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Abstract: The popularity of rosemary has grown as a natural alternative over the synthetic supple-
ments due to its potential health benefits. The rosemary plant has been utilized to preserve food
due to its ability to prevent oxidation and microbial contamination. The reason for this study was to
determine the phytochemical components and antimicrobial activity of rosemary essential oil (REO)
and the effect of REO addition (0.5 and 0.7%) on the chemical, microbiological, and sensory properties
of stirred-like yogurt (SLY) during 16 days of storage at 4 °C. The obtained data observed that REO
exhibited antimicrobial action against Escherichia coli, Staphylococcus aureus, and Salmonella marcescens,
as well as fungi (Aspergillus flavus) and yeasts (Candida albicans). Increased REO to 0.7% accelerated
(p < 0.05) the development of lactic acid bacteria (LAB) in SLY (8.3 log cfu/g) and delayed yeast
growth up to 12 days. Molds and coliforms were also not found in the SLY samples with REO. In
comparison to control samples, sensory results showed that the addition of REO improves the overall
acceptance of SLY (p < 0.05). In conclusion, the current study found that REO could be used as a
natural preservative during the production of SLY to extend shelf-life and promote LAB development.

Keywords: stirred-like yogurt; rosemary essential oil; GC-MS; antimicrobial activity; acidity; lactic
acid bacteria

1. Introduction

Consumers are generally aware of healthful, nutritious food products with a longer
shelf-life. In food products, microbiological, enzymatic, physical, and chemical changes
occur, resulting in a loss of quality, nutritional value, and safety [1]. Using synthetic preser-
vatives, such as benzoic acid, to prevent food deterioration results in a kerosene-like odor [2].
As a result, the necessity for natural plant-derived antimicrobial activity (Bio-preservatives)
to replace these artificial preservatives has grown [3,4]. Natural antioxidant ingredients
were added to dairy products to boost antioxidant activity and anti-inflammatory char-
acteristics, as well as providing a variety of health benefits [5]. In fact, essential oils have
antimicrobial properties against yeasts, molds, and bacteria [3,6].

Natural phenolic compounds that have been found in plants and vegetables may
decrease the risk of some diseases because of their antioxidant and free radical inhibition
potentials imparted by the benzene ring and the hydroxyl group in their structures [7,8].
Rosemary (Rosmarinus officialism L.) oil is used as a food seasoning for food [9]. Rosemary
essential oil (REO) has traditionally and largely been used as a medicinal herb, with a
number of properties, such as anti-inflammatory, analgesic, astringent, antimicrobial, anti-
rheumatic, carminative, antifungal, and antioxidant [10]. Yogurt is a coagulated milk
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product obtained by lactic acid fermentation through the action of Lactobacillus bulgaricus
and Streptococcus thermophilus and is a popular product throughout the world [11]. The
highest production or consumption of yogurt is in Mediterranean and Asian countries and
in central Europe [12]. Low-calorie skimmed or half-skimmed yogurts have won popularity
during the last decade [13]. It has been known for its nutraceutical, therapeutic, and
probiotic effects, such as digestion enhancement, immune system boosting, anticarcinogenic
activity, and reduction in serum cholesterol [13,14].

REO is used to improve the quality of yogurt [15]. Additionally, REO possesses potent
antioxidant, antibacterial, and antimutagenic effects, as well as a distinct flavor [16]. Due to
the strong odor of essential oils, their usage in foods has been limited [17]. As a result, the
aim of this study was to assess the antioxidant properties and antimicrobial activity of REO,
as well as examine two percentages of REO as a natural preservative during the production
of stirred-like yogurt (SLY) and assess its effect on sensorial attributes, and chemical and
microbiological changes, which occur during 16 days of storage.

2. Materials and Methods
2.1. Materials

The rosemary plants (Rosmarinus officinalis L.) were taken from the Floriculture Farm
in November 2020 (Faculty of Agriculture, Assiut University, Assiut, Egypt). Fresh buffalo
milk (6% fat) was obtained from the Animal Production Farm (Faculty of Agriculture,
Assiut University, Assiut, Egypt). The Egyptian Microbial Cultures Collection (EMCC)
at Cairo Microbiological Resources Center (Cairo MIRCEN), Faculty of Agriculture, Ain
Shams University, Cairo, Egypt, provided Lactococcus lactis ss. Lactis ATCC 11454 and
Lactococcus lactis ss. cremoris ATCC 19257.

2.2. Preparation of Samples
Extraction of Essential Oil

Essential oil was obtained by the method described by Abdel-Hameed et al. (10).
A laboratory hot plate (Fisher Scientific, 50 Hz, MA 02454, USA), a five-liter flat-bottom
conical flask, and a Clevenger system as condenser and oil collector were used to extract
REO. In the container, 500 g of fresh cut leaves was immersed in 3 L of distilled water.
Extraction took about 150 min at 100 °C until the essential oil stopped flowing. The essential
oil was collected at the end of the experiment and dried over sodium sulphate before being
filtered. The oil was kept in a brown glass vial at —20 °C until the chemical and biological
tests were completed.

2.3. Manufacturing of SLY

Buffalo milk (6% fat) was heated at 90 °C for 5 min before being cooled to 40 °C. Three
equal quantities of milk were divided. The first portion was used as a control (C) without
REO addition, while samples T1 and T2 were supplemented with 0.5 and 0.7% (v/w) of REO,
respectively. As such, 2% of Lactococcus lactis ss. Lactis (6.47 log cfu/mL of milk) and 2%
Lactococcus lactis ss. cremoris (6.54 log cfu/mL of milk) were used as a starter culture for all
treatments. After inoculation, the samples were mixed and incubated at 40 °C for 6 h. The
SLY samples were then mixed with a sterile whisk and kept at 4 °C for 16 days (Figure 1).
This experiment was carried out three times with three distinct batches of raw milk.
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Figure 1. Flow sheet diagram for making SLY supplemented with 0.5 and 0.7% of REO.

2.4. Proximate Composition Analysis
2.4.1. Chemical Composition

Titratable acidity was determined (as lactic acid) according to Sadler and Murphy [18].
Total solids (TS) and total protein contents (TP) were determined according to the AOAC
guidelines [19]. Fat content was determined by Gerber method according to Kleyn et al. [20].

2.4.2. Determination of Total Phenolic Compounds

Total phenolics content was determined using the method of Singleton et al., and the
results are reported in mg of gallic acid equivalents (mg GAE/100 g sample) [21].

2.4.3. Determination of Total Flavonoids

The flavonoid content was measured as aluminum chloride colorimetric according
to Marinova et al.,, and the results are represented as mg catechin equivalents (mg cate-
chin/100 g sample) [22].

2.4.4. Gas Chromatography-Mass Spectrometry (GC-MS) Analysis

The GC-MS analysis of the essential oil samples was carried out at the Department of
Analytical Chemistry, Faculty of Science, Assiut University, to determine the volatile and
semi-volatile chemicals. The extract of rosemary was made with isopropanol and ethyl acetate.
The GC-MS analysis was performed with a Thermo Scientific TM TRACE 1300 coupled to
an ISQ-7000 and a Thermo Scientific TM TG-6MB 5 ms (30 m x0.250 mm x 1.00 m) column
from Thermo Scientific. The temperature in the GC oven was kept at 100 °C for 15 min,
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then increased to 150 °C at a rate of 10 °C/min, and then to 200 °C at a rate of 5 °C/min.
Furthermore, the temperature was raised to 250 °C at a rate of 5 °C per minute, and then to
280 °C at a rate of 5 °C per minute. Helium gas was used as the carrier, with a flow rate of
0.5 mL/min. The mass spectrometer was set to electron ionization mode, with a temperature
of 320 °C for the ion source and 280 °C for the MS transfer line. The NIST 17 mass spectrum
library (mainlib) was used to identify volatiles, and the results are represented as a percentage
of the total GC area.

2.5. Microbiological Analysis
2.5.1. Antimicrobial Activity of REO

The antimicrobial activity of REO was investigated against Escherichia coli (AUMC No. B-53),
Salmonella marcescens (AUMC No. B-), Staphylococcus aureus (AUMC No. B-54), Aspergillus flavus
(AUMC No. B-54), and Candida albicans (AUMC No. B-5). All the strains were obtained from
Mycological Center, Faculty of Science, Assiut University, Egypt.

To prepare inoculum for bioassay, bacterial strains were individually cultured for 48 h
in 100 mL conical flasks containing 30 mL nutrient broth medium. Fungi were grown for
7 days in 100 mL conical containing 30 mL Sabouraud’s dextrose broth. Nutrient agar and
Sabouraud’s dextrose agar were, respectively, used for bacteria and fungi. After solidifica-
tion of the media, 5 mm diameter cavities were cut in the solidified agar (4 cavities/plate)
using sterile cork borer. After that REO was added (50 pL/cavity). Cultures were then
incubated at 28 °C for 48 h in case of bacteria and up to 7 days in case of fungi. Results
were read as the diameter (in mm) of inhibition zone around cavities.

e  Minimum inhibitory concentrations (MICs):

To determine the minimum inhibitory concentrations (MICs), REO was diluted with
dimethyl sulfoxide (DMSO) to prepare a series of concentrations (12.5, 25, 50 and 100%),
which were pipetted into the cavities (50 uL/cavity) and similarly assayed as mentioned
before and the least concentration (below which no activity) was recorded as the MIC.

2.5.2. Standard Plate Count Technique

Fresh and after 4, 8, 12, and 16 days, the microbiological analysis was performed by
using the usual plate count procedure, a total bacterial count (TBC) was plated on nutrient
agar medium, and enumeration was completed [23]; before microbiological enumeration,
the plates were incubated at 32 °C for 48-72 h. The MRS agar medium was used to obtain
lactic acid bacterial (LAB) counts, and plates were incubated at 37 °C for 48 h [24]. In
MacConkey broth media, coliform bacteria were discovered, and tubes were cultured for
24 h at 32 £ 1 °C [25]. Yeasts were counted on malt extract agar medium [26], whereas
mold counts were counted on potato dextrose agar media, and the plates were cultured for
5daysat25+1°C[23].

2.6. Sensory Evaluation

Sensory analysis of SLY samples was delineated by Kamel et al.’s guidelines with
certain adjustments [27]. Flavor (45 points), body and texture (40 points), color and appear-
ance (15 points), and overall acceptability (100 points) were all tested fresh and after 4, 8,
12, and 16 days of storage.

2.7. Statistical Analysis

The influence of REO addition, time, or their interaction on the features of SLY samples
was explored statistically using R software (R x 643.3.3, Vienna, Austria) by ANOVA, testing
a GLM for each variable. When significant differences were discovered at p < 0.05, the least
significant difference (LSD) comparison test was used to separate the means.
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3. Results
3.1. Phytochemical Components in REO

Total phenolics and total flavonoids: The total phenolic content in REO was recorded
as 203.6 mg/kg, whereas total flavonoids concentration in our study was 488.98 mg cate-
chin/100 g sample.

The chemical analysis and identification of REO by GC/MS: REO was analyzed and
identified by using gas chromatography coupled with mass spectrometry (GC/MS). The
obtained data are plotted in Table 1. From these data, it could be noticed that 91 com-
pounds were identified. The concentrations of these compounds are varied between 0.0006
and 21.8229%. The most abundant components in REO are Bicyclo(2.2.1)heptan-2-one,
1,7,7-tri methyl-, (1R)-(camphor) (21.8229%), followed by a-Pinene (15.3175%), Caryophyl-
lene (9.8533%), and Eucalyptol (9.3686%). Moderate amounts were found of Camphene
(8.3843%), followed by Borneol (8.1423%), 3-Carene (8.2993%), and 3-Cyclohexene-1-
methanol, a,a4-tri methyl (4.4136%). The minor components are Retinol (0.0006%) fol-
lowed by Cinnamic acid, 4-hydroxy-3-methoxy- (0.0007%), and 4aa,4ba-Gibbane-1a,10a-
dicarboxylic acid (0.0007%).

Table 1. Gas chromatography-Mass Spectrometry (GC-MS) analysis results of REO.

Peak No. RT* (min) Compound Name Area%
1 5.81 Octadecanal, 2-bromo- 0.0126
2 7.32 9-Hexadecenoic acid 0.0295
3 7.6 Morphinan-4,5-epoxy-3,6-di-ol 6-[7-nitrobenzofurazan-4-ylJamino- 0.0077

2,4,6,8,10-Tetradecapentaenoic acid9a-(acetyloxy)-
4 8.79 la,1b,4,4a,5,7a,7b,8,9,9a-decahydro-4a,7b-dihydroxy-3-(hydroxyl 0.0061

methyl)-1,1,6,8-tetra methyl-5-oxo-1H-cyclopropal[3,4]benz =

[1,2-e]azulen-9-ylester,
5 9.82 Ocimene 0.0209
6 10.9 Tricyclo[2.2.1.0(2,6)]heptane,1,7,7-tri methyl- 0.2565
7 11.46 a-Pinene 15.3175
8 11.55 3-Carene 8.2993
9 12.56 Camphene 8.3843
10 16.13 a-Phellandrene 0.3851
11 16.56 1R-a-Pinene 0.2715
12 17.56 Limonene 0.0053
13 17.8 Eucalyptol 9.3686
14 18.11 Trifluoroacetyl-a-terpineol 3.6107
15 19.14 Phenylalanine,4-amino-N-t-butyloxycarbonyl-, t-butylester 0.0015
16 19.47 2-Furanmethanol, 0.0232
17 19.88 a-D-Glucopyranoside, methyl 0.0034
18 20.19 Bicyclo[4.1.0]hept-2-ene, 0.7319
19 20.34 1,6-Octadien-3-ol, 3,7-di methyl- 2.1247
20 20.54 trans-Z-x-Bisabolene epoxide 0.0061
21 20.88 Oxiraneoctanoic acid, 3-octyl-, cis- 0.0049
22 21.17 2,5-Octadecadiynoic acid, methyl ester 0.0105
23 21.42 Fenchol, exo- 0.1846
24 21.85 Camphenol, 6- 0.0987




Foods 2022, 11,1993 6 of 22
Table 1. Cont.

Peak No. RT* (min) Compound Name Area%
2,4,6-Decatrienoic acid, 1a,2,5,5a,6,9,10,10a-octahydro-5,5a-di
hydroxy-4-(hydroxyl methyl)-1,1,7,9-tet

25 22.36 ramethyl-11-oxo-1H-2,8a-methanocycl 0.0057
opentala]cyclopropale]cyclodecen-6-yl ester,
[1aR-(1aa,2a,54,5a4,64,8aa,9a,10aa)]-
26 22.7 Isopinocarveol 0.0103
27 23.17 Bicyclo[2.2.1]heptan-2-one, 1,7,7-tri methyl-, (1R)- (camphor) 21.8229
28 24.03 Borneol 8.1423
29 24.36 3-Cyclohexen-1-ol, 1.2918
30 24.97 3-Cyclohexene-1-methanol, a,a4-tri methyl- 4.4136
31 25.34 (-)-Myrtenol 0.0170
3 2553 9-Octadecenoic acid,(2-phenyl-1,3-dioxolan-4-yl)methyl ester, 0.0117
trans-
33 26.17 6-Octen-1-ol, 3,7-di methyl- 0.0756
34 26.68 Ingol 12-acetate 0.0103
35 27.23 Isobornyl formate 0.0161
36 27.77 Geranyl vinyl ether 0.0391
37 28.7 EE,Z-1,3,12-Nonadecatriene-5,14-diol 0.0096
38 29.04 Linoleic acid ethyl ester 0.0120
3 29.54 }zllliltggieczg-l?}ffl_fél—ltiég;etr?;lsl—r:yectlhohexanol 0.0072
40 29.75 Thymol 0.0303
41 30.65 Bornyl acetate 1.3593
42 31 Phenol, 2-methyl-5-(1-methyl ethyl)- 0.0488
43 31.77 9,10-Secocholesta-5,7,10(19)-triene-3, 0.0013
2-Butenoic acid, 2-methyl-,2-(acetyloxy)-
1,1a,2,3,4,6,7,10,11,11adecahydro-7,10-dihydroxy-1,1,3,6,9-pe
44 32.6 ntamethyl-4a,7a-epoxy-5H- 0.0127
cyclopenta[a]cyclopropalf]cycloundecen-11-yl ester,
[1aR-[1aR*2R*,35*% 4aR*,65*75*7aS
45 33.05 Doconexent 0.0091
46 34.15 Gibberellic acid 0.0063
47 34.61 Eugenol 0.2061
48 35.49 Retinol 0.0006
49 35.9 Ylangene 0.1776
50 36.13 Copaene 0.8834
51 36.69 Elljﬁéc;gigz?;g;z;%;]decahydr0—1,1,7—tri methyl-4-methylene-, 0.0679
52 37.31 Androstan-17-one, 3-ethyl-3-hydroxy-, (5a)- 0.0120
53 38.46 Caryophyllene 9.8533
54 38.7 Aromadendrene 0.0999
55 39.52 Humulen-(v1) 0.1179
56 39.83 a-Caryophyllene 1.1039
57 40.87 1,6-Cyclodecadiene,1-methyl-5-methylene-8-(1-methylethyl)-, [s-(E,E)]- 0.0494
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Table 1. Cont.

Peak No. RT* (min) Compound Name Area%
58 41.32 Longifolene-(V4) 0.2488
59 41.73 Seychellene 0.0396
60 42.46 1H-Indene, 2,3-dihydro-1,1,5,6-tetra methyl-, 0.0118
61 42.84 a-Cubebene 0.0368
62 43.06 «-Guaiene 0.0280
63 43.42 a-Calacorene 0.0713
64 4417 6,9,12,15-Docosatetraenoic acid, methyl ester 0.0395
65 45.14 Cyclopropanebutanoic acid, 0.0018
66 45.79 Caryophyllene oxide 0.0771
67 46.5 Pseudosolasodine diacetate 0.0061
68 47.13 Cubenol 0.0321
69 47.69 Patchoulene 0.0168
70 4791 Methyl jasmonate 0.0093
71 48.35 .tau.-Cadinol 0.0818
72 49.5 Longipinocarveol, trans 0.0409

1H-2,8a-Methanocyclopenta[a]cyclopr opa[e]cyclodecen-11-one,
73 50.33 1a,2,5,5a,6,9,10,10a-octahydro-5,5a,6-t rihydroxy-1,4-bis(hydroxyl 0.0341
methyl)-1,7,9-tri methyl-, [15-(1a,1aa,23,54,5a4,64,8aa,9a,10aa)]-
74 54.21 Cinnamic acid, 4-hydroxy-3-methoxy-, 0.0007
75 55.01 Agaricic acid 0.0008
7aH-Cyclopenta[a]cyclopropa[f]cycloundecene-2,4,7,7a,10,11-
76 55.6 hexol,1,1a,2,3,4,4a,5,6,7,10,11,11a-dodecahydro-1,1,3,6,9-penta 0.0160
methyl-,2,4,7,10,11-pentaacetate
77 59.2 Dodecyl cis-9,10-epoxyoctadecanoate 0.0038
78 59.7 Butanoic acid,1a,2,5,5a,6,9,10,10a-octahydro 0.0022
79 60.97 1-Heptatriacotanol 0.0143
80 61.56 Prednisone 0.0114
81 62.69 Docosanoic acid, 1,2,3-propanetriyl ester 0.0095
82 64.12 2-(16-Acetoxy-11-hydroxy-4,8,10,14-tetra methyl-3- 0.0031
83 64.63 4aa,4ba-Gibbane-1a,10a-dicarboxylic acid 0.0007
84 65.03 7,8-Epoxylanostan-11-ol, 3-acetoxy 0.0018
85 65.42 4a-Phorbol 12,13-didecanoate 0.0020
86 70.37 Hexadecanoic acid,1-(hydroxyl methyl)-1,2-ethanediyl ester 0.0059
87 71.68 1-Monolinoleoylglycerol tri methyl silyl ether 0.0142
88 74.31 psi.,.psi.-Carotene,1,1’,2,2'-tetrahydro-1,1’-dimethoxy- 0.0008
» e
920 75.44 9,12,15-Octadecatrienoic acid, 0.0007
3-Pyridinecarboxylic acid,2,7,10-tris(acetyloxy)-
91 75.66 1,1a,2,3,4,6,7,10,11,11a-decahydro-1,1,3,6,9-penta 0.0059

methyl-4-oxo-4a,7a-epoxy-5H-

cyclopenta[a]cyclopropalf]cycloundecen-11-ylester,[1aR-]

RT*: Retention time.
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3.2. Antimicrobial Activity of REO
Minimum Inhibitory Concentration (MICs):

The diameter of inhibition zones was measured and taken as an indicator of the
antimicrobial effect, as shown in Table 2. The range of inhibition zone diameter was varied
from 0.0 to 14 mm in the studied bacteria. The MICs of REO were tested against Escherichia
coli, Salmonella marcescens, and Staphylococcus aureus, and we found that adding 25% of
REO gave the lowest inhibitory effect, with a 6 mm diameter inhibition zone. For 50% of
REQ extracts, the zones ranged from 7 to 8 mm. The data in the same table also indicate that
the inhibition zone for REO (100% concentration) recorded 7 and 9 mm against Aspergillus
flavus and Candida albicans, respectively.

Table 2. Minimum inhibitory concentration (MICs) of REO with some species of microorganisms.

REO Concentration (%) 12.5 25 50 100 DMSO *
Microorganisms Inhibition Zone (mm)
Escherichia coli (G-ve) AUMC No. B-53 0 6 7 13 0
Salmonella marcescens (G-ve) AUMC No. B- 0 6 7 13 0
Staphylococcus aureus (G + ve) AUMC No. B-54 0 6 8 14 0
Aspergillus flavus AUMC No. 1276 Nd Nd Nd 7 0
Candida albicans AUMC No. 9160 Nd Nd Nd 9 0

The amount added in each pore is 50 pL; Nd: Not determined; * DMSO: Negative control by dimethyl sulfoxide.

3.3. The Effect of REO Addition on the Shelf-Life of SLY
3.3.1. Gas Chromatography-Mass Spectrometry (GC-MS) Analysis

The data presented in Table 3 show the GC-MS analysis for SLY samples without
and with REO addition. The data showed that some compounds in control samples (C),
such as Geranyl isovalerate, Octadecane, 3-ethyl-5-(2-ethylbutyl), Phenol, 2,4-bis (1,1-di
methyl ethyl), 1-Nonadecene, 7-Methyl-Z-tetradecen-1-ol acetate, Phthalic acid, butyl un-
decyl ester, Octadecanoic acid,(2-phenyl-1,3-dioxolan-4-yl) methyl ester, cis-, Tetradecanoic
acid,3,3a,4,6a,7,8,9,10,10a, Estra-1,3,5(10)-trien-17a-ol, Ethanol, 2-(octadecyloxy)-, and 2-(16-
Acetoxy-11-hydroxy-4,8,10,14-tetra methyl-3 decreased with storage, whereas Oleic acid, eico-
syl ester, Phorbol, Pregn-5-ene-3, 11-dione and Acetic acid, and 17-(4-hydroxy-5-methoxy-1,
5-di methyl hexyl)-4, 4, 10, 13, 14-penta methyl increased with storage. Besides, other com-
pounds appeared in control samples after storage for 16 days, including psi. psi.-Carotene,3,4-
didehydro-1,2- dihydro-1-methoxy, Bis (benzimidazol-2-yl methyl) sulfone, Cholest-22-ene-21-
ol, Bacteriochlorophyll-c-stearyl, Methyl 9,12-epithiostearate, 3,5,9-Trioxa-4-phosphatricosan-
1-aminium, Eicosanoic acid,2-(1-oxohexadecyl)oxy, Hexa-t-butylselenatrisiletane, Glycocholic
acid, 4-Piperidineacetic acid,1-acetyl-5-ethyl-2-[3-(2-hydroxyethyl)-1H-indol-2-yl]-a-methyl-,
methylester, and Glycerol 2-acetate 1,3-dipalmitate. The data in the same table revealed
that the addition of REO showed new compounds, which appeared in SLY samples and
reflect the positive effect of REO addition. These compounds were found essentially in
REQ, including «-Pinene, Camphene, 3-Carene, Limonene, 1,6-Octadien-3-ol, 3,7-di methyl-
, Camphor, Borneol, Bornyl acetate, Caryophyllene, Copaene, Retinol, Aromadendrene
oxide-(2) and «-Guaiene, and the storage period declines these compounds. Furthermore,
the data in the same table illustrate other compounds found in both REO and SLY con-
trol samples, such as octadecanal 2-bromo-, 1-Heptatriacotanol, psi.,.psi.-Carotene,1,1’,2,2'-
tetrahydro-1,1’-dimethoxy, a-D-Glucopyranoside, methyl 2-(acetyl amino)-2-deoxy-3-O-(tri
methyl silyl)-, cyclic methyl boronate, 2,4,6,8,10-Tetradecapentaenoic acid9a-(acetyloxy)-
1a,1b,4,4a,5,7a,7b,8,9,9a-decahydro-4a,7b-dihydroxy-3-(hydroxymethyl)-1,1,6,8-tetramethyl-5-
oxo-1H-cyclopropa(3,4)benz[1,2-eJazulen-9-ylester, Morphinan-4,5-epoxy-3,6-di-ol, 9,10-
Secocholesta-5,7,10-triene-3,24,25-triol, 9-Hexadecenoic acid, Cyclopropanebutanoic acid,2-
[[2-[[2-[(2-pentylcyclopropyl)methyl]cyclopropyl]methyl]cyclopropylJmethyl]-, methyl ester,
4aa,4ba-Gibbane-1a,10a-dicarboxylic acid, 3-Pyridinecarboxylic acid,2,7,10-tris(acetyloxy)-
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11a,2,3,4,6,7,10,11,11a-decahydro-1,1,3,6,9-penta methyl-4-oxo-4a,7aepoxy-5H-yclopentala]
cyclopropa[f]cycloundecen-11-ylester,[1aR-], Agaricic acid, Oxiraneoctanoic acid,3-octyl-cis-,
Cinnamic acid, 4-hydroxy-3-methoxy-, Ocimene, Phenylalanine 4-amino-N-t-butyloxycarbonyl-,
t-butylester, and 1-Monolinoleoylglycerol trim ethyl silyl ether, which all decreased with
storage. In contrast, 9-Octadecenoic acid,(2-phenyl-1,3-dioxolan-4-yl) methyl ester trans-,
Hexadecanoic acid,1-(hydroxyl methyl)-1,2-ethanediyl ester, 9,12,15-Octadecatrienoic acid,
2-phenyl-1,3-dioxan-5-yl ester, Butanoic acid,1a,2,5,5a,6,9,10,10a-octahydro, Dodecyl cis-9,10-
epoxyoctadecanoate, 7,8-Epoxylanostan-11-ol, 3-acetoxy-, 4a-Phorbol 12,13-didecanoate, and
6,9,12,15-docosatetraenoic acid, methyl ester increased with storage. Meanwhile, other com-
pounds were enhanced in SLY samples after REO addition, such as Docosanoic acid, 1,2,3-
propanetriyl ester, Eucalyptol, and Glycine N-[(3a,54,7a,12a)-24-0x0-3,7,12 tris[(trim ethyl
silyl)oxy]cholan-24-yl1]-,methyl ester (enhanced sample T2).

Table 3. Gas chromatography (GC)-Mass Spectrometry (MS) analysis results of SLY samples without

and with REO addition.
C T1 T2
No Compounds/Treatments
P Fresh After 16 Fresh After 16 Fresh After 16
Days Days Days
1 Octadecanal, 2-bromo- 2.807 0 0.593 0.566 0.292 0.292
5 9-Octadecenoic acid,(2-phenyl-1,3-dioxolan-4-yl) 0.265 0.455 0.197 0.299 0126 0118
methyl ester, trans-
3 1-Heptatriacotanol 1.347 0.381 0.264 0.448 0.182 0.079
4 p§1.,.ps1.—Carotene,3,4-d1dehydro—1,2— 0 0.692 0 0.508 0.419 0.161
dihydro-1-methoxy
: O / /_ _ /_
5 p‘.51.,.p51. Carotene,1,1’,2,2'-tetrahydro-1,1 3.2%6 0 1.382 0 0.183 0
dimethoxy-
6 Docosanoic acid, 1,2,3-propanetriyl ester 0.906 0.830 2.175 5.428 2.583 7.619
8 Eucalyptol 4.681 2.632 45.936 37.258 48.772 40.417
9 «-Pinene 0 0 8.308 4.609 7.069 3.610
«-D-Glucopyranoside, methyl2-(acetyl
11  amino)-2-deoxy-3-O-(tri methyl silyl)-, cyclic 0.366 0 0.057 0.068 0.065 0.114
methyl boronate
2,4,6,8,10-Tetradecapentaenoic acid9a-(acetyloxy)-
la,1b4,4a,5,7a,7b,8,9,9a-decahydro-4a,7b-
12 dihydroxy-3-(hydroxymethyl)-1,1,6,8- 0.605 0.149 0.121 0.142 0.068 0.050
tetramethyl-5-oxo-1H-cy
clopropa[3,4]benz[1,2-eJazulen-9-ylester
13 Morphinan-4,5-epoxy-3,6-di-ol6-{7- 0.408 0.238 0 0.040 0.046 0
nitrobenzofurazan-4-ylJamino-
14 Oleic acid, eicosyl ester 2.366 2.949 0.414 2.188 0.588 1.065
15  Geranyl isovalerate 0.828 0.409 0.239 0 0 0
16  9,10-Secocholesta-5,7,10-triene-3,24,25-triol, 0.961 0.124 0.726 0 0.802 1.967
17 Bis(benzimidazol-2-ylmethyl)sulfone 0 0.218 0.180 0.166 0 0
18 9-Hexadecenoic acid 1.017 0.895 0.252 0.314 0 0
Hexadecanoic acid,1-(hydroxyl
19 methyl)-1,2-ethanediyl ester 1.318 1.525 0.675 1.259 0.601 0.541
Cyclopropanebutanoic
g0 acid2-A[2-{[2-[(2-pentyleyclopropylmethyl] 2429 0.778 0.447 0.558 0313 0.275

cyclopropyl]methyl]cyclopropyl]lmethyl]-,
methyl ester
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C T1 T2

No Compounds/Treatments Fresh Ag:; 816 Fresh A]f)t:; s16 Fresh A]f)t:; 516
21 4aa,4ba-Gibbane-1a,104-dicarboxylic acid, 1.438 0.327 0.274 0.511 0.182 0.088

3-Pyridinecarboxylic acid,2,7,10-tris(acetyloxy)-

1,1a,2,3/4,6,7,10,11,11a-decahydro-1,1,3,6,9-penta
22 methyl-4-oxo-4a,7a-epoxy-5H- 2.093 0.284 0.300 0.169 0.208 0.047

cyclopentala]cyclopropalf]

cycloundecen-11-ylester,[1aR-]
23 Octadecane, 3-ethyl-5-(2-ethylbutyl)- 2.223 0.542 0.356 0.342 0.221 0.191
24  Agaricic acid 0.876 0.186 0.146 0.131 0.093 0.175
25  Phenol, 2,4-bis(1,1-di methyl ethyl) 42.117 11.887 7.059 7.005 4.473 4.186
26 1-Nonadecene 10.516 2.005 1.867 2.188 1.256 1.154
27  7-Methyl-Z-tetradecen-1-ol acetate 1.020 0.294 0.178 0.188 0.114 0.160
28 g;iliy?cltgdgfjgﬁ“s"; aecs‘tir 2916 1.173 0.599 3.534 0.456 0.461
29 Oxiraneoctanoic acid, 3-octyl-, cis- 0.838 0.215 0.202 0.223 0.125 0.097
30  Cinnamic acid, 4-hydroxy-3-methoxy-, 0.477 0.202 0.155 0 0.111 0.068
31 Cholest-22-ene-21-0l, 0 0.249 0.091 0.168 0.159 0.129
32 Phorbol 0.117 0.235 0 0.124 0.0548 0
33  Bacteriochlorophyll-c-stearyl 0 3.328 0 2.016 1.386 0.678
34  Butanoic acid,1a,2,5,5a,6,9,10,10a-octahydro 0 0.136 0 0 0 0.0924
35  Phthalic acid, butyl undecyl ester 2.629 0.841 0.487 0.787 0.339 0.322
36  Dodecyl cis-9,10-epoxyoctadecanoate 0 5.232 0 2.259 0 5.654
37  Pregn-5-ene-3,11-dione,17,20:20,21- 0.318 0.588 0.122 0.063 0.125 0.207
38  Methyl 9,12-epithiostearate 0 0.830 0 0.477 0 0
39 3,5,9-Trioxa-4-phosphatricosan-1-aminium 0 0.542 0 1.791 0 0.183
40  Ficosanoic acid,2-[(1-oxohexadecyl)oxy]- 0 21.207 0 0.814 0 2.801
41 7,8-Epoxylanostan-11-ol, 3-acetoxy 0.548 7.066 0.105 0.562 0.053 1.224
42 Hexa-t-butylselenatrisiletane 0 4.938 1.086 0 1.110 2.424
43 4a-Phorbol 12,13-didecanoate 0.161 0.224 0.059 1.511 0.128 0.111
44  Glycocholic acid 0 1.068 0 3.151 0 0
45 I‘:‘feiﬁ;laﬁgylgff%dlrgﬁi gf;hggh;fd‘ 0.268 12.329 0.081 0.0451  0.0534 0.568
46  4-Piperidineacetic acid,1-acetyl-5-ethyl-2-[3-(2- 0 2.215 0 1.022 0 0.866
47 Glycerol 2-acetate 1,3-dipalmitate 0 9.230 0 0.206 0 2.633
48  Camphene 0 0 2.463 1.452 1.957 1.082
49  Ocimene 0.937 0 0.287 0.307 0.226 0.219
50  3-Carene 0 0 0.130 0 0.098 0
51  Limonene 0 0 1.459 0.866 1.225 0.606
2 Sc(i:?,?;—i)a;eoli;l—l,3—dioxolan—4—yl)methyl ester, cis- 1017 0145 0185 0.097 0125 0.051
53 1,6-Octadien-3-ol, 3,7-dimethyl- 0 0 0.942 0.680 0.941 0.693
54  Camphor 0 10.046 8.242 11.340 10.249
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Table 3. Cont.

C T1 T2

No Compounds/Treatments Fresh A]f;:; 516 Fresh A]f)t:; 516 Fresh A]f)t:; 516
55  6,9,12,15-Docosatetraenoic acid, methyl ester 0.842 0 0.281 0.352 0 0.276
56  Borneol 0 0 3.748 2.850 4.018 3.397
57 EEET}}]IIISSI:;ineA-amino-N—t—butyloxycarbonyl—, 0.531 0 0.072 0 0 0.105
58  Tetradecanoic acid,3,3a,4,6a,7,8,9,10,10a 0.542 0 0.070 0.131 0.055 0.068
59  Bornyl acetate 0 0 0.508 0 0.541 0.375
60  Caryophyllene 0 0 2.757 1.654 2.564 1.757
61  Copaene 0 0 0.230 0 0.218 0.136
62  Retinol 0 0 0.103 0 0.102 0.154
63 Aromadendrene oxide-(2) 0 0 0.462 0 0.417 0
64  «-guaiene 0 0 0.200 0 0.195 0
65  Estra-1,3,5(10)-trien-174-ol 0.733 0 0.049 0.151 0.045 0
66  Ethanol, 2-(octadecyloxy)- 1.437 0 0.356 0 0 0
67 Izn (eltfl‘y‘?_%e_toxy'l1’hydroxy'4'8'10’14'tetra 0.443 0 0.068 0.071 0.063 0
T e L R S TR SR
69 1-Monolinoleoylglycerol trim ethyl silyl 1.425 0 0.290 0 0.525 0

3.3.2. Physico-Chemical Characterization
o Acidity:

The data presented in Figure 2 illustrate the acidity percentages of SLY samples without
and with REO addition. The obtained data showed significant differences between the
control and SLY samples after REO addition. The T2 samples (with 0.7% REO addition)
recorded the lowest value, while control samples recorded the highest value. Moreover,
the acidity percentages increase with increasing the storage periods up to 16 days in all
treatments, while samples containing essential oils were slower than control samples in the
development of acidity.

=——C =@0—=Tl —i—T2
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] 4 g 12 16
Storage time (days)

Figure 2. Acidity percentages of SLY samples without and with REO addition during storage up to
16 days.
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e  Total solids:

Data presented in Figure 3 illustrate the TS percentages of SLY samples without and
with REO addition. The obtained data observed that TS percentages in SLY samples
varied between 13 and 14.66%, and non-significant differences were found between control
samples and other SLY samples after REO addition. Moreover, there were non-significant
decreases in total solid content in all SLY samples during the storage period.

e efli=T] —fp=T2

18

16

14

Total solid (%)

12

10

Storage time (days)

Figure 3. TS percentages of SLY samples without and with REO addition during storage up to
16 days.

e  Total protein:

Data presented in Figure 4 illustrate the total protein (TP) percentages of SLY samples
without and with REO addition. The obtained data showed that the addition of REO caused
a significant decrease in TP percentages, while the control samples recorded the highest
amount of TP percent up to 8 days of storage. However, the influence of REO addition on
protein content appeared on day 12 of storage, as T1 and T2 samples recorded a higher
value of protein content than control.
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Figure 4. TP percentages of SLY samples without and with REO addition during storage up to
16 days.



Foods 2022, 11, 1993

13 of 22

Fat {96}

7.5

7.4

73

7.2

7.1

6.9

6.8

6.7

6.6

6.5

. Fat:

Data presented in Figure 5 illustrate the fat percentages of SLY samples without and
with REO addition. The obtained data showed that the addition of REO caused a significant
boost in fat content percentages, while the control samples recorded the lowest amount
of fat percent, as the T2 samples recorded a much higher value. In contrast, data showed
non-significant differences in the fat content during storage in all treatments.
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Figure 5. Fat percentages of SLY samples without and with REO addition during storage up to
16 days.

3.3.3. Microbiological Changes

Data presented in Table 4 illustrate the TPC as well as LAB (Log cfu/mL) of SLY
samples without and with REO addition. The obtained data showed that the TBC and
LAB increased significantly with increasing storage periods up to 16 days in all treatments.
Moreover, control samples recorded the highest and lowest TBC and LAB, respectively.
Furthermore, the addition of REO caused a substantial decrease and increase in TBC and
LAB, respectively. The LAB count increased in all SLY samples during storage, indicating
that REO addition boosted LAB count. Regarding yeasts and molds counts, the data
showed that yeasts were detected in the control samples after 8 days of storage; they
appeared after 12 days in SLY samples supplemented with REO (T1 and T2), while molds
appeared only in the control sample after 8 days of storage, demonstrating the role of
REO addition in slowing down the spoilage rate. On the other hand, the data observed
that coliform group counts were not detected in all treatments. This might be due to the
high-hygienic condition during the making of SLY and the development in the acidity.
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Table 4. Effect of REO on microbiological properties (Log cfu/mL) of SLY during storage periods

(mean = standard deviation).

. . Treatments
Microbial Type  Storage Time (d)
Control T1 T2
Fresh 7.24 4+ 0.24 7.24 4+ 0.010 7.25 + 0.010
4 7.47 +0.373 7.34 £+ 0.010 7.30 + 0.010
Total bacterial 8 8.09 & 0.090 7.86 +0.117 7.80 + 0.179
count 12 8.51 + 0.036 8.42 + 0.040 8.31 + 0.036
16 8.66 =+ 0.056 8.55 =+ 0.055 8.506 + 0.112
Mean 7.99 7.88b 7.83b
Fresh 7.02 £ 0.02 7.10 + 0.01 7.20 + 0.01
4 7.40 + 0.01 7.50 + 0.02 7.70 + 0.02
bacteria 12 8.37 4 0.01 8.73 + 0.06 8.82 + 0.05
16 8.39 + 0.01 8.75 + 0.07 8.89 + 0.01
Mean 7.87¢ 8.13b 8254
Fresh 0.00 0.00 0.00
4 0.00 0.00 0.00
Yeast . 8 6.88 + 0.04 0.00 0.00
easts coun 12 7.62 +0.24 7.10 & 0.10 6.77 + 0.06
16 8.04 +0.35 7.20 £ 0.10 6.84 & 0.01
Mean 45062 286" 2.72¢
Fresh ND ND ND
4 ND ND ND
Mold . 8 6.20 & 0.17 ND ND
01ds coun 12 6.26 + 0.24 ND ND
16 6.26 + 0.24 ND ND
Mean 3.742 0.00b 0.00P
Fresh ND* ND ND
4 ND ND ND
Colif . 8 ND ND ND
olirorm coun 12 ND ND ND
16 ND ND ND
Mean ND ND ND

ND*: Not Detected; *° Means in the same row not sharing a common superscript are statistically different at p < 0.05.

3.3.4. Sensory Evaluations

Data presented in Table 5 illustrate the organoleptic properties, such as flavor, body
and texture, and appearance and overall acceptability of SLY samples, without and with
REO addition. The obtained data showed that REO-supplemented samples had the greatest
mean flavor, body and texture, and overall acceptance scores, while the control samples
had the lowest scores. The data in the same table revealed that the impact of storage time
on sensory characteristics, as the addition of REO (T1 and T2), improved flavor and general
acceptability during storage up to 16 days in most treatments.



Foods 2022, 11,1993

15 of 22

Table 5. Sensory quality properties of SLY samples without and with REO addition (mean =+ standard

deviation) during storage periods up to 14 days.

Treatments
Items Storage Time (d) SEM
Control T1 T2
Fresh 39.00 +£1.00 40.00 +1.00 4033 +0577 032
4 38.00 £1.00 4133 +£0577 41.334+0577  0.60
- 8 36.33 £ 0.577 42004 1.00  42.00 + 1.00 0.98
avor 12 3500+ 1.00 43.00+1.00 43.00+1.00 136
16 33.00 +£1.00 43.67 0577 4333+0577 176
Mean 36.27 P 42,002 42,002 0.48
Fresh 12.00 £ 0577 1233 +1.00 13.00+0577  0.29
4 11.00 £ 0577 1233 +1.00 1233+0577 042
Body and 8 1033 £ 0577 12.00 + 0577 12.67 £ 0577 047
texture 12 9.33 + 1.00 13.00 £1.00  13.00 + 1.00 0.66
16 9.00 + 1.00 1333 +1.00 1267+1.155 075
Mean 10.33 P 12.60 2 12.732 0.24
Fresh 12.00 +£1.00 12.334+0577  13.00 & 1.00 0.29
4 11.00 £ 1.00 1233 +1.155 1233 +1.528 042
8 1033 £ 0577 12.00+1.00 1267 £1528 047
Appearance
12 933+0.577 13.004+1.00  13.00 + 1.00 0.66
16 9.00+1.00 133340577 1267+1528 075
Mean 10.33 P 12.60 2 12.732 0.24
Fresh 8733 +1.155 89.33+2.082 91.00 + 1.00 0.68
4 84.67 £ 1.155 89.67 +£1.155 90.33+0577  0.94
Overall 8 81.33 £0.577 89.67 +1.528  91.00 % 3.00 1.62
acceptability 12 7833 £1.528 92.00+1.00  93.00 £ 2.00 241
16 7500+ 1.00 9400+ 1.00 92.67+2.082  3.09
Mean 81.33P 90.93 2 91.602 0.84

2= means in the same row not sharing a common superscript are different at p < 0.05. SEM: standard error of

the mean.

4. Discussion

4.1. Phytochemical Components in REO
4.1.1. Total Phenolics and Total Flavonoids

Our data were lower than those of Adris et al., who found that total phenolic content
was 29.23 mg gallic acid equivalent/g in the methanolic extract of rosemary [28]. Fur-
thermore, Olmedo et al. found that REO contains 14.01 mg gallic acid/g of total phenol
content [29]. The solvent used in oil extraction could explain the discrepancy. Adris et al.
reported higher flavonoid content (6.59 mg catechin equivalent/g) in rosemary methanolic
extract [28], when compared with our findings.

4.1.2. The Chemical Analysis and Identification of REO by GC/MS

Olmedo et al. found that camphor (35.70 g/100 g) was the most important component
in REO, followed by verbenone (26.20 g/100 g) and b-caryophyllene (15.80 g/100 g) (24).
In addition, another study showed that rosemary oil contains 45 volatile compounds, and
eucalyptol (1,8-cineole) was the most abundant (33.15%), followed by camphor (10.31%),
a-pinene (8.11%), isocaryophyllene (7.02%), bornyl acetate (5.66%), x-terpineol (4.92%), and
camphene (4.22%), while differences in geographic location [30] may explain the differences
between our study and previous studies. Generally, the natural antioxidant properties
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are mainly attributed to their phenolic contents; thus, their antioxidants action is like
synthetic phenolic antioxidants [31]. Moreover, phenolic compounds are well known as
radical scavengers, metal chelators, reducing agents, hydrogen donors, and singlet oxygen
quenchers [32]. Therefore, natural antioxidants can protect the human body from free
radicals and could retard the progress of many chronic diseases, as well as lipid oxidative
rancidity in foods [33]. In this respect, it might be that REO has an antioxidant effect, mainly
attributed to its phenolic contents.

4.2. Antimicrobial Activity of REO
Minimum Inhibitory Concentration (MICs)

El-Kholy et al. studied the antimicrobial activity of REO against six microorganisms
and found that the MIC of REO was 0.5%, with inhibition zones ranging from 7 to 13 mm
in diameter [34]. A previous study by Jardak et al. found that REO has antibacterial activity
against Staphylococcus aureus (1.25-2.50 pmL) [35]. In another investigation, by Fu et al.,
REO was found to have antimicrobial action against Staphylococcus epidermidis, Escherichia
coli, and Candida albicans, with MICs ranging from 0.125 to 1.000% (v/v) [36]. In addition,
Taheri et al. tested REO’s antibacterial effectiveness against six pathogens, finding that
the REO effect on Salmonella sp., Escherichia coli, and Staphylococcus aureus was 9, 14, and
15 mm for the zone of inhibition, respectively [37]. REO demonstrated activity against
E. coli and Staph. aureus with 1.25 and 5 umL, respectively [38]. Another study, by Bousbia
et al., found that REO has antibacterial action against Staphylococcus aureus and Escherichia
coli, with inhibition zones 12.5 and 15.5 mm, respectively [39]. The presence of 1,8-cineole
(eucalyptus) and a-terpineol exhibited a significant antibacterial effect [40]. On the other
hand, the inhibition zone for REO against E. coli was 16.3 & 0.6 mm [41]. The antimicrobial
activity of REO against Staphylococcus aureus was 10.33 mm, and against Candida albicans
was 8 mm inhibitory zone diameter [42], which was lower than our findings, due to
changes in essential oil extraction procedures [43]. The stronger antifungal activity against
Candida albicans was when utilizing 160 pL-1 of REO resulted in inhibitory zones of nearly
68 mm [44]. The existence of a-pinene content in REO caused antifungal activity [45],
Also Kabouche et al. [46] referred to the antibacterial and antifungal effect of REO extract.
Generally, the inhibition zone increased with increasing REO concentration in all studied
bacteria, especially in Staphylococcus aureus. Thus, they achieved the highest inhibition
zones (14 mm) at 100% of REO. However, low concentrations of REO weakly inhibited
the development of tested strains. Comparatively, the Escherichia coli strain was low in
sensitivity to the inhibitory activity of the REO compared to that of all studied bacteria
in all concentrations. These results are in agreement with those reported by Zakia, who
proposed that Gram-positive bacteria are more resistant than Gram-negative bacteria to the
antibacterial properties of plant volatile oils [47]. Furthermore, the work of Deans et al. is
in contrast to the hypothesis proposed that the susceptibility of bacteria to plant volatile
oils and the Gram reaction appears to have little influence on growth inhibition [48].

4.3. The effect of REO Addition on the Shelf-Life of SLY
4.3.1. Gas Chromatography-Mass Spectrometry (GC-MS) Analysis

Obviously, many compounds in the plain SLY control sample (C) decreased with
storage, such as Octadecane, 3-ethyl-5-(2-ethylbutyl), which has antioxidant and anti-
inflammatory effect [49], 1-Nonadecene, which has antifungal and anticancer effects [50],
Phthalic acid derivatives, which have a role in chronic cardiovascular and cerebrovas-
cular diseases treatments and illustrated its ability in antitumor, anti-inflammatory, and
antibacterial activities [51] and Ethanol, 2-(octadecyloxy) (which has antimicrobial ef-
fect [52])The data in our study revealed that the addition of REO showed new com-
pounds, such as Camphene, which inhibits the biosynthesis of cholesterol and has a
promising potential as a lipid-lowering agent [53], 3-Carene which shows a protective
effect in postharvest pathogens [54], Limonene, which has lemongrass herbal aroma, and
has a curative effect on heartburn and gastroesophageal reflux [55,56], 1,6-Octadien-3-
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ol, 3,7-di methyl-, which has anti-inflammatory and anti-cancer properties [49], Cam-
phor, which has an important role in cough and colds cure [57], Bornyl acetate, which
has pine, woody, and camphoreous flavors [58,59], Caryophyllene, which has antitumor,
analgesic, antibacterial, anti-inflammatory, sedative, and fungicide properties [60], Co-
paene (causes an increase in antioxidant capacity of human lymphocyte [61]), Retinol
(which is converted in the human body and is important in vision physiology [62]),
and Aromadendrene oxide-(2) (which has anticancer activity [63]); however, the stor-
age period declines these compounds. Furthermore, our data illustrate other compounds
found in both REO and SLY control samples, which decreased with storage, such as
Octadecanal 2-bromo- (which has anti-inflammatory and anti-apoptotic effects [64]), 1-
Heptatriacotanol (which has antioxidant, anticancer and anti-inflammatory effects [65]),
Cyclic methyl boronate (which has a preservative activity [60]), 3-Pyridinecarboxylic
acid,2,7,10-tris(acetyloxy)-11a,2,3,4,6,7,10,11,11a-decahydro-1,1,3,6,9-penta methyl-4-oxo-
4a,7aepoxy-5H-yclopentala]cyclopropalf]cycloundecen-11-ylester,[1aR-], which has anti-
inflammatory effect [64], Cinnamic acid, 4-hydroxy-3-methoxy- (which has a promising
potential as an anticancer treatment) [66], Ocimene (has a sweet herbal odor [67]), and
1-Monolinoleoylglycerol trim ethyl silyl ether (which has antimicrobial activity [68]); in
contrast, other compounds increase with storage, such as 9-Octadecenoic acid,(2-phenyl-
1,3-dioxolan-4-yl) methyl ester trans (which has antimicrobial and anti-inflammatory prop-
erties [69]), 9,12,15-Octadecatrienoic acid, 2-phenyl-1,3-dioxan-5-yl ester (which has antimi-
crobial and anti-inflammatory properties [69]), Butanoic acid,1a,2,5,5a,6,9,10,10a-octahydro
(indeed, acid compounds (including Butanoic acid) increased after either 3 or 7 days
of storage [70]), 7,8-Epoxylanostan-11-ol, 3-acetoxy- (which has antimicrobial and anti-
inflammatory effects [71,72]), and 6,9,12,15-docosatetraenoic acid, methyl ester (which
has anti-carcinogenic and anti-atherosclerotic effects [73]). Meanwhile, other compounds
were enhanced in SLY samples after REO addition, such as ester compounds (even at low
concentrations, it contributed to the flavors of dairy products [74]), Eucalyptol, which has
a eucalyptus, bark lavender, fresh mint -like fragrance, spicy aroma, and taste [52,55-75],
and Glycine N-[(3a,54,7a,12a)-24-0x0-3,7,12 tris[(trim ethyl silyl)oxy]cholan-24-yl]-,methyl
ester (which has antibacterial and antiperspirant activities [76]).

4.3.2. Physico-Chemical Characterization
o  Acidity:

Ali et al. found that the addition of rosemary extracts during yogurt manufacturing
affected the Gram-positive bacterial cell surface and inhibited its growth [77]. Likewise,
the addition of oregano and rosemary essential oils to cream cheese declines the acidity
value when compared with control samples [29]. Moreover, yogurt fortified with fish oil /y-
oryzanol showed a lower acidity than the plain yogurt [78]. The acidity value increased
significantly during storage, and similar findings were noticed by El-Kholy et al. [34].
Indeed, the acidity percentages increased during storage due to the increase in lactic acid
bacteria counts, which converted the lactose into lactic acid [79], whereas previous study
found that the addition of REO to the yogurt samples did not show differences in titratable
acidity and pH values during the storage period, and the titratable acidity of the control
samples increased substantially [15].

e  Total solid:

Our results are in agreement with Al-Soudy et al. [80], who found non-significant
differences between the control sample and drinking yoghurt samples (infused with herbal
extract) in total solids, due to the little quota of the herbal extract, whereas El-Sayed et al.
found that fortified Labneh with Moringa oleifera oil increased the TS percentages [81].
Our results showed a non-significant decrease in total solid content during the storage
period; similar results were obtained by Ghalem and Zouaoui, who found that dry matter
percentage decreased in control yogurt samples with storage period [15].

e  Total protein:
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Results obtained by El-Kholy et al., who found that the protein content decreased in
cheese samples after the addition of REO (from 17.18% in control samples to 16.91% in
cheese made with REO) [34], were in agreement with our study. The decline in protein
content in our study after 8 days of storage could be attributed to proteolytic activity by
added microorganisms (76). Our findings are consistent with the results of El-Kholy et al.
and Thabet et al. [34,82].

° Fat:

Our results were consistent with a previous study, conducted by Ghalem and Zouaoui,
as they observed a slight increase in yogurt fat with REO addition [15]. Moreover, the
addition of REO extracts to the cheese showed a significant (p < 0.05) higher fat content
than the control cheese samples [34]. Our data illustrated that fat content during storage
matched the results reported by Ghalem and Zouaoui [15].

4.3.3. Microbiological Changes

Generally, the data revealed that there were decreases in TBC and yeasts and molds
counts in SLY with increasing REO levels in all treatments. This may be due to the effect
of REO on TBC and yeasts and molds. Indeed, REO contains monoterpenes, such as o-
pinene, 1,8-cineole, and borneol (Table 1), which have strong antibacterial and antimicrobial
activities on food product deterioration pathogens [83].

Control samples had higher counts of TBC and yeasts and molds than those of SLY
with REO in all treatments. Similar findings were reported by El-Kholy et al. [34]. On the
other hand, Ali et al. [77] discovered that rosemary extract had a detrimental effect on the
starter cultures Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus. Our
data illustrated the effect of REO addition in slowing down the spoilage rate and similar
observations were reported by Ghalem and Zouaoui and Ali et al. [15,77].

4.3.4. Sensory Evaluations

The enhancement effect of REO addition on sensory properties in our study matched
the findings reported by El-Kholy et al., as they showed that adding REO to ultra-filtrated
soft cheese samples improved sensory characteristics, while the control samples had lower
scores [34]. According to other findings, adding 0.14 g/L of REO to yogurt samples resulted
in the best flavor, taste, and texture, whereas increasing the previous concentration resulted
in the worst flavor, taste, and texture [15]. The control samples degraded in all sensory
quality properties due to aromatic chemicals (such as acetone and acetaldehyde) and lactic
acid generation during storage [84]. These results are in agreement with those reported
by Ali et al., who proposed that the addition of aqueous extract of rosemary affected the
sensory properties of yogurt (flavor, body and texture, appearance, and overall grade),
wherein an increasing concentration of rosemary extract increased the score of flavor, body
and texture, appearance, and overall grade [77].

5. Conclusions

The results of antibacterial characteristics of REO indicated that it could be used as a
natural preservative in the manufacture of SLY. In addition, SLY samples with REO addition
showed acceptable flavor, body and texture, appearance, and overall acceptance. Based
on the analysis, SLY with REO at 0.5% and 0.7% performed equally in this study, which
indicates that adding REO at 0.7% would not provide additional benefits when compared
with REO at 0.5% in SLY. Therefore, REO at 0.5% could be utilized in the manufacture
of SLY.
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