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KEY WORDS: ABSTRACT
water distillation, Water distillation (WD) is a traditional technique for extracting essential oils (EOs). This technique yields significant amounts
water residue, solid of water residue (WR) and solid residue (SR) as by-products. The goal of this study was to examine the effectiveness of us-

residue, phenolicand ~ ing WR and SR by-products as antioxidant and antimicrobial agents. The chemical profile of EOs extracted from some aro-

flavonoid compounds, — maticplants rich in phenolic compounds (ajwain, summer savory and oregano) was analyzed by Gas Chromatography-Mass

antioxidant and Spectrometry (GC-MS). The most abundant compounds were phenolic monoterpenes, such as thymol and carvacrol. The

antibacterial polyphenol characteristics of the analysed WR and SR extracts were defined by High Performance Liquid Chromatography
(HPLC). The HPLC analysis indicated the presence of chlorogenic acid, catechin, p-hydroxy benzoic acid, ferulic acid, rutin
and hesperidin as major components in WR. Total phenolic and total flavonoid contents were determined using Folin-Cio-
calteu and aluminum chloride assays, respectively. The antioxidant potential was evaluated by 2,2-diphenyl-1-picrylhydrazyl
(DPPH) and ferric-reducing antioxidant power (FRAP) assays. The WRO (water residue from oregano) and WRS (water residue
from savory) extracts exhibited higher DPPH radical scavenging activity and reducing power than butylated hydroxytoluene
(BHT). The antibacterial activity of WR and SR extracts was evaluated on the example of their efficiency against six bacterial
strains. The antibacterial activity of WRO extract against Salmonella typhimurium 14028 and Serratia marcescens 37 exceeded
those of the standard ampicillin. Meanwhile, WRS extract exhibited greater antibacterial activity than ampicillin against
Bacillus cereus 33018.
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KJIFOYEBBIE CJIOBA: AHHOTALIUA
600Has ducmunnayus, Bopguas guctmasuys (BII) aBasieTcs TpagUIMOHHBIM METOLOM 3KCTpakuyy 3GUpHBIX Macea (AM). DTOT MeTog, JaéT 3Ha-

800HbLI 0CMamox, YMTeNbHbI 06beM BogHOoro octatka (BO) u TBépmoro ocratka (TO), mosy4aeMbIX B KauecTBe TOO0YHBIX TPOAYKTOB. Llenbio
cyxoti ocmamox, IIAHHOTO MCCIenoBaHMs 6bIIO M3yueHre 3(PPeKTMBHOCTY UCIIONb30BAHMUS MTOOOUYHBIX MPOIYKTOB OUCTUIUISIINU, & UMEH-
(eHonbHBIE HO — BO 1 TO B KauecTBe aHTMOKCUIAHTHBIX ¥ aHTUMMUKPOOHBIX MECTBYIOMINX BELECTB. XUMMUUECKNU Tpoduib IM,
U (pnasoHoudHole 9KCTParupoBaHHBIX 13 HEKOTOPHIX apOMATUYECKUX PACTEHMUIT, 60TaThIX (EHONbHBIMY COeUHEHUIMU (2KTOH, yabep ca-
coeduHeHUs., IIOBBIIT ¥ OperaHo), 6bIT IIPOaHaIM3MPOBaH C TOMOIIIbIO MeTO/a ra30Boit xpoMartorpadum-macc-criekrpomerpun (IX-MC).

aHMUOKCUOAHMHbLTI Hawnbomee 4yacTo BCTpeYaIOUMMUCS COEIMHEHNMSIMU OKa3aauch GeHOIbHbIe MOHOTEPIIeHbI, TAKME KaK TUMOJ U KapBaKpOJIL.

u aHmubakmepuansHolii TonudeHoNbHbIe XapaKTePUCTUKM TIPoaHaIu3UpoBaHHbIX BO 1 TO 9KCTPaKTOB ObLIM OIpeAeNeHbl C IOMOIIbI0 MeTofa
BbICOK03(DDeKTUBHOI XMaKoCcTHOM XpomaTorpadum (BIXKX). AHanu3 o merony BIKX mokasas nmpucyTcTBme Xiopore-
HOBOJ KMCIOTBI, KaTexyHa, p-TUAPOKCUOEH30/HOM KUCIOTHI, GepyloBOil KMCIOTHI, pyTHMHA U recliepyiyHa B KauecTBe
OCHOBHBIX KOMITOHEHTOB B BO. O6i1iiee comepskanue GheHONMbHBIX COeIMHEHMIT 1 (HIaBOHOUAOB OIMpPEeNesii C TTOMOIIBI0
aHanu3a @onnHa-YokanbTey 1 aHaIM3a Ha cofepskaHye XJI0puAa aTlOMUHNUSI COOTBETCTBEHHO. AHTMOKCHUIAHTHBI MTOTeH-
a1 OIeHMBAIN C IMOMOIIbIO aHamm3a 2,2-nubenni- 1-mkpwiruapaswia (JOIIT) u aHanm3a BOCCTaHABIMBAIOMIEH Ke-
JIe30 aHTMOKCUIAHTHOM akTuBHOCTM (B’)KAA). DKCTpaKkThl M3 BOGHOrO ocraTka operano (BOO) u BomHOro ocratka yabepa
(BOY) mposiBiisiiiv 60jiee BHICOKYIO aKTMBHOCTD B OTHOILIeHUY paaykanos JOIIT 1 BoccTaHABIMBAIONIYIO CITOCOGHOCTD, He-
ke GyTuaMpoBaHHbli runpokceutonyorn (BI'T). AHTMOGaKTepuanbHas akKTMBHOCTb 3KcTpakToB BO u TO oneHmBanach Ha
npuMepe ux 3¢ eKTMBHOCTY B OTHOIIEHMM ILIECTU IITAMMOB O6aKkTepuit. AHTMOAKTepyanbHasi aKTUBHOCTD 9KCcTpakTa BOO
B oTHOIeHuu Salmonella typhimurium 14028 w Serratia marcescens 37 npeBbliiana aHTUOAKTEPUATbHYIO aKTUBHOCTb CTaH-
napTHoro aMmnuipuuivHa. Ipu atom skeTpakT BOU nposiBisit 601ee BbICOKYIO aHTMOAKTEPUATbHYIO aKTUBHOCTD, HEXeNN
aMITMIWIVH, B oTHoeHuu Bacillus cereus 33018.

BJIATOOAPHOCTU: ABTOpBI BhIpaxaloT 6maropapHocTb rnpod. Camu Moxameny anamy — npodeccopy Kadenpsl Hayku o muie, CenbCKoX03siiCT-
BEHHOTO (axynbTeTa, Kapckoro yHuBepcuTeTa, 3a ero KOHCY/IbTALMIO U O AEeP>KKY BO BpeMsl MCCIeOBaHMS.
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1. Introduction

WD is the most popularly utilized method to obtain EOs from the aro-
matic plants [1]. Large amounts of plant material are used in traditional
distillation procedures for the extraction of essential oils, which in their
turn generate residues that should be valorized and replenished rather
than devalued and depleted [2]. The WD process produces two kinds of
wastes: the aromatic water residue (the non-distilled aqueous phase or
wastewater, often called decoction), in which the plant material was im-
mersed [3] and the plant solid residue that is recovered at the end of dis-
tillation [4,5]. The WR is habitually discarded, though it may be rich in
non-volatile phenolic compounds, which possess interesting biological
properties [6]. A high quantity of solid residue rich in phenolics is left
in the water, which constitutes a major problem for the EO industry [7].
Different methods are used to recover several valuable substances from
these wastes such as polyphenols and polysaccharides [8-10]. Reducing
"waste" to "secondary raw material" can resolve some or all of the envi-
ronmental and economic problems [11]. Consequently, the recovery of the
relevant substances with biological activities is considered in this indus-
try [9]. Nowadays, the demand for natural-based products is increasing
sharply [12]. Polyphenols have been proven to have positive antioxidant,
antibacterial and anticancerous properties [13]. Using plant polyphenol-
rich extracts is a promising trend in the food industry [14]. Polyphenols
may show synergism with antibiotics [15].

Number of studies on the recovery of phenolic compounds from the
by-products remaining after the essential oil distillation of aromatic
plants are very limited [16,17].

Ajwain (Trachyspermum ammi) Sprague, syn. Carum copticum (L.) Link,
is an aromatic herb belonging to the Apiaceae family [18]. This annual
plant is growing in the East of India, Iran, Pakistan, and Egypt [19]. Its fruit
(seeds) are widely used as a spice and food seasoning. Thymol is present in
high concentration in ajwain EO. Depending on the concentration, these
phenolic compounds act as either bacteriostatic or bactericidal agents [20].

Summer savory (Satureja hortensis L.) is a leafy spice. It belongs to the
Lamiaceae family [21]. It has antimicrobial, antioxidant, anticancer, and
anti-inflammatory properties because of its bioactive components such
as carvacrol, thymol, p-cymene, and y-terpinene [22].

One of the most well-known aromatic plants in the Lamiaceae family
is oregano (Origanum vulgare L.) which has a distinct well-recognizable
flavor [23,24]. Its essential oil is extracted from the leaves [25]. It is main-
ly composed of carvacrol and thymol [26]. It is used as an alternative to
chemical preservatives due to its antioxidant and antimicrobial activities.

To the best of our knowledge, no information about the polyphenols
profile, antioxidant and antibacterial properties of the ajwain and sum-
mer savory water distillation by-products is available. The aim of this
work is to investigate the efficiency of these EO water distillation by-
products as natural bioactive substances.

2. Materials and methods

2.1. Materials

The dried fruits of ajwain (Trachyspermum ammi), and dried leaves of
summer savory (Satureja hortensis L.) and oregano (Origanum vulgare L.)
were purchased from Harraz Company for Medicinal Plants, Cairo, Egypt.
The dried fruits and leaves were ground using a hammer mill to a fine
powder. The antimicrobial study was conducted using three-gram posi-
tive bacterial strains (Bacillus subtilis 765 NRRL Northern Regional, Bacil-
lus cereus 33018, Staphylococcus aureus 25923), and three-gram negative
bacteria strains including Salmonella typhimurium 14028 Rockvill, Mary-
land, USA, Escherichia coli 15 and Serratia marcescens 37 FS (Food Science
Department, Faculty of Agriculture, Cairo University).

2.2. Chemicals and reagents

Folin-ciocalteu reagent, gallic acid, quercetin, DPPH, ferric chloride,
butylated hydroxytoluene (BHT), anhydrous sodium sulphate, n-alkanes
(C4-Cyy) and solvents of analytical and HPLC-grade were purchased from
Sigma-Aldrich (St. Louis, MO, USA).

2.3. Extraction of essential oil and preparation of water residue

Fifty grams of the investigated materials (ground to fine powder) were
subjected to WD with distilled water using Clevenger apparatus for 3 h
according to European Pharmacopoeia procedure [27]. At the end of ex-
traction time, the obtained EO was dried over sodium sulphate anhydrous
and stored in a dark glass bottle at 4 °C until conducting an analysis. The
WD was performed for each plant material in triplicates. The mean value
of the yield (%) was calculated on dry weight basis. The mixture of WR
and SR was allowed to cool to room temperature and then was filtered
under vacuum through a Whatman paper No. 1. The SR was air dried at
room temperature up to constant weight and stored at 4 °C until usage.

A portion of the separated WR was stored in dark vials at —20°C and
used for the determination of polyphenols content and antioxidant activ-
ity. The other portion was concentrated under reduced pressure using a
rotary evaporator N-1000 (EYELA, Japan) at 40 °C before freeze-drying
(Modulyo Freeze Dryer, Edward, England) prior to HPLC analysis and an-
timicrobial activity examination.

2.4. Extraction of solid residue

Solid residue dried samples were extracted with 80% ethanolic solu-
tion at a ratio of 1:20 (w/v) using a high-speed Heidolph homogenizer
(Type DR22054, Germany) for 30 min as reported by Helmy et al. [28].
After filtration, the solvent was removed in a rotary evaporator N-1000
(EYELA, Japan) under vacuum at 40 °C and the concentrated extract was
stored at —20 °C for further analysis.

2.5. Essential oil analysis by GC-MS

The GC-MS (TRACE GC Ultra Gas Chromatograph, THERMO Sci-
entific Corp., USA) was used to assess the volatile substances profile of
ajwain, summer savory, and oregano EOs as described by Morsy and Ham-
mad [29]. Identification was performed by retention index (RI) in refer-
ence to n-alkanes (Cg-C,,), MS spectra, which were compared with spec-
tra from the NIST library. The percentage composition of the volatiles
was calculated using the normalization method and the GC peak areas.

2.6. Total phenolic and flavonoid contents

The WR and SR extracts were analyzed spectrophotometrically for to-
tal phenolic content (TPC) using the Folin-Ciocalteu reagent as described
by Gulluce et al. [30]. Absorbance was measured at 750 nm. Gallic acid was
used as a reference standard. The results were expressed as mg of gallic
acid equivalent (GAE)/g dry weight of the extracted material. Total flavo-
noid content (TFC) of the investigated samples was determined using the
colorimetric aluminum chloride method according to Zhishen et al. [31].
Absorbance was measured at 510 nm. The results are expressed in mg of
quercetin equivalent (QE)/g of dry weight of the extracted material.

2.7. Antioxidant activity

2.7.1. DPPH assay

The DPPH radical scavenging activity of the various extracts was as-
sessed as described by Pereira et al. [32]. The disappearance of DPPH
was detected spectrophotometrically Unico UV-2000 Spectrophotometer
(United Products and Instruments, USA) at 517 nm. BHT was used as a
standard. The ICg, value is the concentration of the extract required to
reduce 50 % of DPPH radicals.

2.7.2. FRAP assay

FRAP was determined at 700 nm in the investigated samples accord-
ing to the method of Vijayalakshmi and Ruckmani [33] using spectropho-
tometer. BHT was used as a positive control sample of the assay. The ICs,
values of various samples were determined as the concentration of the
extracts in which the absorbance reaches the 0.5 value.

2.8. Antibacterial capacity

The antibacterial activity of ajwain, summer savory and oregano WD
wastes (lyophilized WR and SR ethanolic extracts) was determined using
the well diffusion method according to Sagdig [34]. Before the determina-
tion of antimicrobial activity, 0.1 g of the freeze-dried WR was dissolved
in 5 mL distilled water. The antibacterial activity of the extracts was
tested against gram-positive bacteria (Bacillus subtilis 765 NRRL North-
ern Regional, Bacillus cereus 33018 and Staphylococcus aureus 25923), and
gram-negative bacteria (Salmonella typhimurium 14028 Rockvill, Mary-
land, USA, Escherichia coli 15 and Serratia marcescens 37 FS). 0.1 mL of
each microorganism (1.0 x 107 CFU/mL) was spread over the surface of
plate count agar medium (Oxoid, England). Wells (5 mm in diameter)
were filled with 50 pL of the samples with test LAB strains. Plates were
incubated at 37 °C for 48 h and ampicillin (10 pg/well) was used as a posi-
tive control sample [35]. The inhibition zones were measured in mm.

2.9. Statistical analyses

All analyses were carried out in triplicate, except for GC-MS and HPLC
(single determination). Statistical analysis was carried out using ANOVA
and Tukey’s test at p<0.05 significance level, using XLSTAT.

3. Results and discussion

3.1. Chemical composition of ajwain, summer savory and oregano
EOs defined by GC-MS
The yields of ajwain, summer savory and oregano essential oils were equal
to 2.2%0.06, 2.8+0.11 and 1.2+0.07 %, respectively (Table 1). These results
are consistent with those found by Skubij and Dzida [36], Morsy et al. [37]
and Manaa et al. [38]., respectively. GC-MS analysis of ajwain, summer
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savory and oregano EOs revealed the presence of 16, 21 and 21 compounds,
respectively, comprising > 99 % of the total EO (Table 1 and Figure 1).

The chemical profile of ajwain EO shows a predominant of oxygen-
ated monoterpenes (particularly thymol as a phenolic monoterpene),
followed by monoterpene hydrocarbons, and then oxygenated sesqui-
terpene. The aromatic constituents in ajwain EO were composed mainly
of thymol (65.12 %), p-cymene (27.15%) and y-terpinene (5.65 %), while
carvacrol was present in a scant amount (0.13 %). This result is in agree-
ment with the result obtained by Anwar et al. [39], Saadat et al. [40] and
Das et al. [41]. Other studies have reported different percentages of these
components due to the geographical location and collocation time [42].

The identified volatile components in summer savory essential oil were
mainly oxygenated monoterpenes. The predominant summer savory EO
compounds were carvacrol (81.86 %), y-terpinene (4.20 %), thymol (3.64 %),
p-cymene (3.12%) and trans-B-caryophyllene (2.95%). Summer savory
is an important herb due to eminent components of its essential oil (EO)
like carvacrol, y-terpinene, p-cymene, and thymol [43,44]. Carvacrol acts
as a quality index in summer savory essential oil quality assessment [45].

Table 1. Volatile components relative percentage (%)’
of ajwain (A), summer savory (S) and oregano (0) obtained
by HD and detected by GC-MS
Ta6muiia 1. OTHOCUTE/IbHOE NIPOLEHTHOE COIePKaHMe JIeTYInX
KOMIIOHEHTOB (%)! akrona (A), ya6epa cagosoro (S) u operaso (0),
MOJIyYeHHBIX METOJOM BOJHON IMCTUWUISIIUY ¥ OGHAPYKEHHBIX
no meroay I'’X-MC

Compounds RI? A S 0
Monoterpenes hydrocarbons

a-Thujene 931 0.04 0.37 0.07
a-Pinene 939 0.21 0.36 0.11
Camphene 956 ND 0.05 0.06
B-Pinene 980 0.55 0.07 ND
B-Myrcene 991 0.11 0.65 0.13
a-Phellandrene 1005 ND 0.21 ND
A-3-Carene 0.05 ND ND
a-Terpinene 1018 0.07 0.87 0.30
p-Cymene 1026  27.15 3.12 1.90
R (+)-Limonene 1033 0.05 ND ND
Y-Terpinene 1048 5.65 4.20 1.28
Cis-Sabinene hydrate 1068 ND 0.15 ND
Trans-Sabinene hydrate 1072 ND 0.10 0.09
Oxygenated monoterpenes
Cis-Limonene oxide 1079 0.12 ND ND
Terpinolene 1088 ND 0.10 0.08
Endo-Borneol 1167 ND 0.05 0.66
Terpinen-4-ol 1177 0.12 0.31 0.38
a-Terpineol 1188 0.09 0.12 0.09
D-Carvone 1252 ND ND 0.10
Bornyl acetate 1285 0.03 ND ND
Thymol 1419 65.12 3.64 1.26
Carvacrol 1430 0.13 81.86 89.34
Sesquiterpenes hydrocarbons
Alloaromadendrene 1432 ND ND 0.14
a-Humulene 1454 ND 0.19 0.13
Trans-B-caryophyllene 1468 ND 2.95 2.39
Ledene 1489 ND ND 0.12
Oxygenated sesquiterpenes
B-Bisabolene 1510 ND 0.10 0.24
Caryophyllene oxide 1581 ND 0.20 0.58
(+) Spathulenol 1585 0.15 ND ND
Total oxygenated compounds (%) 65.76 86.38 92.73
Total non-oxygenated compounds (%) 33.88 13.29 6.72
Monoterpenes Hydrocarbons 33.88 10.15 3.94
Oxygenated Monoterpenes 65.61 86.08 91.91
O/H ratio? 1.94 8.48 23.33
Total identified compounds (%) 99.64 99.67 99.45
% yield 2.2%¥0.06 2.8+0.11 1.2%+0.07

! Relative area percent (peak area relative to total peak area).

2 Retention indices (RI) using a TR-5MS column.

5 O/H ratio represented Oxygenated monoterpenes/Monoterpenes hydrocarbons
ND = not detected.
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Figure 1. GC-MS chromatograms of volatile constituents of
a: ajwain, b: summer savory and c: oregano
Pucynok 1. T’X-MC xpomaTorpaMmsbl JIeTy4MX KOMIIOHEHTOB
a: ayxXroHa, b: qaﬁepa CaJgoBOro M C: operaHo

o]

The main identified constituents in oregano EO were carvacrol as
monoterpenoid polyphenol (89.34%), trans-B-caryophyllene (2.39%),
p-cymene (1.90%), y-terpinene (1.28%) and thymol (1.26 %). These re-
sults are consistent with the findings of Meerasri et al. [46].

The concentration ratio of oxygenated monoterpenes to monoterpene
hydrocarbons (O/H ratio) in the essential oils of ajwain, summer savory
and oregano were approximately 1.94:1, 8.48:1 and 23.33:1 based on the
GC-MS analysis results (Table 1). It is important to highlight that oxy-
genated monoterpenes are more valuable and have a stronger odor than
monoterpene hydrocarbons [47].

3.2. Total phenolic and flavonoid contents

TPC and TFC (total flavonoid content) of the investigated extracts
are illustrated in the Figure 2. Statistical analysis showed that the high-
est TPC (50.3+0.48 mg GAE/g DM) was recorded for the water residue
obtained from summer savory (WRS), followed by the water residue ob-
tained from oregano (WRO) (39.3+0.30 mg GAE/g DM). The efficient re-
covery of antioxidant phenolic components from oregano was achieved
with 1:20 g/mL [48].

Meanwhile, the TPCs of the water residue obtained from ajwain
(WRA) processing, the solid residues obtained from summer savory
(SRS) and the solid residue from oregano (SRO) were not significant-
ly different (p>0.05). The lowest TPC was noticed in the solid residue
from ajwain (SRA) (3.5£0.01 mg GAE/g DM). However, the highest TFC
was found in the WRO (45.5%£0.39 mg QE/g DM), followed by the WRS
(32.3+0.03 mg QE/g DM), SRS (17.6%£0.03 mg QE/g DM), and the WRA
(11.1£0.31 mg QE/g DM). The lowest levels of TFC were recorded for SRA
and SRO without significant (p>0.05) difference. Irakli et al. [49] found
that TPC and TFC values of oregano solid residue ethanolic extract were
equal to 90.49 mg GAE/g and >125 mg CATE/g, respectively. Mishra et
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Figure 2. Total phenolic content (mg GAE/g dried material) and total flavonoid content (mg QE/g dried material)
from the water distilled by-products. WRA: water residue from ajwain, WRS: water residue from summer savory, WRO:
water residue from oregano, SRA: solid residue from ajwain, SRS: solid residue from summer savory and SRO:
solid residue from oregano. The values refer to mean *standard deviations (SD) of three parallel measurements
PucyHok 2. O6uiee comepskanue denosnos (mr. 3kB. I'K/r cyxoro marepuasna) u obiee cogepkanue draBononnos (mr. B K9/r cyxoro marepuana),
copepKanuxcsi B IOGOYHBIX MPOAYKTAX, MOTYYeHHbIX IIyTeM BOTHOM qucTiuisiuun. BOA: BogHbIi ocTaToK akroHa, BOU: BogHbIil ocTaTOK Yabepa
camoBoro, BOO: BoaHblif 0cTaTOK operano, TOA: TBepablii ocTaToK akrona, TOU: TBepabIit ocraTok ya6epa cagoBoro 1 TOO: TBepablit OCTATOK OperaHo.
3HaueHNsI paBHBI CpeJHEMY 3HAUEHMIO Pe3yIbTaTOB TPeX Mapa/uie/IbHbIX M3MepeHMii  cTaHAapTHOe OTKIOHeHue (SD)

al. [50] reported that TPC of the aqueous ajwain extracts was found to be
6.2+0.4 g GAE/100 g dried extract. TFC in the WR of ajwain seeds was
equal to 0.04 mg QE/g DWW [19].

3.3. HPLC of polyphenols

Compared to the SR extracts, the WR residue possessed a higher con-
tent of phenolic compounds. The longer Clevenger system distillation
duration is thought to promote both the breakdown of more labile poly-
phenols and the leaching of less soluble polyphenols into the DWW [51].

Some phenolic compounds could be solubilized and discarded in the
wastewater used for the hydrodistillation thus changing the pheno-
lic composition of the nondistilled plant [52]. Results are presented in
the Table 2. Chlorogenic acid, catechin, vanillic acid, p-hydroxybenzoic
acid, ferulic acid, syringic acid, and caffeic acid were the main pheno-
lic compounds found in WRA. The lowest phenolic components found
in SRA were ferulic acid, chlorogenic acid, syringic acid and caffeic acid.
The predominant phenolic components in WRS were catechin, syringic
acid, chlorogenic acid, p-hydroxybenzoic acid, vanillic acid, caffeic acid,

Table 2. Polyphenol compounds identified in the investigated by-products
Ta6nuua 2. [TonmdeHonbHbIE coeauHeHUsI, 0OGHAPYKeHHbIE B MICCIeyeMbIX II0G0YHbIX IPOAYKTAX

Compounds

WRA SRA
Catechol ND ND
p-Hydroxy benzoic acid 271.25 ND
Chlorogenic acid 781.51 2.21
Vanillic acid 274.16 ND
Caffeic acid 43.45 1.23
Syringic acid 60.81 1.31
p-Coumaric acid ND ND
Ferulic acid 116.34 3.95
o0-Coumaric acid 9.84 ND
Catechin 277.85 ND
Resveratrol ND 7.61
Quercetin ND ND
Hesperidin 84.83 13.84
Rosmarinic acid ND ND
Rutin 302.04 ND
Myricetin 34.77 2.23
Apigenin 7.77 4.43

ND: not detected

(ng/mL)
WRS SRS WRO SRO
Phenolic compounds
234.63 25.73 ND ND
831.52 ND 352.17 ND
2320.71 14.00 106.60 19.41
559.00 ND 253.72 ND
404.35 ND 37.78 ND
3523.47 6.65 108.98 34.72
134.35 ND 92.89 ND
350.50 21.01 624.23 14.02
16.22 3.95 37.92 ND
Flavonoid compounds
5744.63 13.42 1534.24 47.76
437.01 43.86 210.08 ND
3080.48 76.27 24324.16 120.06
13841.74 115.73 227.10 132.66
1802.59 12.92 1207.43 16.76
321.21 9.61 42.78 2.69
119.81 6.44 ND 6.38
27.51 5.26 41.18 1.18
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ferulic acid, catechol and p-coumaric acid. The highest phenolic compo-
nents in WRO were catechin, ferulic acid, p-hydroxybenzoic acid, vanil-
lic acid, syringic acid and chlorogenic acid. Meanwhile, the SRO extract
featured lower values of phenolic compounds (catechin, syringic acid,
chlorogenic acid and ferulic acid) compared to the WRO. Meanwhile,
the abundant phenolic compounds in WRO were catechin, ferulic acid,
p-hydroxybenzoic acid, vanillic acid, syringic acid and chlorogenic acid.
On the other hand, the phenolic constituents (catechin, syringic acid,
chlorogenic acid and ferulic acid) of SRO extract were found in low values.

The predominant flavonoids in WRO, SRO, WRS and SRS were querce-
tin, rosmarinic acid, hesperidin, resveratrol, rutin. HPLC analysis revealed
that rosmarinic acid is the dominant phenolic compound of hydrodistil-
lation water residues of Salvia species [53].

The WR obtained from fresh basil, rosemary and sage is characterized
by high level of rosmarinic acid [54].

Myricetin was not found in WRO. Resveratrol was not found in SRO.
The lowest values of flavonoid compounds were found in WRA (rutin,
hesperidin, myricetin and apigenin) and SRA (hesperidin, resveratrol,
apigenin and myricetin).

The ajwain residues (both WRA and SRA) did not contain quercetin or
rosmarinic acid. On the other hand, resveratrol was detected in the WRO
but not in the SRO. Conversely, resveratrol was found in the SRA but was
not detected in the WRA. Regarding myricetin, a similar picture was ob-
served in both SRO and WRO.

3.4. Antioxidant activity

The antioxidant activity of the investigated extracts was evaluated us-
ing DPPH assay (Figure 3). The WRO extract proved to be the most effective
radical scavenger (IC;, value = 2.95 pg GAE/mL), followed by the WRS (ICs,
value = 9.99 ug GAE/mL). Dzamic et al. [55] reported that the water residue
extract of Hyssopus officinalis L. subsp. Pilifer possessed higher antioxidant
activity than its solid residue extract. Polyphenols with antioxidant prop-
erties, such rosmarinic acid, are found in Greek oregano [56]. Thymol and
carvacrol were responsible for the radical scavenging activity [57-58].

Chizzola et al. [59] and Wollinger et al. [60] found that the wastewater
obtained after distillation of from Rosemary officinalis and Thymus vulgar-
is had a lot more antioxidants than the solid residue and the undistilled
plant. Similarly, Alice et al. [61] found that the wastewater of O. vulgare
featured a greater TPC than the aqueous extract of the undistilled plant.
Despite their normally low-to-medium solubility in water, phenols dis-
solve better in wastewater due to temperature increases and their capac-
ity to form hydrogen bonds with water [62,63]. In general, the antioxidant
efficiency of the extracts is related to their high content of TPC. This re-
sult is in agreement with the results of de Elguea-Culebras et al. [51]. The
highest antioxidant characteristics are related to the content of polyphe-
nols such as flavonoids [64,65].

Meanwhile, the radical scavenging activity of SRS and SRO (IC;, va-
lue = ~35.42 nug GAE/mL) is close to that of BHT (IC;, value = 38.1 pg/mL).
European Commission considered the SR of Rosemary officinalis as a food
preservative (code E-392) [66].

No DPPH radical scavenging activity was recorded for SRA. On the oth-
er hand, the lowest activity was recorded for WRA (IC;, value = 60.05 pg
GAE/mL). The lowest level of phenolic compounds caused poor DPPH
radical-scavenging activity [52].

Dorman et al. [67] stated that the antioxidant activity determined by
different assays are not correlated with TPC of the extracts. It is mainly

related to the major phenolic component present in Lamiaceae extracts,
rosmarinic acid.

A similar trend was observed in the FRAP assay. A lower ICy, value
means a higher antioxidant activity [68]. Data in the Figure 4 indicate that
WRO and WRS showed higher reducing power (IC;, values of 3.16 and
3.8 ug GAE/mL., respectively) compared to BHT (IC;, value = 15.16 ng/mL),
followed by WRA, SRS and SRO (ICs, values of 30.40, 32.86 and 46.16 pg
GAE/mL, respectively). These results indicated that WRO and WRS possess
the efficiency to reduce the Fe*> to Fe*? as good chelators. On the other
hand, SRA exhibited poor reducing power (IC;, value = 105.26 ug GAE/mL).

In comparison to synthetic antioxidants, the value of natural re-
source-based antioxidants will grow with time. This means that the water
residue from hydro distillation must be regarded as a co-product of the
extraction process instead of being considered a waste product. This resi-
due can be added to a target product to increase its antioxidant activity
or re-extracted to obtain pure antioxidants [57].

Mielnik et al. [69] reported that the antioxidants in WR can be used to
keep stored meat products from turning rancid.

3.5. Antibacterial activity

Many aromatic plants or their oils were effective against the growth of
several foodborne bacteria [70]. The antimicrobial activity of the inves-
tigated extracts was evaluated per their antimicrobial efficiency against
the tested bacteria (Table 3).

As reported by el Hassouni et al. [71], the antibacterial activity of ex-
tracts can be divided into 3 categories according to the inhibition zone
(iz): weak activity (iz <12 mm), moderate activity (iz from >12.0 to
<20 mm) and strong activity (iz > 20 mm).

The antibacterial properties of WRA and WRS were significantly
(p<0.05) superior in comparison to their counterparts of solid residue
extracts against Bacillus cereus 33018 and Staphylococcus aureus 112. The
same trend was also noticed for WRS and WRO extracts against Esche-
richia coli 15 and Serratia marcescens 37. The highest antibacterial activity
of the investigated extracts against Bacillus subtilis 765 NRRL and Salmo-
nella typhimurium 14028 was recorded in WRO. The antibacterial activity
of WRO extract against Salmonella typhimurium 14028 and Serratia marc-
escens 37 exceeded those of the standard ampicillin. Meanwhile, WRS
extract exhibited greater antibacterial activity than ampicillin against
Bacillus cereus 33018. This WR is regarded as bioactive compounds with
high antobacterial value [35].

On the other hand, the SRO showed moderate antibacterial activity at
both G* and G~ bacteria, whereas SRS showed weak to moderate antibacte-
rial activity. According to Pandey and Rizvi [72], rosmarinic acid features
several intriguing biological properties, including antiviral, antibacterial,
anti-inflammatory, and antioxidant properties. Catechins provides bac-
tericidal effects on gram-positive and gram-negative bacteria [73].

4. Conclusion

Our study demonstrated that hydrodistilled water residue is a bet-
ter source of phenolic compounds than the solid residue. Water residue
obtained after hydrodistillation featured remarkably higher antioxidant
and antibacterial activities than the insoluble residue extracts. There-
fore, the wastewater obtained as a distillation by-product can be uti-
lized as a natural source of bioactive compounds with potential applica-
tions as antioxidants and preservatives in food, cosmetics and medicine
industries.

Table 3. The antibacterial activity* of the investigated extracts
Ta6nuua 3. AHTMOaKTepHUaIbHOE JeiCTBUE™ UCCIeAyeMbIX 9KCTPAKTOB

Microorganisms WRA SRA WRS SRS WRO SRO A‘(‘il(’)‘;‘g)m
Gram Positive Bacteria
Bacillus subtilis 765 NRRL 23.00B£1.00  20.67B+1.53  8.330C£153  12.679C£3.06  24.008+1.00  12.67°C1.53  33.33%A £1.53

Bacillus cereus 33018 24.00°B+2.00 14.33PC+1.53

Staphylococcus aureus 112 29.0028+1.00 13.67°P+1.53
Gram Negative Bacteria

16.00°P+1,53
13.00°PE+1.00

20.0038¢+1.00

Salmonella typhimurium 14028  14.009PE+ 1,00
17.67°€P+1,53

17.0009€P £1.00

Escherichia coli 15

Serratia marcescens 37

28.0074+1.00
23.00°¢£2.00

17.00€+1.00
21.67°8£2.08
20.00°B¢+1.00

12.00P£1.00  14.00°C+1.00 12.00°¢P+1.00 8.67P£1.53

9.00°E£1.00 17.009P£1.00 15.00®P£1.00  35.00*A%1.00
25.37°8£0.96
35.3334£2.08

22.33% £1.53

14.00°PE+1.00
13.00PPE+1.00
18.003P+1.00

32.00%4+1.00
17.0098¢+1.00
27.00°2+1.00

12.002E+1.00
11.00°°E+1.00
15.003°+1.00

* Mean zone of inhibition in mm include well diameter (5 mm)#* Standard deviation (SD) where n=3. Means followed by different lowercase letters in the
same column and uppercase letters in the same row indicate significant differences at p<0.05.
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