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Abstract 

Jatropha curcas seed cake is a by-product generated from oil extraction 

process of J. curcas seed and contains high protein.  It, therefore, would be served as 

a source of protein hydrolysate applied for plant growth stimulation.  This research 

work was aimed at studying plant growth promotion by protein hydrolysates obtained 

from enzymatic and acid hydrolyses of protein isolated from J. curcas seed cake using 

chilli (Capsicum annuum L.) seeds and Chinese kale as model plants.  Results showed 

that J. carcas seed cake sample in this study had a protein content of 23.5% (w/w).  

Its protein isolation was carried out by suspending the seed cake in an alkaline 

solution (pH 12) at 50oC for 3 hr.  Protein was then precipitated under an acidic 

condition (pH 4) or its isoelectric point.  The study also showed protein isolation from 

J. curcas seed cake was affected by pH, temperature, agitation time and salt 

concentration and types, including solvent and alcohol concentration.  J. curcas

protein hydrolyses were done by four proteolytic enzymes (Neutrase, Papain, Trypsin 

and Pepsin) and acid (HCl) for 12 hours with various degrees of hydrolysis (3.8-

97.3%).  Neutrase gave the highest degree of hydrolysis at 97.3%.  Tested on chilli 

seeds, their growth was considerably stimulated by the protein hydrolysate (30 �g 

amino acid/ml) obtained from Neutrase digestion at 2 hours.  The sample gave the 

maximum germination percentage, radicle emergence percentage, seeding growth rate 

and germination index of 75%, 96%, 4.53 and 7.84, respectively.  It is expected that 

peptides with molecular mass of 12-22 kDa in the hydrolysate may play an important 

role in plant growth stimulation.  In addition, the protein hydrolysate at the 

concentrations of 10-50 �g amino acid/ml was able to stimulate the growth of Chinese 

kale with their heights of 24-27 cm, their diameter of approximately 0.4 cm, their wet 

and dry weights of 5.0-6.5 g and 0.4-0.6 g, respectively and their quality levels of 2.4-

2.7 as of 4.  Therefore, the hydrolysate obtained from J. curcas protein digestion by 

Neutrase at 2 hours would be a potent plant growth promoter.   
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Table 1 Chemical compositions of J. curcas seed cake and phorbol ester-free J. 

curcas seed cake (on dry matter basis)  

Composition  (%, w/w) J. curcas seed cake1 Phorbol ester-free J. 

curcas seed cake1

Crude fat  

Crude fiber 

Crude ash 

Crude protein

14.84 ± 0.52 

11.00 ± 1.65 

7.76 ± 0.05 

23.51 ± 1.50 

8.64 ± 1.66 

 8.24 ± 0.26  

6.44 ± 0.16  

23.04 ± 1.04  

1 Means ± standard deviation of triplicate determinations 

Table 2 Toxin and antinutritional factors in J. curcas seed cake and phorbol ester-free           

J. curcas seed cake (on dry matter basis) 

Components J. curcas seed cake1 Phorbol ester-free J. 

curcas seed cake1

Phorbol esters (mg/g)a

Phytic acid (%, w/w) 

Trypsin inhibitor (TIUb/g) 

Lectin activity (HUc/mg protein) 

Saponin d (µg/g) 

0.73 ± 0.06

8.55 ± 0.51

7.42 ± 1.64 

13.15 ± 0.45 

27.82 ± 0.68 

NDe 

1.87 ± 0.11 

1.12 ± 0.09 

NDe 

10.04 ± 0.60 

1 Means ± standard deviation of triplicate determinations 

a Equivalent to phorbol 12-myristate,13 acetate 

b Trypsin inhibitor units 

c Heamagglutinating units 

d Diosgenin equivalent 

e Not detected 
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Table 3 Effect of precipitation method on protein isolation of J. curcas seed cake 

precipitation method Initial protein 

(g) 

Precipitated 

protein (g) 

Precipitation 

yield (%) 

Isoelectric point (pH 4) 4.61 3.27 70.8 

40% acetone 4.61 2.84 61.6 

40% ethanol 4.61 3.02 65.6 

80% ammonium sulfate 4.61 4.57 99.1 

Fig. 1 Effect of pH on protein extraction from J. curcas seed cake 

pH 
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Fig. 2  Effect of temperature on protein extraction from J. curcas seed cake 

      

Fig. 3 Effect of extraction time on protein extraction from J. curcas�seed cake 

Extraction time (h) 
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Fig. 4 Effect of salt concentration on protein extraction from J. curcas�seed cake 

   

Fig. 5 Degree of hydrolysis of protein isolated from J. curcas�seed cake  
by HCl and enzymatic hydrolyses 

NaCl concentration (%) 
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Table 4 Chemical compositions of protein isolate obtained from phorbol ester-free J. 

curcas seed cake (on dry matter basis) 

Composition  (%, w/w) Protein isolate1 

Crude fat  

Crude fiber 

Crude ash 

Crude protein

7.15 ± 0.36 

 0.74 ± 0.10   

1.76 ± 0.09 

89.02 ± 1.83 

  1 Means ± standard deviation of triplicate determinations 

Table 5 Toxin and antinutritional factors in protein isolate obtained from phorbol 

ester-free J. curcas seed cake (on dry matter basis) 

Components           Protein isolate1 

Phorbol esters (mg/g)a

Phytic acid (%, w/w) 

Trypsin inhibitor (TIUb/g) 

Lectin activity (HUc/mg protein) 

Saponin d (µg/g) 

ND e 

0.03 ± 0.00 

8.36 ± 0.03 

ND e 

2.04 ± 0.01 

1 Means ± standard deviation of triplicate determinations 

2 ND: not detected. 

a Equivalent to phorbol 12-myristate,13 acetate 

b Trypsin inhibitor units 

c Heamagglutinating units 

d Diosgenin equivalent 

e Not detected 
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Table 6 Amino acid profile of protein isolate obtained from phorbol ester-free J. curcas seed 

cake (on dry matter basis)

1 All values are means of duplicate determinations. 
2 FAO/WHO. Protein quality evaluation, Daily requirements for human adults (1991)  
3 Methionine + cystine       
4 Tyrosine + phenylalanine 

Amino acid 

(g amino acid/100 g protein isolate) 

Protein isolate 1 FAO/WHO 

reference value2 (g/100 g) 

Essential 

Methionine 

Cystine 

Tyrosine 

Phenylalanine 

Isoleucine 

Leucine 

Valine 

Histidine 

Threonine 

Lysine 

Total essential amino acids 

Non-essential 

Aspartic acid 

Serine 

Glutamic acid 

Glycine 

Arginine 

Alanine 

Proline 

4.86 

1.98 

1.26 

2.07 

1.90 

3.29 

2.23 

1.05 

1.81 

1.60 

22.05 

4.94 

2.56 

8.73 

2.15 

6.45 

2.29 

2.08 

2.53 

6.34 

2.8 

6.6 

3.5 

1.9 

3.4 

5.8 

32.8 
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Fig. 6 Amino acid formation during acid and enzymatic hydrolyses of protein isolated 
from J. curcas�seed cake  

Fig. 7 Soluble protein changes during acid and enzymatic hydrolyses of protein 
isolated from J. curcas�seed cake  
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Fig. 8 Germination percentage of chilli seed tested by protein hydrolysates obtained 

from enzymatic and acid hydrolyses of protein isolated from phorbol ester-free J. 

curcas seed cake with their controls 
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Fig. 9 Radicle emergence�percentage of chilli seed tested by protein hydrolysates 

obtained from enzymatic and acid hydrolyses of protein isolated from phorbol ester-

free J. curcas seed cake with their controls 
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Fig. 10 Seedling growth rate of chilli seed tested by protein hydrolysates obtained 

from enzymatic and acid hydrolyses of protein isolated from phorbol ester-free J. 

curcas seed cake with their controls 
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Fig. 11 Germination index of chilli seed tested by protein hydrolysates obtained from 

enzymatic and acid hydrolyses of protein isolated from phorbol ester-free J. curcas

seed cake with their controls 
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Fig. 12 SDS-PAGE of protein hydrolysates obtained from enzymatic digestion of 

protein isolated from phorbol ester-free J. curcas seed cake with Neutrase at various 

digestion time 

 Lane 1  Protein isolated from J. curcas seed cake without digestion (Control) 

 Lane 2 Protein hydrolysate obtained from Neutrase digestion of protein at 0 hr 

(Control) 

 Lane 3 Commercial protein hydrolysate (Control) 

 Lane 4 Protein hydrolysate obtained from Neutrase digestion of protein at 2 hr 

 Lane 5 Protein hydrolysate obtained from Neutrase digestion of protein at 4 hr 

 Lane 6 Protein hydrolysate obtained from Neutrase digestion of protein at 12 

hr 

 Lane 7 Standard proteins containing Myosin (209 kDa), �-galactosidase (124 kDa), 

Bovine serum albumin (80 kDa), Ovalbumin (49.1 kDa), Carbonic anhydrase         

(34.8 kDa), Soybean trypsin inhibitor (28.9 kDa), Lysozyme (20.6 kDa) and Aprotinin 

(7.1 kDa) 
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Fig. 13 Growth of chilli�seed at day 14 tested by protein hydrolysates obtained from 

enzymatic and acid hydrolyses of protein isolated from phorbol ester-free J. 

curcas seed cake with their controls� (A = Water, B = Urea, C = Commercial  

protein hydrolysate, D = Protein without enzymatic digestion,� E = Protein 

hydrolysate obtained by Neutrase digestion at 2 hr, F =  Protein hydrolysate 

obtained by Papain digestion at 2 hr, G = Protein hydrolysate obtained by Trypsin 

digestion at�2 hr, H = Protein hydrolysate obtained by Pepsin digestion at 2 hr, I = 

Protein hydrolysate obtained by HCl digestion at 2 hr, J = Phosphate buffer pH 7)  
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Fig. 14 Height of Chinese kale tested by protein hydrolysates obtained from Neutrase 

hydrolysis of protein isolated from phorbol ester-free J. curcas seed cake with their 

controls (1= Protein�without enzymatic digestion; 2 = Urea (30 mg/ml); 3 = Urea     

(60 mg/ml); 4 = Commercial protein hydrolysate (30 �g amino acid/ml); 5 = 

Commercial protein hydrolysate (15 �g amino acid/ml); 6 = Water; 7 = Protein 

hydrolysate at 10 �g amino acid/ml; 8 = Protein hydrolysate at 20 �g amino acid/ml; 

9 = Protein hydrolysate at 30 �g amino acid/ml; 10 = Protein hydrolysate at 40 �g 

amino acid/ml; 11 = Protein hydrolysate at 50 �g amino acid/ml)  
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Fig. 15 Quality value/index of Chinese kale tested by protein hydrolysates obtained from 

Neutrase hydrolysis of protein isolated from phorbol ester-free J. curcas seed cake with their 

controls (1= Protein�without enzymatic digestion; 2 = Urea (30 mg/ml); 3 = Urea     

(60 mg/ml); 4 = Commercial protein hydrolysate (30 �g amino acid/ml); 5 = 

Commercial protein hydrolysate (15 �g amino acid/ml); 6 = Water; 7 = Protein 

hydrolysate at 10 �g amino acid/ml; 8 = Protein hydrolysate at 20 �g amino acid/ml; 

9 = Protein hydrolysate at 30 �g amino acid/ml; 10 = Protein hydrolysate at 40 �g 

amino acid/ml; 11 = Protein hydrolysate at 50 �g amino acid/ml)
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Fig. 16 Diameter of Chinese kale tested by protein hydrolysates obtained from Neutrase 
hydrolysis of protein isolated from phorbol ester-free J. curcas seed cake with their controls 

(1= Protein�without enzymatic digestion; 2 = Urea (30 mg/ml); 3 = Urea (60 mg/ml); 

4 = Commercial protein hydrolysate (30 �g amino acid/ml); 5 = Commercial protein 

hydrolysate (15 �g amino acid/ml); 6 = Water; 7 = Protein hydrolysate at 10 �g 

amino acid/ml; 8 = Protein hydrolysate at 20 �g amino acid/ml; 9 = Protein 

hydrolysate at 30 �g amino acid/ml; 10 = Protein hydrolysate at 40 �g amino acid/ml; 

11 = Protein hydrolysate at 50 �g amino acid/ml)
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Fig. 17 Wet weight of Chinese kale tested by protein hydrolysates obtained from 

Neutrase hydrolysis of protein isolated from phorbol ester-free J. curcas seed cake with their 

controls (1= Protein�without enzymatic digestion; 2 = Urea (30 mg/ml); 3 = Urea     

(60 mg/ml); 4 = Commercial protein hydrolysate (30 �g amino acid/ml); 5 = 

Commercial protein hydrolysate (15 �g amino acid/ml); 6 = Water; 7 = Protein 

hydrolysate at 10 �g amino acid/ml; 8 = Protein hydrolysate at 20 �g amino acid/ml; 

9 = Protein hydrolysate at 30 �g amino acid/ml; 10 = Protein hydrolysate at 40 �g 

amino acid/ml; 11 = Protein hydrolysate at 50 �g amino acid/ml)
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Fig. 18 Dry weight of Chinese kale tested by protein hydrolysates obtained from Neutrase 
hydrolysis of protein isolated from phorbol ester-free J. curcas seed cake with their controls 

(1= Protein�without enzymatic digestion; 2 = Urea (30 mg/ml); 3 = Urea (60 mg/ml); 

4 = Commercial protein hydrolysate (30 �g amino acid/ml); 5 = Commercial protein 

hydrolysate (15 �g amino acid/ml); 6 = Water; 7 = Protein hydrolysate at                  

10 �g amino acid/ml; 8 = Protein hydrolysate at 20 �g amino acid/ml; 9 = Protein 

hydrolysate at 30 �g amino acid/ml; 10 = Protein hydrolysate at 40 �g amino acid/ml; 

11 = Protein hydrolysate at 50 �g amino acid/ml)

�
�

�
�



���
�

�
�

�� �� �
O�

��� �� �
1�

�� �� �
P�

�� �� �
6�
�

� � �
5�
�
�
�



���
�

�
�

� � �
Q�

� � �
R�

� � �
S�
�

� � �
T�
�

� � �
O2�



�	�
�

� � �
OO�
Fig. 19 Growth of Chinese kale on day�40 tested by protein hydrolysates obtained from 

Neutrase hydrolysis of protein isolated from phorbol ester-free J. curcas seed cake with their 

controls (1= Protein�without enzymatic digestion; 2 = Urea (30 mg/ml); 3 = Urea     

(60 mg/ml); 4 = Commercial protein hydrolysate (30 �g amino acid/ml); 5 = 

Commercial protein hydrolysate (15 �g amino acid/ml); 6 = Water; 7 = Protein 

hydrolysate at 10 �g amino acid/ml; 8 = Protein hydrolysate at 20 �g amino acid/ml; 

9 = Protein hydrolysate at 30 �g amino acid/ml; 10 = Protein hydrolysate at 40 �g 

amino acid/ml; 11 = Protein hydrolysate at 50 �g amino acid/ml)
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