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ABSTRACT

	This study was conducted to evaluate the quality of jam made from African bush mango. African bush mango was processed into 100% jam sample and coded as JAM1. Pineapple fruit was also processed into pulp, used to blend African bush mango pulp at various proportions of (10, 30 and 40) and processed into jam samples coded as JAM2, JAM3 and JAM4 respectively. The functional properties, proximate, vitamin, mineral compositions and sensory attributes of the jam samples were determined. The proximate analysis revealed that the jam samples had crude protein, crude fibre, fat, moisture, ash and carbohydrate contents ranged as follows: 0.67-0.95%, 1.43-1.95%, 1.05-1.27%, 30.83-46.75%, 2.66-3.19% and 46.73-61.81% respectively while the minerals (mg/100 g) were Calcium (1.845 mg/100g - 4.175mg/100g), Sodium (1.33 mg/100 g - 16.05 mg/100 g), Magnesium (2.87mg/100 - 16.05 mg/100), Phosphorus (3.84 mg/100 g-6.68 mg/100 g), Potassium (2.66 - 13.55 mg/100 g), Iron (0.4 mg/100 g-0.68 mg/100 g) and Zinc (0.04mg/100g - 0.275 mg/100 g). The vitamins; A, B1, B2, B3, C, E, K and D had values ranging from (163.12 µg/100 g – 204.52 µg/100 g), (0.31-0.6 mg/100g), (0.68mg/100g-0.79mg/100 g), (1.86–2.62 mg/100 g), (16.41-30.13 mg/100 g), (0.66–1.05 µg/100 g), (2.04–2.94 µg/100 g), (0.13 – 0.2 µg/100 g) respectively. The functional properties in terms of Titratable acidity, pH, Brix and viscosity had values ranging from (0.47-1.24 g/ml), (4.85-5.55), (68.75 - 71.45°Brix) and (1.68-3.13 g/ml) respectively. Sensory evaluation was also carried out for taste, appearance, spreadability, aroma and general acceptability and the scores were in the range (6.8 - 7.6), (6.65-8.2), (3.55-7.7), (6.7-7.5) and (6.35-7.45) respectively. Though the jam samples made from African bush mango blended with pineapple had higher acceptability to that made from only African bush mango; the utilization of African bush mango in jam production will clearly reduce the dependence on imported fruits in Nigeria for jam making and prevent seasonal gluts of African bush mango fruits and as well increase the availability of vitamins and minerals in food products for developing countries.
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1. INTRODUCTION

“Historically, jams and jellies may have originated as an early effort to preserve the fruits for consumption in the off-season” (Baker et al., 2005). “This enabled the people consuming such products to have vitamins all year round. Immediately it was discovered that vitamin C prevented scurvy, jam became part of the staple used on ships. Fresh fruit did not last long, but the jam lasted for the length of the trip providing the sailors with the vitamins they needed to stay well” (Jane, 2019). “The popularity and availability of these fruit products increased as sugar for their manufacture became more affordable. Jams are one of the most popular food products because of their low cost, all year long availability and organoleptic properties” (Galkowska et al., 2010).

“Jam is a type of fruit spread product made from whole, cut or crushed fruit boiled with sugar. It is a product with a total soluble solid content of 45°Brix and consists of at least 40% fruit content” (Mohd Naeem et al., 2016). “Almost any fresh fruit can be made into jam by mashing or slicing it fine, adding an approximately equal amount of sugar, and simmering until it reaches the proper concentration or gel at 218° to 222°F (103° to 105°C)” (Sindumathi and Amutha, 2014). “The essential ingredients of a preserve such as jam are: sugar, fruit, pectin and acid, and the final sugar content must be 65% to 69%” (Malcolm, 1999). “The high sugar content helps to: suppress microbial growth, sweeten the product, set the pectin and make the product glisten” (Malcolm, 1999). As noted by Mohd Naeem et al. (2016), “several types of fruits have been reutilized in the production of value added food products such as jams to extend their shelf lives. Fruits such as lemons, cranberries, apples and apricots were commonly used in the production of jams” (Burkill, 1997).

African Bush Mango (Irvingia gabonensis) belongs to the Acanthaceae family (Lowe, 1990), formerly in the Irvingiaceae family. “It is also known as wild mango or dika nut with mango-like fruit” (Adeyeye and Kenni, 2011). “Its common names include: African wild mango, Bread Tree, bush mango, Dika bread tree, Dika Nut, Oba (Gabon), Odika, Sioko (Ivory Coast), Wilder Mangobaum (German). In Nigeria, it is locally called Biri or Goron (Hausa), wild mango, oba, ogbono or ugiri (Igbos)” (Tchoundjeu and Atangana, 2007). “The fruits are broadly ellipsoid, about 4-7cm long, green when unripe and yellow when ripe with a fleshy mesocarp” (Etukudo, 2000). “It flowers and produces fruit between November and January. The harvesting period is between April- June” (Adeyeye and Kenni, 2011). “The humid lowlands of Cameroun, Nigeria and Côte d´Ivoire have been identified as the major sources of African bush mango (Irvingia gabonensis) kernels in local and international trade” (Ayuk et al., 1999). 

“The nutritive value of the fruit pulp per 100g edible portion is: water 81 g, energy 255 kJ (61 kcal), protein 0.9 g, fat 0.2 g, carbohydrate 15.7 g, Ca 20 mg, P 40 mg, Fe 1.8 mg, ascorbic acid 7.4 mg” (Tchounkeu and Atangana, 2007). The pulp yields about 75% juice. Wine produced from it was found to be of good colour, mouthfeel, flavour and general acceptability (Tchoundjeu and Atangana, 2007), while other reports on this seed nutrient content indicated that it contains 14.1% carbohydrate, 2.1% moisture, 1.4% crude fibre, 16.8% ash and 38.9% dietary fibre (Bamidele et al., 2015). “The fruit pulp is juicy although the taste varies between sweet and bitter (Etukudo, 2000) and has been shown to have great commercial potentials ranging from the preparation of juices, jams and jellies to wine and soap making” (Shiembo et al., 1996; Leakey et al., 2003). African bush mango has as one of its great attributes, natural pectin and therefore does not need additional commercial pectin in jam production.

African Bush Mango is one of the fruits that is available only in particular season and their shelf life is limited; thus requires some processing to preserve the nature of the fruit and to maintain its quality attributes. Etebu (2012) reported that “African Bush Mango is a fruit which has high water content, its shelf life is 1-6 days therefore, it needs processing for better shelf life”. “However, fruit physiology changes as they age during development, especially when ripening occurs it renders the fruit susceptible to microbial attack” (Prusky and Keen, 1993). “The physiological changes that occur in Irvingia gabonensis have been shown to be typical of climacteric tropical fruits which include softening of its tissue, degradation of starch and formation of sugars” (Aina, 1990). Due to the surplus and wastage of African bush mango fruits at its seasonal period, the means to process the fruits into a variety of different products to preserve the fruit for a longer period or improve shelf life and to prevent seasonal glut is of high significance. Hence, the objectives of this study are: to produce jam from African bush mango and evaluate the proximate, vitamin, mineral, functional and sensory properties of the jam.

2. MATERIALS AND METHODS

2.1 Source of Material

African Bush Mango used in this research work was purchased from Relief Market Owerri, Imo State. Other ingredients including: sugar, pineapple and lime were also purchased from the same market. Equipment and chemicals (reagents) used in the research Work were obtained from the Laboratory of the Department of Food Science and Technology, Federal University of Technology Owerri, Imo State Nigeria and National Root Crops Research Institute, Umudike, Abia State Nigeria.

2.2 Sample Preparation

African bush mango and pineapple fruits were cleaned to remove spoilt fruits and other unwanted materials and washed using clean water. Washed fruits were peeled and pulp extracted using a manual method (knife). The extracted pulp was crushed for uniform size using a blender and the weight of the pulp was noted. 

The pulp blends of African bush mango and pineapple were formulated with the ratio; 100:0, 90:10, 70:30, 60: 40. The jam components were in the ratio 45:55 (fruit pulp: sugar).

2.3 Jam Production

The formulated pulp blends were used in producing jam, using the recipe as shown below in Table 1.

Table 1. Ingredients for jam making

	Ingredients
	Proportions

	fruit pulp (African bush mango + pineapple)                    
	0.82 kg

	Water
	400 ml

	Sugar
	1 kg

	citric acid (lime)                                                                   
	Few drops



Four hundred milliliters (400 ml) of water was cooked to boiling point before addition of sugar. The sugar boiled to a temperature of 105°C with consistent stirring to avoid burning or lump formation before addition of blended pulp containing natural pectin. Five (5) drops of lime juice was added to increase pH level and for tart taste and when set, jam sample was removed from heat, filled into a sterilized can, cooled, sealed and stored for analyses. The flow diagram for the production of African bush mango and pineapple jam is shown in Fig.1. Samples were analyzed for proximate, vitamin, mineral, functional and sensory properties. All analyses were carried out in duplicate for each sample and results obtained were computed into means. These were subjected to analysis of variance (ANOVA). 

[image: ]

Fig. 1. Flow diagram for the processing of African bush mango and pineapple jam
2.4 Proximate Analysis of the Jam Samples

The moisture, ash, fiber, crude protein and crude fat contents were determined using the method described by (AOAC, 1990) and carbohydrate was determined by estimating the difference; % carbohydrates = 100 – (% moisture + % fat + % ash + % protein + % crude fibre).

2.5 Determination of Mineral Composition of the Jam Samples 

The mineral content of the samples was determined by the dry ash acid extraction method described by Carpenter and Hendricks (2003). A 5 g of each sample was burned to ashes (as in ash determination) in a muffle furnace at 550°C, the resulting ash was dissolved in 10 ml of 2 M HCl solution and diluted to 100ml in a volumetric flask using distilled water and filtered.  The filtrate was used for mineral analysis. 

2.6 Determination of Calcium and Magnesium 

Calcium and magnesium contents of the jam samples were carried out using EDTA complexometric titration described by Carpenter and Hendricks (2003). A 20ml of each extract was dispersed into a conical flask, pinch doses of the masking agents (potassium cyanides, potassium ferocyanide, hydroxylamine hydrochloride) where added to it. Then 20ml of ammonia buffer was added to adjust the pH to 10.0, a pinch of the indicator Eriochrome black T was added and the mixture was shaken very well. Then it was treated against 0.02N EDTA solution until the colour changed from mauve to a permanent deep blue colour. This titration gave a reading for combined concentration of Ca and Mg ions. This is a result of Ca2+and Mg2+ forming complexes at pH 10.0 with EDTA. A second titration was conducted to determine calcium. This was a repeat of the previous one with slight change, in that 10% NaOH solution was used to raise the pH of the digest to 12.0 and titrated with 0.02N EDTA using selechrome dark blue as indicator in place of Eriochrome black T, at pH 12.0 Ca2+ complex with EDTA. A reagent blank was titrated to serve as control. The experiment was repeated twice. The calcium and magnesium contents were calculated separately using the formula. 

% Calcium or Magnesium = [image: ][image: ][image: ][image: ]EW [image: ][image: ] N [image: ][image: ]
Where:

W= weight of sample analyzed
EW= equivalent weight
Vf= total volume of extract
Va= volume of extract titrated
T= titre value of the sample
B= titre value of blank

2.7 Determination of Potassium and Sodium 

Flame photometry was used to determine the concentration of potassium and sodium described by Carpentar and Hendricks (2003). The instrument (photometer) was set up according to the manufacturer's instructions. The equipment was switched on and allowed to stay for about 10min. The gas and air inlet were opened and the start knob was turned on. The equipment being self-igniting, after ignition the flame was adjusted to a non-luminous (blue) flame.  Meanwhile, standard potassium and sodium solutions were prepared separately and each was diluted to concentration of 2,4,6,8 and 10 ppm. The appropriate filter was selected, that is for potassium and sodium, the highest concentrated standard solution (10ppm) was aspirated and its each standard solution was aspirated and accused to spray over the non-luminous butane gas flame. Emission intensity was read directly on the instrument and the readings were recorded. Then the sample digest was aspirated and their readings recorded. The emission intensities of the standards were plotted against their concentrations to obtain a standard curve (calibration graph) for each element. Subsequently, the optical densities recorded from each of the samples were marched against those in the curve, thus using to extrapolate the quantity of each potassium and sodium ions in the sample. The experiment was repeated two more times to get a mean concentration. The concentration of the test minerals was calculated as follows:

K[image: ][image: ]
Where:

W= weight of the sample used
X= concentration (in Pomona) from curve
Vf= total volume of extract
Va= volume of the extract (digest) 
D= dilution factor where applicable 

[image: ]

Plate 1. (Jam1) 100% African bush mango, (Jam2) 90:10 African bush mango and pineapple, (Jam3) 70:30 African bush mango and pineapple, (Jam4) 60:40 African bush mango and pineapple

2.8 Determination of Phosphorus Content

This was determined by the Molybdovandate method as described by Carpentar and Hendricks (2003).  A 2 mg of dry ash digest of sample was dispersed into a 50 ml volumetric flask.  The same volume of the distilled water and standard solution were measured into different flasks to serve as reagent blank and standard respectively. Then 2 ml of phosphorus colour reagent blank (Molybdovanadate solution) was added to each flask and allowed to stand at a room temperature for 15 minutes. The content of each flask was diluted to the 50 ml mark with distilled water and its absorbance was measured in a spectrometer at a wavelength of 540 nm with the reagent blank at zero. The phosphorus content was found and calculated in (mg/ 100 g)

P[image: ][image: ] = 100[image: ][image: ][image: ][image: ]

Where:

W= weight of ashed sample
Au= absorbance of test sample
As= absorbance of standard phosphorus solution 
C= concentration of standard phosphorus solution 
Vt= total volume of extract
Va= volume of extract analyzed. 

2.9 Extraction of the Heavy Metals 

A 0.5 g of mashed sample was weighed into a 100 ml Pyrex conical flask. 5ml of the wet acid digestion reagent (H2SO4 Selenium-salicylic acid) was added and allowed to stand at ambient temperature for about 16h. The sample was placed on digestion clock, and heated at 20oC for about 2h. The sample was removed from the block and 5 ml of conc. Perchloric acid added then placed back on the digestion stand, temperature range to about 80°C-150°C. The digestion continued after a profuse white perchloric fumes emerged showing a clear digest indicating the completion of the digestion. The sample was removed from the hot plate, allowed to cool and made-up in a 100ml volumetric flask with distilled water. The digest was used for determination of heavy metals using Atomic Absorption Spectrophotometer (AAS) of cadmium, Ascenic Zinc, Lead and lron. After calibrating the instrument, 1ml of each standard was aspirated into it and sprayed over the non-luminious flame.  The optical density of the resulting emission from each standard solution was recorded. Before flaming, the appropriate element (Na or K) was put in a place with standard measures, the test sample extracts were measured in time and they were plotted into standard curve which was used to extrapolate the content of each element and calculated as shown below:

Na or K ([image: ][image: ]

Where:

W= weight of sample analyzed
Va= volume of extract titrated
Vt= total volume of extract
X = concentration of the test element from the curve

2.10 Determination of Vitamin Contents of the Jam Samples

2.10.1 Determination of vitamin A

The method of the association of vitamin chemist (Kirk and Sawyer, 1998) was employed. A 5g weight of the processed sample was dispersed in 30ml of absolute alcohol. 3 ml of 5% KOH solution was added to it and boiled under reflux for 30min. After cooling rapidly in running water, 30ml of distilled water was added to it and mixture transferred into a separating funnel. Three portions of 50ml of ether were used to wash the mixture thus extracting the vitamin A. The lower (aqueous) was discarded while the vitamin A extract was washed with 50ml of distilled water.  Care was taken to avoid formation of emulsion. The extract was then evaporated to dryness in 10ml of isopropyl alcohol and the absorbance of the vitamin A extract was also measured at 325nm. The vitamin A content was calculated using the relationship below:

Vitamin A[image: ][image: ]

Where,

W= weight of sample analyzed
Au= Absorbance of sample
As= Absorbance of standard
C= concentration of standard (mg/ml)
2.10.2 Determination of vitamin C

The sample was determined using the method described by the association of Vitamin chemist (Kirk and Sawyer, 1998). Five (5) gram of the sample was dispensed in 50ml of EDTA/TCA solution and homogenized. The homogenate was filtered with Whatman no.42 filter paper and more of the extractant were used to wash the residue in the filter paper until 50 ml filtrate was obtained. A 20 ml portion of the filtrate was measured into conical flask and 10 ml of 30% potassium solution was added to it, mixed well and then followed by 1% starch solution. The mixture was titrated against 0.01 M CuSO4 solutions. A reagent blank was also titrated. The vitamin C content was calculated based on the relationship that 1ml 0.01M CuSO4 = 0.88mg vitamin C.

Vitamin C[image: ][image: ]

W= weight of sample 
T= Titre value of sample
B= Titre valve of blank
Vf= total extract volume
Va= volume of extract titrated

2.10.3 Determination of riboflavin (vitamin B2)

This vitamin has been determined colorimetrically using the method described by Okwudili and Ndu (2006). Five (5) gram of each sample was extracted with 50ml of ethanol after shaking for 1h. It was filtered through Whatman no.42 filter paper. A portion of the extract (10 ml) was mixed with equal volume of 5% KMNO4 (potassium permanganate) solution followed by 10ml of 30% hydrogen peroxide solution. It was allowed to stand in a hot water bath for 30 min then 2ml of 40% sodium sulphate was added to it and it was made up to 50 ml with distilled water, its absorbance was measured in a spectrophotometer at a wavelength of 510 nm. A standard riboflavin solution was prepared and treated the same way as the sample.

The formula below was used:

Riboflavin[image: ][image: ]

Where:

W= weight of the sample analyzed
Au= Absorbance of sample
As= Absorbance of standard 
C= Concentration of standard (mg/ml)
Vf= total volume of extract
Va= volume of extract analyzed.

2.10.4 Determination of niacin (vitamin B3)

The spectrophotometric method described by Okwudili and Ndu (2006) was employed. Five gram (5 g) of sample was mixed with 30 ml of Normal H2SO4 solution and shaken for 30min. It was filtered to obtain the extract. The extract was made alkaline by adding 3 drops of concentrated NH4OH an aliquot of the extract (10 ml) was treated with 5ml of normal potassium ferrocyanide solution followed by 5 ml of 0.02N H2SO4 solution. It was allowed to stand for 5 min at room temperature before absorbance was read at 470 nm wavelength. Meanwhile, standard Niacin solution was prepared and 1ml of the solution was treated with the cyanide solution, the absorbance of the sample and that of standard were measured in a spectrophotometer at a wavelength of 470 nm. A reagent blank was used to set the instrument at zero. The formula below was used to calculate the niacin content. 
Niacin[image: ][image: ]

W= weight of the sample analyzed
Au= Absorbance of sample
As= Absorbance of standard 
C= Concentration (mg/ml) of standard niacin solution 
Vf= total volume of filtrate (extract)
Va= volume of extract analyzed

2.10.5 Determination of thiamine (vitamin B1)

Thiamine was determined using dichromate colorimetric method (Okwudili and Ndu, 2005). A measured weight of each sample (5 g) was homogenized with 50 ml of Normal ethanoate sodium hydroxide. After standing for 30 min at room temperature, it was filtered and extract was analyzed for thiamine. First, standard thiamine solution was prepared. A portion of the sample (910 ml) as well as the standard was separately treated with 10 ml of the potassium dichromate solution and their respective absorbance was measured in a spectrophotometer at a wavelength of 430 nm. The thiamine content was calculated as shown below.
 
Thiamine[image: ][image: ]

W= weight of the sample analyzed
Au= Absorbance of sample
As= Absorbance of standard 
C= Concentration of standard (mg/ml)
Vf= total volume of filtrate (extract) 
Va= volume of extract analyzed

2.11 Determination of Functional Properties of the Jam Samples

2.11.1 Determination of titratable acidity

This was determined by alkaline titrimetric method described by Sadler and Murphy (2010). 20ml of the sample was titrated against dilute alkaline solution (0.1N NaOH) to a pink end point which persisted for 30 seconds, using phenolphthalein as indicator. The titratable acidity was calculated using the formulation below:

%TTA = [image: ][image: ]

Where:

V = Volume of the sample titrated (ml)
N = Normality of NaOH (Eq/ml)
Eq = Equivalent weight of predominant acid (mg/m.Eq)

2.11.2 pH

This was determined according to Udensi and Onuora (1992). Sample dispersion (10% w/v) was prepared with the sample in 10ml of distilled water. The suspension was mixed thoroughly in a warring micro-blender. After which the pH was measured using a good pH meter and the reading was recorded.
2.11.3 Viscosity 

The method of Onwuka (2005) was adopted. Ten (10) grams of the jam sample was suspended in distilled water and mechanically stirred for 2h at room temperature using Oswald type viscometer to determine the viscosity.

2.11.4 Brix

The method of Azam-Ali (2007) was adopted. A small portion of the jam sample was taken from the pan and allowed to cool to 20°C. Two (2) drops of the jam sample was placed evenly over the surface of the prism and the prism was carefully closed. The refractometer was held near a source of light and looked through the end piece. The line between the dark and light fields was seen through the viewer. The corresponding number on the scale was read; which is the percentage of sugar in the sample. After the readings were taken, the prism was opened and sample removed with a piece of tissue paper. 

2.11.5 Sensory evaluation on the jam samples

The jam samples were assessed by a test panel of 20 judges. Each product was evaluated on a 9-point hedonic scale where "9" represents "like extremely" and "1" represents "dislike extremely" as described by Ihekoronye and Ngoddy (1985). The quality parameters evaluated were taste, aroma, appearance, spreadibility and general acceptability. The panelists were given privacy and were instructed to rinse their mouths with clean water provided after tasting a sample to avoid carry over effect. 

2.12 Statistical Analysis

The results of the proximate, vitamin, mineral, functional analyses and sensory scores were subjected to analysis of variance (ANOVA) and the treatment means separated using Fischers LSD test.

3. RESULTS AND DISCUSSION

The result of the proximate analysis of the jam samples are shown in Table 2.

Table 2. Mean values for proximate composition of the jam samples

	SAMPLE

	MOISTURE
      (%)         
	 ASH 
 (%)
	CRUDE FIBRE (%)
	PROTEIN
 (%)
	CRUDE     FAT (%)
	    CHO
      (%)
	 ENERGY   VALUE (kcal)

	JAM 1

	32.82c ± 0.028
	2.66d ± 0.014
	1.43d ± 0

	0.67d ± 0.007
	1.05d ± 0.014
	61.38b ± 0.007

	261.03b ± 0.0


	JAM 2

	46.75a ± 0.049
	2.91c ± 0.021
	1.66c ± 0.007
	0.84c ± 
0.014
	1.13c ± 0.007
	46.73d ± 0.0

	205.17d ± 0.12


	JAM 3

	34.22b ± 0.021
	3.04b ± 
0.0
	1.73b ± 0.007
	0.9b ± 
0.014
	1.22b ± 0.021
	58.91c ± 0.007

	254.77c ± 0.007


	JAM 4

	30.83d ± 0.021
	3.19a ± 0.007
	1.95a ± 0.021
	0.95a ± 0.007
	1.27a ± 
0.0
	61.81a ± 0.007

	268.57a ±0.219


	LSD
	0.0632
	0.0259      
	0.0235
	0.0259        
	0.0219
	0.0119          
	0.2455


Means with different superscripts along the columns differ significantly at P<0.05, LSD = Least significant difference.
KEY: JAM 1 = 100% African Bush Mango Jam
                               JAM 2 = 90% African Bush Mango: 10% Pineapple jam
                              JAM 3 = 70% African Bush Mango: 30% Pineapple jam
JAM4 = 60% African Bush Mango: 40% Pineapple jam

3.1 Protein Content

The result in Table 2 showed that there were significant differences (P ≤ 0.05) in the jam samples. The mean values ranged from 0.67% - 0.95%. JAM4 had the highest mean value (0.95%) while JAM1 had the lowest mean value (0.67%) and this result can be compared to the result of Tchoundjeu and Atangana (2007) who reported that the protein content of African bush mango fruits is between 0.5% - 1% of the total dry matter. There was gradual increase in the protein values of the Jam blends as the proportion of pineapple pulp was increased. Thus the protein content of the blends were higher than that of the JAM1. 

3.2 Fat Content

The Table 2 result showed that the value of fat content ranged from (1.05% - 1.27%). JAM1 had the lowest value (1.05%) and JAM4 had the highest value (1.27%) and this result can be compared to the result of Tchoundjeu and Atangana (2007) who reported that African bush mango has a low fat content. Low fat content in food products will help in increasing the shelf life of the sample by decreasing the chances of rancidity and prevents lipid oxidation while contributing to low energy value (Fasasi, 2009). 

3.3 Fiber Content

The result obtained for the fiber in Table 2 showed that the mean values ranged from (1.43% - 1.95%). JAM1 had the lowest mean value (1.43%) and JAM4 had the highest mean value (1.95) and this result can be compared to the result of Tchoundjeu and Atangana (2007) who reported that African bush mango contains 1.4% crude fibre. Samples JAM1, JAM2, JAM3 and JAM4 were significantly different (P ≤ 0.05) from one another. 

3.4 Moisture Content 

In terms of the moisture content, the result in Table 2 showed that the mean values ranged from (30.83% - 46.75%). JAM4 had the lowest mean value of (30.83%) and JAM2 had the highest mean value (46.75%). Tchoundjeu and Atangana (2007) reported that the moisture content of African bush mango pulp is (81g). Samples JAM1, JAM2, JAM3 and JAM4 were significantly different (P ≤ 0.05) from one another. There was gradual decrease in the moisture values of the Jam blends as the proportion of pineapple pulp was increased except for JAM2.

3.5 Ash Content

The result in Table 2 showed that the mean values ranged from 2.66% - 3.19%. JAM1 had the lowest value of (2.66%) while JAM4 had the highest value of (3.19%) and this result can be compared to the result of Giami et al. (1994) who reported that the ash content of African bush mango fruits is between 2.2-2.7%. Samples JAM1, JAM2, JAM3 and JAM4 were significantly different (P ≤ 0.05) from one another. Thus the ash contents of the blends were higher than that of the JAM1; the ash contents were observed to increase upon the pineapple pulp incorporation. The percentage of ash present suggests that the product is a good source of mineral.

3.6 Carbohydrate Content

Table 2 showed that the mean values ranged from (46.73% - 61.81%), JAM2 had the lowest mean score (46.73%) and JAM4 had the highest mean score (61.81%). Samples JAM1, JAM2, JAM3 and JAM4 were significantly different (P ≤ 0.05) from one another. According to Messianen, (1992) increase in the protein, Fat, and ash content or vice versa translates to the reduction or increase in carbohydrate.

3.7 Energy Value (kcal) 

The result obtained in Table 2 showed that there was a significant difference (P ≤ 0.05) in the jam samples. The mean values ranged from (205.17kcal - 268.57kcal). The JAM2 sample had the lowest mean value (205.17kcal) and JAM4 had the highest mean value of (268.57kcal). Samples JAM1, JAM2, JAM3 and JAM4 were significantly different (P ≤ 0.05) from one another. JAM1 has a high energy value and there was gradual increase in the energy values of the Jam blends as the proportion of pineapple pulp was increased.

The result of the functional analysis of the jam samples are shown in Table 3.

Table 3. Mean values for functional properties of the jam samples

	SAMPLE
	TTA
	pH
	OBRIX 
	VISCOSITY

	JAM 1
	0.47d ± 0.021
	5.45a ± 0.070
	68.75c ± 0.21
	1.68b ± 0.014

	JAM 2
	0.62c ± 0.014
	5.55a ± 0.21
	69.4b ± 0.14
	1.14d ± 0.028

	JAM 3
	0.96b ± 0.007
	5b ± 0.14
	69.6b ± 0
	1.36c ± 0.007

	JAM 4
	1.24a ± 0.007
	4.85b ± 0.07
	71.45a ± 0.21
	3.13a ± 0.028

	LSD
	0.0269
	0.2688
	0.3255
	0.0422


Means with different superscripts along the columns differ significantly at P<0.05, LSD = Least significant difference

3.8 Titratable Acid

From the result obtained for titratable acidity in Table 3, it showed that there were significant differences (P ≤ 0.05) in the jam samples. The mean values ranged from (0.47 ml/g - 1.24 ml/g). JAM1 had the lowest value (0.47) and JAM4 had the highest value (1.24) and this result can be compared to the result of Onimawo et al. (2003) who reported that the titratable acid content of African bush mango fruit is 0.112cm3. The higher the titratable acid value, the more acidic the food product as observed in JAM4 having a titratable acid value of (1.24) and pH mean value of (4.85) while the lower the titratable acid value as observed in JAM1 having a value of (0.47) and pH value of (5.45), the less acidic the product. Therefore, the JAM4 will have the most shelf stability than the other jam products.

3.9 pH

The result in Table 3 showed that the mean values ranged from (4.85 - 5.55). JAM4 had the lowest value (4.85) and JAM2 had the highest value (5.55) and this result can be compared to the result of Onimawo et al. (2003) who reported that the pH of African bush mango fruit is 5.8. The pH of the jam samples fell within the acid range. Pineapple has a pH of 3.81- 4.10 (Rosnah et al., 2007), and a gradual decrease in the pH values of the Jam blends was observed as the proportion of pineapple pulp increased.

3.10 Viscosity 

The result obtained in Table 3 showed that the mean values ranged from (1.14 - 3.13Ruv). JAM4 had the highest mean value of (3.13Ruv) and JAM2 had the lowest mean value of (1.14Ruv) and this result can be compared to the result of Onimawo et al. (2003) who reported that the viscosity of African bush mango fruit is 1.2×10 NSM-2. Viscosity is an important factor for liquid and semi-liquid products whose control and measurement is essential in determining quality of the fluid product (Onimawo and Egbekun, 1998).

3.11 Brix

Result in Table 3 showed that the mean values ranged from (68.75 - 71.45°Brix). JAM4 had the highest mean value of (71.45°Brix) while the JAM1 had the lowest mean value of (68.75°Brix). The Brix level influences and determines the taste of the product therefore it is directly proportional to its taste and shelf stability (Ali et al., 2013).

The result of the vitamin analysis of the jam samples are shown in Table 4.

3.12 Vitamin A

From the result obtained for vitamin A in Table 4, the mean values ranged from (163.12 µg/100 g) to (204.52 µg/100 g). JAM1 had the lowest value of (163.12 µg/100 g) while JAM4 had the highest value of (204.52 µg/100 g). There was an increase in the vitamin A content of the jam samples as the pineapple ratio increased. High vitamin A content in food products is important for the supply of carotene to prevent xerophthalmia.

Table 4. Mean values for vitamin contents of the jam samples

	SAMPLE
	  VIT A
	VIT B1 
	VIT B2
	VIT B3
	VIT C
	VIT E
	VIT K
	VIT D

	JAM 1

	163.12 d  ±0.021
	0.31 ±0.007d
	0.68 ±0.007d
	1.86 ±0.014d
	16.41 ±0.014d
	0.66 ±0.014d
	2.94 ±0.007a
	0.13 ±0.014b

	JAM 2

	181.48 c  ±0.021
	0.41 ±0.014c
	0.74 ±0.007c
	2.15 ±0.014c
	24.12 ±0.021c
	0.92 ±0.021c
	2.63 ±0.014b
	0.19 ±0.007a

	JAM 3

	193.06 b  ±0.021
	0.46 ±0.014b
	0.77 ±0.007c
	2.33 ±0.021b
	28.93 ±0.021b
	0.98 ±0.007b
	2.38 ±0.014c
	0.19 
± 0a

	JAM 4

	204.52 a  ±0.014
	0.60 ± 0a

	0.79 ±0.007a
	2.62 ±0.021a
	30.13 ±0.007a
	1.05 ±0.014a
	2.04 ±0.007d
	0.2 ±0.014a

	LSD
	0.0387
	0.0209
	0.0139
	0.0354
	0.0333
	0.0294
	0.0219
	0.0209


Means with different superscripts along the columns differ significantly at P<0.05, LSD = Least significant difference.
KEY:  VITAMIN A, K and D were measured in µg/100 g
                     VITAMIN B1, B2, B3, C and E were measured in mg/100 g

3.13 Vitamin B1

The result in Table 4 for Vitamin B1 showed that the mean values ranged from (0.31 mg/100 g) to (0.60 mg/100 g). JAM1 had the lowest value of (0.31 mg/100 g) while JAM4 had the highest value of (0.60 mg/100 g). African bush mango is a good source of vitamin B1 and could be useful in food product formulation to supply nutrient and promote growth in infants and teenagers and prevent Beriberi (Fruitsinfo, 2018). 

3.14 Vitamin B2

The result in Table 4 showed that the mean values ranged from (0.68mg/100g to 0.79mg/100g). JAM4 had the highest value of (0.79) while JAM1 had the lowest value of (0.68). Samples JAM1, JAM2, JAM3 and JAM4 were significantly different (P ≤ 0.05) from one another. There was gradual increase in the vitamin B2 values of the jam blends as the proportion of pineapple pulp was increased. Thus the vitamin B2 content of the blends was higher than that of JAM1. 

3.15 Vitamin B3

The result obtained for vitamin B3 in Table 4 showed that there was a significant difference (P ≤ 0.05) in the jam samples. The mean values ranged from (1.86 - 2.62 mg/100 g). JAM1 had a value of (1.86 mg/100 g) while JAM4 had a value of (2.62mg/100g). Samples JAM1, JAM2, JAM3 and JAM4 were significantly different (P ≤ 0.05) from one another. The vitamin B3 content of the blends was higher than that in JAM1.

3.16 Vitamin C

The result in Table 4 showed that the mean values ranged from (16.41 mg/100 g) to (30.13 mg/100 g). JAM1 had the lowest mean value of (16.41mg/100g) while JAM4 had the highest mean score of (30.13 mg/100 g) and this result can be compared to the result of Fruitsinfo (2018) who reported that the vitamin C content of African bush mango fruit is 27.7 mg. Pineapple has a vitamin C content of 47.8 mg (Rudrappa, 2018). There was gradual increase in the vitamin C values of the Jam blends as the proportion of pineapple pulp was increased. The vitamin c content of the samples shows it can be a good source of antioxidant which should be implemented in our daily diet.

3.17 Vitamin E

In Table 4, result showed that the mean values ranged from (0.66 mg/100 g) to (1.05 mg/100 g). JAM4 had the highest mean value (1.05 mg/100 g) while JAM1 had the lowest mean value (0.66 mg/100g) and this result can be compared to the result of Fruitsinfo (2018) who reported that the vitamin E content of African bush mango fruit is 1.12mg. Samples JAM1, JAM2, JAM3 and JAM4 were significantly different (P ≤ 0.05) from one another. 

3.18 Vitamin K

The result in Table 4 showed that the mean values ranged from (2.04µg/100g) to (2.94µg/100g). The JAM1 had the highest value of vitamin K (2.94µg/100g) while JAM4 had the lowest value of vitamin K (2.04µg/100g). African bush mango is a good source of vitamin K (Bethany, 2017). Samples JAM1, JAM2, JAM3 and JAM4 were significantly different (P ≤ 0.05) from one another. There was gradual decrease in the vitamin K values of the Jam blends as the proportion of pineapple pulp was increased. 

3.19 Vitamin D

From the results obtained, Table 4 showed that the mean values ranged from (0.13 - 0.2µg/100g). JAM1 had the lowest mean value (0.13µg/100g) and JAM4 had the highest mean value (0.2µg/100g). The result indicates that African bush mango and pineapple fruits are not good sources of vitamin D.

The result of the mineral analysis of the jam samples are shown in Table 5.

Table 5. Mean values of mineral content of the jam samples

	SAMPLE

	  Ca
(mg/100g)
	Na
(mg/100g)
	Mg
(mg/100g)
	P
(mg/100g)
	K
(mg/100g)
	Fe
(mg/100g)
	Zn
(mg/100g)

	JAM 1

	1.845d ±0.021
	1.33d ±0.014
	2.87d
± 0.021
	3.84d
± 0.007
	2.66d 
± 0.042
	0.4d ± 0.0

	0.04d 
± 0

	JAM 2

	2.42c 
±0.014
	6.32c ±0.014
	10.32c
± 0.028
	6.12c 
± 0.021
	8.43c 
± 0.014
	0.52c ±0.007
	0.115c ±0.021

	JAM 3

	2.93b
 ±0.042
	8.525b ±0.021
	12.4 b 
± 0.021
	6.22b 
± 0.028
	10.38b 
± 0.021
	0.58b ±0.014
	0.22b ±0.014

	JAM 4

	4.175a ±0.035
	9.81a ± 0.014
	16.05a 
± 0.021
	6.68a 
± 0.014
	13.55a 
± 0.0
	0.68a 
± 0
	0.275a ±0.007

	LSD
	0.0597
	0.0318
	0.0455
	 0.0380
	 0.0486
	0.0155
	0.0259


Means with different superscripts along the columns differ significantly at P<0.05, LSD = Least significant difference

3.20 Calcium

Based on the result obtained in terms of calcium in Table 5, the mean values ranged from (1.845 mg/100 g - 4.175 mg/100 g). JAM1 had the lowest mean value (1.845 mg/100 g) and JAM4 had the highest mean value (4.175mg/100g). Samples JAM1, JAM2, JAM3 and JAM4 were significantly different (P ≤ 0.05) from one another. The JAM4 should be implemented in our diets due to higher calcium content and for osteoporosis patients.

3.21 Sodium

The result in Table 5 showed that the mean values ranged from (1.33 mg/100 g, 9.81 mg/100 g). JAM1 had the lowest mean value of (1.33 mg/100 g) while JAM4 had the highest mean value of (9.81mg/100 g) and this result can be compared to the result of Fruitsinfo (2018) who reported that African bush mango fruit has a sodium content of 2mg. Samples JAM1, JAM2, JAM3 and JAM4 were significantly different (P ≤ 0.05) from one another. There was gradual increase in the sodium values of the Jam blends as the proportion of pineapple pulp was increased. Thus the sodium content of the blends were higher than that of the JAM1.

3.22 Magnesium

From Table 5, the mean values ranged from (2.87 mg/100 - 16.05 mg/100), JAM1 had the lowest mean value of (2.87 mg/100) while JAM4 had the highest mean value of (16.05 mg/100) and this result can be compared to the result of Fruitsinfo (2018) who reported that the magnesium content of African bush mango fruit is 9mg. Samples JAM1, JAM2, JAM3 and JAM4 were significantly different (P ≤ 0.05) from one another. There was also a gradual increase in the magnesium values of the Jam blends as the proportion of pineapple pulp was increased. Thus the magnesium contents of the blends were higher than that of the JAM1. The result revealed that pineapple is a good source of magnesium and it complemented the low content of magnesium in African bush mango.
 
3.23 Phosphorus

Based on the result obtained in terms of phosphorus in Table 5, the mean values ranged from (3.84 mg/100 g - 6.68 mg/100 g). JAM4 had the highest mean value of (6.68 mg/100g) while JAM1 had the lowest mean value of (3.84mg/100g). There was gradual increase in the phosphorus values of the Jam blends as the proportion of pineapple pulp was increased. The result indicated that the product samples will make a good source of phosphorus.

3.24 Potassium

The result obtained for the potassium content in Table 5 showed that the mean values ranged from (2.66 mg/100 g) - 13.55 mg/100 g). JAM1 had the lowest mean value (2.66mg/100g) while JAM4 had the highest mean value (13.55mg/100g). The potassium contents of the blends were higher than that of the JAM1, there was an indication that pineapple is a good source of potassium, because upon increase in the pineapple ratio blends showed increase in the potassium content.

3.25 Iron

The result in Table 5 showed that there were significant differences (P ≤ 0.05) in the jam samples. The mean values ranged from (0.4 mg/100 g - 0.68 mg/100 g). JAM1 had the lowest mean value (0.4 mg/100 g) while JAM4 had the highest mean value (0.68 mg/100 g) and this result can be compared to the result of Fruitsinfo (2018) who reported that African bush mango has an Iron content of 0.13 mg. Thus the iron contents of the blends were higher than that of the JAM1.

3.26 Zinc

From the result obtained in Table 5, the mean values ranged from (0.04 mg/100 g - 0.275 mg/100 g). JAM1 had the lowest mean value (0.04 mg/100 g) while JAM4 had the highest mean value (0.27504 mg/100 g) and this result can be compared to the result of Fruitsinfo (2018) who reported that African bush mango has a zinc content of 0.04mg. Pineapple has a zinc content of 0.20mg, which could be the result of the gradual increase in the zinc values of the jam blends as the proportion of pineapple pulp was increased. 

The result of the sensory analysis of the jam samples are shown in Table 6.

Table 6. Mean sensory scores of the jam samples

	SAMPLE

	TASTE

	APPEARANCE

	SPEADABILITY

	AROMA

	GENERAL ACCEPTABILITY

	JAM 1
	6.8a ±2.28
	6.65a ± 1.69
	3.55b ± 2.37
	6.7a ±1.63
	6.35a ± 1.23

	JAM 2
	7.5a ±1.47
	6.75a ± 1.33
	3.8b ± 1.77
	7.3a ±1.17
	6.65a ± 1.46

	JAM 3
	7.6a ±1.57
	8.2a ± 0.69
	5.95ab ± 2.21
	7.5a ±1.10
	7.45a ± 1.36

	JAM 4
	7.5a ±1.67
	7.8a ± 1.44
	7.7a ± 1.59
	7.4a ±1.63
	7.4a ± 1.90

	LSD
	    2.499
	   1.8862
	   2.8281
	   1.9726
	   2.1210


Means with different superscripts along the columns differ significantly at P<0.05, LSD = Least significant difference

In terms of taste, the result in Table 6 showed that there were no significant differences (P ≥ 0.05) in all the jam samples. The mean scores ranged from 6.8 - 7.6. JAM3 had the highest mean score of (7.6) while JAM1 had the lowest mean score of (6.8) and this result can be compared to the result of (Harris, 1996) who reported that the taste of African bush mango mesocarp varies from sweet to slightly bitter but always edible. The taste of a food product is also a quality criterion because it determines to a great extent the tendency of its sustainability and survival in the market (Menzel, 2012).

There were no significant differences (P ≥ 0.05) in all the jam samples in terms of aroma. The mean scores ranged from (6.7 - 7.5). JAM3 had the highest mean score of (7.6) while JAM1 had the lowest mean score of (6.7). The aroma score of the blends were higher than that of the JAM1, this may be due to blending with pineapple which contains flavonoid compounds and sweet flavour (Rudrappa, 2018).

In terms of the appearance, the result in Table 6 showed that there were no significant differences (P ≥ 0.05) in all the jam samples. The mean scores ranged from 6.65 to 8.2. JAM1 had the lowest mean score of (6.65) and JAM3 had the highest mean score (8.2). Harris (1996) reported that African bush mango has a bright orange mesocarp, soft and juicy when ripe. The appearance score of the blends were higher than that of the JAM1, this may be due to blending with pineapple pulp which has a white flesh or very pale yellowish appearance (Rudrappa, 2018). Appearance is also an important factor of any food product because of its influence on the acceptance of the food product (Menzel, 2012).

For spreadability, the result in Table 6 showed that there were no significant differences (P ≥ 0.05) in some of the jam samples. Mean score ranged from (3.55 to 7.7), JAM1 had the lowest value of (3.55) and JAM4 had the highest mean score of (7.7). Thus JAM4 had the highest spreadability score. 

The result for general acceptability in Table 6 showed that there were no significant differences (P ≥ 0.05) in all the jam samples. Mean scores ranged from (6.55 to 7.45). JAM1 had the lowest mean score (6.55) and JAM3 had the highest mean score (7.45). Samples JAM1, JAM2, JAM3 and JAM4 were not significantly different (P ≥ 0.05) from one another. The result confirmed that the quality of the jam (Taste, Appearance, Spreadability and Aroma) influenced the overall acceptance of the jam. 

4. CONCLUSION

This study revealed that African bush mango jam is a good source of energy, fibre, carbohydrate and ash. However, results showed that JAM4 had the highest values for protein, carbohydrate and ash. JAM3 and JAM4 had the highest sensory scores in taste, appearance, spreadability and general acceptability according to the panelists. Also, JAM4 had the highest value for titratable acid, pH, viscosity and brix, which shows that it will have longer shelf stability. JAM4 (60:40%) had the highest value for the vitamins and minerals analyzed followed by JAM3. Thus blending 60% of African bush mango with 40% pineapple greatly improved its proximate, vitamin and mineral compositions and also enhanced its sensory properties. Hence the use of African bush mango in jam making would greatly enhance the utilization of the fruit in many developing countries like Nigeria where the fruit’s potential has not been fully exploited. 
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