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Abstract Ghee is a dairy product widely consumed in India, north-Africa, and Middle East coun-

tries, having beneficial pharmacological effects. This study aims to characterize the effects of aro-

matic plants addition (rosemary and clove) on the nutritional, volatile and oxidative profile of

cow ghee and to evaluate the effect of flavored ghee on the fibroblasts migration during wound heal-

ing in vitro assay. Two flavored ghee products were obtained by adding clove (CG) and rosemary

(RG) as aromatic plants through maceration in cattle traditional ghee (BT). It was revealed that

enriched ghee samples had significantly lower peroxide values (6.76 and 6.80 meqO2 /kg) compared

to control samples (8.20 meqO2 /kg). Moreover, the addition of rosemary and clove change the

volatile profile, and increased the retinol levels of ghee (BT: 1.3 mg/kg; CG: 1.9 mg/kg; and RG:

3.05 mg/kg). Liquid-chromatography analyses revealed the presence of targeted phenolic

compounds such as carnosic acid, rutin and gallic acid in CG and RG, showing thus, the transfer
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of polyphenols from aromatic plants into the ghee matrix. On the other hand, the fatty acid com-

position of ghee remained unchanged. The major components of the prepared ghee samples con-

tributed to rising significantly the human fibroblast migration in wound healing in vitro assay.

The results obtained underline that the flavored ghee samples could improve skin regeneration,

making them potentials therapeutic ingredients in skincare formulations.

� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The wound is defined as loss or rupture of the cellular,
anatomical, and functional continuity of living tissues. The

healing of the wound consists of a process of coagulation,
epithelialization, granulation, collagenation, and remodeling
of tissues (Nandanwar et al., 2010). This tissue remodeling

or tissue regeneration requires cells reprogramming, which
involves development programs for healing, apoptosis and dif-
ferentiation (Tottoli et al., 2020).

Another important element to take into consideration is the
presence of oxidative reagents that can affect the healing pro-
cess of the wound and provoke oxidative damage (Lin et al.,
2019). Moreover, oxidative damage does not accumulate only

with age, but also triggers the aging of individual and interferes
with the process of reprogramming. Thanks to antioxidants
and certain vitamins, it is possible to prevent and reduce this

damage and considerably improve the efficiency of reprogram-
ming (Jeon et al., 2018).

For the management of skin conditions, it is noted that the

use of alternative and/or complementary therapeutic
approaches, based on natural products, is remarkably increas-
ing (Hajialyani et al., 2018). Indeed, Western society knows a

kind of ‘‘green” consumerism and environmental awareness by
using products that have no side effects on our natural envi-
ronment. For these reasons, it would be interesting to develop
local formulations based on natural products that improve the

healing processes of wounds by acting on dermal fibroblasts.
These cells synthesize the extracellular matrix and collagen
and play an essential role in wound healing especially during

the proliferation phase (Sabirin, & Yuslianti, 2016). After skin
lesions, fibroblasts migrate into the clot of the wounds where
they deposit their matrix rich in collagen, which contributes

to the closure of the wound itself (Antognoni et al., 2016).
Indian traditional medicine, known as ‘‘Ayurveda”, selects

ghee among the most important dairy products. One of the

most widespread and well-known properties of ghee is its
wound healing activity (Prasad & Dorle, 2006). The main
world zones that consume ghee are India, north-Africa and
Middle East countries, due to its pleasant flavor and valuable

content of energy and fat-soluble vitamins (A, D, E and K).
However, due to its high lipid content, ghee undergoes rapidly
auto-oxidation with a reduction of its shelf-life (Lodh &

Khamrui, 2017).
To solve this problem, a possible approach consists of add-

ing antioxidants into ghee. Indeed, antioxidants can play an

important role in the protection of dairy products from oxida-
tive degradation (Gutierrez et al., 2018). Therefore, with the
increased attention on naturally occurring antioxidants, some
studies have assessed the effect of ghee enrichment with plants
and plant extracts on its oxidative stability (Gandhi & Lal,
2018; Lodh et al., 2018). Researches pointed out that plant
extracts with high polyphenols content can retard the oxida-

tion processes in ghee (Hazra & Parmar, 2014).
Among the studied plants, just a few studies have been car-

ried out on rosemary (Rahila et al., 2018; Pawar et al., 2014)

and clove extracts (Patel et al., 2014; Shende et al., 2014).
Rosemary and clove leaves are commonly used in the Mediter-
ranean kitchen as flavoring agents. Moreover, due to their high
content in phenolic compounds, these plants are characterized

by an important antioxidant activity. Therefore, they can also
be used as dried herbs, essential oils, or plant extracts to pre-
vent lipid oxidation in oily products (Farhat et al., 2017). Most

of the studies that assessed the effect of rosemary and clove on
the oxidative stability of ghee, were carried out using extracts
obtained with water or organic solvents. Interestingly, the

direct use of plants (Kapadiya & Aparnathi, 2018) could
enrich ghee with nutrients and could impact the flavor by
transferring aromatic compounds into the food matrix. How-
ever, to our knowledge, no study has been conducted on these

aspects of ghee research.
This study is therefore, one of the first to assess the effects

of the addition of rosemary and clove leaves on the oxidative

stability, the volatile profile, and the chemical composition of
ghee. Finally, we assessed the capacity of our plant-enriched
ghee samples to stimulate the migration of fibroblasts through

an in vitro wound healing assay.

2. Materials and methods.

2.1. Chemicals and reagents.

High performance liquid chromatograhy (HPLC) grade
methanol, isopropanol, and acetonitrile were purchased from
Sigma–Aldrich (Milan, Italy). Milli-Q water (greater than18

MX cm resistivity) was obtained from a Milli-Q SP Reagent
Water System (Millipore, Bedford, MA, USA). HPLC grade
acetic acid was bought from J.T. Baker B.V. (Deventer,
Netherlands). Sodium thiosulphate, NaCl, hexane, and cyclo-

hexane were bought from Carlo Erba (Milan, Italy). The
Folin-Ciocalteu reagent and the analytical standards of querci-
trin, hyperoside, (+)-catechin, (-)-epicatechin, 3,5-di-O-

caffeoylquinic acid, chlorogenic acid (3-CQA), neochlorogenic
acid (5-CQA), rutin, rosmarinic acid, shikimic acid, carnosol,
gallic acid, carnosic acid, retinol, and alpha-tocopherol were

purchased from Sigma-Aldrich (Milan, Italy). For the identifi-
cation of the volatile compounds by gas chromatography, the
analytical standards of a-pinene, camphor, p-cymene, eugenol,
(E)-caryophyllene and 1,8-cineole were purchased from Sigma

Aldrich (Milan, Italy).

http://creativecommons.org/licenses/by-nc-nd/4.0/
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All reagents used for cell culture and wound healing-
migration assay were purchased from EuroClone (Milan,
Italy).

2.2. Samples collection and preparation.

Wild rosemary dried leaves (Rosmarinus officinalis) were col-

lected from the Zaghouan region in the north-east of Tunisia
while dried leaves of cultivated clove (Syzygium aromaticum)
were purchased from a local market (Tunis, Tunisia). Ghee

was prepared by clarifying butter (Fig. 1.) that was previously
separated from cow milk collected from farmers of the Soli-
man region in the north-east of Tunisia. Briefly, butter was

heated (110–125 �C) to evaporate the water. The foam formed
on the surface, consisting mainly of casein, was delicately elim-
inated. The obtained liquid was filtered to produce the cattle
traditional ghee (BT) which was then enriched with plants by

hot maceration (Saoudi et al., 2016). The dried plants were
introduced in liquid ghee at a rate of 6% (w/w) and the mix-
ture was kept in the dark at 60 �C for 21 days with daily agi-

tation. The oils were filtered and stored at 4 �C until analysis.
All the results obtained from the analysis of flavored ghee sam-
ples were compared with those of the non-macerated ghee

(control ghee, BT: Bovin Traditional).

2.3. Chemical characterization of the enriched samples.

2.3.1. Peroxide value.

Stability was evaluated in different ghee samples by monitor-
ing the peroxide value (PV) during 21 days of accelerated incu-

bation at 60 �C. The PV was determined following the
standard method of the Association of Official Analytical Che-
mists Inc (AOAC) (Mehta et al., 2015). Five g of each ghee

sample were placed in a flask and dissolved with 30 mL of
Fig. 1 Illustration of ghe
acetic acid-chloroform mixture (60:40, v/v). Then, 0.5 mL of
a saturated solution of Potassium iodide (KI) was added into
the flask. The mixture was shaken for 1 min and then 15 mL

of distilled water was added and the mixture was titrated
against 0.01 N sodium thiosulphate (Na2S2O3) solution using
a 1% starch solution as indicator. A blank sample was also

titrated under the same conditions. PV was determined using
the following equation:

PV = 1000* V*c/m;

Where PV is expressed as meqO2 /kg, V represents the vol-
ume of Na2S2O3 used for sample titration (mL), m was the
mass of ghee (g) and c was the concentration (M) of sodium
thiosulphate.

2.3.2. Fatty acids analyses.

2.3.2.1. Transmethylation.. The fatty acids composition of ghee
samples was determined as the corresponding fatty acids
methyl esters (FAMEs). For sample transmethylation and

GC-FID analyses, the method of Caprioli et al (2016) was
applied with some modifications. Briefly, 15 mg of ghee were
dissolved in 1 mL of hexane. Then, 0.1 mL of 2 M KOH in

methanol was added. After 2 min of vortex, 1.5 mL of
0.15 M of aqueous acetic acid was added and the solution
was vortexed for 1 min and centrifuged at 5000 rpm for
10 min. The upper phase was collected and the operation

was repeated three times. The final FAMEs solution was
stored at �20 �C and before analysis, was evaporated to dry-
ness with a nitrogen stream, dissolved in 1 mL of hexane

and analyzed in triplicate.

2.3.2.2. Analysis by gas chromatography-flame ionization detec-

tor.. An Agilent Technologies 6850 gas chromatograph (GC)
equipped with a flame ionization detector (FID) was used.
The separation of FAMEs was carried out using a 50%
cyanopropyl-phenyl-dimethylpolysiloxane column (30 m,
e samples preparation.
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0.32 mm; film thickness, 0.25 mm i.d) (DB-225 Agilent
Technologies, CA, USA). The injected volume was 1 mL in
split mode with a ratio of 1:30 and an injector temperature

of 260 �C. The oven temperature was kept at 60 �C for
3 min then it increased to 220 �C at 20 �C/min, and held at
220 �C for 8 min. The carrier gas was H2 at a flow of

3.7 mL/min and the FID detector temperature was 250 �C (air-
flow 400.0 mL/min, H2 flow 40.0 mL/min). Identification was
performed by comparison with the standard « Supelco 37

Component FAME Mix » purchased from Supelco (Belle-
fonte, PA).

2.3.3. Extraction of retinol and alpha-tocopherol and analysis by

HPLC-DAD.

The retinol and alpha-tocopherol extraction was performed
according to the method of Caprioli et al. (2020) with slight

modifications. Briefly, 3 g of ghee, 5 mL of a solution of
sodium chloride (NaCl) 1% (w/v), 0.05 g of ascorbic acid,
9 mL of ethanol and 2 mL of a KOH solution (10 g KOH
in 10 mL water) were placed in a centrifuged tube. The alkaline

digestion was performed in water-bath at 65 �C for 1 h with
continuous stirring. After digestion, tubes were cooled in an
ice-bath and 15 mL of NaCl 1% were added. Vitamins A

and E were extracted with three portions each of 6 mL of hex-
ane. Then, the organic phase was evaporated under nitrogen
stream and dissolved in 1 mL of acetonitrile. The prepared

sample was filtered with and injected for analysis. The
HPLC-DAD analysis of retinol and alpha-tocopherol was per-
formed with a Hewlett Packard (Palo Alto, CA, USA) HP-

1090 Series II, consisting of a binary pump, an auto-sampler,
with a UV–Visible DAD-SL Diode Array Detector. A Chro-
molith� RP-18 HPLC Column (100 � 3 mm, macropore size
2 mm, mesopore size 13 nm; Merck) with pre-column (C18,

Phenomenex), was used for the chromatographic separation
and was thermostated at 30 �C. The mobile phase consisted
of 90% acetonitrile (A) and 10% isopropanol (B) in an iso-

cratic flow rate of 0.8 mL/min. The injection volume was
50 mL. Chromatograms were recorded at 292 nm for alpha-
tocopherol and 326 nm for retinol.

2.3.4. Analysis of polyphenols in enriched ghee samples.

2.3.4.1. Polyphenols extraction.. Polyphenols were extracted

from plant enriched ghee samples according to the method
of Ricciutelli et al. (2017) with some modifications. Five g of
ghee were dissolved in 10 mL of cyclohexane at 40 �C and

extracted in a separating funnel at ambient temperature with
3 � 5 mL of methanol/water (80:20, v/v). The methanolic
extracted solution was collected and evaporated until 4 mL

with a nitrogen stream and was stored at � 6 �C for 2 h. After-
ward, the extract was centrifuged and the supernatant was
used for total polyphenols quantification (Folin Ciocalteu

method) and HPLC-DAD analyses.

2.3.4.2. HPLC-DAD analyses.. The enriched samples were
analyzed following the method developed by Bendif et al.,

(2017) to quantify 13 phenolic compounds by HPLC-DAD.

2.3.5. Characterization of the volatile profile of the enriched ghee

samples.

2.3.5.1. Analysis of volatile organic compounds (VOCs).. The

volatile organic compounds (VOCs) of different ghee samples
were characterized by headspace solid-phase microextraction
(HS-SPME) coupled with gas chromatography-mass spec-
trometry (GC–MS) (Nzekoue et al., 2019). Briefly, 1 g of ghee

was placed in a 10 mL vial which was tightly capped with a
PTFE-silicon septum. After 20 min of equilibration at 60 �C
for 20 min, a 50/30 mm divinylbenzene/carboxene/polydime

thylsiloxane (DVB/CAR/PDMS) fiber (Supelco, Bellofonte,
PA, USA) was exposed to the headspace of the sample. After
20 min of exposition, the fiber was inserted into the GC injec-

tion port for 10 min of desorption, with the injector tempera-
ture of 260 �C in splitless mode (splitless time: 1 min). An
Agilent 6890 N GC equipped with an Agilent 5973 N mass
selective detector (GC–MSD) (Agilent, Santa Clara, CA) was

used. Data were acquired in the electron impact (EI) mode
with an ionization voltage of 70 eV, using the scan ion moni-
toring mode. A polyethylene glycol capillary column (DB–

Wax, 60 m, 0.25 mm i.d., 0.25 mm film thickness, J & W Scien-
tific, Folsom, CA, USA) was used. The carrier gas was He at a
flow rate of 1 mL/min. The oven temperature was held at 50 �C
for 3 min, then raised to 150 �C at a rate of 5 �C/min, to 250 �C
at a rate of 10 �C/min and held at 250 �C for 7 min. The iden-
tification of VOCs was based on a comparison of their reten-

tion times and mass spectra with authentic standards and
with reference spectra from the US National Institute of Stan-
dards and Technology (NIST, 2008). The results were
expressed as peak area percentages, dividing the area of each

component by the total area of all isolated components under
the conditions described above. The values were the mean of
three replicates of each sample. Data were analyzed by using

MSD ChemStation software (Agilent, Version G1701DA
D.01.00).

2.3.5.2. Multivariate analyses.. To reveal the relationship
among ghee samples in terms of volatile components, and to
identify the main constituents influencing variability, the com-

position data matrix of four samples (47 variables * 4 sam-
ples = 18 data) was analyzed using principal component
analysis (PCA) with STATISTICA 7.1 (Stat Soft Italia srl,
2005, www.statsoft.it) (Sagratini et al., 2012). Eigenvalues were

calculated using a covariance matrix among 154 chemical
compounds and the two-dimensional PCA biplot, including
both samples of different origins and compounds, was

generated.

2.4. In vitro migration assay

2.4.1. Preparation of nanoemulsions.

The nanoemulsions of ghee in water were prepared using the
high-pressure homogenization (HPH) technique. 2 g of Ghee

and 0,7g of Tween 80 were melted together at 40–50 �C in a
water bath. 7,3 g of water were heated at the same time. The
previous mixture was added to the water and pre-emulsions

were obtained by high-speed stirring using an UltraTurrax
T25 (IKA Labortechnik, Jahnke und Kunkel, Germany) at
9500 rpm for 5 min. Then, pre-emulsions were passed 4 times

through French press at 900–1000 bar (Donsı̀ et al., 2012).

2.4.2. Cell culture.

Normal human fibroblasts (NHF-A12), kindly provided by

Prof. Massimo Nabissi (School of Pharmacy, University of
Camerino, Italy), were cultured in Minimum Essential



Table 1 Effect of aromatic plants incorporation on the

evolution of ghee peroxide values (meqO2 /kg) during 21 days

at 60 �C.

Day 0 Day 5 Day 21

Control (BT) 0.64 ± 0.02a 2.24 ± 0.07a 8.20 ± 0.04a

Clove ghee 0.64 ± 0.02a 0.65 ± 0.02b 6.80 ± 0.03b

Rosemary ghee 0.64 ± 0.02a 1.40 ± 0.03c 6.76 ± 0.08b

Results are expressed as mean ± standard deviation (n = 3).

Values with different lower-case letters within the same column are

statistically different (p < 0.05).
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Medium supplemented with penicillin (100 U/mL), strepto-
mycin (100 mg/mL), 2 mM L-glutamine and fetal bovine serum
(FBS, 15% v/v). They were grown in a humidified atmosphere

at 37 �C with CO2 (5%) (Antognoni et al, 2016).

2.4.3. In vitro fibroblast-migration assay.

To evaluate cell migration ability a wound healing test was

performed. Briefly, human fibroblasts were seeded on a 6-
well plate at the density of five hundred thousand cells. The
following day the medium was aspired and cells were scratched

with a P10 pipette tip to create an artificial wound. Subse-
quently, 1 mL of fresh 2% FBS-medium with or without
50 lg/mL of each ghee sample was added to each well. Both

controls, negative and positive (10 nM Epidermal Growth
Factor, EGF), were also performed. Fibroblasts were exam-
ined at 0, 12 and 24 h after incubation. The wound healing

was evaluated by measuring the wound area at different times.
The area where cells migrated was photographed at the same
location and measured using Image J analysis software
(Antognoni et al, 2016).

2.5. Statistical analyses.

Analyses were performed in triplicate and values were

expressed as mean ± standard deviation (S.D). To assess the
statistical significance of the differences obtained between sam-
ple types, one-way ANOVA was used and probability val-

ues<0.05 (p � 0.05) were considered statistically significant.

3. Results and discussion.

3.1. Chemical characterization.

3.1.1. Oxidative stability of the enriched ghee samples.

The peroxide value was used to monitor the oxidative deterio-
ration in ghee. Data obtained from control and plants enriched

ghee during accelerated incubation (21 days at 60 �C) are
shown in Table 1. It was revealed that the enriched ghee sam-
ples had significantly lower peroxide values compared to the

control (p � 0.05). This effect might be due to the antioxidant
compounds present in plants which can delay the oxidative
rancidity in fat (Gambacorta et al., 2007). Indeed, the PV

(meqO2/kg) increased during the incubation (0.64 ± 0.02 at
day 0) and the highest levels were observed in the control sam-
ple at day 5 (2.24 ± 0.07) and day 21 (8.20 ± 0.04). After

5 days of incubation, ghee macerated with clove showed the
lowest PV (0.65 ± 0.02) followed in decreasing order by ghee
macerated with rosemary (1.40 ± 0.03). The PV differences
between the flavored ghee were statistically significant proving

that the incorporation of clove allowed the best oxidative sta-
bility of ghee during the first five days. Moreover, clove and
rosemary allowed better oxidative stability of ghee than the

non-macerated ghee (p � 0.05) after 21 days of incubation at
60 �C. These results agree with those of Saoudi et al. (2016)
who reported that the rosemary incorporation in the soybean

oil was active against thermal oxidation. In the same perspec-
tive, similar studies proved that the addition of clove essential
oils slowed down the progress of peroxides under accelerated

conditions (Shendea et al., 2014; Pawar et al., 2012;
Wollinger et al., 2016).
3.1.2. Fatty acids profiles.

The fatty acid composition of the three types of ghee samples is

reported in Table 2. In all the analyzed samples, the most
abundant fatty acid was palmitic acid (C16:0) followed by oleic
(C18:1), myristic (C14:0) and stearic (C18:0) acids. These 4

fatty acids represent more than 81% of the total FAs identi-
fied. Moreover, in all ghee samples, the total percentage of sat-
urated fatty acids (SFAs) was almost 70%, while those of

monounsaturated and polyunsaturated fatty acids (MUFAs
and PUFAs) were 25% and 4.5%, respectively. These results
follow previous studies on ghee (Mariod et al., 2010; Kumar
et al., 2015; Samet-Bali et al., 2017). According to the obtained

results, the incorporation of plants did not have a significant
effect on the fatty acid profile of ghee. However, some statisti-
cally significant differences (p � 0.05) can be observed in single

fatty acids such as conjugated linoleic acid (CLA). Indeed, the
percentage of CLA (%) was significantly higher in ghee sam-
ples macerated with rosemary (1.50 ± 0.07) or with clove (1.

24 ± 0.06) respect to control ghee (0.90 ± 0.04). Kravić
et al., (2012) reported that a-linolenic acid and linoleic acid
represent more than 50% of the total fatty acids of rosemary
leaves. However, their incorporation did not significantly

increase the percentage of a-linolenic acid and linoleic acid
in ghee.

In conclusion, although small differences were observed in

some fatty acids, these variations were not important enough
and therefore, the overall fatty acid profile of ghee did not sig-
nificantly change with the incorporation at 6% of the studied

plants.

3.1.3. Vitaminic profiles.

This study also evaluated for the first time the effect of plant

enrichment on the vitamin composition of ghee. Notably, the
retinol and a-tocopherol content of the different ghee samples
were analyzed after 21 days of maceration (Table 3). Table 3

shows that the retinol levels significantly varied in the studied
samples. Indeed, the highest level of retinol was observed in
rosemary enriched ghee sample followed by clove enriched
sample. These results can be explained by the retinol transfer

into the ghee matrix by the 2 incorporated plants. The retinol
levels (mg/100 g) were reported to be 0.94 and 0.048 in rose-
mary and clove respectively (United States Department of

Agriculture [USDA], 2018). These levels could explain the
highest values of vitamin A obtained in rosemary enriched
ghee (3.05 ± 0.29 mg/kg). Moreover, according to the high

retinol level observed in control ghee samples (1.30 ± 0.20 m
g/kg) and the recommended daily allowances (RDA) values for



Table 2 Percentage of fatty acid composition, SFA, MUFA

and PUFA (%) in the ghee samples under investigation.

Fatty acid Control(BT) Clove ghee Rosemary ghee

C10:0 3.51 ± 0.14 a 3.57 ± 0.23 a 3.35 ± 0.18 a

C12:0 4.42 ± 0.27 a 4.43 ± 0.19 a 4.50 ± 0.31 a

C14:0 13.99 ± 0.85 a 13.98 ± 0.95 a 14.11 ± 1.02 a

C14:1 1.27 ± 0.04 a 1.15 ± 0.02 a 1.53 ± 0.05 a

C15:0 1.25 ± 0.08 a 1.37 ± 0.04 a 1.51 ± 0.07 a

C16:0 36.10 ± 2.03 a 36.65 ± 1.96 a 37.00 ± 3.91 a

C16:1 1.60 ± 0.07 a 1.49 ± 0.05 a 1.59 ± 0.03 a

C17:0 0.98 ± 0.01 a 0.65 ± 0.03b 0.73 ± 0.07b

C18:0 9.85 ± 0.42 a 9.84 ± 0.73 a 10.01 ± 0.91 a

C18:1 22.89 ± 1.96 a 22.50 ± 1.07 a 21.15 ± 2.06 a

C18:2 2.61 ± 0.16a 2.55 ± 0.18a 2.40 ± 0.16a

C18:3 0.62 ± 0.02a 0.58 ± 0.02a 0.61 ± 0.03a

CLA 0.90 ± 0.04a 1.24 ± 0.06b 1.50 ± 0.07c

SFA 70.10 ± 3.80 a 70.48 ± 4.13 a 71.22 ± 6.47 a

MUFA 25.76 ± 2.13 a 25.14 ± 1.14 a 24.26 ± 2.14 a

PUFA 4.14 ± 0.17 a 4.37 ± 0.26 a 4.51 ± 0.26 a

Results are expressed as mean ± standard deviation (n = 3). CLA:

conjugated linoleic acid, SFAs: saturated fatty acids, MUFAs:

monounsaturated fatty acids, PUFAs: polyunsaturated fatty acids.

Values with different lowercase letters within the same row are

statistically different (p � 0.05).

Table 3 Retinol anda-tocopherol content (mg/kg) in the

different types of ghee samples.

Retinol a-tocopherol

Control (BT) 1.30 ± 0.20a 4.98 ± 0.32 a

Clove ghee 1.90 ± 0.30b 5.08 ± 0.48 a

Rosemary ghee 3.05 ± 0.29c 5.38 ± 0.36 a

Results are expressed as mean ± standard deviation (n = 3).

Values with different lowercase letters within the same column are

statistically different (p � 0.05).

Table 4 Concentrations (mg/kg) of the different polyphenols

identified in the flavored ghee samples as determined by HPLC-

DAD.

Compounds Clove ghee Rosemary

ghee

Shikimic acid n.d. 0.6 ± 0.1

Gallic acid 5.0 ± 0.1 1.7 ± 0.1

3-CQA n.d. n.d.

5-CQA n.d. n.d.

Catechin n.d. n.d.

Epicatechin 1.7 ± 0.0 5.9 ± 0.3

Rutin 2.5 ± 0.0 4.6 ± 0.3

Hyperoside 0.2 ± 0.0 0.2 ± 0.0

Quercitrin 0.9 ± 0.1 1.4 ± 0.0

3,5-di-CQA 0.4 ± 0.0 1.8 ± 0.0

Rosmarinic acid n.d. n.d.

Carnosic acid 35.8 ± 4.9 77.1 ± 1.9

Carnosol n.d. 8.6 ± 0.1

Total monitored polyphenols (mg/

kg)

46.5 ± 5.1 101.9 ± 2.8
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vitamin A (800 mg/day), the cow milk ghee can be considered
as a source of vitamin A since 100 g provide more than 15%
of the RDA (EC regulation No 1924/2006, commission direc-
tive 2008/100/EC). The mean levels of a-tocopherol in the dif-

ferent ghee samples were in the range of 4.98–5.38 mg/kg.
However, no significant differences were observed between
the studied ghee samples although high levels of vitamin E

are reported in clove (8.8 mg/100 g) (USDA, 2018). It is worth
noting that the levels obtained in this study are lower than
those reported in the literature for standard ghee made from

cow cream (Kumar et al., 2010). This can be due to the vitamin
deterioration in ghee samples which were maintained at 60 �C
for 21 days (Hemery et al., 2018).

3.1.4. Polyphenolic profiles.

The HPLC-DAD analysis allowed to identify 9 phenolic com-
pounds (Table 4) in two enriched ghee samples. Rosemary-

flavored samples showed higher levels of the targeted phenolic
compounds (101.9 mg/kg). The major compound present in all
samples analyzed was carnosic acid with levels ranging from 30
to 77 mg/kg. Rosemary-flavored ghee was also rich in terms of
carnosol (8.6 mg/kg), epicatechin (5.9 mg/kg) and, rutin
(5.6 mg/kg), while clove-flavored ghee was richer with gallic

acid (5.0 mg/kg). These results indicate that maceration with
aromatic plants transfers polyphenols into the ghee matrix.

Many studies focused on the polyphenols composition of

clove and rosemary (Hosseini et al., 2018). The polyphenols
contained in these different plants are released into the ghee
matrix increasing its oxidative stability. However, some prob-

lems can be linked to the transfer of phenolic compounds from
plants to highly lipophilic matrix such as butter oil.

To solve this problem, some studies have used aqueous and
ethanolic extracts of plants instead of proper plant leave for

ghee enrichment (Pawar et al., 2014; Gandhi & Lal, 2018;
Rahila et al., 2018). However, by using these extracts, it is dif-
ficult to flavor the ghee since the majority of plants flavoring

compounds are in the essential oils which are not incorporated
during extraction due to their lipophilic character.

3.1.5. Volatile profile of plant-enriched ghee.

From the volatile profiles obtained by the HS-SPME-GC–MS
analysis of the 3 ghee sample types, 47 volatiles compounds
have been identified. These compounds were unequally present

in each sample type allowing to study the effect of the enrich-
ment with aromatic plants on the VOCs of ghee. For better
visualization, PCA was performed to identify patterns of cor-

relation with individual composition variables involved in the
discrimination among the normal (control) and the different
flavored ghee samples. The 2D graphical representation of
PCA is reported in Fig. 2. Samples were divided in three differ-

ent clusters indicating the possibility of discrimination of ghee
sample base on VOCs. The first cluster (type I) was made of
clove-flavored ghee (ghee 2), the second group (type II) was

made of rosemary-flavored ghee (ghee 3) and the third one
was formed by the control ghee (ghee 1). Indeed, the type I
was characterized by eugenol and a-humulene. These com-

pounds are reported to be the main volatile compounds origi-
nating from clove (Kasai et al., 2016) and the main
components of clove essential oil (de Oliveira et al., 2016).

These two compounds have a strong antioxidant activity thus



Fig. 2 Principal component analysis (PCA) of volatile organic compounds (VOCs) in 3 types of ghee samples. Ghee1: non-macerated

ghee; Ghee 2: clove-flavoured ghee; Ghee 3: rosemary-flavoured ghee.
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they can contribute to the observed oxidative stability of the

macerated ghee. The second cluster (type II) was characterized
by 1,8-cineole, camphor and a-pinene which are the main com-
ponents of rosemary volatile fraction and essential oil (Sirocchi
et al., 2013) and are also responsible for the antioxidant activ-

ity of the rosemary essential oil. To our knowledge, this is the
first time that the influence of plants on the VOCs composition
of ghee is reported in the literature. These results confirmed

that the enrichment of ghee with aromatic plants can have a
marked effect on its volatile profile and therefore on its flavor.
This effect could be really important from a commercial point

of view considering the high consumption of ghee in many
countries and the good scents associated with these different
flavoring compounds. Indeed, it can be possible with macera-

tion, to produce naturally flavored ghee of different aromas
according to the consumer preferences, opening thus, the
way to a new commercial field not yet sufficiently exploited.

3.2. In vitro assay on fibroblasts.

3.2.1. Nanoemulsions

Pre emulsions, obtained using the ultra turrax T25 on 3 ghee
samples, were used to prepare the 3 different sterile nanoemul-
sions systems. Nanoemulsions preparation was carried out by

high-pressure homogenization (4 passes at 900–1000 bar), dro-
plet sizes ranged from of 20 to 200 nm and the emulsion
denoted a uniform distribution of narrow size particle
(Donsı̀ et al., 2012). Thanks to their small droplet size, nano-

emulsions have resistance against sedimentation or creaming
and ensure a fine particle size and physical stability over
1 month under refrigerated conditions (Fig. 3).

3.2.2. In vitro fibroblast-migration assay.

The effect of ghee samples on the migration of human fibrob-
lasts was examined by the scratch wound assay. Fig. 4 indi-

cates the migration activity of these cells after 0, 12, and
24 h of incubation with 50 mg/mL of each ghee sample, only
medium (negative control), and EGF (positive control). After

12 h, the wound closure percentage of human fibroblasts in
50 mg/ml rosemary and clove enriched ghee groups was

45.27% and 44.54%, respectively, (Fig. 5 B and C) which
marks that these groups had a higher migratory activity com-
pared with EGF used as the positive control (33.23%)
(p � 0.05). The non-enriched ghee group (Fig. 5 A) showed

a wound closure percentage of 29.6% after 12 h, which was
anyway quite high if compared with the negative control group
(18.8%), an expected result considering the presence in ghee of

PUFAs and MUFAs, key molecules in wound healing. In fact,
olive oil and cocoa butter, which are rich in oleic acid, have
also shown good results in wound healing (Saporito et al.,

2018; Bayir et al., 2019). After 24 h, the scratch in ghee treated
groups were completely closed, while the wound closure per-
centages in negative and positive control were 81.84% and

91.57%, respectively (Fig. 5), underlining once more the posi-
tive effect of ghee in wound closure.

Anyway, rosemary and clove enriched ghee have shown
excellent results, stimulating the fibroblasts migration and

favoring the wound repair. The importance of the obtained
data is confirmed by other studies reported in literature carried
out on fibroblasts and keratinocytes. In fact, the difference in

effect found between untreated and treated cells with non-
enriched ghee after 24 h is similar to that obtained in this study
after only 12 h of treatment with rosemary and clove enriched

ghee (Kotian et al., 2017; Kotian et al., 2019). This result can
be explained by the enrichment of flavored ghee by therapeutic
(vitamin A), and antioxidant (vitamin E) vitamins that per-
form an important role in skincare (Stanley Shapiro &

Saliou, 2001), especially when they are associated with the
other antioxidants (polyphenols) from rosemary and cloves.

The exact mechanism that takes places in wound healing is

verycomplexand includes severalmolecules andpathways.Any-
way, somemoleculespresent ingheepreparationsexertbeneficial
effects onwoundhealing and skin recovery. In fact, some studies

revealed thatCLAhaspositive repercussionsonscarhealingpro-
cesses through a modulation of inflammatory response and
oxidative stress (Park, Valacchi & Lim, 2010). The effect is due

to a reduced activation of NFjB, which may prevent prolonged
inflammatory responses by decreased oxidative stress. These
results were corroborated by HO-1, CuZnSOD, and MnSOD



    a. Pre-emulsion by UltraTurrax T25. b. Nanoemulsions by French press.

Fig. 3 Effect of the high-pressure homogenization on the droplets size distribution (nanoemulsions of ghee in water). a. Pre-emulsion by

UltraTurrax T25. b. Nanoemulsions by French press.

Fig. 4 Effects of ghee samples on the migration of human fibroblasts. The extent of wound closure in scratch assays at doses of 50 lg/
mL after 0, 12 and 24 h in comparison with positive and negative controls. Fibroblasts migrated until complete closure to fill the wound.

BT: non-macerated ghee; RSM: Rosemary; Clov: Cloves.
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expression. In addition, further studies showed that the encapsu-

lation ofCLAwasuseful for thewoundhealing process, suggest-
ing promising clinical applications for the treatment of chronic
wounds (Zhang & Liu, 2020).

Moreover, in this article it has been demonstrated the pres-

ence of vitamin A and E, which stimulate epithelial growth,
collagen synthesis, epithelialization, and increase dermal colla-
gen deposition restoring epithelial structure (Zinder et al.,
2019; Polcz & Barbul, 2019). Other evidences showed instead

the importance of vitamin E in healing processes mainly in
eliminating and reducing the negative impacts of ROS damage
on healing tissues (Hobson, 2016).

Taken together, these results indicate that enriched ghee

could be useful to accelerate the wound healing process and
to reduce the inflammation, which in turn promotes more even
skin tone and helps reduce acne and wrinkles.



Fig. 5 Reduction in wound areas measured at different time points for human Fibroblasts, following treatments with BT (A), RSM (B)

and Glov (C)samples. Negative and positive controls are constituted by medium and epidermal growth factor (EGF), respectively. Results

are expressed as the mean ± SE of three independent replicates.***p < 0.05 with respect to Control. BT: non-macerated ghee; RSM:

Rosemary; Clov: Cloves.
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4. Conclusions

The maceration of ghee with rosemary and clove showed a

beneficial effect on the oxidative stability of ghee through the
release of polyphenols and other antioxidant compounds. It
was also demonstrated that the obtained flavored ghee got dif-
ferent retinol contents and VOCs profiles, while the overall

fatty acid composition remained unchanged. Ghee macerated
with natural antioxidants is better than the non-enriched ghee
despite its high vitamin A content, suggesting that the

improved migration ability of fibroblasts observed during in-
vitro assays is probably due to the presence of other compo-
nents such as phenolic acids. The results of this study suggest

that ghee could be useful for the skincare, especially when it is
enriched with natural antioxidants from rosemary or clove
leaves. Future studies will be performed to improve the

plant-enrichment of ghee using lower temperatures and inno-
vative processes. Furthermore, in-vivo studies will be per-
formed to deeply assess the wound healing property of plant-
enriched ghee.
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