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ABSTRACT 
 
With the aim to develop superior plant type an induced mutagenesis programme was initiated in two medicinal spices namely Celery and Ajowan, 
belonging to the family Umbelliferae. Present investigation deals with quantitative estimation of seed protein and essential oil contents (from M3 
harvested seeds) of the macromutants (screened at M2) obtained in two spices, in relation to control. Results indicate that protein and essential oil 
content enhanced in some of the mutants in comparison to control. These plant types can be selected directly and further hybridization followed by 
selection may offer scope to develop elite plant types which may exhibit maximization of the two parameters in one. 
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INTRODUCTION 
 
Celery (Apium graveolens L.) and Ajowan (Trachyspermum 
ammi L.) belonging to the family Umbelliferae, are the two 
frequently used spices in many of the culinary traditions of the 
world and is cultivated in many countries1-2. But it is not 
confined only in kitchen to add aroma and taste to food. It can 
bring potential health benefits due to its valuable nutritional 
composition specially consisting of phenolic compounds1,3,4, 
dietary flavonol and flavone5, vitamins and mineral salts6 and 
others.  Further these spices have different medicinal properties7-

13. Their therapeutic potentials are well known for centuries in 
folk medicine3. The actual determinant of this therapeutic 
potential is the various components of essential oil present in 
seeds as well as in foliage6,14. The magical properties attributed 
to them have already given15,16 their status as nutraceutical, i.e., 
have both nutritional and pharmaceutical values. Many works 
have been done regarding the chemical constituents, nutritional 
composition, and medicinal potentials of these spices. But very 
few efforts have been made to improve the spices through 
genetic manipulation. Keeping this view in mind the authors 
have initiated an induced mutagenesis programme to create 
desirable mutants. Present investigation deals with quantitative 
estimation of seed protein and essential oil content in control 
and screened macromutants of the two spices. 
 
MATERIAL AND METHODS 
 
In an induced mutagenesis (EMS and γ-irradiations) 
programme, total 13 macromutants [thick stem I, thick stem II 
(the trait was concomitantly associated with crumpled pinnae of 
leaves), pigmented stem, lax branching I, lax branching II (lax 
nature primary branches further formed dome shaped 
appearance), funnel, bushy, drooping branched, dwarf, broad 
pinnae, narrow pinnae, early flowering and late flowering] were 
screened in M2 generations; the mutant traits were confirmed at 
M3. Protein and essential oil content was estimated from control 
and all macromutant (three replicas in each case) plant types 
using selfed M3 harvested seeds. In all the generations seeds 

were sown on 10th day of December and no fertilizer was 
applied ever. 
 
Extraction of soluble protein was done following Osborne17 and 
estimated quantitatively as per the method of Lowry et al.18. 
Extraction of essential oil was made following hydrodistillation 
process as was suggested by Simon et al.19. Two grams of dry 
seeds were used in each set of experiments (one set=one replica; 
three replicas for each plant type). The seeds were crushed 
slightly (to break the mericarp) before use and 2 to 3 hours’ 
extraction time has been given for each sample. The oil 
extracted (room temperature) was separated from water (with 
diethyl ether) in a separating funnel and measured in a 
micrograduated tube designed for the purpose (data obtained for 
each plant type were pooled). 
 
It is essential to note that seeds used were of identical maturity 
and sun dried for 2 consecutive days, 4 hour each day.  
 
RESULTS AND DISCUSSION 
 
Protein and essential oil content of control and macromutants 
are presented in Table 1. Protein content of untreated Celery and 
Ajowan estimated to be 20.73% and 14.81% respectively. In 
macromutants protein content varied from 14.89% (dwarf) to 
25.81% (thick stem I) in Celery; while, it ranged from 11.43% 
(drooping branched) to 26.82% (thick stem I) in Ajowan.  
Protein content enhanced in thick stem I (25.81%), pigmented 
stem (21.58%), lax branching I (25.11%), funnel (24.78%) 
mutants of Celery and thick stem I (26.82%) and II (22.44%), 
pigmented stem (22.42%), lax branching I (19.66%) and II 
(25.33%), bushy (16.13%) and dwarf (18.97%) mutants of 
Ajowan than their respective controls.  
 
Essential oil content was noted to be 2.1% in Celery and 2.5% in 
Ajowan. Essential oil content enhanced in bushy (2.8%), early 
flowering (2.6%) and dwarf (2.5%) mutants of Celery and 
drooping branched (3.0%) and dwarf (2.7%) mutants of Ajowan 
than their respective controls.  
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Table 1: Quantitative analysis of seed protein (%) and essential oil content (%) in controls and macromutants 
 

Plant types Apium graveolens Trachyspermum ammi 
Protein content (%) Essential oil content (%) Protein content (%) Essential oil content (%) 

Control 20.73 2.1 14.81 2.5 
Thick stem I 25.81 1.5 26.82 2.0 
Thick stem II - - 22.44 2.1 

Pigmented stem 21.58 1.7 22.42 2.0 
Lax branching I 25.11 1.5 19.66 2.1 
Lax branching II - - 25.33 2.0 

Funnel 24.78 1.8 - - 
Bushy 19.24 2.8 16.13 2.5 

Drooping branched - - 11.43 3.0 
Dwarf 14.89 2.5 18.97 2.7 

Broad pinnae 19.91 1.7 - - 
Narrow pinnae 18.90 2.0 - - 
Early flowering 19.93 2.6 13.76 2.0 
Late flowering 20.67 2.0 14.11 2.0 

 
Several reports are there that essential oil content and its 
constituents depend on presence and availability of nutrients20; 
application of fertilizer21-22; plant density22; method of 
hydrodistillation23; latitude, climatic condition, day of sowing24, 
salinity21; harvesting date25 etc. In this investigation, all the data 
came from fertilizerless plants and seeds from uniform maturity. 
From the result, it is evident that except dwarf mutant of 
Ajowan, none of the mutants was superior to control both in 
protein and essential oil content but few of them shown 
betterment in either parameter. 
 
CONCLUSION 
 
This result opens the possibility of direct selection of these 
superior plant types as well as offer scope of further 
improvement related to maximizing desirable quantitative 
parameters through hybridization followed by proper selection. 
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