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Abstract: A pot experiment was conducted in the Experimental Area of Botany Department, National Research
Centre, Dolki, Giza, Egypt. Seeds of thyme plants were presowing soaked in gibberellic acid, indole butyric acid,
benzyleaminopurine, ascorbic acid, thiamine-HC1 and nicotinamide, each at 30 and 60 mg 1., in addition to
control (i.e. distilled water). Three cuttings were periodically sampled of each treatment. The obtained results
revealed the effectiveness of certain growth regulators or vitamins at each cutting for increasing photosynthetic
plgments and promoting growth, the activity of peroxidase and polyphenoloxidase. Favourable alternation n
the contents of phenolic compounds and essential o1l, as well as their composition of the main components
respectively, were determined. The results revealed that certain level of either vitamins especially vit. C or
growth regulators sigmficantly increased essential oil (as percent or as yield per plant) and phenolic

compounds at the three cuttings.
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INTRODUCTION

Thymus vulgaris, L., Family Lamiaceae, 15 an
unportant  aromatic plant. It possesses
antispamodic, antiseptic,  exportant, carminative,
antitussive, antimicrobial and antioxidant activities [1].

Growth regulators and vitamins are known to affect
plant growth through regulating primary and secondary
metabolism [2-4]. Usha and Swany [5] reported that
benzylaminopurine induced more multiple shoots of
Artemisia anana 1., grown on MS media. Buettner and

medicinal

Jutkiewicz [6] mentioned that soaking lettuce seeds in
1000 ppm ascorbic acid stimulated plant growth. Begley ef
al. [7] reported that nicotinamide 1s an essential cofactor
m all living systems and function as hydride donors
(NADH and NADPH) in biochemical redox reactions.
These abovementioned positive effects of growth
regulators and vitaming motivate, therefore, to determine
the response of photosynthetic pigments, essential oil
and phenolic compounds (quality and quantity) as well as
the activity of peroxidase (POD) and polyphenol oxidase
of Thymus vulgaris to presowing application of growth
regulators (gibberellic acid, indole-3-butyric acid and
benzyladenine) and vitamins (ascorbic acid, thiamine and
nicotinamide) in three successive cuttings of the herb.

MATERIALS AND METHODS

Seeds of thyme (Thymus vulgaris L)), Family
Lamiaceae were secured from Medicinal and Aromatic
Plants Dept., Agricultural Research Centre, Mimistry of
Agriculture, Giza, Egypt. Seeds were soaked for 95 min,, in
two concentrations (30 and 60 mg 1.7") of gibberellic acid
(GA,, Merck), indole butyric acid (IBA, aldrich) benzyl
aminopurine (BAP, Fluka), ascorbic acid ( vit.C Merk)
thiamine-HCI (vit. B,) and nicotinamide (NA, Sigma).
Control seeds were soaked in distilled water. Then, the
seeds were sown 1 50 c¢m top diameter pots filled with
loamy clay soil (mechanical analysis sand 30.33%, silt
25.72 % and clay 40.74 %). The experiment was carried out
in the Experimental Farm of National Research Centre,
Dokki, Giza, Egypt. The design was complete randomized
with three replicates per each treatment. Each pot was
fertilized with 2.0 g nitrogen as ammonium nitrate (33.5%
N), 1.5 g superphosphate (15 % P,0.,) and 1.0 g potassium
sulphate (48 % K,O) after one month from sowing and
after every cutting. Water requirements and other
agricultural practices were regularly fulfilled according to
the weather conditions and local recommendations during
the plant growth. The experiment sown i Feb. 2000 and
terminated April 2001.
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The
chlorophyll ab and carotenoids, in the leaves were
determined by the method described by Smith and Benitez
[8] and with some more details in AOAC [9].

Essential o1l percent of thyme was determined i the
air dried aenal vegetative parts of plants (100 g) of each
treatment according to British Pharmacopeia [10]. The
components of thyme essential oil were identified by gas
liquid chromatography using GLC (HP 6890 series
GC-system, TUSA).

Total phenols content of shoot fresh mass was
determined using Folin Ciocalteu assay as detailed by
Singleton and Rossi [11] using pyrogallol as a standard.
The methed of Zheng and Wang [12] was used to obtain
the different fractions of phenolic compounds in the fresh
thyme samples using HPLC (Shimadzu, Japan).

Polyphencloxidase (EC 1.103.2) activity was
determined according to the modified method of Taneja
and Sachar [13]. The oxidizing capacity of the enzyme
extract was determined spectrophotometrically against
pyrogallol and catechol. Peroxidase (EC 1.11.1.7) activity
was assayed spectrophotometrically according to Amako
et al. [14] method.

The activity of ¢-amylase (EC 3.2.1.1) enzyme was
determined spectrophotometrically following Hofmann
and Galler [15] method using Starch-Iodine according to
Smith and Roe [16].

contents of  photosynthetic  pigments,

Statistical analysis: Analysis of variance of the
obtamed data and LSD at 0.05 level for significant f-test
were calculated according to Snedecor and Cochran [17].
Duncan's Range test was used to compare between means
of treatments, Waller and Duncan [18] at probability 5 %0.

RESULTS AND DISCUSSION

Photosynthetic pigments: Data presented in Table 1
indicate that in cutting (T), chlorophyll (a) content was
significantly both
benzylaminopurine (BAP), while chlorophyll (b) content
was significantly increased at 30 mg L~' IBA and beth

increased at levels of

levels of GA; Carcotenoids content was increased at all
treatments of growth regulators. In cutting (1),
chlorophyll (a) content was sigmificantly increased at both
levels of IBA, 60 mg L' vit. B, and 20 mg L' NA. While,
Chlorophyll (b) content was significantly mcreased as a
result of presowing seeds treatment with vit. C and NA at
30 mg 1.7'. Carotenoids content was slightly increased in
plants treated with BAP at 60 mg L.~

In cutting (ITI), treatment with vit. C at both levels
significantly increased chlorophyll (a) content. All
treatments caused variable decreases in chloropohyll (b)
content. Treatment with GA, at 60 mg L' caused
significant mcrease in carotenoids content followed by
treatment with vit. C at 30 mg L™". Supporting these

Table 1: Photosynthetic pigments content (mg g~ F.W) of Thymus vulgaris L. herb influenced by soaking of seeds in some growth regulators and vitamins

at three cuttings

Photosynthetic pigments (mg g~ FW)

Cutting (D) Cutting (I Cutting (IIT)
Treatment
(mgl1™) Chl (a) Chl (&) Carot. Chl (a) Chl (b) Carot. Chl (a) Chl (b) Carot.
Growth regulators
Control (F,0) 0.61% 0.46° 027 0.29%¢ 0.08° 0.18° 1.5 0.61* 0.68%
GA; 30 0.65%4 0.50% 02955 0.22% 0.05 0170 1.09% 0.394 0.54%
60 0.68% 0.52¢ 0.32 0.20¢ 0.08» 0147 1.23f 0.56% 0.80°
IBA 30 0.69° 0.52¢ 0.32 0.29% 0.07% 0.18° 1.07% 0364 041
60 0.69% 0.37¢ 0.32 0.33* 0.06™ 0.13° 1.5 057 07204
BAP 30 0.71% 0.45° 0.33° 0.260 0.044 0.09° 1.37°% 0510 0.75%
60 0.71* 0.48> 0.32 0.29%¢ 0.08» 0.200 1.07% 044 0.5t
Vitamins
Vit. C 30 0.63°% 0.48" .27 0.260 0.12¢ 0.15> 1.60F 0.58* 0.78*
60 0.59f 0.46° 0.25°¢ 0.29%¢ 0.07 0.12¢¢ 1.84 0.56% 0.72%
Vit. B, 30 0.62% 0.50% .27 0.23% 0.06™ 0.13° 1.50p+4 0.55% 0.68%
60 0.63% 0.48> 0.21¢ 0.30® 0.07 011 1.33% 0.58> 0.67F
NA 30 0.55¢ 0.46° 0.23 0.30% 0.13* 0170 0.948 0.34¢ 0.48!
60 0.63% 0.48> 0. 2788 0.28%° 0.05 0.17® 1.25¢ 0.43° 0.620

Chl (a): Chlorophyll a, Chl (b): Chlorophyll b and Carot: Carotenocids (as mg ¢! fresh wt), Figures followed by the same letters are not-significant, GA;:
Gibberellic acid, TBA: Tndole butyric acid, BAP: Benzy laminopurine, Vit. C: L-ascorbic acid, Vit. B;: Thiamine and NA: Nicatinamide
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Table 2: Qil percent of Thymiis vilgaris 1. herb influenced by soaking of seeds in some growth regulators and vitamins at three cuttings

Cutting (I) Cutting (IT) Cutting (II)
Treatment (mg 17!) il ©0) Ag percent of control il (%6) As percent of control il (%6) As percent of control
Growth regulators
Control (F,0) 104 100.00 0.80p 100.00 0.9¢1 100.00
GA; 30 1.21% 116.35 0.77% 95.65 0.71° 74.24
60 0.80¢ 76.92 0.92% 114.55 1044 108.90
1BA 30 1,100 105.77 0.83%e% 103.73 1.30%¢ 136.13
60 1.13% 108.65 0.95 117.66 1.25% 130.89
BAP 30 0.80¢ 76.92 0.94° 117.41 1.29% 135.08
60 0.887 84.62 0.64° 79.48 1.25% 130.89
Vitamins
Vit. C 30 127 12212 0.88% 109.83 1.42® 148.69
60 0.851 81.73 0.95 118.28 1.12+ 117.28
Vit. B 30 1,07 102.88 0.78"% 97.51 1.00# 104.29
60 0.851 81.73 0.70¢ 86.69 146 152.88
NA 30 0.75 7212 0.84%4 104.60 1.42® 148.69
60 0.96* 9231 0.73%f 90.92 0.96° 100.10

Figures followed by the same letters are not-significant, Mean values of the results of the three replicates, GA;: Gibberellic acid, TRA : Indole butyric acid,
BAP: Benzylaminopurine, Vit. C: L-ascorbic acid, Vit. B;: Thiamine and NA: Nicotinamide

Table 3: il yield (ml/dry wt./plant) and dry weight (g/plant) of Thyvmus vidgaris 1.. as affected by seed soaking with some growth regulators and vitamins

at three cuttings

Cutting (T) Cutting (IT) Cutting (ITT)
As percent As percent As percent
Treatment (mg 171) 0il (yield) of control W Oil (yield) of control W Oil (yield) of control DwW
Growth regulators
Control 0.07° 100.0 6.7 0167 100.0 19.54% 0.29° 100.0 30.48%
GA; 30 0.16° 2329 13.52% 0167 101.9 20.78% 0.24° 83.2 34.24%
60 0.13¢ 178.6 15.65¢ 0.24° 154.8 26.42° 0.38 129.2 36.14°
IBA 30 0.15™ 211.4 13.49> 0.207 128.0 24,220 0.40° 137.1 30.73%
60 0.16° 227.1 14.03%" 0.24* 152.9 25.32% 0.44° 149.5 34.80°
BA 30 0.09% 124.3 10.82¢ 0.19% 120.4 20.05% 0.32° 111.0 25.108
60 0.13¢ 185.7 14.77® 0161 100.6 24.66> 0.44° 151.5 35.28®
Vitamins
Vit.C 30 0.19* 267.1 14.72% 0.23® 145.9 25.89% 0.42¢ 145.7 29.87
60 0.13° 190.0 15.67* 0.25 161.8 26.81* 0.38 128.9 33.52°
VitB, 30 0.13¢ 190.0 10.99¢ 0.17%f 105.1 19.25¢ 0302 104.1 20.65°
60 0.09¢ 132.9 12.47 0.13F 85.4 21.08% 0302 103.4 30.52%
NA 30 0.10¢ 141.4 13.25% 0.19¢ 122.9 23.05° 0.3% 132.6 27.19
60 0.14° 195.7 14.32%¢ 0.18cde 114.6 24.67 0302 103.8 31.63%

Treatments and letters of statistics are as in Table 2,* DW = Dry weight of overground parts per plant

results, Bai and Kastori [19], reported that treatment of
sunflower seeds with BAP before sowing caused
pronounced increases in chlorophyll (a) and (b)as well
as carotenoids contents in the chloroplasts. Sanai
and Ota [20] reported that nicotinamide (20 or 80 mg L™")
stimulated chlorophyll (b) formation m treated rise
seedlings. The present results are also mn agreement with
those obtamed by Noctor and Foyer [21] who reviewed
the role of ascorbate 1 the regulation of photosynthesis
process and its importance in photoprotection. They
stated that not only did the chloroplast ascorbate pool
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detoxified H,O,, thereby preventing enzyme inactivation
and the generation of more dangerous radicals, but it also
allowed flexibility in the production of photosynthetic
assimilatory power and that ascorbate is implicated in the
regulation of photosynthetic light harvesting processes.

Essential oil content: Data presented in Table 2 indicate
that in cutting (1), the highest increase 1n o1l percent
was obtained i plants treated with vit. C at 30 mg L™
followed by GA, at 50 mg L™". In cutting (11}, oil percent
was significantly increased in treatments with vit. C, TBA
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Table4: Percentage composition of essential oil in Thymus vidgaris 1. herb influenced by soaking of seeds in some growth regulators and vitamins at

cutting (1)
Compounds Rt RRt Control GA;30mgl™ GA;(60mgl™ IBAGOmgl!) IBAGOmMgl™) BAP(BOmgl!) BAP(60mgl™)
Growth regulators
-pinene 6.50 035 0.66 0.99 1.45 1.44 1.65 1.25 0.26
[-pinene 6.83 037 1.32 1.02 1.49 1.27 1.78 1.76 0.79
P-Cymene 792 043 1193 17.68 25.00 1943 2031 26.66 1.24
Camphor 1044 057 1.91 3.13 2.08 2.54 2.56 3.03 2.43
Rormeol 1219 0.66 0.49 0.90 0.75 0.50 0.36 0.56 0.75
Linalool 13.02 071 1.75 1.12 1.35 1.74 1.76 0.92 1.15
Thymol 1844 1.00 5736 47.70 44.14 47.39 44.79 37.61 75.97
Carvacrol 1866 1.01 4.59 2.74 3.14 2.64 3.57 6.65 6.30
Vit. C Vit. C Vit. Bl Vit. B1 NA NA
Vitamins Control 30mg L™ 60 mg L™ 30mg L™t 60mgL~! 30mgL! 60 mgL™!
a-pinene 649 035  0.66 147 1.85 1.00 1.26 1.15 0.86
[-pinene 682 037 132 1.49 2.15 072 1.98 0.62 y
P-Cymene  7.88 043 11.93 25.28 24,90 17.08 19.53 14.38 7.03
Camphor 1042 057 191 1.21 2.23 3.31 3.01 3.44 1.74
Rormeol 1214 0.66 0.49 2.10 0.43 0.90 0.69 0.86 0.77
Linalool 13.00 070 1.75 0.37 1.00 3.08 2.23 1.32 1.70
Thymol 1821 099 57.36 43.27 37.01 50.04 46.08 56.13 45.41
Carvacrol 1855 1.01 4.59 2.39 2.70 3.80 343 4.93 4.44

GA;: Gibberellic acid, IBA: Indole butyric acid, BAP: Benzylaminopurine, Vit. C: L-ascorbic acid, Vit B ; Thiamine and NA: Nicotinamide, PN: Peak
number, Rt: Retention time and RRt: Relative retention time

Table4: Percentage composition of essential oil in Thyrus vidgaris 1. herb influenced by soaking of seeds in some growth regulators and vitamins at

cutting (TIT)
Compounds Rt RRt Control GA; 30mgl™") GA; (60mgl™") IBA(30mgl™) IBA(60mgl™) BAP (30mgl") BAP (60 mgl)
Growth regulators
-pinene 6.17 0.39 1.65 0.60 1.40 1.07 0.56 1.36 1.03
[-pinene 645 041 2.37 0.28 2.12 2.45 218 1.63 217
P-Cymene 7.50 047 25.35 6.71 33.65 23.63 16.26 21.79 17.92
Camphor 9.53  0.60 2.88 4.95 1.80 1.90 210 3.29 1.97
Rormeol 11.63 0.73 2.14 0.71 0.72 1.75 1.81 0.68 1.02
Linalool 13.69 0.86 0.35 1.86 1.86 5.10 012 0.15 0.22
Thymol 1586 1.00 30.00 55.73 30.15 3246 45.73 42.53 49.94
Carvacrol 1602 1.01 1.76 2.48 1.31 1.36 1.49 2.75 2.34
Vit. C Vit. C Vit. Bl Vit. B1 NA NA
Vitamins Control 30mg L™ 60 mg L™ 30mg L™t 60mgL~! 30mgL! 60mgL™!
a-pinene 643 041 165 1.63 1.36 1.02 1.45 137 1.14
[-pinene 675 043 237 2.28 2.32 217 2.66 2.51 2.20
P-Cymene 810 051 2535 24.44 20,52 24.89 25.26 27.84 20.69
Camphor 1038 065  2.88 1.77 2.40 222 2.69 2.55 3.14
Bormeol 1206 076 214 2.05 1.09 0.37 4.00 1.24 1.86
Linalool 1296 082 035 2.87 3.22 247 0.12 0.32 1.40
Thymel 1849 117 30.00 25.18 20.50 27.04 30.50 32.81 36.19
Carvacrol 1865 1.18 1.76 1.50 1.04 1.06 1.72 1.86 1.87

GA;: Gibberellic acid, IBA: Indole butyric acid, BAP: Benzylaminopurine, Vit. C: L-ascorbic acid, Vit B,: Thiamine and NA: Nicotinamide, PN: Peak
Number, Rt: Retention time and RRt: Relative retention time

(60 mg L") and BAP (30 mg L"), In cutting (111}, the obtained as a result of treatment with vit. C at 30 mg L™
highest oil percent was obtained in plants treated with  followed by GA, at 30 mg L ™", then by IBA at 60 mg L.
vit. B, at 60 mg L' followed by vit. Cor NA at 30mg L., In cutting (II), the highest o1l vield was significantly
then by IBA or BAP treatments at 30 mg L™". increased in vit. C treatment at 60 mg L™ followed by GA,

and the IBA at 60 mg L. In cutting (III), the greatest cil
Essential oil yield: Data presented in Table 3 also yield was obtained in treatment with BAP, TBA at
indicate that in cutting (I), the highest oil yield was  60mgL ™" and vit.C at 30 mg L.7".
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Table 5: Total phenolic content (mg g~! F.W) of Thymus vidgaris L. herb
influenced by soaking of seeds in some growth regulators and

vitamins at three cuttings

Total phenolic content (mg g~! F.W)

Treatment
(mg1™) Cutting (T) Cutting (IT) Cutting (TIT)
Growth regulators

Control (F,0) 1.075* 1370 1.4707

GA; 30 0.829 1.253% 1.173%
60 1.017% 1.342:% 1177

IBA 30 1.201° 1.232 0.975
60 1.131° 1.391° 1.174%

BAP 30 1.001° 1.38%¢ 1.219°
60 1.206* 1.401* 1.155
Vitamins

Vi C 30 0.981° 1.277% 1.179=
60 0.96% 1.374® 1.1224

Vit. B; 30 1.186 1.22¢¢ 1.135¢4
60 1.086> 1.3190d 1.086¢

NA 30 1.095% 1.318% 1.135¢4
60 1.055°¢ 1.303%% 1.121°

Figures followed by the same letters are not-significant, Mean values of the
results of the three replicates, GA5: Gibberellic acid, TRA: Indole butyric
acid, BAP: Benzylaminopurine, Vit. C: L-ascorbic acid, Vit. By: Thiamine
and NA: Nicotinamide

These increases in oil yield in plants of cutting (T)
with treatments vit. C and GA, could be interpreted as
both oil % and dry weights (Table 3) of the herb increased
at the same treatments. Buettner and Jukiewicz [6]
mentioned that the maximum lettuce growth was
attained by seed soaking with 1000 mg 17" ascorbic acid.
Supporting the present results, seed treatment with 100
ppm GA,; and longdays increased the essential o1l content
i the leaves of Mentha arvensis [22]. In addition, Balbaa
and Refaat [23] reported that the application of thiamine
at 40 mg 1.7' to Tagetes minuta plants had a promotive
effect on oil percentage as well as oil yield.

Main components content of essential oil: Data presented
in Table 4 indicate that in cutting (T), the highest thymol
and carvacrol percents were obtained in treatments with
BAP (60 mg L") followed by that of GA; (30 mg L™").
However, p-cymene percent decreased as a result of the
same treatments. In cutting (1) vitamin treatments caused
decreases in the maim essential o1l constituents. In cutting
(I} presowing seed scaking in BAP at 60 and 30 mg L™
resulted in the highest thymol and carvacrol percents
respectively, and the lowest p-cymene content in the
thyme herb. Tn cutting (TTT), the highest thymol percent
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was aftained in treatment of GA, at 30 mg L.™' followed by
BAP treatment at 60 mg L~'. The highest carvacrol
content was obtained m plants treated with BAP at
30 mg L™, while p-cymene percent was decreased as a
result of the same treatment.

The present results could be mnterpreted on the basis
that growth regulators affected many aspects of
biochemical processes [4]. Tn addition, vitamins used here
were known to act as coenzymes in the essential
physiological processes mainly photosynthesis and
respiration. Pandarikakshudu and Bhavsar [24] reported
that ascorbic acid increased oil yield and quality of
Anethum sowa. Tawfik et al. [25] reported that BAP
significantly increased total ketones such as bommeol
present in the essential o1l of Safvia officinalis L. shoot
grown on MS medium.

Total phenolic content: Data presented in Table 5 indicate
that mn thyme herb, total phenolic content of cutting (1)
was significantly increased in treatments with BAP
(60 mg I.7"), IBA and vit. B, (30 mg L.™"). In cutting (I1),
total phenolic content was significantly increased as a
result of treatments with BAP (both levels), IBA and vit.
C at 60 mg™. From these results, it could be concluded
that the obtained increases in phenoclic content in treated
thyme plants by growth regulators or vitamins are in
favour for rasing the vahdity of thyme as potental
antioxidant agent. However, in cutting (I1T), total phenolic
content was significantly decreased at all treatments. In
thus respect, kadioglu and Atalay [26] found that TAA and
GA, application decreased the level of total phenolic
substances in Diospyros lotus fruits.

Fractionation of main phenolic compounds: Data
presented in Table 6 indicate that, in all treatments caffeic
acid, leutolin and rosmarinic acid were detected.
Rosmarinic acid percent was increased at both levels
of vit. B, followed by BAP at 30mg L™, while the
highest caffeic acid percent was obtained at both
levels of NA. The greatest leutolin percent was
obtained at 30 mg L' vit. C.

These results are i agreement with those obtained
by Reda and Gamal El-Din [27] who reported that
application of thiamine and ascorbic acid on Chamomilla
recutita 1.. caused significant increases in its total
phenols content at 150 mg L.~ thiamine and 100 mg L.~
ascorbic acid. Zheng and Wang [27] reported that
rosmarinic acid was one of the predominant phenolic
compounds in the herb of Thymus vulgaris L.
consequently, it could be deduced from the present
results that both vit. B, and BAP at 30 and 60 mg L™
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Table 6: Percentage composition of phenolic compounds (HPLC peak area 90) in Thymiis vidgaris I herb influenced by soaking of seeds growth regulators

and vitamins at cutting (1T)

Area % a (Phenolic compounds)

Treatment (mg 171) Rt RRt Caffeic acid Leutolin Rosmarinic acid
Growth regulators
Control (F,0) 6.58 0.25
6.97 0.26 1.404 2142 5.163
26.40 1.00
GA; 30 6.51 0.25
7.05 0.27 1.744 8.578 9.754
27.54 1.04
60 6.60 0.25
7.10 0.27 8.581 2.859 6.307
26.84 1.02
IBA 30 6.58 0.25
7.28 0.28 6.778 3154 8.953
27.30 1.03
60 6.62 0.25
7.19 0.27 7.250 2.882 3.316
2630 1.00
BAP 30 6.14 0.23
6.52 0.25 7.011 8311 20.600
2630 1.00
60 6.56 0.25
7.15 0.27 2,159 6.581 8.640
27.69 1.05
Vitamins
Vit. C 30 6.94 0.26
7.12 0.27 8.200 12.665 5.425
26.78 1.01
60 6.45 0.24
7.04 0.27 3.005 8.049 4.937
28.87 1.09
Vit. By 30 6.38 0.24
7.11 0.27 4.853 1.754 22.613
27.33 1.04
60 6.45 0.24
6.78 0.26 1.678 1.145 21.269
2821 1.07
NA 30 6.71 0.25
7.04 0.27 11.462 6.211 5124
28.99 1.10
60 6.60 0.25
7.14 0.27 11.696 6.505 11.797
27.30 1.03

a: Tdentification based on a very good match Rt of available reference compound, GAs: Gibberellic acid, TRA: Tndole butyric acid, BAP: Benzylaminopurine,
Vit. C: L-ascorbic acid, Vit. B;: Thiamine and NA: Nicotinamide
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Table 7: Polyphenoloxidase activity as pyrogallol or catechol (units g~ F.W/min) of Thymus vidgeris L. herb influenced by soaking of seeds in some growth

regulators and vitamins at three cuttings

Cutting (I) Cutting (II) Cutting (I1I)
Treatment PPO activity PPO activity PPO activity PPO activity PPO activity PPO activity
(mg1™) as pyrogallol as catechol as pyrogallol as catechol as pyrogallol as catechol
Growth regulators
Control (H,O) 7.65° 17.68¢ 3.25 6.900 5.354 3.504
GA; 30 5.80¢% 21.95° 3.93% 9.53°% 4.78* 6400
60 4.008 17.98 4.58% 10.230%F 6.55° 3.4
IBA 30 5.08f 16.33f 4.55% 10.78+ 3.85% 6.05*
60 773 22.65° 578 11.93® 36380 3.7(F
BAP 30 8.5(¢ 2238 4,78 12.13* 2.83 6.18
60 5.50% 22.83" 4.83% 11.85% 6.03" 4.60P
Vitamins
viLC o 30 6.25°¢ 17.38* 3.73¢ 9.35% 34580 3.03%
60 5.78% 16.08 4,53 10.95% 2.95h 2.98%
Vit. B, 30 816 2525 5.43® 10.50°% 6.05™ 2.55:¢
60 8.83 20.10¢ 5.65° 8.68¢ 7.98 3.45¢
NA 30 4.43% 12.8% 4.45% 9.83%F 7.55 3.4
60 6.38 16.15 4.88» 10.10¢%f 4.30¢° 2,10

Figures followed by the same letters are not-significant, Mean values of the results of the three replicates, GA,: Gibberellic acid, TRA: Indole butyric acid, BAP:

Renzylaminopurine, Vit. C: L-ascorbic acid, Vit. B;: Thiamine and NA: Nicotinamide

Table 8: Specific activity of peroxidase (EU mg™! protein min™") of Thymuis
vidgeris 1. herb treated with foliar spray of some bioregulators and
vitamins at three cuttings (Season, 2000-2001)

Specific activity of peroxidase (EU mg™! protein min~)

Treatments
(ppm) Cutting I Cutting I Cutting ITI
Bioregulators
Control (H,O) 5.34° 6.21° 6.21%
GA; 30 4,824 5.41° 5.98¢
60 5.05% 567 8.11°
IBA 30 5.96 6.01% 6.16%
60 4.3% 6.96 6.294
BAP 30 4.41% 4.63¢ 5.64¢
60 4.86% 6.94° 5.568
Vitamins
Vit. ¢ 30 5.35° 538 5.97f
60 5.86" 4,93 6.86°
Vit. B1 30 518> 5.2% 6.61°
60 5.21% 7.01° 8.83¢
NA 30 4.47% 5.95 5.87%
60 5.12% 5.46° 5.698

Figures followed by the same letters are not-significant, Mean values of the
results of the three replicates, GA; = Gibberellic acid, TBA = Indole Butyric
Acid, BAP = Benzylaminopurine, Vit. C = Ascorbic acid, Vit. Bl =

Thiamine and NA =Nicotinamide
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favoured the accumulation of rosmarmic acid, whether in
primary steps of biosynthesis or interconversion of one
phenolic compound to another.

Oxidoreductase enzyme activities [polyphenoloxidase
(PPO) and peroxidase (POD)]: Data given in Table 7
indicate that, mn cutting (I), the lughest PPO activity as
pyrogallol substrate was obtained in plants treated with
BAP at 30mg L~ and with vit. B, at 60 mg L™". Also, the
application of vit. B, at 30 mg L.~ followed by BAP at
60 mg 17" resulted in the highest activity of PPO as
catechol substrate. In cutting (IT), the highest PPO
activity was obtained in treatments with TBA and
vit. B, (60 mg L7 as pyrogallol and with BAP at
30 mg L' fellowed by vit. C at 60 mg L~ 'as catechol
substrate. In cutting (III), the highest PPO activity was
obtained as pyrogallol m plants treated with vit. B, at
60mg L™ and NA at 30 mg L™, Meanwhile, PPC activity
assayed as catechol was sigmificantly mcreased in
treatments with GA,, followed by BAP (30 mg L' each).
Other treatments, especially of vitamins showed variable
decreases in PPO activity.

Peroxidase (POD) activity was significantly increased
in plants treated with GA; at 30 mg™ (Table &) at cutting
(I). However, in cutting (IT), all treatments caused
in peroxidase activity. In cutting (IIT),
significantly increased

decreases

peroxidase activity was n
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treatment 60 mg ™', GA,, followed by vit. B, at the same
concentration. In this respect, Kavrayan and Aydemir [28]
reported that ascorbic acid was one of the potent
mhibitors of PPO activity. These results could be
supported by those obtamned by Halim and Montgomery
[29] who found that the inlibition of d'Arijon pears PPO
was 100 % when 10 pM ascorbic acid was used. In
addition, at low ascorbic acid concentration, inhibitory
effects on crude taro PPO activity were observed
(Duangmal and Owusu-Apenten [30].

On the other hand, Kapehina-Toteva and Yakimove
[31] reported that peroxidase could be among enzymes
expressing antioxidative functions, its activity was
mcreased 1n single mode of rose transferred to media
containing BAP (1.0-2.2 uM). They concluded that
this enzyme activity controlled the level of H,O, and
the rate of cell division Wang et al. [32] concluded
that there was an inverse relationship between the
activities of polyphenoloxidase and peroxidase and
that the phenolic could modify the
activity of these enzymes, as both inhibitors and
stimulators. Lee-Hosun et al. [33] studied the effect of
gibberelling on the dormancy breaking, physiological
activity and growth of Hanabu (Hanabusayva asiatica L..)
and found that peroxidase and catalase activities were

substances

increased after dormancy breaking by GA; treatment and
resulted m taller plants with less chlorophyll content than
that of the control.

In conclusion, applied plant growth regulators (GA,,
IBA and BAP) and vitamins (vit. B,, vit. C and NA) at
certain level had positive and favourable effects on
photosynthetic pigments, dry matter accumulation,
essential o1l (percent and yield), phenolic compounds and
activities of PPO and POD enzymes.

REFERENCES

1. Dapkevicius, A, T.A. Van Beek, G.P. Lelyveld,
DE Van Veld, A. Groot, I.P. Linssen and R.
Venskutonis, 2002. Isclation structure elucidation
of radical scavengers from  Thymus. J. Nat.
Prod., 65: 892.

2. Nommanly, T, IP. Slovin and J.D. Cohen, 1995.
Rethinking auxin  biosynthesis and metabolism.
Plant Physiol., 107: 323,

3. Mohr, H. and P. Schopfer, 1995. Plant physiology,
Translated. Lawlor and D.W. Lawlor (Eds.). Springer-
Verlag, Berlin, Heidelberg, Germany, 18: 275-284,
23: 383.

4. Heldt, HW., 1997. Plant biochemistry and molecular
biology.Oxford. Univ. Press, London, 19: 396.

637

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Usha, R. and PM. Swamy, 1998. In vitro
micropropagation of sweet wormwood (Artemisia
annua L.). Phytomorphol., 48: 149.

Buettner, G.R. and B.A. Jukiewicz, 1996. Chemistry
and bio a chemistry of scorbic acid. In: Handbook of
Antioxidants, Eds., E. Cadenas, E. Packer, New York,
Dekker, pp: 91.

Begley, T.P., R.A. Kinsland, Mehl, A. Osterman and
P. Dorrestein, 2001. the biosynthesis of
nicotinamide adenine dinucleotides in bacteria.
Vitamins and hormones (Ed. ). Elsevier, USA, 61: 103.
Smith, TH.C. and Benitez, 1955. Chlorophylls:
Analysis in plant materials In: Modern Methods of
Plant Analysis. Paech, K. and M.V. Tracey (Eds.).
Springer-Verlag, Berlin, 4: 142.

AOAC, 2000. Official methods of analysis of
of analytical
Chlorophyll in plants Spectrophotometric method.
17th Edn. Helrich, K., (Ed.), Inc: Arlington, Virgima,
USA, pp: 28.

British Pharmacopoeia, 1980. Volatile oil in drugs.
Univ. Press Cambridge, England, 2: A105.
Singleton, V.I.. and I.A. Rossi, 1965, Colorimetry of
total phenolics with phosphomolybdic
phoshotungstic acid reagents. Am. I. Enol. Vaticult.,
16: 144.

Zheng, W. and 3.Y. Wang, 2001. Antioxidant activity
and phenolic compounds in selected herbs. T.
Agric. Food Chem., 49: 5165.

Taneja, SR. and RC. Sachar, 1974. Stmulation
of  polyphenoloxidase {monophenoloxidase)
activity in wheat endosperm by gibberellic acid,
cycloheximide and actinomycin D. Planta (Berl.),
116: 133

Amako, A.GX., K. Chen and K. Asada, 1994
Separate assays specific for ascorbate peroxides and
guaiacol peroxidase and for the chloroplastic and

In:

association official chemists.

cytosolic 1sozymes of ascorbate peroxidase in plants.
Plant. Cell. Physiol., 35: 497.

Hofmann, E.D. and . Galler, 1965. The activity of
sucrase (P-fructosidase), amylase and B-glucosidase
m wheat during the vegetative period and with
different manure. Pflanzenbau., 2: 277.

Smith, B. and T.H. Roe, 1957. A micromodification of
the Smith and Roe method for the determination of
amylase in body. I. Biol. Chem., 227: 357,
Snedecor, G.W. and W.G. Cochran, 1980. Press
Statistical methods, 7th Edn. JTowa State Univ., JTowa,
USA.

Waller, A. and D.B. Duncan, 1969. Multiple range
and multiple test. Biometries, 11: 1.



19.

20.

21.

22.

23.

24

25.

26.

World J. Agric. Sci., 3 (5): 630-638, 2007

Bai, B.Z. and R Kastori, 1990. Physiological effects
of the cytokinin 6-BA mn sunflower. Oil Crops of
China, 4: 95.

Sanai, S. and Y. Ota, 1977. Plant growth-regulating
activities of nicotinamide. 3.Effects of nicotinamide
on the activites of mtrate reduction and
photosynthesis. Jap. I. Crop Sci., 46: 212, (cf, Plant
Growth Regulator Abst., 1383: No.9. 1978)

Noctor, G. and CH. Foyer, 1998. Ascorbate and
glutathione: Keeping active oxygen under control.
Ammu. Rev. Plant Physiol. Plant Biochem. Mol.
Biol., 49: 249,

Garg, O.K. and A. Hemantaranjan, 1986. Response of
Mentha arvensis L. to gibberellic acid under
inductive and non-inductive day-length conditions.
Acta Hort., 188: 139,

Balbaa, L K. and A M. Refaat, 2002. The response of
vegetative growth, essential o1l of Tagetes minuta L.
to foliar application of thnamine and nicotinamide.
Egypt. . Appl. Sci., 9: 287.

Pundarikakshudu, K. and G.C. Bhavsar, 1991 . Effect
of ascorbic acid on the yield and quality of essential
oils in India dark variyali sowa (Anethum sowa). Intl.
I. Pharm., 29: 57.

Tawfil, AA., P.E. Read and SI.. Cuppett, 1992.
Stimulation  of growth and monoterpene
production of sage (Salvia officinalis) by
benzyladenine in vitro. Plant Growth Regul Soc.
Am. Quart., 20: 200.

Kadioglu, A. and F. Atalay, 2002. Effect of GA, and
IAA on major biochemical changes i Diospyros
lotus fruits. Biologia (Bratislava), 57: 125,

638

27.

28.

29.

30.

31.

32.

33

Reda, F. and K. Gamal El-Din, 2005. Effect of thiamine
and ascorbic acid on growth, flowering and some
biochemical constituents of chamomile (Chamomilla
recutita L. Rausch). Egypt. I. Appl. Sci, 20: 74,
Kavrayan, D. and T. Aydemir, 2001. Partial
purification characterization of
polyphenoloxidase from peppermimnt (Mentha
piperita1..). Food Chem., 74: 147.

Halim, DH. and MW. Montgomery,
Polyphencloxidase of d Anjou pears
communis 1..). J. Food Sei., 43: 603.
Duangmal, K. and R.K. Owusu-Apenten, 1999. A
comparative study of polyphenoloxidases from taro

and

1978.
(Pyrus

(Colocasia esculenta 1.) and potato (Selanum
tuberosum var. Romano). Food Chem., 64: 351.
leaves. J. Nat. Prod., 65: 892.

Kapchina-Toteva, V.K. and E. Yakimova, 1997. Effect
of purine and phenylurea cytokimins on peroxidase
activity 1n relation to apical dommance of in vitro
cultivated Rosa hybrida 1. Bulg. . Plant Physiol.,
23: 40,

Wang, S.H., H.J. Jiao and M. Faust, 1991. Changes
in the activity of catalase, peroxidase
polyphenoloxidase in apple buds during bud
break T nduced by thidiazuron. J. Plant Growth
Regul., 10: 33.

Lee-Hosun, R.SY., J.J. Eun, Y. Don-Glim and
K. Sangheon 2002, Dormancy breaking and
physiological activity of Hanabusaya asiatica
as 1nduced by gibberellin. J. Kor. Soc. Hort.
Sci., (¢.f., Crop Physiology Abst., 3497. No. 5. 2002),
43: 77.

and



