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Summary

Pawpaw (Asimina triloba L.) roots, twigs, leaves, fruit, and seeds
were analyzed for their nutritional compositions. Seeds exhibited
significantly higher levels of crude protein, lipid, fiber, and dietary
fiber than those of the other parts. Sucrose in fruit was 9321.24 mg%,
which was the highest among the samples. The total essential amino
acid to total amino acid ratio was highest in the leaves, and the leaves
contained the highest amount of potassium. The calcium content
ranged between 8.15-153.41 mg%. Oleic and linoleic acids in seeds
were 5905.11 and 8045.56 mg%, respectively, which were the highest
among the pawpaw parts. The highest amount of linolenic acid was
measured in the leaves, and β-carotene, vitamin C, and vitamin E
were also the most abundant in the leaves. These results suggest
that every part of pawpaw is a good source of an important food
item. Additionally, this study provides basic data for improving the
sitological value of pawpaw.
Abbreviations: AOAC, Association of Analytical Chemists; HPLC,
high performance liquid chromatography; GABA, γ-aminobutyric
acid; ICP, inductively coupled plasma spectrometer; FID, flame
ionization detector; AA, amino acid; EAA, essential amino acid;
NAA, nonessential amino acid; UFA, unsaturated fatty acid; SFA,
saturated fatty acid.

Introduction

Asimina triloba [L.] Dunal (family: Annonaceae) is one species of
Asimina, usually known as pawpaw. It is widely distributed from the
southeastern areas of United States (Florida) to the eastern areas of
Canada (Ontario). Although pawpaw is sometimes confused with
papaya (Carica papaya), it is an entirely different species (LEVINE
et al., 2015). Papaya is a tropical plant grown in tropical regions,
but pawpaw can grow well in tropical regions as well as in humid
microthermal climates. In Korea, pawpaw trees have approximately
been cultivated since 2012 to the present day, and areas for cultivation
have been on the rise as use of pawpaw as a food has increased.
Almost all parts of pawpaw trees are attracting considerable attention
for their economic value due to their broad use across diverse areas
such as nutritional and medicinal fields.
In terms of its medicinal properties, pawpaw roots, twigs, and
seeds contain a large amount of acetogenins, which are cancer cell
inhibitors (MCLAUGHLIN, 2008). Indeed, the extracts obtained from
pawpaw twigs are used in a commercial product for the prevention of
cancer (i.e., Paw Paw Cell-Reg). In addition, many researchers have
studied the isolation and identification of acetogenins from pawpaw
twig extracts (GU et al., 1999; MCLAUGHLIN, 2008). MCCAGE et al.
(2002) demonstrated that herbal shampoo products that included
pawpaw twig extracts could effectively remove head lice. Further,
essential oil generated from pawpaw leaves has exhibited anticancer
activity against breast and lung cancer cell lines (FARAG, 2009).
*
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Moreover, pawpaw leaves are rich in various bioactive compounds
such as phenolic acids and flavonoids (PANDE and AKOH, 2010).
Accordingly, various uses of pawpaw leaves have been employed,
including infusing herbs in water. Pawpaw fruit has a sweet and sour
taste like a mixture of pineapple, banana, and mango, and is popularly used as an ingredient for jam, wine, ice cream, and puree (POMPER
and LAYNE, 2005). It is also a good source of amino acids, minerals,
and vitamins (T EMPLETON et al., 2003). BRANNAN et al. (2015)
reported that pawpaw fruit contains a large amount of procyanidins,
which have antioxidant effects, and KOBAYASHI et al. (2008)
demonstrated that pawpaw fruit exhibits antioxidant activity.
Despite the importance of pawpaw as a nutritional and medicinal
material, relatively little attention has been given to the nutritional
composition of the roots, twigs, leaves, fruit, and seeds of the A.
triloba variety of pawpaw grown in Korea. To this end, the objective
of the present study was to investigate and compare the nutritional
compositions of different parts of pawpaw cultivated in Korea. On
the basis of these results, we seek to provide basic data for improving
the sitological value of pawpaw and promote further studies on the
nutritional compositions of other plants and their various components.

Materials and methods

Samples and reagents
Pawpaw trees (A. triloba) grown in identical conditions were
purchased from a farm situated on the edge of Okchon, South Korea
in September 2016. The climate of Okchon is as follows: an average
annual temperature of 13.0°C, an average relative humidity of 66.7%,
wind velocity of 1.9 m/s, and total annual rainfall of 1458.7 mm.
Roots, twigs, and leaves were collected from 140-150 pawpaw
trees aged 2 years old (height, 1-1.5 m). The fruit (length, 8-12 cm;
weight, 150-300 g) was obtained from 25-30 pawpaw trees aged 810 years old. The roots, twigs, leaves, and fruit were washed dozens
of times with water until all extraneous substances were removed.
The samples were then drained and the fruits were peeled; seeds
were then collected from the pawpaw fruit. All samples were cut
into pieces and chopped using a chopper (TC-8B; Techon Co., Ltd.,
Bucheon, Korea) and stored at -70 °C until further use.
Free sugar standards (fructose, glucose, sucrose, maltose, and lactose), organic acid standards (malic acid, citric acid, oxalic acid, acetic
acid, formic acid, tartaric acid, and succinic acid), an amino acid
standard solution, fatty acid methyl ester, β-carotene, vitamins B1,
B2, B3, B5, B6, and B12, ascorbic acid, and α-, β-, γ-, and δ-tocopherol
were purchased from Sigma Chemical Co. (St. Louis, MO, USA).
Mineral standards were obtained from AccuStandard (New Haven,
CT, USA).
Determination of proximate composition and dietary fiber
content
The proximate composition of the samples including moisture, crude
ash, crude protein, crude lipid, and crude fiber was analyzed using
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procedures from the Association of Official Analytical Chemists
(AOAC, 2005). The moisture content was analyzed using a dry
oven (OF-22; Jeio Tech, Daejeon, Korea) at 105 °C, and the crude
ash content was analyzed with a muffle furnace (JSMF-140T; JSR
Inc. Laboratory, North Ringwood, Victoria, Australia) at 550 °C
until a constant weight was attained. The crude protein content was
determined by the Kjeldahl method using a Kjeltec® 2300 Analyzer
Unit (Foss Tecator AB, Höganäs, Sweden). The crude lipid content
was measured by ether extraction with a Soxtec system (Soxtec 1043;
Foss Tecator AB, Höganäs, Sweden), and the crude fiber content
was determined using an automatic fiber extractor (FIWE 6; Velp
Scientifica, Usmate, Italy). The carbohydrate content was calculated
as the weight of the entire sample less the moisture, crude ash, crude
protein, and crude lipid. Determination of the dietary fiber content
was conducted by an enzymatic-gravimetric method using a dietary
fiber extraction instrument (1023 Filtration Module; Foss Tecator
Co., Hillerød, Denmark).
Determination of free sugar and organic acid contents
The free sugar and organic acid contents were determined using
high-performance liquid chromatography (Agilent 1100 series; Agilent Technologies, Palo Alto, CA, USA). Five grams of samples
were blended with 10 times its weight of distilled water (w/v) and
centrifuged at 8,000 rpm for 20 min (Supra-21K; Hanil, Incheon,
Korea). The supernatant was transferred into a 50 mL volumetric
flask and filtered through a 0.45 μm membrane filter (Millipore,
Bedford, MA, USA). The filtrates were then used to analyze the free
sugar and organic acid contents. To analyze the free sugars, 10 μL
of each sample was injected into the HPLC system equipped with
a carbohydrate analysis column (4.6 × 250 mm, Waters Co., USA).
The free sugars were separated using an isocratic elution at a flow
rate of 1.0 mL/min and a mobile phase of 80% acetonitrile. The
elution peaks were detected using a refractive index (RI) detector.
To analyze the organic acids, aliquots (20 μL) of each sample were
injected into the HPLC system equipped with Shodex Rs Pak KC-811
column (8.0 × 300 mm; Shodex, Tokyo, Japan). The organic acids
were separated using an isocratic elution at a flow rate of 1.0 mL/min
and a mobile phase of 0.1% H3PO4. The elution peaks were detected
using an ultraviolet (UV) detector at 210 nm.
Determination of amino acid content
The amino acid contents were determined using an amino acid
analyzer (Biochrom 30; Pharmacia Biotech, Stockholm, Sweden).
Samples for analysis of 18 amino acids were hydrolyzed with 6 N
HCl at 110 °C for 22 h in test tubes filled with nitrogen. The hydrolysate was concentrated on a rotary evaporator (R-210; Buchi,
Flawil, Switzerland) and diluted with 50 mL of distilled water including 10 mL of dilution buffer. Samples for analysis of taurine
and γ-aminobutyric acid (GABA) were prepared identically by the
same pre-treatment method used for the free sugar and organic acid
analysis. Each sample was filtered through a 0.45 μm membrane
filter (Millipore) and loaded onto a cation-exchange column (11 ± 2 μm).
The flow of the ninhydrin reagent (pH 3.20-6.45) was set to 25 mL/h,
and the sample injection volume was 20 μL.
Determination of mineral content
Each sample was dissolved in a HNO3/H2O2 mixture (9:1) and
digested for 30 min using a microwave digestion system (Ethos TC
Digestion Lab Station 5000; Milestone Inc., Monroe, CT, USA).
After digestion, the solution from each sample was passed through a
filter paper (No. 5A; Whatman International Ltd., Maidstone, UK).
An inductively coupled plasma (ICP) spectrometer (Perkin Elmer
Co., Shelton, CT, USA) was used to measure the contents of seven

elements (Ca, Cu, Fe, K, Mg, Na, and Zn). The operating conditions
of the ICP instrument were as follows: 1.4 kW reflected power, 10 L/
min argon plasma gas flow rate, 0.2 L/min auxiliary gas flow rate,
and 0.55 L/min nebulizer gas flow rate. Selenium was determined by
ICP-mass spectrometry; these analysis conditions were as follows:
1.4 kW reflected power, 9.6 V lens voltage, 18 L/min plasma flow,
1.5 L/min auxiliary gas flow rate, and 0.92 L/min nebulizer gas flow
rate.
Determination of fatty acid content and composition
Fatty acids were measured by the method of JANG et al. (2016) with
some modification. Ten grams of each sample were extracted with
ether, and the extracted fat (25 mg) was dissolved in 0.5 N NaOHmethanol (2 mL) and converted to its fatty acid methyl esters using
14% BF3-methanol (2 mL). The fatty acid contents were determined by gas chromatography (Agilent 6890N/5975 MSD series;
Avondale, PA, USA) coupled with an SP TM 2560 column (100 m
× 0.25 mm; Supelco Inc., Bellefonte, PA, USA). The column oven
temperature was programmed as follows: initial temperature was
170 °C (held for 15 min); increased to 180 °C at 1 °C/min (held for
15 min); further increased to 245 °C at 3 °C/min with a final holding
time of 13 min. The injector and detector (FID, flame ionization
detector) temperatures were 250 °C and 285 °C, respectively. Helium
was used as a carrier gas at a flow rate of 0.75 mL/min. The fatty acid
contents were calculated using a FID conversion factor.
Determination of β-carotene content
β-Carotene was determined by the AOAC method (2005). Samples
(1 g) were dissolved in 30 mL of ethanol and 1 mL of 10% of
pyrogallol. Then, 3 mL of KOH was added to the sample solution
and the mixture was boiled under reflux for 30 min. The sample
was allowed to cool to 20 °C, and 30 mL of distilled water were
added in order to collect the ether layer. The ether layer was then
dehydrated by Na2SO4 and evaporated. n-Hexane (20 mL) was added
to the dehydrated product, which was used as the test solution. The
test solution was injected into an Agilent 1100 series HPLC system
coupled with a Nova-Pak silica column (3.9 × 150 mm; Waters Co.,
Milford, MA, USA). The mobile phase consisted of n-hexane and
isopropyl alcohol (99:1, v/v) at a flow rate of 1.0 mL/min with an
injection volume of 20 μL. The β-carotene content was expressed as
μg per 100 g of fresh weight.
Determination of vitamin B complex content
Each sample (1 g) was weighed and extracted by 20 mL of a 75 mM
ammonium formate solution (pH 7.0) for 1 h. The extracts were
centrifuged at 3,000 rpm for 15 min, and the supernatant was filtered through a 0.45 μm membrane filter (Millipore). The filtrate
was injected into an HPLC-tandem mass spectrometer (Agilent 1200
series; Agilent Technologies, Santa Clara, CA, USA) equipped with a
Luna C18 column (3.0 × 150 mm; Phenomenex, Torrance, CA, USA).
The mobile phase A was 5 mM ammonium formate in distilled water,
and mobile phase B was 5 mM ammonium formate in methanol.
The gradient system was programmed as follows: 0 min (10% B);
0-8 min (45% B); 8-15 min (10% B). The flow rate was 0.3 mL/
min, and the temperature was 35 °C. The content of vitamin B was
expressed as μg per 100 g of fresh weight.
Determination of vitamin C content
The sample (5 g) was extracted adding 5% meta-phosphoric acid
(50 mL) for 40 min and filtered through a 0.45 μm membrane filter
(Millipore). The filtrate was injected into an Agilent 1200 series
HPLC system equipped with a Shiseido Capcell Pak C18 column (4.6
× 250 mm; Shiseido, Tokyo, Japan). The mobile phase was 0.05 M
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KH2PO4 and acetonitrile (99:1, v/v), and the flow rate was 0.9 mL/
min. The eluate was detected using a UV detector at 254 nm. The
content of vitamin C was expressed as mg per 100 g of fresh weight.
Determination of vitamin E content
Sample preparation for vitamin E determination was performed in
the same way as that for β-carotene. The samples were analyzed
using an Agilent 1100 series HPLC system equipped with a NovaPak silica column (Waters Co.). The mobile phase was n-hexane and
isopropyl alcohol (99:1, v/v), and the flow rate was 0.5 mL/min. The
content of vitamin E was expressed as mg per 100 g of fresh weight.
Statistical analysis
All experiments were performed in triplicate, and the results were
analyzed using the Statistical Package for Social Sciences Version
10.0 (SPSS Inc., Chicago, IL, USA). For multiple comparisons of
normally distributed data, parametric one-way analysis of variance
was used. The significance of differences between data was calculated
by Duncan’s multiple range test, with P<0.05 being considered as
statistically significant.

Results and discussion

Proximate composition and dietary fiber
The proximate composition and dietary fiber content of different
parts of pawpaw tree (A. triloba) differed significantly (P<0.05,
Tab. 1). The moisture content these various parts ranged from 28.48%
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(seeds) to 84.98% (roots). The highest value of crude ash was observed
in the leaves, which was significantly different from the other pawpaw tree parts (P<0.05). Pawpaw seeds exhibited significantly higher
levels of crude protein, crude lipid, crude fiber, carbohydrate, and
dietary fiber than those of the roots, twigs, leaves, and fruit (P<0.05).
In particular, the dietary fiber content of seeds (46.77%) was more
than 15 times the dietary fiber of fruit (3.03%). Fruit had significantly
lower levels of crude ash, crude protein, crude lipid, crude fiber, and
dietary fiber than those of the other parts (P<0.05). This result is
consistent with that of a previous study of papaya (Carica papaya),
in which the fruit pulp showed a low crude protein compared to the
leaves and seeds (NWOFIA et al., 2012). However, many reports proposed that all the proximate composition and dietary fiber content
may differ according to several factors such as growing season, cultivars, and climatic conditions (JANG et al., 2011; NWOFIA et al., 2012;
ROHLOFF et al., 2015). Therefore, the present study suggests that the
proximate composition and dietary fiber content of pawpaw tree can
depend on their different parts, as well as these other factors.
Free sugars
The free sugar content in various parts of pawpaw tree is given in
Tab. 2. Fructose, glucose, and sucrose showed the highest levels
in the fruit at 1691.35 mg%, 2148.20 mg%, and 9321.24 mg%, respectively. These free sugars in the fruit had levels higher than at
least twice and up to 16 times the free sugars contained in the roots,
twigs, leaves, and seeds. In particular, the sucrose content in the fruit
was the highest among the free sugars, which was ~9% of the fruit
weight. Maltose and lactose were not detected in any part of pawpaw
tree. Fructose, glucose, and sucrose were observed as the main free
sugars of pawpaw, and their amounts differed between parts.

Tab. 1: Proximate composition and dietary fiber content in various parts of Asimina triloba.
Components
(% fresh weight)

Roots

Twigs

Leaves

Fruit

Seeds

Moisture

84.98±0.11a

61.86±0.38d

75.47±0.04 c

79.14±0.03b

28.48±0.11e

Crude ash

1.24±0.02b

0.90±0.04d

1.51±0.02a

0.38±0.01e

1.01±0.02c

Crude protein

1.97±0.02d

2.20±0.08c

5.18±0.01b

1.51±0.14 e

9.18±0.04a

Crude lipid

0.75±0.02d

0.93±0.02c

1.38±0.01b

0.36±0.02e

16.68±0.09a

Crude fiber

6.37±0.02c

23.45±0.35b

5.77±0.04d

2.47±0.03e

38.63±0.06a

Carbohydrate

11.05±0.14 e

34.12±0.25b

16.47±0.04 d

18.61±0.11c

44.66±0.21a

Dietary fiber

10.06±0.23d

30.80±0.26b

11.81±0.30 c

3.03±0.12e

46.77±0.77a

Results are presented as mean±SD (n = 3).
Means with different letters in the same row are significantly different by Duncan’s multiple range test (P<0.05).
Tab. 2: Free sugar content in various parts of Asimina triloba.
Components
(mg% fresh weight)

Roots

Twigs

Leaves

Fruit

Seeds

Fructose

193.20±12.70 d

331.68±36.53c

740.75±79.77b

1691.35±29.66a

238.58±29.27d

Glucose

207.45±27.79d

430.34±76.84 c

660.33±120.06b

2148.20±74.14a

131.76±20.66 d
1067.61±47.91b

Sucrose

n.d.

n.d.

n.d.

9321.24±122.38a

Maltose

n.d.

n.d.

n.d.

n.d.

n.d.

Lactose

n.d.

n.d.

n.d.

n.d.

n.d.

Results are presented as mean±SD (n = 3).
Means with different letters in the same row are significantly different by Duncan’s multiple range test (P<0.05).
n.d. = not detected.

50

J.-S. Nam, H.-L. Jang, Y.H. Rhee

Sweetness is closely related to free sugar, and its intensity depends
on the free sugar composition. LEE et al. (2013) showed that the free
sugar content of tropical fruit was consistent with the trend of °Brix.
In addition, fructose has a sweetness ~70% higher than sucrose, and
the sweetness of glucose is only ~50% of the sweetness of sucrose
(MOSKOWITZ, 1970). According to A NDERSON (1986), the free sugar
content depends on climate conditions including temperature, rainfall, relative humidity, and the amount of light. Increases of sucrose
and sucrose synthases are related to metabolic adaptations by low
temperature, and water stress was been shown to increase the free
sugar level in leaves (ACKERSON, 1981; GUY et al., 1992). Therefore,
it is expected that the free sugar content and composition of pawpaw
tree may differ according to the cultivation environment and that the
intensity of sweetness by the free sugars and their composition will
vary between pawpaw constituents.
Organic acids
Malic acid and citric acid were the most abundant organic acids in
all samples, with their highest levels measured in pawpaw roots.
However, oxalic acid, acetic acid, formic acid, tartaric acid, and
succinic acid were not detected in the roots (Tab. 3). The twigs and
leaves only contained malic acid, citric acid, and formic acid. The
malic acid and citric acid levels in the twigs were higher than those
in the leaves; however, the formic acid content in the twigs was
lower level than that in the leaves. Fruit contained various types of
organic acids such as malic acid, citric acid, oxalic acid, acetic acid,
and formic acid, and their content was 30.62, 8.65, 37.17, 61.59, and
43.29 mg%, respectively. The major organic acids identified in the
seeds were malic acid, citric acid, and oxalic acid, and, in particular,
citric acid, which was the most abundant organic acid measured at
66.27 mg%.
Organic acids including malic acid, citric acid, oxalic acid, and succinic acid play an important role in the tricarboxylic acid cycle, which
is the metabolic pathway to produce energy viz. oxidation of pyruvate in the mitochondria of animals and plants (YANG et al., 2014).
Malic acid participates in photosynthesis, and citric acid and oxalic
acid have been reported to be involved in diverse metabolic pathways such as the transportation of cations, detoxification of metal
substances, and resistance of anaerobic stress in roots (MUCHA et al.,
2005). In addition, organic acids found in the metabolites of plants
or various plant products are important indicators of biological and
physiological metabolism and fermentation processes (CHUNG et al.,
2000). Organic acids have also been widely used as food additives in
the production of fruit and vegetable beverages, drinks, and juices

(P EREIRA et al., 2013). Finally, the addition of these acids to food imparts distinct sensory characteristics such as color, flavor, and aroma
and affects their tissue and biological stability (CHUNG et al., 2000).
Therefore, it is likely that each part of pawpaw trees can be effectively utilized on account of their distinct organic acid content and
composition.
Amino acids
The amino acid contents in pawpaw tree are displayed in Tab. 4.
The contents of the total amino acid (AA), total essential amino acid
(EAA), total nonessential amino acid (NAA), and total extra amino
acid of the seeds were significantly higher than those of the roots,
twigs, leaves, and fruit (P<0.05). However, the EAA ratio of seeds to
AA was the third largest (leaves > twigs > seeds > fruit > roots). The
contents of AA, EAA, NAA, total extra amino acid, and the ratio of
fruit to AA were conspicuously lower than those of the other parts
(P<0.05), which is consistent with previous studies that found that
most of the amino acids contained in the seeds of okra (Hibiscus
esculentus) and marula (Sclerocarya birrea) had higher levels than
those in the fruit (GLEW et al., 1997). Most of the amino acids were
identified evenly in all samples, but taurine was not detected in all
parts of pawpaw. The twigs, leaves, and seeds contained methionine,
but the roots and fruit did not. Tryptophan and arginine were not
detected in the fruit, and proline was not detected in the twigs and
leaves. In addition, cysteine was observed only in the seeds. The
main amino acids detected in the pawpaw roots and fruit were proline, accounting for more than 38% and 25% of the entire amino
acid profile, respectively. Aspartic acid, glutamic acid, and histidine
were the major amino acids detected in the twigs, and leucine, aspartic acid, and glutamic acid were main amino acids found in the
leaves. Aspartic acid, glutamic acid, and arginine were the major
amino acids measured in seeds; glutamic acid had the highest level
at 1396.27 mg%. Overall, it is clear that the amino acid content and
composition in pawpaw tree vary according to the parts of the tree.
However, the most prolific amino acids of pawpaw, except in fruit,
were aspartic acid and glutamic acid, the contents of which closely
matched in the different tree sections. Aspartic acid and glutamic
acid have an umami taste, and their mixture creates a tremendous
synergic effect (DERMIKI et al., 2013). Proline was observed as the
most plentiful amino acid in roots and fruit. This amino acid is
closely related to radical scavenging activity; previous in vitro studies found that it contributed to free radical scavenging (K AUL et al.,
2008). Therefore, these results suggest that the distinct components
of pawpaw tree have various nutritional and functional properties.

Tab. 3: Organic acid content in various parts of Asimina triloba.
Components
(mg% fresh weight)

Roots

Twigs

Leaves

Fruit

Seeds

Malic acid

297.09±3.67a

159.79±0.87b

74.42±0.98c

30.62±1.92d

31.25±0.55d

Citric acid

252.03±2.74a

113.53±0.45b

48.91±1.88d

8.65±0.23e

66.27±0.82c
56.73±0.40a

Oxalic acid

n.d.

n.d.

n.d.

37.17±0.34b

Acetic acid

n.d.

n.d.

n.d.

61.59±0.92

n.d.

Formic acid

n.d.

41.48±0.67b

201.80±1.55a

43.29±1.59b

n.d.

Tartaric acid

n.d.

n.d.

n.d.

n.d.

n.d.

Succinic acid

n.d.

n.d.

n.d.

n.d.

n.d.

Results are presented as mean±SD (n = 3).
Means with different letters in the same row are significantly different by Duncan’s multiple range test (P<0.05).
n.d. = not detected.
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Tab. 4: Amino acid content in various parts of Asimina triloba.
Amino acids (mg% fresh weight)

Essential
amino acid

Roots

Twigs

Leaves

Fruit

Seeds

Threonine

46.14±1.23cd

61.43±6.27c

170.05±8.96b

23.86±2.62d

278.95±28.69a

Valine

34.84±5.27c

45.10±4.61c

142.60±3.90b

24.09±2.97c

288.97±27.94a

Methionine

n.d.

22.00±9.00c

81.06±7.93a

n.d.

70.85±3.57b

Isoleucine

23.17±3.23c

29.24±3.65c

98.89±11.53b

12.69±0.23c

208.20±19.02a

Leucine

70.61±5.44c

85.57±5.10c

319.13±18.98b

37.63±2.99d

618.03±26.85a

Phenylalanine

44.56±1.00c

54.05±3.19c

186.43±11.18b

27.74±9.09c

269.22±31.32a

Lysine

58.49±7.22c

76.29±4.22c

224.15±19.50b

29.69±2.86c

377.95±53.90a

Tryptophan

12.81±0.06d

21.24±1.43c

54.82±2.24b

n.d.

81.28±4.06a

290.61±14.24cd

394.92±15.39c

1277.14±50.19b

155.71±18.59d

2193.45±180.37a

Aspartic acid

108.60±5.61c

129.84±9.32c

377.76±35.85b

47.31±2.85d

916.53±14.65a

Serine

78.90±3.25c

86.72±6.19c

219.74±19.80b

35.01±2.75d

453.11±48.66a

Glutamic acid

117.83±4.56c

113.99±9.26c

391.55±29.92b

67.68±4.17c

1396.27±79.28a

Proline

531.95±10.98b

n.d.

n.d.

163.25±13.14c

553.79±19.15a

Glycine

54.44±3.55c

66.45±4.59c

213.49±17.31b

29.08±1.59c

463.64±54.54a

Alanine

52.68±0.40c

67.23±4.50c

223.80±18.37b

67.14±4.96c

429.05±6.62a

Cystine

n.d.

n.d.

n.d.

n.d.

50.63±5.15

Tyrosine

25.05±1.31c

34.61±8.35c

126.52±6.44b

16.34±0.97c

252.18±30.65a

Histidine

93.47±15.84d

116.89±3.12c

165.65±10.24b

44.03±5.69e

236.86±20.16a

Arginine

30.42±5.91c

46.96±4.48cd

214.67±18.80b

n.d.

754.99±35.72a

1093.36±11.04c

662.68±49.61d

1933.20±153.62b

469.83±16.95d

5507.05±290.43a

Total essential amino acid		

Nonessen- tial
amino acid

Total nonessential amino acid
Taurine

n.d.

n.d.

n.d.

n.d.

n.d.

GABA

7.78±0.12e

25.54±0.44c

39.61±0.71b

9.85±0.18d

41.90±0.46a

Total extra amino acid		

7.78±0.12e

25.54±0.44c

39.61±0.71b

9.85±0.18d

41.90±0.46a

Total amino acid		

1391.76±25.38c

1083.15±64.81c

3249.95±203.90b

635.38±28.79d

7742.41±470.12a

Total EAA /Total AA (%)		

20.87±0.64e

36.49±0.84b

39.33±0.90a

24.46±2.13d

28.31±0.64c

Extra amino acid

Results are presented as mean±SD (n = 3).
Means with different letters in the same row are significantly different by Duncan’s multiple range test (P<0.05).
n.d. = not detected.
GABA = γ-aminobutyric acid; EAA = essential amino acid; AA = amino acid.

Minerals
Tab. 5 presents the mineral content of pawpaw tree according to its
different parts. Potassium was identified as having the highest level
in all tissue; its content in roots, twigs, leaves, fruit, and seeds was
measured as 215.21, 193.98, 376.93, 239.36, and 289.17 mg%, respectively. The pawpaw leaves contained the highest amount of potassium, which contrasts the reported potassium content (128.33 mg/
100 g) in Celosia argentea L. leaves (USUNOMENA and SAMUEL,
2016). Typically, minerals such as magnesium, sodium, and zinc
were detected at a significantly higher level in roots than in the other
pawpaw parts (P<0.05), and the mineral content (except potassium)
were remarkably lower in fruit than in the other parts (P<0.05). The
calcium content ranged from 8.15 mg% to 153.41 mg% and exhibited the lowest and highest levels in the fruit and twigs, respectively. The calcium content of the pawpaw leaves was also high at
141.47 mg%, which is higher than the calcium content (123.40 mg/
100 g) reported in kale (AGARWAL et al., 2017). Copper was only observed in pawpaw seeds, and there was little or no selenium detected
in any of the samples. Plant roots not only provide support to a plant,
but also play an important role in water and mineral transport. Some
minerals absorbed from roots are transported to the twigs or leaves,

whereas others are stored in the roots. This transport and storage of
minerals in plants are known to differ according to the growth season (MITCHELL, 1936). Accordingly, it is thought that the distribution
of minerals in pawpaw tissues may depend on factors like these.
Fatty acids
The unsaturated fatty acid (UFA) content was higher than the saturated fatty acid (SFA) content in all samples, and the difference
between UFA and SFA was more pronounced in pawpaw seeds. In
contrast, the difference between the two contents in fruit was negligible (Tab. 6). Significant differences were observed for the ratio of
total UFA to total SFA in different pawpaw tissues, with the highest
ratio found in seeds and the lowest in twigs (P<0.05). Various SFAs
such as caproic (C6:0), caprylic (C8:0), capric (C10:0), and lauric
(C12:0) acids were only identified in fruit, which is consistent with a
previous report for tropical fruit pulps (COIMBRA and JORGE, 2012).
The primary fatty acids included palmitic acid (C16:0), stearic acid
(C18:0), oleic acid (C18:1), and linoleic acid (C18:2, n-6), which were
significantly higher in the seeds (P<0.05). In particular, the contents
of oleic and linoleic acids contained in the seeds were 5905.11 and
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Tab. 5: Mineral content in various parts of Asimina triloba.
Minerals
(mg% fresh weight)
Ca

Roots

Twigs

Leaves

Fruit

Seeds

99.74±2.12c

153.41±11.25a

141.47±2.66b

8.15±0.29e

57.51±1.09d

Cu

n.d.

n.d.

n.d.

n.d.

0.57±0.08

Fe

2.77±0.65c

5.16±0.20b

6.25±0.22a

0.29±0.02 e

2.13±0.12d

K

215.21±1.73d

193.98±5.75e

376.93±6.36a

239.36±3.00 c

289.17±5.74b

Mg

140.24±0.78a

87.55±4.59c

97.69±1.14b

10.93±0.18d

93.77±2.07b

Na

49.79±0.47a

8.52±0.47 b

0.92±0.06 c

n.d.

n.d.

Zn

1.28±0.07a

0.61±0.02c

0.48±0.03d

n.d.

0.98±0.04b

Se

Tr

Tr

Tr

n.d.

n.d.

Results are presented as mean±SD (n = 3).
Means with different letters in the same row are significantly different by Duncan’s multiple range test (P<0.05).
n.d. = not detected.
Tr = trace.

Tab. 6: Fatty acids component in various parts of Asimina triloba.
Fatty acids
(mg% fresh weight)

Roots

Twigs

Leaves

Fruit

Seeds

C6:0

n.d.

n.d.

n.d.

1.61±0.19

n.d.

C8:0

n.d.

n.d.

n.d.

9.73±0.51

n.d.

C10:0

n.d.

n.d.

n.d.

1.43±0.15

n.d.

C12:0

n.d.

n.d.

n.d.

1.53±0.02

n.d.

C13:0

n.d.

n.d.

3.00±0.00

n.d.

n.d.
4.70±0.06b

n.d.

n.d.

n.d.

6.00±0.24a

C15:0

n.d.

4.00±0.00b

n.d.

n.d.

5.36±0.08a

C16:0

70.33±0.58d

89.33±0.58c

158.00±1.00b

25.36±0.84e

917.11±4.61a

C16:1

n.d.

4.00±0.00c

4.00±0.00c

6.51±0.08b

137.85±1.28a

C17:0

n.d.

3.00±0.00b

2.00±0.00c

n.d.

11.16±0.33a

C18:0

7.00±0.00d

10.00±0.00c

19.67±0.58b

4.79±0.27e

373.13±2.33a

C18:1

46.00±1.00b

92.33±0.58b

57.33±9.45b

48.02±1.83b

5905.11±54.30a

C18:2, n-6

140.33±0.58b

n.d.

143.00±1.73b

9.79±0.37c

8045.56±76.80a

C20:0

2.67±0.58c

3.00±0.00c

5.00±0.00b

n.d.

31.37±0.37a

C18:3, n-3

19.33±0.58d

73.33±0.58c

401.33±5.69a

18.59±0.65d

233.63±1.92b

C20:1

2.00±0.00c

n.d.

2.67±0.58b

n.d.

48.55±0.46a

n.d.

4.00±0.00b

n.d.

0.85±0.06c

7.03±0.10a

C14:0

C22:0
C20:3, n-3

3.00±0.00n.s.

n.d.

3.00±0.00

n.d.

n.d.

C22:1, n-9

n.d.

3.33±0.58

n.d.

n.d.

n.d.

C20:4, n-6

n.d.

n.d.

2.33±0.58

n.d.

n.d.

C24:0

n.d.

5.00±0.00b

9.33±0.58a

0.68±0.04c

4.69±0.06b

C24:1

n.d.

3.00±0.00

n.d.

n.d.

n.d.

Total SFA

80.00±0.00d

118.33±0.58c

197.00±1.73b

51.98±1.93e

1354.56±6.65a

Total UFA

212.67±1.53c

176.00±1.73cd

613.69±4.16b

82.90±2.88d

14375.96±134.77a

2.63±0.02c

1.49±0.01e

3.12±0.01b

1.59±0.00d

10.61±0.08a

Total UFA/Total SFA

Results are presented as mean±SD (n = 3).
Means with different letters in the same row are significantly different by Duncan’s multiple range test (P<0.05).
n.d. = not detected.
n.s. = not significant.
SFA = saturated fatty acid; UFA = unsaturated fatty acid.
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8045.56 mg%, respectively, which was more than 120 times and
820 times the oleic and linoleic acids contained in the fruit, respectively. The highest linolenic acid (C18:3, n-3) content was measured
in the leaves (401.33 mg%). The contents of linolenic acid in other
pawpaw parts were in the following order: seeds (233.63 mg%) >
twigs (73.33 mg%) > roots (19.33 mg%) > fruit (18.59 mg%). The
content of arachidonic acid (C20:4, n-6) in the leaves was 2.33 mg%,
and it was not found in the roots, twigs, fruit, or seeds.
In addition to its antihypertensive effects, oleic acid has been known
to be effective in reducing low density lipoprotein cholesterol and
increasing high density lipoprotein cholesterol (T ERÉS et al., 2008).
CUNNANE and A NDERSON (1997) and RUTHIG and MECKLING -GILL
(1999) speculated that mild skin enlargement and hair loss were
found in rats with linoleic acid deficiency, and PAN et al. (2012) reported that linolenic acid, a plant-derived omega-3 (n-3) fatty acid,
reduces the risk of cardiovascular disease. Arachidonic acid protects
the brain from oxidative stress and activates syntaxin-3, which is involved in the growth and repair of nerve cells (DARIOS and DAVLETOV,
2006). In this regard, it was previous found that the mental development index was improved in infants with arachidonic acid, and
supplementation of arachidonic acid has been shown to be effective
in reducing symptoms and delaying progression in the early stages of
Alzheimer’s diseases (BIRCH et al., 2000; CALDERON-GARCIDUENAS
et al., 2004). Consequently, it is expected that pawpaw leaves and
seeds rich in UFA such as oleic acid, linoleic acid, linolenic acid, and
arachidonic acid will elicit beneficial physiological effects.
Vitamins
β-Carotene was the major vitamin in pawpaw tree (Tab. 7). Pawpaw
leaves contained the highest level of β-carotene (3931.35 μg/100 g)
among all samples, which is much higher than the β-carotene content (1957-2631 μg/100 g) measured in corn rocket, mountain lettuce,
and poppy (MAURIZI et al., 2015). The β-carotene content contained
in the twigs was similar to that in the fruit (84.18 μg/100 g versus
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82.82 μg/100 g, respectively). Pawpaw roots exhibited a remarkably
lower level of β-carotene (7.06 μg/100 g). In the twigs, vitamin B1
(thiamine) was measured in the highest amount (at 96.30 μg/100 g).
The vitamin B1 content in the other pawpaw parts were in the following order: roots (53.35 μg/100 g) > seeds (50.09 μg/100 g) > leaves
(10.60 μg/100 g), and it was not observed in the pawpaw fruit. The
vitamin B2 (riboflavin) content contained in pawpaw twigs, leaves,
and seeds were 85.36, 51.54, and 82.73 μg/100 g, respectively, and
none was detected in the roots and fruit. Vitamin B3 (niacin) was
only detected in the roots, and vitamin B12 (cyanocobalamin) was not
detected in any of the samples. Vitamin B5 (pantothenic acid) was
observed in all samples, and vitamin B6 (pyridoxine) was detected in
all samples except seeds; its content varied according to the specific
tissue. The vitamin C (ascorbic acid) and vitamin E (tocopherol) contents in leaves were 3.70 mg/100 g and 4.04 mg/100 g, respectively,
which are significantly higher level than those of roots, twigs, fruit,
and seeds (P<0.05). β-carotene, a precursor of vitamin A, is known
to be a functional compound with antioxidant, anticancer, and antiaging properties and plays a useful role in the retina of human eye
(JANG et al., 2016). Vitamins C and E also have antioxidant effects
on account of their ability to reduce reactive oxygen species, and
an antihypertensive effect on account of their action on redox-sensitive vascular tissue (CHEN et al., 2001). As a result of this study, we
identified that abundant levels of β-carotene, vitamin C, and vitamin
E were contained in the leaves of pawpaw. Consequently, pawpaw
leaves are expected to be a useful material for producing functional
foods.

Conclusions

The present study investigated the nutritional compositions in different parts of pawpaw (A. triloba) tree. Specifically, the roots, twigs,
leaves, seeds and fruit were found to contain an abundance of essential nutrients such as amino acids, minerals, and vitamins required
in the body. However, their amounts showed considerable variation

Tab. 7: Vitamin content in various parts of Asimina triloba.
Vitamins

Roots

Twigs

Leaves

Fruit

Seeds

β-carotene
(μg/100 g FW)

7.06±0.10d

84.18±0.17b

3931.35±12.85a

82.82±1.50b

70.45±1.53c

B1 (thiamin)
(μg/100 g FW)

53.35±3.23b

96.30±0.93a

10.60±0.59c

n.d.

50.09±2.59b

B2 (riboflavin)
(μg/100 g FW)

n.d.

85.36±2.42a

51.54±2.52b

n.d.

82.73±8.77a

B3 (niacin)
(μg/100 g FW)

15.94±8.26

n.d.

n.d.

n.d.

n.d.

B5 (pantothenic acid)
(μg/100 g FW)

5.64±0.91d

136.09±1.82a

114.14±1.07b

13.29±0.64c

6.71±2.99d

B6 (pyridoxine)
(μg/100 g FW)

28.60±0.54a

12.78±0.98b

2.20±0.13d

10.38±1.92c

n.d.

B12 (cyanocobalamin)
(μg/100 g FW)

n.d.

n.d.

n.d.

n.d.

n.d.

C (ascorbic acid)
(mg/100 g FW)

0.59±0.05e

0.80±0.03d

3.70±0.02a

0.98±0.06c

1.29±0.08b

E (tocopherol)
(mg/100 g FW)

0.19±0.01d

0.61±0.08c

4.04±0.47a

Tr

1.28±0.05b

Results are presented as mean±SD (n = 3).
Means with different letters in the same row are significantly different by Duncan’s multiple range test (P<0.05).
n.d. = not detected.
Tr = trace.
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among the distinct pawpaw parts. High levels of amino acids and
fatty acids were measured in the seeds, and minerals and vitamins
were found to be rich in the pawpaw roots and leaves. Overall, these
results provide basic data for improving the sitological value of pawpaw and will promote further studies on the nutritional compositions
of other plants and their components.

References
ACKERSON, R.C., 1981: Osmoregulation in cotton in response to water stress
II. Leaf carbohydrate status in relation to osmotic adjustment. Plant
Physiol. 67, 489-493. DOI: 10.1104/pp.67.3.489
AGARWAL, A., R AJ, N., CHATURVEDI, N., 2017: A comparative study on proximate and antioxidant activity of Brassica oleracea (kale) and Spinacea
oleracea (spinach) leaves. Int. J. Adv. Res. Biol. Sci. 4, 22-29.
DOI: 10.22192/ijarbs.2017.04.04.004
A NDERSON, J.W., 1986: Dietary fiber in nutrition management of diabetes. In:
Vahouny, G.V., Kritchevsky, D. (eds.), Dietary Fiber: Basic and Clinical
Aspects, 343-360. New York, USA: Plenum Press.
AOAC (Association of Analytical Chemists), 2005: Official Methods of
Analysis. 18th ed., Washington, DC, USA.
DOI: 0.1002/0471740039.vec0284
BIRCH, E.E., GARFIELD, S., HOFFMAN, D.R., UAUY, R., BIRCH, D.G., 2000:
A randomized controlled trial of early dietary supply of long-chain polyunsaturated fatty acids and mental development in term infants. Dev.
Med. Child. Neurol. 42, 174-181. DOI: 10.1017/s0012162200000311
BRANNAN, R.G., P ETERS, T., TALCOTT, S.T., 2015: Phytochemical analysis
of ten varieties of pawpaw (Asimina triloba [L.] Dunal) fruit pulp. Food
Chem. 168, 656-661. DOI: j.foodchem.2014.07.018
CALDERON-GARCIDUENAS, L., R EED, W., MARONPOT, R.R., H ENRIQUEZROLDAN, C., DELGADO -CHAVEZ, R., CALDERON-GARCIDUENAS, A.,
DRAGUSTINOVIS, I., F RANCO -LIRA, M., A RAGON-F LORES, M., SOLT,
A.C., A LTENBURG, M., TORRES-JARDON, R., SWENBERG, J.A., 2004:
Brain inflammation and Alzheimer’s-like pathology in individuals exposed to severe air pollution. Toxicol. Pathol. 32, 650-658.
DOI: 10.1080/01926230490520232
CHEN, X., TOUYZ, R.M., PARK, J.B., SCHIFFRIN, E.L., 2001: Antioxidant
effects of vitamins C and E are associated with altered activation of vascular NADPH oxidase and superoxide dismutase in stroke-prone SHR.
Hypertension. 38, 606-611. DOI: 10.1161/hy09t1.094005
CHUNG, H.Y., JUNG, D.H., PARK, Y.J., 2000: The screening and pattern comparison of organic acids in 3 kinds of medicinal herbal extracts. Korean
J. Food Sci. Technol. 32, 997-1001.
COIMBRA, M.C., JORGE, N., 2012: Fatty acids and bioactive compounds of
the pulps and kernels of Brazilian palm species, guariroba (Syagrus oleraces), jerivá (Syagrus romanzoffiana) and macaúba (Acrocomia aculeata). J. Sci. Food Agr. 92, 679-684. DOI: 10.1002/jsfa.4630
CUNNANE, S.C., A NDERSON, M.J., 1997: The majority of dietary linoleate in
growing rats is β-oxidized or stored in visceral fat. J. Nutr. 127, 146-152.
DARIOS, F., DAVLETOV, B., 2006: Omega-3 and omega-6 fatty acids stimulate
cell membrane expansion by acting on syntaxin 3. Nature. 440, 813-817.
DOI: 10.1038/nature04598
DERMIKI, M., P HANPHENSOPHON, N., MOTTRAM, D.S., M ETHVEN, L., 2013:
Contributions of non-volatile and volatile compounds to the umami taste
and overall flavour of shiitake mushroom extracts and their application
as flavour enhancers in cooked minced meat. Food Chem. 141, 77-83.
DOI: 10.1016/j.foodchem.2013.03.018
FARAG, M.A., 2009: Chemical composition and biological activities of
Asimina triloba leaf essential oil. Pharm Biol. 47, 982-986.
DOI: 10.1080/13880200902967995
GLEW, R.H., VANDERJAGT, D.J., LOCKETT, C., GRIVETTI, L.E., SMITH,
G.C., PASTUSZYN, A., MILLSON, M., 1997: Amino acid, fatty acid, and
mineral composition of 24 indigenous plants of Burkina Faso. J. Food
Compos. Anal. 10, 205-217. DOI: 10.1006/jfca.1997.0539
GU, Z.M., ZHOU, D., LEWIS, N.J., WU, J., JOHNSON, H.A., MCLAUGHLIN, J.L.,

GORDON, J., 1999: Quantitative evaluation of annonaceous acetogenins
in monthly samples of paw paw (Asimina triloba) twigs by liquid chromatography/electrospray ionization/tandem mass spectrometry. Phytochem. Analysis. 10, 32-38.
DOI: 10.1002/(sici)1099-1565(199901/02)10:1<32::aid-pca433>3.0.co;2-d
GUY, C.L., HUBER, J.L., HUBER, S.C., 1992: Sucrose phosphate synthase and
sucrose accumulation at low temperature. Plant Physiol. 100, 502-508.
DOI: 10.1104/pp.100.1.502
JANG, H.L., HONG, J.Y., K IM, N.J., K IM, M.H., SHIN, S.R., Yoon, K.Y.,
2011: Comparison of nutrient components and physicochemical properties of general and colored potato. Korean J. Hortic. Sci. Technol. 29,
144-150.
JANG, H.L., Yoo, M., NAM, J.S., 2016: Comparison of nutritional compositions between amaranth baby-leaves cultivated in Korea. J. Korean Soc.
Food Sci. Nutr. 45, 980-989. DOI: 10.3746/jkfn.2016.45.7.980
K AUL, S., SHARMA, S.S., M EHTA, I.K., 2008: Free radical scavenging potential of L-proline: evidence from in vitro assays. Amino Acids. 34,
315-320. DOI: 10.1007/s00726-006-0407-x
KOBAYASHI, H., WANG, C., POMPER, K.W., 2008: Phenolic content and
antioxidant capacity of pawpaw fruit (Asimina triloba L.) at different
ripening stages. HortScience. 43, 268-270.
LEE, P.R., TAN, R.M., YU, B., CURRAN, P., LIU, S.Q., 2013: Sugars, organic
acids, and phenolic acids of exotic seasonable tropical fruits. Nutr. Food
Sci. 43, 267-276. DOI: 10.1108/00346651311327927
LEVINE, R.A., R ICHARDS, K.M., T RAN, K., LUO, R., T HOMAS, A.L.,
SMITH, R.E., 2015: Determination of neurotoxic acetogenins in pawpaw
(Asimina triloba) fruit by LC-HRMS. J. Agric. Food Chem. 63, 10531056. DOI: 10.1021/jf504500g
MAURIZI, A., DE MICHELE, A., R ANFA, A., R ICCI, A., ROSCINI, V., COLI,
R., BODESMO, M., BURINI, G., 2015: Bioactive compounds and antioxidant characterization of three edible wild plants traditionally consumed
in the Umbria Region (Central Italy): Bunias erucago L. (corn rocket),
Lactuca perennis L. (mountain lettuce) and Papaver rhoeas L. (poppy).
J. Appl. Bot. Food Qual. 88, 109-114. DOI: 10.5073/JABFQ.2015.088.015
MCCAGE, C.M., WARD, S.M., PALING, C.A., F ISHER, D.A., F LYNN, P.J.,
MCLAUGHLIN, J.L., 2002: Development of a paw paw herbal shampoo
for the removal of head lice. Phytomedicine. 9, 743-748.
DOI: 10.1078/094471102321621377
MCLAUGHLIN, J.L., 2008: Paw paw and cancer: Annonaceous acetogenins
from discovery to commercial products. J. Nat. Prod. 71, 1311-1321.
DOI: 10.1021/np800191t
MITCHELL, H.L., 1936: Trends in the nitrogen, phosphorus, potassium and
calcium content of the leaves of some forest trees during the growing
season. Black Rock For. Pap. 1, 30-44.
MOSKOWITZ, H.R., 1970: Ratio scales of sugar sweetness. Perception &
Psychophysics. 7, 315-320. DOI: 10.3758/bf03210175
MUCHA, A.P., A LMEIDA, C.M.R., BORDALO, A.A., VASCONCELOS, M.T.S.,
2005: Exudation of organic acids by a marsh plant and implications
on trace metal availability in the rhizosphere of estuarine sediments.
Estuarine, Coastal Shelf Sci. 65, 191-198.
DOI: 10.1016/j.ecss.2005.06.007
NWOFIA, G.E., OJIMELUKWE, P., EJI, C., 2012: Chemical composition of
leaves, fruit pulp and seeds in some Carica papaya (L) morphotypes. Int.
J. Med. Aromat. Plants. 2, 200-206.
PAN, A., CHEN, M., CHOWDHURY, R., WU, J.H., SUN, Q., CAMPOS, H.,
MOZAFFARIAN, D., HU, F.B., 2012: α-Linolenic acid and risk of cardiovascular disease: a systematic review and meta-analysis. Am. J. Clin.
Nutr. 96, 1262-1273. DOI: 10.3945/ajcn.112.044040
PANDE, G., A KOH, C.C., 2010: Organic acids, antioxidant capacity, phenolic
content and lipid characterisation of Georgia-grown underutilized fruit
crops. Food Chem. 120, 1067-1075.
DOI: 10.1016/j.foodchem.2009.11.054
P EREIRA, C., BARROS, L., CARVALHO, A., F ERREIRA, I.C., 2013: Use of
UFLC-PDA for the analysis of organic acids in thirty five species of
food and medicinal plants. Food Anal. Methods. 6, 1337-1344.

Nutritional composition of different organs from pawpaw (Asimina triloba)
DOI: 10.1007/s12161-012-9548-6
POMPER, K.W., LAYNE, D.R., 2005: The North American pawpaw: botany
and horticulture. Hortic. Rev. 31, 351-384.
DOI: 10.1002/9780470650882.ch7
ROHLOFF, J., ULEBERG, E., NES, A., K ROGSTAD, T., NESTBY, R., M ARTINUSSEN, I., 2005: Nutritional composition of bilberries (Vaccinium
myrtillus L.) from forest fields in Norway – Effects of geographic origin,
climate, fertilization and soil properties. J. Appl. Bot. Food Qual. 88,
274-287. DOI: 10.5073/JABFQ.2015.088.040
RUTHIG, D.J., MECKLING -GILL, K.A., 1999: Both (n-3) and (n-6) fatty acids
stimulate wound healing in the rat intestinal epithelial cell line, IEC-6.
J. Nutr. 129, 1791-1798.
T EMPLETON, S.B., MARLETTE, M., POMPER, K.W., JONES, S.C., 2003:
Favorable taste ratings for several pawpaw products. Horttechnol. 13,
445-448.
T ERÉS, S., BARCELÓ -COBLIJN, G., BENET, M., A LVAREZ, R., BRESSANI, R.,
H ALVER, J.E., ESCRIBA, P.V., 2008: Oleic acid content is responsible for
the reduction in blood pressure induced by olive oil. Proc. Natl. Acad.
Sci. 105, 13811-13816. DOI: 10.1073/pnas.0807500105
USUNOMENA, U., SAMUEL, E.I., 2016: Phytochemical analysis, mineral composition and in vitro antioxidant activities of Celosia argentea leaves.

55

Int. J. Sci. World. 4, 19-22. DOI: 10.14419/ijsw.v4i1.6064
YANG, C., KO, B., H ENSLEY, C.T., JIANG, L., WASTI, A.T., K IM, J.,
SUDDERTH, J., CALVARUSO, M.A., 2014: Glutamine oxidation maintains
the TCA cycle and cell survival during impaired mitochondrial pyruvate
transport. Mol. Cell. 56, 414-424. DOI: j.molcel.2014.09.025
Address of the corresponding authors:
Young Ha Rhee, Department of Microbiology and Molecular Biology,
Chungnam National University, 99 Daehak-ro, Yuseong-gu, Daejeon 34134,
Republic of Korea
E-mail: yhrhee@cnu.ac.kr
Hye-Lim Jang, Food Analysis Research Center, Suwon Women’s University,
1098 Juseok-ro, Bongdam-eup, Hwaseong, Gyeonggi 18333, Republic of
Korea
E-mail: forest2852@hanmail.net
© The Author(s) 2018.
This is an Open Access article distributed under the terms
of the Creative Commons Attribution Share-Alike License (http://creativecommons.org/licenses/by-sa/4.0/).

