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Abstract

The study was conducted to determine the physicochemical properties of Jatropha
curcas seeds from four different geographical locations (Nyankpala, Dambai, WA,
and Techiman) of Ghana and the effect of spontaneous solid state fermentation on
proximate and antinutritional composition of Jatropha whole seed and kernel meals.
The data obtained was analyzed using the General Linear Model (GLM) of the
Analysis of Variance (ANOVA) and where significant differences were found, the
means were separated using Tukey Pair Wise comparison, at 5 % level of
significance. The average whole seed, kernel, and shell weights were significantly
different (p < 0.05) among the four seed samples. The average whole seed, kernel and
shell weights ranged between 0.65-0.73 g, 0.41 - 0.45 g and 0.24-0.28 g respectively.
The Jatropha seeds had dry matter content of(94.71-95.54 %), crude protein (18.21 -
18.97 %), lipid (36.52 - 38.58 %), crude fibre (14.14 - 19.04 %), and total ash (5.03-
5.71 %). The kernels were high in lipid (55.51 -56.83 %) and crude protein (23.08-
25.88 %). The mechanically defatted seeds have crude protein (27.33 - 29.61 %)
while the kernel meal contained higher crude protein (63.39 - 64.35 %). The whole
seed meals were also rich in macro-mineral Phosphorus (1.33 - 3.80 %), potassium
(1.07 -1.71 %), calcium (0.54 - 0.87 %), and magnesium (1.35-1.58 %). The
antinutrients crude phorbol ester (CPE), tannins, and phytic acid were present in
whole seed meals and kernel meals but were higher in the seed meals. The CPE,
tannins, and phytic acid concentrations in seed meals ranged between (4.87-6.07
mg/g) , (0.72-0.93 % tannic acid equivalent), and (8.11-9.82 % dry matter)
respectively while in the kernel meals the CPE was (2.60 - 3.70 mg/g), and phytic
acid (6.56 - 7.46 %). Tannins were negligibly low in the kernel meals (0.03-0.07 %
tannic acid equivalent). The proximate and antinutrients composition were
significantly affected by the fermentation processes. The dry matter, crude protein,
and ash content significantly increased in all fermented whole seed meals as
compared the control meals (unfermented) while lipid content reduced significantly
in the fermented seed meals. Meals fermented for 14 and 21 days have significantly
higher crude protein than those fermented for 7 days and the control. Crude phorbol
ester and phytic acid in all fermented seed meals and kernel meals also reduced
significantly (p < 0.05). Generally, meals fermented for 14 and 21 days have lower
antinutrients than the control meals and those fermented for 7 days. It could therefore
be concluded Jatropha kernels meals can be detoxified by solid state fermentation.r-~

u 0 ."
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CHAPTER ONE

1.0 INTRODUCTION

Generally, fish meal (FM) is utilized in poultry and fish feeds as the main source of

dietary protein. Current world production of fish meal is approximately 6-7 million

tons annually, and this level of production is expected to remain stable over the next

10 years (New and Wijkstrorn, 2002; Mazurkiewicz, 2009). In recent years, its

increasing cost, decreasing availability in the market and poor quality as well as the

rapid expansion of poultry and aquaculture industries have stimulated several studies

on its partial or complete substitution with alternative protein sources (Kaushik et al.,

1995; Fournier et al., 2004; SOFIA, 2007 ). Reducing the FM content of animal feeds

is a strategy to increase the sustainability of animal production by reducing feed costs

as well as reducing the environmental impact. For this reason, several efforts are now

being made towards utilization of agricultural by-products and agro-industrial by-

products as sources of animal feed.

Protein ingredients to substitute for FM, either partially or completely included

terrestrial plant meals and animal by-products readily available on the world markets

(Samocha et al., 2004). Hasan et al. (1997), Hossain and Jauncey (1989), Hossain et

al. (2001), Kumar et al. (2008, 2009a, b, c) and Mazurkiewicz (2009) evaluated use

of various oil seeds as protein sources in commercial animal diet. Soybean meal

(SBM) is currently the most commonly used plant protein source in livestock and fish

feeds and amounts to 50% of the diet of freshwater omnivorous fish species (Yue and

Zhou, 2009). In many countries, SBM and soybean oil used in feed formulation are

1

www.udsspace.uds.edu.gh 

 

 

 

 



imported, which increase feed costs. This is the case in Europe and many tropical

countries, especially in sub-Saharan Africa where soybean production is fairly limited

due mainly to climatic and geographical constraints. The over-dependence has caused

the price of SBM to increase sharply (Azaza et al., 2009). The high cost of protein

sources, their restricted availability and the unpredictability of their markets, increase

the need for utilization of other inexpensive plant protein source which would be

beneficial in reducing feed cost (Yue and Zhou, 2009). In this regard, Jatropha has

been paid a special attention as various parts/products of the plant hold potential for

use as animal feed and inclusion in medicinal preparations (Goel et al., 2007).

Jatropha curcas (L.) also known as 'Physic nut' is a multipurpose and drought-

resistant small industrial tree or shrub, widespread throughout the arid and semi-arid

tropical and subtropical regions of the world (Heller, 1996; Wiesenhutter, 2003).

Jatropha plant can yield up to 4 tons seed per year from one hectare of plantation,

which can produce approximately 1 ton of kernel meal rich in protein (Makkar and

Becker, 1997b). The International Jatropha Organization has projected that in 2017

there will be around 32.72 million hectares of land cultivated worldwide with J

curcas, producing 160 million tons of seeds (Siang, 2009). This means that there is a

possibility of producing enough Jatropha kernel meal to meet growing livestock and

aquaculture industry demand. Many parts of the plant are used in various tropical

countries for treatment of a variety of ailments (Duke, 1985), soap production

(Henning, 1994; Kohli et al., 2009) and manufacture of organic fertilizer (Sherchan et

al., 1989). However, the seeds of the plant have been extensively investigated as a

source of oil. The seed kernel contains about 60% oil that can be converted into

2
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biodiesel of high quality upon transesterification and used as a substitute for diesel

fuel (Makkar et al., 2007a) as well as fuel for cooking and lighting (Ishii et al., 1987;

Munch and Kiefer, 1989; Ouedraogo et al., 1991; Lutz, 1992). The Jatropha seed oil

contains 21 % and 79 % saturated fatty acids and unsaturated fatty acids respectively

(Raja et al., 2011). The kernel meal obtained after oil extraction is an excellent source

of nutrients and contains 58-62% crude protein (Makkar et al., 2008). The

percentage of essential amino acids and mineral contents is comparable: to those of

other seed and press cakes used as a fodder (Trabi et al., 1997). Hence, the Jatropha

seed meal has a great potential to complement and substitute soybean meal as a

protein source in livestock diets (Makkar and Becker, 1997b).

However, the presence of high levels of antinutritional factors including trypsin

inhibitor; lectin, phytate (Makkar et al., 2008) and phorbol esters (Makkar and

Becker, 1997a; Martinez-Herrera et al., 2006) in the seed and other parts of the plant

restrict its use as animal feed. Heat-labile antinutrients, protease inhibitors and lectins

are easy to inactivate by moist heating (Makkar and Becker, 2009). Organic solvent

extracts from seeds, oil and various parts of the plant have shown molluscicidal,

insecticidal, and fungicidal properties (Nwosu and Okafor, 1995; Meshram et al.,

1996; Makkar and Becker 1997a, 1997b; Solsoloy A.D. and Solsoloy T.S., 1997; Liu

et ai.,1997; Rug and Ruppel, 2000). The seed meal and oil from Jatropha curcas

were also found toxic to mice (Adam, 1974; Zayed et al., 1998), calves, goats and

sheep (Adam and Magzoub, 1975; Stirpe et al., 1976; Ahmed and Adams, 1979a, b;

Joubert et al., 1984; Kronberg et al., 1993; Halaweish et al., 2002), rats and fish

3
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(Liberalino et al., 1988; Makkar and Becker, 1999), chicken (Samia et al., 1992), and

humans (Mampane et al., 1987).

The toxicity of Jatropha curcas seeds is attributed to antinutritional factors (Adolf et

al., 1985, Makkar et al., 1997, Martinez-Herrera et al., 2006). Phorbol esters

(phorbol-12-myristate - 13- acetate) have been identified as the main toxic agent in

Jatropha seeds (Makkar and Becker 1997a, 1997b; Liu et al., 1997).

Phorbol esters are tetracyclic diterpenoids that mimic the action of diacylglycerol

(DAG), activator of protein kinase C (PKC) that interferes with different signal

transduction pathways and other cellular metabolic activities (Bershadsky et al.,

1990; Goel et al., 2007). They are generally found in plant species of the families

Euphorbiaceae and Thymelaeceae. The concentration of phorbol esters in the

Jatropha curcas seed and other parts of the plant depends on the genotype, soil and

climatic conditions (Martinez-Herrera et al., 2006). However, there is still inadequate

data on the chemical compositions and toxicity levels of the locally grown Ghanaian

Jatropha curcas seed and its extracts.

Phorbol esters are toxic smce they have biological effects that include skin

inflammation, tumor promotion, tissue damage, activation of blood platelets,

lymphocyte mitogenesis, prostaglandin production, and stimulation of degranulation

in neutrophils in living cells (Aitken A., 1986; Goel et al., 2007). Accidental

ingestion of Jatropha seeds caused marked giddiness, vomiting, and diarrhea, nausea,

gastro-intestinal irritation, abdominal pain in human (Joubert et al., 1941). Therefore,

detoxification or complete removal of phorbol esters is necessary before Jatropha

4
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seed cake and oil can be used as animal feed or in human medicine (Goel et al.,

2007).

Various chemical and physical treatments have been used to extract or inactivate

phorbol esters so that the seed cake or meals rich in proteins could be used as feed

resources but the results were not good and economically not sustainable. For

example, moist heat treatment alone was not able to destroy phorbol esters (Makkar

and Becker, 1997). Detoxification of Jatropha curcas using heat and chemical

treatments was able to reduce phorbol esters to a level of 0.09 mg/g when Jatropha

curcas meal was heat-treated and washed 4 times with 92% methanol (Aregheore et

al., 2003). The meal derived from this treatment had a crude protein content of most

oil seed meal like soybean (45.7% crude protein). However, it is economically

expensive to detoxify the Jatropha seed meal using this combined treatment approach

(Aregheore et al., 2003). More also methanol and other organic solvents such as

dichloromethane commonly used to extract phorbol esters from Jatropha curcas seed

meals can be harmful to animal health (Saetae and Suntornsuk, 2010). Therefore,

identification and development of microbial consortia or enzymes that could degrade

phorbol esters in feeds, making such feeds suitable for animals could be a more

efficient way to alleviate the negative effects of phorbol esters in Jatropha seed cake.

5
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This study, therefore seeks to achieve the following objectives;

1. To determine the physicochemical properties of Jatropha curcas seeds from four

different geographical zones of Ghana.

2. To determine the proximate and antinutrients composition of the locally grown

Jatropha curcas seed meal.

3. To evaluate the effects of spontaneous- solid state fermentation on the proximate

composition and antinutrients like phorbol esters, tannins and phytate

concentration of Jatropha seed meal.

6
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1. Jatropha Plant

Jatropha curcas (Linnaeus) also known as "Physic nut, Purging nut, Black vomit nut,

American purging nut or Barbados nut is a plant belonging to the tribe Joannesieae in

the family Euphorbiaceae (Heller, 1996; Schrnook and Seralta-Peraza, 1997; Gubitz

et al., 1999; Sirisomboon et al., 2007; Kumar and Sharma, 2008). It is a native of

tropical America, but now thrives in many parts of the tropics and sub-tropics in

Africa, Asia and southern America (Heller, 1996; Schrnook and Seralta-Peraza, 1997;

Gubitz et al., 1999). The genus name Jatropha is derived from the Greek words jatros

(doctor) and trophe (food) (Gubitz et al., 1999). There are two genotypes of J curcas,

toxic and non-toxic. Non-toxic genotype is available only in Mexico. Different

varieties of the plant can however be found which generally include Cape Verde,

Nicaragua, Ife-Nigeria, non-toxic Mexico varieties (Biomass Project, 2000).

Jatropha curcas is regarded as a shrub or small deciduous tree that shed its leaves

during winter season (Kumar and Sharma, 2008). It is, therefore, best adapted to arid

and semi-arid conditions. It grows on well-drained soils with good aeration and is

well adapted to marginal soils with low nutrient content (Ishii et al., 1978; Heller,

1996; Sirisomboon et al., 2007; Kumar and Sharma, 2008). The plant is also drought

resistant and can therefore be grown in low rainfall areas (Munch and Kiefer, 1989;

Heller, 1996; Wiesenhutter, 2003). It can be conveniently propagated from seeds as

well as branch or stern cuttings (Heller, 1996). The plant can be grown over a wide

7
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range of arid or semi-arid climate conditions with a suitable rainfall of 200 - 1500

mm/year (Biomass Project, 2000). Jatropha plant can reach a height generally ranging

from 3-5 m and annual seed yield of about 5 t per hectare is attainable (Raina and

Gaikwad, ~987; Heller, 1996). The plant has an estimated productive life-span of is

about 30 - 50 years (Biomass Project, 2000; Openshaw, 2000; Francis et al., 2005).

2.2 Physical Characteristics of Jatropha curcas

Jatropha plant produces a tri-locular ellipsoidal fruit, the exocarp (hull) remains fresh

(green) until the seeds are mature. The seeds are black and oval in shape and about 2

ern long and 1 em thick (Heller, 1996; Shukla et al., 1996). The deshelled seeds,

caruncles (kernels) are white (Heller, 1996).

2.3 Variation in Seed Number of Fruits

Heller (1996) reported that the fruits of J curcas contain three seeds. However, fruits

with one, two and four seeds were also observed (Makkar et al., 2008). The number

of seeds per fruit varies between 1 and 4 which depends on the genotype of Jatropha

from which seeds are obtained. Highest percentage of fruits contained three seeds,

followed by two seeds for both toxic and non-toxic genotypes of Jatropha (Makkar

and Becker, 1997b; Makkar et al., 2008).

8
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Table 2.1: Variation in seed number per fruit (% of total fruits) of toxic and

non-toxic genotypes of Jatropha

Percent fruits containing ...

Genotype 1seed 2 seeds 3 seeds 4 seeds

Toxic 14.6 ± 1.07 25.7 ± 2.89 52.0 ± 5.77 7.6 ± 3.23

Non-toxic 8.1 ±3.80 23.4 ± 3.83 . 58.3 ± 5.77 10.2 ± 5.61

Makkar and Becker (1997b)

2.4 Fruit, seed, shell, and kernel masses of Jatropha curcas varieties

The average Jatropha curcas fruit weight of Ife-Nigeria variety was reported to be

2.1 g with seed to husk ratio (w/w) of 71.1: 28.9) indicating that the seeds form a

larger proportion of the fruit (Makkar et al., 1998).

The seed, shell and kernel weights or masses and shell/ seed ratio or the kernel -to-

seed ratio for toxic and non- toxic varieties have been reported. A comparative study

on Jatropha curcas varieties showed that the average seed weight ranged between

0.53 - 0.86 g (Makkar et al., 1998). However, an average seed weight of 0.45 - 0.72

g was recorded for Jatropha curcas seed from four provinces of Mexico (Martinez-

Herrera et al., 2006). Similarly, Liberalino et al. (1988) reported that Jatropha

curcas seed of unknown variety weighed about 0.75 g. The average kernel weight

ranged between 0.31 - 0.49 g whereas the average shell weight ranged between 0.13

- 0.23 g (Martinez-Herrera et al., 2006). On an average, 35- 38 % of the seeds was

reported to be shells (Becker and Makkar, 2008) whereas 29.92 - 31..94 % was

reported as the percentage shell of whole seed (Martinez-Herrera et al., 2006). The

9
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kernel mass as percentage of the seed is about 61.5 % for the toxic and 63.9 % for the

non-toxic genotype of Jatropha (Makkar et al., 2008). Similar values were observed

for Jatropha curcas seeds from India, Nicaragua, Cape Verde and Mexico

(Aderibigbe et al., 1997; Makkar et al., 1997; Makkar et al., 1998). However, higher

kernel percentage of whole seed (68.06 -70.08 %) was reported (Martinez-Herrera et

al., 2006). The kernel therefore forms a large proportion ofthe seed.

Table 2.2: Average seed weight, Kernel and Shell masses of Jatropha curcas

varieties.

Variety

Parameter Cape Verde a Nicaragua a Ife-Nigeria b Non-toxic

Mexico C

Average seed wt (g) 0.69 0.86 0.53 0.65

Kernel, % of seed 62.7 62.7 60.0 63.5

Shell, % of seed 37.3 37.3 40 36.5

"Cultivated varieties from Nicaragua; bWild growing variety from Ife, Nigeria; cWild

growing non toxic variety from Mexico. Source: Makkar et al. (1998).

2.5 Chemical Compositions of Jatropha curcas Seed, Kernel, Shell and Husk

The seeds of Jatropha curcas are high in oil and protein. The oil content is about 35

to 40% in the seeds and 50 to 60% in the kernel (Makkar et al., 2008; Raja et al.,

2011). Other studies indicated the seeds of Jatropha curcas contained 6.62 %

moisture; protein (18.2 %); lipid (38.0 %); carbohydrates (17.3 %); fibre (15.5 %);

and 4.5% ash (Gubitz et al., 1999). However, Makkar et al. (1998) reported that

10
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differences in chemical composition exist in the various portions of Jatropha curcas

seed as well as varietal differences as shown in Table 3. Jatropha curcas kernel is

composed mainly oflipid (53.9 - 58.5 %) and proteins (22.2-27.7 %), with very little

moisture « 6 %) and ash (Makkar et al., 1998). The shell of Jatropha curcas seed is

composed mainly of fiber (> 83 % NDF) and> 74 % ADF) and lignin (> 45 %) with

very little protein « 6 %), indicating poor nutritional value, but can be a good source

of fuel because of its high gross energy (Makkar et al., 1998). The seeds of Jatropha

curcas are rich in various micro and macro nutrients as shown in Table 4 (El-Diwani

et al., 2011).

11
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Table 2.3: Chemical composition of kernel, shell and husk of Jatropha curcas varieties

Components Cape Verde Nicaragua Ife-Nigeria Non-toxic Mexico

Kernel Shell Kernel Shell Kernel Shell Husk Kernel Shell

Dry matter (DM %) 96.6 90.3 96.9 90.4 95.7 91.9 91.3 94.2 89.8

Crude protein 22.2 4.3 25.6 4.5 27.7 5.8 6.3 27:2 4.4

Lipid 57.8 0.7 56.8 1.4 53.9 0.8 1.1 58.5 0.5

Ash 3.6 6.0 3.6 6.1 5.0 4.6 15.4 4.3 2.8

Neutral detergent fiber 3.8a 83.9 3.5a 85.8 4.1 89.6 65.9 3.8 89.4

Acid detergent fiber 3.0a 74.6 3.0a 75.6 2.6 79.8 61.3 2.4 78.3

Acid detergent lignin 0.2a 45.1 0.1a 47.5 0.00 47.4 14.4 0.00 45.6

Gross energy (MJ kg -I) 30.7 19.3 30.5 19.5 29.7 19.5 15.6 31.1 19.5

a Calculated from values obtained for fat free samples since high lipid content interfered with fiber determination.

Source: Makkar et al. (1997).
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Table 2.4: Mineral composition of Egyptian Jatropha curcas seed

Mineral Concentration (mg/kg)

Mn 28.37

Fe 0.38

Zn 47.18

K 103.13

Ca 34.21

Na 8.44

Mg 109.8

P 185.17

Source: El-Diwani et al. (2011)

2.6 Fatty acid Profile and Physicochemical properties of Jatropha seed oil

The predominant fatty acids in Jatropha oil consist of monounsaturated (44.9%),

followed by polyunsaturated (33.4%) and saturated (21.6%) fatty acids (Devappa et

al., 2010). Similarly the oil from Jatropha seed was reported to contain 21% and 79%

saturated and unsaturated fatty acids respectively Raja et al. (2011). The major fatty

acids in Jatropha oil are oleic (44%), linoleic (33.3%), palmitic (14.7%) and 6.7%

stearic acids (Devappa et al., 2010). These higher levels of polyunsaturated fatty

acids in the Jatropha oil could be considered advantageous for human health as well

as suitable for incorporation in animals feed. General fatty acids composition- of toxic

and non- toxic genotypes of Jatropha curcas is shown in Table 2.5.

13
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Table 2.5: General composition of oil from toxic and non- toxic Mexican
genotypes of Jatropha curcas

Fatty acid composition (%) Toxic Non - toxic

Myristic (14: 0) 0.1 0.2

Palmitic (16: 0) 15.3 13.4

Heptadecanoic (17:0) 0.1 0.1

Stearic (18:0) 6.6 6.4

Arachidic (20:0) 0.2 0.2

Behenic (22:0) trace trace

Lignoceric (24:0) 0.1 trace

Total saturated Fatty acids 22.3 20.3

Palmitoleic (16: 1) 0.9 0.8

Oleic (18:1) 41.0 36.5

Eicosenoic (20: 1) 0.1 0.1

Total monounsaturated Fatty acids 42 37.3

Linoleic (18 :2) 35.3 42.1

u- Linolenic (18:3) 0.3 0.2

Total polyunsaturated Fatty acids 35.7 42.3

Source: Makkar and Becker (2009a).

Table 2.6: Physicochemical parameters of Jatropha curcas oil

Composition Percentage

Colour (Appearance) Light yellow (golden) liquid

Specific gravity 0.8601

Refractive index 1.4735

Free fatty acid (%) 4.54

Acid value (mg.KOH. g -I) 4.24

Saponification value (mg.KOH. g -I) 169.9

Iodine value (mg. h. g -I) 111.6

Peroxide value (mg reac. O2 g -I) 3.5

Source: Adebowale and Adedire (2006)
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2.7 Chemical Composition and digestibility of Jatropha curcas Seed Cake and

Kernel Meal

The oil extraction from Jatropha seed result in a massive amount of the seedcake.

In practicality, 4 kilograms of fresh Jatropha seeds can yield only 1 kilogram of

Jatropha oils. Therefore this creates a large amount (about 3 kg) of solid by-product

left after an oil extraction (Achtena et al., 2008). The seed cake left as a by-product

after oil extraction from whole seed by screw press has approximately, 22 % crude

protein and high content (500g/kg) indigestible shells (Makkar and Becker, 2009b).

Similarly, Saeta and Suntornsuk (2010) also reported that seed meals of Jatropha

curcas varieties have dry matter values between (93.5-93.6 %) with protein and fat

contents of 23.4 -23.8 % and 14.9-18.0 % respectively; crude fiber (10.0 -10.9 %)

and ash (7.2 -8.4). However, Jatropha kernel meal which is obtained after the kernel

(seed without shell) is defatted has a high crude protein content of between 56.1- 64.4

% of which about 91 % is true protein (Makkar et al., 1998). Therefore, there is a

need to separate high quality protein kernels from the shells. The chemical

composition of kernel meals of four varieties of Jatropha curcas and soyabean meal

were reported by Makkar and co-workers is shown in Table 7. Jatropha curcas seed

cake is reported to be rich in some soil macro nutrients like nitrogen, phosphorous

and potassium. The seed cake of Jatropha contains 5.7-6.5% N, 2.6-3.0% P20S, 0.9-

1.0% K20, 0.6-0.7% CaO and 1.3-1.4% MgO (Makkar and Becker, 1997b).

Similarly, Kumar and Sharma (2008) reported that the percentages of nitrogen {N),

phosphorus (P), and Potassium (K) in deoiled Jatropha curcas seed cake were 3.2-

4.5%,1.4-2.1 %, and 1.2 -1.7 % respectively.
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Table 2.7: Chemical composition (% in DM) of Kernel meals of Jatropha curcas varieties and soyabean meal

Component Cape Verde Nicaragua Ife-Nigeria Non-toxic Mexico Soyabean meal

Crude protein 56.4 (57.3) 61.2 (61.9) 55.7 (56.1) 63.8 (64.4) 45.7 (46.5)

Lipid 1.5 1.2 0.8 1.0 1.8

Ash 9.6 10.4 9.6 9.8 6.4

Neutral detergent fiber 9.0 8.1 8.9 9.1 17.2

Acid detergent fiber 7.0 6.8 5.6 5.7 12.2

Acid detergent lignin 0.4 0.3 0.1 0.1 0.0

Gross energy (M] kg -I) 18.2 18.3 17.8 18.0 19.4

Source: Makkar et al. (1997).

DM = Dry matter
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2.8 Amino acids profile of Jatropha curcas kernel meal

The amino acid composition of meals from Jatropha curcas varieties is shown Table

3. The levels of all essential amino acids, except lysine are comparable with the FAO

reference protein for a growing child of 2 to 5 years of age. A comparison between

the amino acid composition of Jatropha meal and soya beans (Vasconceles et al.,

1997) revealed an almost similar pattern for all essential amino acids, except lysine

and sulphur amino acids; lysine is lower and sulphur amino acids higher in the

Jatropha meals. The non-protein nitrogen in Jatropha meal formed only 9.0% of the

total nitrogen in the Jatropha meals suggesting the presence of high levels (91%) of

true protein (Makkar et al., 1998). Similarly, Trabi et al. (1997) reported that the

percentage of essential amino acids and mineral is comparable to those of other seed

and press cakes used as a fodder.
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Table 2.8: Amino acid composition of Jatropha curcas varieties, FOA Reference protein, and soyabean

Amino acids Amino acid composition (g 16 g-l N)
Cape Verde Nicaragua Non-toxic Castor bean a FAO Reference b Soyabean C

Mexico
Lysine 4.28 3.74 3.40 3.86 5.80 6.08
Leucine 6.94 7.03 7.50 4.48 6.60 7.72
Isoleucine 4.53 4.46 4.85 6.27 }2.5 4.62
Methionine 1.91 1.56 1.76 1.65 1.22
Cystine 2.24 1.76 1.58 1.42 }6.30 1.70
Phenylalanine 4.34 4.52 4.89 4.04 4.84
Tyrosine 2.99 2.79 3.78 2.65 3.50 3.39
Valine 5.19 5.24 5.30 5.53 1.90 4.59
Histidine 3.30 3.20 3.08 2.19 3.40 2.50
Threonine 3.96 3.71 3.59 3.35 - 3.76
Serine 4.80 4.88 4.82 5.60 - 5.67
Glutamic acid 14.68 15.4 15.91 19.48 - 16.90
Aspartic acid 9.49 9.73 9.92 9.60 - 11.30
Proline 4.96 5.27 3.80 4.02 - 4.86
Glycine 4.92 4.66 4.61 4.22 - 4.01
Alanine 5.21 5.04 4.94 4.31 - 4.23
Arginine 11.8 13.2 12.90 12.21 - 7.13
Tryptophan 1.31 1.23 - - 1.10 1.24
-
a Rhee (1987)

b Data from FAO/WHO/UNO (1985) and FAO and WHO (1990); taken from Zarkadas et al. (1995)

C Bau et al. (1994).
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Table 2.9: Levels of sugars of non-starch polysaccharides in Jatropha kernel
meal (% Dry matter)

Sugar type

Genotype Rha Fuc Ara Xyl Man Gal Glu GlcA GaiA Total-

NSP

Toxic 0.2 0.1 2.5 1.2 0.3 1.2 4.7 0.9 I 2.6 12.7

Non-toxic 0.2 0.1 2.7 1.4 0.3 1.2 4.7 0.0 3.0 13.6

Rha, rhamnose; Fuc, fucose; Ara, arabinose; Xyl, xylose; Man, mannose; Gal,

galactose, GIu, glucose; GIcA, glucuronic acid; GalA, galacturonic acid; NSP, non-

starch polysaccharides; Source: Makkar and Becker (2009).

2.9 Digestibility of Jatropha kernel meal

Digestibility and metabolizable energy of heat-treated Jatropha kernel meals using in

vitro gas method (Menke et al., 1979) indicates that toxic and non-toxic genotypes of

Jatropha have lower values compared to soyabean meal as shown in the Table 9.

However, digestibility of Jatropha kernel meal protein, treated with pepsin followed

by trypsin was similar to that of toasted soybean meal, whereas the in vitro rumen

digestibility of nitrogen was lower (about 50 %) suggesting that Jatropha kernel meal

has high level of rumen -undegradable protein which might be available post-

ruminally (Makkar et al., 1998). This therefore implies that once the meal from

Jatropha kernel is detoxified it could be an excellent source of protein for high

yielding animals.
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Table 2.10: Digestible organic matter, metabolizable energy, protease

digestibility, and rumen-degradable nitrogen of heat-treated (121°C, 66 %

moisture, 30 min) Jatropha kernel meal.

Feed/ Diet type

Parameter Toxic Non- Toasted soybean

toxic meal

Digestible organic matter (%) 78.0 77.3 87.9

Metabolizable energy (MJ/kg) 10.9 10.7 13.3

Pepsin +trypsin digestibility (% of total 89.0 90.1 91.1

nitrogen)

24 h rumen degradable nitrogen 43.3 28.9 80.9

Source: Makkar et al. (1998).

2.10.0 Potential Uses / Applications of Jatropha curcas

Traditionally, Jatropha is planted to control erosion and reclaim eroded areas in arid

and semi-arid tropical and subtropical regions of the world (Heller, 1996;

Wiesenhutter, 2003). The plant is also used for ornamental purpose, mainly in Africa

and America, growing in gardens for their ornamental foliage and flowers (Gubitz et

al., 1999; Openshaw, 2000). It is planted in tropical countries principally as a hedge,

protecting cropland from the cattle, sheep and goats since it is not browsed by goats

and sheep or grazed by cattle (Heller, 1996; Gubitz et al., 1999; Francis et al., 2005;

Openshaw, 2000).

20

www.udsspace.uds.edu.gh 

 

 

 

 



Jatropha curcas plant has currently received much attention due to its potential

applications/ uses in agriculture, medicine /health and industries. The seed oil of the

plant serves as a potential renewable energy source for cooking, lighting and

substitute for diesel fuel (Ishii et al., 1987; Munch and Kiefer, 1989; Ouedraogo et

al., 1991; Lutz, 1992) as well as raw material for making soap, cosmetics and dye

(Gubitz et al., 1999; Openshaw, 2000). The plant also has the potentials as a source

of organic manure for soil enrichment (Sherchan et al., 1989; Gubitz et al., 1999).

Jatropha curcas plant and bypro ducts have potentials for used as bio- insecticide or

pesticide since extracts from the plant exhibit molluscicidal properties (Liu et al.

1997; Rug and Ruppel, 2000; Chan-Bacab and Pena-Rodriguez, 2001); insecticidal

and rodenticidal properties (Duke, 1985; Shelke et al., 1985; Sauerwein et al., 1993;

Nwosu and Okafor, 1995; Solsoloy A. D., 1995; Meshram et al., 1996; Wink et al.

1999) as well as antimicrobial and fungicidal properties (Garcia and Lawas, 1990;

Aiyelaagbe et al., 2000; Churnkaew et al., 2003; Thangavelu et al., 2004; Ogbebor et

al., 2007; Kumar et al., 2006). Jatropha curcas plant also has medicinal or

pharmaceutical applications in the treatments of a variety of ailments skin rashes,

joint rheumatism, jaundice, dysentery, gonorrhea, candidiasis, toothache as well

treating snake bites (Irvin, 1961; Oliver-Bever, 1986; Heller, 1996; Fagbenro-

Beyioku et al., 1998; Gubitz et al., 1999; Lans et al., 2001; Albuquerque, 2006;

Kisangau et al., 2007; Lans, 2007). Phorbols extracted from Jatropha curcas are

tumor inhibitors, inhibit human immunodeficiency virus (HIV) replication, and

possess antileukemic activity and can therefore have beneficial uses in medicine

(Kupchan et al., 1970; Handa et al., 1983; El-Mekkawy et al., 2000). More
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importantly, the large amount of the protein rich cake produced after the oil has been

pressed out from the Jatropha curcas seed has a great potential as feed for livestock

(Makkar and Becker, 1997b).

2.10.1 Potentials of Jatropha seed/kernel meal as Feed for Animals.

The leaves of Jatropha curcas are used as feed for the tusser silk worm (Gubitz et al.,

1999; Openshaw, 2000). Jatropha kernel meal which is obtained after the oil is

extracted has a good nutritional composition with crude protein content of about 60

% (Makkar and Becker, 1997b) and the percentage of essential amino acids and

mineral contents is comparable to those of other seed and press cakes used as a fodder

(Trabi et al., 1997). Jatropha curcas seed/ kernel meal could therefore be used as

animal feed ingredient. However, the presence of anti-nutrients in the kernel meal of

Jatropha varieties prevents its use in animal feed. Therefore Jatropha curcas meal has

great potential to be used as a protein concentrate in animals feed if detoxified

(Makkar et al., 1998; Gubitz et al., 1999; Openshaw, 2000; Foidi et al., 2001;

Sirisomboon et al., 2007; Basha et al., 2009) and detoxified kernel meal can be used

to partially or completely replace soybean meal in livestock (Makkar and Becker,

1997b).

2.11.0 Anti-nutritional Factors in Jatropha curcas seed /kernel meal

Jatropha curcas seed/kernel meal is generated in considerable quantities as a by-

product after seed oil extraction. This byproduct is an excellent source of plant

nutrients (Foidi et al., 2001) but cannot be utilized as animal feed owing to the
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presence of antinutritional factors and toxic compounds (Saetae and Suntornsuk,

2010). Anti-nutrients are substances that by themselves, or as their metabolic

products generated in living systems, interfere with food or feed utilization; affect the

health and reproduction of animals; and produce death at high intake levels (Makkar,

1993). Apart from the high nutritive values of Jatropha curcas, a number of anti-

nutritional factors such as phorbol esters, trypsin inhibitors, lectin, saponin, phytic

acid, and tannins have been identified in seed/kernel meals of Jatropha curcas

varieties that are toxic to living organism (Makkar et al., 1998; Martinez-Herrena et

al., 2006). The levels of anti-nutritional factors in meals of Jatropha curcas varieties

are shown in Table 2.11.
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Table 2.11: Important antinutritional factors in meals of Jatropha varieties and soyabean meal

Component Cape Nicaragua Ife- Non- toxic Soyabean meal"

Verde Nigeria Mexico

Total phenols (% tannic acid equivalent) 0.36 0.29 0.31 0.22

Tannins (% tannic acid equivalent) 0.04 0.03 0.0 0.02

Phytate (% dry matter)" 9.4 10.1 7.2 8.9 1.5

Saponins (% diosgenin equivalent) 2.6 2.0 2.0 3.4 4.7

Lectins (l/mg of meal that produced 102 102 102 51.0 0.32

haemagglutination per ml of assay medium)"

Trypsin inhibitor (mg trypsin inhibited per g 21.3 21.1 18.4 26.5 3.9

sample)"

Phorbolesters (mg/g kernel)" 2.70 2.17 2.30 0.11 -

Source: Makkar et al. (1997). aHeat treated; bOn dry matter basis; 'Equivalent to phorbol- 12-myristate 13-acetate
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Tannins as anti-nutrients are phenolic substances associated with toxic and

antinutritional effects including reduced food/feed intake, growth retardation, and

impaired nutrient absorption (Butler et al., 1986). Jatropha curcas kernel meal

contains negligible amounts of total phenols (0.2-0.4%) and tannins, 0.02-0.04%

(Makkar et al., 1998). Jatropha curcas kernel meal from both toxic and nontoxic

genotypes also contain phytates (phytic acids), ranging from 7.2 to 10.1% (Makkar et

al., 1997). The presence of this phytic acid in non- ruminant diets reduces the

availability of phosphorus to these animals (Liener, 1989) as well reduces the

absorption of minerals like calcium, magnesium, and iron (Duffus & Duffus, 1991)

and dietary protein (Richardson et al., 1985). Saponins are also present in Jatropha

cure as meal as anti-nutrients since they often give bitter taste, when present in high

concentrations and reduce plant palatability in livestock (Sen et al., 1998). The

saponins in J curcas kernel meals are non-hemolytic and their content ranged

between 1.8 and 3.4% as diosgenin equivalent (Makkar et al., 1997, 1998). Lectins

(carbohydrate-binding proteins) disrupt lipid, carbohydrate and protein metabolism,

promote enlargement and/or atrophy of internal organs, and alter the hormonal and

immunological status of animals when consumed in large quantities (Vasconcelos &

Oliveira, 2004). Lectins are present in Jatropha curcas meal in high levels of ranging

between 51-102 (haemagglutination produced per mg meal) (Makker et al., 2007).

Trypsin inhibitory activity in the Jatropha curcas kernel meal of both toxic and

nontoxic genotypes was found to be similar, ranging from 18.4 to 27.3 mgtrypsin

inhibited/g, similar to that in raw soya bean meal (Makkar et al., 1997). The heat -

labile anti-nutrients, protease inhibitors and lectins in Jatropha curcas seed meal are

easily inactivated by heat treatment, 45 min, 121oC, 66% moisture (Makkar and
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Becker, 1999). However, cyanogens, glucosinolates and amylase inhibitors have not

been detected in the Jatropha curcas kernel meals or seeds (Makkar and Becker,

1998). Even though various anti-nutrients are present in varying amounts, diterpenes

(phorbol-l z-rnyristate 13- acetate) has been identified as the principal toxic agent in

Jatropha curcas (Makkar and Becker 1997a, 1997b; Liu et al., 1997; Gubitz et al.,

1999).

2.11.1 Diterpenes (Phorbol Esters) in Jatropha curcas seed/kernel meal

Diterpenes are believed to be the most potent compounds synthesized by Jatropha

species. Among the diterpenes, phorbol esters are considered as the most toxic

molecules in Jatropha species.

The term 'phorbol' is used to describe the family of naturally occurring compounds

referred to as tigliane diterpenes (Evans, 1986). Phorbol esters are therefore

tetracyclic diterpenoids that contain 20 carbon atoms made up of four isoprene units

(Ito et al., 1983). Phorbol esters may also be described as polycyclic compounds in

which two hydroxyl groups on neighboring carbon atoms are esterified to fatty acids

(Evans, 1986).

Phorbol esters are widely distributed in several plant species of the family

Euphorbiaceae and Thymelaeceae. Plants species such as Euphorbia frankiana, E.

cocrulescence, E. ticulli, Sapium indicum, S. japonicum, Croton spareiflorus, C.

tigilium, C. ciliatoglandulifer, Excoecaria agallocha, and Homalanthus nutans, were

also reported to contain the toxin phorbol ester (Beutler et al., 1989). Indirect

exposure to such plants takes place through consumption of animal products polluted
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with toxic phorbol esters, such as honey collected by bees (Sosath et al., 1988), meat

(fish or game) captured in primitive hunting that is rendered toxic by plant materials,

and meat and milk produced from the animals that fed on diets contaminated with

these toxic components (Zayed et al., 1998).

Phorbol esters are hydrophobic, heat stable and lipophilic or oil soluble (Makkar and

Becker, 2009a). Jatropha kernels contain varying concentrations of these esters,

ranging from less than 1 mg/g to more than 7 mg/ g of meal. On average, 70% of all

phorbol esters are retained in the oil and the rest is found in the deoiled kernel meal

(Makkar et al., 2008). The concentration of phorbol esters therefore varies from 2 to 3

mg/g in kernel meal and from 2 to 4 mg/g oil in different provenances of the toxic

Jatropha genotype and about 0.11mg/g meal in non-toxic Mexican variety (Makkar et

al., 1997, 1998). Similarly, Saetae and Suntornsuk (20 I0) reported on the presence of

phorbol esters in Jatropha curcas seed cakes obtained from four provinces of

Thailand: Chiang Mai, Satun, Phitsanulok, and Phrae where the concentrations were

in the range of 0.21-0.47 mg/g dry sample. However, the phorbol esters

concentration in unshelled seed cake from Zimbabwe and Nicaragua were reported to

be higher, 0.70 and 1.79 mg/g respectively (Chivandi et al., 2004; Aregheore et al.,

2003 respectively). Phorbol ester levels in Malaysian, Indonesian and Indian

Jatropha seed oils extracted by mechanical-pressing method were 0.23%, 1.58% and

0.58% respectively (Waled and Jumat, 2009).

The structure of phorbol esters is dependent on the tetracyclic diterpene carbon

skeleton known as tigliane. Tigliane is the fundamental alcohol moiety in the phorbol

esters. This tigliane contains four rings designated as A, B, C, and D as shown in
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Figure 2.1. Hydroxylation of this basic structure at different positions and then ester

bonding to various acid moieties results in formation of large varieties of phorbol

ester compounds. The phorbol, the parent diterpene of phorbol esters, contains five

hydroxyl groups with different reactivity towards acylation (Hecker and Schmidt,

1974). Ring A is on the left and trans linked to the 7-member ring B. Ring C is 6-

membered and cis linked to the cyclopentane D ring. The two categories of phorbols,

a and E, differ in their OH group in ring C. The placement of OH group makes the

phorbol an active (E) or inactive (a) type, which results in spatial arrangement of ring

D and precludes activation of Protein Kinase C (PKC) and other structurally similar

phorbol ester receptors. The inactive a phorbol esters have similar lipophilicity and

physicochemical properties as the active E phorbols, but are unable to activate PKC

due to conformational shifts (Silinsky and Searl, 2003). The widely active phorbols,

TPA (4E-12-0-tetradecanoylphorbol-13-acetate) and PDBu (4E-phorbol-12-13-

dibutyrate) differ only by their substitutions at positions 12 and 13 of ring C. The

nitrogen containing phorbol sapintoxin A was isolated from unripened fruit of

Sapium indicum (Taylor et al., 1981). The structure of this phorbol was confirmed as

12-0 (N-methylaminobenzoyl) 13-0-acetyl 14-deoxy phorbol. The compound was

found to be a rapidly acting proinflammatory agent on mammalian skin, but was less

potent than TPA. Four nitrogen-containing phorbol derivatives from Croton

ciliatoglandulifer, which induces anti-inflammatory activity of ear edema in mice,

were identified and reported to be restricted to members of Euphorbiaceae (Rios and

Aguilar- Guadarrama, 2006).
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FIGURE 2.1: Structure of tetradecanoyl phorbol-13-acetate (TPA) (Evans,
1986).

Recently, various forms of phorbol esters have been isolated from Jatropha curcas

aerial parts and seed oil (Naengchomnong et al., 1986; Hass et al., 2002;

Ravindranath et al., 2004). Six phorbol esters have been identified and characterized

from the seed oil of Jatropha curcas using HPLC method (Haas et al., 2002). The

isolated fractions were named as Jatropha factors C1 to C6 (Fig. 2.2). Factor C1 had

typical bicyclohexane unit, a vinyl group, nonatrienyl residue, and single carbonyl

ester chain at C-12'. Factor C2 differed from factor Cl in length of carbon chain (C-

6' in factor C1 and C-8' in factor C2). Jatropha factors C3 and C6 were reported to

have cyclobutane ring. Factor C6 differed from factor C3 in having trisubstituted

cyclobutane unit rather than tetrasubstituted unit of factor C3 and in length of ester

29

www.udsspace.uds.edu.gh 

 

 

 

 



chain at C-13 of phorbol unit. The absolute stereochemistry and relative configuration

of the cyclobutane unit could not be determined. Jatropha factors C4 and C5 were

isolated as epimers as they were not separated by chromatography. These two units

differed froin factor C 1 in length and position of carbon chains and orientation of

bicyclohexane unit relative to phorbol. All the intramolecular diesters were reported

to build from two separated monoester groups and the two dicarboxylic groups bound

to the OH-13 and OH-16 of the phorbol moiety (Haas et al., 2002).

2~'

Figure 2.2: Structures of Jatropha factors (Cl to C6) from J. curcas (Haas et al.,

2002).
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JATROPHA FACTOR C3

JATROPHA FACTOR C6

Figure 2.2 Continue: Structures of Jatropha factors (Cl to C6) from J. curcas

(Haas et al., 2002).
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2.12.0 Biological Activities of Phorbol Esters

The phorbols and their different derivatives are reported to be potent tumor promoters

since they serve as co-carcinogenes (Berenblum, 1941; Berebblum and Shubik, 1947;

Singer and Underwood, 1962; Hecker, 1978; Horiuchi et al., 1987; Brodie and

Blumberg, 2003; Gonzalez-Guerrico and Kazanitez, 2005). In addition to tumor

promoting effect, phorbol esters induce a remarkable diversity of biochemical and

cellular effects such as skin inflammation (Aitken, A. 1986; Goel et al., 2007); alter

cell morphology (Weinstein et al., 1979; Blumberg, 1980 and 1981; Kinzel et al.,

1984; Pelicci et al., 1984; Testa et al., 1984; Jing et al., 2005); lymphocyte

mitogenesis, induce blood platelet aggregation, prostaglandin production, and

stimulation of degranulation in neutrophils in a wide range of living cells (Reich,

1978; Wigler et al., 1978; Brynes et ai., 1980; Blumberg, 1980 and 1981; Aitken, A.

1986). Decrease in the glucose level, increase in concentration of arginase, glutamate,

and oxaloacetate transaminase in the serum with lack of appetite, reduced water

intake, diarrhea, dehydration, and other hemorrhagic effects in different organs were

observed in goats fed with materials containing phorbol esters (Adam and Magzoub,

1975). More also ingestion of phorbol ester containing plant material results in death

of animals, reduced milk yield and reproduction as well as contamination of milk

with toxic constituents (Forsyth, 1968). Phorbol esters exhibit wide ranges of

biochemical and cellular effects because they stimulate Protein Kinase C _(PKC),

which is involved in signal transduction and developmental processes of most of the

cells and tissues (Blumberg, 1980 and 1981).
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2.12.1 Action of Phorbol Esters on Protein Kinase C (PKC)

The primary action of phorbol esters is on biological membranes. The phorbol esters

are amphiphillic molecules and have tendency to bind to phospholipid membrane

receptors. These receptors are usually the primary targets for the phorbol esters. The

initial membrane effects include modification in activities of cell receptors, enhanced

intake of 2 -deoxyglucose and other nutrients, altered cell adhesion, induction of

arachidonic acid release and prostaglandin synthesis, inhibition of binding of

epidermal growth factor to cell surface receptors, and altered lipid metabolism

(Weinstein et al., 1979).

The most investigated activity of the phorbol is its binding and activation of PKC,

which plays a critical role in signal transduction pathway and regulate cell growth and

differentiation (Clemens et al., 1992; Nishizuka, 1992). It has been proposed that the

phorbol esters convert PKC into a constitutive active form that is irreversibly inserted

into the membrane (Mosior and Newton, 1995). During normal signal transduction,

the enzyme (PKC) is activated by diacylglycerol (DAG), which is then rapidly

hydrolyzed. Diacylglycerol is responsible for activating PKC function by increasing

its affinity for phospahtidylserine (PS)-containing membranes. Upon activation, PKC

enzymes are translocated to the plasma membrane by RACK (receptor for activated

C-kinase) proteins (membrane-bound receptor protein for activated PKC) to conduct

various other signal transduction pathways. The phorbol acts as analogue for

diacylglycerol and is a stronger PKC activator that is hardly metabolized by cell

(Segal et al., 1975). It hyperactivates PKC and triggers cell proliferation, thus

amplifying the efficacy of carcinogens. These phorbols can both activate PKC and
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after longer incubation down-regulate the enzyme (Silinsky and Searl, 2003). The

regulation of PKC by diacylglycerol (DAG) and phorbols occur by the same

mechanism, with some differences in the strength of interaction (Mosior and Newton,

1995). Bryostatin, a macrocyclic lactone isolated from the marine invertebrate Bugula

neritine (Pettit et al., 1982), also activates PKC. However, in contrast to phorbol

esters, it is not a carcinogen or a complete tumor promoter (Hennings et al., 1987).

Bryostatin elicits some of the same acute cellular responses as phorbol 12-myristate

13-acetate (PMA) but antagonizes chronic responses provoked by PMA (Lee et al.,

1997). Bryostatin also induces the differentiation of myeloid and lymphoid cell lines,

induces platelet aggregation, affects gene expression, and possesses significant

antitumor activity (Amador et al., 2003).

The PMA has been shown to provoke the concentration- and time-dependent decrease

of mRNA coding for the enzymes such as phosphophenol pyruvate carboxykinase in

H4IIE cell lines, the key enzyme in gluconeogenesis (Chu and Granner, 1986). It

overtakes the stimulatory effects of cyclic AMP (cAMP) and glucocorticoid

analogues on the transcription process. The phorbol esters also affect the activity of

tyrosine hydrolxylase phosphorylation (THP), which plays a key role in

catecholamine biosynthesis. The TPA phosphorylates phosphoproteins, resulting in

enhancement of dihydroxypehnylalanine followed by increase in tyrosine

hydrolxylase phosphorylation (THP) activity (Pocotte and Holz, 1986). The activity

of phorbol esters on biological membranes induces several inflammatory responses as

summarized in Fig.2.3.
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Phorbol ester

/
Histamine release

Vascular remodelling Integrin activation
Release of proteases, cytokines

IL-2 release and activation of NADPH oxidase
on leucocytes

1 1 1 1
Leakage of plasma Transendothelial Clonal expansion Tissue damage

cell migration

1 1
Tumor, redness, heat Pain

Figure 2.3.Inflammatory responses induced by phorbol esters (Goel et aI., 2007).

2.13 Extraction of Phorbol Esters from Jatropha curcas

Generally, methanol was a good solvent for the extraction of bioactive compounds

from plant parts. It was used for phorbol ester extraction from seeds, kernels, shells,

and seed oil of Jatropha curcas (Liu et al., 1997; Hass and Mittelbach, 2000; Rug, M.

and A. Ruppel, 2000; Martinez-Herrera et al., 2006). However, Makkar et al. (1997)

used dichloromethane to extract phorbol esters from Jatropha curcas seed meal.

Methanol, ethanol, and dichloromethane (analytical grade) at various concentrations

[50%, 70%, 90%, 95%, and 99.5% (v/v)], and distilled water (100%) were used as

extractants. It was observed that when these extractant types and concentrations were

used for the extraction from 5-g seed cake, using 20 ml of each extractant, at a

shaking speed of 250 rpm for 5 mm, with 5 repeated extractions, the types and
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concentrations of extractants affected phorbol ester extraction, as indicated in the

Table 2.12. Phorbol esters were extracted by methanol, ethanol, and dichloromethane.

However, 99.S% (v/v) methanol and 90% (v/v) ethanol showed much higher

efficiencies of phorbol ester extraction than dichloromethane at all concentrations and

methanol and ethanol at other concentrations. Similarly, 90 % ethanol was reported to

be effective as 99.S% (v/v) methanol and could therefore be used as an alternative

extractant for phorbol esters in Jatropha curcas seed cake. However, phorbol esters

could not be extracted by distilled water (Saetae and Suntornsuk, 2010).

Table 2.12: Effect of types and concentrations of extractant on phorbol ester

extraction from J. curcas seed cake (on dry matter basis)

Concentration Phorbol esters (Phorbol esters (mg phorbol esters /g dry

(%, v/v) sample)*

Methanol Ethanol Dichloromethane Distilled water

SO O.OSa± 0.02 0.09a ± 0.02 0.04a± 0.01 -

70 0.27b ± 0.09 0.20b ± 0.02 0.03a ± 0.01 -

90 0.36b ± O.OS 0.430 ± 0.00 0.03a ± 0.02 -

9S - 0.3Sc ± 0.04 - -

99.S 0.47c ± 0.00 - O.OSb± 0.01 -

100 - - - ND

*Mean ± SD of triplicate analyses; 1Equivalent to phorbol-12-myristate-13-acetate;

ND: Not detected. -: Not analyzed; a, b, c, d Mean values with different letters in the

same column are significantly different (p<O.OS). Source: Saetae and Suntornsuk

(2010). SD = Standard deviation.
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2.14.0 Optimum Conditions for Phorbol Ester Extraction

The naturally occurring phorbol esters are unstable and are susceptible to oxidation,

hydrolysis, transesterification, and epimerization during isolation procedures (Haas et

al., 2002). Due to their oxygen sensitivity, the isolation must be conducted in oxygen-

free conditions: solvents must be degassed (Goel et al., 2007). However, below are

other factors that affect phorbol esters extraction from Jatropha seed cake.

2.14.1 Effect of Extractant Volume on Phorbol Ester Extraction

Saetae and Suntomsuk (2010) observed that when three volumes (15, 20 and 25 ml)

of 90% ('11'1) ethanol were used for the extractions of phorbol esters from 5-g seed

cake, at a shaking speed of 250 rpm for 5 min, with 5 repeated extractions, the

volumes of ethanol had no effect on phorbol ester extraction from the seed cake. An

range of 0.41-0.43 mg phorbol esters/g dry sample was extracted by 15-25 ml of 90%

('11'1) ethanol.

2.14.2 Effect of Number of Extractions on Phorbol Ester Extraction

The number of repeated extractions of phorbol esters from Jatropha curcas seed meal

was shown to have effect on phorbol ester extraction. When 15 ml of 90% ('11'1)

ethanol was used as a solvent for extractions of phorbol esters from 5-g seed cake, at

a shaking speed of 250 rpm for 5 min, the phorbol ester concentrations varied among

the number of extractions made (Saetae and Suntomsuk, 2010). Five repeated

extractions produced no significant difference in phorbol ester extraction from 4

repeated extractions and that both gave much higher phorbol ester yields than fewer

numbers of repeated extractions as when in figure 3 below. Similarly, Makkar and
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Becker (1997) reported that five repeated extractions using dichloromethane as the

extractant gave the maximum yield of phorbol esters.

c c-

r--- -~
-

bb
r---

r---

I'

a
I I I I I

1 2 3 4
Repeated
extraction5

Figure 2.4: Effect of number of extractions on phorbol ester extraction from J.

curcas seed cake (on dry matter basis). a,b,cMeanvalues with different letters are

significantly different (p < 0.05). Source: Saetae and Suntornsuk (2010).

2.14.3 Effect of Extraction Time (duration) on Phorbol Ester Extraction

The effect of extraction time on phorbol ester extraction was reported by Saetae and

Suntornsuk (2010) during their study on antifungal activities of ethanolic extract from

Jatropha curcas seed cake. Various extraction times were carried out for each

extraction using 15 ml of 90% (v/v) ethanol as a solvent for extractions from 5-g seed
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cake, at a shaking speed of 250 rpm, and 4 repeated extractions. Results showed that

5-30 minlextractions had no significant difference on phorbol ester extraction, giving

phorbol esters in the range of 0.43-0.45 mg /g dry sample.

2.14.4 Effect of Shaking Speed on Phorbol Ester Extraction

The effect of different shaking speeds (150-300 rpm) on phorbol esters extraction

from Jatropha curcas meal was studied using 15 ml of 90% (v/v) ethanol as a solvent

for extractions from 5-g seed cake, for a 5-min extraction time, with 4 repeated

extractions. It was reported that shaking speed within the range (150-300 rpm) had no

significant difference on phorbol esters extraction with the phorbol ester contents of

0.43-0.44 mg/g dry sample (Saetae and Suntornsuk, 2010).

2.15 .0 Detoxification of Jatropha curcas Seed Meal

There are various methods of destroying, removing or inactivating toxic substances in

food in order to make them harmless to humans and livestock. Detoxification

processes may include physical, chemical or biological (e.g. Microbial or Enzymatic)

methods or a combination of these methods.

2.15.1 Physical and Chemical Methods for Detoxifying Jatropha curcas Seed

Meal

Various physical and chemical ways of eliminating the negative effects of anti-

nutritional factors in Jatropha seed meal have been studied. Makkar and Becker

(1999) explored the heat-treated and untreated non-toxic variety of Jatropha curcas

as animal feed and reported that this variety results in a promising protein efficiency
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ratio (PER) and feed conversion ratio with simultaneous decrease in trypsin inhibition

and lectin activities when tested in rats and fish (Carp, Cyprinus carpio). The protein

efficiency ratio (PER) for unheated and heated Jatropha meal-containing diet was

37% and 86%, respectively, of the casein in rats. The trypsin inhibitor and lectin

activities decreased more than 83% and 99%, respectively, after 30 and 45 min of

heat treatment. Heat-treated seed meal of the nontoxic variety of J curcas was found

to be comparable to commercially available soybean meal in nutritional quality for

common carp. However, heat treatment alone was not able to destroy phorbol esters

in Jatropha seed meals (Makkar et al., 1998). On the other hand, heat treatment

followed by solvent extraction to remove phorbol esters could result in elimination of

most of the antinutrients and toxins from the toxic variety. The meal treated in this

manner was found to be innocuous to rats. The heat treatment in combination with

the chemical treatment of sodium hydroxide and sodium hypochlorite has also been

reported to decrease the phorbol ester level in Jatropha seed meal to 75 % (Goel et

al., 2007). Similarly, phorbol esters were reduced to a level of 0.09 mg/g when

Jatropha curcas meal was heat-treated and washed 4 times with 92 % methanol. The

meal derived from this treatment had a crude protein content of most oil seed meal

e.g. soybean (45.7 %, crude protein) (Aregheore et al., 2003).

r

More also, deacidification of Jatropha curcas seed oil with sodium hydroxide and

potassium hydroxide and bleaching with different agents was reported to reduce

phorbol ester level to 55 %; degumming and deodorization treatments decreased

phorbol esters to a lower extent. The degumming also removed lecithin while the

deodorization was used to remove the undesirable volatile and odoriferous materials.
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The treatment with 2.5 M KOH with 20 % stoichiometric excess of base at 70°C for

20 min was able to reduce the phorbol ester content from 0.31 % in degummed oil to

0.22 % (Hass and Mittelbach, 2000). The effects of chemical treatments (sodium

bicarbonate NaHC03, ozonation, and ethanol extraction) and physical treatments

(heat treatment and r; -irradiation) on phorbol esters in Jatropha cure as meal were

also studied. It was reported that about 75.26 % of phorbol ester in the meal of

Jatropha curcas was removed with NaHC03 (0.1- 0.5 M) moist treatment for 30

minutes combined with 3 minutes ozone treatment (50 mg/L). Whereas r; -

irradiation achieved 71.35 % successful phorbol esters removal at 50 kGy for 30

minutes irradiation. On the other hand, NaHC03 treatment combined with heat

treatment (90°C for 30 minutes) removed 55.95% phorbol esters from the meal while

NaHC03 moist combined with heat treatment and water wash removed 76.48 % of

the phorbol esters. However, NaHC03 moist treatment alone detoxified the meal by

44.54 % from phorbol esters (EI- Diwani et al., 2011).

2.15.2 Limitations to the use of Chemical and Heat Treatments Methods of

Detoxifying Jatropha Seed Meal

Although chemical and heat treatments are promising approaches of detoxifying

Jatropha curcas seed meal, it is expensive in economic terms to produce detoxified

Jatropha curcas meal by these combined approaches since heat treatment alone could

not remove phorbol esters from Jatropha seed meal (Aregheore et al., 2003). In

addition most of the chemicals like methanol and dichloromethane that are used in

the extraction of phorbols esters, however, are both harmful and relatively expensive
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(Saetae and Suntomsuk, 2010). Therefore there is the need to develop cheap and safer

ways of detoxifying Jatropha curcas meal by the use of fermentation approaches.

r

2.15.3 Microbial/Enzymatic Degradation of Toxics in Jatropha Seed Meal

Hyles euphorbiae larvae are reported to detoxify tetradecanol phorbol -13 acetate

(TPA) when administered orally. These larvae were able to metabolize nearly 70% to

90% of the phorbol ester and about 10% to 30% was retained and recovered in the

faeces. A potential detoxifying strategy was suggested where the larvae first store the

toxic compound in an inert compartment and then by specific metabolism and

detoxification, they excrete the toxin and its metabolites (Hundsdoerfer et al., 2005).

Liver carboxylesterase are also reported to detoxify the phorbols (Mentlein, 1986).

Different cellular fractions such as the microsomal and cytosolic fractions have been

reported to hydrolyse TPA. Berry et al. (1978) reported the hydrolysis of C-13 ester

linkage, whereas Shoyab et al. (1981) reported on the hydrolysis of C-12 ester group

from microsomal and cytosolic fractions, respectively. Mentlein (1986) reported two

esterases, acylcamitine hydrolase and diacylglycerol lipase from rat liver

homogenate, possessing TPA hydrolyzing activity. The hydrolysis products of TPA,

12-0-tetradecanoyl phorbol (TP) and phorbol acetate (PA) make TPA inactive as

tumor promoters (Mentlein, 1986). Chetna Joshi et al. (2011) observed complete

degradation of phorbol esters by Pseudomonas aeruginosa PseA strain in solid state

fermentation (SSF) of deoiled Jatropha curcas seed cake. Phorbol esters were

completely degraded in nine days when 5.0 g deoiled cake was moistened with 5.0 ml

distilled water; inoculated with 1.5 ml of Pseudomonas aeruginosa PseA strain and

incubation at a temperature 30°C, pH 7.0 and RH 65 %. Similarly, the chemical
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composition of Jatropha curcas kernel meals were altered following seven -days

fermentation with the fungi Aspergillus niger, Penicillium chrysogenum, Rhizopus

oligosporus, Rhizopus nigricans and Trichoderma longibrachitum. Significant

increase in the crude protein content of all the fungi treated samples with Aspergillus

niger and T longbrachitum treated cake were recorded as shown in Table 2.13. The

content of the trypsin inhibitor reduced significantly in the fungi treated samples

(6.50 - 8.23) as compared to 18.6 mg/kg in the control. The lectin, saponins, phytate

and phorbol ester contents followed similar trend as indicated in Table 2.14. It was

therefore concluded that solid state fermentation of Jatropha kernel cake could

detoxify and inactivate almost 100 % of the anti-nutrient contents except phorbol

ester to a tolerable level in the Aspergillus niger treated sample (Belewu and Sam,

2010). Similar results were reported by Jacqueline and Visser (1996), Belewu (2008)

and Belewu et al. (2009) who used similar fungi in the treatment of Jatropha curcas

seed cake and discarded cell phone recharged cards. The increment in the protein

content was attributed to the addition of microbial protein during the process of

fermentation. The decrease in the various toxin levels could be due to the production

of various enzymes (including cellulase, xylanase, xylosidases, hemicellulase,

amylases, beta glycosidase, proteinases, pectinases, and alphagalactosidae) during

the vegetative and reproductive phases of the fungi and these enzymes, secreted

during incubation period, could have contributed to the detoxification of the Jatropha

kernel cake (Jacqueline and Visser, 1996).
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Table 2.13: Proximate composition of the fungi treated and untreated J. curcas cake.

Parameters Untreated Penicillium R. oligosporus R. nigricans A. niger T.
(%) sample treated treated sample treated sample treated longibrachitum

(control) sample sample treated sample
Dry matter 80.70 77.40 76.35 75.65 90.20 88.05

Crude Protein 37.82c 48.18b 49.22b 52.49b 65.75a 63.06a

Crude fibre 6.50b 6.70b 5.96b 6.87b 5.70b 11.70a

Ether extract 13.18b 12.00b 12.55b 16.20a 10.70b 11.75b

Ash 4.68b 5.80b 6.00a 5.17b 5.26b 5.17b

Means along the same row with similar superscripts are not significantly different (p > 0.05). Source: Belewu and Sam
(2010).

Table 2.14: Antinutritional factors of fungi treated and untreated J. curcas kernel cake.

Parameters Untreated Penicillium R. oligosporus R. nigricans A. niger T.
(%) sample treated treated sample treated treated longibrachitum

(control) sample sample sample treated sample
Trypsin 20.51 a 8.23b 8.15b 8.01 b 6.50c 7.98b

inhibitor
Lectin 34.36a 15.25b 14.75b l3.98b 7.58c 14.10b

Saponin 2.47a 0.53b 0.33b 0.22c 0.13d 0.43b

Phytate 9.10a 4.32b 4.18b 3.88b 2.7Oc 4.12b

Phorbolester 0.013a 0.011 a 0.012a 0.010a 0.003b 0.011 a

Means with different super scribes along the same row are significantly different from each other (p < 0.05). Source:
Belewu and Sam (2010).
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CHAPTER THREE

3.0 Materials and Methodologies

3.1 Study Area

This study' was conducted at the laboratories of the Department of Biotechnology,

University for Development Studies (UDS), Nyankpala campus, Savanna Agriculture

Research Institute (SARI), Nyankpala and the Chemistry Department of Kwame

Nkrumah University of Science and Technology (KNUST), Kumasi. Fermentation of

Jatropha curcas meals, proximate analysis, and crude phorbol ester determination in

Jatropha samples were carried out at the laboratories of the UDS while crude fibre

and mineral determination in samples were conducted at the laboratory of SARI.

Tannins and phytic acid analysis was carried out at the laboratory of KNUST,

Kumasi.

3.2 Equipment Used

Mechanical hydraulic press, Kjedhal apparatus, Soxtec apparatus, flame photometer,

spectrophotometer, Atomic Absorption Spectrophotometer (AAS), mechanical

shaker, rotavaporator, Muffle furnace, electric oven, electric weighing scale,

refrigerator.

3.3 Experimental Design
The Completely Randomized Design (CRD) was used in all the studies. Single -

factor experiment was conducted to compare the effect(s) of spontaneous solid - state

fermentation at intervals of 7, 14 and 21 days on the chemical composition of treated

meals against the control (unfermented meals). Each treatment was replicated five

times during the study.
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3.4 Collection of Jatropha curcas Seeds and Agro-climatic Conditions

Mature seeds of Jatropha curcas were obtained from the ripped fruits of locally

grown Jatropha curcas plant from four different geographical locations of Ghana in

the month ,of December, 2011, The agro-climatic details of the different regions in

Ghana, from where the Jatropha curcas seeds were collected, are as follows: (1)

Nyankpala, Northern Region (Guinea savanna zone, Lat. 09° 25'N, long, 00° 58' W;

Average temperature 28,3°C; Annual rainfall 1043 mm, SARI, 2005); (2) Dambai,

Volta region(Transitional zone, Lat. 7° 40'N and long, 0° 6'E; Average temperature

27°C; Annual rainfall 1,120 mm); (3) Wa, Upper west region (Guinea

Savanna/Sudan Savanna, Lat. 10° 4' N, long, 2° 30' W, Average temperature 29°C,

Annual rainfall 900 mm); and (4) Techiman, Brong Ahafo region (Transitional

forest, located on Lat7° 35' N and long, 1° 56'W average temperature 24,5 -c,

Annual rainfall 1140 - 1270 mm). Soon after the harvesting of the fruits, the seeds

were manually removed from the husk (Plate 3,1) and stored in well labeled plastic

containers at room temperature prior to further use and analysis.

3.5 Determination of Physical Characteristics of Jatropha curcas Seed

The average whole seed, kernel, and shell weights of Jatropha curcas seed samples

were determined according to the method described (Makkar et al., 2008). Forty

seeds were randomly selected from each group of Jatropha curcas seeds for

determination of average weight of seed, shell, and kernel. These 40 seeds were

weighed separately to calculate the average seed weight The forty seeds were

cracked manually and the shells carefully removed and the weight of each kernel was

recorded. The average kernel weight was therefore calculated from the total weight of
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the 40 kernels obtained. More also the average shell weight was calculated from the

total whole seed weight minus kernel weight of the respective seeds. The weights of

shells and kernels were also expressed as percentage of whole seed weight.

3.6 Preparation of Jatropha curcas Seed and Kernel Meals

Three kilograms of seeds were randomly collected from a total of 6 kg seeds from

each group Jatropha curcas seed and defatted separately using a mechanical

hydraulic press to obtain the whole seed meal. After each extraction process, the

machine was opened and the pathways of seed, the meal and oil cleaned to prevent

contamination by previous samples. However, due to the inability of the mechanical

hydraulic press to deoil the kernels, chemical extraction process was used for the

defatting of Jatropha kernels to obtain the kernel meals. The Jatropha curcas kernels

were ground and defatted in an automated Soxtec apparatus, using petroleum ether

boiling at 60°C for about 2 h. The defatted seeds and kernels were stored in labeled

polyester plastic containers at 2 °C in a refrigerator for later use and analysis.
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A) J. curcas plant with immature fruits D B) J. curcas plant with matured fruits

Seed meal Kernel meal Oil

Plate 3.1: Jatropha curcas plant, Fruit Parts ar.d Products
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3.7 Treatments (Fermentation of Jatropha curcas Seed/Kernel Meals)

The seed/kernel meals obtained from Jatropha seeds from each location (Nyankpala,

Oambai, WA, and Techiman) were divided into four portions. The first portion (A),

the control, was not treated further while the second (B), third (C), and fourth (D)

portions were fermented for periods of 7, 14, and 21 days respectively.

Approximately 5 g of unsterilized Jatropha seed meal was measured and placed in a

cleaned Petri dish. About 2 ml of distilled water was added to make the seed meal

moist but not wet. The Petri dishes and the samples were allowed opened and kept

under room temperature (24-25° C) to spontaneously ferment. Each treatment was

replicated in five Petri dishes. Samples were taken at intervals of7, 14 and 21 days of

fermentation for analysis. The samples were stored in refrigerator at 2 ° C until the

laboratory analysis was completed.

A: Raw Jatropha seed meal

Plate 3.2: Raw (unfermented) Jatropha curcas seed meal sample.
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B: 7 days fermented Jatropha meal samples

C: 14 days fermented Jatropha meal samples

D: 21 days fermented Jatropha seed samples

Plate 3.3: Fermented Jatropha meal samples.
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3.8.0 Laboratory Analysis

3.8.1 Proximate Analysis of Seeds, Kernels, and Meals of Jatropha curcas

The moisture/dry matter (DM), crude protein, lipid, crude fiber, and ash content of

Jatropha curcas samples were determined in accordance with the standard methods

of AOAC (1990) as explained in appendix l. Soluble carbohydrates (Nitrogen free

extracts) in samples were determined by difference. The analyses were conducted in

triplicate and all reagents were of analytical grade.

3.8.2 Mineral Determination in Jatropha curcas Seed !Kernel Meal Samples.

Potassium, phosphorus, calcium, and magnesium concentrations in treated and

untreated Jatropha seed meal samples were determined. Total potassium

concentration was determined using the flame photometer (JENWA Y, PFP7 Flame

photometer) whiles total phosphorus was determined using the Spectrophotometer

(JENWA Y, 730 Spectrophotomer). Atomic Absorption Spectrophotometer

(Perkinelmer, AAnalyst 400) was use to determine calcium and magnesium

concentrations.

3.8.3.0 Anti-Nutrients Analysis

3.8.3.1 Extraction and Quantification of Crude Phorbol Esters in Jatropha

curcas samples.

Crude phorbol esters in Jatropha curcas samples were extracted by the method

described by Hass and Mittelbach (2000). The phorbol ester extraction process used

is shown Figure 3.1
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Jatropha curcas sample (5 g)

ilGround sample (using mortar & pestle)

Sample + 20 ml methanol

D Shaked mixture (250 rpm, 5 min)

Filtered Mixture ~----------~
,..-- -_-_-_-_-_-_-_-_-~-----.. ~xtract (methanol phase 1~

I Residue I

DExtracted residue with methanol I
f-------------. Qxtract (methanol phase0

Extracted residue with methanol

---------.. Extract (methanol phase 3)

Extracted residue with methanol

Extract (methanol phase 4)

Extracted residue with methanol

Extract (methanol phase 5)

Methanol phases pooled together

/'

I Methanol Recovery j<===n Vacuum dried (45 'c)

Virtually Phorbol Ester free Meal 0horbol ester rich fraction -i~

Figure 3.1: Flow diagram for extraction of phorbol ester rich fraction from Jatropha
curcas samples.
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3.8.3.2 Determination of Tannins Content in Jatropha curcas samples

All treated and untreated Jatropha curcas samples were analyzed for tannins

concentration according to the titrimetric method of International Pharmacopoeia

(2003) as described by Atanassova and Christova-Bagdassarian (2009) with some

modifications. In this study, 5 g of the sample was grinded into powder using mortar

and pestle and was dispersed in 50 ml of distilled deionized water (dd H20). The

mixture was shaken using mechanical shaker at 150 rpm for 15 minutes. The mixture

was then allowed to stand for 4 hours at room temperature and then filtered through

Whatman No. 42 filter paper. 25 ml of the extract was dispensed into 1 litre conical

flask, then 25 ml ofIndigo solution and 750 ml distilled deionized water (dd H20) are

added. 0.1 N aqueous solution of KMn04 was used for titration until the blue

coloured solution changes to green colour. Then few drops are added at time until

solution became golden yellow. The same procedure was used for the blank test

titration but this time no extract was added (25 ml Indigo solution mixed with 750 ml

of dd H20 was titrated with 0.1 N KMn04). The standard solution of Indigo carmine

was prepared as follows; 6 g of Indigo carmine was dissolved in 500 ml of distilled

deionized water by heating. After cooling 50 ml of 95 - 97 % H2S04 was added and

the solution was diluted to 1 L and then filtered. All samples were analyzed in

triplicates.

Tannin content (T, %) in sample was calculated using the formula:

eV-Vo)XO.0041S7 xSO X 100T (%) = ....:....-_~_-----
g x2S

Where V = volume of 0.1 N aqueous solution ofKMn04 for titration of sample, ml;

Vo = volume of 0.1 N aqueous solution ofKMn04 for titration of blank sample, ml;
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0.004257 = tannins equivalent in 0.1 N aqueous solution ofKMn04

g = quantity of the sample extracted for the analysis (g)

50 = volume of the distilled water used for the extraction (ml)

3.9.3.3 Determination of Phytic Acid Content in Jatropha curcas Samples

Phytic acid contents of Jatropha curcas samples were determined using the method

of Young and Greaves (1940) as adopted by Lucas and Markakes (1975). 0.2 g of

each of the samples was weighed into different 250 ml conical flasks. Each sample

was soaked in 100 ml of 2 % concentrated HCI for 3 hours. The samples were then

filtered. 50 ml of each filtrate was dispersed in 250 ml beaker and 100 ml of distilled

water added to each sample. 10 ml of 0.3 % ammonium thiocyanate solution was

added as indicator and titrated with standard Iron (III) Chloride solution which

contained 0.00195 g iron per ml.

The percentage phytic acid in the sample was calculated using the formula:

Phytic acid (%) =
Titre Value XO.00195x1.19 X 100

2

3.9 Statistical Analysis

The data obtained from the study were analyzed using the General Linear Model

(GLM) of the Analysis of Variance (ANOVA) of Minitab Statistical Package,

Version 15 (Mini tab, 2007). Where significant differences were found, the means

were separated using Tukey Pair Wise comparison, at 5 % level of significance.
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CHAPTER FOUR

4.0 RESULTS

INTRODUCTION

The result of this study was categorized into two parts. The physicochemical

properties of seeds and kernels of Jatropha curcas from four different geographical

areas of Ghana, and the proximate and antinutritional composition of unfermented

and fermented Jatropha seed and kernel meals.

4.1 Physical characteristics of Jatropha curcas Seed samples

The whole seed, shell, and kernel mass, kernel and shell percentage of whole seed of

Jatropha curcas from the four different geographical areas of Ghana are shown in

Table 4.1. The average whole seed weights differed significantly (p < 0.05) between

all seed samples. The average whole seed weight ranged between 0.65 - 0.73 g. The

average seed weight was higher in Sample 4 (0.73 g) and lower in Sample 1 (0.65 g).

Similarly, the average kernel weights were significantly different (p < 0.05) between

some seed samples. The average kernel weights of samples 4 (0.45 g) and 2 (0.44 g)

did not vary significantly (p > 0.05) but were higher than the values observed in

sample 1 and 2 which had the same kernel weight of 0.41 g. Further, the average

shell weight ranged between 0.24 - 0.28 g. The average shell weight was significantly

lower (p < 0.05) in sample 1 (0.24 g) as compared to samples 2 (0.27 g); 3 (0.26 g),

and 4 (0.28 g). However, the average shell weights of samples (2, 3, and 4) were

similar (p > 0.05). On the other hand, the percentage kernel weight of whole seed

weight was highest in sample 1 (62.74 %) and lowest in sample 3 (61.19 %).
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Contrary to the percentage kernel weight, sample 3 had the highest percentage shell

weight (38.81 %) followed by sample 4 (38.36 %) and 2 (38.03) and the lowest

percentage shell weight was recorded in sample 1 (37.26 %).

Table 4.1: Physical characteristics of Jatropha curcas seeds collected from four

different geographical areas of Ghana.

Average % kernel wt % shell wt of

J.seed whole seed Average Average of whole whole seed

samples weight (g) kernel wt(g) shell wt (g) seed wt wt

0.65d± 0.010 0.41 6 ± 0.006 0.246 ± 0.004 62.74 37.26

2 0.71b± 0.022 0.44a ± 0.014 0.27a ± 0.009 61.97 38.03

3 0.67c ± 0.035 0.41b± 0.022 0.26a± 0.014 61.19 38.81

4 0.73a ± 0.026 0.45a ± 0.016 0.28a ± 0.010 61.64 38.36

Samples 1,2, 3, and 4 are Jatropha curcas seeds collected from Nyankpala, Dambai,

WA, and Techiman respectively. Average weight = Mean ± SD. Means with

different superscripts within a column are significantly different (p < 0.05). SD =

Standard deviation.
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4. 2: Proximate Composition of Jatropha curcas Whole Seeds and Kernels.

The proximate composition of Jatropha curcas seeds and kernels from four different

geographical areas of Ghana are shown in Table 4.2 and 4.3 respectively. The dry

matter contents of Jatropha seed sample 1(Nyankpala), 2(Dambai), 3 (WA) and 4

(Techiman) varied significantly and ranged between 93.13 - 94.18 %. The dry matter

was highest in Jatropha seeds of sample 3 (94.18 %) while sample 4 (93.13 %) had

the lowest dry matter percentage. The variations in crude protein (CP) content of

Jatropha seed samples were significant (p < 0.05). The CP value was significantly

higher in samples 2 (18.95 %) and 4 (18.97 %) than the values obtained for samples 1

(18.50 %) and 3 (18.21 %). However, the difference in CP content between sample 2

and sample 4 was not significant (p > 0.05) likewise sample 1 and 3. The seed of

Jatropha curcas also contained high lipid (ether extract) which varied between 36.52

- 38.64 % on dry matter basis. The lipid content in seeds of samples 1(38.63 %),

2(38.64 %), and 4(38.58 %) were higher than that of sample 3 (36.52 %). However,

differences in lipid content of seeds of samples (1, 2, and 4) were not significant (p >

0.05). Similar trend occurred in the soluble carbohydrates content of the four seed

samples. Further, the crude fibre (CF) content of Jatropha seeds ranged between

14.14 -19.04 %. The CF in sample 3 (19.04) was significantly higher than the values

recorded in samples 1 (15.17 %), 2 (14.14 %) and 4 (14.42 %). Though the difference

in CF content between sample 2 and 4 was not significant (p > 0.05), both samples

have lower CF content than sample 1. Total ash content of seed samples were similar

(p> 0.05). Total ash content of Jatropha seeds was between 5.03 - 5.71 % dry matter.

Like the seed, variations in chemical compositions were also observed among the

Jatropha kernels obtained from the four Jatropha seed samples as indicated in Table
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4.3. The dry matter content of kernels was between 94.71- 95.54 %. The dry matter

was higher in kernels of sample 1 (95.54 %) and 3 (95.50 %) as compared to sample

2 (95.05 %) and 4 (94.71 %). The CP content of Jatropha kernels were in the range of

(23.08 - 25. 88 %). The percentage CP of sample 2 (25.53 %) and 4 (25.88 %) were

alike but significantly higher than the CP values measured in the kernels of sample

1(23.78 %) and 2(23.08 %). However, all the CP values recorded in the Jatropha

kernels were higher than the CP content observed in the whole seed (18.21 - 18.97

%). Lipid and ash contents of Kernels were not different (p > 0.05) among the

samples. The Jatropha curcas kernels contained high amount of Lipid (ether extract)

in the range of 55.51 - 56.83 % whereas the ash content was between 3.84 - 4.94 %

on dry matter basis. The crude fibre content in all the Jatropha kernels varied between

3.68 - 5.52 %. The CF content are significantly lower (p < 0.05) in kernels of sample

4 (3.68 %) than the kernels of sample 1 (4.74 %), 2 (4.16 %), and 3 (5.52 %). Soluble

carbohydrate content in the kernels also followed similar trend as the CF. Generally,

the CF contents were lower in a Jatropha kernel samples than in the seed samples.
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Table 4.2: Proximate composition of Jatropha curcas seeds obtained from four

different geographical locations of Ghana.

Component J. Sample Means
P-

I 2 3 4 Value

Moisture 5.89c 6.37b 5.82d 6.87a 0.003

Dry matter 94.11b 93.63c 94.18a 93.13d 0.003

Crude protein 18.50b 18.95a 18.21b 18.97a 0.002

~- Ether extract 38.63a 38.64a 36.52b 38.58a 0.001

Soluble carbohydrate 16.48a 16.64a 14.7Ob 16.17 a 0.003

Crude fibre 15.1h 14.14c 19.04a 14.42c 0.001

Ash 5.33 5.26 5.71 5.03 0.111

Samples 1, 2, 3, and 4 are Jatropha curcas seeds collected from Nyankpala, Dambai,
WA, and Techiman respectively. Means with different subscripts within a row are
significantly different (p < 0.05).

Table 4.3: Proximate composition of Jatropha curcas kernel obtained from

Jatropha seeds from four different geographical areas of Ghana.

Jatropha kernel Sample

Component 1 2 3 4 P-Value

Dry matter 95.54a 95.05b 95.50a 94.71c 0.001

Crude protein 23.78b 25.53a 23.08c 25.88a 0.001

Ether extract 56.83 56.02 55.51 56.22 0.293

Soluble carbohydrate 6.31a 4.40b 7.47a 5.08b 0.046

Crude fibre 4.74a 4.16b 5.52a 3.68c 0.001

Ash 3.88 4.94 3.92 3.84 0.405

Samples 1, 2, 3, and 4 are Jatropha curcas seeds collected from Nyankpala, Dambai,

WA, and Techiman respectively. Means with different subscripts within a row are

significantly different (p < 0.05).
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4. 3 Correlation between physical properties and proximate composition of

Jatropha curcas seed

There was correlation between all the physical parameters and proximate composition

of Jatropha curcas seeds Table 4.4. Seed weight, kernel weight and shell weight were

strongly correlated with each other (p < 0.05). Kernel weight and shell weight had

strong positive correlation with seed weight (correlation coefficient, r = 0.891 and

0.643 respectively) while Kernel weight and shell weight were negatively highly

correlated (r= -0.956). More also kernel weight had strong positive correlation with

ether extract (r = 0.862) whereas shell weight showed strong negative correlation

with crude protein and ether extract (r = - 0.857 and -0.759 respectively). However,

Shell weight and crude fibre had strong positive correlation with each other (r =

0.935).

Table 4.4: Correlation values among physical properties and proximate
composition of Jatropha curcas seed

Parameter
s

Seed
wt

Kernel
wt

shell
wt CP EE CF Ash SC

Seed wt
kernel wt
shell wt
CP
EE
CF
Ash
SC

0.891 0.643
-0.956

0.681
0.338
-0.857

0.754
0.862
-0.759
0.471

0.186
0.127
0.935
-0.816
-0.914

0.233
0.115
0.458
-0.529
-0.646
0.147

0.179
0.320
0.413
0.489
0.365
-0.867
-0.702

Correlation values are based on pooled data from the four different Jatropha. seed
samples. Some of the parameters are strongly correlated at (p < 0.05). CP= crude
protein; EE= ether extract; CF= crude fibre; SC = soluble carbohydrates; wt = weight.
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4.4. Antinutritional composition of Jatropha curcas seeds and kernels.

The concentrations of crude phorbol ester (CPE), tannins (tannic acid), and phytate

(phytic acid) in Jatropha curcas seed and kernel obtained from four different

geographical areas of Ghana are shown in Table 4.5. Jatropha curcas seed samples

(1, 2, 3, and 4) contained varymg amounts of CPE, tannins, and phytate

concentrations m the ranged of 5.30 - 6.82 mg/g, 0.75-0.97 (% tannic acid

equivalent), and 8.71 - 10.15 % dry matter respectively. The CPE content was

significantly higher in Jatropha seeds from Techiman, sample 4 (6.82 mg/g) and

lower in seeds from WA, sample 3(5.30 mg) and Nyankpala, sample 1(5.35 mg/g).

Similar trend was noted for tannins and phytic acid contents in Jatropha seed samples.

On the other hand Jatropha curcas kernel samples (1K, 2K, 3K and 4K) contained

crude phorbol ester in the range of (5.0 - 6.45 mg/g), tannins (0.05 - 0.09 % tannic

acid equivalent), and phytate (7.88 - 9.50 % dry matter). These antinutrients were

higher in the kernels of sample (2K and 4K) than sample 1K and 3K as indicated in

Table 4.5. Generally, the concentrations of these antinutrients in kernels were lower

than the values measured in the whole seed samples.
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areas of Ghana.

Table 4.5: Crude phorbol ester, tannins, and phytic acid concentrations of

Jatropha curcas seeds and kernels obtained from four different geographical

Jatropha seed

samples

Crude PE Tannins (% tannic Phytic acid

(mg/g) acid equivalent) (%DM)

S.3Se 0.77e 8.71e

6.20b 0.86b 10.0Sa

S.30c 0.7Se 8.89b

6.82a 0.97a 10.ISa

0.297 0.038 0.IS4

*** *** ***

1

2

3

4

LSD

Sig.

Jatropha Kernels

lK

2K

3K

4K

LSD

Sig.

S.OSc 0.06b 7.88b

S.70b 0.09a 9.2Sa

S.OOe O.OSb 8.16b
6.4Sa 0.09a 9.S0a

0.240 0.026 0.4S0

*** * ***
Samples 1, 2, 3, 4 are Jatropha curcas seeds collected from Nyankpala, Dambai,
WA, and Techiman respeotively. K = Kernel. Means with different subscripts within
each column are significantly different. LSD = Least significant difference. Sig =
significance; * = (P < O.OS); ** = (P < 0.01); *** = (P < 0.001). Mean values were
obtained from 3 replicates.
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4.5 Correlation between physical properties and antinutrients content of

Jatropha seeds

The result of correlation analysis of physical parameters and antinutrients

composition of Jatropha curcas seed is shown in Table 4.6. There was correlation

between all the physical characteristics and antinutrients of the Jatropha seed samples

(p < 0.05). Phytate and crude phorbol ester concentrations in the seed were positively

highly correlated with the kernel weight (r = 0.865 and 0.843 respectively) while

tannin concentration showed strong positive correlation with the shell weight of the

Jatropha curcas seed.

Table 4.6: Correlation values between physical parameters and antinutritional
composition of Jatropha curcas seeds

Parameters Tannins Phytate Crude phorbol ester

Seed weight 0.325 0.357 0.194

Kernel weight 0.217 0.865 0.843

Shell weight 0.878 0.351 0.416

Correlation values were based on pooled data from the four different Jatropha seed
samples.
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4.6 Yield of Jatropha curcas Seed Meal.

The amounts of Jatropha curcas seed meals obtained from the extraction of 3 kg

seeds using the mechanical hydraulic press are shown in Table 4.7. Larger amount of

seed meals (2.31, 2.34, 2.37, and 2.34 kg) representing (77, 78, 79, and 78 %)

respectively were obtained after oil was extracted from Jatropha seed samples (1, 2 3,

and 4) respectively with small proportion of the seed extracted as crude oil.

~
-" Table 4.7: Quantity of Jatropha curcas seed meal obtained after Oil Extraction

by Mechanical Hydraulic Press.

J.seed Quantity Amount of Meal Crude oil extracted Percentage

samples of Seeds obtained (kg) (L) Seed Meal

(kg) (%)

1 3 2.31 0.66 77

2 3 2.34 0.64 78

'-~ 3 3 2.37 0.58 79

4 3 2.34 0.62 78

Samples 1, 2, 3, and 4 are Jatropha curcas seeds from collected from Nyankpala,

Dambai, WA, and Techiman respectively. Values calculated from 2 replicates.

4.7 Proximate Composition of Jatropha curcas Whole Seed, and Kernel Meals.

The chemical composition of Jatropha whole seed meals (mechanically defatted

whole seeds) and Kernel meals (Chemically defatted kernels) obtained from Jatropha

seeds from four different geographical areas of Ghana are shown in Table 4.8.

Jatropha whole seed meal samples lA (Nyankpala), 2A (Dambai), 3A (WA), and 4A

(Techiman) differed in chemical composition. The Dry matter (DM) content varied

significantly (p < 0.05) among all the seed meal samples and ranged between (92.27 -
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94.37 %). Crude protein (CP) content also differed significantly (p < 0.05) between

the seed meal samples. Sample lA recorded the highest CP (29.61 %) while sample

3A had the lowest CP (27.33 %). More also, the Jatropha seed meals contained

significant amounts of lipid (16.52 - 19.56 %). On the contrary to the crude CP, lipid

content was significantly lower (p < 0.05) in sample 1 (16.52 %) and highest in

sample 3A (19.56 %). The crude fibre (CF) contents of seed meals were significantly

different among all the seed meal samples (1A, 2A, 3A, and 4A). The CF value

measured was significantly higher in sample 3A (24.72 %) and 4A (23.81 %) than in

samples lA (21.46 %) and 2A (21.85 %). Ash content of Jatropha seed meals varied

between 7.15 % in sample 3A and 9.01 % in sample 4A. The percentage soluble

carbohydrates in sample lA (19.35 %) was significantly higher (p < 0.05) than values

observed for samples 2A (16.25 %), 3A (14.50 %), and 4A (12.16 %). However,

sample 3A and 4A had similar soluble carbohydrates concentration (p > 0.05).

On the other hand, the DM contents of Jatropha kernel meals were statistically the

same (p> 0.05) and ranges between (94.87 - 95.19 %). The Jatropha kernel meals

contained high amounts of CP (64.39 - 64. 35 %). The percentage CP content was

significantly similar (p > 0.05) among all the Jatropha kernel meal samples IB (64.17

%), 2B (64.26 %), 3B (63.39 %), and 4B (64.35 %) as indicated in Table 4.6.

However, the crude fibre contents of all the samples were statistically different (p <

0.05). The crude fibre contents in kernel meals were between 5.55 - 8.25 % dry

matter basis. Further, soluble carbohydrates content in kernel meals were in the range

(15.02 - 15.54 %). The differences in the soluble carbohydrates content between the

kernel meals were insignificant (p > 0.05). In addition, the total mineral content (ash)

of kernel meals falls within the range 8.20 - 9.78 %. The ash content was higher in
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sample 2B (9.28 %) and 4B (9.78 %) than sample 3B (8.20 %). However, difference

in ash content between sample 1B (8.62 %) and 2B (9.28 %) was insignificant (p >

0.05) but statistically higher than sample 3B (8.20 %).

Generally, ·the crude protein was extremely higher in the kernel meals than as

recorded in the seed meal samples. On the contrary, crude fibre in all kernel meals

were lower than the percentage of crude fibre in seed meal samples.

Table 4.8: Chemical composition (dry matter basis) of Jatropha curcas seed and

Kernel meals obtained from Jatropha seeds from four different geographical

areas of Ghana.

Crude Ether Crude Soluble
Samples Dry matter Protein extract fiber Ash carbohydrates

1A 94.3r 29.61 a 16.52d 21.46c 7.43c 19.35a'--
2A 92.65c 28.82b 17.21c 21.85c 8.52b 16.25b

3A 93.2b 27.33d 19.56a 24.72a 7.15d 14.50c

4A 92.27d 28.65c 18.65b 23.81 b 9.01 a 12.16c

P-value 0.001 0.004 0.001 0.001 0.001 0.001

1B 95.12 64.17 7.10b 8.62bc 15.21

2B 95.15 64.26 6.25c 9.28ab 15.38

3B 94.87 63.39 8.25a 8.20c 15.02

4B 95.19 64.35 5.55d 9.78a 15.54

P-value 0.333 0.065 0.001 0.027 0.742

Samples 1,2, 3, and 4 are Jatropha curcas seeds collected from Nyankpala, Dambai,

WA, and Techiman respectively. A = raw seed meal (mechanically defatted); B =

kernel meal (solvent extraction). Values within each column (seed meals & kernel

meals) with no superscript in common are significantly different (p < 0.05).
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4.8 Mineral composition of Jatropha curcas seed meals and kernel meals.

The percentage total nitrogen (N), phosphorus (P), potassium (K), calcium (Ca) and

magnesium (Mg) concentrations in meals of Jatropha curcas seeds from four

different geographical areas of Ghana are shown in Figure 4.1. The variation in total

nitrogen content in seed meals was significant (p < 0.05). Total nitrogen ranged

between 4.38 % in sample 3A to 4.74 % in sample 1A. Sample 1A had a significantly

higher nitrogen than sample 2A (4.61 %), 3A (4.38 %) and 4A (4.59 %). However,

the total nitrogen content of sample 2A and 4A did not differ significantly (p> 0.05).

The concentration of P and K, Ca and Mg also varied significantly (p < 0.05) among

all the seed meal samples. The concentration of P and K, Ca and Mg in seed meal

samples in the present study ranges between 1.33- 3.80 %; 1.07 - 1.71 %; 0.54 - 0.87

%, and1.35 - 1.58 % on dry matter respectively. Phosphorus was significantly higher

in sample 4 (3.80 %) than sample 1A (2.50 %), 2A (3.43 %) and sample 3A (1.33 %)

which had the lowest P content. Sample 2A however, had higher P than sample 1A

and 3A. Potassium was higher in sample 2A (1.71 %) followed by sample 4A (1.58

%) and sample 1A (1.12 %) and lower in Sample 3A (1.07 %). The differences in

magnesium content between sample 2A (1.58 %) and 4A (l.47 %) was insignificant

but both samples were significantly higher than sample 1A (1.38 %) and 3A (1.35

%). Similarly, the concentration of Ca in seed meal samples was statistically higher

in sample 2A (0.75 %) and 4A (0.87 %) as compared to the concentrations in sample

1A (0.67 %) and 3A (0.54 %). On the other hand all Jatropha kernel meal samples

(lB, 2B, 3B, and 4B) contained total nitrogen in the range (10.14-10.30 %),

Phosphorus (1.29-3.55 %), potassium (0.87 -1.40 %), Calcium (0.51-0.71 %), and

Magnesium (1.19- 1.44 %) as shown in Figure 4.2. The differences between the total
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nitrogen contents of all the Jatropha kernel meal samples were insignificant (p >

0.05). Like the seed meal, phosphorus was statistically higher in the kernel meal of

sample 4B (3.55%) and lower in sample 3B (1.29 %). Potassium content in sample

3B (1.40 %) and 4B (1.35 %) were the same but significantly higher (p < 0.05) than

sample IB (1.05 %) and 3B (0.87 %). Similar trend was observed for calcium and

magnesium contents in Jatropha kernel meal samples. Generally, Jatropha seed meals

and kernel meals contained good amounts of phosphorus, potassium, magnesium and

calcium. However, total nitrogen in the kernel meal samples was almost more than

twice the values determined in the seed meals. More also, Jatropha curcas seed meals

and kernel meals obtained from Jatropha seeds from Dambai (samples 2) and

Techiman (sample 4) contained higher concentrations ofP, K, Ca and Mg than meals

obtained from seeds from Nyankpala (sample 1) and WA (sample 2) as indicated in

Figure 4.1 and 4.2 respectively.
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Figure 4.1: Macro - Minerals compositions of defatted Jatropha seed samples.

Sample IA, 2A, 3A, and 4A represented seed meals obtained from Jatropha curcas

seeds collected from Nyankpala, Dambai, WA, and Techiman of Ghana respectively.

The error bars represent standard error.
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18, 28, 38, and 48 represented kernel meals obtained from Jatropha curcas seed

kernels collected from Nyankpala, Dambai, WA, and Techiman of Ghana

respectively. The error bars represent standard errors.
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4.9. Antinutritional composition of Jatropha curcas seed and kernel meals.

The concentrations of crude phorbol ester, tannins (tannic acid), and phytate (phytic

acid) in Jatropha curcas seed and kernel meals processed from seeds of Jatropha

curcas from four different geographical areas of Ghana are shown in Table 4.9. The

crude phorbol ester (ePE) concentrations in Jatropha seed meal samples (lA, 2A, 3A,

4A) were significantly different (p < 0.05). The ePE values in seed meal samples

ranged between 4.87 - 6.07 mg/g of meal. The ePE content in sample 4A (6.07

mg/g) and 2A (5.88 mg/g) were higher (p < 0.05) than sample lA (4.87 mg/g) and 3A

(5.14 mg/g). The tannin concentration in Jatropha seed meals ranged between 0.72 -

0.93 (% tannic acid equivalent). Tannins were significantly higher (p < 0.05) in

samples 4A (0.93 %) than sample lA (0.74 %), 2A (0.83 %) and 3A (0.72 %).

However, the concentration of tannins in samples lA and 3A was significantly

similar (p > 0.05) but lower than the tannins content in sample 2A. Similarly, phytic

acid concentrations (dry matter basis) in Jatropha seed meals were significantly

higher in sample 4A (9.82 %) and 2A (9.62 %) as compared to sample lA (8.16 %)

and 3A (8.11 %).

The ePE concentration in kernel meals (lB, 2B, 3B, 4B) ranged between 2.60 - 3.70

mg/g. The ePE concentration in samples 4B (3.70 mg/g) and 2B (3.52 mg/g) were

significantly higher (p < 0.05) than samples IB (2.92 mg/g) and 3B (2.60 mg/g). The

ePE content reduced (39-49 %) in the kernel meals as compared to the concentration

in the seed meal samples. Tannins content in kernel meals was between 0.03 - 0.07

(% tannic acid equivalents). Tannins in kernel meals reduced drastically (92 - 96 %)

as compared to tannin concentration in seed meals. Phytic acid concentration in

kernel meals varied between (6.56 - 7.46 %).

71

Similarly, phytate content in Kernel
~ U U '
r.\CfOl..lr 0 .•.

•• 1 i.;.J, • ~ l'•• r 8 '\ 'f

(

www.udsspace.uds.edu.gh 

 

 

 

 



meals differed significantly (p < 0.05). Phytate was higher in sample 4B (7.46 %)

than Sample IB (6.56 %), 2B (7.15 %), and 3B (6.65 %) as indicated in Table 4.7. the

concentration of phytate decreased (18 -27 %) in kernel meals as compared to the

concentrations in Jatropha seed meals.

Generally, the concentrations of these antinutrients were higher in the seed meals than

the kernel meal samples. Also the antinutrients in seed and kernel meals obtained

from Jatropha seeds collected from Nyankpala and WA were lower than meals

prepared from Jatropha seeds collected from Dambai and Techiman.

Table 4.9: Crude phorbol ester, tannic acid and phytic acid concentrations in
Jatropha curcas seed and kernel meals from four different geographical areas of
Ghana

CrudePE Tannins (% tannic acid Phytic acid (%
Sample (mg/g) equivalent) DM)
1A 4.876 0.74c 8.16c

2A 5.88a 0.83b 9.62b

3A 5.14b 0.72c 8.11c

4A 6.07a 0.93a 9.82a

P- value 0.001 0.011 0.001

1B 2.926 0.046 6.56c

2B 3.52a 0.06a 7.15b

3B 2.60b 0.03b 6.65c

4B 3.70a 0.07a 7.46a

r: P- value 0.001 0.045 0.001.

Samples 1, 2, 3, and 4 are Jatropha curcas seeds collected from Nyankpala, Dambai,
WA, and Techiman respectively. Samples with the letter A = raw seed meal
(mechanically defatted); and B = kernel meal (solvent extraction). DM = Dry matter;
PE = phorbol ester. Values within each column (seed meals & kernel meals) with no
superscript in common are significantly different (p < 0.05).
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4.10 Effects of Spontaneous Solid - State Fermentation on the Proximate

composition of Defatted Jatropha curcas seeds and kernels.

The proximate composition of fermented Jatropha seed meals obtained from seeds of

Jatropha curcas from four different geographical areas of Ghana are shown in Table

4.10. Fermentation significantly influenced (p < 0.05) the nutritional compositions of

all Jatropha seed meal samples from the four different areas. The measured

components changed with time of fermentation until certain time (21 days) of

fermentation when no significant change in the compositions was observed in most

treatments. Dry matter (DM) contents in all treated seed meal samples B, C, and D (7,

14, and 21 days of fermentation period respectively) were significantly higher than

their respective controls or raw Jatropha seed meal (A) as indicated in Table 4.1O.

However, seed meal samples fermented for 14 days and 21 days (samples C, and D

respectively) do not differ in dry matter but were significantly higher (p < 0.05) than

samples fermented for 7 days (samples B). The crude protein (CP) content (dry

matter basis) increased in fermented seed meals as compared to their respective

controls (unfermented). The CP content in samples fermented for 7 days increased by

22% whiles CP in 14, and 21 days fermented seed meals increased by 30 - 32 % as

compared to CP content of the untreated seed meal samples (control). Even though,

lipids (ether extract) in fermented samples were still high, significant reductions (19 -

32%) were observed in all fermented seed meal samples as compared to their

respective controls. The lipid contents (dry matter basis) of samples fermented, for 14,

and 21 days were similar but lower than all seed meal samples fermented for 7 days.

Similarly, total ash and carbohydrates increased significantly with time of

fermentation. Carbohydrates and ash contents were higher in 14 and 21 days
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fermented meal samples as compared to 7 days fermented samples and the control

(unfermented). Further, crude fiber content significantly reduced (p < 0.05) in

fermented samples as compared to the raw unfermented seed meals (control).

Although the values of crude fiber observed in the fermented samples in this study

were still high, 21 - 34 % reduction in crude fiber were attained in fermented seed

meals as compared to the raw seed meal samples (control). The proximate

compositions of fermented Jatropha kernel meals are shown in Table 4.11. Like the

fermented seed meals, the dry matter, crude protein and total ash content of fermented

kernel meals increased as the fermentation time increased. The dry matter contents of

all kernel meals fermented for 14 and 21 days were significantly higher than those

fermented for 7 days and the control (unfermented raw meals). However, 7 days

fermented kernel meals were also higher in dry matter content than their respective

controls. Similarly, the crude protein contents of 14 and 21 days fermented kernel

meals were not significantly different (p > 0.05) in most treated samples but were

higher than the control and the 7 days treated samples. On the contrary to the

fermented seed meal samples, crude fibre increased significantly in some fermented

meal samples as indicated in Table 4.11. Total ash also increased significantly in

1KM, 2KM, 3KM and 4KM fermented kernel meals. The ash values were

significantly higher in the 14 and 21 days fermented samples than 7 days fermented

kernel meals and the control meal in most samples. Generally, all the fermented

kernel meals have higher crude protein than all the fermented seed meal samples and

their controls.

74

/

www.udsspace.uds.edu.gh 

 

 

 

 



\
"

\ -,
Table 4.10: Proximate composition (dry matter based) of fermented Jatropha 'curcas seed meal samples.

Treatments % Dry Matter Crude Protein Ether extract Crude fiber Ash Soluble carbohydrates

lA 94.37c 29.61c 16.52a 21.46a 7.43d 19.376

1B 94.65b 36.20b 13.15b 16.95b 8.50c 19.86b

1C 94.86a 38.52a 11.31 c 15.82c 8.90b 20.32a

1D 94.88a 38.46a 11.21 c 15.74c 9.03a 20.43a

2A 92.65d 28.826 17.21a 21.85a 8.52c 16.256

2B 93.80c 35.20b 15.40b 17.46b 9.27b 16.46b

2C 94.75b 37.95a 14.02c 15.51 c 9.61a 17.66a

2D 94.83a 37.78a 13.95c 15.49c 9.69a 17.92a

3A 93.266 27.336 19.56a 24.72a 7.16d 14.50c

3B 93.85b 33.43b 17.52b 18.51 b 7.67c 16.73b

3C 94.70a 35.37a 16.36c 16.86c 8.39b 17.74a

3D 94.78a 35.30a 16.18c 16.94c 8.62a 17.74a

4A 92.22c 28.65c 18.65a 23.81a 9.01d 12.16c

4B 93.81b 35.02b 16.73b 17.55b 9.34c 15.18b

4C 94.83a 37.62a 14.87c 15.86c 10.15b 16.34a

4D 94.95a 37.56a 14.74c 15.80c 10.42a 16.44a

Samples 1,2,3, and 4 are Jatropha curcas seeds collected from Nyankpala, Dambai, WA, and Techiman respectively.
Samples with the letters A, B, C, and D represent untreated raw seed meal (control), 7, 14, and 21 days fermented seed
meals respectively. Values within each column with no superscript in common are significantly different (p< 0.05).
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Table 4.11: Proximate composition of fermented Jatropha curcas kernel meal samples

Nutritional Components (on dry matter basis)
Dry matter

Sample ID (%) Crude Protein Crude Fibre Total Ash
1KMo 95.12c 64.17d 7.10b 8.63b

1KM7 95.55b 64.72c 7.17b 8.80b

1KM14 96.4r 65.13a 8.49a 9.26a

1KM21 96.59a 65.15a 8.51 a 9.32a
LSD 0.232 0.182 0.256 0.069
Sig. *** *** *** ***

2KMo 95.15c 64.26c 6.24b 9.28
2KM7 95.59b 64.89b 6.53b 9.40
2KM14 96.49a 65.44a 7.83a 9.59
2KM21 96.61 a 65.47a 8.21a 9.64
LSD 0.227 0.346 0.475 0.55
Sig. *** ** *** Ns

3KMo 94.87d 63.39d 8.28 8.20b
J- 3KM7 95.34c 63.89c 8.34 8.32b

3KMl4 96.07b 64.68b 8.47 8.58ab

3KM21 96.50a 65.09a 8.50 9.24a
LSD 0.132 0.356 0.345 0.698
Sig. *** *** ns *

4KMo 95.19c

4KM7 95.64b

4KM14 96.50a

4KM21 96.61 a
LSD 0.337
S· ***19.

64.35d

64.91 c
65.49a

65.53a

0.522

5.53d

6.17c
6.86b

7.45a

0.158

9.78d

9.97b

10.39a

10.42a

0.049
** *** ***

Sample with the initials 1,2,3,4 represent Nyankpala, Dambai, WA, and Techiman
respectively as the source of Jatropha seed. KM = Kernel meal. The subscripts 0, 7,
14, and 21 attached to KM stands for raw kernel meal (control), 7 days, 14 days and
21 days fermented Jatropha kernel meals respectively. Means within each column
with different superscripts are significantly different. LSD=Least significant
difference, Sig = significance; *= (P < 0.05); **= (P < 0.01); ***= (P < 0.001); ns =
not significant (P > 0.05).
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4.11: Effects of spontaneous solid-state fermentation on crude phorbol esters,
tannins, and phytic acid concentrations of defatted Jatropha whole seed and
kernels.

The crude phorbol ester (CPE), tannins (tannic acid), and phytate (phytic acid)

concentrations of fermented samples are shown in Figure 4.3. Tannins in Jatropha

seed meal samples from the four different areas were not significantly affected by

fermentation since the control and the fermented samples are similar (p > 0.05)

tannins concentration as indicated in Figure 1, 2, 3, and 4 of Figure 4.3. However, the

CPE and phytate concentrations reduced significantly in all the fermented whole seed

meals with respect to time of fermentation. CPE concentration in fermented meal

samples reduced (27- 42 %) as compared to their respective controls. However, CPE

and Phytate concentrations, 14 and 21 days fermented seed meal samples (C and D)

were statistically similar but both treatments were significantly lower than the

concentrations recorded in samples fermented for 7 days period (B) and the controls

(A) (raw seed meals). The CPE, tannins, and phytate concentrations in fermented

kernel meals are shown in Figure 4.4. Crude phorbol ester content decreased

significantly in all fermented kernel meals. For example CPE content in kernel meals

obtained from Techiman decreased from 3.70 mg/g in the sample 4KMo (control

meal) to 1.49 mg/g of meal in 4KM21 which was approximately 60 % reduction in

CPE content. Similarly there was reduction in CPE up 0 60% in 2KM21 and 51% in

lKM21. Phytate content also reduced significantly in all fermented kernel meals as

indicated in Figure 4.4. Tannin concentrations in some fermented kernel meals

reduced slightly while in most fermented kernel meals the concentration of tannin

was not affected as occurred in the fermented seed meal samples. However, the

tannin values observed were negligibly low in all the kernel meal samples.
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Figure 4.3: Crude phorbol esters, tannins, and phytic acid 'Contents of fermented Jatropha seed meals. Samples 1,2,

3, and 4 are seed meals from Jatropha curcas seeds collected from Nyankpala, Dambai, WA, and Techiman respectively.

Letters A, B, C, and D represent = untreated raw seed meal (control), 7, 14, and 21 days fermented seed meals respectively.

The error bars represent standard error.
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CHAPTER FIVE

DISCUSSION

5.1 Physical characteristics of Jatropha curcas Seeds

The average whole seed weight of Jatropha curcas recorded in the current study

ranged between 0.65- 0.73 g whereas the average kernel and shell weights were

between 0.41 - 0.45 g and 0.24 - 0.28 g respectively. The significant differences

observed among the average seed, kernel and shell weights of all the Jatropha curcas

seed samples (1, 2, 3, and 4) may be as a result of differences in agro-climatic

conditions. This observation confirmed that of Martinez-Herrera et al. (2006) where

Jatropha curcas seeds from different provinces of Mexico with different agro-

climatic conditions had different seed, kernel and shell weights. The values of

average seed weights of all the samples (1, 2, 3, and 4) are very similar to that

reported (Aderibigbe et al., 1997; Makkar et al., 1997; Makkar et al., 1998; Martinez-

Herrera et al., 2006). However, the average shell weights of all Jatropha seed samples

in the present study are higher than those described earlier (Martinez-Herrera et al.,

2006). This difference may be due to variation in genotype and environmental

conditions. From the result in Table 4.1, the percentage kernel weight and shell

weight of whole seed weight ranged between 61.19 - 62.74 % and 37.26 - 38.81%

respectively. This implies that large proportion of the seed is made of kernel.

Jatropha curcas seeds obtained from Nyankpala (Sample 1) had the highest % kernel

of whole seed weight (62.74 %) among the four Jatropha seed samples. This indicates

that for equal weights of seeds, sample 1 would yield the highest kernel weight with

the least shell weight followed by samples 2 (Dambai), 4 (Techiman) while sample 3
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(WA) would give the least yield of kernel. The percentage kernel and shell weights or

kernel to shell ratio of Jatropha seed samples (1, 2, 3, and 4) are within the range

reported by (Makkar et al., 1998) but the values of percentage kernel are higher while

percentage shell are lower in all the samples than those reported earlier by (Martinez-

Herrera et al., 2006).

5. 2: Proximate Composition of Jatropha curcas Seed and Kernel

The chemical compositions of Jatropha curcas seeds from Nyankpala (1), Dambai

(2), WA (2) and Techiman (4) in Table 4.2 were significantly different among the

seed samples. The moisture content of the seed was lower in sample 1 and 3 and

higher in sample 2 and 4, but all the moisture values recorded for the four different

seeds are very similar to the earlier findings of Gubitz et al. (1999). The low moisture

content gives the seed the ability to be stored for a longer period without decaying.

The dry matter content of Jatropha curcas seed and kernel are within the range

reported (Gubitz et al., 1999 and Makkar et al., 1997 respectively).

Jatropha seeds from Dambai (sample 2) and Techiman (sample 4) were richer in

lipid, crude protein, and carbohydrates but lower in crude fibre than seeds harvested

from Nyankpala (sample 1) and WA (sample 3). The variations in these nutritional

compositions might result from differences in soil and climatic conditions between

the four geographical areas where seeds were collected (Martinez-Herrera et al.,

2006). However, the differences between the lipid content of kernel samples was

insignificant which implies that for equal quantities of Jatropha kernels, the yield of

lipid will be the same. The crude protein content of Jatropha seeds and kernels of the
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samples (1, 2, 3, 4) in the present study were between 18.21 - 18.97 % and 23.08 -

25.88 % respectively while the lipid (ether extract) content of seeds and kernels

ranged between 36.52 - 38.64 % and 55.51 - 56.83 % respectively. This indicates

that the kernels of Jatropha curcas contained higher percentage of lipid and crude

protein than the whole seed. Therefore to obtain maximum oil production from

Jatropha curcas seeds, the kernels and not the whole seed must be used for oil

extraction. This could also be explained with the fact that kernel weight and lipid-
J

content of Jatropha cure as seed had strong positive correlation. The values of crude

protein and lipid in all Jatropha curcas seed samples agreed with that described in

earlier publications (Makkar et al., 1998; Makkar et al., 2008; Raja et al., 2011). The

carbohydrates content of Jatropha seeds from the four different provinces in the

present study ranged between 14.70 - 16.64 % and crude fibre ranged from 14.14 -

19.04 %. The values of carbohydrate and crude fibre content of seeds of samples (1,

2, and 4) are similar to those reported (Gubitz et al., 1999). However, Jatropha seeds

from WA (sample 3) had lower carbohydrates and higher crude fibre content than the

values determined by Gubitz et al. (1999). Further the ash contents of Jatropha

curcas seed samples (1, 2, 3, and 4) recorded were higher than the ash content of

Jatropha seed, 4.5 %, observed (Gubitz et al., 1999). The crude fibre and ash content

of kernels of all the four samples were very similar to other Jatropha kernels collected

from Cape Verde, Nicaragua, Ife-Nigeria, and Non-toxic Mexico described in

previous publication (Makkar et al., 1997). However, crude fibre, and ash content of

kernels observed in the present study are lower than those recorded in the seeds. The

differences may be as a result of absence of the shells on the kernel. Since the shell of

Jatropha curcas is composed mainly of fibre with very little protein (Makkar et al.,
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1998). The correlation analysis indicated that shell weight and crude fibre are

strongly positively correlated and therefore increasing shell weight will cause an

increase in crude fibre content while the crude fibre content can be reduced by

reducing the shell percentage of the seed. This resulted in the low crude fibre content

recorded in the kernels.

-I 5.3. Antinutritional composition of Jatropha curcas seeds and kernels.

The seeds and kernels of Jatropha curcas from the four different geographical areas

of Ghana contained varying levels of crude phorbol ester, tannins and phytate. It was

observed in this study that the crude phorbol ester content in the Jatropha seed

samples varied between 5. 30 - 6.82 mg/g while the concentration in the kernel was

5.0 - 6.45 mg/g. The crude phorbol ester concentration was significantly higher in

seeds and kernels of samples from Techiman (sample 4) and Dambai (sample 2) than

those from Nyankpala (sample 1) and WA (sample 3). The difference in crude

phorbol ester concentration could be as a result of variations environmental

conditions. The difference in crude phorbol ester between the seeds and kernels was

small (0.30- 0.37 %). This therefore suggests that phorbol esters are in little amount

in the shells. The phytate concentrations in seeds and kernels were within the range of

8.71 - 10.15 % and 7.88 - 9.50 % dry matter respectively. Like the Crude phorbol

ester, the phytate levels were low in the kernels as compared to the whole. The

J tannins concentrations in the seed and kernel followed similar trend. The higher

content of the tannins in the seed than the kernel could be attributed to the fact that

shells of Jatropha contained tannins which was removed from the kernel therefore

reducing its concentration in the kernel as compared to the intact seed. The strong
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positive correlation between shell weight and tannin concentration is an indication the

presence of high amount of shell will increase tannins content while decreasing shell

weight will reduce tannins content. It was noted that the cracking of Jatropha seeds

and removal of shells reduced these antinutrients in the kernel. Therefore confirmed

the fact that processing of seeds can help reduce antinutrients.

5.4 Yield of Jatropha curcas Seed Meal

The extraction of oil from the seeds of Jatropha curcas using mechanical hydraulic

press in the current study yielded larger amounts of seed meals; 77 - 79 % of the seed

was given as cake (meal). This result is in line with the findings of Achtena et al.

(2008) who reported that 4 kilograms of fresh Jatropha seeds can yield only 1

kilogram of Jatropha oils (25 % of the seed) with large amount of solid by-product,

about 3 kg representing 75 % of the seed, left after oil extraction. The higher

amounts of seed meals obtained from the pressed seeds may be due to the incomplete

extraction crude oil from the seeds and the presence shells since the whole seed was

pressed together with the shells which also disrupted oil extraction.

5.5 Proximate Composition of Jatropha curcas Seed, and Kernel Meals.

Jatropha meals from the four seed samples (lA, 2A, 3A, and 4A) varied in chemical

composition. The dry matter content seed meals was (92.2-94.37 %) and 94.87-

95.19 % in the kernel. The significant difference in dry natter contents of seed meals

could be as a result of differences in the moisture content of the various seed samples.

The dry matter was highest in meals of sample lA (Nyankpala) whose seeds had the

lowest moisture content and this was similar to the other meal samples. The dry
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matter values of Jatropha seed and kernel meals recorded in this research were similar

to what was reported (Saeta and Suntornsuk, 2010). The crude protein (CP) contents

of all the seed meal samples varied in the range of27.33 - 29.61 %. The difference in

CP content of seed meal samples can be attributed to differences in the CP values of

the seed and as well as the variations in oil residues in the seed meal and the

percentage shell of the various seed which contributed to the high crude fibre content

of the various seed meals therefore influencing the crude protein content. The

significantly high amount of crude protein recorded in seed meals of sample lA

(Nyankpala) might be as a result of the lower lipid and crude fibre content of the seed

meal. Sample 3A had the lowest CP content among the seed meal samples and this

can be attributed to the high crude fibre and lipid content in the seed meal which

affected the overall crude protein percentage. However, the CP content of all the seed

meal samples were higher than the values observed in similar studies (Makkar and

Becker, 2009b; Saeta and Suntornsuk, 2010). The lipid (ether extract) content of seed

meals of sample lA (16.52 %), and 2A (17.21 %) are within the range while 3A

(19.56 %) and 4A (18.65 %) are higher than the lipid content of Jatropha seed meal

(14.9-18.0 %) reported (Saeta and Suntornsuk, 2010). More also, the crude fibre

(CF) content of the seed meal samples were twice of the fibre content determined in

seed meals (Saeta and Suntornsuk, 2010). This may be as a result of differences in

seed physical characteristics such as the percentage shell of whole seed weight which

intend is as a result of difference in genotype or environmental conditions. The

significantly high amounts of CF values observed in the seed meal samples of the

present study may be as consequence of the presence of the shells which are higher in

fibre. The CF content of the seed meal samples were directly related to the percentage
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of shells present in their respective seed samples. For instance, seeds from WA

(sample 3) had the highest shell percent of seed (38.81 %) whose seed meal sample

3A had the highest crude fibre content (24.72 %). This high amount of crude fibre

may affect digestibility of the seed meal since the shells are less digested by

ruminants and non-digestible by non-ruminants. Jatropha curcas seed meals have

high mineral content (ash). The total ash value of the seed meals ranged between

7.15- 9.01 %. The significant differences observed in the ash content of the various

seed meal samples may be due to geological differences of the four different

geographical areas where seed were collected. The total ash content of Jatropha seed

meal samples lA (7.43 %) and 3A (7.15) were within the range given (Saeta and

Suntornsuk, 2010). However, samples (2A, and 4A) have ash contents 8.52 %, and

9.01 % respectively which were higher than the ash content of Jatropha seed meal

(7.2 -8.4 %) reported earlier (Saeta and Suntornsuk, 2010). More also Jatropha seed

meals contained considerable amount of carbohydrates in the range of 12.16 - 19.35

% similar to that observed in related studies (Gubitz et al., 1999). Hence Jatropha

curcas seed meal can also be a source of energy to livestock.

}
/"'

All the Jatropha kernel meal samples (lB, 2B, 3B, 4B) have high crude protein

content between 63.39 - 64.35 % dry matter that are higher than CP content of

soybean meal, 45.7% (Makkar et al., 1997) but all the CP values of Jatropha kernel

meals in the present study were within the range reported (Makkar et al., 1998). This

confirmed the fact that Jatropha kernel meal has a great potential to complement and

substitute soybean meal as a protein source in livestock diets (Makkar and Becker,

1997b). Crude fibre contents in kernel meal samples are between 5.55 - 8.25 %
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similar to the values determined in Jatropha kernel meals (Makkar et al., 1997). The

crude fibre contents in all kernel meal samples reduced by (67 - 77 %) as compared

to the values in seed meal samples. This reduction in crude fibre may be mainly due

to the removal of the shells from the seed before defatting. Hence to improve upon

the nutritional values of the seed meal the seeds must be cracked to get the shells

removed to reduce crude fibre and to increase crude protein percentage. Similarly,

the ash content of all the kernel meal samples recorded in this study were very close

to those reported in meals of Jatropha kernels from Cape Verde, Nicaragua, Ife-

Nigeria, and Non-toxic Mexico described in previous publication (Makkar et al.,

1997). Jatropha kernel meals obtained from Jatropha curcas seeds from the four

locations of Ghana can therefore be a good source mineral for livestock. The

carbohydrate content of seed meals did not differed among the samples and were in

the range of 15.02 - 15.54 %. Similar observation was made by Gubitz et al. (1999).

Jatropha seed and kernel meal can therefore be a source of energy for low energy

demanding animals.

5.6 Mineral compositions of Jatropha seed, and kernel meals.

The Jatropha seed and kernel meals were rich in macro- minerals such as nitrogen

(N), phosphorus (P), potassium (K), calcium (Ca) and magnesium (Mg). The

variations in the mineral concentrations observed among the meal samples could be

attributed to differences in geological characteristics between the four areas from

which seeds were collected. For instance, sample 2A (Dambai) and 4A (Techiman)

were richer in P, K, Ca and Mg as compared to the concentrations of these minerals

89

www.udsspace.uds.edu.gh 

 

 

 

 



in sample 1A (Nyankpala) and 3A (WA). The total nitrogen content of all Jatropha

seed meal samples were comparable to the values reported (Kumar and Sharma,

2008; EI Diwani et al., 2011), but lower than the values stated in earlier publication

(Makkar and Becker, 1997b). However, total nitrogen content observed in all the

kernel meal samples (lB, 2B, 3B, 4B) were higher than the values published by

(Makkar and Becker, 1997b; Kumar and Sharma, 2008; EI Diwani et al., 2011).

Phosphorus was the next predominant macro-mineral in Jatropha curcas seed and

kernel meals after nitrogen. The P, Ca and Mg contents in Jatropha seed and kernel

meal samples in the current study were related to the concentrations determined by

Makkar and Becker (l997b). However, the concentration of potassium in seed meals

were higher than as reported (Makkar and Becker, 1997b) but similar to the values

recorded by (Kumar and Sharma, 2008; EI Diwani et al., 2011). Hence Jatropha

curcas seed and kernel meals can be a source of these macro-mineral in animals' diet.

r..-

5.7. Antinutritional composition of Jatropha curcas seed and kernel meals

The Jatropha seed meals contained high amounts of crude phorbol esters, tannins and

phytic acid. These antinutrients were significantly higher in the seed meals of sample

2A (Dambai) and 4A (Techiman) than as they occur in sample 1A (Nyankpala) and

3A (WA) probably due to differences in environmental conditions. The crude phorbol

esters (CPE) concentrations recorded in all the four different Jatropha seed meals in

this present study were extremely higher than the concentrations in the unshelled

Jatropha seed meals from Zimbabwe and Nicaragua (Chivandi et al., 2004;

Aregheore et al., 2003 respectively). The differences in the phorbol ester

concentration may be due to differences in genotype and environmental factors. It
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should be noted that the values of phorbol ester concentrations reported in this study

are crude values and not expressed as phorbol 12-myristate 13-acetate standard. The

CPE concentrations in all the Jatropha kernel meal samples (lB, 2B, 3B and 4B) are

similar to the values recorded in Jatropha kernel meals from Cape Verde, Nicaragua,

Ife-Nigeria (Makkar et al., 1997) but higher than the phorbol ester concentrations in

Jatropha meals from four provinces of Thailand: Chiang Mai, Satun, Phitsanulok, and

Phrae (Saetae and Suntornsuk , 2010). Further, the CPE concentration of the kernel

meals reduced (39-49 %) when compared to the CPE concentrations in the seed meal

samples. The higher concentration of crude phorbol esters in the Jatropha seed meal

samples may be as a result of the high amount oil left in the seed cake after oil

extraction since about 70 % of phorbol esters in Jatropha seed are retained in the oil

(Makkar et al., 2008). Therefore difference in methods of processing of the seed meal

may result in variations in phorbol ester concentration in the seed meals.

The tannic acid concentrations (not total phenols) in the Jatropha seed meal samples

were higher than the values observed in the kernel meals of Jatropha (Makkar et al.,

1998). However, the Jatropha kernel meals from the four different areas in this study

contained negligible amounts of tannins similar to that reported (Makkar et al., 1998).

The high tannic acid content found in the Jatropha seed meal samples could be as a

result of shells incorporated in to the meal since the shells of Jatropha seed contain

more tannins than the kernel (Makkar et al., 1998). Therefore removal of the shells
I- from the seeds of Jatropha would help to reduce tannins concentration in the Jatropha

seed meal. More also, the concentrations of phytate in all the Jatropha seed meal

samples (lA, 2A, 3A and 4A) and kernel meals (IB, 2B, 3B, and 4B) are within the

range (7.2 - 10.1%) reported (Makkar et al., 1997). Like CPE and tannins, Phytate
91

www.udsspace.uds.edu.gh 

 

 

 

 



concentration was higher in the seed meals than in the kernel meals. This research

showed that Jatropha curcas seed from the four different locations of Ghana

(Nyankpala, Dambai, WA, and Techiman) contain antinutrients that have been

reported in Jatropha seeds and co-products from other countries by other authors and

can therefore be toxic to animals when consumed as feed. Hence the protein rich

Jatropha seed and kernel meals need to be detoxified before it can be used as animal

feed.

5.8 Effects of spontaneous solid - state fermentation on proximate composition of

Jatropha curcas seed meals and kernel meals.

Jatropha curcas seed meal samples from the four different geographical areas

(Nyankpala, Dambai, WA, and Techiman) of Ghana were fermented for a period of 7,

14, and 21 days. The chemical composition of fermented seed meal samples were

analyzed and compared to their respective raw seed meal (unfermented). Most seed

meal samples fermented for 14 and 21 days do not differ significantly in chemical

composition. The insignificant differences may be as a result of decreasing metabolic

activities of the fungi and other microorganism as the fungi cells started drying up

after 14 to 21 days of fermentation. This may result from low water activity as the

samples dried up as well as accumulation of microbial metabolic by-products that

tend to be toxic to growth of the microorganisms. The dry matter content in all

fermented seed meal samples increased as compared to their respective controls

(unfermented meals). The significant increased in dry matter content in fermented

seed meals may be due to the addition of cells of the various fungi and other

microorganisms that grew on the seed meal substrate during the fermentation period.
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Similar observation was made when Jatropha seed cakes were treated with

Aspergillus niger and T longbrachitum (Belewu and Sam, 2010). There was

significant increased in crude protein of all fermented samples (22 % in 7 days

fermented meal samples and 30-32 % in 14 and 21 days fermented meals) as

compared to their respective controls. The significant increment in crude protein

content could be attributed to the addition of microbial protein during the process of

J fermentation (Jacqueline and Visser, 1996) as well as the loss of moisture as the

fermentation time progressed. This result confirmed the earlier findings of Belewu

and Sam (2010) who reported significant increased in 7 days fungi treated Jatropha

seed meals. Lipid (ether extract) also reduced significantly in all fermented seed meal

samples. The significant decreased in lipid content of seed cakes could be linked to

the utilization of lipid as an intermediate product for biosynthesis as well as a source

of energy by lipid oxidizing microorganisms in such mixed culture fermentation. On

the contrary, single culture fermentation with the fungi Aspergillus niger, Penicillium

chrysogenum, Rhizopus oligosporus, and Trichoderma longibrachitum could not

significantly change the lipid content of Jatropha seed cake (Belewu and Sam, 2010).

Further, crude fibre content in all fermented seed meals decreased. The reduction in

fibre content of fermented seed meals observed may be as a result of digestion by

enzymes such as cellulase, xylanase, hemicellulase, pectinases produced during

vegetative and reproductive growth phase of the fungi (Jacqueline and Visser, 1996).

However, Belewu and Sam (2010) observed that the change in crude fiore content of

Jatropha seed cakes was not significant when fermented with single cultures of the

fungi Aspergillus niger, Penicillium chrysogenum, Rhizopus oligosporus, and

Rhizopus nigricans. Therefore the significant reduction in the crude fibre of seed
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meals achieved in the present study could be attributed to the activities of the various

fungi and other microorganisms in the mixed culture fermentation. The concentration

of carbohydrates was improved by fermentation. Carbohydrates content significantly

increased in all the fermented seed meals. This might be as a result of the breakdown

of fibre by the activities of the fungi and other microorganisms during incubation. It

can therefore be suggested that solid- state fermentation can be used to improve the

proximate composition of Jatropha curcas seed meal.

Similar to fermented seed meals, dry matter content of all fermented kernel meals

increased. This could be as result of the addition of microbial cells as explained

earlier. The crude protein content observed in the fermented kernel meals also

increased. The values of crude protein in the fermented samples were related to those

reported by Martinez-Herrera et al. (2006) when defatted Jatropha kernel meals were

--\ treated with NaHC03 121 °C125 min; ethanol 90%; ethanol 90% + NaHC03 121

°C125 min; and irradiation. This therefore suggests that microbial fermentation can be

used to achieve similar result as the combination of these expensive physical and

chemical treatment procedures. Like seed meal, total ash content also increased and

the values were within the range reported (Martinez-Herrera et al., 2006). Contrary,

to the seed meals, crude fibre content increased in some treated kernel meal samples.

Similarly, Belewu and Sam (2010) observed significant increased in crude fibre when

Jatropha kernel meals were treated with the fungi, Trichoderma longibrachitum.

94

www.udsspace.uds.edu.gh 

 

 

 

 



5.9 Effects of spontaneous solid state fermentation of crude phorbol ester,

tannins, and phytate concentrations in Jatropha seed meals.

Fermentation significantly influenced crude phorbol ester and phytate concentrations

in all Jatropha seed and kernel meals meal samples. Crude phorbol ester and phytate

concentrations in all fermented seed meal samples reduced significantly (27 - 42 %

and 39 - 54 % respectively) when compared to the control meals (unfermented).

However, in kernel meals crude phorbol ester were reduced in the fermented samples

up to 51-60 %. This indicates that there was drastic reduction in crude phorbol esters

in kernel meals. However, Chetna Joshi et al. (2011) observed complete degradation

of phorbol esters by Pseudomonas aeruginosa PseA strain in solid state fermentation.

The amount of crude phorbol esters observed in the fermented kernel meals is

expected to be lower since not all the crude phorbol ester is pure. Although crude

phorbol ester and phytate contents in seed and kernel meals could not be completely

eliminated by the fermentation process but their levels in the seed cake were

significantly reduced to levels tolerable by the fungi. In similar research, Belewu and

Sam (2010), Belewu (2008); Belewu et ai. (2009) reported that phytate, lectin, trypsin

inhibitors and Saponins concentrations in fermented Jatropha kernel cake decreased

drastically by solid state fermentation with the fungi Aspergillus niger, Penicillium

chrysogenum, Rhizopus oligosporus, Rhizopus nigricans and Trichoderma

longibrachitum with the exception of phorbol ester that was only reduced to tolerable

levels in Aspergillus niger treated samples. The decreased in the crude phorbol ester

and phytate levels could be due to the production of various enzymes (including

cellulase, xylanase, xylosidases, hemicellulase, amylases, beta glycosidase,

proteinases, pectinases, and alphagalactosidae) during the vegetative and reproductive
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phases of the fungi and these enzymes, secreted during incubation period, could have

contributed to the detoxification of the Jatropha kernel cake (Jacqueline and Visser,

1996). The crude phorbol ester and phytate levels in all the samples fermented for 14

and 21 days were similar but significantly lower than 7 days fermented samples and

the control. The insignificant difference between the 14 and 21 days of fermentation

in terms of their crude phorbol ester and phytate concentration could be due to the

fact that metabolic activities by the fungi and other microbes that might be present in

the seed cake substrate reduced which may be due to reduction in water activity as the

samples started to dry while the death of fungi also occurred between this period (14-

21 days). Tannin content in all the treated Jatropha seed cake samples were however

not significantly affected by the fermentation process. On the other hand tannins were

significantly reduced in some fermented kernel meals. Generally, the fermented

kernel meals have lower crude phorbol ester, phytate and negligible amount of

tannins and therefore can be a better meal for protein supplementation in animal diets

than the Jatropha seed meal.
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CHAPTER SIX

6.0 CONCLUSION AND RECOMMENDATIONS

6.1 CONCLUSION

The study showed that average whole seed, kernel and shell weights and chemical

composition of Jatropha curcas seed varied significantly with the geographical area

where the Jatropha plant grow. The kernel formed major portion of the Jatropha

curcas seed and among the four seed samples those collected from Nyankpala had the

highest percentage kernel. The Jatropha curcas kernels contained high amount of

lipid that did not differ among the four locations (Nyankpala, Dambai, WA and

Techiman). The crude protein was also high in the kernels obtained from seeds from

Dambai and Techiman. However, the Jatropha kernel meals contained very high

percentage crude protein that did differ among the samples and low crude fibre

content than the Jatropha seed meals. Both the Jatropha seed and kernel meals were

rich in macro- minerals like phosphorus, potassium, calcium and magnesium.

Jatropha curcas seed, kernel and meals contained antinutrients like crude phorbol

ester, phytate and tannins. Generally, Jatropha seeds and meals from Dambai (Volta

region) and Techiman (Brong - Ahafo region) were high in antinutrients than meals

prepared from Jatropha seeds collected from Nyankpala (Northern) and WA (Upper

West). However, these antinutrients were higher in the seed cakes than the kernel

meals. The levels of tannin in Jatropha curcas kernel meals were negligibly low.

Spontaneous solid- state fermentation increased crude protein and ash content in

fermented seed and kernel meals. More also crude fibre and lipid contents were
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reduced in the fermented seed meal samples. Spontaneous solid - state fermentation

was able to reduce crude phorbol ester, phytate and tannins concentrations in Jatropha

kernel meals and seed meals. Generally, all Jatropha seed and kernel meals fermented

for 14 and 21 days have better nutritional composition than those fermented for 7

days and the raw Jatropha meals (unfermented). It can therefore be concluded that

spontaneous solid state fermentation can be used to detoxify Jatropha kernel meals

and increase crude protein concentration in the Jatropha kernel meal.

6.2 RECOMMENDATIONS

Based on the outcome of the study, it is recommended that;

~ The kernels instead of the whole seeds should be used for oil extraction so

that protein rich and low fibre kernel meals can be obtained.

~ Spontaneous solid state fermentation for 14-21 days can be used to increase

crude protein and reduce antinutrients in Jatropha kernel meals.

~ Further analysis should be done to determine the pure concentration of

phorbol ester in the fermented kernel meal products before it is used as

animal feed.
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APPENDIX

Appendix 1

1.1 Determination of dry matter/moisture in accordance with the standard

method of AOAC (1990) method

Empty crucibles were weighed with an analytical scale (Sarterius, CP 224S) and the

weight of each crucible recorded. Approximately 5 g of the Jatropha samples were

weighed into each of the empty crucible. The crucibles together with the samples

were put into an electric oven and dried at 105°C until constant weight was reached at

about 3 hr. the crucibles with the dried samples were removed from the oven and

placed in a desiccator to cool and also to remove any excess moisture. The final

weights of crucibles plus dry samples were taken and recorded.

~ The percentage dry matter was calculated using the formula:

% dry matter = (dry sample weight/fresh sample weight)* 100

Where dry sample weight = (weight of crucible + dry sample) - weight of empty
crucible

~ Moisture content was reported as loss in sample weight
% Moisture = (fresh sample weight - dry sample weight)* 100

Data entering sheet for dry matter determination (sheet 1). Date .

Sample Wt of empty Wt of fresh Wtof Dry matter % dry matter
ID crucible (g) = sample (g) = crucible + weight = = (W3 -W tfW2) * 100

WI W2 dry sample (W3 -WI)
=W3
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1.2 Crude protein analysis using the Kjeldhal Method described in AOAC

(1990).

Jatropha samples (1 g) were weighed on a filter paper and placed in to Kjeldhal

digestion tubes, 15 ml concentrated sulphuric acid (cone. H2S04) and 3 Kjeldbaltabs

were added. The Kjeldhaltabs acted as catalyst to hasten the chemical reaction. The

digestion tubes were placed on Kjeldhal digestion blocks (J.P. Seleccta, S. a. Bloc

Digest 12) and heated at 420°C in 4 cycles each for 30 min. the setup was allow to

('001 and 75 ml of distilled water added to the clear digested sample in the digestion

tube. The digestion tubes were then connected to an automated distillation unit (1. P.

Selecta, S. a. Pro-Nitro II) and distilled for nine (9) minutes. The distillate was

collected and titrated against 0.2 N Hydrochloric acid. The same procedure was

followed, but this time without sample, to get the black titre values. The titre vaiues

were recorded for each sample and used to calculate % Nitrogen and % crude protein

using the formulae:

. (T-B)XNX14.007Percentage nitrogen = x 100
weight of sample (mg)

% crude protein = % Nitrogen x 6.25

T = Sample titre value of, B = blank titre value

N = Normality of Hydrochloric acid (O.2N).
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1.3 Determination of Oil/Lipid (Ether extract) using the Soxtec System

Dried and ground Jatropha samples (3 g) were weighed into clean empty thimbles and

thimbles plugged with small cotton wool using disposal gloves. Clean extraction cups

were weighed and their weights recorded. Then 50 ml petroleum ether was measured

into each of the extraction cups in a fume cupboard, to minimize hazards of

inhalation. Thimbles were then carefully inserted into the condensers of Soxtec

apparatus, using the thimble holder. The extraction cups were then placed into the

Soxtec apparatus and the handle was carefully clamped down. It was then allowed to

boil at 150 DC for 45 minutes. After that the knobs on the service unit were moved to

rinsing position to lift thimbles out of solvent and rinsed for 30 minutes. The air

button on the service unit was then pressed to open the evaporation valves on the

Soxtec unit to evaporate last traces of solvent from the extraction cups in

approximately 20 minutes. the oil was then allowed to cool for 30 minutes in the

service unit after which the extraction cups with the oil were removed and weighed.

Percentage (%) oil/fat was calculated using the formulae

Weight of fat = W2-Wl, where

WI = weight of extraction cup

W2 = weight of extraction cup + oil

% oil = (Wt of oil Iwt of sample)* 100

Analysis of oil (Ether extract) record sheet Date: .

Sample Position Sample Empty cup wt. (g) Cup + Oil weight (g) Fat %
ID Number wt. (g)

I

:
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1.4 Ash determination using AOAC (1990) method

The weight of an ignited and cooled empty crucible (silica dish) was taken using an

analytical scale (Sarterius, CP 224S). Approximately five (5) grams of Jatropha

sample was- weighed into the crucible. The crucible and sample was ignited gently

first and then at 6000C for 3 hours in a muffle furnace. After which the crucible and

its content were cooled in a desiccator. The weight of crucible plus ash measured.

Ash content was calculated using the formulae;

Weight of ash = (wt. of crucible + ash) - wt. of empty.

% Ash = (wt. of ash/sample weight)* 100

Data recording Sheet for Ash determination Date .

Sample ID Wt. of crucible Wt. of Sample Wt. of crucible % Ash
(g) (g) + ash (g)
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