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I ABSTRACT |
Aim
Extraction, chemical determination and comparison of essential oil (EO) composition from the peel oil of three varieties of
citrus, sweet lime (Citrus limetta, Meetha Nimbn), lemon (C. limon) and acid lime (C. anrantifolia, Kagzgi Nimbu) and their antimicrobial
efficacy as preservative in food spoilage was studied.
Material and Methods
The extraction from all the three types lemon peel oil was done using clevenger apparatus and the chemical constituents of lemon
peel EO analyzed by GC-MS. The antagonistic activity of lemon peel EO and 50% methanolic extract from peel residue left after
EO extraction was studied against common food borne pathogens like Staphylococcus aurens, S. epidermidis, Bacillus cereus, B. subtilis,
Bacillus sp., Listeria nmonocytogenes, Micrococcus luteus, Escherichia coli, Klebsiella sp. and Psendomonas aernginosa by agar well diffusion assay.
The test fungal species were Rbizopus sp., Rhizomuncor sp., Alternaria sp., Aspergillus fumigatus, A. niger, Aspergillus sp. and Penicillium sp.
Results
The chemical constituents of lemon peel EO analyzed by GC-MS showed 22 constituents with limonene (39-92%), 8-myrcene
(0.08-2.57%), a-terpineol (0.3-7.3%), - and B-pinene (0.2-25.4%) as major ingredients and 1-Octanol, cis-linalool oxide, sabinene
as minor constituents. It was found that lemon peel oil exhibited wide range of antimicrobial activity against both groups of
bacteria with highest inhibition of zone produced against Bacillus mycoides and B. cerens 34 mm and 28 mm respectively and against
fungi Rhizopus sp. and Aspergillus sp. (34 mm and 28 mm respectively). In contrast to EO, the peel extract produced widest zone of
inhibition against Staphylococcus anrens followed by S. epidermidis and B. subtilis 1ZD of 15, 13 and 13 mm respectively) and in case
of fungus, peel extract was most effective against Alternaria sp. and Rhizopus sp. 1ZD 26 mm, 17 mm respectively).
Conclusion
These studies illustrated that antioxidant and antimicrobial activity of EO was much better than its lemon peel extract and has
potential to be used as biopreservative in food spoilage.

Keywords
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INTRODUCTION |

he search for safe and novel antimicrobial agents as food bio-

preservatives depend significantly on ethno-botanical data
and pharmacological exploration. In order to explore potential
bioactive constituents a wide variety of plant extracts, volatile oils
and their constituents have been studied.' It has been emphasized
that possible use of spices and essential oils as alternative for food
preservation could be possible due to their synergistic antimicro-
bial effect. About 22 species of citrus are found in India besides

nearly 15 exotic species introduced for experimental trials. Citrus
juices are most common among fruit juices around the world and
constitute a major portion of food industry? In Indian traditional
system of medicine, its juice is valued for curing fever, malaria
and jaundice.! Citrus is native to tropical and subtropical areas in
Southeast Asia have peculiar fragrance partly due to the presence
of flavonoids and limonoids in peel. Citrus occupies a considerable
importance in fruit juice industry and economy of the country.
Citrus limetta (sweet lime, mousambi; family Rutaceae) fruit is com-
monly eaten fresh or made as juice which is rich source of vitamin
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C and instant enetgy.’ C. sinensis (Lemon) peel is a waste produced
in large quantities from various fruit processing industries. It is
normally discarded and dumped in the environment that can cre-
ate environmental apprehension.*® One of the important products
of citrus fruit peels is the essential oil (EO) which can play an
important antimicrobial role in food presetvation.® These oils are
also considered as potential sources for the screening of antican-
cet, antimicrobial, antioxidant and free radical scavenging agents.”
Phenols present in essential oils have been recognized as the bio-
active components for the antimicrobial activity and are classified
as generally recognized as safe (GRAS). Therefore, they could be
used to prevent growth of many food-borne microorganisms re-
sponsible for spoilage in food industry. They are also believed to
offer diverse health-promoting effects because of their free radical
scavenging activities and promising potential in therapeutic appli-
cations." Essential oils are gaining renewed attention due to theit
relatively higher safe status, wide acceptance by consumers and ex-
ploitation for potential multi-purpose functional use.

The peels of lemon and orange are good source of natu-
ral flavonoids and contain higher amount of total phenols com-
pated to edible peeled fruit pulp.” The flavonoids from citrus fruit
peel belong to flavones, flavanones, anthocyanidins and flavanols.>’
They have been reported for potential anti-oxidant, anti-cancer,
anti-viral and anti-inflammatory activities. Citrus peel EO is one
of the rich sources of bioactive compounds namely coumarins, fla-
vonoids, carotenes, terpenes, linalool etc.® Sweet lime peel is also a
source of flavonoids, pectin and EOs with strong desirable aroma
and refreshing effect. They have been used as flavoring in foods,
beverages, pharmaceuticals, fragrance, cosmetics and aroma-
therapy. They have wide spectrum of biological activities such as
antimicrobial, antioxidant, anti-inflammatory and anxiolytic. The
EOs from leaves and peel of C. /imetta has been extensively studied
and showed presence of varying amount of oil (0.2-2%) and D-
limonene as most abundant terpene with antimicrobial properties.
Several studies were performed on the composition of EOs from

leaves and peel of C. sinensis and their biological activities.”"

Present studies were undertaken for the extraction and
comparison of EOs composition from peel of three varieties of
citrus, sweet lime (Citrus limetta, Meetha Nimbu), lemon (C. limon)
and Acid Lime (C. aurantifolia, Kagzi Nimbn); followed by assess-
ment of antimicrobial activities in both EOs and 50% methanolic
extract from residue left after EO extraction against ten bacterial
strains (7 Gram-positive and 3 Gram-negative) and seven fungi
known to cause food spoilage. Essential oil composition was deter-
mined by using gas chromatography—mass spectrometry (GC-MS),
a key tool for identification of volatile secondary metabolites, and
possible potential use as preservative, flavoring, beverages, phar-
maceuticals, fragrance, cosmetics, nutraceutical and or functional
foods.

MATERIALS AND METHODS =

Materials and Essential Oil Extraction

All chemicals used were of analytical-reagent grade and obtained
from E. Merck (Mumbai, India). The peel of different Citrus
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species was collected from local juice vendors of Delhi-National
Capital Region (NCR) and fruit markets (India). The peels were
sorted, cleaned and washed in sterile distilled water (5% aqueous-
ethanol). The EO extraction was performed by hydro-distillation
in a Clevenger apparatus for 6 h and residual water from EO was
removed by anhydrous sodium sulphate.

Extraction of Peel Extract

The residual peel samples of Citrus left after EO extraction
were dried, coarsely grounded in a mixer grinder, weighed and
extracted with 50% methanol-water (5 g/50 ml) for a period of
24h at room temperature with frequent shaking. The total mix-
ture was then centrifuged at 3,500 g for 20 min and filtered.!""
The filtrate was concentrated under reduced pressure in a rotary
vacuum evaporator to afford a semi-solid substance and stored at
4 °C till further use. To study different bio-activities residue was
weighed and reconstituted in dimethyl sulfoxide (DMSO) to get
the required end concentration. Once the extracts are dissolved
in pure DMSO, these are also sterilized and thus, a very costly
and time-consuming step of membrane filtration sterilization was
omitted.”

Gas Chromatography—Mass Spectrometry Analysis of Essential
Oils

Analysis of peel EO from three different species of Citrus (C.
limetta, Meetha Nimbn), Lemon (C. limon) and Kagzi Nimbu (C. an-
rantifolia) was performed on Agilent 7890A GC system 5975 C
inert XL, EI/CI MSD with Triple Axis Detector. The GC was
equipped with a capillary column DB-HP-5MS (30 m*0.25 mm),
0.25 pm film thickness. The carrier gas flow rate was 1 mL He/
min, injected volume was 10 pl and spilt ratio was 1/20. The col-
umn temperature was held at 60 °C, programming 4 °C/min to
180 °C followed by 10 °C/min to 260 °C, detector and evaporator
temperature was 260 °C. The components of EO were identified
by comparing results of mass-spectra (m/z), retention time and
peak area with standard samples in GC-MS and National Institute
of Standards and Technology (NIST) library mass fragmentation
pattern. The components identification is based on GC reten-
tions, computer matching with National Building Specification
(NBS) library."

Total Phenolic Content and Antioxidant Activity

The powdered residue 50 mg left after EO extraction was extract-
ed with 50% MeOH: H,O (2x10 mL), overnight at room tem-
perature for total phenolic content (TPC) analysis. The extractive
was centrifuged at 6000 g for 15 min, filtered and maintained to
20 mL and TPC was estimated by the method of Ragazzi and
Veronese.”” In 1.0 mL extract, 1.0 mL of Folin’s Reagent (1 N)
and 2.0 mL of Na,CO, (20%) were added subsequently. The test
mixture was mixed properly, left at room temperature for 30 min
and maintained to 25 mL with watet. The absorbance was mea-
sured at A__ 725 nm and reported as gallic acid equivalent (GAE)
and flavonoids as quercetin equivalent (QE) mg/g;

For the estimation of antioxidant activity (AOA) of lem-
on peel extract (PE) residue, 2.0 mg of B-carotene was dissolved
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in 20 mL of CHCI, and its 3.0 mL was added to 40 mg of lin-
oleic acid and 400 mg of Tween 40. After removing CHCI, under
reduced pressure, 100 mL of oxygenated water was added and
mixed properly to obtain a stable emulsion. 3.0 mL aliquots of
emulsion were mixed with 40 pl of sample extract and incubated
for 1 h at 50 °C. The absorption (A __ 470 nm) of test mixture
was recorded at 0 min and after 60 min of incubation at 50 °C.
The AOA was expressed as percent inhibition of auto-oxidation
of B-carotene and linoleic acid relative to control after 60 min
by the method of Emmons and Peterson.'® Free radical scaveng-
ing activity of the extracts (1.0 mg/mL) was assayed by using 1,
1-diphenyl-2-pictyl-hydrazil (DPPH) radical (6X10”° m in MeOH)
according to Yen et al."”

Bacterial and Fungal Strains

Ten bacterial strains (7 Gram-positive and 3 Gram-negative),
mostly food borne pathogens, were selected for the study. Gram
positives bacteria were Bacillus cerens, B. mycoides, B. subtilis, Micro-
coccus luteus, Staphylococcus anreus, S. epidermidis and Listeria monocy-
togenes while Gram negative bacteria were Escherichia coli, Entero-
bacter aerggenes and Psendomonas aernginosa. The fungal species used
in the present study were Alternaria sp, Aspergillus fumigatus, A.
niger, Aspergillus sp, Penicillium sp, Rhizopus sp. and Rhizomucor sp.
The standard bacterial and fungal stock cultures were obtained
from the culture collection of Amity University UP, India. The
viability tests for each isolate were carried out by resuscitating the
organism in nutrient agar medium and Sabouraud’s dextrose agar
(SDA) medium respectively. The stock on nutrient agar medium
(Hi Media, Mumbai, India) and potato dextrose agar medium was
incubated at 37 °C for 24 h (bacteria) and 28 °C for 3-days (fungi)
following storage at 4 °C until required for sensitivity testing.

Antibacterial Activity Testing Using Agar well-Method (Cup Plate
Method)

The antimicrobial activity of PE and EO was determined by agar
well-diffusion method.? Pure isolate of each bacterium was first
sub cultured in nutrient broth at 37 °C for 24 h. Standardized
inoculum (100 ul., 106 CFU/mL; 0.5 Mac-Farland) of each test
bacterium was spread with the help of sterile spreader on to a
sterile Muller-Hinton Agar plate to achieve a confluent growth.
The plates were allowed to dry and a sterile cork-borer (6.0 mm
diameter) was used to bore the wells in the agar. Subsequently, 50
pL of PE in DMSO and 50 pL of peel essential oil (PEO) was
introduced in wells of separate agar plates in triplicate. Sterile
DMSO and sodium benzoate (standard food preservative) were
used as negative and positive control respectively for antibacterial
and antifungal studies. The plates were allowed to stand for 1 h
for diffusion and then incubated at 37 °C for 24 h. The inhibition
zone diameter (IZD) was recorded to the nearest size in mm and
all expetiments wete performed in triplicate.

Antifungal Assay

For antifungal activity of PE and PEO fungal isolates were sub-
cultured on Sabouraud’s Dextrose Agar (SDA) at 28 °C for 3-5-
days. Sterilized SDA plates and sterile cork-borer (6-mm diameter)
was used to bore wells in the agar. 50 uL. of PE in DMSO and 50
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uL of PEO was introduced in separate plates to each peripheral
well while a fungal disc was inoculated in central well. A negative
control (DMSO) was used in one peripheral well to compare the
activity incubated at 28 °C. The evaluations wete carried out by
daily measurement of colony diameter, starting after 24 h and
finishing when 2/3 of the plate surface in control was covered
by fungus. The appearance of zone of inhibition was regarded
as antimicrobial activity in test sample and all experiments were
performed in triplicate. The results were expressed in terms of
the diameter of the inhibition zone: <9 mm, inactive; 9-12 mm,
pattially active; 13-18 mm, active; >18 mm, very active.'®

Assessment of Minimum Inhibitory Concentration

The method of Thongson et al’’ as applied; minimum inhibi-
tory concentration (MIC) for PE and PEO was determined by
agar-well-diffusion method using a two-fold serial dilution of PE
in DMSO to achieve a decreasing concentration range of 1000-
31.25 mg/mL. A 50 uL of EO was added aseptically into Muel-
ler Hinton agar plates already seeded with standardized inoculum
(106 CFU/mL) of test bacteria. Sodium benzoate was used as
positive control and all experiments were performed in triplicate.
The same method was used for fungi, except SDA plates and
incubated at 28 °C. The lowest concentration of PE and PEO
showing a clear zone of inhibition was considetred as the MIC."

RESULTS AND DISCUSSION |

The EO composition of three varieties of Citrus- Citrus limetta, C.
limon and C. anrantifolia determined by GC-MS (Table 1) showed
limonene (80.4% in C. limetta; 42.6% in C. limon and 92.7% in
C. anrantifolia) as major constituent followed by B-myrcene,
a-terpineol, B-linalool and others in varying concentrations. In
eatlier reports both volatile (83-99.2%) and non-volatile compo-
nents (0.5-15%) have been cited.” The citrus EO is mainly com-
posed of about 97% monoterpenes with alcohols, aldehydes and
esters being lowest ranging from 1.8-2.2%.'>*" Kamal et al* could
identify about 16-27, 17-24 and 18-40 chemical constituents in
the peel EO of C. reticulate, C. sinensis and C. paradisii respectively
and limonene ranged 64.1-71.1% (C. reticulata), 66.8-80.9% (C.
sinensis) and 50.8-65.5% (C. paradisii). Twenty-one components
were identified in the peel of Hatian Pummelo (C. drandis Osbeck),
monoterpenes and sesquiterpene hydrocarbons were main com-
ponents approximately 96.64% w/w of total oil. The limonene
(89.9611.64%) was observed to be most dominant as reported.
Analysis of C. pseudolimon and C. grandis PEO also revealed the
presence of about thirty-three total components with limonene
of 47.07% and 71.48% respectively.®

The PE of residue left after EO extraction showed TPCs
ranging from 12.5 to 28.7 mg GAE/g and flavonoids 12.6-17.9
mg QE/g extract. Antioxidant activity of extracts wete estimat-
ed using B-carotene-linoleic bleaching assay and 1,1-diphenyl-2
picrylhydrazyl (DPPH). The free radical quenching antioxidant
activity varied from 38.5-69.4% and inhibited the bleaching of
B-carotene and DPPH comparable to the synthetic antioxidants
(BHT and BHA). The BHA and BHT have been suspected to
be responsible for liver damage and carcinogenesis. Citrus peel
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Table 1. Chemical Constituents (%) of Peel Essential Oil from Different Citrus limetta,
C. limon and C. aurantifolia

Component Swe(?t Lime Ler'non Acid Lifne'

(C. limetta) (C.limon)  (C. aurantifolia)
Limonene 80.41 42.63 92.75
8-Myrcene 0.07 0.38 2.64
a-Terpineol 0.58 6.80 0.47
Terpinen-4-ol 0.86 0.65 0.39
a-Pinene 1.38 0.87 0.98
8-Pinene 5.64 26.45 0.43
1,8-cineol 1.86 1.53 ND
cis-trans-linalool oxide 0.67 1.46 ND
B-Linalool 5.39 2.46 2.74
Nerol 0.56 1.18 ND
Linalyl acetate 0.38 2.78 1.79
Geranial 0.47 0.59 0.19
Acetate neryl ND 2.65 ND
Acétate geranyl ND 4.15 ND
Nerolidol ND 5.89 ND
Farnesol 0.76 4.28 1.06
Neryl acetate 0.78 1.26 0.67
Y- terpinene ND 12.65 ND
Isocaryophyllene ND 1.23 0.58
Bergamot mint oil ND ND 1.20
Bergamol 6.21 ND ND
§-Bisabolol 2.28 ND ND
ND: Not determined

is an important source of EQO, particulatly limonoids that have
a variety of therapeutic effects, like antifungal, antibacterial, an-
tiviral, antimalarial and antineoplastic. Total phenolic contents
ranged from 1.058 to 7.3 g/100 g dw in orange and bitter orange
peel respectively have been reported.” Citrus peel comprises high
quantities of unique flavanone glycosides like hesperidin, neohes-
peridin, narirutin, naringin, lower amounts of poly-methoxy fla-
vones (sinensetin, tangeretin, nobiletin) and traces of flavonols,
glycosylated flavones and hydrocinnamic acid. These citrus peel
phenols have potential for use in functional food, cosmetic and
pharmaceuticals as alternative to synthetic antioxidants (BHT,
BHA) to prevent deterioration and extended shelf life, beverages
and bakery.” Phytochemical from peels of orange fruit (C. si-
nensis) also revealed the presence of tannins, flavonoids, polyter-
penes, alkaloids, saponin, terpenoids and amino acids.?

The EO from citrus peel has promising potential for
use in food or pharmaceuticals with effective antioxidant and
antimicrobial control strategy. Antioxidant phytochemicals can
scavenge free radicals and increase shelf life by retarding lipid
peroxidation, a major reason for deterioration of food and phar-
maceuticals during storage. Antioxidants can also protect human
body from free radicals and associated chronic disorders.”

A total of ten bacterial species and seven fungal spe-
cies were used to assess the antimicrobial activity of essential oils.
The antimicrobial activities of EOs and PE were determined by
agar well-diffusion method against seven Gram positive bacteria

and three Gram negative bacteria (Table 2). The EOs were ac-
tive against both Gram-positive and Gram-negative bacteria except
Listeria monocytogenes isolated from the spoiled food products and
were most effective against Staphylococcus aunrens followed by Staphy-
lococens epidermidis and Bacillus subtilis with inhibition zone diameter
(IZD) of 15.0 mm, 13.0 mm and 13.0 mm respectively. Sodium
benzoate generally used as food preservatives was used as a posi-
tive control and was found less effective with IZD of 16.0, 14.0
and 13.0 mm respectively. In contrast, the EOs exhibited wide
range of antimicrobial activity against both groups of bacteria.
The maximum zone of inhibition was observed against Bacillus
mycoides and Bacillus cereus producing 34.0 mm and 28.0 mm 1ZD
respectively. Amongst the Gram-negative bacteria, PEOs showed
neatly equivalent activity against all test bacteria Escherichia cols,
Enterobacter aerogenes and Psendomonas aernginosa with 17D of 12.0,
11.0 and 11.0 mm each respectively.

Antifungal effects of EOs have also been investigated
and all the seven test fungi were isolated from spoiled food prod-
ucts (Table 3). Amongst fungus, the EOs exhibited antagonistic
activity against almost all test fungi. It was most effective against
tungi Rbizopus sp. and Aspergillus sp. with IZD of 34.0 mm and
28.0 mm respectively. In contrast, sodium benzoate which is used
as a standard food preservative also inhibited all the test fungal
species.

The MIC for the fungal species (Table 4) of EO ranged
from 6.25-50 mg/mL. Staphylococcns aurens and Micrococcus lutens
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Table 2. Zone of Inhibition (mm) of Methanolic Extract of Peel and Essential Oil (EO) of Citrus limon on Selected
Bacteria that Cause Food Spoilage

Bacterial species Lemon (C.limon) Lemon (C.limon) Sodium benzoate = DMSO

Peel Extract EO (+ve C) (-ve C)
Bacillus cereus 12.0 28.0 14.0 0.0
Bacillus subtilis 13.0 14.0 13.0 0.0
Bacillus mycoides 12.0 34.0 22.0 0.0
Staphylococcus aureus 15.0 17.0 16.0 0.0
S. epidermidis 13.0 18.0 14.0 0.0
Listeria monocytogenes 9.0 14.0 13.0 0.0
Micrococcus luteus 12.0 220 18.0 0.0
Escherichia coli 11.0 12.0 11.0 0.0
Enterobacter aerogenes 11.0 11.0 11.0 0.0
Pseudomonas aeruginosa 10.0 11.0 12.0 0.0

Common Food Spoilage Fungi

Table 3. Zone of Inhibition (mm) of Methanolic Extract of Lemon Peel and Essential Oil of Citrus limon Against

Bacterial species Lemon (C.limon) Lemon (C.limon) Sodium benzoate = DMSO

peel extract EO (tve C) (-ve C)
Aspergillus niger 0.0 21.0 19.0 0.0
Aspergillus fumigates 0.0 26.0 23.0 0.0
Aspergillus sp. 9.0 28.0 24.0 0.0
Alternaria sp. 26.0 0.0 23.0 0.0
Rhizomucor sp. 0.0 23.0 21.0 0.0
Rhizopus sp. 17.0 340 19.0 0.0
Penicillium sp. 0.0 8.0 10.0 0.0

limon) Against Different Bacteria

Table 4. Minimum Inhibitory Concentration (MIC) Values of Lemon peel Essential Oil and Peel Extract (Citrus

Fungal species Lemon (C.limon) Lemon (C.limon) Sodium benzoate DMSO

peel extract EO (+ve C) (-ve C)
Aspergillus niger 0.0 21.0 19.0 0.0
Aspergillus fumigates 0.0 26.0 23.0 0.0
Aspergillus sp. 9.0 28.0 24.0 0.0
Alternaria sp. 26.0 0.0 23.0 0.0
Rhizomucor sp. 0.0 23.0 21.0 0.0
Rhizopus sp. 17.0 340 19.0 0.0
Penicillium sp. 0.0 8.0 10.0 0.0

was found to be highly sensitive to the exhibiting lowest MIC of
6.25 mg/mL followed by Bacillus cereus and Bacillus mycoides 12.5
mg/mL each. On the contrary, the MIC values for lemon PE
were comparatively on the higher side and ranged between 12.5-
50 mg/mL with Staphylococcus anrens and Micrococcus lutens exhibit-
ing lowest MIC of 12.5 mg/mL (Table 4).

The observed antimicrobial activity may probably be
due to combination of more than one constituent of essential oils
that exhibit synergistic effect.>*! It was observed that although
lemon peel is effective against both groups of bacteria but its ac-
tivity was higher in Gram positive as compared to Gram-negative
bacteria. These observations are in accordance with the earlier
observations that Gram-negative organisms were less susceptible
to the herbal extracts than Gram-positive isolates due to the pres-

ence of high lipid in cell walls of Gram-negative bacteria.” Gram-
positive bacteria such as Staphylococens epidermidis, Staphylococcns
anreus and Bacillus subtilis contains teichoic acid in the peptidogly-
can layer and is therefore inhibited by both Citrus peel extracts
and EO." Furthermore, the outer membrane of Gram-negative
bacteria is known to present barrier to penetration of numerous
antibiotic molecules and the periplasmic space contains enzymes,
which are capable of breaking down foreign molecules intro-
duced from outside thus providing greater resistance to them.’
The antimicrobial activity could also be further attributed due
to the presence of high percentage of oxygenated compounds
and sesquiterpenes including limonene, a-pinene, B-myrcene and
caryophyllene. These constituents from EO had been previously
proved to be cytotoxic in other essential oils. Other constituent
viz. B-pinene, a- terpineol, y-terpinene and trans a-bergamotene
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may have also imparted synergistic effects along with limonene.**

concLusioN|

Processing of large amount of citrus peel a by-product poten-
tially represents a rich source of essential oils, phenols and dietary
fiber. These residues, which are generally discarded as waste in the
environment, can act as potential antimicrobial and antioxidant
agents. Besides, due to their low cost and easy availability such
wastes can also offer significant low-cost nutritional high fiber
dietary supplements. The utilization of these bioactive rich citrus
residues can provide an efficient, inexpensive and eco-friendly
source of food preserving agents against food spoilage bacteria
and fungi. Further, focus on more pathogenic organisms, toxico-
logical investigations and development of cost-effective process
for isolation purification still needs high attention that can be re-
warding to pursue in hunt for new herbal therapeutic agent.
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