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This work aims to enhance the flavor of functional cucumber juice using herbal extracts of peppermint,
basil, lavender, and lemongrass ethanolic extracts and extend its lifetime by controlling the chemical and
microbial fluctuations. Cucumber juices were processed as; non-supplemented (J-Con), J-PME, J-BE, J-LE,
and J-LEE supplemented with peppermint, basil, lavender, and lemongrass ethanolic extracts, respec-
tively. Peppermint extract was significantly scavenged 88% of DPPH radicals and inhibited the growth
of tested gram-positive, gram-negative bacteria and fungi followed by the lemongrass extract. The
antioxidant activity of cucumber juices increased due to polyphenols and aroma compounds in the added
extracts. However, the antioxidant content was decreased after two months of storage at 4 �C, due to the
decrease in polyphenols. The flavor compounds were determined using GC mass, wherein hydrocarbons,
acids, alcohols, and carbonyl compounds were the main aroma contents in cucumber juices, and their
contents decreased with storage time. Peppermint and lemongrass extracts were significantly
(p � 0.05) increased the whiteness of J-PME, and J-LEE, respectively. The highest score of flavor and taste
was observed in J-PME that scored 8.3 based on panelists’ reports followed by J-LEE. The PME was signif-
icantly maintained 91% of the odor and color of J-PME as compared to other juices.
� 2021 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 gourd family member, cucumber (Cucumis sativus L.) is of
Indian origin with extensive production every year (Mukherjee
et al., 2013). The overproduction of the cucumber crop every year
makes it spoiled, and the production of cucumber juice finished
this problem (Saad et al., 2021a). Another problem represented
in prolonging the cucumber juice shelf life and grantee its safety.
The use of chemical preservatives such as organic acids resolved
this problem (Mishra et al., 2011; Del Nobile et al., 2012). The
chemical additives are effective in preventing microbial contami-
nation and chemical changes, which cause food spoilage, but they
are very expensive and cause health disorders (Davidson et al.,
2012). Natural preservatives like peptides, salt, sugar, lemon, gin-
ger, e.t.c., are cost-effective, nutritious, willingly available, and do
not cause any health risks (Davidson et al., 2012; El-Saadony
et al., 2020). The extraction method and the used devices were
determined the quantity and quality of volatile compounds in her-
bal extracts. Basil (Ocimum basilicum L.) extract was enriched with
terpenes and oxygenated compounds. Linalool, methyl cinnamate,
eucalyptol, a-bergamotene, and eugenol were the main volatile
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compounds in basil detected by GC–MS (Ahmed et al., 2019). It
exhibits considerable antioxidant, antimicrobial, and anticancer
activity, therefore it can be used in food preservation for months
and even years (Park et al., 2016; Salehi et al., 2018). Peppermint
(Mentha piperita L.) is a Lamiaceaemember. Park et al. (2016);
Beigi et al. (2018) and Salehi et al. (2018) found that menthol, men-
thone, menthofuran, 1,8-cineole, and menthyl acetate were the
main flavor compounds in peppermint extract. Fresh or dried Men-
tha piperita L is implemented in several foods as a flavoring and
preservative agent. Lemongrass (Cymbopogon citratus) is an aro-
matic plant cultivated for essential oils (EO) production; the main
flavor compounds in lemongrass extract are citral and geraniol.
Because of aroma compounds, it can be employed in industrial sec-
tors (Muala et al., 2021), it exhibits antimicrobial and immunolog-
ical activity (Alagawany et al., 2021a). On the other hand, lavender
(Lavandula) extract is rich in volatile compounds i.e., linalool, lina-
lyl acetate, lavandulyl acetate, which belong to terpenes. The
detected compounds act as a flavor enhancers in foods, reveal
antimicrobial, and antioxidant activities; therefore, used in food
preservation, besides thier anticancer activity, and cure illness
(Ouedrhiri et al., 2017; Guo and Wang, 2020). Blending cucumber
juice with herbal extracts leads to increasing antioxidant, antimi-
crobial, and nutritional value and improving sensory properties,
as they increase the taste and flavor of the juice (El-Saadony
et al., 2020; Saad et al., 2021a).

This work aimed to investigate the effect of peppermint, basil,
lavender, and lemongrass ethanolic extracts on flavoring and store
stability of cucumber juice at 4 �C for the period of 0, 15, 30, 45, and
60 days). In addition, estimating the antiradical and antimicrobial
activities of these extracts. Finally, identifying the volatile com-
pounds: hydrocarbons, acids, alcohols, and carbonyl compounds
by GC-mass additionally, evaluating the quality properties of juice
during the storage period.
2. Materials and methods

Peppermint, basil, lavender, lemongrass, and cucumber were
acquired from a market in Zagazig City, Egypt. All chemicals in this
study were in analytical grade and purchased from Sigma (USA).
The bacterial media; plate count agar (PCA), and Müller Hinton
Agar (MHA) from (Oxoid, UK). The activated microbial isolates of
Listeria monocytogenes, Staphylococcus aureus, Bacillus cereus,
Escherichia coli, Klebsiella pneumonia, and Salmonella typhi. In addi-
tion, Candida gelbeta, Candida tropicalis, Candida albicans, Aspergillus
niger, Aspergillus fumigatus, and Aspergillus flavus were obtained
from the Microbiology Department, Faculty of Agriculture, Zagazig
University, Egypt.

2.1. The preparation of herbal extracts

Peppermint, basil, lavender, and lemongrass herbs were dried in
DE 66812464 vacuum oven, Germany (45 �C) and were grounded
to a fine powder in Moulinex AR110010 mill, France. Powdered
material of each herb was extracted for 3 h with ethanol 50%
(1:3, w/v) using a magnetic stirrer at room temperature then was
filtrated by filtration paper (Whatman No.1) (Saad et al., 2020a;
Saad et al., 2021a). The obtained extracts were stored at 4 �C for
further analyses.

2.2. The preparation of herbal enriched cucumber juice

The cucumber juices, control, and enriched juices were pro-
cessed following (El-Saadony et al., 2020; Saad et al., 2021a) with
some modifications. The juice was pasteurized at 95 �C for 3 min
in TOMY Sx-300 autoclave (Japan) and then directly cooled. The
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processed juices were filled into 350 mL sterilized bottles and were
stored at 4 �C for two months, further analyses were carried out at
intervals of storage period (0, 15, 30, 45, and 60 days).

2.3. Chemical analysis

2.3.1. Total phenolic compounds (TPC)
The TPC was estimated according to Folin-Ciocalteu method

(Škerget et al., 2005) with somemodifications. 50 mL of sodium car-
bonate 7.5% and diluted Folin-Ciocalteu was added to 50 mL of her-
bal extracts in microtiter plate. The plate was incubated in
microtiter plate reader (BioTek Elx808, USA) and the absorbance
was read after 30 min at 750 nm as mg GAE/mL using a standard
curve of Gallic acid liner equation.

y = 0.005x + 0.1455, R2 = 0.9957; y is the absorbance,
and x is the TPC concentration (mg GAE/mL).
2.3.2. Antioxidant activity
The radical scavenging activity of herbal extracts (800 mg/mL)

was deduced from the ability to convert the purple color of DPPH_
to yellow as compared to TBHQ as synthetic antioxidant according
to Hatano et al., (1988) with somemodifications. An aliquot (50 mL)
of herbal extracts (800 mg/mL) was mixed with 100 mL of ethanolic
DPPH in microtiter plate and incubated in microtiter plate reader
(BioTek Elx808, USA), the absorbance was recorded after 30 min
at 517 nm as compared to control. DPPH_ scavenging activity (%)
was calculated in the following equation:

Radical scavenging activ ity %ð Þ ¼ ðAbs:control� Abs:sampleÞ
Abs:control

x100
2.3.3. Flavor compounds profile by GC-Mass
The flavor components in cucumber juices, control, and

enriched were isolated following (Saad et al., 2020a). 10 mL of each
juice was extracted with diethyl ether (1:10, w: v) three times
(15 min each). The solvent was separated using BUCHI R-114
rotary evaporator, Germany. The solvent-free extracts were diluted
with 1 mL of anhydrous ethyl alcohol: hexane (1:1; v, v) and cen-
trifuged (Sigma 3-30KHS, UK) at 4000g for 10 min; the supernatant
was collected, dried over sodium sulfate, and filtered. One mL of the
filtrate was injected into GC/MS. The flavor compounds analysis
was carried out on a mass spectrometer Agilent 5975C, carrier
gas helium, column HP-5 ms (30 m � 250 lm � 0.25 lm), and
temperature: 35 �C/3 min, 5 �C/min to 250 �C for 3 min, total
49 min, carrier gas helium 1 mL/min constant speed; split ratio
30:1. The identification of chemical compounds was made by com-
parison to their relative retention time and library data. The iden-
tified components were arranged in order to compounds groups.

2.4. Microbial analysis

2.4.1. Antibacterial
The antibacterial activity of peppermint, basil, lavender, and

lemongrass was tested against six pathogenic bacterial isolates.
The bacterial isolates were cultured into fresh broth media and
brought into a log phase of growth (1x108 CFU/mL) by incubating
at 37� C for 24 h before being used. The antibacterial activity was
estimated using disc diffusion assay (Alagawany et al., 2021b; El-
Saadony et al., 2021a; Abou-Kassem et al., 2021). Petri plates were
poured with sterilized MHA and left undisturbed for 24 h. 100 mL of
each bacterial culture was spread over MHA plates. Paper discs
(6 mm) were saturated with herbal extract concentrations (200,
400, and 800 mg/mL) and then were put on both sides of the
plates.Discs were saturated with sterilized distilled water were



ig. 1. (A) Phenolic contents of peppermint extract (PME), basil extract (BE),
vender extract (LE), and lemongrass extract (LEE); (B) DPPH_Scavenging activity of
ME, BE, LE, and LEE after 30 min.
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control. The plates were incubated at 37 �C for 24 h. The inhibition
zones around the discs were observed. The minimum inhibitory
concentration (MIC) was the lowest concentration of herbal
extracts, which inhibited the bacterial growth. The herbal extracts’
concentrations were mixed with bacterial inoculum in Muller Hin-
ton broth (MHB) and incubated at 37 �C for 24 h, and the turbidity
measured at 660 nm (El-Saadony et al., 2021b; El-Saadony et al.,
2021c). The minimum bactericidal concentration (MBC) was the
lowest concentration of herbal extracts, which killed the bacteria
and was estimated by spreading an aliquot of MIC tubes at MHA
plates and the bacterial growth was monitored (El-Saadony et al.,
2021d; Abd El-Hack et al., 2021a).

2.4.2. Antifungal
The antifungal activity of herbal extracts against tested fungi

was estimated according to Saad et al. (2021b) and El-Saadony
et al. (2021e). The spore suspension of fungal inoculum (1 � 103

CFU/mL) was prepared by taking a small portion of fungal myce-
lium, inoculated in potato dextrose broth (PDB), and incubated at
28 �C for five days. The fungal inoculumwas spread over the potato
dextrose agar (PDA) plates’ surface. Paper discs (6 mm) were satu-
rated with different herbal extracts’ concentrations (200, 400, and
800 mg/ml) and placed on the PDA plates surface. The PDA plates
were incubated at 28 �C for five days. The inhibition zones diame-
ters (mm) produced by varying concentrations of the herbal
extract against the tested fungi was measured after incubation.
The MIC and minimum fungicidal concentration (MFC) were deter-
mined following El-Saadony et al. (2019), and El-Saadony et al.
(2021f).

2.4.3. Bacterial count in cucumber juices
The bacterial load in cucumber juices: control, and enriched

was performed during storage period (0, 15, 30, 45, and 60 days)
at 4 �C. Ten mL of herbal enriched cucumber juices was stirred with
90 mL of sterilized saline peptone water for 10 min at room tem-
perature to obtain 10�1 dilution. Serial dilutions from the previous
dilution were prepared up to 10�6 (APHA., 1992; Ashour et al.,
2020; Reda et al., 2021a). 1 mL of each dilution was aseptically
added to the specific agar plate. The PCA was used for the enumer-
ation of total viable count in the samples after incubation for a day
at 37 �C, also, PCA was used to calculate psychrophilic bacterial
count after seven days incubation at 10 �C. Colonies counts were
converted logarithms (CFU/mL) (Lee, 2009; Reda et al., 2020;
Sheiha et al., 2020; Reda et al., 2021b).

2.5. Color parameters and sensory evaluation

The color parameters (L*, a* and b*) of cucumber juices were
measured by Hunter Lab spectrophotometer (Color Flex EZ’s
45�/0�, USA) according to Hunter (1975).

The cucumber juices; control and enriched with herbal extracts
were served to 12 semi-trained panelists in Food science depart-
ment, Fac. Agric., Zagazig Univ., Egypt. The sensorial traits (color,
flavor, odor, overall acceptability) were measured using 9-point
hedonic scale as described by Amerine et al. (1965) to award a
score (from 1 = dislike extremely to 9 = like extremely). The pan-
elists were used plain water to change mouth feel between ses-
sions (Joshi et al., 2017).

2.6. Statistical analysis

One-way ANOVA test was used to analyze the triplicate data
means at p� 0.05. LSD test was used to compare the significant dif-
ferences between means. The analysis was carried out using SPSS
program (v 2019).
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3. Results

3.1. Phenolic content and scavenging activity of herbal extracts

Fig. 1A showed the phenolic contents of peppermint extract
(PME), basil extract (BE), lavender extract (LE), and lemongrass
extract (LEE). The PME had the highest phenolic content i.e.,
1.8 g/g GAE with a relative increase of 33–61% about other extracts.
The antioxidant activity of extracts depends on the phenolic con-
tent, where PME significantly scavenged 88% of DPPH_ followed
by LEE, which scavenged 81% of DPPH radicals (Fig. 1B).
3.2. Antimicrobial activity of herbal extracts

Table 1 showed that PME, BE, LE, and LEE have considerable
antimicrobial activity against tested bacteria and fungi assessed
by inhibition zones diameters (mm). The inhibition zones diame-
ters (IZDs) significantly increased with increasing concentrations.
The IZDs of PME against tested bacteria ranged from 13 to
28 mm, BE in the range of 8–21 mm, LE from 9 to 23 mm, and
LEE in the 11–24 mm range. Staphylococcus aureus and Klebsiella
pneumonia were the most vulnerable gram positive and negative
bacteria to tested extracts, i.e., 21–28 mm, and 17–22 mm, respec-
tively; however, Listeria monocytogenes and Salmonella typhi were
the most resistant. On the other hands, the fungi affected by herbal
extracts in the IZDs ranges of (12–30 mm), (10–23 mm), (11–
25 mm), and (14–30mm), respectively. The PME and LEE have sim-
ilar antifungal activity against tested fungi. Candida gelbeta and
Aspergillus niger were the most resistant fungi; however, Candida
albicans and Aspergillus fumigatus were the most sensitive fungi
to herbal extracts concentrations. Table 2 showed the least concen-
trations, which inhibited the tested bacteria and fungi. The PME
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(60–150 mg/mL) was inhibited the pathogenic bacteria and fungi,
while LEE (50–140 mg/mL) made the same action; however, BE,
and LE inhibited the microorganism at higher levels. The lowest
concentration of PME that killed tested bacteria and fungi was in
the range of 110–270 mg/mL followed by LEE with 140–250 mg/mL.

3.3. Flavor compounds profile in cucumber juices control and enriched
with herbal extracts

Table 3 showed the flavor compounds profile of herbal-enriched
juices. Hydrocarbons, acids, alcohols, aldehydes, and ketones were
the main compounds in J-PME. Docosane, 11decyl, Docosane, 7
decyl, and Pentatriacontane were the abundant hydrocarbons in
J-PME juices with 25.1, 20.1, and 16.5%, respectively with a relative
increase of 5–20% about control and J-BE, J-LE, and J-LEE; however,
the other hydrocarbons in low contents. Acetic and nonanoic acids
were the prominent acids in juices. Nonanoic acid was higher in J-
LE and J-PME with 12.5 and 11.5%, respectively with a relative
increase of 40–50% compared to control. Acetic acid, hexanoic acid,
pentanoic acid, and octanoic acid were not detected in J-Con; how-
ever, the addition of herbal extracts enriched the cucumber juice
with these acids. Alcohols, aldehydes, and ketones were the most
volatile compounds that flavored the juices. 3, 7, 11, 15 Tetram-
ethyl 2 hexadecen1ol was higher in J-BE, while citral, linalool,
menthol, and a-terpinol were higher in J-PME with 48.7, 28.7,
31.6, and 38.2%, respectively as compared to other juices. The con-
tents of citronellol and geraniol were higher in J-LEE than other
juices; however, J-BE witnessed higher contents of Eugenol and
1,8 cineole. The odorant compounds in cucumber: Hexanal, (E)-
2-hexenal, and (E)-6-nonenal maintained by the addition of pep-
permint extract; therefore, J-PME had the highest contents of these
compounds compared to other juices. In addition, Linalyl acetate,
and dihydroactinidiolide were abundant carbonyl compounds in
J-PME. However, Linalyl acetate, D-Limonene, and bergamotene
were the highest aldehydes and ketones in J-BE. Lavender-
enriched juice witnessed higher contents of lavandulyl acetate,
linalyl acetate, and linalyl oxide.

3.4. Fluctuation in polyphenols content and antioxidant activity in
cucumber juices during storage

Fig. 2 showed that total phenolic content significantly
decreased with the storage period of 2 months. The phenolic com-
pounds in enriched-cucumber juice with lemongrass and pepper-
mint extract were decreased with 20, and 18%, respectively after
two monthes. The decrease in J-Con reached 60% followed by J-
BE. The same route was observed in Fig. 2B, where the scavenging
activity was decreased because of the decline in total phenolic con-
tents. The scavenging activity significantly decreased with 8–11%
in J-BE, J-LEE, and control juice at the end of storage.

3.5. Bacterial counts in cucumber juices

The bacterial counts in herbal enriched juices were presented in
Table 4. The total viable and psychrophilic bacterial counts were
increased in time dependent manner; however, the bacterial count
decreased with the herbal supplementation. Peppermint extract
was most effective extract in reducing the bacterial count with
40% at the end of storage period as compared to control. After
2 months storage, the bacterial count was log 5 CFU/mL and that
was detected in control juice after 15 days storage at 4 �C.

3.6. Color parameters and sensorial traits

Table 5 showed the fluctuations in color parameters and senso-
rial traits of tested juices. Generally, the color and sensorial traits



Table 3
Flavor compounds profile in peppermint, basil, lavender, and lemongrass extract enriched juices stored at 4 �C for 45 days.

Compounds Relative concentration (%)

J-Con J-PME J-BE J-LE J-LEE

Hydrocarbons
Tricosane(CAS) 8.07c 10.2a 8.9bc 7.5c 9.1b
Docosane, 11decyl (CAS) 22.7b 25.1a 21.8bc 20.5c 23.2b
Docosane, 7 decyl (CAS) 19.17b 20.1a 19.5ab 18.2c 19b
Pentatriacontane (CAS) 14.69bc 16.5a 15.1b 13.7c 15.2ab
Neophytadiene 7.76b 8.7a 8.2a 7.2b 7.6b
Docosane (CAS) 8.84b 9.5a 8.5b 8.1c 9ab
Dotriacontane (CAS) 6.41b 7.2a 6.5b 6.3b 6.9ab
5,5 Diethylheptadecane 5.42b 6.2a 5.7b 5.1b 5.3ab
Octadecane, 1[2(hexadecyloxy) ethoxy](CAS) 2.86d 13.9a 12.6b 11.8c 13ab
Supraene 1.71d 11.6a 9.2b 7.7c 10.2ab
2-Pentylfuran 7.06c 10.5bc 10.9bc 11.2b 12.8a

Acids
Acetic acid – 8.9a 2.3c 5.6b 0.5d
Hexanoic acid – 1.6a 0.5c 1b 1.3b
Pentanoic acid – 1.2a 0.8b 1.3a 1.1a
Octanoic acid – 1.1a 0.9a 0.8b 1a
Nonanoic acid 6.17c 11.5b 6.5c 12.5a 0.9d

Alcohols
3,7,11,15 Tetramethyl 2 hexadecen1ol 3.11c 9.2a 8.9ab 8.7ab 7.7b
Citral 17.7c 48.7a 1.3e 5.1d 36.6b
Citronellol 0.32c 0.8b – – 2.9a
Linalool 7.27d 28.7a 16.7b 13.5c 5.4d
Geraniol 1.53c 1.9c – 2.3b 16.85a
Eugenol 0.94b 1.2b 11.3a 0.5c 0.9b
1,8 cineole 0.34d 0.9c 16.4a 2.9b 0.5d
Menthol 0.57c 31.6a tr 0.3c 2.2b
a-Terpinol tr 38.2a 1.5b 2.1b –

Carbonyl compounds
Hexanal 1.5ab 2.2a tr 0.3c 0.9b
(E)-2-hexenal 1.3b 2.1a tr 0.2c 0.8c
(E)-6-nonenal 2.1b 3.2a tr 0.7c 1.1c
Lavandulyl acetate – – – 12.5a –
Linalyl acetate – 21.2b 11.2d 48.7a 18.9c
Linalyl oxide – 0.8b 0.1c 1.9a 0.5b
D-Limonene – 8.1c 12.5a 1.5d 10.2b
Bergamotene – – 14.9a – –
Dihydroactinidiolide – 28.1a – – –

Means with different lowercase letters in the same raw indicate significant difference (p � 0.05).

Table 2
MIC, MBC, and MFC levels of peppermint extract (PME), basil extract (BE), lavender extract (LE), and lemongrass extract (LEE).

Microorganisms PME (mg/mL) BE (mg/mL) LE (mg/mL) LEE (mg/mL)

Bacteria MIC MBC MIC MBC MIC MBC MIC MBC

Bacillus cereus 70e 140e 110e 200e 100e 190e 80e 150e
Staphylococcus aureus 60f 110f 100f 190f 90f 160f 70f 140f
Listeria monocytogenes 90d 150d 130d 260d 120d 240d 100d 200d
Escherichia coli 110b 200b 140b 250b 130b 240b 120b 210b
Klebsiella pneumonia 100c 180c 130c 250c 120c 220c 110c 200c
Salmonella typhi 120a 210a 160a 300a 150a 280a 140a 250a

Fungi MIC MFC MIC MFC MIC MFC MIC MFC
Candida gelbeta 120b 230b 140b 250b 130b 250b 110b 200b
Candida tropicalis 95d 160d 120d 220d 110d 200d 85d 150d
Candida albicans 80e 140e 110e 200e 90e 160e 65e 100e
Aspergillus niger 150a 270a 170a 300a 160a 310a 130a 240a
Aspergillus fumigatus 65f 110f 90f 150f 75f 120f 50f 90f
Aspergillus flavus 110c 200c 125c 230c 120c 230c 100c 180c

Means with different lowercase letters in the same column indicate significant difference (p � 0.05).
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declined with the storage time. A lower decrease was observed in J-
LEE and J-PME. The supplementation of cucumber juice with LEE
and PME significantly increased the L* value from 21.95 to 27.4
and 26.5, respectively. The yellowness of juice increased in J-PME
350
and J-BE. Regarding the sensorial traits, J-PME had the best color,
odor, and taste properties, where scored 8.3 based on panelists’
report followed by J-LEE. The PME was significantly maintained
91% of juice’s color and odor compared to the other juices.



M.T. El-Saadony, A.M. Saad, H.A. Elakkad et al. Saudi Journal of Biological Sciences 29 (2022) 346–354
4. Discussion

Flavor and color are the most important sensory quality, which
contributes the juice acceptance and attracts the consumer
(Lasekan and Yap, 2018). Nowadays, non-thermal technologies
have increased with the increasing demand of consumers to take
fresh or minimally processed food products (Lau et al., 2013).
These types of food products contain bioactive ingredients that
are destroyed during thermal treatments, and minimal loss of sen-
sory attributes and nutritional quality (Bhat et al., 2011; Zafra-
Rojas et al., 2013). The change in color parameter may be due to
the Millard reaction between sugars and amino acids (Pandhare
et al., 2018).

Among the healthy compounds are polyphenols especially,
aroma compounds. Polyphenols discriminated with the highly
volatile and quickly oxidized rate; however, they play a crucial role
in determining the color and flavor of a product (Winata and
Lorenz, 1996). Saad et al. (2020a) identified a broad spectrum of
volatile compounds, i.e., hydrocarbons, alcohols, phenol deriva-
tives, esters, aldehydes, ketones, sulfur compounds, fatty acids,
and silicone compounds in cucumber juice supplemented with cin-
namon clove, mint, and ginger extracts as a flavor enhancer. On the
other hand, Elwakeel and Hussein (2021) detected thirty volatile
compounds in the cactus pear and guava juice mix, the main com-
pounds were alcohols represented in hexanol and linalool with
12.35% and 7.23%, respectively. Flavor features are important indi-
cators to achieve consumer acceptance (Onetto et al., 2020). The
specific aroma compounds depends on plant species. The major
aroma compounds contain carbonyl compounds, amino acids,
lipids-derived compounds, phenolics, and sesquiterpenes (Tucker,
1993). Flavor formation in fruits and vegetables is due to several
mechanisms of autoxidation reactions and various enzymes like
Fig. 2. Fluctuations in total phenolic content (A) and antioxidant activity (B) during
cold storage for 2 months, means with different lowercase letters indicate
significant differences between phenolic and antioxidant contents and uppercase
indicate significant differences between phenolic and antioxidant contents during
storage.
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lipoxygenase (Yilmaz et al., 2002). In addition, a great number of
volatile compounds can be formed during maturation processing
steps such as cutting, thermal treatments especially, in fruits like
apples, plums, and pears (Arena et al., 2001; Housseiny et al.,
2013). In previous study, Mohamed et al. (2014) found that octa-
nal, nonanal, hexnal and (E)-2-hexenal were belong to characteris-
tic volatile compounds in prickly pear juice or its blend also in
cucumber juice. Processing of cucumber results in flavor com-
pounds including esters, terpenoids, lactones, and sulfur com-
pounds (Schwab et al., 2008). Packaging materials, temperature,
storage time, and microbial load alter juice flavor (Toldrá et al.,
2020). The C9 compounds, especially (E,Z)-2.6-nonadienal, were
responsible for the flavor of watermelon juice pasteurized at
ultra-high temperatures (Wang et al., 2018). The low odor thresh-
old values of aldehydes compared to alcohols explain the impor-
tant role of these compounds in characteristic flavor of cactus
pear even in low concentrations.

Herbal-enriched cucumber juices figured by enhanced antioxi-
dant activity, prevented lipids oxidation, enriched organoleptic
characters, and extended shelf life. The presence of phenolics and
flavonoids in herbal extracts enriched the antioxidant and antimi-
crobial activity of juices. According to Pensec et al. (2016), there
was a relation between scavenging activity and phenolic com-
pounds content, the tested herbal extracts consists of a high quan-
tity of phenolic compounds. Natural additives are rich in
antioxidants content i.e., phenolic compounds with antioxidant
and antimicrobial activity, they can used to preserve milk (El-
Saadony et al., 2021c), yoghurt (El-Saadony et al., 2021d). Buffalo
meat (El-Saadony et al., 2021b; Saad et al., 2020b), wheat-based
noodles (Saad et al., 2021c), cucumber juice (El-Saadony et al.,
2020; Saad et al., 2021a) enhancing the bread quality (Saad et al.,
2015; Saad et al., 2016). Samaranayaka and Li-Chan (2011)
reported that the use of antioxidants in nutrition improves health
and foodstuff quality.

Saad et al. (2021a) found that IDZ of clove and mint extract
(800 mg/mL) were 38, and 35 mm against tested bacteria, also they
found that the tested bacteria were inhibited in the range of 100–
190 mg/mL and killed at 180–370 mg/mL of herbal extracts. Also,
found that clove extract reduced the fungal progress as compared
to mint, cinnamon, and ginger extracts. Phytogenic compounds
(polyphenols) are of plant origin. The mechanism of antibacterial
action of herbal extracts because of phenolic compounds content
comes through interacting with many sites at the cell membrane
(Sikkema et al., 1995; El-Saadony et al., 2021g; Abd El-Hack
et al., 2020; Abd El-Hack et al., 2021b; El-Tarabily et al., 2021).
Additionally, phenolic hydrophobicity play a precious role in dis-
turbing the bacterial cell wall and membrane, so, the added sub-
stances involved in cell contents (Cushnie and Lamb, 2011). The
antifungal mechanism of herbal extracts belongs to the high phe-
nolic compound contents. The permeability and rigidity of cell
walls were altered by binding phenolic compounds hydrogen to
enzymes to brief the mechanism of phenolic compounds
(Bouarab-Chibane et al., 2019; Daglia, 2012; Duggirala et al.,
2014; Upadhyay et al., 2014). Another mechanism related to the
number and structure of phenolic compounds functional groups,
like OH, COO, alkyl, and aldehyde groups (quantitive structure–ac-
tivity relationship (QSAR) might induce the antimicrobial activity.

During juice storage, chemical and microbial fluctuations
occurred where a decrease in the antioxidant activity content in
juices was observed. The scavenging activity of cucumber juice
supplemented with clove extract decreased from 88% to 83% after
six months of storage (Saad et al., 2021a). The scavenging activity
in pomegranate squash decreased after 3-month storage because
of the gradual loses in phenolic content (Karpagavalli and
Amutha, 2015). Other opinions observed an increase in polyphe-
nols content (Martínez-Flores et al., 2015). Herbal extracts



Table 4
Total viable count and psychrophilic bacteria of herbal enriched juices stored for 2 months at 4 �C (mean ± SD).

Storage (month) 0 15 30 45 60

Sample TVC PC TVC PC TVC PC TVC PC TVC PC

J-con 4.0 ± 0.2a 1.2 ± 0.5 4.8 ± 0.1 2.8 ± 0.1 5.7 ± 0.1 3.4 ± 0.2 6.9 ± 0.5 4.1 ± 0.1 7.5 ± 0.2 4.9 ± 0.2
J-PME 3.1 ± 0.1c 0.6 ± 0.3 3.3 ± 0.2 1.5 ± 0.09 3.8 ± 0.2 2.2 ± 0.1 4.2 ± 0.2 2.7 ± 0.2 5.0 ± 0.1 3.0 ± 0.5
J-BE 3.9 ± 0.3a 1.1 ± 0.7 4.2 ± 0.5 2.4 ± 0.1 4.9 ± 0.6 2.9 ± 0.2 5.6 ± 0.7 3.5 ± 0.3 6.3 ± 0.3 3.9 ± 0.1
J-LE 3.8 ± 0.2b 1.0 ± 0.5 4.1 ± 0.4 2.1 ± 0.1 4.7 ± 0.3 2.7 ± 0.1 5.3 ± 0.3 3.2 ± 0.1 6.0 ± 0.4 3.7 ± 0.1
J-LEE 3.5 ± 0.5b 0.9 ± 0.3 3.7 ± 0.2 1.9 ± 0.0 4.0 ± 0.4 2.5 ± 0.1 4.8 ± 0.2 3.0 ± 0.0 5.7 ± 0.7 3.5 ± 0.5

TVC; total viable count; PC; psychrophilic count. The data means are presented mean ± SD; means with different lowercase letters in the same column indicate significant
difference between treatments.

Table 5
Changes in color parameters (L, a, b) and sensorial traits of herbal enriched juices stored for 2 months at 4 �C.

Color parameters J-con J-PME J-BE J-LE J-LEE

Storage period (day) 0 60 0 60 0 60 0 60 0 60

L* 21.95 ± 0.2 20.8 ± 0.2 26.5 ± 0.2 25.9 ± 0.2 25.9 ± 0.3 24.8 ± 0.2 23.3 ± 0.2 22.8 ± 0.7 27.4 ± 0.2 26.8 ± 0.2
a* �3.3 ± 0.3 �3.9 ± 0.1 �2.7 ± 0.3 �2.8 ± 0.0 �2.8 ± 0.2 �3.0 ± 0.1 �3.2 ± 0.1 �3.9 ± 0.2 �2.5 ± 0.1 �2.9 ± 0.3
b* 9.8 ± 0.1 8.95 ± 0.3 10.2 ± 0.6 9.9 ± 0.3 10.5 ± 0.6 9.8 ± 0.3 8.8 ± 0.3 8.0 ± 0.3 9.5 ± 0.3 9.0 ± 0.1

Sensorial traits 0 60 0 60 0 60 0 60 0 60
Color 8.1 ± 0.3a 7.5 ± 0.2a 8.5 ± 0.4a 8.2 ± 0.2 7.7 ± 0.3 7.0 ± 0.5 7.9 ± 0.3 7.3 ± 0.2 8.4 ± 0.2 8.0 ± 0.1
Odor 7.5 ± 0.4b 7.2 ± 0.3a 8.2 ± 0.3b 8.0 ± 0.3 8.0 ± 0.8 7.5 ± 0.3 8.1 ± 0.5 7.8 ± 0.3 8.1 ± 0.1 7.6 ± 0.3
Taste 8.0 ± 0.2a 7.0 ± 0.2b 8.3 ± 0.5a 8.1 ± 0.5 7.8 ± 0.8 7.1 ± 0.8 8.0 ± 0.2 7.5 ± 0.3 8.4 ± 0.3 8.1 ± 0.4
Overall acceptability 7.9 ± 0.1ab 7.2 ± 0.3a 8.3 ± 0.6a 8.1 ± 0.2 7.8 ± 0.7 7.2 ± 0.2 8.0 ± 0.3 7.6 ± 0.1 8.2 ± 0.6 7.9 ± 0.6

Mean in the same column with different letters are significantly different (p � 0.05).
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increased the phenolic and flavonoid compounds in juice samples.
Since many plant extracts are rich in phenolic compounds, this is of
particular interest for the development of natural alternatives to
synthetic preservatives in the food and cosmetic applications
(Bouarab Chibane et al., 2019; Kočevar Glavač and Lunder, 2018).
There was a significant decrease (p � 0.05) in phenolic compounds
and flavonoids content of cucumber juice from zero days to six
months of storage (Abu-Reidah et al., 2012).

The bacterial count; TVC and PC in stored cucumber juices
enriched with herbal extracts; mint, clove, ginger, and cinnamon
were significantly decreased (p � 0.05) from 1.1 to 0.3 and 0.5,
respectively, at zero-day storage; however, the bacterial count
was increased with storage period (Saad et al., 2021a). The volatile
compounds in added herbal extracts exhibited several biological
activities where limonene and menthol were reported as powerful
antimicrobial and anticance (Skalicka-Wozniak et al., 2009). The
antibacterial mechanism of phenolic compounds depended on
the interaction between polyphenols and many sites at the cell
membrane; this might be altered the cell membranes’ permeabil-
ity. Besides, the binding polyphenols with cell wall enzymes mod-
ified the cell wall rigidity (Sikkema et al., 1995; Cushnie and Lamb,
2011). In addition, the hydrophobicity of phenolic compounds
enhances their antimicrobial activity by interacting with the cell
membrane (Bouarab-Chibane et al., 2019). This may cause defolia-
tion of the cytoplasmic membrane and coagulation of the cell con-
tent that can lead to inhibition in intracellular enzymes’ activity.

5. Conclusions

The high content of phenolic and flavor compounds in herbal
extracts used as natural preservatives and flavor agents. This work
concluded that blending PME and LEE with cucumber juice able to
satisfy the consumer demand from color, taste and flavor. The
obtained values for mixture indicated that they are a rich source
for polyphenols and flavor compounds. The blends showed a
remarkable increase in total phenolic content to higher level in J-
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PME. Therefore, further studies of storage for this blend are in need
with analysis of non-volatile as well as volatile compounds during
storage. Several studies carried out on the isolation and identifica-
tion of volatile compounds in cucumber and tested herbal extracts
in this respect. To the best knowledge of authors, no studies per-
formed on the volatile compounds of blend cucumber juice with
peppermint, lemongrass, lavender and basil extract and use it as
flavor enhancer. Preservation method protected cucumber crop
from spoilage and increased manufacture of high-quality and valu-
able juice.
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