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Abstract

Tayoke Nan-nan is known to be rich in essential oil and phenolic compounds. GC-MS analysis of
the essential oil steam distilled from the dry leaf (yield 0.02 %) of Apium graveolens L. indicates
nine compounds, mostly mono and sesquiterpenes, phthalide derivatives, and a few other
compounds. Similar analysis of the essential oil from the fresh leaf (yield 0.07 %) showed fourteen
compounds, mostly mono and sesquiterpenes, the phthalide derivatives and a few other compounds.
Phthalides are the most abundant constituents in both essential oils. In the determination of
antioxidant activity by ferric reducing antioxidant power (FRAP) method, ECso values of the
ethanolic extracts of the leaf, stalk and root were 2186, 984 and 2316 pg/mL against 112 pug/mL of
ascorbic acid standard. The presence of phthalides and phenolic compounds in the plant, Tayoke
nan-nan may be useful as a medicinal drug in certain miner diseases.
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Introduction

All parts of celery (Apium graveolens L.) plant yield high proportion of essential oil. This
is pale yellow and very fluid, with a strong celery aroma consisted of phthalide derivatives (lactone
sedanolide), palmitic acid, hydrocarbons such as limonene (Rozek et al., 2016 and Sellami, et al.,
2012). Traditional processes for extracting essential oils, hydrodistillation and steam distillation,
are relatively simple (Sahraoui and Boutekedjiret, 2015 and Bozovi¢ et al., 2017). The chemical
composition of the oil was investigated by GC-MS that combines the separation power of gas-
liquid chromatography with the detection feature of mass spectrometry to identify different
substances within a test sample (Chauhan et al., 2014).

The major bioactive compounds in the celery include phenolic compounds, flavonoids and
phenols are the most important groups of secondary metabolites and bioactive compounds in plants
such as Apium plants are good sources of natural antioxidants in human diets (Saxena et al., 2012).
Spectrophotometric SET-based assays measure the capacity of an antioxidant in the reduction of
an oxidant, which changes colour when reduced. Like the antioxidant activity, the reducing power
of celery, ethanol extract increases with increasing concentration. In ferric reducing antioxidant
power (FRAP) assay, there is an increase in absorbance at a prespecified wavelength as the
antioxidant reacts with the chromogenic reagent (Moharram and Y oussef, 2014).

The reactions in the FRAP method (Canabady-Rochelle et al., 2015) as follow:

3- _ 4-
2Fe(CN); + CH,Of —» 2Fe(CN), + CHO, +H
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(Yellow) ascorbate
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Ferrocyanide  Ferric ion Ferric-Ferrocyanide (Prussian blue) A,..= 700 nm
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The aim of the present research is to investigate the constituents of essential oils from the
dry and fresh leaves of celery and to determine the antioxidant activity by FRAP method of
different parts of celery (A. graveolens) plant.

Materials and Methods
Plant Material

The plant material (A. graveolens, Tayoke Nan-nan) used for this study was collected from
Kalaw, Shan state, Myanmar. The leaf samples were dried. Fresh and dry leaf samples were used
to extract the essential oil. For the antioxidant activity by FRAP method, dry leaf, stalk and root
samples were used.

Experimental Setup

Steam distillation method was used to extract essential oil (Sahraoui and Boutekedjiret,
2015). The schematic diagram of experimental setup is shown in Figure 1. The experiment was
conducted in a Clevenger’s Apparatus.

A : 1. Boiling flask Experimental Procedure
e 2. Biomass flask Dry leaf sample 25 g or fresh
L e 3. Connecting leaf sample 100-150 g were filled in
distillation adapter the biomass flask and extracted with
4. Glass stopper steam generated from 350 mL water

in the boiling flask until oil distillation
ceased after 5-6 h. The essential oil in
the distillate was separated by

5. Condenser
6. Oil separator

apparatus partitioning with n-hexane, the extract
7. Heating mantle dried over anhydrous Na»SOs; and
8. Lab supportstand filtered and kept in the freezer after
9. Finger clamp evaporation of the solvent.

Figure 1 Essential oil steam distillation kit

Yield of Essential Oils

The yield of essential oil of celery leaf was expressed in gram relative to 100 g of raw
sample; it was calculated according to following equation:
Amount of extracted oil (g) <100

Yield (%)=
Amount of raw sample (g)

Determination of Composition of Essential Oil by GC-MS

The chemical composition of essential oil was determined by GC-MS analysis on a
PerkinElmer system consisting of a Clarus 680 GC model and a Clarus 600 MS model at National
Analytical Laboratory, Department of Research and Innovation, Yangon, Myanmar. An Elite5 MS
GC column with 5 % diphenyl 95 % dimethyl polysiloxane stationary phase and dimension 30 m
(L), 0.25 mm (ID) and 0.25 um (thickness) was used. The GC settings were as follows: the source
temperature was 190 °C and the inlet temperature was 209 °C.
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The initial oven temperature was held at
80 °C for 3 min and then heated from 100 to
140 °C at a rate of 2 °C /min, held for 1 min,
and then heated to 240 °C at 10 °C /min and held
for 3 min. The injector temperature was
maintained at 250 °C. The sample in hexane
(1 p L) was injected, with a split ratio of 1: 20.
The carrier gas was helium at flow rate of
1.0 mL/min.

Figure 2 GC-MS instrument

Determination of the Functional Groups Present Using FT IR

The FT IR spectrum of the essential oil was measured at National Analytical Laboratory,
Department of Research and Innovation, Yangon, Myanmar. The FT IR spectra were reported in
% transmittance. The wavenumber region for the analysis was 4000-400 cm™ (in the mid-infrared
range).

Determination of Antioxidant Activity by FRAP Method

The 95 % ethanol extracts of dry leaf, stalk and root were used for ferric reducing
antioxidant power content (Bhalodia et al., 2013).

Preparation of plant extract

The leaf, stalk and root samples (5 g) of celery (A. graveolens) were extracted with 95 %
ethanol (100 mL).

Preparation of standard solutions

Ascorbic acid (0.01 g) was dissolved in 10 mL distilled water (1000 pg/mL) . This solution

was serially diluted with distilled water to give solutions of 5, 10, 25, 50, 75 and 100 ug/mL serially
concentrations.

Preparation of test sample solutions

Preparation of test sample stock solutions of samples were prepared by dissolving 0.02 g
of each extract in 1 mL of ethanol and diluted with distilled water to make 20 mL solution
(2000 pg/mL). Then sample concentrations of 125, 250, 500, 1000 and 2000 pg/mL were

prepared.
Protocol for reducing power

According to this method, 1.0 mL aliquots of each solution in deionized water various
concentrations of the standard (5 to 100 ug/mL) and test sample extracts (125 to 2000 pg/mL) were
separately mixed with 2.5 mL of phosphate buffer (pH 6.6) and 2.5 mL of (1 %) potassium
ferricyanide. The mixture was incubated at 50 °C in water bath for 20 min after cooling.
Trichloroacetic acid (10 %) solution 2.5 mL was added to each mixture, which was then
centrifuged at 3000 rpm for 10 min. The upper layer of solution 2.5 mL each was mixed with
2.5 mL distilled water and a freshly prepared 0.5 mL of (0.1 %) ferric chloride solution. Increase
in absorbance of the reaction mixture indicates increase in reducing power. All experiments were
repeated three times.
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Results and Discussion
Yield of Essential Oils from Celery Dry and Fresh leaf

The essential oils of dry and fresh leaf of celery (A. graveolens) were extracted by steam
distillation method. The amount of essential oils obtained were 0.02 % from dry leaf and 0.07 %
from fresh sample. Both samples of essential oils have light yellow colour and pleasant aromas.
Because of its high volatility, it was stored in an air tight container protected from light in cool
place. The essential oil was insoluble in water but miscible in alcohol.

Composition of Essential Oil by GC- MS Analysis

In GC-MS analysis, the obtained essential oil was dissolved in n-hexane. Nine volatile
compounds in dry leaf and fourteen compounds in fresh leaf essential oils observed are shown in
Tables 1 and 2. A high proportion of the essential oils consisted butyl phthalide derivatives
(butylphthalide, senkyunolide and sedanolide) and D-limonene and carveol were also contained in
the oils of both samples (Figures 3 and 4). Molecular structures of essential oil compounds in dry
and fresh leaf are shown in Figure 5. GC-MS analysis of d-limonene and carveol, butylphthalide,
senkyunolide and sedanolide of the both essential oils is expressed in Figure 6.

Table1 Chemical Composition of Essential Oil from Dry leaf sample

Sr. Compound Name Molecular Molgcular Retentipn
No. Formula weight time (min)
1 D-limonene (2) Cyo Hiy 136 3.970
2 Carveol (6) Cy H;s0 152 5.535
3 1-Pentanone 1- phenyl (7) C, H,,0 162 8.231
4  Alloaromadendrene  (9) Cys Hy 204 9.980
5  Butylphthalide (13) Cy Hy, O, 190 11.951
6  Senkyunolide (14) C, Hi O, 192 12.791
7  Sedanolide (15) C, Hi O, 194 12.837
8  Palmitic acid (16) Cyu Hy O, 256 15.840
9  6-Octa decenoic acid (17) Cy Hi O, 282 20.021

- Tme

Figure 3 Total ion chromatogram (TIC) of essential oil from dry leaf of A. graveolens at retention
times 3 -28 min
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Table2  Chemical Composition of Essential Oil from Fresh Leaf Sample
Sr. Compound Name Molecular Molecular Retention
No. b Formula weight time (min)
1 a-Pinene (1) CpoHip 136 3.690
2  D- limonene (2) Cyp His 136 4.219
3 B- Ocimene (3) Cyo Hig 136 4.353
4  3- Carene (4) Cyo Hyg 136 4,557
5 Naphthalene (5) Cy Hq 128 6.298
6 Carveol (6) Cy H;O 152 8.208
7  Caryophyllene (8) Cis Hy, 204 9.389
8 Humulene (10) Cis Hayy 204 9.830
9 Naphthalene, decahydro- Cys Hy 204 10.245
4A- methyl- 1-methylene
- 7(1-methylethe) (11)
10 Butylated Hydroxytoluene ( 12) Cs Hy, O 220 10.298
11 Butylphthalide (13) C,, Hy, O, 190 12.074
12 Senkyunolide (14) C, H; O, 192 12.830
13  Sedanolide (15) C,H; O, 194 12.899
14 Phenol, 2, 2°- methylenebis Cy Hs, O, 340 24.048
[6-(1, 1- dimethylethyl)-4-
methyl) (18)
( r[ l X - N = HE
Figure 4 Total ion chromatogram (TIC) of essential oil from fresh leaf

A. graveolens at retention times 3 -28 min
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Figure 5 Molecular structures of essential oil compounds from dry and fresh leaves



J. Myanmar Acad. Arts Sci. 2021 Vol. XIX. No.1A 43

_— = 12242 Apiumgravedlens 253 (3.970)
< 1[]8 68 1.09e7
393
@ | TR i
() R928 Nist 220853 D-LIMONENE
. £ Hit 1
D- Limonene 1005 93
%3 4143:,153:;-53& 37781 U |5 1 IR < (d)
0 i bl o Vb b b "'I"'I"'I" m i '1""|'-‘| Hl L4, ':I"- ™ "I:"ll""l"l"'n" mz
17 27 31 47 57 67 77 B7 9.7 10? 117 127 137
£ = 2242 Agiumgravesolens 5535)
553 = i
i §788 7 38e6
B 1004 Ssr 1+ P o s
Eamanand 3 N3 72 i3
543 % 7 85} i %5 103 11* s 133
FEE & 1 S dader e N 7 1B (@
| b § ey ¥ L} U o | 1 1 ¥ . | 1} L T 1 L] bbb |
HO i R756 Nist 224381 CARVEDL
(b) as Hit 8
00y ®us % 67 77 | 5 . 13
Carveol b N N B3 79 1555531 %597 1g5| MIIB 37
0 rbebreem ‘III'Il‘I"I‘ L i ) L S m?’(d)
30 40 50 60 70 80 S0 100 110 120 130 140 150
1145 ['/ J2242 Aglumgraveniens 2334 (11 951)
Y 133 237e8
191 > 100; ‘
Y f 5 - 108 g (134 1aa o
) ey o TATE e 128 341 RS | Ry
f‘ ~ /"‘\\ a T T T - ?‘I b)l l: 5‘: - 1'-’3 T ‘|E T ‘;| T T ‘E‘-r - ‘r l'mV ©
; L 1 0 R 94 Nist 104643 BUTYLPHTHALIDE
Z~( 1001 '?3 il
? 108 1
—, \ C ®) 1 &1 L4 i sy 721
eA RS L o A 0 rrrrerrrrerrrrrrr T et V2
11.77 11.97 ’ ; 2% ¢ 6 % 5 % 146 166 86
» Buq,]phlhahdc P 446 [ £ 108 126 () 68 16 (d)
(3)
7242 Agiumgraveolens 2553 {12.751)
o7 16323
i . 73 -
" R s B e R)P 1 1 :5 163 175 163 '“(L)
D 1] i - | Gig v‘l I' " ' "'l I! 1 | b gusTes i
R 360 Nist 75475 SENKYUNOLDE
7 Ht1
1005 e
E 73 | 190 7y
: sy . BIP & % (d)
U 1 1 1 l‘ 1 : l’ 1] I‘ 1 ! 1 1 1 1 | ’Tlt
4 4 ® B4 104 124 144 164 184
25429
185 holcU
t61 o
Wl WAL | lc)
HE ©
@ Sedanolide © o (d)
preeerrreTTTETTeer 2
(®) 54 174 194

Figure 6 GC-MS analysis of d-limonene, carveol, butylphthalide, senkyunolide and sedanolide
present in the essential oil (a) TIC (b) molecular structures (c) mass spectra (recorded)
(d) mass spectra (library)

Functional groups present in the essential oil using FT IR

The functional groups present in the essential oil were determined from the wavenumbers
of the sample in FT IR the spectrum (Figure 7). The FT IR absorption spectrum of essential oil
obtained from dry leaf celery (A. graveolens) was measured in the wavelength range
4000- 400 cmL.
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The vibrational band given by C=0 bond of ester or five members ring lactone occurs at
1751 cm, and the C—O stretching of ester, alcohol, ether leads to bands at 1284 cm™, 1225 cm™,
1184 cm, 1043 cm™ (Figure 7 and Table 3).

Date Manday, Decaembaer 09, 2019 1:.25 PM

. 964 cm'1 "\.
2028 cm’! A\ -1
710 em™

2860 e 1184 em

175 em?
45 —

1043 cm'1

"l".l ) ]500 3000 2500 2000 1500 u]b() 850
cm-1

Figure 7 FT IR spectrum of dry leaf essential oil from A. graveolens

Table 3 FT IR Spectral Data of Essential Oil from Dry A. graveolens Leaf

Wavenumber (cm™) Vibrational mode Functional group

3080 = C-H stretching Olefin, aromatic compound
2928, 2860 C-H stretching - CHz> CH2 > CH-

1751 C= O stretching Ester, 5 members ring lactone
1466 C-H bending - CH3> CH2 > CH-

1284, 1225, 1184, 1043 C - O stretching Ester, alcohol, ether

964 = C-H out of plane bending Trans olefin

710 = C-H out of plane bending Cis olefin

(silverstein et al., 1991)

Activity (Reducing Power Assay)

Celery is valued for the distinctive aroma which it owes to the presence of phthalide- rich
essential oil. Moreover, it is known for its antioxidant properties due to the compounds such as
phenolic and flavonoid compounds as determined in the previous work (Table 4) (Soe Soe Tint et
al., 2020).

Reducing power assay method is based on the principle that substances, which have
reduction potential, react with potassium ferricyanide (Fe*) to form potassium ferrocyanide (Fe?*),
which then reacts with ferric chloride to form ferric-ferrous complex that has an absorption
maximum at 700 nm. The reducing power of the 95 % ethanol extracts and standard increases with
the increase in amount of sample and standard concentrations (Tables 5, 6, 7 and 8). The plot of
reducing power shows good linearity in standard (R? = 0.9181) and all sample extracts (leaf, stalk
and root) are R? = 0.983, 0.9553 and 0.9891 respectively for leaf, stalk and root (Figures 12, 13,
14 and 15). ECso values of the ethanolic extracts of leaf, stalk and root were 2186, 984 and
2316 pg/mL against 112 pg/mL of ascobic acid standard (Table 9 and Figure 16).
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Table 4 Flavonoid Content, Phenolic Content and Antioxidant Activity of Celery

Flavonoid content Phenolic content Antioxidant activity of
(mg QE/g dry or (mg GAE/g dry or ethanol extract
fresh weight) fresh weight) ICso value (ng/mL)

Dry leaf 263.453 290.119 99.646

Fresh leaf 29.757 32.769

Dry stalk 28.743 51.338 45.219

Fresh stalk 3.425 6.117

Dry root 37.886 53. 987 125.342

Fresh root 4.018 5.726

(Soe Soe Tint et al., 2020)

0.800 Table 5 Variation of Absorbance with
Concentrations of Stand
©  oemf Ascorbic Acid at 700 nm
:‘FJ; Conc. Abs Net ECso
'Qg s (ng/mL) Abs (ng/mL)
B = 0, (Blank)  0.264 112
< 5 0271  0.007
a2 10 0.366 0.102
25 0481 0.217
0.000 i i 50 0.525 0.261
50000 €0000 800 00 100000 110000 7 5 O 6 48 0 38 4
Wavelength (nm) 100 0.686  0.422

Figure 8 Zero-order overlaid spectra  of ferric—ferrocyanide
for (a) blank solution (b) 5 pg/mL (¢) 10 pg/mL
(d) 25 pug/mL (e) 50 pg/mL (f) 75 pg/mL (g) 100 ug/mL
standard ascorbic acid solutions

0.800 ; : " Table 6 Variation of Absorbance with
Concentrations of Leaf Extract
© Solution at 700 nm
g Conc. Abs Net ECso
E (ng/mL) Abs  (ug/mL)
| 0, (Blank)  0.264 2186
125 0.328  0.064
250 0.375 0.111
al ; : : 500 0.442 0.178
GH00: 90000 e 100R100: 3SR 1000 0.551 0.287
Wavelength (nm) 2000 0.712 0.448

Figure 9 Zero-order overlaid spectra of ferric—ferrocyanide
for (a) blank solution (b) 125 pg/mL (c) 250 pg/mL
(d) 500 pg/mL (e) 1000 pg/mL (f) 2000 pg/mL
celery leaf ethanol extract solutions
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Table 7 Variation of Absorbance with
Concentrations of Stalk
Extract Solution at 700 nm

0.800———
agml) A Abs o)
0, (Blank) 0.264 984
125 0.313 0.049
250 0.316 0.052
S 500 0.408 0.144
LT S—— o e 1000 0.498 0.234
Wavelength (nm) 2000 0.609 0.345

Figure 10 Zero-order overlaid spectra of ferric—ferrocyanide
for (a) blank solution (b) 125 pg/mL (c) 250 pg/mL
(d) 500 pg/mL (e) 1000 pg/mL (f) 2000 pg/mL
celery stalk ethanol extract solutions

Table 8 Variation of Absorbance with
Concentrations of Root Extract
Solution at 700 nm

: C(;ncI.‘ Abs gﬁt ECso
p an (ng/mL) S (ng/mL)

E 0, (Blank) 0.264 2316
_2 125 0.302 0.038
< 250 0.359  0.095
500 0.408 0.144
IJE‘:I.J::‘.JF.C 600 00 800 00 100000 110000 1000 05 1 0246
Wavelength (nm) 2000 0.683 0.419

Figure 11 Zero-order overlaid spectra of ferric—ferrocyanide
for (a) blank solution (b) 125 pg/mL (c) 250 ug/mL
(d) 500 pg/mL (e) 1000 pg/mL (f) 2000 pg/mL
celery root ethanol extract solutions
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Figure 12 Ferric reducing power determination Figure 13 Ferric reducing power determination
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Figure 14 Ferric reducing power determination Figure 15 Ferric reducing power determination
of celery stalk extract solutions of celery root extract solutions

Table9 ECso Values of Ferric Reducing Power for Ascorbic acid and Ethanol
Extract of Celery Leaf, Stalk and Root

ECso (ng/ mL)
Celery Stalk
984

Celery Root
2316

Ascorbic Acid
112

Celery Leaf
2186
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Figure 16 A bar graph of ECso values of ascorbic acid and ethanol crude extracts of leaf,
stalk and root of celery from Kalaw, Shan State, Myanmar

Conclusion

The GC-MS analysis of essential oil of dry leaf of Apium graveolens L. (Celery, Tayoke
Nan-nan) provides nine volatile compounds and fourteen compounds in fresh leaf. Butyl phthalide
derivative compounds are most abundant in dry and fresh leaf essential oils. Senkyunolide as the
main compound among them.

FT IR spectroscopy is an extremely effective method for determination of presence or
absence of a wide variety of functional groups in a molecule. In this study, the absorption
frequencies (cm™) express a variety of functional groups in the essential oil. The prominent peak
at 1751 cm™ for C = O stretching of five member ring ester or lactone agrees with the major
component phthalides in the oil.

The leaf, stalk and root ethanol extracts of A. graveolens (Celery, Tayoke Nan-nan) show
antioxidant activity by ferric reducing power (FRAP) in the decreasing order, stalk, leaf, root,
which is the same order given by DPPH method. The reducing power shows good linear relation
in standard (R? = 0.9181) and all sample extracts (leaf, stalk and root).

The Presence of phthalides and phenolic compounds in the plant, Tayoke nan-nan may be
useful as a medicinal drug in certain miner diseases.
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