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Abstract: Wood apple (Limonia acidissima L.) is an underutilized, fruit-yielding tree that is native to
India and Sri Lanka. Wood apple trees are also cultivated in India, Sri Lanka, Bangladesh, Myanmar,
Thailand, Malaysia, Vietnam, Kampuchea, Laos, and Indonesia for delicious fruits and medicinal
purposes. The major objective of the present work was the analysis of the nutritional status of
wood apple fruit pulp.The fruits are rich in total carbohydrates (24.74 £ 0.19%), total proteins
(9.30 £ 0.16%), 0il (0.99 £ 0.01%), fiber (3.32 £ 0.02%), and ash (2.73 % 0.12%). Further analysis and
quantification of free sugars, organic acids, and fatty acid methyl esters were carried out by using
high-performance liquid chromatography (HPLC) and gas chromatographic (GC) methods. In total,
five sugars and nine organic acids were detected and quantified. The predominant sugars were
fructose (16.40 £ 0.23%) and glucose (14.23 =+ 0.10%), whereas the predominant organic acids were D-
tartaric (4.01 4 0.03%), ascorbic (4.51 + 0.05%), and citric acid (4.27 £ 0.04%). The oil content of fruit
pulp was 0.99 +£ 0.01% and GC-MS analysis revealed that, it comprise of 16 fatty acid methyl esters.
The percentage of saturated fatty acids were 32.17 & 0.35%, that includes palmitic (18.52 =+ 0.12%)
and stearic acids (9.02 £ 0.08%), whereas, the unsaturated fatty acids were 51.98 £ 0.94%, including
oleic acid (23.89 + 0.06%), «-linolenic acid (16.55 £ 0.26%), linoleic acid (10.02 £ 0.43%), and vaccenic
acid (1.78 £ 0.23%).

Keywords: fatty acids; free sugars; GC-MS; HPLC; organic acids; UPLC; wood apple

1. Introduction

Underutilized fruits are considered as a vital source of essential amino acids, vitamins,
mineral elements, and dietary fiber. In addition to these constituents, fruits are also rich in
proteins, fats, carbohydrates, and reducing and non-reducing sugars [1-6]. Underutilized
fruits are not only a primary source of food, but also have immense therapeutical potential
due to the presence of bioactive compounds, including antioxidants such as unsaturated
fats, organic acids, and sugars [1-4,7,8]. Nutraceutical compounds, which are essential for
the human diet and major constituents for the storage of energy and the structural and
functional composition of cells, were achieved from oils and fats [9]. Fatty acids are related
to the prevention of coronary heart diseases, diabetes, cancer, and depression [10]. Fatty
acids are also considered as the major components of cell membranes and have biological
activities that act to influence cell and tissue metabolism, function, and responsiveness to
hormones and other signals [11]. Free sugars and organic acids contribute to the taste of
fruit pulp. Sugars are considered as common source of energy in living organisms and
are the major constituents present in nature [12]. In recent years, polysaccharides have
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attracted much attention from researchers because they play a major role with respect to
structural material, respiratory substrate, and synthesis of macromolecules and also in the
mechanisms of plant tissue resistance to desiccation [13,14]. Aside from their traditional
uses, free sugars are also used as a potential source to improve the quality of foods [15].

Organic acids in fruits are rapidly oxidized in the metabolism; hence, they do not have
adverse effects on the body. Organic acids, including citric and ascorbic acids, lower the
pH and inhibit/kill the growth of spoilage-causing organisms in food products; that is why
they are commonly used as a preservative in many food processing industries [16]. One of
the nutritionally and medicinally important, underutilized, fruit-yielding tree species is
Limonia acidissima L., belongs to Rutaceae family and it is native to India and Sri Lanka. It is
commonly called as wood apple, elephant apple, or monkey fruit. It is found throughout
the plains of India, particularly in drylands up to an elevation of 450 m, and is a deciduous,
slow-growing, erect tree that reaches a height of up to approximately 12 to 15 m with a few
upward-reaching branches bending outwards near the summit where they are subdivided
into slender branchlets drooping at the tips. The spines are axillary, short, straight, and
2-3 cm long on some of the zigzag twigs. The leaves are deciduous, alternate, dark green,
and 3-5 inches long with oil glands and a slight lemon scent when crushed. The flowers are
normally bisexual, small, numerous, dull red or greenish yellow in color (Figure 1) [17]. It
has also been widely introduced and naturalized in Myanmar, Thailand, Malaysia, Vietnam,
Kampuchea, Laos, and Indonesia. Wood apple is a seasonal fruit; in India, the fruit matures
in the month of October and is available until January. The maximum yield per plant varies
from 40.50 to 70.00 kg, as does that of Aegle marmelos [18].

&)

Figure 1. Wood apple (Limonia acidissima L.)—Tree habit (A), fruits (B), pulp (C), and seeds (D).

Wood apple is used by the tribal and rural population of the developing world, and
also usage of such underutilized fruits facilitates an extra economic benefit to rural folk [2].
The pulp of the wood apple is eaten raw or blended with coconut milk and sugar syrup
into juice. The pulp can be also be processed into a beverage or frozen like ice cream. The
pulp is also made into chutney, preserves, jelly, marmalade, jam, jelly, and toffee [19]. Wood
apple as a whole and its parts, such as leaves, roots, bark, and unripe and ripened fruits,
have been used as medicine for the treatment of various ailments. Ethnopharmacological
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properties have been documented in various studies. The decoction of the leaves is used in
the treatment of constipation and vomiting [20]. Bark and stem are used in treating liver
diseases and hemorrhoids, respectively [21]. Fruits were used for the treatment of blood
impurities, leucorrhoea, and as a diuretic [22]. Fruits are also used as a stomachic, stimulant,
astringent, aphrodisiac, diuretic, cardiotonic, tonic to liver and lungs, a cure for coughs,
hiccups, asthma, leucorrhoea, diarrhea, and also for wound healing activity [23]. Wood
apple fruits are considered as a potential source of natural antioxidants and seed oil [24,25].
In earlier communication, we reported the fatty acid profile, and tocopherol content of
the seed oil, and nutritional analysis of the seed cake of wood apple [25]. However, the
composition of fatty acids, free sugars, and organic acids of wood apple fruit pulp is not
yet reported. Therefore, the present work aimed to investigate the fatty acid composition in
the pulp oil, free sugars, and organic acids, and the nutritional aspects of wood apple fruit
pulp using advanced instruments such as GC-MS, UPLC-ELSD, and HPLC-PDA.

2. Materials and Methods
2.1. Sample Collection and Separation

Matured wood apple (Limonia acidissima L.) fruits were collected from Jogimatti re-
serve forest, Chitradurga District, Karnataka, India (14°11'13.0" N, 76°23'36.8"" E). Twenty
matured plants were randomly selected from the site and 20 fruits were collected from each
plant and pooled together for further study. A minimum distance of 20 m was maintained
between the selected plants. Fruits were collected in their ripened stage, indicated by
brown color during January. Pulp was collected from fresh fruits completely and stored
at —20 °C for future utilization. The separated pulp was dried by keeping in hot air oven
(Serwell Instrument Incorporation, Bangalore, India) at 38 & 2 °C until it reached constant
weight and was stored for future use.

2.2. Chemicals and Standards

n-Hexane, methanol, potassium hydroxide, hydrochloric acid, 14% methanolic boron
trifluoride (w/v), benzene, helium, diethyl ether, ethanol, acetonitrile, triethylamine, sul-
phuric acid, milli-Q water, acetone, phenolphthalein, chloroform, hanus iodine solution,
potassium iodide, sodium thiosulfate, sodium hydroxide, PBS solution, bovine serum
albumin, copper sulphate, folin—ciocalteu reagent, anthrone reagent, and sodium carbonate
were of analytical grade from Merck, Bangalore (India). Fructose, glucose, sucrose, rham-
nose, maltose, D-galacturonic acid, oxalic acid, D-tartaric acid, malic acid, ascorbic acid,
acetic acid, citric acid, succinic acid, pyruvic acid, and gallic acid were purchased from
Sigma-Aldrich, Bangalore, India.

2.3. Extraction of Oil from Wood Apple Fruit Pulp

Moisture-free pulp powder was used to extract oil with n-hexane using the cold-
pressed extraction method. The extract was concentrated using a rotary evaporator at 40 °C.
The extracted oil was used for the analysis of fatty acid composition and the defatted fruit
pulp was used for nutritional and nutraceutical analysis.

2.4. Morphological and Proximate Characterization of Wood Apple Fruits

The morphological characters of fruits were assayed from three different lots of fruits;
each group consisted of 10 randomly collected matured fruits. Fruit length, width, and
circumferance were measured using a Vernier caliper and the average weight of wood
apple fruits was estimated gravimetrically. Separated wood apple fruit pulp was used to
evaluate the proximate composition, including moisture, total ash, and crude fiber, and
were determined according to the standard methods of AOAC [26]. Protein, carbohydrate,
and crude fat contents were quantified by the method of Sadasivam and Manickam [27].
Titratable acidity, total soluble solids, and pH were assayed according to AOAC [28]
methods. Briefly, 10 g of defatted fruit pulp was thoroughly mixed with 50 mL of milli-Q
water at room temperature and used for analysis. Titratable acidity was determined as a
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percentage of citric acid. A total soluble solid was calculated directly using a refractometer
(Erma handheld refractometer, Japan) and expressed in °Brix. The pH was measured
by homogenization of 1 mg dried pulp sample in 10 mL of milli-Q water and then by
immersing the electrode directly into a mixture of pulp using a pH meter (CD Instrumental
Pvt. Ltd., Bangalore, India) [29]. The ash content in the sample was assessed according to
the AOAC method [28].

2.5. Extraction and Quantification of Total Phenolic Content

The method of Singleton et al. [30] was used to assess the total phenolic content.
Defatted pulp powder (2 g) was extracted with 20 mL of aqueous methanol (80%, v/v).
Aliquots of filtrate (0.5 mL) were taken into tubes and 3 mL of milli-Q water and 0.5 mL of
Folin—Ciocalteu reagent (1:1) were added and homogenized thoroughly. After that, 2 mL of
20% (w/v) sodium carbonate was added and incubated for 30 min at room temperature in
the dark. Absorbance was recorded at 760 nm. The amount of phenolics was expressed as
a percentage of gallic acid equivalent.

2.6. Fatty Acid Composition
Sample Preparation and Analysis of Fatty Acid Methyl Esters (FAMEs)

FAMEs were prepared according to Morison and Smith’s method [31]. 1 mL of 0.7 N
methanolic KOH (w/v) was used to saponify 10 mg of oil and incubated for 1 h at 60 °C
in a water bath. It was cooled and 2 mL of hexane was added to discard the organic
phase. The reaction was neutralized by adding 1 mL of 0.7 N methanolic HCL (v/v) and
2 mL of hexane. The hexane pool was collected and evaporated to dryness under nitrogen
air atmosphere. The evaporated tubes were methylated with 0.7 mL of 14% methanolic
boron trifluoride and 0.3 mL of benzene. 2 mL of hexane was added and the FAMEs were
collected and water washed. The hexane pool was collected again and evaporated and
used for GC-MS analysis. Agilent 7890 B GC5977 A MSD GC-MS (Agilent Technologies,
Santa Clara, CA, USA) system was used for the analysis of FAMEs. The separation was
achieved with an Agilent CP8824 column (60 m length, 0.25 um, i.d. 250 um). The GC
column temperature initially set at 80 °C and held for 1 min, then increased to 20 °C/min to
130 °C, then 8.5 °C/min to 160 °C, then 2.75 °C/min to 200 °C and held for 3 min. Helium,
with a flow rate of 1 mL per min, was used as a carrier gas. The injection volume was
1 uL and the split ratio was 20:1. MS data were collected in an electron ionization mode at
70 eV scanning from m/z 40 to 500. Fatty acid methyl ester in each sample was identified
with their mass spectrum data and results were confirmed by mass spectral library search
(NIST 2.0 g).

2.7. Sugars and Organic Acids
Sample Preparation Technique

Defatted fruit pulp (5 g) was extracted with 30 mL of aqueous methanol (70%, v/v) in
a round bottom flask at 40 °C with constant stirring. The same was repeated twice and the
supernatant was collected and evaporated to dryness using a rotary evaporator (IKA-RV
10 digital rotary evaporator, IKA, Kénigswinter, Germany), and the concentrated sample
was diluted to 10 mL with milli-Q water. For organic acid and sugar analysis, 10 pL of
samples were was injected into the HPLC system [16,32].

2.7.1. LC Conditions for Sugars and Organic Acids
2.7.1.1. Investigation of Sugar Profile by UPLC-ELSD

Sugar compositions of the sample were achieved with a ultra-high performance liquid
chromatography system (Waters AQUITY UPLC H-Class) coupled with evaporative light
scattering detector (ELSD) described by Koh et al. [33] with minor modifications. Separation
was achieved with a UPLC® BEH amide column (2.1 x 100 mm i.d., 1.7 pum particle size),
and the temperature was maintained at 35 °C. The condition of ELSD was: 200, gain; 40 psi,
gas pressure; 40 °C, temperature of drift tube; cooling, nebulizer. Gradient elution program
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with acetonitrile: milli-Q water (80% and 30%) used as eluents A and B, respectively, with
0.2% triethylamine (TEA). The eluent flow rate was set at 0.12 mL/min and the volume of
injection was 2 pL. The gradient program followed as 60% A for 0-10 min, 60-100% A for
10-10.01 min, and equilibrated at 18 min. All samples were analyzed in triplicate and the
analytes were identified by comparison (retention time and characteristic absorption) with
authentic high purity standards (Sigma) and quantified through external standardization.

2.7.1.2. Investigation of Organic Acids Profile by HPLC-PDA

Organic acid profile was investigated with high-performance liquid chromatography
(Shimadzu UFLC) equipped with SPD 20A detector and LC 20 AD system controller
(photodiode array detector). The chromatographic separation was carried out with reverse-
phase Phenomenex C18 column (Luna® 5 pm C18 (2) 100 A, LC Column 250 x 4.6 mm)
using an injection volume of 5 uL and detected at 210 nm. The mobile phase employed was
0.005 N sulphuric acid at a flow rate of 1 mL per minute in an isocratic mode of elution [34].
All samples were analyzed in triplicate and the analytes were identified by comparison
(retention time and characteristic absorption) with authentic high purity standards (Sigma)
and quantified through external standardization.

2.7.2. Statistical Analysis

All the determined values were estimated in triplicate (n = 3). Results are presented as
mean = standard error (SE). Statistical analysis was carried out by using SPSS software.

3. Results and Discussion
3.1. Morphological and Proximate Characterization of Wood Apple Fruits

The collected wood apple fruits were round in shape and the average size of fruits, includ-
ing length, width, and circumference, showed 7.42 & 0.19, 7.43 & 0.10, and 23.42 & 0.29 cm,
respectively, and the average weight of fruits was 179.45 &+ 1.42 g (Table 1). The stud-
ied morphological characters of wood apple fruits strongly agreed with the results of
Singh et al. [35]. The nutritional estimation of fruit pulp is shown in Table 1 and it strongly
agreed with the reports available [36,37]. Moisture content in the fruits is a considerably
great parameter to assess the quality as it influences the texture, taste, shelf life, and growth
of the microbes. Results showed 58.89 £ 1.21% of moisture, which is comparatively less
than Annona squamosa and Aegle mormelos (78.54% and 64.71%, respectively) [38,39]. Crude
fat constitutes true fat and also the phospholipids, sterols, essential oils, and fat-soluble
pigments. The crude fat value (0.99 £ 0.01%) strongly agreed with the reports of Cheema
et al. [39] regarding Aegle mormelos (0.49%) and Ziziphus nummularia (0.93%).

The parameters which decide the quality, including total soluble solids, titratable
acidity, and pH, shown in the fruit pulp were 19.52 £ 0.17 °Brix, 4.61 + 0.13%, and
3.61 & 0.09%, respectively. To assess the internal quality of fruits, these parameters were
considered as principal factors. The studied fruit pulp showed an approximately higher
value of TSS compared to Annona squamosa, 23.10 °Brix [38], and lower than Golden
Delicious apple cultivar, 13.40% [40]. With respect to the titratable acidity, the studied fruit
pulp showed 4.61 £ 0.13% which is higher than Aegle mormelos, 1.2% [41]. The pH value
reported in the fruit pulp was 3.61 &+ 0.09, which is comparatively similar to the Golden
Delicious apple cultivar, 3.79% [40], and less than Phoenix dactylifera, 6.20, and sel-42 papaya
cultivar, 4.03% [42,43].

Total ash content in the current study was 2.73 & 0.12% and it is comparable to the
reported values of kumquat fruit [44]. The total ash content of the pulp was directly propor-
tional to the presence of mineral elements. The crude fiber value obtained from the current
study showed wood apple is a good source of dietary fiber, which is 3.32 & 0.02%. Results
revealed that the studied fruit pulp has a lower content of dietary fiber than kumquat
fruit (5.31%) [44]. It has been proposed that consumption of fruits with high dietary fiber
has various health benefits including being a carrier of antioxidants in the gastrointestinal
tract to reduce risk factors related to cardiovascular and intestinal diseases [45]. Total
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protein content was 25.24 & 0.07% and it is comparable with African mangosteen (31.76%)
and higher than kumquat fruits (7.38%) [6,44]. A total of 24.74 & 0.19% of carbohydrate
content was observed in the studied wood apple fruit pulp. Total carbohydrate content was
comparatively higher than Annona squamosa (10.80%) and kumquat fruits (5.23%) [38,44].
The total phenolics content was 0.50 & 0.01% and the phenolic values are comparable with
Mauritian citrus fruits [46]. Nutritional analysis results reflect that wood apple fruit pulp
is an important source to meet nutritional requirements because it plays a major role in
human nutrition and health.

Table 1. Proximate and total phenolic composition of wood apple fruit pulp !.

S1. No. Parameters Composition
1 Fruit size (cm)

Length 742 +0.19
Width 7.43 +0.10

Circumference 23.42 +0.29

2 Fruit weight (g) 179.45 +£ 1.42
3 Moisture (% FW) 58.89 + 1.21
4 Oil (% FW) 0.99 £ 0.01
5 TSS (°Brix) 19.52 £ 0.17
6 pH 3.61 +0.09
7 Titratable acidity (% FW) 461 £0.13
8 Ash (% FW) 2.73+0.12
9 Crude fiber (% FW) 3.32 + 0.02
10 Total protein (% FW) 9.30 £0.16
11 Total carbohydrate (% FW) 2474 £0.19
12 Total phenolics (% DW) 2 0.50 4 0.01

1 Mean + standard error of triplicate determinations.. TSS—Total soluble solids; pH—Hydrogen ion concentration;
2 Phenolic content was estimated as gallic acid equivalents.

3.2. Fatty Acid Composition

There are no previous reports on the wood apple fruit pulp fatty acid profile. The
crude fat content in wood apple fruit pulp was 0.99 = 0.01% and the fatty acid profile
represents the higher amount of unsaturated fatty acids. The fruits are rich in contents of
unsaturated fatty acids are valuable sources for treating various ailments. Oils are essential
for a healthy life because they are important natural sources of essential fatty acids [47,48].
Unsaturated fatty acids act as an important flavor precursor which plays a role in the
storage and release of aroma components and directly influences aroma development [49].

The results showed (Table 2 and Figure 2) that the sum of saturated fatty acids (SFAs)
was 32.17 & 0.35%, whereas the monounsaturated fatty acids (MUFAs) were 26.20 £ 0.33%,
and the polyunsaturated fatty acids (PUFAs) were 25.78 & 0.61% in the pulp oil of wood
apple fruit. The abundance of unsaturated fatty acids was observed earlier in jujube fruits
of ‘Choutrana’, ‘Mahres’, ‘Mahdia’, and ‘Sfax’ cultivars (68.5% to 72.4%) [50]. The most
abundant PUFA detected in wood apple pulp oil was «-linolenic acid (16.55 £ 0.26%),
followed by 10.02 £ 0.43% of linoleic acid. The o-linolenic acid and linoleic acid contents
of the wood apple fruit pulp were higher than the observed results in the varieties of
Ziziphus jujuba [48]. The results showed that wood apple pulp oil is a good source of essen-
tial fatty acids. Oleic acid (23.89 £ 0.06%) was the most predominant monounsaturated
fatty acid observed and this is higher as compared to the observed results of genotypes of
Ziziphus jujuba [47]. MUFAs are very well known for many health benefits and are a good
source to decrease the success of low-density lipoprotein (LDL) cholesterol levels which
bring down the heart-related risks [51].
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Table 2. Fatty acid methyl ester compositions of wood apple (Limonia acidissima L.) fruit pulp oil .

Peak tr (min) Common Name Fatty Acid Methyl Esters Value (%)
1 7.93 Cyclooctasiloxane, hexadecamethyl- 0.45 £ 0.05
2 9.52 Cyclononasiloxane, octadecamethyl- 0.38 + 0.05
3 9.66 Acetophenone Acetophenone 2.34 £0.06
4 9.95 Lauric acid Dodecanoic acid, methyl ester (C12:0) 1.62 +0.02
5 12.03 Myristic acid Methyl tetradecanoate (C14:0) 1.74 + 0.04
6 13.21 Pentadecylic acid Pentadecanoic acid, methyl ester (C15:0) 0.44 4 0.02
7 145 Palmitic acid Hexadecanoic acid, methyl ester (C16:0) 18.52 + 0.12
8 15.09 Phenol, 2,4-bis(1,1-dimethylethyl)- 7.70 £ 0.06
9 17.42 Stearic acid Methyl stearate (C18:0) 9.02 £ 0.08
10 18.03 Oleic acid 9-Octadecenoic acid (Z)-, methyl ester (C18:1n9c) 23.89 + 0.06
11 18.16 Vaccenic acid 11-Octadecenoic acid, methyl ester (C18:1n7) 1.78 £ 0.23
12 19.11 Linoleic acid (w- 6) 9,12-Octadecadienoic acid (Z,Z)-, methyl ester (C18:2n6) 9.23 £0.35
13 20.46 a-Linolenic acid (w-3) 9’12’1S_OCtaigf;frzl)e_?gfg?;%’) methyl ester, 16.55 + 0.26
14 20.67 Arachidic acid Eicosanoic acid, methyl ester (C20:1) 0.81 £ 0.06
15 21.38 Paullinic acid (w-7) cis-13-Eicosenoic acid, methyl ester (C20:1n7) 0.52 + 0.03
16 25.60 2,5-di-tert-Butyl-1,4-dimethoxybenzene 2.77 £ 0.07

Y Saturated fatty acids 3217 £0.35
Y_Monounsaturated fatty acids 26.20 £0.33
Y Polyunsaturated fatty acids 25.78 £ 0.61

! Means #+ standard error of triplicate determinations.
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Figure 2. GC-MS chromatograms of wood apple (Limonia acidissima L.) fruit pulp oil fatty acid methyl
esters (FAMEs) (A) and MS spectra of major FAMEs of analyzed fatty acids. Dodecanoic acid (B),
methyl tetradecanoate (C), methyl palmitate (D), methyl stearate (E), methyl linoleate (F), methyl
linolenate (G).

The monounsaturated, fatty acid-rich oil is advisable in terms of nutrition and pro-
vides enough stability to be used for baking purposes [52]. The most abundant saturated
fatty acid present in oil was palmitic acid (18.52 £ 0.12%), whereas the stearic acid, myristic
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acid, lauric acid, arachidic acid, and pentadecylic acids were 9.02 & 0.08%, 1.74 £ 0.04%,
1.62 £ 0.02%, 0.81 £ 0.06%, and 0.44 = 0.02%, respectively. Saturated fatty acids observed in
wood apple fruit pulp were higher than the genotypes of Ziziphus jujuba [47]. A higher con-
tent of saturated fatty acids in oils represents that they have more oxidative stability, as well
as that they are well accepted for cooking, including frying and baking, and are considered
as important constituents for cell membranes, secretary, and transport lipids with crucial
roles in protein palmitoylation and palmitoylated signal molecules [11,53]. Wood apple
pulp oil showed a higher percentage of PUFAs, which have the important natural sources
of essential fatty acids, omega-3 and omega-6, and fruits with good fatty acid profiles have
great health potential for both fresh consumption and/or industrial processing.

3.3. Investigation of Sugar Profile by UPLC-ELSD

The profiling of free sugars was achieved with the UPLC-ELSD and the results are
shown in Figure 3 and Table 3. Sugars are much needed to decide the quality and matu-
rity characters of fruits, whereas fructose and glucose are the vital components [54]. The
total free sugar content in defatted fruit pulp was 31.59 £ 0.17% DW, whereas the abun-
dant sugars present in wood apple fruit pulp were fructose (16.40 &= 0.23%) and glucose
(14.23 4 0.10%), and the minor contents of sugars were rhamnose (0.24 £ 0.01%), sucrose
(0.13 £ 0.01%), and maltose (0.57 = 0.03%). During the period of total fruit maturation, the
sugar content is increased and, at the time when the matured fruit detaches from the tree, it
reaches the maximum level and the increased sugar content in wood apple is because of
starch decomposition [55]. The fructose and glucose abundance in repined fruits makes the
pulp soft and sweeter, which influence the quality of consumer acceptance [54], whereas
the unripe fruits are very sour and astringent [56],
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Figure 3. UPLC-ELSD chromatograms of free sugar standards (A) and wood apple (Limonia acidissima L.)
fruit pulp (B).
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Table 3. Free sugar composition (%) of wood apple defatted fruit pulp !.

2

SI. No. Retention Time Free Sugars Composition
1 3.32 Rhamnose 0.24 £ 0.01

2 4.93 Fructose 16.40 £ 0.23

3 5.89 Glucose 14.23 £0.10

4 7.71 Sucrose 0.13 £ 0.01

5 8.33 Maltose 0.57 +0.03
Total sugars 31.59 £ 0.17

1 DW—Dry weight. 2 Means =+ standard error of triplicate determinations.

3.4. Investigation of Organic Acid Profile by HPLC-PDA

The present study showed nine organic acids, including galacturonic acid, oxalic acid,
tartaric acid, malic acid, ascorbic acid, acetic acid, citric acid, succinic, and pyruvic acid.
Fruit flavor may be contributed to by the presence of different types of organic acids in
fruits. The results of the organic acid analysis is shown in Table 4 and Figure 4. The total
amount of organic acid present in wood apple pulp was 17.46 £ 0.23% DW. The major
organic acids were ascorbic acid (4.51 & 0.05%), citric acid (4.27 £ 0.04%), and tartaric
acid (4.01 =+ 0.03%), whereas, the amount of succinic acid (1.83 & 0.03%), galacturonic
acid (0.93 £ 0.02%), acetic acid (0.81 £ 0.06%), pyruvic acid (0.79 £ 023%), malic acid
(0.23 4 0.01%), and oxalic acid (0.05 + 0.01%) were in minor concentrations. The citric acid
content in passion fruit (4.35%) was approximately equal, whereas in Ficus carica it was
0.69% and Ziziphus jujuba 0.19% [57,58]. Malic and succinic acids in Ziziphus jujuba were
0.22% and 0.01% respectively [57]. Many studies revealed that the fruit’s of citrus family is
majorly constituted of citric acid, malic acid, quininic acid, and oxalic acid. Together, these
organic acids influence the citrus fruit acidity. Among these organic acids, citric acid is the
largest contributor to the acidity taste and accounted for 79%, 71%, and 45% of total organic
acids in acidic lemon, lime, and orange, respectively [59].

Table 4. Organic acid compositions of wood apple defatted fruit pulp (% DW) 1.

Sl. No. tr (min) Organic Acids Composition 2
1 3.06 D-Galacturonic acid 0.93 4+ 0.02
2 3.37 Oxalic acid 0.05 £ 0.01
3 3.55 D-Tartaric acid 4.01 +0.03
4 4.48 Malic acid 0.23 £ 0.01
5 4.74 Ascorbic acid 451 +0.05
6 5.59 Acetic acid 0.81 4 0.06
7 8.74 Citric acid 4.27 +0.04
8 9.59 Succinic acid 1.83 = 0.03
9 13.31 Pyruvic acid 0.79 £ 0.01

Total organic acids 17.46 £+ 0.23

1 DW—Dry weight. 2 Means + standard error of triplicate determinations.
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Figure 4. HPLC-PDA chromatograms of organic acid standards (A) and wood apple
(Limonia acidissima L.) fruit pulp (B).

4. Conclusions

The characterization of wood apple fruit pulp showed a higher percentage of carbohy-
drate (24.74 £ 0.19%), protein (9.30 & 0.16%), ash (2.73 £ 0.12%), and fiber (3.32 £ 0.02%),
which is comparable to other citrus fruits such as bael (Aegle mermelos) and kumquat
(Fortunella marginata). Wood apple fruits are also rich in organic acids, such as D-tartaric,
ascorbic, and citric acid, which are accountable for the taste and quality of the fruits. The
total free sugar content in defatted wood apple fruit pulp was 31.59 £ 0.17% DW. Fructose
(16.40 £ 0.23%) and glucose (14.23 £ 0.10%) were the major sugars of the fruit pulp. Fatty
acid profiling revealed that wood apple possesses a higher percentage of unsaturated fatty
acids including oleic, a-linolenic, linoleic, and vaccenic acids. The results of the present
study showed that the wood apple fruits are rich in nutritional components.
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