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Abstract. Jatropha curcas plant is widely cultivated in many areas in Thailand as it has seeds with high
quality of oil. Its seed oil has been extracted and used as an alternative fuel to solve an energy shortage in the
country. After oil extraction, the seed cake is a low-cost and under-utilized by-product with a high amount of
protein. Unfortunately, protein-rich seed cake cannot be applied to human food or animal feed since it has
toxic compounds, phorbol esters, and anti-nutritional factors such as phytate, trypsin inhibitor, lectin and
saponin. Therefore, the detoxification of these toxins is necessary for the seed cake utilization. Recently,
researches on the utilization of the under-utilized seed cake are under progress. This paper aims to review the
recent research works on the utilization of the seed cake including removal of toxins in the seed cake by
microbial fermentation and production of bioactive compounds expressing anti-oxidative, anti-hypertensive
and plant growth promoting activities.
Keywords: jatropha curcas, detoxification, protein hydrolysis, anti-oxidation, anti-hypertension, plant
growth promotion.

1. Introduction
At present, the insufficiency of energy resources due to the high demand for transportation and industrial
uses leads to global energy crisis. The supplementary and alternative energy sources are urgent needs. In
Thailand, the fuel consumption rate continuously increases by approximately 4.5% each year [1]. Currently,
Jatropha curcas is an interesting energy source for biofuel production. It has been cultivated around the
country with the supports of Thai government. It is also easily cultivated under climatic conditions of
Thailand. Its seeds are extracted for oil and processed to become the biofuel. After oil extraction, seed cake
is a non-valuable by-product which is normally used as a green manure or a fertilizer [1].
J. curcas is a tropical short-lived plant in the Euphorbiaceae family, which can be cultured in Central and
South America, South-East Asia, India and Africa [2]. It is a multipurpose small tree because of industrial
and medicinal uses [3]. It is well adapted to arid and semi-arid conditions and often used for prevention of
soil erosion [2]. Within 3-4 months after flowering, J. curcas mature seeds can be harvested from the ripen
fruits [3]. A fruit contains 3 triangular-convex ellipsoid seeds which have 300-350 g/kg oil [3], [4]. Its seed
oils are widely used as a fuel substituent, after trans-esterification. After oil extraction by a screw press,
there are 500-600 g/kg indigestible seed cakes left which contain a high amount of proteins, approximately
190-270 g/kg [5]. The seed cake has been utilized as a fertilizer or a green manure. Proteins in the seed cake
consist of all essential amino acids, except for lysine, which are higher than FAO and WHO reference
proteins for 2-5 year old children as shown in Table 1 [2]. However, the application of its seed cake protein
in animal feed industry is restricted since there are toxic compounds; phorbol esters, and anti-nutritional
factors such as trypsin inhibitor, phytic acid, lectin and saponin, which cause the negatively effects to
humans and animals [6]-[11]. The detoxification of those toxic compounds is important for seed cake protein
application either as food or feed ingredients and it is a good way to add the value to this under-utilized byproduct.
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Isolated protein from the seed cake would be an important protein source of bioactive peptides or
compounds expressing anti-microbial, anti-oxidative, anti-angiotensin I converting enzyme (ACE) and plant
growth promoting activities as reported on whey and chickpea proteins [12]-[15]. This paper reports the
recent works on bio-utilization of J. curcas seed cake.

2. Bio-utilization of Jatropha Curcas Seed Cake
2.1. Detoxification of jatropha curcas seed cake
Toxin, phorbol esters, and anti-nutritional factors in the seed cake were detoxified by Bacillus sp.
reported by Phengnuam and Suntronsuk [16]. Submerged fermentation of the seed cake by Bacillus
licheniformis incubated on rotary shaker (150 rpm) at 37oC for 5 days could reduce phorbol esters by 62%,
phytic acid by 42% and trypsin inhibitor by 75%.
Table 1. Amino acid compositions of J. curcas defatted seed cake and essential amino acid pattern suggested by
FAO/WHO for 2-5 year old children
g/16 g Nitrogen [2, 4]

Amino acid

J. curcas defatted seed cake a

FAO/WHO
reference

Essential
2.5 b

Cystine

1.34-1.74

Methionine

1.49-1.66

Valine

4.10-5.18

3.5

Isoleucine

3.51-4.47

2.8

Leucine

6.13-7.08

6.6

Tyrosine

2.77-3.20

6.3 c

Phenylalanine

4.00-5.42

Histidine

2.76-3.51

1.9

Lysine

3.00-3.55

5.8

Threonine

3.25-3.56

3.4

Trypthophan

1.23

1.1

Non-essential
Aspartic acid

11.7-12.50

Proline

4.03-5.45

Serine

4.71-5.23

Glutamic acid

16.10

Glycine

4.24-5.10

Alanine

4.36-5.47

Arginine

11.13-14.16

a

The average value of J. curcas defatted seed cake form four regions of Mexico; Castillo de Teayo, Veracruz state,
Pueblillo, Papantla, Veracruz state, Coatzacoalcos, Veracruz state and Yautepec, Morelos state.
b

Cystein + methionine.

c

Tyrosine + phenylalanine.

ND, not determined.

The fermented seed cake has a good nutritional value that might be applied in animal feeds. Phengnuam
and Suntornsuk [16] also found that the submerged fermentation better degraded toxin and anti-nutrients
compared to the solid state fermentation. The reductions of those toxic compounds were well related to
Bacillus enzymes; protease, phytase and esterase, produced during the fermentation. The bio-degradations
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of toxin and anti-nutritional factors in the seed cake were also found in fungal fermentations by Rhizopus
oligosporus, a novel Streptomyces fimicarius YUCM 310038 and Aspergillus versicolor CJS-98 reported by
Sawang-arom and Suntornsuk [17], Wang et al. [18] and Veerabhadrappa et al. [19], respectively. R.
oligosporus under submerged fermentation significantly eliminated phorbol esters by approximately 36%
within 7 days of fermentation [17] while a novel S. fimicarius YUCM 310038 could degrade total toxins in
the seed cake by more than 97% under solid state fermentation within 9 days [18]. The fermented seed cake
by S. fimicarius was fed to carp fingerlings and used as fertilizer for tobacco plant and found that it was nontoxic to the carp and significantly promoted the growth of the plant (Wang et al., 2013) [18]. Toxic
compounds in the seed cake were rapidly detoxified by A. versicolor CJS-98 under solid state fermentation
[19]. The seed cake was supplemented with 2% (w/w) peptone, adjusted pH to 7.0, added water for moisture
content to 40%, inoculated with 1x107 spores/5 g seed cakes and incubated at 25oC. The toxin; phorbol
esters, and anti-nutritional factors; phytate, trypsin inhibitor and lectin, in the seed cake were remarkably
reduced by approximately 82%, 72%, 98% and 89%, respectively within 96 h. The difference biodegradation rates of toxic and anti-nutrient compounds in the seed cake possibly come from the different
microorganisms used, amounts of inoculation and additional supplements.

2.2. Anti-microbial activity
The effective bacteriostatic peptides should contain 12-50 amino acids which include two or more
positive charges and high proportion of hydrophobic residue (more than 50%) to make them an
amphipathicity property. The amphipathicity property enhances the ability of the peptides to associate and
permeate through the membrane of bacteria which are the typical mechanisms of anti-microbial peptides [20],
[21].
Xiao et al. [22] also successfully used a novel method named cell membrane affinity chromatography to
isolate an anti-microbial peptide from J. curcas meal protein. The peptide was identified as a cationic peptide,
Lys-Val-Phe-Leu-Gly-Leu-Lys (JCpep7) which inhibited the microbial growth against Salmonella
Typhimurium ATCC50013, Shigella dysenteriae ATCC51302, Pseudomonas aeruginosa ATCC27553,
Staphylococcus aureus ATCC25923, Bacillus subtilis ATCC23631 and Streptococcus pneumonia
ATCC49619. The anti-microbial mechanisms based on Fourier transform infrared (FTIR) spectroscopy and
transmission electron microscopy (TEM) techniques showed that JCpep7 killed microbes principally via
disrupting of their cell walls and membranes, followed by cell lysis.

2.3. Anti-oxidative activity
The oxidation reaction produces free radicals which grab electrons from surrounding molecules and
starts chain reaction. This reaction causes a damage or death of cell and DNA mutation leading to an aging
or a cancer. Anti-oxidants are molecules that terminate oxidation reactions by transferring electrons or
hydrogens to the radicals. Effective anti-oxidants are basically reducing agents.
Several studies have revealed the anti-oxidative activities found in protein hydrolysates obtained from J.
curcas seed protein hydrolysis. Marrufo-Estrada et al. [23] produced the anti-oxidant hydrolysate from J.
curcas seed protein isolate using pepsin-pancreatin sequential hydrolysis system. The hydrolysate had the
anti-oxidant activity against 2, 2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS+) radical by
approximately 15 mM/mg protein equivalent to standard anti-oxidant Trolox (TEAC value) while GallegosTintoréet al. [24] could produce anti-2,2-diphenyl-1-picrylhydrazyl (DPPH-) radical and chelating peptides
form Alcalase hydrolysis of the seed protein isolate. They also found that the hydrolysate could chelate Fe3+
and turn into Fe2+ and scavenge DPPH- correlated to the hydrolysis time. They concluded that those activities
were related to the peptide molecular weight by which the lower molecular weight had higher activity. The
results were supported by the finding of Phengnuam et al. [25]. They produced the anti-DPPH- hydrolysate
from the seed cake protein isolate by using Neutrase, a commercial enzyme. Moreover, after series of liquid
chromatography purification the compounds responsible for the anti-oxidant were characterized as a mixture
of fatty acids, fatty acid derivatives and a small amount of peptides by mass spectrometry and nuclear
magnetic resonance (NMR) spectroscopy. Additionally, the purification of the anti-DPPH- hydrolysate
obtained from Neutrase hydrolysis of the seed cake protein for 1 h by anion exchange chromatography
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(Hiprep DEAE FF 16/10) and strong cation exchange cartridge, the active fraction was then characterized its
amino acids constituent as arginine rich compounds by approximately 25 mg/g [25].

2.4. Anti-hypertensive activity
The angiotensin I converting enzyme (ACE) is an important enzyme causing a hypertension, the most
common worldwide disease in human. The ACE inhibitory peptides are reported as small peptides
containing 2-12 amino acids. The most effective ACE inhibitory peptides are tripeptide residues, normally
hydrophobic amino acid (aromatic or branched side chains) or positively charged by lysine and arginine at
C-terminal. The tripeptide residues inhibit ACE by competitive binding at the active site of enzyme [26].
Many studies showed that pepsin (preferential cleavage between hydrophobic residues) or trypsin
(preferential cleavage in arginine and lysine) hydrolysis could be successfully used in antihypertensive
peptide production [12].
Protein hydrolysate obtained from protein isolated from J. curcas seed cake hydrolysed by pepsin at 2 h
with degree of hydrolysis at 15% showed remarkably ACE inhibitory activity at an IC50 of 0.76 mg/ml as
shown in Fig. 1. ACE inhibitory activity of pepsin hydrolysate in this study was much higher than that of
Alcalase hydrolysate of defatted J. curcas flour protein with an IC50 value of approximately 3 mg/ml [23].
The difference of ACE inhibitory activity would be because of different enzyme and hydrolysis condition
used. Furthermore, Segura-Campos et al. [27] reported that the hydrolysate of the J. curcas kernel meal
hydrolysed by Alcalase had ACE inhibitory activity and its purified fraction with a molecular weight lower
than 1 kDa obtained by ultrafiltration and gel permeation chromatography possessed the highest ACE
inhibitory activity at an IC50 value of 4.78 g/ml.

Fig. 1: ACE inhibitory activity of J. curcas protein hydrolysate by pepsin

2.5. Plant growth promotion
Protein hydrolysate obtained from J. curcas seed cake protein hydrolyzed by Neutrase at 2 h gave the
highest plant growth indices of chili pepper, Capsicum annuum L. It gave germination percentage of 75%,
radical emergence percentage of 95%, seedling growth rate of 4.33 and germination index of 7.4 which
exhibited higher growth than a commercial plant growth promoter and other controls [15]. In addition,
Sawang-arom and Suntornsuk [17] found that fermented liquid obtained fungal fermentation of the seed cake
by Rhizopus oligosporus under submerged cultivation for 7 days showed plant growth promoting effects on
chili pepper and Chinese kale.

3. Conclusions
It is clearly demonstrated that the toxic compound and anti-nutritional factors in J. curcas seed cake
could be eliminated by bacterial and fungal fermentations. The fermented seed cake would then retain high
protein content and other nutritional values applicable to the animal feed industry. The seed cake protein
could be hydrolyzed and be further utilized as anti-oxidant, anti-microbial agent, anti-ACE agent and plant
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growth promoter.
industries.

The hydrolysate would be applied for the functional food, medicine and cosmetic

The summary of bio-utilization of J. curcas seed cake is shown in Fig. 2.

Fig. 2: Summary of bio-utilization of J. curcas seed cake
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