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Introduction: Mayonnaise is known as a popular sauce around the world. However due to the high-fat content,
it is susceptible to oxidative degradation. Although the use of synthetic antioxidants is common to delay the
oxidation process in food products, there is a general desire to replace chemical food additives and preservatives
with natural ones Nepeta glomerulosa is a species found in Iran, especially in Fars province. Nepeta L. genus
shows good bioactivity, related to terpenoid compounds, phenols, and flavonoids. Plant essential oils are
volatile oily liquids obtained from various aromatic plants, most of which are Generally Recognized As
Safe (GRAS). In recent years, essential oils have received much attention as suitable additives with
antimicrobial and antioxidant potential. However, they are volatile, have a strong smell and taste as well as their
water solubility is poor. Moreover, they are also sensitive to environmental stress. Therefore, the use of these
compounds as natural preservatives has faced serious challenges in the food industry. Encapsulation is a suitable
way to overcome this challenge. One of the ways of encapsulation which is the preparation of nanodispersions
and nanoemulsions can be considered one of the simplest and the most cost-effective techniques for
encapsulating bioactive compounds. Oil-in-water nanoemulsions consist of small oil droplets (20-200 nm)
dispersed in a continuous aqueous phase, and each oil droplet is covered by a thin layer of emulsifier molecules.
Nanoemulsions have a higher surface area due to smaller particle size as compared to conventional emulsions
was exerted their bioactivity at lower essential oil concentrations. Thus, the current work aims to compare the
effect of Nepeta glomerulosa essential oil (pure and nanoemulsified) and chemical preservatives on the
chemical, microbial and sensory properties of the high-fat mayonnaise during 6 weeks of storage at 35 °C.

Materials and Methods: The aerial parts of Nepeta glomerulosa were collected from Abadeh (Fars, Iran) and
dried in shade room temperature (25 £ 5 °C), ground, and passed through a sieve with a mesh of 400
micrometers. The essential oil of Nepeta glomerulosa was extracted based on hydro-distillation using
Clevenger. A gas chromatography-mass spectroscopy (GC/MS) method was applied to identify the volatile
compound of the essential oil. The nanoemulsion of Nepeta glomerulosa essential oil was prepared by the
ultrasound cavitation method. This nanoemulsion consisted of essential oil (10% w/w), Tween 80 (2% w/w),
and distilled water (88% wi/w). The mean particle size and polydispersity index (PDI) were determined by
dynamic light scattering. The formulation of mayonnaise samples was as follows: soybean oil without
antioxidants (70%), egg yolk (10%), vinegar (12%), salt (1%), sugar (2%), mustard (0.25%), xanthan and guar
(0.75%), lemon juice (4%). To investigate the preservative effect of the natural compounds, soy oil of the
mayonnaise was substituted by 0.5 %w/w of the Nepeta glomerulosa essential oil or its nanoemulsion.
Oxidative stability of mayonnaise samples was measured based on peroxide value (PV) and reactive substances
with thiobarbituric acid (TBARS). The acidity and pH of samples were also determined. According to the
Iranian national standard for mayonnaise, acid-resistant bacteria, heterofermentative lactic acid
bacteria, Escherichia coli mold, yeast content, and salmonella were evaluated. A sensory evaluation test was
conducted based on a five-point hedonic scale (Flavor, texture, and color). The weighted average scores of
color, texture, and flavor were considered as the overall acceptance score. All experiments were conducted in
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triplicate and the data were analyzed by a general linear model ANOVA (P < 0.05). The difference between the
significant mean was tested using the Tukey multiple comparison test. Statistical analysis was performed using
SPSS software.

Results and Discussion: Nepeta glomerulosa essential oil was yellow with a strong and persistent odor.
Twenty-nine compounds were identified in the essential oil. The main compounds were 1,8-Cineole (26.9 %),
a-Pinene (7.3 %), Limonene (6.8 %), and Caryophyllene oxide (5.8 %). mean particle size and polydispersity
index (PDI) were 191.95 nm and 0.225, respectively. Generally, a PDI value less than 0.3 indicates a narrow
particle size distribution and the homogeneity of the emulsion. Particle size and PDI can be influenced by
emulsion formulation, preparation method, the interfacial tension between water and oil, shear force, and
turbulence generated by a homogenizer. The viscosity of the nanoemulsion was estimated to be 1.03 CP. The
effectiveness of Nepeta essential oil and its nanoemulsion on PV was highlighted from the second week of
storage. Until the 3rd week of storage, the lowest PV was recorded for the sample containing the essential oil.
But after that, the sample containing Nepeta nanoemulsion showed the lowest PV. However, the difference
between the samples containing antioxidants was not significant (P > 0.05). During four weeks of storage, there
were no significant changes in the TBARS value of samples containing antioxidants (essential oil and BHT).
While the difference between samples containing antioxidant agents and control one was significant. The
highest and lowest pH changes were in the control sample (11.15%) and the sample containing benzoate-sorbate
(3.98%), respectively. Although these differences were not significant at the 5% level, the pH of the samples
containing antimicrobial substances was in the range of 3.6-4, which is the maximum stability of mayonnaise.
At the end of storage, the number of acid-resistant bacteria in the control sample and the sample containing
BHT were higher than the threshold limit (>3 Log CFU g-1). Therefore, nepeta essential oil and its
nanoemulsion could be a good substitute for the chemical antimicrobial agents and enhance the microbial
quality of the mayonnaise sample as compared to the control one. The growth results of mold and yeast showed
there were no serious colonies in the samples containing antimicrobial compounds (natural and chemical) until
the end of the third week of storage. After that, the microbial load of the samples containing antimicrobial
agents was lower than the control ones and samples containing BHT. Due to the complexity of the bioactive
compounds of the essential oil, it is difficult to establish a correlation between the antimicrobial activities of
essential oil and specific bioactive compounds. Overall, the essential oil and its hanoemulsion can penetrate the
cell membrane and disrupt its function. There were no lactic acid bacteria, salmonella and Escherichia coli were
a detective in mayonnaise samples. The low pH and high acidity can inhibit the growth of these
microorganisms. According to the overall sensory acceptance score, the most desirable sample at the end of the
storage was the sample containing nanoemulsion of nepeta essential oil and only the overall sensory score of
this sample was higher than the threshold limit (> 3) and the other samples were rejected by the sensory
evaluators.

Conclusion: The results indicated that the addition of nano-emulsified and pure essential oil of Nepeta
glomerulosa significantly increases the oxidative stability of mayonnaise. The Nepeta glomerulosa essential oil,
especially in nanoemulsified form, showed good potential as a natural preservative to enhance the shelf-life
quality of high-fat mayonnaise by reducing microbial spoilage and hydrolysis. At the end of storage, the overall
sensory score showed that only the sample containing nanoemulsion was accepted by panelists. Therefore, the
nanoemulsion of Nepeta glomerulosa at a lower concentration of essential oil could show a good performance
to improve the shelf-life of mayonnaise under accelerated storage conditions. Nepeta glomerulosa nanoemulsion
was a suitable alternative to chemical preservative compounds. As expected from any emerging technology,
further study is necessary to clarify gaps in particle size standardization, the synergistic effect of essential oils,
nanoemulsions stability in the product, and possible toxicological effects associated with the consumption of
nanoparticles.
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Co: control sample; BNZ: the sample containing Sodium benzoate-potassium sorbate; BHT: the sample containing butylated
hydroxytoluene (BHT); PNE: sample containin Nepeta glomerulosa essential oil; NNE: sample containing Nanoemulsified Nepeta
glomerulosa essential oil
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thiobarbituric acid (TBARS) value of high-fat mayonnaise during 6 weeks storage at 35 °C; Co: control sample; BNZ: the sample

containing Sodium benzoate-potassium sorbate; BHT: the sample containing butylated hydroxytoluene (BHT); PNE: sample containin
Nepeta glomerulosa essential oil; NNE: sample containing Nanoemulsified Nepeta glomerulosa essential oil
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Co: control sample; BNZ: the sample containing Sodium benzoate-potassium sorbate; BHT: the sample containing butylated
hydroxytoluene (BHT); PNE: sample containin Nepeta glomerulosa essential oil; NNE: sample containing Nanoemulsified Nepeta
glomerulosa essential oil
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Fig 4. The effect of Nepeta glomerulosa essential oil (pure and emulsified) on the (A) pH and (B) acidity of high-fat mayonnaise during 6
weeks storage at 35 °C; Co: control sample; BNZ: the sample containing Sodium benzoate-potassium sorbate; BHT: the sample containing

butylated hydroxytoluene (BHT); PNE: sample containin Nepeta glomerulosa essential oil; NNE: sample containing Nanoemulsified
Nepeta glomerulosa essential oil
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Table 1. The effect of Nepeta glomerulosa essential oil (pure and emulsified) on the microbial quality of high-fat mayonnaise during 6
weeks storage at 35 °C

Storage time (weeks)

Treatment 0 1 2 3 2 5 6
Acid-resistant bacteria (Log cfu g %)

Co 1.55+0.04A1 2.10+0.07%° 2.34+0.15" 2.61+0.14"° 2.90+0.19"® 2.59+0.177%° 3.27+0.18™
BZN <18 ND ¢ 1.24+0.11°° 2.23+0.1078° 2.20+0.11% 2.53+0.11782 2.61+0.23%
BHT 1.56+0.05"¢ 2.04+0.117° 2.23+0.12°°  2.37+0.06"%*°  252+0.15"E> 2.84+0.13°® 3.08+0.17/8
PNE 1.36+0.19¢ <1° 1.54+0.07%° 1.90+0.118% 2.39+0.095% 2.35+0.145%® 2.73+0.13%
NNE 1.38+0.06"¢ 1.53+0.07%% 1.72+0.095 187+0.065® 2.22+0.08% 2.30+0.09% 2.29+0.14%

Yeast & mold (Log cfu g?)

Co ND® <1r° 1.33+0.07° 1.52+0.11%° 2.1440.11% 2.04+0.13" 2.26+0.16"¢
BZN ND¢ NDB NDE <18¢ 1.71+0.15%° 2.08+0.047% 2.00+0.07482
BHT ND® NDBe 1.56+0.06"° 1.53+0.09%° 2.06+0.16"2 2.02+0.07° 2.22+0.15"8
PNE ND® NDE® NDB® <1® 2.14+0.04%2 2.08+0.02" 2.11+0.07482
NNE ND® NDEe <1 <1 1.88+0.05"% 2.09+0.17% 1.93+0.06%

Co: control sample; BNZ:

the sample containing Sodium benzoate-potassium sorbate; BHT: the sample containing butylated

hydroxytoluene (BHT); PNE: sample containin Nepeta glomerulosa essential oil; NNE: sample containing Nanoemulsified Nepeta

glomerulosa essential oil

- For each microbial parameter, different capital letters in each column indicate significant differences between samples; Different small
letters in each row indicate differences between storage periods (P < 0.05).
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Table 2. The effect of Nepeta glomerulosa essential oil (pure and emulsified) on the sensory properties of high-fat mayonnaise during 6

weeks storage at 35 °C

Treatment

Storage time (weeks)

0 1 2 4 5 6
Flavor (Odor and Taste)

Co 4.86+0.38 4.57+0.53% 4.71+0.49%° 4.00+0.58" 3.57+0.78"® 2.71+0.76% 1.85+0.69%°
BZN 4.86+0.38" 4.71+0.49% 4.71+0.49% 4.14+0.90% 3.85+0.38°% 3.14+0.90"%° 2.57+0.54"%°
BHT 4.86+0.38" 4.86+0.38" 4.86+0.38 4.29+0.76" 3.86+0.69"® 3.57+0.57/8% 3.14+0.69"°
PNE 5.00+0.00%¢ 5.00+0.00" 5.00+0.00"2 4.86+0.38"® 4.29+0.49"® 4,000,574 3.1440.69"°
NNE 4.86+0.38" 4.86+0.38" 4.86+0.38" 4.42+0.53" 3.86+0.38°% 3.71+0.48"%° 3.00+0.81"

Texture

Co 4.86+0.38™ 4.71+0.49% 4.14+0.69% 4.00+0.58 3.14%0.69"® 2.14+0.69% 1.71+0.48%
BZN 4.86+0.38" 4.71+0.49% 4.29+0.76"° 4.14+0.69" 3.28+0.497%® 3.00+0.587B® 2.71+0.48180
BHT 4.85+0.38" 4.71+0.49% 4.29+0.49" 4.00+0.82" 3.57+0.53"® 3.00+0.82/B 2.43+0.5418
PNE 4.71+0.48% 4.57+0.54" 4.43+0.54" 4.29+0.49°® 3.71+0.76"® 3.29+0.7678% 2.43+0.54"%°
NNE 4.86+0.38" 4.86+0.38"% 457+0.53" 457+0.53" 4.14+0.38"® 3.43+0.547%® 3.00+0.58"°

Color
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Co 5.00+0.00% 4.86+0.38™ 4.14+0.38% 3.57+0.53"® 3.28+0.76"® 2.85+0.38%% 2.57+0.53%
BZN 5.00+0.00" 5.00+0.00" 4.43+0.54" 4.00+0.58"® 3.29+0.49/%® 3.14+0.3978% 3.00+0.58"°
BHT 5.00+0.00" 4.86+0.39" 457+0.79% 4.00+0.58"%® 3.57+0.53"%® 3.29:+0.4978 3.14+0.38"°
PNE 5.00+0.00" 4.71+0.49% 4,57+0.54 4.17+0.38"® 3.71+0.49/%® 3.43+0,53/8 3.00+0.58"°
NNE 5.00+0.00" 5.00+0.00" 4.43+0.53" 4.29+0.95"® 3.86+0.38"%® 3.71+0.49°%® 3.14+0.69"°

Overall acceptance

Co 4.88+0.21% 4.67+0.24% 4.43+0.44"® 3.93+0.32"% 3.38+0.30"° 2.55+0.36% 1.93+0.32%
BZN 4.88+0.21"  4.76+0.23"® 4.52+0.47°® 4.12+0.54"> 3.57+0.29"« 3.09:+0,52/8¢ 2.69+0.24%°
BHT 4.88+0.21" 4.81+0.31°%® 4.62+0.21°%® 4.14+0.43" 3.71+0.387« 3.33+0.32°% 2.91+0.38"°
PNE 4.90+0.16" 4.81+0.24" 4.74%0.25 4.55+0.13°® 4.00+0.40"" 3.67+0.44"° 2.88+0.417¢
NNE 4.88+0.21 4.88+0.217° 4,69+0.30 4.45+0.36"® 3.95+0.25"% 3.62+0.27°% 3.02+0.46"¢

Co: control sample; BNZ: the sample containing Sodium benzoate-potassium sorbate; BHT: the sample containing butylated
hydroxytoluene (BHT); PNE: sample containin Nepeta glomerulosa essential oil; NNE: sample containing Nanoemulsified Nepeta

glomerulosa essential oil

- For each sensory parameter, different capital letters in each column indicate significant differences between samples; Different small
letters in each row indicate differences between storage periods (P < 0.05).
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