
Heliyon 8 (2022) e11064
Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon
Research article
Chemical and antioxidant characterization of Dovyalis caffra and Dovyalis
abyssinica fruits in Kenya

Daniel Mwangi Waweru a, Joshua Mbaabu Arimi a, Eunice Marete b, Jean-Christophe Jacquier c,
Niamh Harbourne c,*

a Department of Food Science and Technology, Meru University of Science and Technology, Meru, Kenya
b Department of Physical Sciences, Meru University of Science and Technology, Meru, Kenya
c School of Agriculture, Food Science and Veterinary Medicine, University College Dublin, Belfield, Dublin 4, Ireland
A R T I C L E I N F O

Keywords:
Dovyalis caffra
Dovyalis abyssinica
Chemical
Antioxidant
Kenya
* Corresponding author.
E-mail address: niamh.harbourne@ucd.ie (N. Ha

https://doi.org/10.1016/j.heliyon.2022.e11064
Received 24 January 2022; Received in revised for
2405-8440/© 2022 The Authors. Published by Else
nc-nd/4.0/).
A B S T R A C T

This study aimed at chemical characterization of Dovyalis caffra (Hook.f. & Harv.) Sim. and Dovyalis abyssinica (A.
Rich.) Warb. fruits from Kinamba Town (KT) in Laikipia county and Gitoro Forest (GF) in Meru county of Kenya.
All analysed fresh fruit samples had low pH values averaging at 2.67. Other tests showed D. abyssinica-GF to be
significantly inferior to D. caffra-GF and D. caffra-KT in terms of TSS, TSS:TTA ratio, and ascorbic acid content.
Based on these parameters, D. caffra-KT presents itself with a higher potential for direct consumption as compared
to D. caffra-GF. Proximate analysis of dried fruit pulps demonstrated D. abyssinica-GF to be significantly higher in
ash content and significantly lower in protein and fat contents compared to the other two samples. There were
insignificant difference in the fibre and carbohydrate contents of all the fruit samples. In phytochemical analysis,
D. caffra-GF recorded the highest total polyphenol content of 1845 mg Gallic acid equivalent (GAE)/100 g while
D. abyssinica-GF reported the lowest figure of 1128 mg GAE/100 g. Flavonoid and simple phenols fractions were
in the range of 18.15–26.85% and 73.15–81.85% respectively in all fruit samples. As for antioxidant activity,
D. caffra-GF recorded significantly high scores in both DPPH and CUPRAC assays, and D. abyssinica-GF the lowest.
The range of DPPH and CUPRAC scores for all samples was 1995–4993 mg L-ascorbic acid/100 g and 1384–2303
mg L-ascorbic acid/100 g respectively. The current study presents the nutritional and health potential of D. caffra
and D. abyssinica fruits. This forms a good basis for future adoption and exploitation of these fruits.
1. Introduction

Dovyalis caffra and Dovyalis abyssinica belong to the salicaceae family
(Waweru et al., 2022). The former originated mainly from South Africa
while the latter is native to East Africa (Cavalcante and Martins, 2005).
D. caffra is a dioecious shrub that grows to a height of up to 5 m. It has
thorny branches with simple leaves popping out in clusters. The tree
bears fleshy, acidic, spherical berries containing approximately 12 hairy
seeds arranged in circles (Aremu et al., 2019). The ripe fruit can be used
in making wine (Minnaar et al., 2017), ready to drink fruit juices (Gore,
2005) and nectars (Du Preez et al., 2013). D. abyssinica on the other hand
is a shrub that grows to a height of up to 3 m and has lesser thorns than
D. caffra. The shrub bears acidic, apricot like fruits with a diameter of up
to 25 mm. The ripe fruit can be used in making jelly and fruit punch
(Cavalcante and Martins, 2005).
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Despite these fruits being indigenous to the African continent, they
remain largely underexploited for food purposes. Apart from a few
D. caffra studies in South Africa and Egypt (Omotayo et al., 2019; Taher
et al., 2018), very scanty information is available regarding the fruit’s
food potential in other African countries. In Kenya for example, other
than one recent report on a D. caffra study in Narok County (Osano,
2019), substantive countrywide information on the fruit is basically ab-
sent. Overall, D. abyssinica has received the least attention and remains
extremely unreported universally (Cavalcante and Martins, 2005).

The consumption of fruits and vegetables is generally linked to reduced
risk of major diseases mainly due to their richness in health promoting
compounds such as vitamin C, carotenoids and diverse phytochemicals
(Vincente et al., 2014). Such compounds have been demonstrated to have
antioxidant capabilities that prevent radical formation in our bodies and
thus preventing onset of disorders such as aging, brain dysfunction, some
cancers and cardiovascular diseases (Verma and Mishra, 2014).
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Previous studies on D. caffra have accordingly demonstrated the fruit
to be an excellent source of ascorbic acid (Du Preez et al., 2013; Loots
et al., 2006; Nitcheu Ngemakwe et al., 2017) and a moderate source of
β-carotene (Mpai et al., 2018). Besides consideration of the antioxidant
activity of ascorbic acid and β-carotene in D. caffra fruits, additional
phytochemicals such as polyphenols further amplify such potential.
Composition wise, Loots et al. (2006) reported a total polyphenol content
of 1013� 3.0mg GAE/L in D. caffra fruit juice. Elsewhere in Egypt, a total
polyphenol content of 2901mg GAE/100 g dry weight (DW) was reported
for the same fruit (Taher et al., 2018). The overall antioxidant activity
associated with all these compounds can be estimated using different
in-vitro assays. Such assays employ different mechanisms in their action
such as, single-electron-transfer-based assays (2, 2-azinobis-(3-ethylben-
zothiazoline-6-sulfonate) (ABTS) radical cation, Ferric antioxidant
power (FRAP) and DPPH assays) and one hydrogen-atom-transfer based
assay (ORAC) (Sethi et al., 2020). Overall, the use of more than one assay
is recommended in order to provide for the complexity of diverse plant
chemicals (Sethi et al., 2020). In general however, a positive correlation
has already been established between high levels of polyphenols and high
antioxidant activities in D. caffra fruits (Loots et al., 2006; Taher et al.,
2018).

Nutritionally, D. caffra fruits have been reported to be considerably
high in carbohydrates (54.05% DW), crude fibre (16.3% DW) and
moderate in protein (4% DW), ash (7.45% DW), moisture (15.5% DW)
and fat (3% DW) (Taher et al., 2018). Amino acid profiling indicated that
D. caffra fruit is a potential source of essential amino acids (Mpai et al.,
2018; Taher et al., 2018). Micronutrient analysis demonstrates the fruit
to be an appreciable source of minerals such as potassium, phosphorus
and sodium as well as vitamins such as thiamine, riboflavin and niacin.
Other micronutrients reported in moderate amounts include; copper,
iron and calcium (Wehmeyer, 1966).

The Dovyalis fruits have considerable nutritional and health potential
which warrant for their exploration and utilization across the globe,
particularly in Africa where they are native. There being limited or no
information on chemical properties of D. caffra and D. abyssinica fruits in
Kenya, the current study aimed at filling the existing information gaps for
these fruits. D. caffra fruits from two different geographical locations
(Kinamba Town in Laikipia county and Gitoro forest in Meru county)
were studied. A sample of D. abyssinica from Gitoro forest was also
examined. Basic chemical properties such as pH, titratable acidity, total
soluble solids and ascorbic acid were profiled as well as the proximate
composition. Phytochemical composition and antioxidant capacities
were also examined in the fruit samples. The findings of this research
would be imperative in creating a scientific basis for future adoption of
these fruits for food purposes in Kenya. More specifically, the findings
may be useful to people such as, farmers, food processors, researchers,
industrial manufacturers and clinical nutritionists amongst others.

2. Materials and methods

2.1. Sample collection and preparation

In Kenya, D. caffra and D. abyssinica fruits are wild in nature. Positive
identification of the fruits prior to sampling was done with the help of a
botanical expert (Dr. Paul Musili of the Kenya Museums, Nairobi her-
barium). Individual batches of ripe (Approx. 10 oBrix) D. caffra fruits
weighing 10 kg each were harvested on December 2019 from Kinamba
Town (KT) of Laikipia county and Gitoro Forest (GF) of Meru county
through collaboration with the Kenya Forestry Research Institute
(KEFRI). A similar batch of D. abyssinica fruit was also obtained from the
Gitoro forest. In each scenario, fruit collection was done from 7 shrubs
distributed within a radius of 3 m. Ecologically, both Gitoro forest region
and Kinamba town have a soil type largely consisting of a mixture of clay
and loam; and experience average annual rainfall of between 1250–1600
mm and 740–900 mm respectively (County Integrated Development
Plans, 2018). Once harvested, the fruits were packaged in cooler boxes
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and transported by road to Meru University of Science and Technology
(MUST), Kenya. On reception, the fresh fruits were stored in a cold room
overnight (12 h) before analysis commenced.

The various batches of fresh fruits were independently sorted
(Figure 1A), cleaned in cold water, rinsed and drained on racks to surface
dryness. Three sets of 20 fruits were then randomly selected from indi-
vidual batches and treated as replicates throughout the study. Such fruits
were then cut into halves, deseeded and pulped (with their skin intact)
using a blender (Ramtons, RM/259, China) for 1.5 min. Obtained pulps
had their total titratable acidity, total soluble solids, ascorbic acid and pH
measured before drying (Figure 1B) in an air oven (Biobase, bjpx-H160,
Shandong, China) at 60 �C to constant weight. The dried samples
(Figure 1C) were finally packed in sealed zip-lock bags and stored at
room temperature (23 �C) prior to transportation by air to the University
College Dublin (UCD) – Ireland, for further analysis. Such analysis
commenced after six days.
2.2. Basic chemical properties of fresh D. caffra and D. abyssinica fruit
pulp

The pH of fresh fruit pulp wasmeasured at ambient temperature using
a calibrated digital pH meter (Hanna-instruments, Woonsocket, United
States of America).

The %TTA of fresh fruit pulp was determined by sample titration
using 0.1N sodium hydroxide and phenolphthalein as an indicator ac-
cording to Cavalcante andMartins (2005). The%TTAwas expressed as %
malic acid considering that it is the most abundant organic acid in
D. caffra fruits (Taher et al., 2018).

TSS was measured using a portable refractometer (GFT-P50, Griff-
Chem, China). The TSS was expressed as oBrix according to Augustyn
et al. (2018). The ratio of TSS/TTA was also calculated according to
Augustyn et al. (2018).

The Ascorbic acid content of fresh fruit pulps was determined by the
2, 6-dichloroindophenol titrimetric method as described by Mazumdar
(2009). Standard reagent solution was prepared by first dissolving 50 mg
of 2, 6–dichlorophenolindophenol and 42 mg of sodium carbonate in 200
ml of distilled water. For sample determination of ascorbic acid content,
5 g of fruit pulp was dispersed/extracted in 100 ml of 10 % TCA followed
by indophenol titration against 10 ml drawn from such mixture. Sample
blank was determined by indophenol titration against a mixture of 10 ml
10% TCA solution. Calculation of ascorbic acid content in mg/100 g of
fruit sample was done as follows;

Ascorbic acid content ¼ (A � B) � C � 100/10 � 1/S � 100

where; 100/10 ¼ volume of sample extract used for determination, A ¼
Volume in ml of the indophenol solution used for sample titration, B ¼
Volume in ml of the indophenol solution used for blank titration, C ¼
Mass in mg of ascorbic acid equivalent to 100 ml of standard indophenol
solution and S ¼ Weight of sample taken (g).
2.3. Proximate composition of dried D. caffra and D. abyssinica fruit pulp

The moisture content of dried fruit pulps was determined by
following specifications provided by the AOAC International (1995),
Method 925. 10-32.1.03. Samples were weighed before drying in a hot
air oven (Biobase, bjpx-H160, Shandong, China) and after complete
drying (constant weight). The weight difference was expressed as per-
centage moisture.

Percentage nitrogen content of dried fruit pulps was analysed by the
Kjeldahl method as described by the AOAC International (1995) Method
20.87–32.1.22. The fruit sample (~1 g) was weighed into a digestion
flask jointly with a catalyst consisting of 5 g K2SO4 and 0.5 g CuSO4 and
15 ml of concentrated H2SO4 acid. The mixture was heated in a fume
hood until the end of the digestion process before being cooled, trans-
ferred to a 100 ml volumetric flask and topped up to 100 ml with distilled



Figure 1. A ¼ Sorting of Dovyalis caffra fruits, B ¼ Ongoing drying process of Dovyalis caffra fruit pulp, C ¼ Dried Dovyalis caffra fruit pulp ready for packing and
further analysis.
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water. 10 ml of the diluted digest was neutralized with 15 ml of 40%
NaOH before distilling down to a volume of about 60 ml distillate. The
distillate was titrated using 0.02 N–HCl to an orange colour. Calculations
were done using the following formulae;

Nitrogen % ¼ (V1 – V2) � N � f � 0.014 � 100/V � 100/S

where: V1 ¼ Titre for sample (ml); V2 ¼ Titre for blank (ml), N ¼
Normality of standard HCl solution (0.02), f ¼ Factor of standard HCl
solution, V ¼ Volume of diluted digest taken for distillation (10 ml), S ¼
Weight of sample taken (g), Protein % ¼ Nitrogen � protein factor.
Protein factor ¼ 6.25.

Percentage fat content of dried fruit pulps was determined by the
Soxhlet extraction technique of the AOAC International (1995), Method
920.85-32.1.13. Ground pulp samples (~5 g) were weighed into
extraction thimbles. Initial weight of the extraction flasks were taken
prior to the transfer of 90 ml of petroleum ether into each flask. Flasks
were then attached to the soxhlet extraction apparatus and analysis
carried out. Extraction was performed at 61.5 �C for 8 h. The extraction
solvent in the flask was then completely evaporated and the extracted fat
dried in a hot-air oven (Biobase, bjpx-H160, Shandong, China) for 15min
before the final weight of the flask with the extracted fat was recorded.
Calculation of % fat was done as follows;

Fat % ¼ Weight of fat extracted � 100/Weight of sample

The total ash content of dried fruit pulps was determined by dry-
ashing method using a ceramic muffle furnace (SX3/SX4/SX4-P,
Japan) as described by the AOAC International (1995), Method
923.03-32.1.05. Total crude ash was calculated by expressing the weight
of acquired ash as a percentage of the sample weight.

Crude fibre of dried fruit pulps was determined by the acid, alkaline
digestion and solubilisation technique (AOAC International, 1995),
Method 920.86-32.1.15. Approximately 2 g (W) of dried fruit pulp was
weighed into a 500 ml conical flask. 200 ml of boiling 1.25% H2SO4 was
added and the sample was heated under reflux for 30 min. After filtration
under vacuum with Pyrex glass filter (crucible type) and washing with
boiling water, the sample was then alkali digested by adding 200 ml of
boiling 1.25% NaOH to the washed residue. It was then heated under
reflux for another 30 min. The residue was filtered, using a Pyrex glass
filter, by rinsing with boiling water followed by 1% HCl and finally
washing with boiling water to rinse off the acid. The residue was then
washed twice with alcohol and three times with ether before being dried
in a hot-air oven at 105 �C in a porcelain dish to a constant weight (W1).
Incineration was done in a muffle furnace at 550 �C for 3 h and the final
weight (W2) taken. Calculation was done as follows;

% Crude fiber ¼ (W1 � W2)/W � 100
3

where; W1 ¼ weight of acid and alkali digested sample, W2 ¼ weight of
incinerated sample after acid and alkali digestion and W ¼ weight of
sample taken.

The total carbohydrate content of dried fruit pulps was determined by
difference method as follows: %Total digestible carbohydrates ¼ 100 �
[Total ash þ fibre þ fat þ protein þ moisture].

2.4. Phytochemical analysis

2.4.1. Sample extraction
D. caffra and D. abyssinica extracts were prepared by extracting 1 g

of dried fruit pulp sample in 100 ml water at 60 �C for 1 h. This was
followed by vacuum filtration using a No.1 Whatman filter paper.
Unused extracts were stored in sealed containers at �20 �C for later
use.

2.4.2. Total polyphenol content (TPC)
The total polyphenol content of dried D. caffra and D. abyssinica fruit

pulp extracts was determined by the Folin–Ciocalteu method with a
slight modification of the procedure described by Singleton and Rossi
(1965). A 0.2 ml of extract, blank or standard was added to ~6.0 ml of
distilled water in a 10 ml volumetric flask. 0.5 ml of Folin-Ciocalteu re-
agent was then added and mixed. After 1 min and before 8 min, 1.5 ml of
20% sodium carbonate solution was added and the volume adjusted to 10
ml with distilled water. The colour generated after 2 h was read at 760
nm using a UV-Vis Spectrophotometer (UV mini-1240, Shimadzu, Kyoto,
Japan). The total phenolic content was calculated using a Gallic acid
standard curve (Figure 2) and results expressed as mg of Gallic acid
equivalents (GAE) per 100 g sample.

2.4.3. Separation of phenolic groups in dried D. caffra and D. abyssinica
fruit pulp extracts

The tannin (TT) and non-tannin (NT) fractions of D. caffra and
D. abyssinica fruit extracts were separated by slight modification of the
precipitation method described by Harbourne et al. (2009). 1 ml of these
extracts were then mixed with 1 ml of 0.5% cinchonine in
micro-centrifuge tubes, shaken very well and centrifuged at 13,000 rcf
for 5 min. The supernatant (NT fraction) produced was transferred into a
new tube leaving the ‘tannin residue’ (TT fraction) at the bottom. Such
residue was re-dissolved in 2 ml of an ethanol þ10% hydrochloric acid
(HCl) mixture 50:50 (v:v). Further separation was done by adding 0.5 ml
formaldehyde solution þ0.5 ml HCl (10%) to 1 ml of the NT and TT
fractions to yield simple phenols and ‘hydrolysable tannins’, respectively.
After separation all fractions were quantified using the Folin–Ciocalteu
procedure (described above). The content of ‘condensed tannins’ and
flavonoids was calculated by difference.
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Figure 2. Standard curve for Gallic acid.
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2.4.4. Antioxidant activity (AA)
The DPPH assay of D. caffra and Dovyalis abyssinica fruit extracts was

carried out by a slight modification of the method described by Papoutsis
et al. (2018). Firstly, a stock solution was prepared by dissolving 24 mg
DPPH in 100 ml of methanol. A working solution was then prepared by
mixing 10 ml of the stock solution with 45 ml of methanol to obtain an
absorbance of 1.1 � 0.02 at 515 nm. Subsequently, 2.85 ml of the
working solution was mixed with 0.15 ml of sample and left in the dark at
room temperature for 30min beforemeasuring the absorbance at 515 nm
using a UV-Vis spectrophotometer (UV mini-1240, Shimadzu, Kyoto,
Japan). The antioxidant capacity was calculated using an L-ascorbic acid
standard curve and results expressed as mg of L-ascorbic acid equivalents
per 100 g of sample (mg L-ascorbic acid equivalents/100 g).

The CUPRAC assay of D. caffra and D. abyssinica fruit extracts was
carried out by a slight modification of the method described by Papoutsis
et al. (2018). Briefly, 1 ml of 10 mMCuCl2 solution was first mixed with 1
ml of 7.5 mM neocuproine solution. To this mixture, 1 ml of NH4Ac
buffer (pH 7.0) solution was added and finally 1.1 ml of sample extract.
The mixture was then left in the dark at ambient temperature for 1.5 h
before measuring its absorbance at 450 nm using a UV-Vis spectropho-
tometer (UV mini-1240, Shimadzu, Kyoto, Japan). The antioxidant ca-
pacity was calculated using an L-ascorbic acid standard curve and results
expressed as mg of L-ascorbic acid equivalents per 100 g of sample (mg
L-ascorbic acid equivalents/100 g).

2.5. Data management and analysis

For every fruit batch, all sample preparations, extractions and
chemical analysis were conducted in triplicate. Data obtained was sub-
jected to one way Analysis of Variance (ANOVA) using GenStat statistical
package. Mean comparisons for treatments was done using Duncan’s
Multiple Range Tests. Significant difference was accepted at P < 0.05
(Steel et al., 1980).
Table 1. Basic chemical properties of fresh Dovyalis caffra and Dovyalis abyssinica fru

Sample Parameter

pH TTA (%)

Dovyalis caffra - KT 2.72 � 0.04a 2.30 � 0.03a

Dovyalis caffra - GF 2.65 � 0.07a 2.49 � 0.02b

Dovyalis abyssinica - GF 2.65 � 0.01a 2.50 � 0.02b

Data presented as means� standard deviation (n¼ 3). Means in columns with the sam
Gitoro Forest.
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3. Results and discussion

3.1. Basic chemical properties of fresh D. caffra and D. abyssinica fruit
pulp

From a general observation in Table 1, it is quite clear that D. caffra
and D. abyssinica fruits have both considerable similarities and differ-
ences. For instance, both fruit species recorded low pH levels with no
significant difference P < 0.05 between respective values. The corre-
sponding total titratable acidity of the fruits was also not significantly
different between D. abyssinica-GF and D. caffra-GF. D. caffra-KT how-
ever, recorded significantly lower %TTA. Such differences may be
attributed to the different geographical zones, soil conditions and vari-
ety/species variation amongst other factors. A study by Taher et al.
(2018) reported higher acidity levels of 3.49 in D. caffra fruits from
Egypt. Similarly, Minnaar et al. (2017) registered an equally high TTA of
144.01 g/L in the same species of fruit in South Africa. With regard to the
total soluble solids TSS, D. caffra fruits from both Kinamba Town and
Gitoro Forest scored significantly higher than the D. abyssinica-GF spe-
cies. Accordingly, the corresponding TSS/TTA values of these batches
were also significantly higher than the D. abyssinica-GF sample. The ratio
of TSS/TTA is used to express the correlation between the fruits' total
sugars and acids, constituting a crucial parameter that dictates the taste
of the fruit. The higher the ratio the more the sweetness or rather the
lesser the sourness of fruits (Augustyn et al., 2018). Based on such
concept it is clear from results presented in Table 1 that D. caffra-KT
would be the least sour hence most preferable for direct consumption
followed by D. caffra-GF and finally D. abyssinica-GF species. Similar
variations were also reported among D. caffra fruits from different re-
gions of South Africa (Augustyn et al., 2018). D. caffra and Dovyalis
abyssinicca fruits have been considerably reported as excellent sources of
ascorbic acid (Cavalcante and Martins, 2005; Nitcheu Ngemakwe et al.,
2017). The current study is in agreement with these studies as
it pulp.

TSS (oBrix) TSS/TTA Ascorbic Acid (mg/100 g)

10.97 � 0.12b 4.76 � 0.07c 162.95 � 7.01c

10.87 � 0.12b 4.36 � 0.06b 142.44 � 5.43b

10.37 � 0.15a 4.14 � 0.08a 109.07 � 3.97a

e superscript are not significantly different (P> 0.05), KT¼ Kinamba Town, GF¼
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demonstrated in Table 1. The batch from Kinamba Town significantly
registered the highest levels of this antioxidant vitamin followed by
D. caffra-GF and finally D. abyssinica-GF (Table 1). Overall, the range of
ascorbic acid content recorded in the current study is notably higher
compared to previous studies on D. caffra fruits e.g., 65.8 mg/100 g
(Loots et al., 2006) and 83 mg/100 g (Taher et al., 2018). As for the
D. abyssinica-GF species, the ascorbic acid content registered agrees well
with the report of Cavalcante and Martins (2005). Physicochemical pa-
rameters are in general very useful in defining fruit quality, maturity and
suitability for processing or direct consumption (Cavalcante and Martins,
2005). In Kenya, such information has been missing for D. caffra and
D. abyssinica fruits.

3.2. Proximate composition of dried D. caffra and D. abyssinica fruit pulp

Based on proximate composition (Table 2), various inter and intra-
species differences and similarities were observed in all the three fruit
batches. Interestingly there was no significant difference in both the fibre
and total carbohydrate contents of all the fruits. On average these fruits
registered a mean fibre content of 16.63% and a carbohydrate content of
53.79%. Such figures are in agreement with those reported for dried
D. caffra fruits in Egypt i.e. 16.3% and 54.05% respectively (Taher et al.,
2018). With regard to the protein and fat content, both batches of
D. caffra fruits were shown to be significantly higher than in the
D. abyssinica-GF species. Such difference could be attributed to variation
in the genetic makeup of different species. In general however, the range
of protein (3.11–4.32%) and crude fat (2.55–3.16%) recorded for all
samples in the current study agree fairly well with the findings of Taher
et al. (2018), who established a protein value of 4% and fat value of 3% in
dried D. caffra fruits. As shown in Table 2, the ash and moisture content
of D. abyssinica-GF are significantly higher than D. caffra-GF despite
being from the same geographical location. This may as well be attrib-
uted to differences in the genetic makeup of different fruit species. In
general, the average ash and moisture content recorded in current study
agree fairly well with the report of Taher et al. (2018) i.e. 7.45% and
15.5% respectively. Apart from Taher et al. (2018), there is roughly no
other study that utilized dried D. caffra fruit samples in such analysis.
From a food scientist perspective, drying of the Dovyalis fruit pulp is a
reliable way of preserving the fruit for longer periods. Dried fruit is also
less bulky hence easier to handle, transport and market. The technique
should be considered for future commercial production of dried Dovyalis
fruit products e.g. fruit leathers.

3.3. Phenolic content in dried D. caffra and D. abyssinica fruit pulp as a
percentage of the total phenols

The first column in Table 3 shows the total polyphenol content - TPC
in (mg GAE/100 g) of the various fruit samples. D. caffra–GF recorded a
significantly high quantity of TPC as compared to D. caffra–KT and
D. abyssinica–GF. Numerically however, TPC contents of all the samples
fell within a range of 1128–1845mg GAE/100 g DW, which is fairly close
to the figures reported in previous studies for D. caffra fruit. For instance,
De Beer (2006) reported a TPC range of 521–1990 mg GAE/100 g DW in
different fruit parts while Taher et al. (2018) reported a TPC of 1850 mg
Table 2. Proximate composition of dried Dovyalis caffra and Dovyalis abyssinica fruit

Sample Parameter (g/100 g)

Moisture Protein Fat

Dovyalis caffra - KT 15.74 � 0.3ab 4.32 � 0.01b 3.09

Dovyalis caffra - GF 15.58 � 0.2a 4.56 � 0.03c 3.16

Dovyalis abyssinica - GF 16.45 � 0.21b 3.11 � 0.04a 2.55

Data presented as means� standard deviation (n¼ 3). Means in columns with the sam
Gitoro Forest.
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GAE/100 g DW in fruit flesh. It is worth noting that above studies used
different extraction methods and solvents from the one used in current
study and hence a possible source of variation in reported TPC. Apart
from extraction conditions, other factors that may contribute to TPC
variations in fruits include but not limited to; soil conditions of fruit
source, fruit species, fruit variety, fruit maturity and ripeness and general
post-harvest handling of the fruit (Trebichalský et al., 2015).

As shown in Table 3, separation of polyphenols indicated that
D. caffra–GF had significantly higher percentage of simple phenols and
corresponding lower flavonoids in comparison to the rest of the samples.
No significant difference was reported in these parameters between
D. caffra–KT and D. abyssinica–GF. The overall range of simple phenols
and flavonoids for all fruit samples was established to be 73–81% and
18–26% respectively. Tannins were not detected in all fruit samples.
Health-wise, flavonoids are said to be highly bioactive compounds with
potential to impart various health promoting benefits such as antioxi-
dant, antimicrobial, anticancer and anti-inflammatory amongst other
properties (Asaduzzaman and Asao, 2018). In addition, phenolic acids
are in general said to be further useful in nutrient uptake, structural
components, enzymatic activity and protein synthesis (De Beer, 2006). In
such regard, the range of phenolics reported forD. caffra andD. abyssinica
in current study, indicate a great potential of these fruits in imparting the
health benefits associated with these compounds. From a health
perspective, these fruits can be justifiably recommended for inclusion in
the daily diets as new sources of phytochemicals to boost public health.
3.4. Antioxidant activity of dried D. caffra and D. abyssinica fruit pulp

As shown in Table 4, all fruit batches are potential electron donors as
their extracts were able to reduce the copper (II)-neocuproine chelate as
well as to quench DPPH radicals. D. caffra–GF registered significantly
higher antioxidant capacity in both DPPH and CUPRAC assays as
compared to D. caffra–KT and D. abyssinica–GF. Significant difference
was also observed between the antioxidant capacity of D. caffra–KT and
D. abyssinica–GF. Numerically, each of the two batches of D. caffra species
was shown to contain roughly twice the amount of antioxidant capacity
recorded for the D. abyssinica-GF in both DPPH and CUPRAC assays. Such
discrepancy indicates that fruit species maybe a key influential factor in
fruit composition. It is also worth noting that, different assays of anti-
oxidant determination in fruits and vegetables yield different results
among different crops. This is presumably due to divergent reaction
pathways among different plant bio-actives. Since no single assay can
absolutely characterize the total antioxidant profile of a particular food,
the use of more than one analytical method is usually recommended for
more accurate inferences (Sethi et al., 2020). The current study settled on
(DPPH) and (CUPRAC) assays for their reliability. Previous reports
indicate that DPPH is potentially applicable in a wide array of matrices
such as; wines (Di Lorenzo et al., 2017), lemon pomace waste (Papoutsis
et al., 2016), cereal grains (�Zili�c et al., 2011) and other complex bio-
logical systems (Kedare and Singh, 2011). CUPRAC on the other hand is
also considerably reliable with capability of assaying both lipophilic and
hydrophilic antioxidants (Apak et al., 2007).

Notably, several studies have previously reported the antioxidant
activity of D. caffra fruits (Augustyn et al., 2018; Mpai et al., 2018; Taher
pulp.

Ash Fibre Carbohydrate

� 0.03b 6.46 � 0.19ab 16.86 � 1.20a 53.54 � 1.05a

� 0.02b 6.68 � 0.03a 16.95 � 0.08a 53.07 � 0.16a

� 0.04a 7.05 � 0.09b 16.08 � 0.1a 54.77 � 0.1a

e superscript are not significantly different (P> 0.05), KT¼ Kinamba Town, GF¼



Table 3. Phenolic groups in dried Dovyalis caffra and Dovyalis abyssinica fruit pulp extracts as a percentage of the total phenols.

Sample Parameter

Total Polyphenols (mg GAE/100 g) Simple Phenols (%) Flavonoids (%) Hydrolysable Tannins (%) Condensed Tannins (%)

Dovyalis caffra - KT 1203 � 53a 73.15 � 1.48a 26.85 � 1.48b ND ND

Dovyalis caffra - GF 1845 � 35b 81.85 � 0.80b 18.15 � 0.80a ND ND

Dovyalis abyssinica - GF 1128 � 60a 75.39 � 0.26a 24.61 � 0.26b ND ND

Data presented as means � standard deviation (n ¼ 3). Means in columns with the same superscript are not significantly different (P > 0.05), ND ¼ Not Detected, KT ¼
Kinamba Town, GF ¼ Gitoro Forest.

Table 4. Antioxidant capacity of dried Dovyalis caffra and Dovyalis abyssinica fruit
pulp.

Sample Parameter

DPPH
(mg L-Ascorbic acid/100 g)

CUPRAC
(mg L-Ascorbic acid/100 g)

Dovyalis caffra - KT 3638 � 18b 2275 � 7b

Dovyalis caffra - GF 4993 � 25c 2303 � 14c

Dovyalis abyssinica - GF 1995 � 14a 1384 � 6a

Data presented as means � standard deviation (n ¼ 3). Means in columns with
the same superscript are not significantly different (P > 0.05), KT ¼ Kinamba
Town, GF ¼ Gitoro Forest.
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et al., 2018). However, no such study has used cupric ion reducing
antioxidant (CUPRAC) assay in quantifying the antioxidant capacity of
the said fruit. Furthermore, the few reported studies on 2, 2-Diphe-
nyl-L-picrylhydrazyl (DPPH) assay have only estimated the IC50 and not
the actual quantification of antioxidant capacity in (mg L-Ascorbic
acid/100 g) like demonstrated in the current study. Comparison of pre-
sent findings with such studies is therefore impossible. In general, the
DPPH values registered by the two D. caffra species (Table 4.) are fairly
comparable to those of dried Prunus domestica L. (3112 mg AAE/100 g
DW), Vaccinium oxycoccus L. (3079 mg AAE/100 g DW) and Prunus
armeniaca L. (3846 mg AAE/100 g DW) (Chang et al., 2016). These fruits
are categorised among the best natural sources of antioxidants. On the
other hand, the DPPH value registered by D. abyssinica compares pretty
well with moderate antioxidant fruits such as Pyrus communis L. (1301
mg AAE/100 g DW), Vitis vinifera L. (1346 mg AAE/100 g DW) and
Prunus persica (L.) Stokes (1442 mg AAE/100 g DW) (Chang et al., 2016).

In broad terms the high antioxidant activity exhibited by D. caffra and
D. abyssinica fruits illustrates their potential use as natural antioxidants in
food products e.g., prevention of lipid oxidation. Industrially, health
promoting extracts may also be optimally extracted from the fruits and
sold to consumers as supplements.

4. Conclusion and recommendation

In the present study, apart from the ash content, D. caffra fruits were
shown to be superior to D. abyssinica species in terms of overall chemical
and antioxidant characteristics. D. caffra species from different
geographical zones showed significant variations in various parameters.
The samples from Kinamba Town were superior in TSS/TTA, ascorbic
acid and % flavonoids while the ones from Gitoro Forest were superior in
%TTA, protein, ash, TPC, % simple phenols and antioxidant capacity
(DPPH and CUPRAC). The variations in composition indicate that the
fruits from Gitoro forest are the most suitable for consumption in a health
perspective and the ones from Kinamba the most suitable for direct
consumption in an organoleptic perspective.

Based on the demonstrated favourable chemical and antioxidant
characteristics of D. caffra and D. abyssinica fruits, adoption of such fruits
for food purposes in Kenya is highly recommended. For more detailed
understanding of the fruits, further chemical profiling in terms of specific
phenolic compounds present, carotenoids, total volatiles, chlorophyll,
sugars, amino acids, minerals, organic acids and vitamins is also highly
6

recommended. In-vivo studies on specific health impacts of D. caffra and
D. abyssinica fruits consumption should as well be considered for further
investigation. Future research on aspects such as, pre-harvest fruit
properties, harvesting methods, postharvest handling, effect of process-
ing on chemical properties and value addition of these fruits is also
encouraged.
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