+0.76¢
R4 35.46+0.184 52.00+0.054
M1 0.514+0.02%% 3.83+0.57"
M2 7.73+0.09" 6.00+0.86%
M3 13.28+0.42F 8.17+£0.29’
M4 19.38+0.087¢ 17.16+0.57"
T1 1.44+0.03° 3.83+0.28"
T2 2.53+0.13M 4.00+0.00"
T3 6.66+0.043’ 16.00+0.00F
T4 9.64+0.07¢ 17.66+0.28F
B1 1.45+0.01° 12.3340.28"
B2 2.18+0.01MN 14.33+0.28¢
B3 7.35+0.026! 16.83+0.29FF
B4 8.65+0.026" 17.83+0.29%

*Means not sharing any letter are significantly different by the Tukey-test
at the 5% level of significance.
Source: Authors’ own elaboration

phenol content by 2.6-fold at 0.05%, by 3-fold at 0.1%, by
3.6-fold at 0.2%, and by 3.8-fold at 0.3% supplementation rel-
ative to the control group. Regarding the total content of poly-
phenols, the best results were achieved with the addition of
rosemary, while the addition of peppermint and thyme yielded
the most unacceptable results (Table 6).

Branciari et al. (2015) in the supplementation of sheep
with rosemary leaves, found that the high antioxidant activ-
ity leads to a decrease in proteolysis and lipolysis in cheese.
Oxidative processes and fermentation stability were investi-
gated by Fernandes et al. (2018) in the application of essen-
tial oils of oregano and rosemary as a natural antioxidant in
cream cheese, where the acidity is lower and the pH is higher
compared to the original cheese, and allows storage for a
period of 30 days in refrigerated conditions.

Conclusions

The technological processing of collected cow’s milk
into curd with the addition of different concentrations of
peppermint, turmeric, and black pepper leads to an increase
in yield. A loss of protein was detected when aromatic plants
were added to the curd, but the amount of fat increased, and
it was enriched with fibber.

The technological processing of curd with the addition
of different concentrations of aromatic plants leads to an im-
provement in the fatty acid composition in curd by lowering
saturated and increasing mono- and polyunsaturated fatty
acids. The use of plant supplements in different concentra-
tions leads to a decrease in the atherogenic and thrombogen-
ic index. The hypo-hypercholesterolemic index in the curd
was 0.31 and increased slightly when additives with different
concentrations were added.

All types of additives lead to an improvement in the anti-
oxidant activity of the curd, with the highest values obtained
with rosemary. In terms of total polyphenol content, the best
results were achieved with rosemary supplementation.

Acknowledgments

The study was conducted with the financial support of
the National Science Foundation. Ministry of Education
and Science, within the framework of the implementation
of the Project “Study of the influence of aromatic plants and
their essential oils on the quality of milk and milk products”.
(Contract with NSF No. KP -06-N56/3/10.11.2021).

References

Alfonsi, A., Coles, D., Halse, C., Koppel, J., Ladikas, M., Koch,
J. S. von, (CHAIR), D. S., Sprumont, D., Verbeke, W. &



Effect of the addition of aromatic plants on the physicochemical and fatty acid composition and...

1197

Zaruk, D., (2012). Guidande note: ethics and food-related
research. Brussels, Belgium: European Commission Ethics
Review Sector, 25. http://hdl.handle.net/1854/LU-3160248.
Guidande note: ethics and food-related research, Europe-
an Commission Ethics Review Sector, 25. http://hdl.handle.
net/1854/LU-3160248.

Branciari, R., Ranucci, C., Trabalza, M. & Codini, M. (2015).
Evaluation of the antioxidant properties and oxidative stability
of pecorino cheese made from the raw milk of ewes fed Ros-
marinus officinalis L. leaves. Int. J. Food Sci. Technol., 50(2),
558 — 565.

Brand-Williams, W., Cuvelier, M. E. & Berset, C. (1995). Use
of a free radical method to evaluate antioxidant activity. LWT —
Food Science and Technology., 28, 25 — 30.

Cerdo, T., Ruiz, A., Suarez, A. & Campoy, C. (2017). Probiotic,
Prebiotic and Brain. Development Nutrients, 9, 1247 — 1249.

Das, A. & Seth, R. (2017). Chemical compositional analysis and
physical attributes of curd fortified with bovine colostrum whey
powder. International Journal of Chemical Studies, 5, 334 —
338.

Disanayaka, L. M. J. N. K. (2019). Antifungal Property of lac-
tobacillus fermentum isolated from Sri Lankan homemade
curd on Candida species: Candida albicans, Candida glabrata,
Candida krusei, Candida parapsilosis andCandida tropicalis.
Bachelor thesis, University of Peradeniya. Sri Lanka.

Fernandes, R., Botrel, D. A., Monteiro, P. S. & Borges, S. V.
(2018) Microencapsulated oregano essential oil in grated par-
mesan cheese conservation. /nt. Food Res. J., 25(2), 661 — 669.

Gandhi, D. N. & Nambudripad, V. K. N. (1975). Implantation
of Lactobacillus acidophilus in the intestine of adult suffering
from gastrointestinal disorders. Indian Journal of Dairy Sci-
ence, 28,72 —179.

Ghaeni, M., Ghahfarokhi, K. N. & Zaheri, L. (2013). Fatty acids
profile, atherogenic (IA) and thrombogenic (IT) health lipid in-
dices in Leiognathusbindus and Upeneussulphureus. Journal of
Marine Science: Research & Development, 3(4), 1 —3.

Gorlov, L. F., Nelepov, Yu. N., Slozhenkina, M. 1., Korovina, E.
Yu. & Simon, M. V. (2014). Development of new functional
products based on the use of sprouted chickpeas. Everything
about meat, 1,28 —31.

Hewlings, S. J. & Kalman, D. S. (2017). Curcumin: A review of
its effects on human health. Foods, 6, 92.

Idowu-Adebayo, F., Fogliano, V. & Linnemann, A. (2022). Tur-

meric-Fortified Cow and Soya Milk: Golden Milk as a Street
Food to Support Consumer Health. Foods, 11, 558.

Idowu-Adebayo, F., Fogliano, V., Oluwamukomi, M. O., Oladi-
meji, S. & Linnemann, A. R. (2021a). Food neophobia among
Nigerian consumers: A study on attitudes towards novel tur-
meric-fortified drinks. J. Sci. Food Agric.,101, 3246 — 3256.

Idowu-Adebayo, F., Toohey, M. J., Fogliano, V. & Linnemann,
A. R. (2021b). Enriching street-vended zobo (Hibiscus sab-
dariffa) drink with turmeric (Curcuma longa) to increase its
health-supporting properties. Food Funct.,12,761 —770.

Ivanova, A. & Hadzhinikolova, L. (2015). Evaluation ofnutrition-
al quality of common carp (Cyprinus carpio L.) lipids through
fatty acid ratios and lipid indice. Bulg. J. Agric. Sci., 21(1),
180 —185.

Kryuchkova, V. V., Gorlov, 1. F., Belik, S. N. & Kamlatsky, A.
S. (2020). Vegetable ingredients in functional fermented milk
products. IOP Conf. Series: Earth and Environmental Science,
548: 082092.

Mann, G. V. & Spoerry, A. (1974). Studies of a surfactant and
cholesteremia in the Massai. American Journal of Clinical Nu-
trition, 27, 464 — 469.

Regulation (EC) No 1924/2006 of the European Parliament and of
the Council. 20 December 2006: On nutrition and health claims
made on foods. Trans fatty acids and insulin resistance. Athero-
sclerosis, 7,37 — 39.

Singleton, V., Orthofer, R. & Lamuela-Raventés, R. M. (1999).
Analysis of Total Phenols and Other Oxidation Substrates and
Antioxidants by Means of Folin— Ciocalteu Reagent. In: Meth-
ods Enzymology. Academic Press, USA, 152 — 178.

Slozhenkina, M. L., Gorlov, I. F., Kryuchkova, V. V., Serkova,
A. D. & Belik, S. N. (2019). Vegetable ingredient in cheese
product Potravinarstvo Slovak. Journal of Food Sciences, 1,
1018 — 1025.

Ulbricht, T. L. & Southgate, D. A. (1991). Coronary heartdisease:
Seven dietary factors. Lancet, 338., 985 — 992.

Valyova, M., Stoyanov, S., Markovska, Y. & Ganeva, Y. (2012).
Evaluation of in vitro antioxidant activity and free radical scav-
enging potential of variety of Tagetes erecta L. flowers growing
in Bulgaria. International Journal of Applied Research in Nat-
ural Products, 5, 19 — 25.

Wong, C., Harris, P. J. & Ferguson, L. R. (2016). Potential Ben-
efits of Dietary Fiber Intervention in Inflammatory Bowel Dis-
ease. Int. J. Mol. Sci., 17,919.

Received: May 21, 2024; Approved: June, 24,2024; Published: December, 2025



