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ABSTRACT

Background: The use of herbs in dairy products, including cheese, has been
common from the ancient times. Some plants have antimicrobial properties
against spoilage agents due to their volatile compounds, including phenolic
compounds. Siahmazgi cheese is an Iranian locally-made cheese produced
from ewe’s milk or a mixture of ewe and goat’s milks in the suburbs of Rasht
in the north of Iran.
Aims: Investigation of the application potential of free and nano-
encapsulated Echinophora platyloba essential oil and its effect on the quality
characteristics of Siahmazgi cheese
Methods: In order to investigate the effect of Echinophora platyloba
essential oil on the physicochemical, microbial and sensory properties of
Siah-Mezgi cheese, different concentrations of Echinophora platyloba
essential oil (0, 0.1, 0.3 and 0.5%) were added to the cheese in both free and
nanoencapsulated forms. and the cheese samples were tested on days 1, 30,
60 and 90 of the storage period.
Results: Based on the obtained results, the changes in the acidity of the
samples during 90 days of ripening were increasing and pH
decreasing(P<0.05). The use of Echinophora platyloba essential oil had no
significant effect on the texture and composition of cheese including fat, ash
and dry matter (P>0.05), but during the storage period, the amount of dry
matter and texture hardness increased(P<0.05). During the ripening period,
the amount of color indices L* decreased and a* and b* increased. There was
a significant difference between the treatments containing free essential oil
and the samples containing nanoencapsulated essential oil on the antioxidant
activity of cheese (P<0.05) and the antioxidant activity decreased during the
ripening period. In treatments containing essential oil, the intensity of
microbial growth was lower than the control sample.
Conclusion: Adding essential oil to cheese improved the aroma, taste and
overall acceptance and the treatment containing 0.5% micro-encapsulated
essential oil had a higher score in terms of sensory evaluation.
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Extended Abstract

Introduction: Dairy products, particularly cheese,
play a significant role in human nutrition. Cheese
is the most diverse product derived from milk, with
hundreds of varieties produced globally, each
differing in shape, flavor, and production methods.
Cheese is classified based on production methods
and chemical compositions. Despite the sensory
advantages of traditional cheeses over industrial
ones, microbial load from raw milk presents a
critical issue, as contamination can lead to the
presence of harmful microorganisms, posing risks
of zoonotic diseases. In Iran, various types of
cheese are produced, including Siahmazgi cheese,
a traditional cheese made from goat or sheep milk,
known for its high nutritional value and
comparable sensory qualities to famous French
cheeses. Echinophora platyloba, a native plant in
northwest Iran, is used as a seasoning in yogurt and
cheese. Despite the resistance of many
microorganisms at low pasteurization
temperatures, producers often resort to industrial or
natural antibacterial agents to eliminate pathogens.
Recently, extracts and essential oils from these
plants have been utilized as natural preservatives in
dairy industries. The encapsulation technique
enhances the stability and bioavailability of
essential oils, improving their antimicrobial
properties. Acknowledging the disadvantages of
industrial ~ antibacterial agents, researchers
recommend using medicinal plants  with
antimicrobial properties. This study aims to
produce Siahmazgi cheese using different
concentrations of free and nano-encapsulated
Echinophora platyloba essential oil and to assess
their effects on the cheese quality, microbial and
sensory properties.

Materials and Methods: Echinophora platyloba
was collected during its flowering phase in spring,
cleaned, dried, and ground. Essential oil extraction
was performed using a Clevenger apparatus. The
extracted oil was stored in dark vials to prevent
light exposure. The Echinophora platyloba
essential oil was first mixed with Tween 80 as a
surfactant in equal proportions using a magnetic
stirrer. The oil-surfactant mixture was then slowly
added to a slightly acidic agueous phase (distilled
water with 0.3% citric acid) while stirring at 700
RPM, and the resulting emulsion pre-mixture was
subjected to ultrasonic waves for 20 minutes to
produce a nano-emulsion  Sheep milk was
pasteurized, and different treatments were applied
to produce cheese with varying concentrations of
essential oil. The cheese was pressed, salted, and

stored in refrigerated conditions. The cheese
samples were analyzed for physicochemical,
microbial, and sensory properties during a ripening
period. Various tests were conducted, including
acidity, pH, fat and antioxidant activity, as well as
texture analysis and sensory evaluation by trained
panelists. Statistical analyses were performed
using SPSS software. This study highlights the
potential of using natural preservatives derived
from local plants to enhance the quality and safety
of traditional dairy products, contributing to
sustainable practices in the dairy industry.

Results and discussion: The results indicated that
the acidity of the samples increased, while the pH
decreased over the 90-day storage period. The
addition of essential oil, particularly in its nano-
encapsulated form, effectively controlled the
increase in acidity and the reduction of pH during
the storage of the cheese. The use of Echinophora
platyloba essential oil did not significantly affect
the texture or the approximate composition of the
cheese, including fat, ash, and dry matter.
However, throughout the storage period, the dry
matter content and texture firmness increased.
During the storage period, the L* color index
decreased, while a* and b* indices increased. The
application of essential oil further contributed to
the reduction of the L* index and the increase of a*
and b* indices. A significant difference was
observed in the antioxidant activity between
treatments containing free essential oil and those
with nano-encapsulated essential oil (P < 0.05).
Additionally, the antioxidant activity decreased
during the storage period, with the samples
containing  nano-encapsulated  essential il
showing higher antioxidant activity than the other
treatments. The addition of essential oil, especially
in the nano-encapsulated form, resulted in a
significant reduction of mold, yeast, and total
bacteria. Although microbial counts increased
significantly over the storage period, the growth
intensity in treatments containing essential oil was
lower than in the control sample. The addition of
essential oil improved the aroma, flavor, and
overall acceptance of the cheese; however, it did
not significantly affect the texture. The sensory
scores for the samples decreased over the 90-day
storage period. Ultimately, the treatment
containing 0.5% nano-encapsulated essential oil
received the highest sensory evaluation scores.
Conclusion: The study concluded that the
incorporation of Echinophora platyloba essential
oil, particularly in its nano-encapsulated form,
positively influenced the quality and safety of
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Siahmazgi cheese. The essential oil not only helped
in controlling acidity and improving antioxidant
activity but also contributed to better sensory
properties, making it a promising natural additive
for enhancing the quality of traditional dairy
products.
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Table 1. The effect of different concentrations of Echinophora platyloba essential oil in both free and
nano-encapsulated forms on titrable acidity (% acid lactic) of Siahmazgi cheese during the storage

period
Treatments day 0 day 30 day 60 day 90
Aa
Control 124£01%  1.414002%  1.65+0.035 01'07‘; A
o 0,05 Ceb '
0.1% free essential oil 1.25+ 0.03 P 1 304 1.63+0.0282 1,74+ 0.04 Aab
. 0.04 Cab 0.04 b
0, Da Bb
0.3% free essential oil 1.27+0.05 1374 1.59+ 0.01 171+
Cab
0.5% free essential oil 1,30+ 0,04 €2 01'0326 . 156+ 0038  1.69+ 0,034
0, 1 Cab
gi|1 % encapsulated essential 1,324 0,03 01'055 . 150+ 0,025  1.64+ 0,03
0 i Cab
83?'3 % encapsulated essential - 53, oy ca 01'03?5 ) 144+0,025 1,50+ 0.02A%
) .
gi?'5 % encapsulated essential ) 05, g osce 1334001 1.30£001%  1.53+0.04%

Means with lowercase letters in each column and means with uppercase letters in each row are not significantly

different at the 5% probability level.
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Table 2. The effect of different concentrations of Echinophora platyloba essential oil in both free and
nano-encapsulated forms pH of Siahmazgi cheese during the storage period

Treatments day O day 30 day 60 day 90
Control 463£009°  430+0035%  380£005C% 361+ 0,050
0.1% free essential oil 459+ 0.1942 4,32+ (.04 Bbe 3.86+ 0.06 ¢ 3.7+ 0.08 Ced
0.3% free essential oil 459£0.16%  435:0098¢  392+006C°  3.78+0.06
0.5% free essential oil 456£0.16%  437+0058%¢  397+007C°  3.82+0.06C

; .
gill % encapsulated essential 462+007%  435:0068°  41+007%  3.95:0.10°
. .
gi(llg % encapsulated essential ) oo, ) jpan 442000740 415000780 4.03+0.065
. .
0.0.5% encapsulated essential - ¢, 509 43040038 380£005% 3,610,050

oil

Means with lowercase letters in each column and means with uppercase letters in each row are not significantly
different at the 5% probability level.

Table 3. Comparison of the mean effect of Echinophora platyloba essential oil in both free and nano-
encapsulated forms on approximate composition of Siahmazgi cheese during the storage period

Treatments day 0 day 30 day 60 day 90

Control 17.00+ 0.00A2 17.06+0.05 A2 17.20+0.20 A2 17.23+ 0.20A2

0.1% free essential oil 17.00+ 0.00 A2 17.06+£0.11 742  17.10+0.10 %8  17.26+0.23%42

0.3% free essential oil 17.10+ 0.104a 17.10+0.10 A2 17.16+0.15 42 17.26+0.2542

0.5% free essential oil 17.20+ 0.20 A2 17.16+0.15 42  17.13+0.1542  17.23+(0.2542

Fat  0.1% encapsulated essential oil 17.20+ 0.2042 17.20£0.20 A 17.23+0.204%  17.30+ 0.26°
0 .

8;?'3 % encapsulated essential 17.06£0.104  17.16£0.154  17.2040.17 A  17.30% 0.2642
0 .

gi?'S % encapsulated essential 17.10£0.054  17.10£0.26%%  17.262023 %  17.36+0.3242

Control 38.38+ 0.358Ca 38.00+ 0.40Ca 38.97+ 0.54Ba 40.07+ 0.41 A2

Aba

0.1% free essential oil 38.48+ 0338 38,054 0,458 138817 . 40.14+ 038~

0.3% free essential oil 38.52+ 0.40B%  38.10+0.62%®  39.32+0.58B2  40.53+ 0.5042

Total 0.5% free essential oil 38.60+ 0.40B% 3824+ 0.55%  39.41+0.77B2  40.62+ 0.44A2

Aba

solid  0.1% encapsulated essential oil 38.50+0.398%  38.06+0.50¢ gg’g& 40.09+ 0.41 72
0 .

gi?"?’ % encapsulated essential 3858+ 04180 3812+ 047C  39.25+0538 40,25+ 0.404
0 .

25?5 % encapsulated essential 38.64+0.418C:  38.27+048C%  30.37+0.498% 4054+ 05042

Control 0.95+ 0.1 A 0.97+ 0.09 A2 0.96+ 0.09 A 0.97+0.074a

0.1% free essential oil 0.98+ 0.104a 0.97+ 0.05%42 0.97+0.10% 0.97+ 0.05 42

0.3% free essential oil 0.97+£0.10%4a 0.96+ 0.07 A2 0.97+ 0.07 72 0.98+ 0.09 A2

0.5% free essential oil 0.96+ 0.114a 0.96+ 0.06 A2 0.97+0.07 A2 0.98+ 0.10 4

Ash  0.1% encapsulated essential oil 0.95+ 0.1344 0.96+ 0.08 A 0.96+0.06”%  0.98+0.084
0 .

8;?‘3 % encapsulated essential 095:0117 0950094  097+0.06%  0.98%0.06%
0 .

0.0.5% encapsulated essential 095£0.14%  097+0.074  098£0.06%  0.99+0.13%

oil

Means with lowercase letters in each column and means with uppercase letters in each row are not significantly
different at the 5% probability level.
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Table 4.Comparison of the mean effect of Echinophora platyloba essential oil in both free and nano-
encapsulated forms on color index of Siahmazgi cheese during the storage period

Treatments day O day 30 day 60 day 90
Control 78.45+ 0.6542 76.38+ 0.308B2 0.81¢a 72.15+0.32P2
73.65+
0.1% free essential oil 77.55+ 0.65 4P 75.41+ 0.24 80 0.69 P 72.48+ 0.29P2
7 7253+
0.3% free essential oil 76.88+ 0.15A¢ 74.84+ 0.29Bb 0.25 Cbe 71.94+ 0.26P°
' 7177+
L 76.38+ 0.10 A« 74.01+ 0.34 8¢ 0.27 ¢« 71.4+0.15b¢
* 0,
L 0.5% free essential oil 71,054
Ad Bd Cd Dd
0.1% encapsulated essential oil 75.52+ 0.27 73.47+0.27 ?blisi 70.87+0.24
0.0.3% encapsulated essential 73.09+ 0.50~¢ 70.72+ 0.36 B¢ 0.45¢¢ 68.51+ 0.20P¢
oil 67.72+
0.0.5% encapsulated essential 70.66+ 0.76 Af 68.28+ 0.448"  65.1+0.39°"  66.1+ 0.35°F
oil
Control _6.95+ 0.68 _4.92+ 0538 _2.44+ 0.14AT _2.45+0.154¢
Aef
0.1% free essential oil -6.41+ 0.34°f -4.43+0.32°5¢ ?2235:|: -2.19+ 0.09 Ad
0.3% free essential oil _5.75+ 0.25 ¢ -3.82£0.3789 _2.09+0.13%¢ _2.23+ 0.054¢
17°0bd
a* 0.5% free essential oil ?5.16:|: -3.25+0.20¢ -1.63+0.108 _-1.02+0.10%°
0.1% encapsulated essential oil -4.56+ 0.09 ¢ -257+0.09% -1.2£0.105%  -0.85+ 0.094°
0 i 0.04 B2
85).3 % encapsulated essential _3.86+ (.21 S o ons 0,08+ 0142 012+ 0164
0.0.5% encapsulated essential oil -3.14+0.14 " -1.86+0.10“  131+0.078  1.55+0.13%2
Control 10.43+ 0.47°f 12.88+ 0.68°F 12.88+0.68°" 15.61+ 0.2549
Ce
L 0.19% free essential oil 11.44+035%  1386+034% 00 1656+0.20%
Cd
0.3% free essential oil 12.66+ 0.41°¢ 14,55+ 0.20¢ 0.20 17.50+ 0.307¢

14.55+
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0.48¢

0.5% free essential oil 13.96+ 0.47b¢ 15.96+ 0.48 ¢ 15,96 18.73+ 0.45Ad
0.1% encapsulated essential oil 15.30£ 0.24°>  17.23+0.24°P (1)723; 20.01+ 0.41 A¢
gi?'3% encapsulated essential 16554025 18,604 0.27C fé?ggi 21.26+ 0.54 A
83?'5% encapsulated essential 1654+ 0.1%  19.12+0.17C fglzzci 22,05+ 0.47 A

Means with lowercase letters in each column and means with uppercase letters in each row are not significantly

different at the 5% probability level.
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Table 5. Comparison of the mean effect of Echinophora platyloba essential oil in both free and nano-
encapsulated forms on hardness (N) of Siahmazgi cheese during the storage period

Treatments day 0 day 30 day 60 day 90
Control vioe  aaese  BTaOR™ A
0.1% free essential oil 2482; 2469 ;i 45.62+ 0.88 A" 26122:1
0.3% free essential oil 2471(:1: 24722 45,55+ 0.24 A0 2662(:;
0.5% free essential oil o8 05 sasirosgre 000
), R SRR T
gi?.B% encapsulated essential 24936;; 249;:; 45.64 0 13 A0 2672 1’“;
gi?.S% encapsulated essential 2485(:; 2415;; 45 704 0,95 Aba 2692 :i

Means with lowercase letters in each column and means with uppercase letters in each row are not significantly
different at the 5% probability level.
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Table 6: Comparison of the mean effect of Echinophora platyloba essential oil in both free and nano-
encapsulated forms on antioxidant activity (mg/g gallic acid) of Siahmazgi cheese during the storage

period
Treatments day (i day 339 day 60 day 9DO
0.157% 0.05 ct 0.83"¢
Control 76.36+ 75206 (145060 68.64+
Ad Be
0.1% free essential oil o e, 73196050 7034053
S 0.454P 0.298d 0.710e
0, Cd
0.3% free essential oil 79,754 77 544 75.22+0.82 73 632
Aa Bc
0.5% free essential oil g;’f e %'3257 N 77.26+£0.44°° 76,93+ 0.55¢
0.1% encapsulated essential 0.504¢ 0.19°8d e 0.40"
oil 78.52+ 77706 (03047 75.21+
0, H Ab Bb
2i(|).3 % encapsulated essential 5(3)693:2i 799+ 0.31A° 79504 0.07 Abs %37261
0.0.5% encapsulated essential 0.38%2 0.6042 Ba 0.39 Cba
oil 82.20+ g150+  00-25£022 79.65:

Means with lowercase letters in each column and means with uppercase letters in each row are not significantly
different at the 5% probability level.
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Table 7: Comparison of the mean effect of Echinophora platyloba essential oil in both free and nano-
encapsulated forms on total microbial count and yeast and mold count (log cfu/g) of Siahmazgi cheese
during the storage period

Treatments day O day 30 day 60 day 90

Control 2.25+ 0.07Pa 4.97+0.22¢a 6.75+ 0.57 B2 7.78+ 0.41 A2

0.1% free essential oil 2.01+ 0.06 P> 4.76+0.11Ca 6.21+0.148> 7354 (.39A%

0.3% free essential oil 1.85+ 0.05 Ped 456+ 0076  575+£0.118b¢ .45+ (0.22Ad

Total 0.5% free essential oil 1.76+ 0.01 D¢ 4.35+0.24C¢ 562+ 0.14B89  6.75+ .21 A

Count 0.1% encapsulated essential oil 2.07+0.03P° 46+£0.07%  6.02+£0.138¢  7.05+0.05A
0 .

2#‘3 % encapsulated essential 192+003%  398£0.28C°  515:0498%  570+0.14
0 .

2#'5 % encapsulated essential 181+ 0022  343:036%  468£0.128¢ 512+ 0.04Af

Control 4.3+ 0.4840 4.1+ 0.3140 3.6+ 0.518b 3.3+ 0.488d

0.1% free essential oil 4.5+ 0.52 A 4.3+ 0.48 A0 3.8+ 0.428Bab 3.6 0.51 Bbe

0.3% free essential oil 4.9+ 0.3142 4.7+ 0.48 A2 4.3+ 0.48Ba 4.1+ (.31 Ba

Yeast  0.5% free essential oil 4.0+ 0.51 A0 4.2+ 0.637Bad 4 1+ (.31 ABab 4.0+ 0.478Bab

& 0.1% encapsulated essential oil 4.4+ 0.69 A% 4.1+ 0.73 48P 3.8+ 0.63AB0 3.5+ 0.52 8
0 .

Mold 2#3 % encapsulated essential 48+0.4240  46£051780  44£051A% 4240425
0 .

2#‘5 % encapsulated essential 46+051A%  44+051780 42404275 4040005

Means with lowercase letters in each column and means with uppercase letters in each row are not significantly

different at the 5% probability level.
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Table 8: The effect of different concentrations of Echinophora platyloba essential oil in both free and
nano-encapsulated forms on sensory properties of Siahmazgi cheese during the storage period

Treatments day 30 day 60 day 90

Control 4.3+ 0.4870 4.1+0.3170 3.6+ 0.516B0 3.3+ 0.488Bd

0.1% free essential oil 45+ 052°%  4.3+£0.48°® 3.8£ 0428  3,6+0.515>

0.3% free essential oil 4.9+ 0.317 4.7+ 0.4872 4.3+ 0.4852 4,1+0.3152

0.5% free essential oil 4.0+ 05142  42+£0.6348% 41403178 4,0+ 0.478®

Odor 0.1% encapsulated essential oil 4.4+ 0.697%®  4.1+£0.7378° 3.8+ 0.637B" 3.5+ (.52B
8&?'3% encapsulated essential o, g gpmp 4Gr051480  4445051A% 4250425

2i?'5% encapsulated essential o, o5y b 445051488 428042480 4,050,005

Control 3.9+£0.314° 3.7+ 0.48ABb 3.4+ 0.51 BCe 3.1+ 0.17¢

Flavour 0.1% free essential oil 4.4+ 0.697%  40+0.6678° 3.8+ 0.427B¢ 3440228
0.3% free essential oil 4.9+ 0.314 4.7+ 0.484 44+ 0518 424013
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0.5% free essential oil 4.4+ 0.69 A0 4.2+ 0.63 A 3.9+ 0.56 AP 4.00+ 0.25 Aab
0.1% encapsulated essential oil ~ 4.4£0.697®  4,0+0.66"8° 3.9+ 05678 3.5+ 0.165
o .
gi?'?’ % encapsulated essential 48£031A  46£051A%  44+051A%  42+0.208
0 .
8;?'5 %encapsulated essential - ) o gonm 4006340 4140314 4040214
Control 4.3+ 0.6742 4.3+ 0.48 A2 4.4+ 05142 4.5+ 05242
0.1% free essential oil 4.3+ 0.48A2 4.3+ 0.48 A2 4.3+ 0.48 A2 4.5+ 05242
0.3% free essential oil 4.2+ 0.42 A2 4.3+ 0.6742 4.4+ (0.5142 4.5+ 0.5242
0.5% free essential oil 4.2+ 0.6342 4.3+ 0.4842 4.3+ 0.6742 4.3+ 0.6742
Texture 0.1% encapsulated essential oil 4.3+ 0.6742 4.3+ 0.484 4.4+ 0.6942 4.3+ 0.674
0 .
&?'3 % encapsulated essential 44£051%  44+051%  44£051A  45+052A
o .
8#'5 nencapsulated essential - 5, g7 43i0674  a2e042% 4420514
Control 4.3+ 0.4840 3.9+ 0.56ABP 3.6+ 0.51 8¢ 3.1+ 0.56 ¢
0.1% free essential oil 4.4+ 0.69 A 4.0+ 0.66 ABP 3.8+ 0.42 ABb 3.4+ .69 Bed
0.3% free essential oil 4.9+ 0.3142 4.7+ 0.48 A 4.4+ (.51 Ba 4.1+ 0.56 B2
Overall 0, H H Aab ABab Bab Babc
Acceptability 0.5% free essential oil 4.5+ 0.52 4.2+ 0.63 4.1+ 0.87 3.9+ 0.56
0.1% encapsulated essential oil ~ 4.4+0.694% 4,0+ 0.667B> 3.9+ 0.5648% 3.5+ (.52 Bbcd
o .
8#'3 % encapsulated essential 49+0317  46£051A%  44+051%  42+0.638%
0 .
0.0.5% encapsulated essential o, o c)ab 4040638 414031480 4,040,665

oil

Means with lowercase letters in each column and means with uppercase letters in each row are not significantly

different at the 5% probability level.
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