
 

 

 

  International Journal of Farming and Allied Sciences 
Available online at www.ijfas.com 

©2018 IJFAS Journal-2018-7-6/161-168/ 26 Dec, 2018 

ISSN 2322-4134 ©2018 IJFAS 

 

 

Effect of some amino acids foliar spray on growth, 
yield and chemical composition of Roselle plant 

(Hibiscus sabdariffa, L.) 
 

Sharawy, Horia Mostafa 
 

Department of medicinal plants and natural products, National Organization for Drug Control and Research 
(NODCAR), Giza, Egypt. 

 
           Corresponding author: Sharawy, Horia Mostafa 

 
ABSTRACT: Two field trials were carried out during 2014 and 2015 seasons at the Experimental Farm, 
Horticulture Dept., of Agric Fac., Benha Univ., to evaluate the effect of some amino acid treatments i. e. 
tryptophan, glutamic acid and phenylalanine each at0.00 100, 200 and 300ppm on vegetative growth, 
yield and chemical constituents of Roselle plant (Hibiscus sabdariffa, L.). Amino acids treatments were 
applied as foliar spray at 90, 105, 120 and 135 days after planting, respectively. Untreated plants 
(control) were sprayed with tap water. Results showed that different applied treatments of amino acid 
treatments led to significant increase of the vegetative growth parameters i.e plant height (cm.), number 
and dry weight of leaves (g)/plant, number, fresh and dry weight of branches (g)/plant as compared with 
control plants in both seasons, with superior for the high concentration of tryptophan. Moreover, number 
of fruits /plant, sepals fresh and dry weight(g)/plant, seed yield(g)/plant, seed fixed oil content per plant 
and per fed were increased by using all amino acids, particularly those received the high concentration 
in both seasons. In addition, the obtained vigrous growth of roselle plants with different treatments was 
accompanied by pronounced increase in sepals vitamin C and anthocyanin content as well as leaves N, 
P, K and total carbohydrates content in both seasons. Consequently, it is preferable to spray roselle 
plants with tryptophan, glutamic acid or phenylalanine each at 300 ppm for enhancing the growth, 
productivity and chemical constituents of this plant. 
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INTRODUCTION 
 

 Roselle (Hibiscus sabdariffa, L.) is one of the most important plants of the Malvaceae Family, which produce a 
fleshly red calyxes and epicalyxes (sepals). Rovesta (1936)stated that roselle is used as beverage because of its 
therapeutic properties since it contains citric acid and large amount of an emollient and sedative mucilage which 
permit rapid digestion, decrease hyperviscosity of blood and arterial pressure. The sepals are used for the 
preparation of hot and cold red drinks and obtaining the natural food coloring pigments such as anthocyanin 
compounds (Diab, 1968). Also, it is used as hypotensive agent since it lowers blood pressure without producing 
side effect (Sharaf, 1962). Furthermore, the seeds of roselle plants contain about 17-30% fixed oil which is similar 
in its properties to cotton seed oil (Hussinet al., 1991). It has antimicrobial activities due to its phenolic compounds. 
It contains protein, fibers, calcium, iron, carotene, and vitamin-C (Fasoyiroet al. 2005). For the previously 
mentioned reasons, the cultivated area of roselle in Egypt is increasing gradually for local utilization and export. 
The interest of most investigators is to find out the most favorable conditions to get the best growth and yield of 
roselle plant. 
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 Amino acids have traditionally been considered as precursors and constituents of proteins. Many amino acids 
also act as precursors of other nitrogen containing compounds, e.g., nucleic acids. Amino acids can play wide roles 
in plants including acting as regulatory and signaling molecules. Amino acids also affect synthesis and activity of 
some enzumes, gene expression, and redoxhomeostasis(Rai, 2002). Many studies have reported that foliar 
application of amino acids caused an increase in the growth and development of plants. In this respect, Omer et al. 
(2013) reported that foliar spray with amino acids improved the growth and chemical composition of chamomile 
plant. 
 The aromatic amino acids, phenylalanine, tryptophan and glutamic acid are central molecules in plant 
metabolism. These aromatic amino acids in plants are not only essential components of protein synthesis, but also 
serve as precursors for a wide range of secondary metabolites that are important for plant growth as well as for 
human nutrition and health (Tzin and Galili, 2010). Phenylalanine, tryptophan and glutamic acid are serve as 
precursors for many natural (secondary) products such as flavonoids, phenolic acids, coumarins, alkaloids, 
glucosinolates and cyanogenic glycosides (Wink, 2010). 
 
MATERIALS AND METHODS 
 This work was carried out at the Experimental Farm, Fac. Agric., MoshtohorBenha Univ. during 2014 and 2015 
seasons to study the effect of  foliar spray with three acids  namely tryptophan, glutamic acid and phenylalanine at 
rates of  0.0, 100, 200 and 300 ppm for each on the growth and productivity of roselle (Hibiscus sabdariffa, L.) 
plants. Roselle seeds were obtained from Floriculture Farm, Horticulture Department, Faculty of Agriculture, Benha 
Univ. Seeds were sown in clay loam soils on 10th April of each season in plots (1x1 m) containing two rows (50 cm 
width) every row had two hills (50 cm apart), and one month later, the plants were thinned, leaving only one 
seedling/hill. Physical and chemical analyses of the experimental soil were determined according to Jackson 
(1973) and Black et al. (1982), respectively. The obtained results of soil analyses are presented in Tables (a) and 
(b). 
 
 

Table (a): Mechanical analysis of the experimental soil. 

Parameters Unit 
Seasons 

2014 2015 

Coarse sand % 2.95 3.01 

Fine sand % 17.97 17.34 

Silt % 23.12 25.86 

Clay % 55.96 53.79 

Textural class ------ Clay loam Clay loam 

 
Table (b): Chemical analysis of the experimental soil. 

Parameters Unit 
Seasons 

2014 2015 

CaCo3 % 1.17 1.09 

Organic matter % 1.61 1.52 

Available nitrogen % 0.32 0.38 

Available phosphorus % 0.24 0.21 

Available potassium % 0.26 0.24 

E-C dS.m-1 0.72 0.80 

pH -------------- 7.62 7.68 

 This experiment was set up in a simple experiment with three replicates, every replicate represented by ten 
plots. Amino acids treatments were applied as foliar spray at 90, 105,120and 135 days after planting, respectively. 
Untreated plants (control) were sprayed with tap water.   
All plants were fertilized with nitrogen, phosphorus and potassium fertilizers at the rate of 250 kg/fad., of 
ammonium sulphate (20.5% N), 200 kg/fad., of calcium super phosphate (15.5% P2O5) and 100 kg/fad., of 
potassium sulphate (50% K2O), respectively. Phosphorus, potassium and chicken manure (10 m3/fad.) fertilizers 
were added to the soil before planting. Nitrogen fertilizer was provided in small doses throughout the growing 
season. All plants were received normal agricultural practices whenever they needed. 
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Recorded data: 
Vegetative  growth 
      Plant height above the soil directly (cm.), number and dry weight of leaves (g)/plant, number, fresh and dry 
weight of branches (g)/plant were taken at the beginning of flowering stage ;during 15th September 2014 and 
19thSeptember  2015 seasons.  
 
Fruits yield      
     Number of fruits /plant, sepals fresh and dry weight(g)/plant, seed yield(g)/plant, seed fixed oil content per plant 
and per fed. were recorded at harvesting time (2nd November  2014 and 9th November  2015) seasons. 
 
Chemical constituents 
 At harvesting time anthocyanin content was determined in air-dried roselle sepals according to the method 
described by Du and Francis (1973). The percentage of fixed oil in seeds was determined according to the method 
mentioned by A.O.A.C (1980). Also, Vitamin-C was determined in sepals as described in A.O.A.C. (1980). Sepals 
acidity (pH value) was determined according to Diab (1968). The percentage of N,P,K  and total carbohydrates% 
were determined in the dry leaves during flowering stage, where total nitrogen was determined using the modified 
MicroKieldahl method according to A.O.A.C. (1980). Phosphorus was determined colourimetrically in spectronic 
(20) spectrophotometer using the method described by Trouge and Meyer (1939). Whereas, K content was 
determined by flame photometer according to Brown and Lilleland (1946). Also, Fe, Zn,  andMn were determined in 
the digested samples by atomic absorption as described by Chapman and Paratt (1961). Total carbohydrates 
(mg/g D.W), total sugars (mg/g F.W), total free amino acids (mg/g F.W), chlorophyll a&b and carotenoids (mg/g 
F.W), were determined in the roselle leaves at the beginning of flowering stage according to (Herbert et al. 1971, 
Thomas and Dutcher, 1924,  Rosed,1957and A.O.A.C, 1980, respectively).  
 
Statistical analysis: 
 The statistical layout of both above mentioned experiments were simple completely randomized block design. 
L.S.D. method was used to differentiate means according to Snedecor and Cochran (1989). 
 
Result and discussion 
1-vegetative growth parameters: 
Data in Table (1&2) reveal that all tested sprays of amino acids succeeded in increasing vegetative growth 
parameters of roselle plants i.e. plant height, leaves number/plant, fresh and dry weights of leaves/ plant as 
compared with control plants in the two season. 
However, 300ppm tryptophan-sprayed plants showed to be the most effective one for inducing the tallest plant 
(172.30 and 178.50 cm), greatest leaves number/ plant (158.40 and 164.20), the heaviest  fresh weight/ plant 
(379.20 and 393.60 g) and the heaviest leaves dry weight/ plant (53.06 and 51.09 g), foll0wed in descending order 
by those received glutamic acid at 300ppm and phenylalanine at 300ppm in the first and second seasons, 
respectively. 
 The differences between the three abovementioned treatments were not significant in the two seasons. 
Moreover, tryptophan, glutamic acid and phenylalanine at the medium concentration (200ppm) significantly 
increased vegetative growth parameters of roselle plant as compared with control plants in the two seasons.  
Irrespective control plants, the lowest values of these parameters were gained by the lowest concentration of 
phenlalanine, glutamic acid and tryptophan in the two seasons. 
Additionally, the highest branches number/ plant (27.20 and 28.40) and the heaviest branches dry weight (267.30 
and 333.20g) were scored by 300ppm glutamic acid-sprayed plants in the first and second seasons, respectively. 
Furthermore, tryptophan at 300ppm and phenylalanine at 300ppm gave high significant increments in this concern 
in the two seasons. 
 The aforementioned results of amino acids are in agreement with Hendawy (2000) on Echinacea purpurea, 
Wahabe et al., (2002) on  Antholyzaaethiopica, Youssef et al., (2004) on Datura  plants, Gamal El-Din and Abd El-
Wahed (2005) on chamomile plant,  Balbaa and Talaat (2007) on rosemary plants, Gomaa and Mady (2008) on 
Matricariachamomilla,  Youssef (2009) on rosemary plant, Sarojnee et al., (2009) on hot peppers, El-Awadi and 
Hassan (2010) on fennel plant, Behzad (2011) on flixweld (Descurainiasophia L.), Haj SeyedHadi et al., (2011) on 
chamomile plant, Datir et al., (2012) on Capsicum annum L., Hussein (2013) on chamomile plant, Rahimi et al., 
(2013) on basil plant, Omer et al., (2013) on chamomile plant, Youssef (2014) on of Echinacea purpurea plants and 
Abdel-Kareem et al (2017) onmilk thistle (Silybummarianum L.) plants. 
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II.yield parameters 
     Data presented in Table, (1&2) indicate that the highest fruits number/ plant (73.40 and 75.10),the heaviest 
sepals fresh weight (189.80 and 202.90g) and the heaviest dry weight of sepals/plant (34.02 and 38.38g) were 
registered by the high concentration of glutamic acid (300pp) as compared with untreated plants the first and 
second seasons, respectively. Moreover, tryptophan and phenylalanine at the high concentration recorded high 
significant increases in this respect in the two seasons. Regardless control plants, the lowest values of these 
parameters were detected with the lowest concentration of the studied amino acids in the two seasons. The 
remained treatments occupied an intermediate position between the aforementioned treatments in the two 
seasons. 
 
III Seed parameters 
     Data in Table,(3&4) clear that all studied application of amino acids caused increases in seed yield/ plant (g) of 
roselle plants when compared with control plants, with superior for glutamic acid at 300ppm as it scored the 
greatest seed yield/ plant (g) as it registered 55.48 and 57.00g, in the first and second seasons, respectively. The 
highest seed fixed oil percentage was scored by 300ppm phenylalanine sprayed-plants(23.90 and 22.40%), 
followed in descending order by glutamic acid and tryptophan at the high concentration in the first and second 
seasons, respectively. While, the highest seed fixed oil content/ plant (ml) was scored by glutamic acid at 300ppm 
(12.81 and 12.14ml), followed by phenylalanine at 300ppm (12.53 and 12.08ml) and tryptophan at 300ppm (12.25 
and 11.67ml), with not significant differences between them in the first and second seasons, respectively. 
Irrespective control plants, the lowest values of sees parameters were gained by the low concentrations of the 
three amino acids in the two seasons. The rest treatments cam in between the abovementioned treatments in the 
two seasons. 
 This beneficial effect of spraying plants with tryptophan especially at high concentration on yield components 
was earlier confirmed by El-Awadi et al. (2011) on snap bean and Wahbaet  al. (2015)  on Urticapilulifera  L.  plant.   
 This effect can be interpreted in the light of fact that tryptophan is a physiological precursor of auxins in higher 
plants. Auxin influences aspects of cell division, cell elongation and cell differentiation. The physiological responses 
that auxin governs are central to a plant’s structure and functioning (Teale et al., 2006). It is investigated that 
tryptophan has more positive effect on plant growth and yield as compared to pure auxins (Zahir et al., 1999). 
 The aforementioned results of amino acids are in agreement with Hendawy (2000) on Echinacea purpurea, 
Wahabeet al., (2002) on  Antholyzaaethiopica, Youssef et al., (2004) on Daturaplants, Gamal El-Din and Abd El-
Wahed (2005) on chamomile plant, Gomaa and Mady(2008) on Matricariachamomilla, Sarojneeet al., (2009) on 
hot peppers, El-Awadi and Hassan (2010) on fennel plant, Haj SeyedHadiet al., (2011) on chamomile plant, Datiret 
al., (2012) on Capsicum annum L., Behzad (2011) on flixweld (DescurainiasophiaL.), Hussein (2013) on chamomile 
plant,, Omer et al., (2013) on chamomile plant, Youssef (2014) on of Echinacea purpurea plants and Abdel-Kareem 
et al (2017) on milk thistle (Silybummarianum L.) plants. 
 
III- Chemical constituents: 
1- Anthocyanin content (mg/100g DW) 
     Data in Table,(3&4) declare that the highest sepals anthocyanin content (193.50 and 187.30mg/ 100g DW) was 
scored by 300ppm phenylalanine-sprayed plants, followed in descending order by 300ppm glutamic acid-sprayed 
plants (189.40 and 181.3mg /100g DW) and 200ppm phenylalanine-sprayed plants (186.70 and 185.20 mg /100g 
DW) in the first and second seasons, respectively. Irrespective control plants, the lowest sepals anthocyanin 
content was gained by 100ppm tryptophan-sprayed plants in the two seasons. 
2-Vitamin-C 
     Data in Table (3&4) show that all examined amino acids concentrations resulted in high increments of sepals 
vitamin c content, and the superiority was for phenylalanine at the high concentration as it scored 44.20 and 
43.10mg/ 100g DW, followed by 300ppm glutamic acid sprayed-plants (43.70 and 42.60 mg/ 100gDW) and 
200ppm phenyalanine-sprayed plants (43.30 and 42.90 mg/ 100gDW), with non significant differences between 
them in the first and second seasons respectively. 
     On contrary, the lowest value of this parameter was gained by control plants, followed in ascending order by 
100ppm tryptophan-sprayed plants in the two seasons. 
3- Sepals acidity “ph value” 
     Data inTable,(3&4 ) reveal that that all studied amino acids treatments failed to induce a significant increase in 
sepals acidity of roselle plants, except for 300ppm phenylalanine-sprayed plants which scored 2.32 and 2.28 with 
significant difference when compared with control in the first and second seasons, respectively. 
4- Leaf chemical constituents contents: 
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     Data presented in Table,(3&4) indicate that all tested treatments of amino acids succeeded in improving leaf 
chemical constituents of roselle plants i.e., N, P, K, and total carbohydrates, when compared with control plants in 
the two seasons. However, the highest values of leaf N %(2.37 and 2.42), leaf phosphorus % (0.31 and 0.38) and 
leaf potassium % (1.62 and 1.68) were recorded by glutamic acid at 300ppm, phenylalanine at 300ppm and 
tryptophan at 300ppm in the first and second seasons, respectively. 
Moreover,300ppm tryptophan sprayed plants is being the most effective treatment for inducing the richest leaf total 
carbohydrates% as it scored 16.21 and 16.84%, in the first and second seasons, respectively. 
Regardless control plants, the lowest values of leaf chemical constituents were gained by the lowest concentration 
of the studied treatments of amino acids in the two season. 
The results of amino acids are in accordance with the findings of Mohamed (1992) on Dahlia pinnata, Gamal El-Din 
et al., (1997) on lemongrass plants,  Hendawy (2000) on Echinacea purpurea, El-Khayat (2001) on Hibiscus 
sabdariffa, Wahabe et al., (2002) on  Antholyzaaethiopica, Youssef et al., (2004) on Datura  plants and Balbaa and 
Talaat (2007) on rosemary plant, Youssef (2009) on rosemary plant, Amran (2013) on Pelargonium graveolens, El-
Khyat (2013) on Rosmarinusofficinalis. Youssef (2014) on of Echinacea purpurea plants and Abdel-Kareem et al 
(2017) on milk thistle (Silybummarianum L.) plants. 
 

Table (1) Effect of some amino acids on vegetative growth of Hibiscus Sabdarifa plants in both seasons (2014/2015) 

 

Treatment 

First season  

Plant 
highet(c

m) 

Leaves 
number 

Leaves 
fresh 

weight/pla
nt 

( gm) 

Leaves 
dry 

weight(g
m) 

Number 
branches

/ plant 

Branches/pla
nt dry weight 

(gm) 

Fruit 
number/pla

nt 

Sepals fresh 
weight/plant(g

m) 

Sepals dry 
weight/plant(g

m) 

Seed 
yield/ 
plant 
(gm) 

Control 143.60 137.80 277.20 38.78 18.60 162.80 52.80 130.20 23.40 26.40 

Traptophan  
at 100 ppm 

151.80 139.40 305.80 42.71 19.80 176.70 59.30 147.50 26.46 42.48 

Traptophan 
at 200 ppm 

168.40 162.30 349.60 48.86 23.70 220.80 67.20 167.50 30.06 49.58 

Traptophan 
at 300 ppm 

172.30 158.40 379.20 53.06 25.80 247.50 71.60 184.10 33.12 51.81 

Glutamic  at 
100 ppm 

149.60 141.20 303.60 42.42 21.30 195.30 58.30 145.70 26.10 41.76 

Glutamic  at 
200 ppm 

162.80 147.60 338.10 47.32 24.60 237.50 68.70 176.30 31.68 50.32 

Glutamic  at 
300 ppm 

169.70 156.20 371.20 51.94 27.20 267.30 73.40 189.80 34.02 55.48 

Phenyl 
alanine at 
100 ppm  

151.20 140.40 305.80 42.70 19.90 184.00 57.90 145.10 25.93 41.76 

Phenyl 
alanine at 
200 ppm 

158.30 145.20 333.50 46.62 23.80 221.80 64.20 161.00 28.98 47.36 

Phenyl 
alanine at 
300 ppm 

169.20 156.90 369.00 51.66 24.70 237.60 69.40 179.40 32.22 52.44 

L.S.D at 0.05 
% 

7.30 6.20 24.30 5.24 2.10 12.13 8.70 12.70 2.81 5.24 
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Table (2) Effect of some amino acids on vegetative growth of Hibiscus Sabdarifa plants in both seasons (2014/2015) 

 

Treatment 

Second season  

Plant 
highet(cm) 

Leaves 
number 

Leaves 
fresh 

weight/ 
plant(gm) 

Leaves dry 
weight(gm) 

Number 
branches/ 

plant 

Branches/plant 
dry weight 

(gm) 

Fruit 
number/plant 

Sepals fresh 
weight/plant(gm) 

Sepals dry 
weight/plant(gm) 

Seed 
yield/ 
plant 
(gm) 

Control 149.70 140.80 266.30 34.58 19.80 209.20 56.20 151.20 28.69 40.32 

Traptophan  
at 100 ppm 

156.80 148.30 310.80 40.30 21.60 237.30 61.20 164.70 31.29 45.14 

Traptophan at 
200 ppm 

169.20 157.60 345.40 44.85 25.30 291.20 69.40 186.30 35.40 52.44 

Traptophan at 
300 ppm 

178.50 164.20 393.60 54.09 26.90 321.30 73.70 197.90 37.67 50.96 

Glutamic  at 
100 ppm 

153.20 142.00 298.20 38.74 21.40 233.10 62.70 156.60 29.64 44.64 

Glutamic  at 
200 ppm 

168.30 151.70 332.20 43.16 26.00 301.60 71.00 191.70 36.29 52.54 

Glutamic  at 
300 ppm 

169.80 159.40 365.70 50.45 28.40 333.20 75.10 202.90 38.38 57.00 

Phenyl 
alanine at 100 

ppm  
153.60 142.60 298.20 38.74 21.10 237.30 60.20 162.80 30.78 53.20 

Phenyl 
alanine at 200 

ppm 
162.40 149.30 327.80 42.51 24.00 278.40 34.90 175.90 33.44 48.17 

Phenyl 
alanine at 300 

ppm 
169.30 158.30 365.40 50.19 26.80 309.40 71.80 192.70 36.48 56.96 

L.S.D at 0.05% 8.40 6.80 28.70 4.92 2.40 18.17 9.20 13.20 3.14 4.71 

 
Table (3) Effect of some amino acids on chemical composition of Hibiscus sabdarifa plants: 

 

Treatment 

first season 

Seed 
fixed oil 

% 

Seed fixed oil % 
content/plant 

anthocyanin Vitamin C 
Sepals acidity (ph 

value) 
N% P% K% 

Total 
carbohydrates 

Control 19.30 7.75 163.20 38.40 2.13 2.13 0.193 1.37 11.36 

Traptophan  
at 100 ppm 

21.90 9.30 169.80 39.70 2.18 2.18 0.23 1.42 14.03 

Traptophan 
at 200 ppm 

22.30 11.05 173.40 41.30 2.21 2.26 0.26 1.58 15.29 

Traptophan 
at 300 ppm 

22.70 12.25 179.80 42.00 2.26 2.31 0.29 1.62 16.21 

Glutamic  at 
100 ppm 

21.70 9.06 172.70 41.20 2.19 2.21 0.21 1.41 12.94 

Glutamic  at 
200 ppm 

22.60 11.37 181.30 42.30 2.27 2.29 0.24 1.51 14.36 

Glutamic  at 
300 ppm 

23.10 12.81 189.40 43.70 2.29 2.37 0.26 1.50 15.90 

Phenyl 
alanine at 
100 ppm  

22.20 9.27 170.90 41.80 2.24 2.17 0.20 1.44 14.20 

Phenyl 
alanine at 
200 ppm 

23.40 11.05 186.70 43.30 2.29 2.24 0.27 1.49 15.70 

Phenyl 
alanine at 
300 ppm 

23.90 12.52 193.50 44.20 2.32 2.30 0.31 1.59 15.86 

L.S.D at 0.05 
% 

2.20 1.23 7.40 2.30 0.17 0.12 0.08 0.14 2.20 
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Table (4) Effect of some amino acids on chemical composition of Hibiscus sabdarifa plants 

Treatment 

second season 

Seed 
fixed oil 

% 

Seed fixed oil % 
content/plant 

anthocyanin Vitamin C 
Sepals 

acidity (ph 
value) 

N% P% K% Total carbohydrates 

Control 17.80 7.98 157.20 36.40 2.11 2.06 0.24 1.28 12.17 

Traptophan  
at 100 ppm 

20.30 9.16 164.30 38.10 2.16 2.14 0.29 1.39 13.97 

Traptophan 
at 200 ppm 

20.20 10.59 169.20 39.80 2.19 2.31 0.37 1.53 15.37 

Traptophan 
at 300 ppm 

20.60 11.67 172.90 41.70 2.18 2.39 0.37 1.68 16.84 

Glutamic  at 
100 ppm 

20.60 9.19 167.20 39.20 2.14 2.24 0.27 1.41 14.22 

Glutamic  at 
200 ppm 

21.10 11.08 178.4 41.30 2.19 2.35 0.3 1.50 15.94 

Glutamic  at 
300 ppm 

21.00 12.14 181.30 42.60 2.21 2.42 0.36 1.63 16.17 

Phenyl 
alanine at 
100 ppm  

20.80 8.98 109.40 40.00 2.18 2.21 0.28 1.43 14.39 

Phenyl 
alanine at 
200 ppm 

21.90 10.55 185.20 42.90 2.21 2.29 0.35 1.52 15.21 

Phenyl 
alanine at 
300 ppm 

22.40 12.08 187.30 43.10 2.28 2.37 0.38 1.60 16.08 

L.S.D at 0.05 
% 

2.40 1.61 9.80 2.10 0.14 0.11 0.07 0.14 2.10 
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