
Chapter 1
INTRODUCTION
Jackfruit (Artocarpus heterophyllus Lam.) belongs to the family Moraceae, is a fairly large sized tree and bears the largest fruit among the edible fruits. Jackfruit tree is native to Bangladesh especially in Thakurgaon, Sylhet and Rangamati. It is also known as ‘poor man’s fruit’. Jackfruit tree grows well not only under humid and warm climates of hill slopes, but also in arid plains of south India making it as one of the most suitable fruit crops for dryland.

Jackfruit appears in the market in summer and continues until rainy season.The interior of ripe fruit consists of large, pleasant flavoured yellow sweet bulbs (fully developed perianths), massed among narrow ribbons of thin, though undeveloped perianths and a central pithy core constitute 25-30 per cent of the total fruit. Each bulb encloses a smooth, oval, light brown seed (endocarp) covered by a thin white membrane (exocarp). The seed is 2-4 cm long and 1.5 – 2.5 cm thick. There may be 100-120 or upto 500 seeds in a single fruit comprising 5-6 per cent of the total fruit.  

The tender jack fruit is a popular vegetable and used in making soup and pickles. Chips and papads are also prepared from ripe and unripe pulp. The juicy pulp of the ripe fruit is eaten fresh or preserved in syrup and has wide potential for preparing jam, jelly due to the presence of pectin and used in the preparation of innumerous value added products. There is good market for these processed products in U.S, U.K. and gulf countries. The rind or skin of the fruit and leaves are excellent cattle feed. The yellow hard wood of the tree is valued timber for making of furniture’s. Jackfruit trees are also grown for shade to betel, pepper and cardamom plantations. The seeds are generally eaten in boiled or roasted form or used in many culinary preparations, as it contains similar compositions as that of grains. As jack fruit is highly seasonal and seeds have shorter shelf life, hence go waste during the seasonal glut. So, the seed flour can be an alternative intermediatory product, which can be stored and utilized, both for value addition and  to blend with other grain flours without affecting the functional and sensory profile of the final product. Moreover, the incorporation of seed flour to deep fat fried products has found to reduce the fat absorption to a remarkable extent (Rajarajeshwari and Jamuna, 1999).
The ripened fruit is a normally fibrous and composed of sugars like glucose, fructose, xylose, rhamnose, arabinose and galactose. The seeds are also rich source of carbohydrates and proteins and good source of fibre and B-complex vitamins. Jackfruit is also a good source of vitamin a, vitamin c and pectin. It also acts as antidote.

In Bangladesh a large amount of jackfruit are produced annually. Due to huge production in some areas it is not utilized properly. And the rest part of the fruit beyond the perianth after use is drained away. Since there is no well developed disposal system the neglected part produce public nuisance. Every year due to improper marketing system a large volume of jackfruit spoiled.

Jackfruit is a nutritious fruit and it has also medicinal value. From this point of view the utilization of jackfruit and the byproducts of jackfruits as dairy and poultry feed may be most beneficial. So the study is done on the basis of evaluation of nutritional quality of jackfruit seed, exocarp, perianth and body of jackfruit and the value addition of jackfruit in comparison with other poultry feed(energy source) such as maize, rice polish etc.

The study was done on the basis of the following objectives:



1. To assess the physical and functional qualities of Jack fruit body and seed.



2. To determine the nutrient composition of jack fruit body and seed.


3. To evaluate the value addition to Jack fruit.
Chapter 2
REVIEW OF LITERATURE

2.1 Jackfruit is a tropical fruit appears in the market in spring and continues until summer. Fruits are consumed by all sectors of community irrespective of age and gender but, the seeds are used in some local dishes. Though jack seeds are utilized at domestic level, scientific literature related to seed and its utilization is limited. Hence, an attempt is made here to put together some of the closely related findings about the seed in general from other fruit or vegetable sources and has been reviewed in this chapter with special reference to jack seed.

Literature related to the proximate compositions viz., protein, fat, crude fiber, ash, carbohydrates and mineral contents of the seed and its forms are presented in this section.

Bobbio et al. (1978) reported the proximate composition of jack seeds. Jack seeds contained 61.50 per cent moisture, 12.30 per cent protein, 25.10 per cent carbohydrates and0.50 per cent crude lipids.,
A study was conducted by Kumar et al. (1988) on the proximate composition of jackfruit seed flour. The seeds of Kathari and Bharat Baramasi varieties of jackfruit were found good sources of carbohydrates (28.01 and 26.83g %), protein (6.75 and 6.25g %), fat(0.78 and .89g %) and ash (1.27 and 1.16g %), respectively. The calorific value of both Kathari and Bharat Baramasi were found as 146.06 and 140.33 K.Cal/100g, respectively.Katharivariety was observed to be nutritionally excelling, compared to the Bharat Baramasi variety on the basis of most of the constituents analysed.

Rajarajeshwari and Jamuna (1999) studied the nutritional profile of the jack seed flour. The flour contained the moisture (4.43 %), protein (21.30g %), fat (2.73g %), total ash(2.00g %), crude fibre (5.69g %) and carbohydrates (63.85g %).

Tananuwong et al. (2002) reported the chemical compositions of jackfruit seed flour.The major components of the flour were carbohydrates (82.25%), protein (11.17%), lipid(0.99%) and crude fibre (1.67%). The total starch and amylose contents were analysed and the values recorded as 77.76 and 32.05 g/100g, respectively.

2.2 Value addition to seed flour
Value addition not only enhances proper utilization during glut, it also enhances the shelf life of food materials in processed form. It is important to introduce new products using underutilized food ingredients which are available abundantly.

Rajarajeshwari and Jamuna (1999) assessed the use of jackfruit seed in product formulation. On incorporation of jack seed to two deep fat fried products viz., karasev andjamun revealed that, it was important to bring down fat absorption to a remarkable extent. Inthe savoury product none of the sensory attributes were affected, where as in sweet productthe quality of texture and flavour was affected. For the presence of off flavour and after taste,no significant responses were obtained. The responses were significant with higherproportion of jack seed to the products.

In the year 2002, Tananuwong et al. evaluated the possibility of substitution of jackseed flour in bread preparation. With increasing level of replacement, the water absorptioncapacity increased and bread dough peak time and dough stability time were reduced. Thespecific baking volume of the bread was reduced by 51 per cent at 5 per cent replacementwith jack seed flour. Study revealed that, less than 5 per cent of wheat flour can be replacedwith jack seed flour in the bread preparation.

Naik (2007) incorporated 10 to 50 per cent jack seed flour in 50:50 blend of wheat flour (maida and full wheat flour ) for the preparation of cookies. The product at 20 and 30 percent incorporation were acceptable with good sensory profile, while 50 per cent incorporation though was acceptable had hard texture.

Thus it can be concluded from the above studies that the replacement of seed up to 5 to 30 per cent is possible in various products depending upon the composition of flour and functional quality for better utilization or end use.
Chapter 3
Research Methodology

The investigation on “Nutritional quality and value addition to jack fruit” was carried out from October, 2011 to May 2012, with the nutritive value of jack fruit body, seed with exocarp, seed without exocarp, exocarp and comparison with the value addition to Jack fruit. The material and methods adopted for the study are stated in this section.

The experiment was conducted in the Animal nutrition laboratory under the department of Animal Science and Nutrition, Chittagong Veterinary and Animal Sciences University, Khulshi, Chittagong, Bangladesh.
3.1 Sampling
 A total of 50 Jack fruits were randomly collected from markets of 3 districts- Chittagong, Sylhet and Thakurgaon.
3.2. Preparation of Jackfruits sample

The Jack fruits were cut and the seeds were separated. The seeds were dried and exocarp (hulls) was removed from some seeds. Then the total Jack fruit were categorized into four groups of samples randomly as Jack fruit body, seed with exocarp, seed without exocarp and exocarp. The samples were air dried and grinded separately and stored for proximate analysis.
3.3. Analysis of Nutrient composition of jackfruit
3.3.1 Proximate composition

The parts of  Jack fruits was analysed for proximate composition viz., moisture, crude protein, crude fat, crude fibre  and total mineral matter and expressed in percentage.

3.3.2 Moisture

Five grams of powdered seed sample was weighed into a previously weighed

moisture cup and dried in an oven at 60°C till a constant weight was attained (Anon., 1990 )
                                    Initial weight (g) – Final weight (g)

                 Moisture % = ------------------------------------------× 100

                                                   Sample weight (g)
3.3.3 Crude protein

The nitrogen content of flour was estimated by Microkjeldahl method in Parnas and Wagner apparatus (Anon.,1990). The crude protein content was calculated by multiplying with factor 6.25 and expressed on per cent basis.

                                 (Titre—Blank ) × Normality of HCL × 14.007 × 6.25

                 Protein % = ------------------------------------------------------------- × 100

                                                           Sample weight (g)

3.3.4 Crude fat

Moisture free sample was weighed in moisture free thimbles and crude fat was extracted by refluxing in soxhlet apparatus using petroleum ether as solvent. Per cent crude fat was calculated by difference (Anon., 1990). 

                                           Initial weight (g) – Weight after extraction (g)

                    Crude fat % = --------------------------------------------------------- × 100

                                                         Sample weight (g)

3.3.5 Crude fibre

Fat free seed flour sample was hydrolyzed with dilute sulphuric acid (0.255 N) and dilute alkali (0.313 N) to estimate crude fibre by employing the methods of Mayanard (1970).

                               Weight residue with crucible (g) – Weight of ash with crucible

             Crude fibre %=-------------------------------------------------------------------- ×100

                                                      Weight of fat free sample (g)

3.3.6 Total mineral matter

Total mineral matter ( ash ) was determined by igniting samples in muffle furnace at 600°c for 3 - 4 hours ( Anon., 1990). The total mineral matter was expressed as per cent.

                                            Weight of crucible with ash (g)

Total mineral matter % = -------------------------------------------- ×   100                                                                                                                                                                            

                                            Weight of crucible with sample (g)
3.3.7 Metabolizable energy
The metabolizable energy content was calculated by using the following formula (Lodhi et al, 1976). 
ME=32.95(% CP + % EE * 2.25 +% NFE) -29.20
3.3.8 Calculation of NFE:

The NFE content was calculated by deducting the sum of the values for moisture, crude protein, crude fat, crude fibre and total mineral matter in 100 ( Raghuramulu et al., 1983 ).

3.4 Statistical analysis
All data were recorded after chemical analysis. The recorded data were tabulated for further analysis and analyzed by using SPSS 11.5 version and micro soft excel 2003.
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Fig: Weighing of Jack fruit.                                Fig: Separating of perianths.
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Fig: Weighing of perianths.                                 Fig: Weighing of extra matter.
[image: image5.jpg]


   [image: image6.jpg]



Fig: Drying of extra matter.                                Fig: Drying of seeds.
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Fig: Estimation of EE.                                         Fig: Estimation of Ash. 
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Fig: Estimation of CP.                                      Fig: Estimation of EE.

Chapter 4
RESULT AND DISCUSSION
The different parts of a ripened jackfruit were shown in the table 4.1. It is also expressed in per cent in the pie chart 1.
Table 4.1: Weight (%) of different parts of Jack fruit:

	Jack fruit body

(Mean±SE)
	Perianth+Seed

(Mean±SE)
	Seed+Exocarp
(Mean±SE)
	Seed-Exocarp
(Mean±SE)
	Exocarp
(Mean±SE)

	49.60±0.06
	43.08±0.06
	8.99±0.06
	7.13±0.06
	1.86±0.06
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The dry matter, proximate content and calcium and phosphorus availability of ripened jackfruit are analysed and expressed in per cent while the metabolizable energy content in kcal/kg in the following table 4.2.

Table 4.2: Nutritional composition and value addition of Jackfruit (%).
	
	T1
Jack  body

(Mean±SE)
	T2
Seed-Exocarp

Mean±SE)
	T3 
Seed+Exocarp

(Mean±SE)
	T4 
Exocarp[hulls]

(Mean±SE)
	Level of sig.

	DM%
	98.70d±0.06
	97.80a±0.06
	98.12b±0.006
	98.50c±0.00
	*

	ME[kcal/kg]
	2310.25b±0.06
	2931.52d±0.006
	2827.65c±0.00
	1589.06a±0.03
	**

	CP%
	12.60b±0.03
	15.7d±0.02
	14.0c±0.04
	10.50a±0.02
	**

	CF%
	27.50c±0.09
	6.0a±0.12
	9.50b±0.00
	48.0d±0.29
	**

	NFE%
	44.90b±0.06
	71.86d±0.03
	70.34c±0.02
	36.16a±0.006
	**

	EE%
	6.0b±0.35
	1.02a±0.00
	1.05a±0.00
	1.09a±0.00
	**

	ASH%
	7.72c±0.03
	3.22b±0.006
	3.22b±0.00
	2.75a±0.06
	*

	Ca%
	1.59b±0.21
	1.20a±0.03
	1.15a±0.006
	1.10a±0.02
	*

	P%
	0.26ab±0.02
	0.28b±0.006
	0.43c±0.02
	0.20a±0.00
	*


Means with different superscript(s) in the same row differ significantly. 

*Significant at the 0.05 level. ** Significant at the 0.01 level; NSNon-significant.
4.1.1 Dry matter
The average dry matter of Jack fruit body was (98.70 d±0.06), which was significantly different from the average dry matter of seed without exocarp (97.80a±0.06), seed with exocarp (98.12b±0.006), exocarp (98.50c±0.00) and the whole Jack fruit (98.28±0.11). And it was higher than the dry matter of seed without exocarp, seed with exocarp, exocarp and the whole Jack fruit. 
The average dry matter of seed with exocarp was 98.12b±0.006, which was significantly (P<0.01), different from the average dry matter of Jack fruit body, seed without exocarp and exocarp. And it was lower than the dry matter of Jack fruit body and exocarp but higher than the dry matter of seed without exocarp.  The finding is higher than the experimental finding of Rajarajeshwari and Jamuna (1999) and Bobbio et al. (1978). It might be due to the difference of method of drying of sample and climate.
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4.1.2. Metabolizable energy
The average metabolizable energy of Jack fruit body was (2310.25b±0.06), which was significantly different from the average metabolizable energy of seed without exocarp (2931.52d±0.006), seed with exocarp (2827.65c±0.00), exocarp (1589.06a±0.03) and the whole Jack fruit (2414.62±0.06). And it was lower than the metabolizable energy of seed without exocarp, seed with exocarp and the whole Jack fruit but higher than exocarp.
The average metabolizable energy of seed with exocarp was (2827.65c±0.00), which was significantly differs from the average  metabolizable energy of Jack fruit body, seed without exocarp and exocarp. And it was higher than the metabolizable energy of Jack fruit body and exocarp but higher than the metabolizable energy of seed without exocarp.  The finding is higher than the experimental finding of Rajarajeshwari and Jamuna (1999)  and  Bobbio et al. (1978). It might be due to the difference of method of drying of sample and climate.
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4.1.3. Crude protein
The average crude protein of Jack fruit body was 12.60b±0.03, which was significantly different from the average crude protein of seed without exocarp (15.7d±0.02), seed with exocarp (14.0c±0.04), exocarp (10.50a±0.02) and the whole Jack fruit (13.20±0.03) . And it was higher than the crude protein of exocarp but lower than the crude protein of seed without exocarp seed with exocarp and the whole Jack fruit.  
In this finding the seed(seed with exocarp) contains crude protein about 14%, which was slightly higher than  the findings of  Bobbio et al. (1978) and Tananuwong et al. (2002) and it was lower than the finding of Rajarajeshwari and Jamuna (1999). The variation might be due to variation in soil type and geographical variation.
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4.1.4. Crude fibre
The average crude fibre of Jack fruit body was (27.50c±0.09), which was significantly different from the average crude fibre of seed without exocarp (6.0a±0.12), seed with exocarp (9.50b±0.00), exocarp (48.0d±0.29) and the whole Jack fruit (22.75±0.05) . And it was lower than the crude fibre of  exocarp but higher than the crude fibre of seed without exocarp seed with exocarp and the whole Jack fruit.  
In this finding the seed (seed with exocarp) contains crude protein about 9.50%, which was higher than the finding of  Rajarajeshwari and Jamuna (1999) [5.69%] and Tananuwong et al. (2002) [1.67%]. It might be due to soil quality and variety of jackfruit.
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4.1.5. Nitrogen free extract

The average nitrogen free extract of Jack fruit body was (44.90b±0.06), which was significantly different from the average nitrogen free extract of seed without exocarp (71.86d±0.03), seed with exocarp (70.34c±0.02), exocarp (36.16a±0.006)  and the whole Jack fruit (55.82±0.03). And it was higher than the nitrogen free extract of  exocarp but lower than the nitrogen free extract of seed without exocarp seed with exocarp and the whole Jack fruit.  
In this finding the seed (seed with exocarp) contains nitrogen free extract about 70.34%, which was higher than the finding of Rajarajeshwari and Jamuna (1999) [63.85%].
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4.1.6. Ether extract:

The average ether extract of Jack fruit body was (6.0b±0.35), which was significantly different from the average ether extract of seed without exocarp (1.02a±0.00), seed with exocarp (1.05a±0.00), exocarp (1.09a±0.00) and the whole Jack fruit (2.29±0.00). And it was higher than the ether extract of seed without exocarp, seed with exocarp, exocarp  and the whole Jack fruit.  
In this finding the seed (seed with exocarp) contains ether extract about 1.05%, which was lower than the finding of Rajarajeshwari and Jamuna (1999) [2.73%].
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4.1.7. Total Ash:

The average total ash of Jack fruit body was (7.72c±0.03), which was significantly different from the average total ash of seed without exocarp (3.22b±0.006), seed with exocarp (3.22b±0.00), exocarp (2.75a±0.06) and the whole Jack fruit (4.23±0.00). And it was higher than the total ash of seed without exocarp, seed with exocarp, exocarp  and the whole Jack fruit. There was no significant difference between the total ash content of seed with exocarp and seed without exocarp.
In this finding the seed (seed with exocarp) contains total ash about 3.22%, which was higher than the finding of Rajarajeshwari and Jamuna (1999) [2.00%] and Kumar et al. (1988) [1.27%].
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4.1.8. Calcium:

The average calcium of Jack fruit body was (1.5922b±0.21), which was not significantly different from the average calcium of seed without exocarp (1.20a±0.03), seed with exocarp (1.15a±0.006), exocarp (1.10a±0.02) and the whole Jack fruit (1.2608±0.03). There was statistically no significant different between them.
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4.1.9. Phosphorous:

The average phosphorous of Jack fruit body was (0.26ab±0.02), which was not significantly different from the average phosphorous of seed without exocarp (0.28b±0.006), exocarp (0.2a±0.00) and the whole Jack fruit (0.30) but it was significantly different from the phosphorous content of seed with exocarp (0.43c±0.02). The seed contains higher amount of phosphorous than other parts of Jack fruit.
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Chapter 5

CONCLUSION
From the above discussion it can be concluded that the nutritive value of jackfruit was satisfactory. In the part of seed without exocarp the CP content is highest while the CF is lowest. The total Ash% was higher in the jackfruit body. From this evaluation it is recommended that the jackfruit may be used as poultry feed as alternative of other feed stuffs of poultry. A lot of jackfruit produced annually. All parts of jackfruit drained away after consuming the perianths by human. Due to lack of proper disposal it produces public nuisance. From the above point of view the jackfruit can be profitably used as poultry feed.  
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Figure 1: Different parts of a jackfruit as a whole (%).





Figure 3: ME content of different parts of a jackfruit as a whole (%).





Figure 4: Crude protein content different parts of a jackfruit as a whole (%).





Figure 5: Crude fiber content of different parts of a jackfruit as a whole (%).





Figure 2: Dry matter content of different parts of a jackfruit as a whole (%).





Figure 6: NFE content of different parts of a jackfruit as a whole (%).





Figure 7: EE contents of different parts of a jackfruit as a whole (%).





Figure 8: Ash content different parts of a jackfruit as a whole (%).





Figure 9: Different Ca content of parts of a jackfruit as a whole (%).





Figure 10: Ash content of different parts of a jackfruit as a whole (%).
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				To resize chart data range, drag lower right corner of range.
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Chart1

		Jack fruit body

		seed-exocarp

		seed+exocarp

		exocarp

		Whole fruit



Ash

7.72

3.22

3.22

2.75

4.23



Sheet1

				Ash		Series 2		Series 3

		Jack fruit body		7.72		2.4		2

		seed-exocarp		3.22		4.4		2

		seed+exocarp		3.22		1.8		3

		exocarp		2.75		2.8		5

		Whole fruit		4.23

				To resize chart data range, drag lower right corner of range.
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Chart1

		Jack fruit body

		seed-Exocarp

		seed+Exocarp

		Exocarp

		Whole fruit



EE

6

1.02

1.05

1.09

2.29



Sheet1

				EE		Series 2		Series 3

		Jack fruit body		6		2.4		2

		seed-Exocarp		1.02		4.4		2

		seed+Exocarp		1.05		1.8		3

		Exocarp		1.09		2.8		5

		Whole fruit		2.29

				To resize chart data range, drag lower right corner of range.
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Chart1

		Jack fruit body

		seed-exocarp

		seed+exocarp

		exocarp

		Whole fruit



Ca

1.59

1.2

1.15

1.1

1.26



Sheet1

				Ca		Series 2		Series 3

		Jack fruit body		1.59		2.4		2

		seed-exocarp		1.2		4.4		2

		seed+exocarp		1.15		1.8		3

		exocarp		1.1		2.8		5

		Whole fruit		1.26

				To resize chart data range, drag lower right corner of range.
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Chart1

		Jack fruit body

		seed-exocarp

		seed+exocarp

		exocarp

		Whole fruit



P

0.26

0.28

0.43

0.2

0.3



Sheet1

				P		Series 2		Series 3

		Jack fruit body		0.26		2.4		2

		seed-exocarp		0.28		4.4		2

		seed+exocarp		0.43		1.8		3

		exocarp		0.2		2.8		5

		Whole fruit		0.3

				To resize chart data range, drag lower right corner of range.






