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Abstract: Azanza garckeana (F. Hoffm). Exell and Hillc. is an important food and medicinal plant
that has been used in tropical Africa. Therefore, this study aimed to investigate the nutritional value
of jakjak fruit using different analytical techniques. The obtained results have demonstrated that
jakjak fruit is very rich in total soluble sugar, constituting about 48% of the dry weight. Moreover,
the chromatographic analysis revealed that jakjak fruit contained a high amount of glucose, fructose,
maltose, and ascorbic acid. Further, GC-MS analysis detected four compounds related to secondary
metabolites. Some of these detected constituents have medicinal value. For example, phenol,
2,4-bis (1,1-dimethylethyl) has been reported to have many functions such as antioxidant activity,
anticancer, antifungal, and antibacterial properties. Furthermore, the antioxidant potential of different
concentrations of deionized water and methanolic extracts was estimated using 2,2-diphenyl-1-
picrylhydrazyl (DPPH). The results showed that the scavenging activity of the DPPH radical was
found to be raised with increasing concentrations of fruit extracts. The concentration (50%) of both
methanol and deionized water gave the best inhibition percentage (91.7 and 84.4%), respectively. In
contrast, the methanolic extract has shown significant results compared to deionized water. This
study concluded that jakjak fruit is very rich in total soluble sugar and phenolic compounds, which
can be used as a source of polysaccharides and antioxidants for the human diet as well as raw
materials for downstream industries.

Keywords: glucose; maltose; fructose; ascorbic acid; phenolic compounds; chromatographic analysis

1. Introduction

Azanza garckeana (F. Hoffm). Exell and Hillc., locally known as Goron Tula and Jak-
jak, considering different local names in tropical Africa, belong to the Malvaceae family.
Azanza garckeana fruit is an important plant for food and herbal medicine in Africa. The
tree is found in Sudan, Botswana, Kenya, Nigeria, Malawi, Mozambique, Namibia, South
Africa, Tanzania, Zambia, and Zimbabwe [1–5]. Jakjak is an important food and medicinal
plant in tropical Africa and a product sold in local markets [5,6]. In addition, jakjak is a
popular multipurpose fruit, particularly used during seasonal food shortages, and is often
the only available food source of high nutrients [7–9]. Moreover, A. garckeana has been
used in traditional medicine as a remedy for chest pains, menstruation, and coughs [10–12].
Jakjak fruit is an important source of essential minerals, particularly Mg, P, Ca, and Na [13].
According to Branch, 1983 [2], the indigenous fruit-bearing tree species are rich in sugars,
essential vitamins, and minerals. In context, a recent study showed that fruit could be used
as a new source of pectin [14]. Multiple classes of phytochemical compounds such as ascor-
bic acid, amino acids, flavonoids, carotenoids, glucosides, phenols, lipids, and tannins have
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been isolated from A. garckeana [12]. In addition, very important sugars such as glucose,
mannose, galactose, and fructose were detected in jakjak fruit [15]. Moreover, a recent study
has reported that GC-MS analysis of jakjak fruit pulp revealed the presence of 22 bioac-
tive compounds, which have been reported to have antioxidant, anticancer, antimicrobial,
anti-inflammatory, and hepatoprotective properties [16]. Phenolic compounds derived
from consuming fruits and vegetables have been associated with health benefits [17]. The
beneficial impacts of phenolics have been assigned to their antioxidant activity [18]. In ac-
cordance, it has been determined that the antioxidant effect of plant products is mainly due
to the radical scavenging activity of phenolic compounds such as flavonoids, polyphenols,
tannins, and phenolic terpenes [19]. Over recent decades, an expanding body of evidence
from epidemiological and laboratory studies has demonstrated that some edible plants
as a whole, or their identified ingredients with antioxidant properties, have substantial
protective effects on human carcinogenesis [20]. Phenolic compounds are an integral part of
both the human and animal diet [21]. Although jakjak fruit has the potential to be utilized
and used in the production and development of new food and beverage products, they
still have not been fully exploited [22]. Van Wyk, 2011 [22] has stated that further research
should be conducted because the plant is promising as some of its nutritional and phar-
macological value may be used to explain and support the nutritional and medicinal uses.
Therefore, the main objective of this study was to detect and estimate the nutritional value
of A. garckeana fruit. Hence, phytochemical screening, separation, and estimation were
performed using GC-MS, HPLC, and UV–visible spectroscopy. Phenolic compounds such
as total phenolic content (TPC), total tannin content (TTC), total flavonoid content (TFC),
total flavanol, and total soluble sugar were estimated using a UV–vis spectrophotometer.
Moreover, individual compounds such as rutin, quercetin, gallic acid, and tannic acid
were also determined. In addition, glucose, fructose, maltose, and ascorbic acid were sepa-
rated with chromatography and quantified using high-performance liquid chromatography
(HPLC) with authentic standards.

2. Materials and Methods
2.1. Chemical Reagents and Standards

Authentic standards include D-(−)-fructose, D-(+)-glucose, maltose, ascorbic acid,
gallic acid, tannic acid, quercetin, and rutin. Moreover, solvents such as acetonitrile, glacial
acetic acid, methanol, and deionized water (purchased from Sigma-Aldrich, St. Louis,
MO, USA) were used as the mobile phase for separating and quantifying the targeted
compounds in this study.

2.2. Fruit Collection and Extraction Process

Azanza garckeana fruit (Figure 1) was obtained from the local market in South Darfur
State, Sudan. Next, the fruit was washed and dried at room temperature. One gram of the
powdered fruit was extracted in 100 mL of methanol and deionized water. The extraction
process was achieved in an Innova 44 Incubator Shaker at 100 rpm, at 28 ± 2◦ for three
days. Next, the aqueous and organic phases were separated by centrifugation at 5000 rpm
for 15 min and filtered using a 0.45 µm nylon syringe for phytochemical screening and
estimation using GC-MS, HPLC, and UV–visible spectrophotometry.



Separations 2022, 9, 172 3 of 12
Separations 2022, 9, x FOR PEER REVIEW 3 of 12 
 

 

 

Figure 1. Azanza garckeana fruit. 

2.3. Phenolic Compounds Assay 

2.3.1. Phenolic Contents Estimation 

Total phenolic content (TPC) in aqueous extracts of A. garckeana fruit was carried out 

using the Ainsworth https://www.nature.com/articles/s41598-021-98607-3 (accessed on 6 

June 2022)—ref-CR37 [23] method. Here, 0.1 mL of extracted fruit material was mixed 

with 0.1 mL of the Folin reagent. Next, the mixture was neutralized using 0.3 mL of so-

dium carbonate solution (20%, w/v). Further, the mixture was incubated in the dark at 

room temperature for 30 min. The wavelength of the resulting blue color was recorded at 

765 nm. The phenolic content of the fruit was determined using the following linear equa-

tion (y = 0.0014x + 0.0114 with R2 = 0.999) of a standard curve prepared with gallic acid 

(25–400 µg/mL). The content of phenolic compounds was defined as mg/g gallic acid 

equivalent (GAE) of dry extract. 

2.3.2. Estimation of the Total Flavonoid Content 

Estimation of the total flavonoid content (TFC) in aqueous fruit extracts was con-

ducted using methods described by Ordonez et al., 2006 [24]. A volume of 0.5 mL of ex-

tract was added to 0.5 mL of 2% AlCl3 water solution. After a 2 h incubation period at 

room temperature, the wavelength was measured at 420 nm. A calibration curve was con-

structed using quercetin (50–400 µg/mL). The total flavonoid content in the fruit was de-

fined by quercetin (mg/g DW) using the following equation based on the standard curve 

(y  =  0.0012x  + 0.0595). 

2.3.3. Estimation of Total Tannin Content 

The total tannin content (TTC) in jakjak fruit was estimated using the Folin–Ciocalteu 

method described by Rodrigues et al., 2007 [25] with slight modifications. A total of 100 

µL of fruit extract was added to a tube containing 1.5 mL of deionized water and 100 µL 

of the Folin–Ciocalteu phenol reagent. Then, 300 µL of 35% sodium carbonate solution 

was added to the mixture. Next, the mixture was shaken well and kept at room tempera-

ture for 20 min in the dark. Tannic acid was used as the reference for the standard curve 

(y = 0.0054x − 0.0095 with R2 = 0.992). 

Figure 1. Azanza garckeana fruit.

2.3. Phenolic Compounds Assay
2.3.1. Phenolic Contents Estimation

Total phenolic content (TPC) in aqueous extracts of A. garckeana fruit was carried out
using the Ainsworth https://www.nature.com/articles/s41598-021-98607-3 (accessed on
6 June 2022)—ref-CR37 [23] method. Here, 0.1 mL of extracted fruit material was mixed
with 0.1 mL of the Folin reagent. Next, the mixture was neutralized using 0.3 mL of sodium
carbonate solution (20%, w/v). Further, the mixture was incubated in the dark at room
temperature for 30 min. The wavelength of the resulting blue color was recorded at 765 nm.
The phenolic content of the fruit was determined using the following linear equation
(y = 0.0014x + 0.0114 with R2 = 0.999) of a standard curve prepared with gallic acid
(25–400 µg/mL). The content of phenolic compounds was defined as mg/g gallic acid
equivalent (GAE) of dry extract.

2.3.2. Estimation of the Total Flavonoid Content

Estimation of the total flavonoid content (TFC) in aqueous fruit extracts was con-
ducted using methods described by Ordonez et al., 2006 [24]. A volume of 0.5 mL of
extract was added to 0.5 mL of 2% AlCl3 water solution. After a 2 h incubation period
at room temperature, the wavelength was measured at 420 nm. A calibration curve was
constructed using quercetin (50–400 µg/mL). The total flavonoid content in the fruit was
defined by quercetin (mg/g DW) using the following equation based on the standard curve
(y = 0.0012x + 0.0595).

2.3.3. Estimation of Total Tannin Content

The total tannin content (TTC) in jakjak fruit was estimated using the Folin–Ciocalteu
method described by Rodrigues et al., 2007 [25] with slight modifications. A total of 100 µL
of fruit extract was added to a tube containing 1.5 mL of deionized water and 100 µL of
the Folin–Ciocalteu phenol reagent. Then, 300 µL of 35% sodium carbonate solution was
added to the mixture. Next, the mixture was shaken well and kept at room temperature
for 20 min in the dark. Tannic acid was used as the reference for the standard curve
(y = 0.0054x − 0.0095 with R2 = 0.992).

https://www.nature.com/articles/s41598-021-98607-3
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2.3.4. Estimation of Flavanols Content

The flavanols content was determined by the Kumaran and Karunakaran, 2007 [26]
method. The rutin calibration curve was prepared by mixing 2 mL of various concentrations
of ethanolic solutions of rutin with 2 mL (20 mg/mL) of aluminum trichloride and 6 mL
(50 mg/mL) of sodium acetate. The absorbance was measured at 440 nm after 2.5 h. The
same procedure was used for 2 mL of fruit extract (10 mg/mL) instead of the rutin solution.
All determinations were carried out in duplicate. The content of flavanols was calculated
using a standard curve obtained from various concentrations of rutin.

2.4. Sugar Content Determination Assay
Estimation of Total Soluble Sugar

The total sugar content in the fruit extracts was estimated using the method described
by Dubois et al., 1956 [27]. Then, 1 mL of phenol 5% and 5 mL of sulfuric acid 96% were
added sequentially to the fruit extract. The test tubes containing the reaction mixture were
incubated for 20 min in a water bath set at 30 ◦C. In a hot acidic medium, glucose becomes
dehydrated to hydroxymethylfurfural. The resulting yellow-brown color was measured at
490 nm. The total soluble sugar content was expressed as glucose (mg/g DW) using the
following equation (y = 10.334x − 0.0906 with R2 = 0.993) based on the calibration curve
prepared using the glucose standard solutions (0.025–0.3 µg/mL).

2.5. HPLC Equipment and Compounds Quantification

A liquid chromatographic system, Agilent, USA, controlled by G 4226A software and
equipped with an SB-C18 column (1.8 µm, 4.6 × 150 mm) and mobile phases, was used for
the separation, identification, and estimation of glucose, maltose, fructose, ascorbic acid,
rutin, quercetin, and gallic acid content of fruit extracts as follows.

2.5.1. Quantification of Glucose

The glucose content in the fruit was separated and quantified using the method
described by Montesano et al., 2016 [28] with minor modifications. The mobile phase
consisted of deionized water and acetonitrile (B) (20:80) (v/v). Samples were eluted with
the following conditions. The flow rate was 1.7 mL/min, and the injected volume was 20 µL
with a 5 min run time. The column temperature was adjusted to be 27 ◦C. A chromatogram
was acquired at a wavelength of 230 nm (Figure 2). The glucose sugar in the fruit extract
was estimated using the following linear equation (y = 2.8295 − 10.595 with R2 = 0.9597) of
a standard curve prepared with D-glucose (5–20 µL).
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2.5.2. Quantification of Fructose

The mobile phase used for the separation and quantification of fructose sugar in the
samples consisted of an acetonitrile solution and methanol (70:30) (v/v). Samples were
eluted with the following conditions. The flow rate was 0.700 mL/min, with a 5 min run
time. The injected volume was 10 µL. The column temperature was maintained at 25 ◦C.
The chromatogram was acquired at a wavelength of 274 nm (Figure 3). The fructose in the
plant material was estimated from the linear equation (y = 7.5x − 4 with R2 = 9995) of a
standard curve prepared with D-fructose (5–15 µL).
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2.5.3. Quantification of Maltose

The maltose content in the fruit was separated and quantified using a mobile phase
consisting of deionized water solvent (A) and methanol solvent (B) (50:50) (v/v). Samples
were eluted with the following conditions. The flow rate was 0.400 mL/min with a 10 min
run time. The injected volume was 20 µL. The column temperature was maintained at 25 ◦C.
The chromatogram was acquired at a wavelength of 274 nm according to the absorption
maxima analyzed (Figure 4). The maltose sugar in the plant material was estimated from
the linear equation (y = 11.44x − 22.5 with R2 = 9898) of a standard curve prepared with
D-maltose (5–20 µL).
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2.5.4. Estimation of Ascorbic Acid

The separation and quantification of ascorbic acid in the samples were performed
using high-performance liquid chromatography (HPLC) following Castro et al.’s [29]
method with minor modifications. This method utilized UV detection at 254 nm, a C-
18 column with a mobile phase consisting of a mixture of (15:85) (v/v) methanol and
deionized water, an injection volume of 2.5 µL, a flow rate of 1.000 mL/min, and a 5 min
run time (Figure 5). The ascorbic acid in the fruit extract was estimated from the linear
equation (2.5437x − 0.3207 with R2 = 0.996) of a standard curve prepared using ascorbic
acid (100–250 µg/mL).
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2.5.5. Quantification of Rutin

The mobile phase used for the separation and quantification of rutin in the samples
consisted of acetonitrile solution (40) and methanol (60) (v/v). Samples were eluted with
the following gradient. The flow rate was 0.500 mL/min, and the injection volume was
1 µL. The column temperature was maintained at 25 ◦C. The chromatogram was acquired
at a wavelength of 274 nm. The rutin in the fruit extract was estimated from the linear
equation (108.98x − 2.2449 with R2 = 0.9912) of a standard curve prepared with the rutin
standard solutions (200–1000 µg/mL).

2.5.6. Quantification of Quercetin

The quercetin in the fruit samples was separated and quantified chromatographically
using methanol (60%) and acetonitrile (40%) (v/v). The sample injected volume was 1 µL
with a 0.800 mL/min flow rate, 5 min run time, and the temperature was maintained at
around 25 ◦C. The chromatogram was recorded at wavelengths of 274 nm. The quercetin
was identified by its retention time compared to the quercetin standard under similar
conditions. The quercetin in the fruit extract was quantified from the linear equation
(y = 1925.7x − 30,714 with R2 = 0.9987) prepared from the quercetin standard solutions
(200–1000 µg/mL).

2.5.7. Quantification of Gallic Acid

The gallic acid in each fruit sample was identified and quantified chromatographically
using methanol and 0.6% aqueous acetic acid (80:20) (v/v). The standard and samples
were acquisitioned with the following conditions. The injected volume was 1 µL with
a 1.000 mL/min flow rate. The column temperature was adjusted to around 25 ◦C. The
chromatogram was measured at 274 nm. The gallic acid in the fruit extracts was identified
by its retention compared to the gallic acid standard with the same conditions using
the method described by Nour et al., 2013 [30]. The gallic acid was estimated from the
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linear equation (y = 266.3x − 141.63 with R2 = 0.9989) of a standard curve prepared with
gallic acid.

2.6. GC-MS Analysis of Fruit Extracts

The methanol extract of jakjak fruit was selected for GC-MS analysis based on UV–visible
spectrophotometer results. A GC-MS 7890A; Agilent Technologies-USA, with a 5975 mass-
selective detector and a 7693 automated liquid sampler, fitted with a DB-5MS GC column
(30 m length, 0.25 mm inner diameter, and 0.25µm film thickness), was used. The extract
was filtered using a 2 µm membrane filter. Then, a 1.0 µL aliquot of the methanol extract was
injected into the system. Initially, the oven temperature was programmed at 80 ◦C, the final
column temperature was adjusted to 300 ◦C, and the total run time was 40 min. Helium gas
was used as the carrier with a flow rate of 1 mL/min. The electron ionization energy was
70 eV. The identification of the bioactive constituents in the methanolic fruit extracts was
performed using commercial libraries and comparison of mass spectra, matches percentage
(>80%), and retention times of reference compounds.

2.7. DPPH Radical Scavenging Assay

The antioxidant potential of the deionized water and the methanolic extracts of A.
garckeana fruit was assessed using 2,2-diphenyl-1-picrylhydrazyl (DPPH) according to
the Liyana-Pathirana and Shahidi, 2005 method (Liyana-Pathirana and Shahidi, 2005). In
this experiment, different concentrations of extracts (12.5, 25, 50, and 100%) were mixed
with 1 mL of 0.135 mM of DPPH. Next, mixtures were vortexed thoroughly and left in
the dark at room temperature for 30 min. The absorbance of the samples and control
(1 mL methanol + 1 mL DPPH) solutions were measured at 517 nm. The percentage of
DPPH scavenging activity of the extracts and standard was calculated using the following
formula: DPPH scavenging activity (%) = [(Abs control − Abs sample)/Abs control] × 100,
where Abs control is the absorbance of DPPH + methanol and Abs sample is the absorbance
of DPPH radical + sample.

2.8. Statistical Analysis

The experiment was conducted in triplicate, and results were reported by the table
means value ± (SD) using the one-way ANOVA–Duncan test for estimating statistical
significance differences at (p < 0.05).

3. Results and Discussion
3.1. Sugar Content Estimation

Medicinal plants are considered a rich resource of bioactive compounds with potential
for drug discovery and development. In the present study, the total sugar content in the
fruit extract of jakjak was estimated, as detailed in the methodology section. The obtained
results from methanol and deionized water extracts showed that jakjak fruit is very rich
in total soluble sugar content, about (48%) and (40%) out of the dried weight (Table 1),
respectively. In agreement with our findings, a previous study reported that jakjak fruit
contains high percentages of total carbohydrates (87.56%) and total sugars (61.39%) [31].
Moreover, the glucose, fructose, and maltose content were chromatographically separated
and quantified using HPLC and authentic standards (Figures 2–4), which revealed that
the fruit of A. garckeana contained about (978.21, 428.57 µg/g DW), (202.27, 65.60 µg/g
DW), and (209.12, ND µg/g DW), respectively (Table 1). In the literature, glucose, mannose,
galactose, and fructose sugars were detected in jakjak fruit extracts [15]. These sugars
detected in the fruit extracts of jakjak are good sources of energy [15], particularly in rural
areas. It has been reported that the polysaccharides obtained from plant foods are major
constituents of the human diet, with limited contributions of related constituents from
fungal and algal sources [32]. In context, carbohydrates are the most abundant bioactive
compounds in all kinds of natural plants, and are the building units of natural products,
complex carbohydrates, and molecules. According to Kilic et al., 2007 [33], maltose is one
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of the most abundant sugars in the human diet. This present work and previous reports
have confirmed that jakjak fruit is a good source of sugars.

Table 1. Total sugar content (%), glucose, fructose, and maltose in the fruit of A. garckeana in methanol
and deionized water extracts (µg/g DW).

Solvent Total Sugar (%) Glucose (µg/g DW) Fructose (µg/g DW) Maltose (µg/g DW)

Methanol 48.53 ± 0.7 978.21 ± 14 a 202.27 ± 2.81 a 209.12 ± 9.12

DI water 40.44 ± 0.7 428.57 ± 10.15 b 65.60 ± 19.16 b Not detected

The same letters within the same column indicate that there is no significant difference at (p < 0.05).

3.2. Phenolic Compounds of Jakjak Fruit

Here, in this study, the phenolic compounds (phenol, tannin, flavonoid, and flavanol
contents) in deionized water and methanol extracts of jakjak fruit were estimated using
a UV–visible spectrophotometer to evaluate their medicinal and nutritional value. The
recorded results demonstrated that the jakjak fruit contained valuable nutritional value.
For example, the fruit contained a high amount of phenolic, tannin, flavonoid, and flavanol
content, as shown in (Table 2). In contrast, Lawal et al. [34] reported that the fruit pulp of
jakjak contained about 260.80 ± 2.23 mg/100 g of total phenol and 10.28 ± 1.29 mg/100 g
of total flavonoid content. The results of this study were lower than our findings; this
variation might be due to the plant environment, fruit collection, and handling process.
Moreover, molecules such as quercetin, rutin, gallic acid, tannic acid, and ascorbic acid
were separated with chromatography before being identified and estimated using HPLC
with authentic standards (Table 3). It has been stated that rutin and quercetin are two of the
flavonoid components in the human diet [35]. In addition, quercetin is one of the natural
antioxidants found in various food products [36]. Gallic acid has antioxidant and antifungal
activity, as reported by Gunckel et al. and Shukla et al., 1999 [37,38]. We found that the fruit
of jakjak contained about (12.18 µg/g DW) of ascorbic acid. Suliman et al., 2012 reported
that jakjak fruit juice contained appreciable amounts of ascorbic acid (21.1344 mg/100 g) [7].
Mojerewane and Tshwenyane, 2004 stated that the ascorbic acid content of jakjak fruit is
about 20.5 mg/100 [13], while Jacob et al., 2016 reported that the ascorbic acid content of
jakjak fruit was found to be 28.5–30.5 mg/50 g [39]. The findings of these studies are higher
than our results. Ascorbic acid is known to be one of the most important vitamins in the
human diet [40]. In general, the methanol solvent was best for the extraction of bioactive
compounds from jakjak fruit compared to using deionized water. The deionized water
achieved the highest yield of ascorbic acid (12.18 µg/g DW) compared to the methanolic
extract (6.1 µg/g DW) (Table 3). The optimal solvent for extraction of phytochemical
compounds from plant material might depend on the constituents that are to be isolated,
and the part of the plant used. Solvents have shown a significant effect in the extraction
of phenolic compounds [41]. Our results have shown that jakjak fruit is a good source of
antioxidant compounds which are suitable to be used as dietary supplements.

Table 2. TPC, TTC, TTFC, and total flavanol content of A. garckeana fruit (mg/g DW).

Solvents TPC TTC TFC Total Flavanol Content

Methanol 133.05 ± 0.35 a 55.78 ± 0.26 a 12 ± 0.08 a 5.54 ± 0.21 a

DI water 104.23 ± 0.00 b 43.13 ± 0.38 b 2.90 ±0.01 b 1.8 ± 0.01 b

The same letters within the same column indicate that there is no significant difference at (p < 0.05).
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Table 3. Quercetin, rutin, gallic acid, tannic acid, and ascorbic acid in methanol and water of
A. garckeana fruit (µg/g DW).

Solvent Quercetin Rutin Gallic acid Tannic acid Ascorbic acid

Methanol 0.066 ± 0.002 1.46 ± 0.02 0.04 ± 0.01 a 0.05 ± 0.04 6.1 ± 1.83 b

DI water Not detected Not detected 0.03 ± 0.01 b 0.04 ± 0.08 12.18 ± 4.1 a

The same letters within the same column indicate that there is no significant difference at (p < 0.05).

3.3. Antioxidant Activity Assay

Antioxidants in food and medicinal plants fight against free radicals, which protect us
from a wide range of diseases [42]. Here, in this present research, the antioxidant potential
of different concentrations (12.5, 25, 50, and 100%) of deionized water and methanolic
extracts of A. garckeana fruit was estimated using 2,2-diphenyl-1-picrylhydrazyl (DPPH).
The recorded results have shown that DPPH radical scavenging activity was raised with the
concentration of the plant extracts. The concentration (50%) of both methanol and deion-
ized water gave the best inhibition percentages (91.7 and 84.4%), respectively (Figure 6).
However, the methanolic extract has shown significant results compared to the deionized
extract (Figure 6). These findings are consistent with the results of the phenolic compounds.
Methanol extracts of jakjak fruit might possess a higher ability to donate protons to the
free radicals than the deionized water extract. These results confirm the major role in the
antioxidant activity of jakjak fruit. Maroyi, 2017 stated that the methanol and ethyl-acetate
extract of jajak fruit exhibited noteworthy DPPH scavenging activities, thus providing
scientific evidence and validation for their uses in traditional medicine in treatments of
various human diseases [6].
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3.4. Gas Chromatography–Mass Spectrometry Analysis of Fruit Extracts of Azanza garckeana

GC-MS analysis of fruit extracts showed four peaks indicating the presence of four
bioactive constituents related to secondary metabolites (Table 4 and Figure 7). Some of
the detected constituents contributed to the nutritional and medicinal value of the fruit.
For example, phenol, 2,4-bis (1,1-dimethylethyl) has been reported to have medicinal and
nutritional value. It has antioxidant activity [43,44], anticancer [45], antifungal [46], and
antibacterial properties [47]. A recent study reported that GC-MS analysis of jakjak fruit



Separations 2022, 9, 172 10 of 12

pulp revealed the presence of 22 bioactive compounds related to secondary metabolites,
which have been reported to have antioxidant, anticancer, antimicrobial, anti-inflammatory,
and hepatoprotective properties [16]. The variation between these findings and our results
may refer to the plant environment, the extraction process, as well as the GC-MS reference
libraries used for the identification of bioactive compounds. These findings may support
and justify the utilization of jakjak fruit in traditional medicine.

Table 4. Phytochemical compounds of A. garckeana fruit detected by GC-MS analysis.

Compounds RT (min)

4-(1E)-3-Hydroxy-1-propenyl 18.505

Di-n-octylphthalate 23.219

Benzonitrile 10.149

Phenol, 2,4-bis(1,1-dimethylethyl) 12.858
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4. Conclusions

Azanza garckeana is an important food and medicinal plant that has been used in
tropical Africa. Polysaccharides and phenolic compounds obtained from plant foods are
major components of the human diet, which have been associated with health benefits due
to their antioxidant activity. This research concluded that jakjak fruit is very rich in sec-
ondary metabolites, particularly sugars, which can be used as a source of polysaccharides
and antioxidants for the human diet as well as a source of raw materials for downstream
industries. Further, more studies should be conducted to investigate the medicinal and
nutritional value of Azanza garckeana fruit.
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