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ABSTRACT KEYWORDS
The correlation between the functional and chemical properties Wild loquat; fruit pulp;
of U. kirkiana fruit pulp was studied. The functional and chemi- principal component

analysis; regression analysis;

cal properties of the fruit pulps were determined and data were !
sub-Saharan Africa

analyzed by regression and principal component analysis (PCA)
to show correlations and variances. Results showed a 51.4%
variance, PC 1 had a 37.31% variance. PC 2 showed a 14.17%
variance. Antioxidant activity (AOA), Cu, vitamin C, total titrata-
ble acid (TTA), and Mg had a positive variance in PC 1. TTA and
pH were significant and correlated in PC 1. Titratable acidity and
pH had a variability of 69% and 74%. Iron and Ca were signifi-
cant and correlated in PC 2. Phosphorus and AOA were posi-
tively correlated. Pulp yield had a weak positive correlation with
dry matter, Ca, K, and Zn content. Fruits from Bikita were
grouped according to pH levels, AOA, Cu, vitamin C, TTA, and
phosphorus content. Fruits in Kazangarare were high in Fe and
Ca and grouped together. Magnesium content was significant in
fruits obtained from Gokwe. Phosphorus and TTA had signifi-
cant effect (p < 0.01; p < 0.05) on pulp yield. The results provide
useful data about relationship, chemical composition variation
of U. kirkiana fruit pulp obtained at the different regions of
Zimbabwe.

Introduction

Uapaca kirkiana (Euphorbiaceae) fruit tree is an underutilized indigenous
fruit tree (IFT) that is well adapted to the miombo ecological zone in sub-
Saharan Africa (Akinnifesi et al., 2004; Bille et al., 2013; Nhukarume et al.,
2010; Saka et al., 2004). In Zimbabwe, the fruit tree is mainly distributed
in semi-arid and arid areas although it can grow in relatively wet areas
(Chawafambira et al., 2020). The fruits ripen during October — February
(Mithofer and Waibel, 2003) and are known by different names as wild
loquat in English, msuku in Malawi, Tanzania, and Zambia, and mushuku,
muzhanje or mahobohobo in Zimbabwe (Akinnifesi et al., 2004;
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Chawafambira et al., 2020). The fruit is oval shaped, containing seeds
(Moombe et al., 2014), and a sweet yellowish pulp (Maroyi, 2013).

Of the five naturally occurring Uapaca spp in sub-Saharan Africa,
U. kirkiana spp fruits are commonly consumed and provide a good source
of sugar, energy, and essential minerals (Akinnifesi et al., 2008; Ndabikunze
et al., 2010; Vinceti et al., 2013). Fallen ripe fruits are collected from the ground
and/or harvested directly from the tree. (Akinnifesi et al., 2004; Mithofer and
Waibel, 2003). In most areas of Zimbabwe ripe fruits are sold by street vendors
along the roadside and in rural and urban markets in Sub-Saharan Africa
(Chawafambira et al., 2020). It is a useful supplement (Mithofer and Waibel,
2003; Mpofu et al,, 2014) and a socio-economic importance among the rural
and urban dwellers. Furthermore, the fruits are fermented in Zambia to brew
wine (masuku) (Muchuweti et al., 2006). Traditionally wild fruits of sub-
Saharan Africa have a history of being safe, nutritious, and affordable
(Mpofu et al., 2014).

The consumption of fruits has increased and became more important
because of their health benefits and presence of vitamins, essential minerals,
and fibers, contributing to the prevention or slowing down the progression of
cardiovascular diseases and some form of cancer (Bowen-Forbes et al., 2010;
Tsantili et al.,, 2010). The presence of antioxidant phytochemicals, vitamin
C and E, flavonoids, and carotenoids as non-enzymatic antioxidants offers
protective effect and possibly body beneficial effect (Silva et al., 2010; Wolfe
et al., 2008).

There are many inter-related factors that influence the functionality and
chemical composition of the fruit. Hence, the application of multivariate tools
(Maji and Shaibu, 2012) to determine their correlations (Abbe et al., 2017)
becomes important. Wall (2006) reported that geographic region and mineral
composition of the soil on which the fruit tree grows can affect the nutritional
and mineral content of its fruits. It is also important to determine to relation-
ships between climatic conditions and fruit compositions. This study is aimed
at determining the correlations between functional and chemical properties of
U. kirkiana fruit pulp collected from different areas and show any significant
differences in the variations.

Materials and Methods
Fruit Collection

Ripe U. kirkiana fruits were collected from domesticated trees in Gokwe (a
semi-dry region located 18.22°S 28.93°E in Agro farming region 4 and has
regosol and basaltic vertisol soils), Bikita (a dry region located 20.5 S° 31.37°
E in Agro farming region 4), and Kazangarare (an area located 16.30°S 29.56°E
in Agro farming region 3) in Zimbabwe (Figure 1). Permission to carry out the
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Figure 1. Map showing sampling areas (Bikita, Gokwe, and Kazangarare) of U. kirkiana fruits in
Zimbabwe.

study was granted local leaders (councilors) and consent form was signed by
participating families. Fruit trees were chosen randomly using a stratified sam-
pling method. In each area, 10 domesticated trees were selected from a total of 5
wards. In each ward, two domesticated fruit trees were randomly selected from
trees belonging to families that were willing to participate in this study. Samples
of 100 ripe fruits that had fallen from different parts of the tree were randomly
collected from the ground. A total of 1000 fruits with a total mass of 8 kg were
collected in each area. Each area represented a treatment, making a total of three
treatments. The fruits from each treatment (area) were transported in clean
polythene bags and were stored at room temperature (25°C) in a laboratory.

Sample Preparation

Fruits from each sample area were separated into three sub-groups of 330
fruits and each group represented a replication. The fruits were cut open and
the seeds and skins were removed. The fruits were pulped using a mortar and
pestle, and the crude pulp mixture was sieved through an 800 pM sieve in the
laboratory to obtain a composite pulp sample from each area. The fruits were
weighed before and after pulping to determine the pulp yield. The pulped
samples from each area were analyzed for the following properties: pH, total
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soluble solids (TSS), total titratable acid, dry matter, mineral content, pulp
yield, antioxidant activity, and vitamin C. All results were expressed in fruit
fresh mass (FM).

pH Measurement

The pH was determined according to the Association of Official Analytical
Chemistry (AOAC) standard method using a digital pH meter (BT-675,
BOECO, Hamburg, Germany). The glass electrode of the pH meter was
calibrated using standard buffer solutions (pH 4 and pH 7) prior to pH
measurements (AOAC, 2000).

Total Soluble Solids

Total soluble solids (TSS) content of the U. kirkiana pulp were determined
according to AOAC standard method (Association of Official Analytical
Chemistry, 2000) using a bench brix refractometer (MA871, North Carolina,
Milwaukee Instruments, USA) and distilled water was used to calibrate and
rinse-off residual sample after each reading.

Dry Matter

Dry matter was determined using a method adopted by Magaia et al. (2013).
A 2 g sample was dried in an automatic oven in a crucible and incubating at
100°C overnight until constant moisture loss.

Determination of Vitamin C

Ascorbic acid concentration was determined by the dichlorophenolindo-
phenol (DCPIP) titration test according to a method adopted by Nyanga
et al. (2013). DCPIP solution was prepared by dissolving 0.25 g of 2,
6-DCPIP in 500 mL of distilled water. Exactly 0.21 g of sodium bicarbonate
was then added to the solution and allowed to dissolve. The resulting
solution was finally diluted to 1 L with distilled water. Ten grams of the
fruit pulp was placed into a 100 mL volumetric beaker and mixed with
40 mL of 5% acetic acid. After 20 min, water was added to 100 mL. The
resulting solution (with sample) was then titrated against the prepared
standard DCPIP.

Total Titratable Acidity

Pulp acidity (expressed as total titratable acidity) was determined according to
AOAC standard method by titrating 10 g of sample dissolved in 100 mL
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distilled water against 0.1 M NaOH solution. Development of a pink color was
recorded as the end point using phenolphthalein as an indicator (Association
of Official Analytical Chemistry, 2000).

Antioxidant Activity

The radical scavenging activity was determined using a method adopted by
Kuda et al. (2005). Methanolic solution of DPPH (1.5 mL, 1 mM) was mixed
with 0.1 mL sample and incubated at 25°C for 25 min. The sample was mixed
at five equal time intervals during the incubation period. The absorbance was
determined at 517 nm on a Spectronic Genesys Spectrophotometer (Genesys
5, Thermo Fisher Scientific, Waltham, Massachusetts, USA) after calibration
with methanol. Ascorbic acid (0.1 M) was used as a reference control. The
scavenging activity was calculated as the percentage decrease in absorbance
with time using the following equation:

Abcontrol - Absample %
Abcontrol

DPPH radical scavenging activity = 100 (1)

where Aboniror = Absorbance of control; Abg,mpie = Absorbance of sample

Mineral Content Analyses

Iron and Zn contents were determined according to a method adopted from
Altundag and Tuzen (2011) using an Inductively Coupled Plasma-Optical
Emission Spectrometer (ICP-OES) (Agilent 5100, Agilent Technologies,
Santa Clara, California, USA), which allows for simultaneous detection of
minerals. A fruit pulp sample was digested using concentrated solutions
of nitric acid (HNO3) and sulfuric acid (H,SO,), followed by the addition of
ultrapure hydrogen peroxide (H,O,) to complete digestion. Residual pulp
samples were filtered off where necessary. The digested pulp samples were
then fed into the automated ICP-OES by vacuum-operated pipes and results
were recorded. Data were standardized per 100 g fresh pulp mass.

Statistical Analysis

Regression analysis was performed on the data using the XLSTAT statistical
computer package (Version 2015.04.36025). Pearson’s correlation coefficients
were used to show the correlations. Principal component analysis (PCA) was
used to determine variances.
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Results and Discussion
Physicochemical and Functional Properties

The results for the physicochemical properties of the fruit pulps collected from
the three areas are detailed in Table 1. Most of the functional and chemical
properties parameters measured showed a significant effect (p < 0.05). The
highest pulp pH content was obtained from fruits obtained from Gokwe
higher than Gokwe and Kazangarare. The antioxidant activity showed that
fruits from Bikita had a relatively higher activity of 36.68 + 0.46% but it was
not significantly different from Gokwe fruits. Mapunda and Mligo (2019),
observed a flavonoid content of 55.97 + 4.36 mg RE/100 g fresh fruit sample.
The high antioxidant activity could be explained by the presence of polyphe-
nols in the fruit pulp. Fruits from Bikita had a high total phenolic content of
82.5 £ 0.01 pg GAE/g dry weight (unpublished work) as compared to other
fruits obtained from other areas. Phenolic compounds contain hydroxyl
groups which are hydrogen donors and react with nitrogen and oxygen of
organic radicals. This reaction is important because it delays the oxidation of
organic radicals and promotes health (Fardet et al., 2008). Mapunda and Mligo
(2019), reported a total phenolic acid content of 255.38 + 23.80 mg GAE/100 g
fresh weight for U. kirkiana fruits from Tanzania. Their result was very
significant in the total phenolic content as compared to fruits obtained from
Bikita, Gokwe, and Kazangarare in Zimbabwe. This is due to the drying
process used in sample preparation. Drying of fruit pulp can cause degradation
of phenolic compounds such as catechin, dihydroxybenzene, and gallic acid in
fruit samples from Bikita, Gokwe, and Kazangarare thereby reducing the
phenolic content. Furthermore, the differences in the soils and climatic con-
ditions of the sample areas might have affected the total phenolic content of
the fruits.

Table 1. Functional and chemical properties of U.kirkiana fruit pulp per 100 g edible portion.

Treatments

Pulp properties Bikita Gokwe Kazangarare
pH 466 + 0.01° 4.42 +0.09° 435+0.11°
Pulp Yield (g/100 g FM) 12.15 + 0.16° 14.27 + 0.26° 15.09 + 0.27°
Dry Matter (%) 28.81 + 0.62° 29.23 + 0.58° 29.38 + 0.94°
Vitamin C (mg/100 g FM) 16.63 + 0.67° 16.03 + 0.69°° 15.75 + 0.57°
Antioxidant Activity (%) 36.68 + 0.46° 36.13 + 0.76° 34.96 + 0.86°
Total Titratable Acidity (g/100 g FM) 0.48 + 0.04° 0.34 + 0.05° 0.30 * 0.07°
Ca (mg/100 g FM) 1691 + 0.38%° 16.43 + 0.95° 17.26 + 0.36°
Fe (mg/100 g FM) 12.06 + 0.41° 11.25 +0.52° 12.16 + 0.54°
Zn (mg/100 g FM) 0.87 + 0.17% 0.88 + 0.11% 0.94 + 0.13°
Mg (mg/100 g FM) 35.01 * 1.56° 35.13 + 0.87° 28.72 + 9.70°
Na (mg/100 g FM) 9.6 + 0.33° 9.78 + 0.26° 9.08 + 0.33°
P (mg/100 g FM) 15.06 + 0.18° 14.20 + 0.54° 13424049 €
K mg/100 g FM) 383.07 + 4.22% 390.5 + 4.35° 439.8 + 162.32°
Cu (mg/100 g FM) 0.94 + 0.11° 0.88 + 0.07%° 0.8 +0.8°

Mean + standard deviations are reported. Means with identical superscripts in a row are not significantly different at
p < 0.05.
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TTA was also better in Bikita and Gokwe regions. Our results on TTA and
pH values were in agreement with other results by Ndabikunze et al. (2010)
who observed a TTA content of 0.5 g/100 g and pH (4.67). Fruit pH and TTA
are important parameters that determine the organoleptic quality of the fruit
(Bugaud et al., 2011; Harker et al., 2002). The relatively high mineral content
of the fruit was observed in this study. Fruits from Kazangarare area had high
Fe and Zn content of 12.16 + 0.54 and 0.94 + 0.13 mg/100 g, respectively
(Table 1). Our results noted a no significant difference (p < 0.05) in the Zn
content in all the fruits from the three treatment areas. The mineral values
from our study were higher compared to mean values reported by Ndabikunze
et al. (2010) but were in agreement with values observed by Stadlmayr et al.
(2013) in the same fruit.

Likewise, the variation of most results in the chemical and functional
properties of the fruit and other researchers may be attributed to differences
in climatic regions, soil types, and methods of analysis. This is supported by
Haque et al. (2009) who reported that soil-plant interaction together with
weather conditions of the area plays an important function in the growth and
development of the plant. The author also noted that the nutritional composi-
tion of fruit varies from region to region within the same country because of
changes in soil quality and climate (Haque et al., 2009). These differences in
pulp composition have been other authors who noted the effect of climate
(Rodriguez-Amaya et al., 2008), fruit maturity (Gull et al., 2012), and cultivar
(Burlingame et al., 2009; Toledo and Burlingame, 2006a) as possible causal
factors.

Principal Component Analysis

The factors in Table 2 were used to develop the Principal component
analysis model. The model was applied to determine the variances and
to explain the relationships between the fruit pulp properties and
sample area, and to identify any group patterns. Two principal compo-
nents (PC) explained a 51.48% variance (37.31% for PC1 and 14.17%
for PC 2). The factors that contributed to positive variance in PC 1
were pH, Vitamin C, antioxidant activity, total titratable acidity, Mg,
Na, K, and Cu contents of the fruit pulp. Pulp yield contributed to
negative variance in PC 1. In PC 1, pH and TTA were the most
significant factors and were grouped together. Phosphorus and AOA
were correlated and grouped together. Calcium and Fe content in the
pulp contributed most to the most variability and Na content had
a negative variance in PC 2.

The biplot indicated that fruits from Kazangarare were grouped due to
their Brix (TSS), K, pulp yield, and Fe and Ca content. Fruits obtained
from Bikita had high contents in pulp pH, TTA, Cu, AOA, vitamin C, and
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Table 2. Principal component analysis of U. kirkiana fruit pulp properties.

Variable PC1 PC2 F3 F4
Eigenvalue 5.597 2.126 1.326 1.250
Variability (%) 37312 14171 8.841 8.331
Cumulative % 37.312 51.483 60.324 68.655
Factor loadings*

pH 0.810 0.338 —0.254 —0.200
TSS -0.474 0.321 —0.163 0.350
DM —0.486 0.067 0.141 -0.540
Vit. C 0.580 0.014 —0.406 —-0.279
AOA 0.824 0.077 0.389 0.086
Pulp yield -0.840 —0.244 0.188 —0.053
Ca —0.244 0.721 0.038 -0.124
Fe —-0.179 0.859 0.003 0.094
Zn —0.385 —0.039 —0.312 0.448
TTA 0.824 0.277 0.070 -0.111
Mg 0.556 —0.262 —0.026 0.554
Na 0.556 -0.539 0.323 —-0.195
P 0.887 0.116 —0.202 —0.053
K —-0.208 0.298 0.669 0.033
Cu 0.626 0.198 0.407 0.348

*TSS: Total soluble solids, DM: dry matter, Vit. C: vitamin C, AOA: antioxidant activity, TTA:
titratable acidity.

Table 3. Analysis of variance model.

DF Sum of squares Mean squares F P value
Model 2 32.846 16.423 37.631 < 0,0001
Error 24 10.474 0.436
Corrected Total 26 43.320

phosphorus content. Our results also indicated that fruits from Gokwe
tend to cluster together because of Mg content (Figure 2). These results
suggest that tree to tree variations, soil quality, genomic tree differences,
and climatic conditions of the sampled areas have an effect on fruit pulp
compositions.

Correlation of Functional and Chemical Properties

The observed results in the study for correlation analysis revealed that the pH
of the pulp had a significant positive correlation between TTA and AOA
(Figure 3). TTA had a positive correlation with phosphorus content
(Table 5). Approximately 74% and 69% of the variation in pulp properties
were attributed to pH (R* = 0.74) and TTA (R* = 0.69). The measurement of
pH is a determinant of the concentration of free hydrogen ions, while the TTA
measures the total amount of hydrogen ions in the pulp. Therefore, pH is not
correlated with the concentration of acids present but is influenced by their
ability to dissociate in solution. The pH of fruit pulp is an important factor in
microbiological safety, determining the effectiveness of enzyme additions in
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Figure 2. Principal component biplot showing variation of fruit pulp characteristics collected from
three regions of Zimbabwe.
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Figure 3. The correlation between pH and AOA (a), and the correlation between pH and TTA (b).

fruit processing, influencing the solubility of proteins, and regulating the
oxidative and browning reactions in fruits (Boulton et al., 1996).

Loquat fruits contain organic acids such as malic acid (84.5 mg/100 g),
oxalic acid (2.7 mg/100 g), tartaric acid (9.0 mg/100 g), succinic acid (2.9 mg/
100 g) (Chen et al., 2009; Toker et al., 2013) and citric acid (1.5 mg/100 g)
when ripened (Seymour et al., 1993) and this can explain the total titratable
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acid observed. Malic acid accounts for >73% of the total organic acids in fruits
(Toker et al., 2013). A study by Ding et al. (1998) observed that malic acid is
the principal acid contributing 90% of the total organic acid content in loquat
fruits. A positive relationship between moisture content and TTA content in
ripe fruits has been reported by other researchers (De La Hera-Orts et al., 2005;
Des Gachons et al., 2004; Thakur and Singh, 2012). Ball (1997) suggested that
TTA decreases either by the fermentation process or breakdown of acids to
sugars in fruits when they respire. This observation was also supported by
Walton and De Jong (1990) who noted that fruits that grow in higher tem-
peratures have higher rates of respiration. Our results also correlate to these
explanations in TTA contents because the U. kirkiana fruits were collected
from a high-temperature area of Bikita (32°C max.) and Gokwe (31°C max.)
during the summer period. Also, Crisosto and Crisosto (2001) reported a rapid
metabolism of organic acids when the fruit is first placed in storage under high
temperatures.

Antioxidant activity had a positive correlation with pulp TTA content, Cu
content, and phosphorus content (Figure 4). TTA had a positive correlation
with phosphorus as shown in Table 4. The results observed indicated that an
increase in pulp- TTA would also increase the antioxidant activity in the fruit
pulp. Furthermore, an increase in phosphorus content would significantly
increase the antioxidant activity and TTA in the fruit pulp. An increase in
Cu content in the pulp increases significantly the antioxidant activity of the
pulp (Figure 4c). The variations noted in the antioxidant activity could be
attributed to differences in fruit genotype variations, environmental condi-
tions, geographical location of the fruit trees, and fruit harvest times (Cho
et al., 2004; Zadernowski et al., 2005). More so, the presence of the different
phenolic compound groups and their concentrations in the fruit pulps can
result in the variations noted. This is supported by Kalt et al. (2001) who
reported that the presence of anthocyanins contributed to a more AOA in
blueberries. Indeed, our results indicated that the ripe fruits had a high pulp
antioxidant activity which can be explained by a high total phenolic content
(67.0-82.5 ug GAE/g FM) in the fruit pulp (Unpublished work). Studies by
Castrejon et al. (2008) and Wang et al. (2009b) reported that antioxidant
compounds are mainly synthesized during the maturation process of fruits,
from the unripe green stages until ripeness. Also, the differences in the
maturity index of each fruit can have an effect on the concentration of
antioxidant compounds.

Iron content had a low positive correlation with Ca content, and a weak
positive correlation with the Zn content in the fruit pulp (Figure 5). The study
observed that an increase in Fe content in the fruit gave a small increase in Zn
concentration in the pulp. Furthermore, the results indicated that as Fe
content increases in the fruit, Ca content in the pulp increases significantly
(Figure 5). The correlation results of Fe content and Cu content showed
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Figure 4. The correlation between AOA and TTA (a), the correlation between AOA and phosphorus
(b), the correlation between AOA and Cu (c), correlation between TTA and Phosphorus (d).

Table 4. Model parameters for pulp yield (Standardized coefficients).

Source Value Standard error Standardized coefficients t P value
Intercept 28.223 2.675 10.550 < 0,0001
TTA —5.531 1.796 0.415 -3.079 0.005
P —0.862 0.217 0.537 —3.983 0.001

a weak positive correlation (Table 5). Results observed by Welch et al. (1993)
indicated that Cu plays an important role in the plasma membrane in enhan-
cing Fe absorption and regulating the sulthydryl groups in transport protein
involved in divalent cation transport across the root cell.

Pulp yield showed a negative correlation with pH content and AOA. Pulp
yield also exhibited negative correlations with TTA and phosphorus as shown
in Table 5. These results can further be used to explain that as pulp-pH
increases it negatively reduces pulp yield. An increase in phosphorus content
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Figure 5. The correlation between Fe and Ca and the correlation between Fe and Zn.

negatively reduces pulp yield (Figure 6). Pulp yield had a weak positive
correlation with TSS (Table 5). Mehmood et al. (2014) and Singh et al.
(2015) also reported a poor accumulation of TSS in guavas (Psidium guajava
L) Myrtaceae. Consequently, Chiveu et al. (2019) reported that pulp mass has
a positive correlation with the fruit water content, indicating that much of the
juicy pulp in fruits primarily consists of water. This explanation could be used
to support our results by confirming that the weak positive correlation
between the pulp yield and TSS is caused by the higher dilution effect of TSS
with water in the pulp.

Regression and ANOVA Analysis

Regression data for our study indicated that 75% (R* = 0.758) of the variance in
pulp yield is explained by both TTA and phosphorus content. This meant that
only 25% of the variance is explained by other factors. Phosphorus content had
a 66% (R* = 0.663) variance on pulp yield. Different inorganic forms of phos-
phorus (H,PO,", HPO, 2~ H;PO,) exist in the soil at a concentration of 0.1--
10 uM. The P is actively taken up via transporter system in the roots due to the
concentration difference between the soil and plant tissue (5-20 mM) (Shen et al.,
2011). Phosphorus is vital in the synthesis of biomolecules and formation of high-
energy molecules such as adenosine triphosphate (ATP), guanosine triphosphate
(GTP), cytidine triphosphate (CTP), uridine triphosphate (UTP), phosphoenol
pyruvate (PEP), and other phosphorylated intermediate compounds (Hina et al.,
2018). Phosphorus is important in carbohydrate metabolism (Razaq et al., 2017).
This could suggest the relationship with pulp yield since carbohydrates are the
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Figure 6. The correlation between pulp yield and pH (a) and the correlation between pulp yield
and phosphorus (b).

major component of the fruit pulp. The fruit pulp contains a carbohydrate content
of 28.7 to 92 g/100 g edible portion (Chawafambira et al., 2020).

A simple linear regression was calculated to predict the pulp yield based on
phosphorus b = 0.537, t (24) = -3.98, p < 0.001.

A linear regression to predict the pulp yield based on TTA, b = 0.415,
t (24) = - 3.08, p < 0.005 equation 2 represents the relationship between TTA
and phosphorus contents in the pulp content.

Pulp yield = 28.22 —5.53 x TTA — 0.86 x P 2)

Our results observed a significant difference using one way ANOVA at p < 0.05
on the effect of TTA and phosphorus on pulp yield as F (2, 24) = 37.631, p < 0.01,
with R* = 75.8. ANOVA model showed that only variables, TTA and phosphorus
content in the fruit were significant (P < 0.001) in the model (Table 3). This implied
that the overall regression model used in this study was significant (p < 0.05).

Model Parameters (Pulp Yield)

TTA content had a significant difference on pulp yield content (P < 0.005).
Phosphorus content had a significant difference on pulp yield content
(P < 0.001). All other pulp attributes had no significant effect on pulp yield
content in the fruit (Table 4).

Conclusion

Principal component analysis showed a 51.4% variance. Two components
were accepted and used in the study. There is a positive relationship
between pH and TTA and pH and phosphorus contents in fruits. Seven
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factors in PC 1 were responsible for the positive variation. Pulp yield is
negatively affected by the pulp-pH levels. Fruits from Bikita grouped
together toward positive factors in PC 1 (pH, TTA, Cu, AOA, phosphorus,
and vitamin C). TTA and phosphorus content are significant (P < 0.01) in
affecting the pulp yield. Antioxidant activity and phosphorus content of
the pulp were correlated and grouped together on PC 1. The regression
model was significant and 75% of the variance was attributed to pulp TTA
and phosphorus. Environmental conditions have been observed to influ-
ence the functional and chemical properties in fruit pulps. The fruit is
a good source of essential minerals and has good functionality character-
istics. The good correlation of most functional and chemical properties in
the pulp can aid in the processing of the fruit into many commercial
products. Research prospects must be centered on the effects of genetic
tree variations on the fruit pulp compositions and their correlations.
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