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ABSTRACT

Oil from wild plants of Shea tree was analyzed to establish its physico-chemical characteristics and evaluate its
applications for food and industrial purposes. The results of analysis indicated that the oil contains color, melting
point, specific gravity (at 20°C), refractive index (40°C), acid (mg KOH/g), peroxide (me peroxide oxygen/Kg),
iodine (Wij’s g/100g sample) and saponification (mg KOH/g) values ranged between Yellow orange-white yellow,
42-43°C,  0.914+005-0.915+001,1.482+0.003-1.482+0.001,  2.28+0.23-12.294+0.04,  39.13£0.12-53.63+0.09,
2.25+001-14.13+001 and 177.32+0.03 -178.63+1.01 for n-hexane solvent and traditional extracts respectively.
Values for iodine, acid and peroxide were significantly different (P<0.05), but melting point, specific gravity,
refractive index and saponification values were not significantly different (P<0.05). Poor post-harvest handling
practices may be responsible for the increase in the values of the parameters in the traditionally extracted Shea oil.
The results favorably showed that the oil extracts can be utilizable for food, cosmetic and pharmaceutical application
both locally and at industrial scale with proper extraction and post-harvest handling practices.
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INTRODUCTION

In Africa, the contribution of edible wild plants and their potential in overcoming prevailing food problems
are enormous [1]. Shea tree (Vitellaria pradoxa C.F.Gaerten), which belongs to the Sapotaceae family of tropical
trees and shrubs, is a wild fruit tree with multiple benefits within the order Ebenales and class Magnoliopsida, has
two subspecies: nilotica and paradoxa [2]. Geographically, nilotica subspecies occupies Southern Sudan, Ethiopia,
Uganda and northeast Zaire while the paradoxa subspecies extends from Senegal eastwards to the Central African
Republic [2, 3]. The two subspecies differ in their physical appearance and fat content within their nuts. The tree
prefers dry and sandy clay soils with [4] annual rainfall range averages from 600-1,500 mm [5].

Shea butter/oil, fat obtained from nuts of Shea tree has multiple applications as cooking oil, replacer of cocoa
butter in chocolate industry and application in cosmetics industry [6]. Beside this, the plant has been employed to
heal many diseases traditionally including joint pains, wounds, infections, constipation, stomachache and eye
problems [4, 7-10].

In Ethiopia, Shea tree exclusively occurs naturally in Gambella Regional State, south-western part of Ethiopia
at 6° 30' - 8° 30' N and 33 00' - 35° 45' E covering a total area of 3,203,280 ha [11]. It occurs predominantly in
Abobo, Gog and Fugnido districts, which are on the average of 98 km apart from each other [11].

Like other African countries, Shea tree is an important traditional source of fruits, beverages, nuts and edible
oil in Gambella Regional State of Ethiopia. Physicochemical characteristics variations in Shea oil samples obtained
from different areas have been reported which attributes are of environmental, farming practices and post-harvest
handling characteristics [12, 13]. Use of Shea oil for food and other industrial application is greatly influenced by its
physicochemical properties. Characterization of Shea oil is therefore one step to evaluate the significance of the oil
for a given purpose and promoting the product in international market.

In Ethiopia, there were no efforts made to characterize the product and less emphasis is given to the plant and
its products by research institutions. Hence, this study aims at analyzing the physicochemical characteristics of Shea
oil which will used to provide data used to evaluate the suitability of the oil for a given purpose in the national and
international markets.
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MATERIALS AND METHODS

Sample collection and preparation: Samples of fruit and oil for this study were collected from Gambella Regional
State, Gog district, Fugnido Kebele where Shea tree is predominantly found. Shea tree fruits were collected from
Fugnido Kebele and stored in ice box, transported to laboratory. The kernels were cleaned and dried by spreading
them on the ground for 6 days. To ensure minimum moisture content, dehusked dry kernels were further dried in
drying cabinet for three hours at 70 °C. The dry nuts were grinded using mortar and pestle and were put in drying
cabinet for further analysis.

In order to extract oil from the crushed nuts, a soxhlet apparatus using analytical grade hexane (n- hexane) was
applied for 5 hours at 60 °C. After extraction, the kernel were collected and concentrated using rotary evaporator at a
temperature of 50°C for one hour, stored in the bottle for further analysis. The physical and chemical parameters
including refractive index, specific gravity, peroxide value, saponification value, iodine value and acid value were
determined according to the standard methods of AOAC [14]. The yield was calculated using the following equation
by evaporating the oil over water bath for 30 min at 70°C;

. Weigh he 0il
Oil content (%) = 29 Lof the O x 100
Weight of the Sample

To determine the color, the samples were correlated using color charts. Melting point was determined according to
the methods employed by [15].

Data Analysis: One way analysis of variance (ANOVA) was employed to study the variation in physico-chemical
properties among the two differently extracted Shea oil samples. Significant difference was observed at 5%
probability (P < 0.05).

RESULTS AND DISCUSSION
Application of oil for a given purpose including for nutritional, pharmaceutical and cosmetics requires prior analysis
of the physicochemical characteristics. In this research, the physicochemical properties of Shea oil extracted by two

different methods were given in Table 1.

Table 1 Physiochemical characteristics

Parameters Traditionally extracted n-hexane solvent extracted
Color White yellow Yellow-orange

Oil yield (%) _ 45.60

Melting point (°C) 43 42

Specific gravity at 20°C 0.915 +001 0.914 +005

Refractive index at 40°C 1.482+0.001 1.482+0.003

Acid value (mg KOH/g) 12.29 +0.04 2.28 +0.23

Todine value (Wij’s g/100g sample) 53.63 £0.09 39.13 +0.12

Peroxide value (me peroxide oxygen/Kg) 14.13+001 2.25+001

Saponification value (mg KOH/g) 178.63+1.01 177.32+0.03

Figure 1 Traditionally extracted Shea oil Figure 2 Solvent extracted Shea oil
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The color exhibited by Shea oil obtained by traditional method was white yellow (Fig 1) while that exhibited
by n-hexane solvent extract was yellow-orange (Fig 2). Observed color change may be as a result of per oxidation,
pigmentation, contamination or polymerization of triglycerides which is also case for Shea oil obtained traditionally
[16]. The oil content for Shea oil is 45.60 % that falls within ranges of 20% to 60% what have been reported [12].
Oil yield of Shea oil is considered good for industrial applications, as 30% oil yield is reported to be suitable for
commercial use [15].

The melting points of the samples ranged between 42 — 43°C (Table 1). The Shea oil exhibited a relatively
higher melting point in comparison to cocoa and palm oil that ranges between 32 - 36 and 25 - 30°C respectively
[17]. Previous studies have reported the melting point for Shea oil in the ranges of 32 - 42°C [17]. Extracts of Shea
oil samples exhibited a specific gravity ranging between 0.914+005 - 0.915+001 (Table 1) with no significant
variation (P< 0.05) among the two samples. The specific gravity of 0.915+005 falls in the range what has been
reported [18] and is a recommended value for any cooking oil [19]. The refractive index ranged between
1.482+0.001-1.482+0.003 (Table 9), and the value is within the ranges of nut family oils of 1.45 -1.49 [20 - 22].

The acid value was ranged between 2.28+0.23 and 12.29+0.04 mgKOH/kg and the value was highest for
traditional extract. At P< 0.05, a significant variation was noticed between n-hexane solvent extract and traditional
extracts of Shea oil samples. High acid value, low quality indicator, can be the result of poor post-harvest handling
practices, hydrolysis of triglycerides in the Shea oil due to extraction processes and poor storage condition of the oil
[23]. This value is exhibited by many edible vegetable oils [24].

The peroxide value of Shea oil sample under this study was ranged between 2.25+001 and 14.13+001
meq/Kg and the values significantly vary (P< 0.05) (Table 1). Acid value for n-hexane solvent extract is below the
tolerable limit for application in the cosmetic and pharmaceutical industry [24-26]. The relatively high peroxide
value of traditional Shea oil extract may be due to atmospheric oxygen and light being absorbed by the Shea oil
during storage and processing, thereby producing intermediate oxidation products [27, 28].

The iodine value exhibited by the two processing methods fell in the range of 39.13+0.12- 53.63+0.09
I,g/100g and the values vary significantly (P< 0.05). This increase in the iodine value of oil is attributed to high
degree of unsaturation and presence of peroxides which is also true for traditionally extracted Shea oil [29, 30]. The
value is lower than other vegetable oils indicating that it is non-drying oil [31, 32].

The saponification value was in the range of 178.63+£1.01-177.32+0.03 mgKOH/g with the values for
traditional extract greater than n-hexane solvent extract. Significant variation was not observed among the two
extracts (P< 0.05). The saponification value is lower than values for soya bean, peanut, cotton, sun flower and olive
[26, 33].

CONCLUSION

The physicochemical characteristics of Shea oil samples fells within limits of other edible vegetable oils
making it a good raw material for food, cosmetics and other industrial applications. The result also showed that,
there is significant variation in iodine value, acid value and peroxide value among the two Shea oil samples which is
related to post harvest handling practices. No significant difference is observed in saponification value, melting
point, specific gravity and refractive index among the two samples. To ensure higher quality Shea oil, it is
recommended to have improved post harvest handling and extraction practices.

REFERENCES

1. Amare, G.,1974. The role of wild plants in the native diet in Ethiopia. Agro-ecosystems: 1, 45-56.

2. Hall, J.B., Aebischer, D.P., Tomlinson, H.F., Osei-Amaning, E. and Hindle, J.R.,1996. Vitellaria paradoxa:
a monograph. School of Agricultural and Forest Sciences Publication, University of Wales, Bangor, UK. 8:
pp 105.

3. Boffa, J. M., 1999. Agro forestry Parklands in sub-Saharan Africa. FAO Conservation Guide No. 34. Food
and Agriculture Organization of the United Nations, Rome.

4. Orwa, C., Mutua, A., Kindt, R., Jamnadass, R., Simons, A., 2009. Agroforestree Database: a tree reference
and selection guide version, 4, 1-6.

5. Maydell, H., 1990. Butyrospermum parkii (G.Don) Kotschy. Trees and shrubs of the Sahel: Their
characteristics and uses. English text revised Brase, J. Eschborn, Germany: Deutsche Gesellschaft fur
Technische Zusammenarbeit (GTZ). pp 202-207.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

Gicha and Soromessa, 2017

Krist, S., S. Bail, H. Unterweger, M.B. Ngassoum, A.M. Mohagir and G. Buchbauer., 2006. Volatile
compounds of original African black and white shea butter from Tchad and Cameroon. Eur. J. Lipid Sci.
Tech., 108: 583-588.

Goreja, W. G., 2004. Shea Butter: The Nourishing Properties of Africa's Best-Kept Natural Beauty.
Amazing Herbs Press, pp 1-18 .New York,NY

Soladoye, M. O., Orhiere, S. S. and Ibimode, B .M., 1989. Ethnobotanical study of two indigenous
multipurpose plants in the Guinea savanna of Kwara state - Vitellaria paradoxa and Parkia biglobosa.
Biennial Conference of the Ecological Society of Nigeria, 14th August 1989, Forestry Research Institute,
Ibadan, pp 13.

Millee, J. K.,1984. Secondary products of species native to the Dinderesso Forest Reserve, Forestry
Education and Development Project USAID, Ouagadougou. Journal of Development and Agricultural
Economics, 3(4), 165-173.

Abbiw, D. K.;,1990. Useful Plants of Ghana. Intermediate Technical Publication and Royal Botanic
Gardens, KEW, LONDON, 52, 223-225.

Demel, T., and Abeje, E., 2004. Status of indigenous fruits in Ethiopia. A synthesis report for IPGRI-
SAFORGEN.

Maranz, S., Kpikpi, W., Wiesman, Z., De Saint Sauveur, A. and Chapagain, B., 2004. Nutritional values
and indigenous preferences for shea fruits (Vitellaria paradoxa C.F. Gaertn. F.) in African agroforestry
parklands. Economic Botany ,58, 588—600.

USAID, 2004. Shea butter value chain, production transformation and marketing in West Africa. WATH
Technical report No.2: pp 11.

Association of Official Analytical Chemists (AOAC), 1997. Official methods and recommended practices
of the American Oil Chemists Society. 4th edition, Washington DC.

Okolie,N., Uaboi-Egbenni, O. and Ajekwene, E., 2012. Extraction and Quality Evaluation of Sandbox Tree
Seed (Hura crepitan) Oil. World Journal of Agricultural Sciences, 8 (4), 359-365.

Lewis, M. J.,1999. Physical properties of food and food processing systems, pp 109.

Bockish, M.,1993. Fats and Oils Handbook. AOCS Press, Champaign II: pp 153-155.

Olaniyan, A.M. and Oje, K., 2007. Quality Character of Shea butter recovered from shea kernel through
dry extraction process, J. Food Sci. Technol., 44 (4):404-407.

Elert, G., 2000. Density of cooking oil. In The Physics Fact book, online,
http://hypertextbook.com/facts/2000/IngaDorfman.shtml. Accessed May10, 2012.

Eckey, E.-W., 1954. Vegetable Fats and Oil. Reinhold Publishing Corp: 407-426.

Asuquo, J. E., Anusiem, A. C. I, and Etim, E. E. (2010). Extraction and characterization of shea butter oil.
WOJAST, 2(2), 282 — 288.

Ochigbo, S. S. and Paiko, Y. B., 2011. Effects of solvent blending on the characterization of oils extracted
from the seeds of chrysophyllum Albidum. International Journal of Science and Nature, 2(2), 352 — 358.
Lovett, P.N.C., 2004. The Shea butter value chain: Production, transformation and marketing in West
Africa. West African Trade Hub (WATH) Technical Report No. 2, ACCRA, Ghana.

Dhellot, J. R., Matouba, E., Maloumbi, M. G., Nzikou, J. M., Safou Ngoma, D. G, Linda. M., et al., 2006.
Extraction, chemical composition and nutritional characterization of vegetable oils: Case of Amaranthus
hybridus (Varl and 2) of Congo Brazzaville. African Journal of Biotechnology, 5 (11), 1095-1101.

Codex ALimentarius, 1992. Programme mixte FAO/OMS sur les normes alimentaires, FAO, Rome.
Anhwange, B.A., Ajibola, V.O. and S.J, Oniye., 2004. Chemical studies of seeds of Moringa oleifera and
Detarium microcarpum (Guill and Sperr). Journal of Biological Sciences, 4(6), 711-715.

Garrow, J. S. and James, T., 1993. Human Nutrition and Dietetics, Edition 19, Churchill Livingstone,
Edinburgh. pp 98-225.

Schreckenberg, K., 2004. The contribution of Shea butter (Vitellaria paradoxa C.F. Gaertner) to local
livelihoods in Benin. Livelihoods and Conservation Indonesia, pp. 91-113.



29.

30.

31.

32.

33.

J. Agric. Food. Tech.,7(2)1-5,2017

Egan, H, Kirk, R.S. and Sawyer, R., 1985. Pearson’s Chemical Analysis of Foods. Churchill Livingstone,
London. pp 520-550.

Kaul, S., Goyal, H. B., Bhatnagar, A. K., Gupta, A.K., 2008. Effect of aging on the quality of Jojoba oil
from Indian locations. Journal of industrial crops and products, 29(1), 102-107.

Salam, K. A., Motahar Hossain, A. K. M., Khurshid Alam, M., Pervin, F. and Absar, N., 2005. A
comparative analysis on Physicochemical characterization of oil extracted from six different part of Hilsa
fish ( Hilta ilisha). Pakistan Journal of Biological Sciences, 8 (6), 810-815.

Obasi,N.A., Ukadilonu,J., Eze,E., Akubugwo, E. 1. and Okorie, U.C., 2012.“Proximate composition,
extraction, characterization and comparative assessment of coconut (Cocos nucifera) and melon
(Colocynthis citrullus) seeds and seed oils”, Pakistan Journal of Biological Sciences, 15(1), 11-18.

Codex Alimentairus Commission, 1993. Graisses et huiles vegetables, Division 11, version abregee
FAO/WHO Codex Stan 20 -1981,23 -1981.



