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ABSTRACT

The potential of some wild-growing indigenous fruits such as black-plum (Vitex
doniana) has remained largely untapped. Most tropical fruits can be processed and
preserved in small-scale operations using simple techniques. Various uses have been
reported for black-plum ranging from medicinal to dietary utilization. This study was
carried out to investigate the possibility of producing jam from black-plum and to
evaluate the physico-chemical properties, nutritional properties and consumer
acceptability of the product. Black-plum jam was produced using traditional open-
kettle method. The physico-chemical analyses of black-plum fruit and jam were
determined. Physico-chemical analyses of black-plum fruit showed that it had soluble
solids of 18.83 + 0.11 °Brix, pH 3.85 + 0.07 and ascorbic acid was 33.35 + 0.21
mg/100g. Na, K and Ca contents were (0.1 mg/100g); (1.33 mg/100g); and (0.765
mg/100g), respectively. Physico-chemical analyses of the jam showed that it had
soluble solids of 68.0 + 0.71°Brix, 24.22 + 0.08% reducing sugar, pH of 3.42 + 0.03
and total acidity of 0.34 + 0.01%. Proximate analysis of the jam showed nutrient
values of crude protein 4.23 + 0.03%, crude fibre 1.0 + 0.03%, ash 4.30 + 0.02%,
crude lipid 2.43 + 0.03%, carbohydrate 68.1 + 0.28%, sodium (Na) 0.28 + 0.01
mg/100g, potassium (K) 1.42 + 0.01 mg/100g, calcium (Ca) 0.97 + 0.01 mg/100g,
moisture 21.65 + 0.33%, dry matter 78.36+ 0.33%. Physico-chemical and proximate
analyses of the fruit on wet and dry basis were also carried out. Sensory evaluation by
untrained panelists indicated consumer acceptability. Statistical evaluation using
simple-paired comparison between black-plum jam and commercial black currant jam
on a nine-point hedonic scale showed a preference for the commercial jam,
particularly in terms of colour. The differences in flavour and spreadability were not
significant (P > 0.05) 5% level; while the differences in colour, taste and overall
acceptability were significant (P < 0.05) 5% level. Some assessors, however, scored
black-plum jam high for flavour and spreadability.
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INTRODUCTION

The awareness of the significant contributions that wild-growing indigenous fruits
make to the diets of a good percentage of the African population, especially in the
sub-Sahara is increasing [1, 2, 3, 4]. They serve to supplement the nutrients provided
by cereals, legumes and root crops. They are important sources of carbohydrate,
calcium, magnesium, potassium and vitamin C and are pleasant to taste. They also
provide substantial income to the economy of the rural populace in its place as an
article of informal trade. In Africa, particularly in the Sahel regions where drought
and other weather-related calamities reduce traditional staple crop yields, wild fruits
are gaining increasing importance.

However, these wild fruits are fast disappearing and this may have dire consequences
on the rural populace who eat them fresh [5]. This is due to the changes sweeping
through African societies such as urbanization and industrialization, leading to the
clearing of forests [6]. There is little documentation on the cultivation of indigenous
trees [7], and this situation is responsible for the little progress in the improvement
and utilization of indigenous plant species for food and other uses. It is, therefore,
important to improve existing methods, and/ or adopt new methods for the greater
utilization of perishable food resources. Without this, nutrient depletion, quality loss,
and damage of physiological structures before consumption or conversion into
secondary products occur [8, 9]. Broadening the utilization of indigenous food
species, which would otherwise be lost, will contribute to the national effort of greater
self-reliance in food production.

Black-plum (Vitex doniana Sweet) of the family Verbanaceae is a tree crop that
grows in open woodland and savannah regions of tropical Africa; it is the commonest
of the Vitex species in West Africa [10,11]. It produces fruits which are plum-like,
sweet and edible [12]. The fruit is green when mature and changes to dark brown
when fully ripe, with the pulp surrounding a hard stone containing 1 — 4 seeds. It is a
savanna species and can therefore be found in northern, eastern and western Nigeria.
It is known by the local names: Hausa — dinyar; Fulani — galbihi; Yoruba - ori nla;
Ibo — ucha koro. The fruits are also referred to as black-plum or African olive [13].
Locally, it is used for making candies (alewa in northern Nigeria); and the leaves of
the fruits are mixed with groundnuts, salt and pepper (dinkin dinya) [11]. It has been
reported that syrup similar to honey was produced from the fruit and that physico-
chemical and sensory results showed that it can substitute for other syrups as a
nutritive sweetener [14]. There are also reports of its use by various communities in
Nigeria for many purposes and its potential for use in the production of wine and jam
[15]. Other reported uses of the tree include its stem bark extract for the control of
hypertension and its anti-hepatotoxic effect and treatment of stomach ache, pains,
disorders and indigestion [16,17]. In Ghana it is used for treatment of colds and cough
in children and its bark in treatment of sterility [18]. In Sierra Leone, the fruits are
regarded as a remedy for A and B avitaminosis. In Eastern Sudan, the roasted fruits
are said to be a substitute for tea. Post-harvest studies carried out on V. doniana in
Nigeria, showed that fungi were mostly responsible for post-harvest rot of the fruit
[19]. The commercial value of Vitex doniana has not been exploited at all despite the
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reported uses. The tree may be facing the risk of becoming extinct as farmlands and
urbanization is gradually decreasing the availability. Older members of the society
recall the trees growing at their backyards but now they have to look further into the
bushes and forests to obtain (harvest) the fruits.

This study sought to produce jam from the fruits of Vitex doniana. Jam is a fruit
preserve with a stable shelf-life that depends on high sugar content (68-72%)
combined with the fruit acidity that prevents microbial invasion and growth. A good
jam is, in fact, a complex product that requires precise balance between sugar level,
acidity and pectin content of fruit boiled together to produce a gel on cooling [20].
Jams are very sweet items made from whole fruit or fruit pulp and are consumed as
accompaniments to other foods [21]. Almost all tropical fruits can be processed and
preserved in small-scale operations using simple techniques. Since fruit trees tend to
crop in flushes and the fruits are usually difficult to store fresh, it leads to gluts in the
local markets with people literally giving them away because they do not want to
carry them back home. Also, the extortionate prices being charged for processed fruit
products such as canned fruits, juices and jam makes one encouraged to tap into
available market.

MATERIALS AND METHODS

Fully ripened black-plum (V. doniana) fruits were harvested from lle-Ife, Osun State,
Nigeria and kept in the freezer for three months. Other raw materials which included
sugar, lime and bottles for packaging were purchased at Bodija market in Ibadan.
Whole frozen black-plum fruits were allowed to thaw and washed under running
water, weighed and blended in a warring blender. The seeds and skins were separated
from the pulp with the addition of water to facilitate the separation using a coarse
sieve. The weight of the seeds and skins was taken to determine the weight of the pulp
obtained.

Preparation of the black-plum jam

Black-plum jam was prepared using the open kettle method as described by
DeGregorio and Cante [22]. The extracted pulp was poured into a pot and brought to
boil to concentrate at atmospheric pressure and temperature 105°C. The pre-
determined weight of sugar was added to the boiling pulp while stirring vigorously
until it became concentrated to desired consistency. Abbey refractometer (Bausch and
Lomb Model) was used to determine the °Brix. A refractometer reading indicating the
attainment of 68.0 °Brix was the point at which the concentration was stopped. Lime
was added to adjust the pH to 3.2 and further heated to remove excess water from the
lime. The jam was filled while hot into sterilized jars, which had been washed
properly with soap and water and sterilized by boiling (jars and lids separated) in
water to 100°C for 10 min, leaving 1/4inch headspace and turned over. Samples of
the jam were stored at ambient and refrigeration temperatures.
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The quantity of sugar to be added to the jam in order to attain the desired °Brix of 68
was calculated as:

wt of sugar = °Brix of product - °Brix of fruit X wt of pulp
100

Physico-chemical analysis of black-plum fruit and jam

The physico-chemical properties of black-plum fruit and jam such as the °Brix,
refractive index (RI), pH, total acidity, vitamin C, pectin, reducing sugar and viscosity
were determined according to standard methods. The pH meter was calibrated by
adjusting with buffers 4 and 7 solutions. The soluble solids of the fruit and jam
calculated in °Brix were determined using Abbey refractometer (Bausch and Lomb).
Samples were placed on the sample holder of the refractometer that had been
standardized to the zero mark with distilled water. The refractive index and °Brix
were read from the refractometer. pH was determined using pH meter (model BA 350
EDT instruments). Total acidity of the pulp and jam samples were determined using
methods as described by Ruck [23]. 25g of blended portion of fruit and jam samples
were taken. The samples were transferred to 400 ml beakers containing hot water,
which was made up to the 200 ml mark, boiled gently for 15 min and filtered. 50 ml
of the filtrates were pipetted into 250 ml beakers; 100 ml of water was added to each
of them. They were titrated to pH 8.1 using a pH meter. Total acidity was calculated
as:

% Total acid = 0.1 X equivalent wt of acid X N of NaOH X titre
wt of sample

Ascorbic acid was determined by the 2,6-dichlorophenol indophenol titration
procedure [24]. Ascorbic acid was extracted using an acetic acid and metaphosphoric
acid solution. The extracts were transferred with distilled water into a 50 ml
volumetric flask and made up to the mark with more water and filtered rapidly. The
filtrate was run from a burette into a test tube containing one drop of dilute acetic acid
and 1ml of the redox dye, 2,6 dichlorophenol indophenol solution. The volume of
extract required to decolorize the dye was noted. The titration was repeated using
standard ascorbic acid solution (1 mg pure vitamin per 100 ml) in place of the jam and
fruit extracts.

Ascorbic acid per 100g of jam or pulp is calculated as:

% ascorbic acid = w X 100
100
w=volume of dye

Pectin content was determined by methods as described by Ruck [23]. 50g of sample
was boiled in 400 ml of water for 1 hr; replacing water lost by evaporation. The
volume of the sample was made up to 500 ml and filtered. 100 ml of aliquot was
taken and 10 ml NaOH and water added up to 800 ml while stirring constantly and
left to stand for 5 min. 25 ml of 1.0 N CaCl, solution was added while stirring and
allowed to stand for 1 hr. It was heated to boiling and allowed to boil for 1 min and
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then filtered through filter paper that had been washed with hot water, oven-dried for
2 hr at 100°C, cooled in a dessicator and weighed. The precipitate was washed with
almost boiling water until chloride free. It was tested for white precipitate with
AgNOs. The filter paper was dried overnight at 100°C, cooled in a desiccator and
weighed. Total pectin was calculated as:

% Ca pectate = wt of Ca pectate X 100
wt of sample

The reducing sugar and viscosity of the jam were determined using methods as
described by AOAC [24]. Reducing sugar was determined by dissolving 2 g of
sample in 250 ml of distilled water. 1 ml of solution was diluted with 100ml of
distilled water in a beaker. 1 ml of the diluted solution was pipetted into a test-tube
and 1 ml of 5% phenol was added drop by drop. The test-tube was allowed to stand
for 10 min before the content was transferred into clean, grease-free cuvette and read
with spectrophotometer at a wavelength of 490 nm. A blank was prepared as above to
set the equipment to calibrate the equipment. The viscosity of the jam was measured
by dissolving 2g of finely blended sample in 20ml of distilled water, stirring
intermittently to completely dissolve. Filtrate of the sample was filled into 1 ml Volac
viscosity pipette (IN 20°C). The rate of dropping was noted in seconds with a stop-
watch in ml/s.

Proximate and nutritional analyses of black-plum fruit and jam

The proximate and nutritional parameters of the fruit and jam evaluated were crude
protein, crude fibre, ash, crude lipid, carbohydrate, sodium, potassium, calcium,
moisture, and dry matter. The analyses were carried out using methods as described
by AOAC [24]. Crude protein was carried out using the Kjeldhal (micro-kjeldhal
method) procedure with nitrogen to protein factor of 6.25. Moisture content was
determined using the oven method.

Sensory evaluation of black-plum jam

Simple paired comparison between black-plum jam and commercially available
blackcurrant jam using a nine-point hedonic scale was carried out by untrained
panelists. The scale ranged from like extremely (9) to dislike extremely (1). The
parameters evaluated were colour, taste, flavour, spreadability and overall
acceptability.

RESULTS

Physico-chemical analyses of black-plum fruit and jam

Black-plum fruit had soluble solids of 18.83 + 0.11 and the brix of concentrated jam
was 68.0 + 0. 71 °Brix. pH was recorded as 3.85 + 0.07 and 3.42 + 0.03, respectively
for black-plum fruit and jam. Ascorbic acid (mg/100g) was 33.35 + 0.21 and 27.06 +
0.19 in the fruit and jam, respectively. Total acidity value of 0.60 + 0.02 % and pH
range of 3.4-3.8 shows that the fruit is fairly acidic. The pH of the jam, however,
increased to 3.4 from 3.85 value of the fruit. Results of physico-chemical analyses of
black-plum fruit and jam are presented in Table 1.
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Proximate and nutritional analyses of black-plum fruit and jam

Crude protein content of the fruit ranged between 2.2 and 3.08(%) on wet and dry
basis, respectively while the value of 4.23 + 0.03 % was recorded for the jam. Crude
fibre, ash, crude lipid and carbohydrate contents on dry weight basis were 1.25 + 0.07;
5.46 + 0.02; 3.81 + 0.03 and 66.40 + 0.71 percent, respectively. Moisture content was
70.62 + 0.37 % (wet basis) and 20.02 + 0.67% (dry basis) in the fruit while moisture
content in jam was 21.65 + 0.33 %. Na, K and Ca content were (0.1 mg/100g); (1.33
mg/100g); and (0.765 mg/100g), respectively. Results are presented in Table 2.

Sensory Evaluation of black-plum jam

Mean scores of sensory evaluation are presented in Table 3. Black currant jam had the
highest mean scores for all attributes being compared. The differences in flavour and
spreadability were not statistically significant at the (P > 0.05) 5% level. The
differences in colour, taste and overall acceptability were, however significant at (P <
0.05) 5% level.

DISCUSSION

Physico-chemical analyses of black-plum fruit and jam

The pH value of 3.85 + 0.07 recorded for black-plum fruit varies from that reported
from the value of 4.38 reported by Egbekun et al. [14] and 5.20 reported by James
[25]. Ascorbic acid content of 33.35 + 0.21 mg/100g was recorded, which varies with
18.1 mg/100ml reported by Egbekun et al. [14] and fairly close to that reported by
James [25]. Reducing sugar was 2.20 + 0.08 % compared to 7.3% reported by James
[25]. The °Brix value of 68.0 + 0.71 and pH 3.44 recorded in the jam conforms to
values recommended for jam to hinder microbial growth and maintain keeping quality
[5,26,27]. The °Brix value of the jam is also close to 67 °Brix recorded for syrup
produced from black-plum fruit [14]. The pH of 3.44 of the current study (Table 1) is
close to the reported pH 3.2 for optimum gel formation [28]. Reducing sugar content
of 24.16% (Tablel) was within the values (20-40%) acceptable in commercial jams
[20].

Proximate and nutritional analyses of black-plum fruit and jam

The values of proximate and nutritional composition of the fruits obtained are
comparable to values reported on the dry matter basis [17]. Crude protein content of
3.08 + 0.02 % recorded in this study was close to the value of 3.75% reported by
Ladeji and Okoye [29]. These values for crude protein in black-plum fruit are higher
than for most fleshy fruits and compares with prunes, figs, dates and sultanas [30].
Crude lipid was 3.81 + 0.03 % compared to 0.56 % reported by Egbekun et al. [14].
Black-plum fruit is a fairly good source of Na (0.1 mg/100g); K (1.33 mg/100g); Ca
(0.765 mg/100g). It is a fairly good source of crude protein and lipid and high in
carbohydrate (66.40 + 0.71 %). The variations observed in some of the physico-
chemical and proximate analyses from other authors could be due to the different
sources of the fruits, and the effects of storage and processing methods.
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Sensory Evaluation of black-plum jam

Sensory evaluation indicated that black-plum jam was acceptable to consumers. The
black currant jam, however, had the highest mean scores for all attributes being
compared. The differences in flavour and spreadability were not statistically
significant at the (P>0.05) 5% level. The differences in colour, taste and overall
acceptability were, however, significant at (P < 0.05) 5% level. Some assessors
scored black-plum higher for flavor. The colour of black-plum had the lowest scores
than other parameters.

CONCLUSIONS

V. doniana can be used in making jam. The low gel strength of the jam can be
improved by the addition of pectin during processing to attain the commercially
acceptable gel strength or a combination of fruits rich in pectin can be used to make
up for the deficiency. Optimum gel formation is reported at pH 3.2 and satisfactory
gel formation in tropical fruits is achieved at lower pH range [28,31,32]. The
combination with other fruits could serve to improve the flavour and the colour.
African indigenous fruits are under-utilized; efforts should go toward finding more
commercial uses for them. Most are still being collected from the wild; and there are
no deliberate attempts to domesticate and cultivate them. Expanding the utilization of
these crops will be an incentive for farmers to cultivate them.
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Table 1: Physico-chemical properties of black-plum fruit and jam

Parameter Black-plum fruit Black-plum jam
*Mean+ SD *Mean+ SD
Soluble solids °Brix 18.83 +0.11 68.0 + 0.71
pH 3.85+0.07 3.42 +0.03
Total acidity (%0) 0.60 + 0.02 0.34 +0.01
Reducing sugars (%) 2.20 +0.08 24.22 +0.08
Ascorbic acid (mg/100g) 33.35+0.21 27.06 +0.19
Pectin 0.35+0.014 ND
Refractive index ND 1.42 + 0.00
Viscosity ND 3.75 +0.07

*Values are means of triplicate determinations

Table 2: Proximate and nutritional analyses of Vitex doniana fruit and jam

Fruit (%)

Nutrient wet basis Dry basis Jam %

*Mean+ SD *Mean+ SD *Mean+ SD
Crude protein 2.2+0.014 3.08 +0.02 4.23 +0.03
Crude fibre 0.95+0.0 1.25 +0.07 1.0+0.03
Ash 1.61 +0.03 5.46 + 0.02 4.30 + 0.02
Crude lipid 2.74 + 0.01 3.81+0.03 2.43+0.03
Carbohydrate 21.89 +0.36 66.40 + 0.71 68.1 +0.28
Moisture 70.62 + 0.37 20.02 + 0.67 21.65+0.33
Dry matter 29.38 + 0.37 79.99 + 0.67 78.36+ 0.33
mg/100g
Sodium (Na) 0.065 + 0.01 0.1+0.01 0.28 + 0.01
Potassium (K) 0.55+0.01 1.33+0.03 1.42 +0.01
Calcium (Ca) 0.385 +0.01 0.76 + 0.01 0.97 +0.01

*Values are means of triplicate determinations
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Table 3: Mean scores for sensory evaluation

Sample Colour Taste Flavour Spreadability Overall

acceptability
Blackcurrant 7.6 7.6° 7.3 7.0% 7.7°
Black-plum  4.7° 6.7° 6.6 6.6 6.0°
Av.Diff. (d) 2.9 0.9 0.7 0.4 1.7

Values with same index are not significantly different at P < 5% level

4781



Volume 11 No. 3

May 2011

REFERENCES

1.  Grivetti LE Nutritional Success in a Semi-arid Land: Examination of the
Eastern Kalahari, Botswana. Am. J. of Clinical Nutr. 1978; 31: 1204 — 1220.

2. Ogle BM and LE Grivetti Legacy of the Chameleon: Edible and Wild Plants
in the Kingdom of Swaziland, Southern Africa. A Cultural, Ecological and
Nutritional Study. Part IV — Nutritional Analysis and Conclusions. J. Ecol.
Food Nutr. 1985; 17: 41 -64.

3. Humphrey CM, Clegg MS, Keen CL and LE Grivetti Food Diversity and
Drought Survival. The Hausa Example. Int. J. of Food Sci. & Nutr. 1993; 44: 1
- 16.

4.  Smith GC and LE Grivetti Cultural Use of Edible Wild Plants in Burkina
Faso, West Africa. FASEB J. 1994; 8: A183.

5. Aina JO and AA Adesina Suitability of Frozen Indigenous Tropical Fruits for
Jam Processing. Advances in Food Sciences 1999; 2: 15 - 18.

6. Herzorg F, Farah Z and R Amado Composition and Consumption of
Gathered Wild Fruits in the VV-Baoule, Cote D’ lvoire. J. Ecol. Food and Nutr.
1994; 32 (3-4): 181 — 196.

7. Oguntunde AO Traditional Convenience Foods from Nigerian Cereal Grains.
Nigerian Food Journal 1989; 7: 58 — 65.

8.  Aniche OK The Need for Post-harvest Physiology Application in Food Security
Approach in Nigeria. Owerri, Nigeria: Food Science and Technology, Federal
University of Technology 2003.

9. McDonald JK, Caffin NA, Sommano S and R Cocksedge Effect of
Postharvest Handling on Selected Native Food Plants. Barton, Australia:
RIRDC Publication 2006: No 06/021.

10. Dalziel JM In: Keay RWJ, Onochie CFA and DP Stanfield (Eds). Nigerian
Trees. FRIN, Ibadan, Vol. I, 1964.

11. Dalziel IM and J Hutchison Useful Plants of West Tropical Africa. Crown
Agent, London, 1955.

12. Keay RWJ In: Keay RWJ, Onochie CFA and DP Stanfield (Eds). Nigerian
Trees. FRIN, Ibadan, Vol. I, 1964.

13. Glew RH, Vanderjagt DJ, Lockett C, Grivetti LE, Smith GC, Pastuszyn A

and M Millson Amino Acid and Mineral Composition of 24 Indigenous Plants
in Burkina Faso. J. Food Comp. Anal 1997; 10 (3): 205 -217.

4782



14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.
28.

29.

30.

Volume 11 No. 3
May 2011

Egbekun MK, Akowe JI and RJ Ede Physico-chemical Properties and
Sensory Properties of Formulated Syrup from Black-plum (Vitex doniana) Fruit.
Plant Foods for Human Nutrition 1996; 49 (4): 301-306.

Okigbo RN Mycoflora within Black-plum (Vitex doniana Sweet) Fruits. Fruits
2001; 56: 85-92.

Ladeji O, Okoye ZSC and F Udoh Effects of Vitex doniana Stem Bark Extract
on Blood Pressure. Physiotherapy Research 1996; 10 (3): 245-247.

Ladeji O and ZS Okoye Anti-hepatotoxic Properties of Vitex Doniana Bark
Extract. Int. J. Pharmacognosy 1996; 34 (5): 355-358.

Abbiw KD Useful Plants of Ghana. Intermediate Technology Publications &
Royal Botanic Gardens, Kew, 1990.

Eseigbe DA and SA Bankole Fungi Associated with Post-Harvest Rot of
Black-plum (Vitex doniana) in Nigeria. Mycopathologia 1996; 136: 109-114.

Egan H, Ronald SK and S Ronald Pearson’s Chemical Analysis of Foods. 8"
Edition. Longman Scientific and Technical, 1981.

UNIFEM. Fruit and Vegetable Processing. UNIFEM U.S.A. Vol. 2: 1998.

DeGregorio ML and CJ Cante Fruit Preserves and Jellies. In: Hui HY (Ed).
Encyclopaedia of Food Technology, 1992.

Ruck JA Chemical Methods for Analysis of Fruits and Vegetable Products.
Canada Dept of Agric, Summerland B.C. 1969: 14-33.

AOAC. Association of Official Analytical Chemists. Official Methods of
Analysis. 13™ Edition. Washington D.C., 1990.

James DA Development of a Sweetener From Black-plum (Vitex Doniana)
Fruit International Journal of Food Properties 2002; 5 (1): 153 — 159.

Moyls AW, Strachan CC and FE Atkinson Making Jam Commercially.
Canada Dept. of Agric. Ottawa, Pub. 114. 1962: 3 — 25.

Malcolum D Science and technology of making preserves, 2005.
Desrosier NW The Technology of Food Preservation 3 ed. 1970.

Ladeji O and ZSC Okoye Chemical analysis of the fruit of Vitex doniana
(Verbenaceae). Journal of the Science of Food and Agriculture 1993; 63: 483-4.

Bush D and J Robertson In: Manual of Nutrition. Ministry of Agriculture,
Fisheries and Food. HMSO, London, U.K. 1984: 104 — 106.

4783



31.

32.

Volume 11 No. 3
May 2011

Luh BS Tropical Fruit Beverages In: Tressler DK and MA Joselyn (Eds). Fruits
and Vegetable Juice Processing Technology. AVI Publishing Co. Inc. West
Port, Connecticut. 1971: 312 -313.

Rauch GH Jam Manufacture. Leonard Hill Ltd., London. 1965.

4784



