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Abstract
Background: Recently, there is increasing demand for consumption of natural and healthy foods. Fruits (and watermelon among them)
are believed to contain variety of dietary phytochemicals that may have beneficial effect on human health. Objective: The aim of this
study was to prepare three samples from watermelon fruit (of Saudi origin ) and to determine proximate composition, mineral, vitamin,
flavonoids and beta sitosterol contents of the three samples. Methodology:  Three samples were prepared from interior pulp region,
exterior pulp region and from the rind of watermelon fruit. Proximate composition was determined by conventional official methods,
analytical determination of minerals was performed by ICP-MS (inductively coupled plasma-mass spectrophotometer), vitamins and
flavonoids were determined by High Performance Liquid Chromatography (HPLC) and $-sitosterol by Gas Chromatography (GC) 
techniques. Statistical analysis was performed by using SPSS software. Results:  Moisture (ranged from 85-95%) was the predominant
component in the samples. Carbohydrates ranged from 62.00-87.14% in dry weight basis, while fat content was low in the three
watermelon samples. Potassium was the predominant mineral and ranged from 100.50-489.24 mg/100 g, vitamin C ranged between
2.50-8.30 mg/100 g, vitamin B6 0.060-0.150 mg/100 g and vitamin E 0.01-0.04 mg/100 g in the three watermelon samples. $-carotene
concentration was high in the interior pulp (0.610 mg/100 g) compared to that in the rind (0.120 mg/100 g). Rutin was the only flavonoid
detected in watermelon fruit, rutin concentration in the interior pulp sample was 1.66 mg/100 g. $-sitosterol is a phytosterol found in all
parts of watermelon fruit, ranging from 0.140-0.627 mg/100 g. Conclusion:  The results of this study may highlight the potential of
watermelon fruit as a source of nutrients and anti-oxidants that may be considered for human nutrition and health.
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INTRODUCTION

Citrullus  lanatus  (watermelon) family Cucurbitaceae¹ is
one of the largest fruit crop in the world, in 2013 watermelon
global production approximated 109 million tons².
Watermelon fruit is composed of flesh (68%), seeds (2%) and
rind approximately 30% of the total mass of the fruit³. The
sweet interior flesh of watermelon fruit is usually deep red or
pink and in sometimes orange, yellow or may be green if not
ripe4. Basic macronutrients of watermelon fruit include
carbohydrates, protein, dietary fiber and fat and their
percentages in wet weight basis were 7.50, 0.61, 0.40 and
0.15%, respectively5. Also, watermelon fruit is considered as a
rich source of vitamins A, B, C and E and minerals K, mg, Ca
and Fe and antioxidants e.g., phenolics and carotenoids6.
Further, Tlili et al.7  described watermelon fruit as one with
high natural antioxidant capacity. Flavonoids have recently
found more attention because of their suggested roles against
free radicals. Kaempferol is one of the bioflavonoids and found
in plants and plant-derived foods8. Quercetin is a type of
bioflavonoid antioxidant abundant in the human diet e.g.,
onions are considered as a rich source of querectin9 . Another
flavonoid is rutin which has a wide range of pharmacological
properties (e.g., antioxidative activity) that had been
evidenced in human medicine and nutrition10.  $-sitosterol is
a predominant phytosterol used to treat heart diseases,
hypercholesterolemia and prevention of some other
diseases11. Beneficial effects of watermelon fruit may be due
to its content of bioactive compounds that have antioxidant
or anti inflammatory properties12. Example of such bioactive
compounds in watermelon fruit is citrulline (an amino acid)
that may influence atherosslerosis13. The aim of the present
study was to prepare three samples from different parts of
watermelon fruit (of Saudi origin) and to determine proximate,
mineral, vitamin, flavonoids and sitosterol compositions of
watermelon fruit samples.

MATERIALS AND METHODS

Materials: Ripe fruits of watermelon (Citrullus lanatus) were
collected from local farms in Riyadh region, Saudi Arabia. All
chemicals and reagents used in this study were of analytical
grade.

Methods
Preparation of watermelon samples: Three watermelon
samples were extracted from three different parts of the fruit;
sample Watermelon Interior Pulp (WMIP) from the interior
flesh or pulp, sample WMIP from  the  exterior  flesh  or  pulp

and  sample Watermelon Rind (WMR ) prepared from the rind
or peel of watermelon fruit. Each sample was collected from
10 fruits, mixed together, then cut into small pieces and used
fresh for analysis or dried at 50EC for 48 h using air oven, the
dried samples were ground to a fine powder and stored at 4EC
for further analysis.

Proximate composition: Moisture, protein (N×6.25), fat,
crude fiber and ash contents of watermelon samples were
determined by the standard methods of association of official
analytical chemists14 .

Mineral determination: Watermelon samples were prepared
for mineral analysis using wet digestion method14. The
analytical determination of the minerals (K, Mg, Mn and Fe)
was carried out by ICP-MS (Inductively coupled plasma-mass
spectrophotometer)  ELAN  9000  (Perkin  Elmer Sciex
Instruments, Concord, Ontario, Canada). The operation
conditions and the calibration of the instrument were
followed  as  found  in  the instructions of the instrumental
(IPC-MS) manual.

Vitamin determination: The analytical procedures described
by Sami et al.15  for vitamins determination were followed with
modifications. The HPLC-grade solvents were used and water
used for HPLC was prepared with millipore simplicity
instrument.  All vitamins standards were of chromatography
grade and were purchased from Sigma chemical company
USA, the running conditions were as follows:

C Mobile phase: For vitamin E: 92% methanol+8% distilled
water, vitamins B, B6 and C: 30% methanol+70%
phosphate butter. $-carotene: 40% acetonitrile+10%
ethanol+50% distilled water

C Column:   Vitamin   E   and   $-carotene:   Symmetry  C18
75 mm×4.6 mm×3.5 µm column operated at 30EC.
vitamin E, B, B6: EC 250/4 Nucleodur 100-5 C18ec column
operated at 30EC

C Detector: For all vitamins: waters UV/visible 2489-285 nm
detector was used

C Sample size: Volume of 20.0 µL was used for all vitamins

Flavonoids determination: Quantitative Reversed-Phase High
Performance Liquid Chromatography (RP-HPLC) method with
UV detection developed by Olszewska16 for the quantification
of flavonoids was followed for determination of kaempferol,
quercetin and rutin in watermelon samples with some
modifications:

C Mobile phase: 50% methanol+49% distilled water+1%
acetic acid

503



Pak. J. Nutr., 16 (7): 502-507, 2017

C Column:  EC 150/3 nucleodur polar Tec 5 µm operated at
30EC

C Detector:  Waters UV/visible 3489-365 nm
C Flow rate: 1.0 mL minG1, samples size: 20.0 µL
C Standard: Rutin standard 2.40 ppm, quercetin standard

2.25 ppm and kaempferol standard 1.10 ppm

Sitosterol determination: For determination of b-sitosterol
from watermelon samples the official method14 No 994.10 was
followed using Gas Chromatography (GC) and the running
conditions as follows:

C Mobile phase: Helium
C Column:  Restek Rxi 5SII  MS  30  m×0.25  mm×0.25 µm,

operated at 300EC
C Detector: Shimadzu GC 2010 plus with FID and detector

gases: Zero air and hydrogen
C Sample size: 2.0 µL
C Standard: Beta-sitosterol standard 173.0 ppm

Statistical analysis: Analyses were carried out in triplicate and
data were expressed as Mean±Standard Deviation.  Duncan's
multiple range test (using SPSS Software 17.0) was performed
to determine differences (p<0.05) between means.

RESULTS AND DISCUSSION

Proximate composition of watermelon: Values of moisture,
protein,  fat,  fiber,  ash  and  carbohydrates  for  watermelon
fruit fleshy parts (WMIP, WMEP) and the rind (WMR) are
presented in Table 1. Moisture is the predominant component
in the   three   samples   in   wet   weight   basis,   ranging   from
85.98-95.00%. While carbohydrates content for the three
samples is  high  ranged  from  62.00-87.14%  in  dry  weight

basis. Approximately 82% of carbohydrates in the flesh of
mature watermelon fruit are sugars, fructose, glucose and
sucrose are the main sugars present5. Fat contents for the
three  watermelon  samples  (Table  2)  were  the  lowest
compared  to   other   components   and   ranged   between
0.64 and  1.09%  in  dry  weight  basis.  Proximate  composition
of the  flesh  or  pulp  of  watermelon  fruit  was  reported as
95.51, 0.55, 0.43 and 6.8% for moisture, protein, fat and
carbohydrates, respectively17. While Al-Sayed and Ahmed18

reported the composition of watermelon rind in dry weight
basis for ash, fat, protein and carbohydrates as 13.09, 2.44,
11.17 and 56.00%, respectively. The fiber content of the rind
of watermelon fruit (sample WMR) was calculated in dry
weight basis to be 18.54% and this value is high than the fiber
content in sample WMIP and WMEP.  Consumption of fiber
foods has been most extensively studied regarding health
benefits19.

Mineral composition of watermelon samples: The
concentrations of the minerals (K, Mg, Mn and Fe) in the three
watermelon samples are shown in Table 2. Potassium
concentration in flesh of watermelon fruits (samples WMIP
and WMEP) and in the rind (WMR) is remarkably high
compared to the other minerals. Leterme et al.20 stated that k
presented an average of 32% of the total mineral content of
samples of tropical fruits and unconventional foods
investigated. The mineral composition of  sample  WMIP
(Table 2) is very comparable to that of watermelon flesh where
K, Mg, Mn and Fe  concentrations  were  reported  as  112, 
10.0, 0.04 and 0.24 mg/100 g, respectively5. The rind (sample
WMR) contained higher  levels  of  the  minerals  investigated
in this study as compared  to  sample  WMIP  and  WMEP
(Table 2). Huang et al.21 reported levels of K, Mg, Mn and Fe in
the rind  of  watermelon  fruit  as   107.48,   3.50,  0.19   and
0.35 mg/100 g, respectively and  in  the  flesh  as  20.85,  1.88,

Table 1: Proximate composition (%) of watermelon fruit samples in wet weight basis
Watermelon samples Moisture Protein Fat Fiber Ash Carbohydrates**
WMIP 90.82±0.235b* 0.60±0.020b 0.10±0.006b 0.20±0.035c 0.28±0.030c 8.00

(6.54)*** (1.09) (2.18) (3.05) (87.14)
WMEP 95.00±0.120a 0.12±0.010c 0.05±0.050b 0.60±0.040b 1.13±0.055b 3.10±0.115

(2.40) (1.00) (12.0) (22.60) (62.00)
WMR 85.98±0.105c 0.94±0.006a 0.09±0.010a 2.60±0.070a 1.32±0.030a 9.07±0.155

(6.92) (0.64) (18.54) (9.42) (64.48)
WMIP: Watermelon interior pulp, WMEP: Watermelon exterior pulp, WMR: Watermelon rind or peel, *Mean±Standard Deviation (N = 3). Means with different letters
in the same column are significantly different (p<0.05). **Carbohydrates calculated by difference, ***Protein, fat, fiber, ash and carbohydrates values between brackets
are calculated in dry-weight basis

Table 2: Mineral composition of watermelon fruit samples (mg/100 g dry samples)
Watermelon samples Potassium (K) Magnesium (Mg) Manganese (Mn) Iron (Fe)
WMIP 100.50±1.955*c 12.18±0.286c 0.039±0.0251b 0.188±0.0115b

WMEP 489.24±9.715a 14.65±0.595b 0.043±0.0058b 0.092±0.0070c

WMR 447.33±2.205b 34.90±1.043a 0.240±0.0250a 0.611±0.0125a

*Means±Standard Deviation (N = 3). Means with different letters in the same column are significantly different (p<0.05)
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Table 3: Vitamins content of watermelon fruit samples (mg/100 g fresh weight)
Watermelon samples Vitamin C Vitamin B6 Vitamin B1 $-carotene Vitamin E
WMIP 8.30±0.2520*a 0.070±0.100b ** 0.610±0.0300a 0.040±0.0000a

WMEP 2.50±0.0100c 0.060±0.0100b - - 0.010±0.0000c

WMR 5.35±0.058b 0.150±0.0300a - 0.120±0.000b 0.020±0.0000b

*Means±Standard Deviation (N = 3). Means with different letters in the same column are significantly different (p<0.05). **Not detected

Table 4: Flavonoids and $-sitosterol contents of watermelon fruit (mg/100 g fresh weight)
Watermelon samples Kaempferol Quercetin Rutin $-sitosterol
WMIP ** - 1.660±0.0700* 0.300±0.0300b

WMEP - - - 0.627±0.0152a

WMR - - - 0.140±0.0200c

*Means±Standard Deviation (N = 3). Means with different letters in the same column are significantly different (p<0.05). **Not detected

0.05  and   0.29   mg/100  g, respectively. They concluded that
rind of watermelon fruit contains higher levels of the minerals
investigated compared to the flesh of watermelon fruit.

Vitamin content of watermelon samples:  Vitamin C, B6, E and
$-carotene were determined in the three watermelon samples
(Table 3). Vitamin C concentration ranged between 2.50 and
8.30 mg/100 g in watermelon fruit pulp (samples WMIP and
WMEP), while in the rind (WMR) vitamin C concentration is
5.35 mg/100 g fresh weight. These results are a little lower
than  that  reported  by  Johnson  et  al.22  for  vitamin C in
watermelon  pulp  and  rind.  They  found  vitamin  C
concentration to be 9.39 and 7.63 mg/100 g fresh weight in
watermelon pulp and rind, respectively. Vitamin B6
concentration in sample WMR (Table 3) is higher than vitamin
B6 concentration in sample WMIP and WMEP and the flesh or
pulp in  this  study  contains  comparable  amount  of vitamin
B6 as reported  by  ESHA5  for  the flesh of watermelon fruit
(0.06 mg/100 g fresh weight). Vitamin E levels for the three
samples (WMIP,  WMEP,  WMR) are lower than that reported
for watermelon fruit by Chun et al.23. They found vitamin E
concentration in watermelon (expressed as total tocopherol
and tocotrienol) to be 0.06 mg/100 g edible weight. The
provitamin A ($-carotene) concentration of the interior pulp
(WMIP) is much higher than that of the rind (WMR) as shown
in Table 3 and values of $-carotene in this study are much
higher  than  the  values  of  $-carotene  as reported by
Johnson et al.22 for fresh watermelon pulp and fresh
watermelon rind (15 and 76.9 mg/100 g, respectively). The
antioxidant properties of watermelon fruit are evidenced by
the presence of vitamin C, E, lycopene and $-carotene which
help to neutralize free radicals and prevent oxidative stress
and its related diseases4.

Flavonoids and sterols content in watermelon fruit: Three
flavonoids were determined in watermelon fruit in this study
(kaempferol, quercetin and rutin) as shown in  Table  4.  Only

rutin was detected in WMIP or interior pulp sample. The value
of rutin in WMIP sample was found to be 1.66 mg/100 g fresh
weight. The values of rutin in dry fruits of apple and sweet
cherry were 170 and 180 mg/100 g, respectively as reported
by Atanassova and Bagdassarian24. Rutin is a flavonol glycoside
and in vitro and in vivo  studies showed the antioxidant and
anti-inflammatory properties of rutin and its role in the
metabolism of glucose and lipids25.

$-sitosterol  content  in  WMEP  sample  is  higher than
that in WMIP or WMR samples (Table 4). Values  of $-sitosterol
of  watermelon  sample  in  the  present  study  are  lower than
$-sitosterol levels in watermelon, banana, orange and avocado
fruits reported by Duester26 as 1, 11, 17 and 76 mg/100 g
edible weight, respectively. $-sitosterol and other phytosterols
function as anticholesterolemic agent, lowering cholesterol in
the serum by mechanism involves inhibition of cholesterol
absorption in the intestines and decreasing of cholesterol
synthesis in the liver27 .

CONCLUSION

Flesh or pulp and rind are the parts of watermelon fruit
that analyzed for macro- and micronutrients, flavonoids and
$-sitosterol in this study. The results showed that watermelon 
fruit  contains  high  percentages  of moisture and 
carbohydrates  and  low  percentage  of  fat.  Potassium (and
some other minerals) and vitamins C, E and B6 found in
variable amounts in watermelon samples. $-carotene found 
in  high  amount  in  the  interior  flesh  or  pulp. Rutin (a
flavonoid and antioxidant) detected only in the interior pulp
sample. While $-sitosterol (phytosterol) found in all parts of
watermelon fruit. Nutrients and antioxidants investigated in
the present study may make watermelon fruit a reliable food
source with regard to human nutrition and health.

SIGNIFICANCE STATEMENTS

This study discovers the potential of Saudi cultivar
watermelon fruit as  a  source  of  phytochemicals  that  can be
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beneficial for human nutrition. This study will help the
searcher  to  uncover  the  critical  areas  of  food applications
that can use watermelon fruit chemical constituents. Thus,
new information about watermelon fruit macro and
micronutrients   can   be   obtained   and   used   in  a practical
way.

ACKNOWLEDGMENTS

The author wishes thank to the Scientific Council
Secretariat at Princess Nourah Bint Abdulrahman University
(PNU) Riyadh, the KSA, for logistical support.

REFERENCES

1. Wani, A.A., D.S. Sogi, P. Singh, I.A. Wani and U.S. Shivhare,
2011. Characterisation and functional properties of
watermelon (Citrullus lanatus) seed proteins. J. Sci. Food
Agric., 91: 113-121.

2. FAOSTAT., 2016. Statistics. Food and Agriculture Organization
of United Nations, Rome, Italy.

3. Romdhane,    M.B.,    A.    Haddar,    I.    Ghazala,    K.B.   Jeddou,
C.B. Helbert and S. Ellouz-Chaabouni, 2017. Optimization of 
polysaccharides  extraction  from  watermelon  rinds:
Structure, functional and biological activities. Food Chem.,
216: 355-364.

4. Arshiya,  S.,   2013.  The  antioxidant  effect  of  certain  fruits:
A review. J. Pharm. Sci. Res., 5: 265-268.

5. ESHA.,  2017.  The  food  processor,  version  10.12.0.
Watermelon Nutritional Profile, ESHA Research, Salem,
Oregan, USA.

6. Perkins-Veazie, P., J.K. Collins and B. Chevidence, 2007.
Watermelons and health. Acta Hortic., 731: 121-128.

7. Tlili,  I.,  C.  Hdider,   M.S.   Lenucci,   I.   Ridah,   H.   Jebari  and
G. Dalessandro, 2011. Bioactive compounds and antioxidant
activities of different watermelon (Citrullus lanatus (Thunb.)
Mansfeld) cultivars as affected by fruit sampling area. J. Food
Comp. Anal., 24: 307-314.

8. Miean, K.H. and S. Mohamed, 2001. Flavonoid (myricetin,
quercetin, kaempferol, luteolin and apigenin) content of
edible tropical plants. J. Agric. Food Chem., 49: 3106-3112.

9. Yoo, K.S., E.J. Lee and B.S. Patil, 2010. Quantification of
quercetin  glycosides  in  6  onion  cultivars  and comparisons
of hydrolysis HPLC and spectrophotometric methods in
measuring  total   quercetin   concentrations.   J.   Food  Sci.,
75: C160-C165.

10. Al-Dhabi, N.A., M.V. Arasu, C.H. Park and S.V. Park, 2015. An
up-to-date review of rutin and its biological and
pharmacological activities. EXCLI J., 14: 59-63.

11. Saeidnia,  S.,   A.   Manayi,  A.R.  Gohari  and  M.  Abdollahi,
2014. The  story  of  $-sitosterol-A  review. Eur. J. Med. Plants,
4: 590-609.

12. Figueroa, A., M.A. Sanchez-Gonzalez, P.M. Perkins-Veazie and
B.H. Arjmandi, 2011. Effects of watermelon supplementation
on aortic blood pressure and wave reflection in individuals
with   prehypertension:   A   pilot   study.  Am.  J.  Hypertens.,
24: 40-44.

13. Poduri, A., D.L. Rateri, S.K. Saha, S. Saha and A. Daugherty,
2013.  Citrullus  lanatus    sentinel  (watermelon) extract
reduces   atherosclerosis   in   LDL   receptor-deficient   mice.
J. Nutr. Biochem., 24: 882-886.

14. AOAC., 2005. Official Methods of Analysis. 18th Edn.,
Association of  Official  Analytical  Chemists,  Washington,
DC., USA.

15. Sami, R., Y.  Li,  B.  Qi,  S.  Wang  and  Q.  Zhang et al., 2014.
HPLC  analysis   of   water-soluble   vitamins   (B2,   B3,   B6,
B12  and   C)   and   fat-soluble   vitamins   (E,   K,   D,   A  and 
$-carotene) of Okra (Abelmoschus esculentus). J. Chem.
10.1155/2014/831357.

16. Olszewska,  M.,  2007.  Quantitative  HPLC  analysis of
flavonoids  and  chlorogenic  acid  in  the  leaves  and
inflorescences   of   Prunus   serotina   Ehrh.   Acta
Chromatographica, 19: 253-269.

17. USDA., 2003. Chemical composition of watermelon. USDA
Food Composition Databases, Agricultural Research Service,
United States Department of Agriculture, USA.

18. Al-Sayed, H.M.A. and A.R. Ahmed, 2013. Utilization of
watermelon  rinds  and  sharlyn  melon  peels  as  a  natural
source of dietary fiber and antioxidants in cake. Ann. Agric.
Sci., 58: 83-95.

19. Malkki,   Y.,   2001.   Physical   properties   of   dietary  fiber as
keys   to    physiological    functions.   Cereal   Foods  World,
46: 196-199.

20. Leterme, P., A. Buldgen, F. Estrada and A.M. Londono, 2006.
Mineral content of tropical fruits and unconventional foods
of  the  Andes  and the rain forest of Colombia. Food Chem.,
95: 644-652.

21. Huang,  Y.,  L.  Zhao,  Q.  Kong,  F.  Cheng  and  M.  Niu et al.,
2016.  Comprehensive  mineral  nutrition  analysis  of
watermelon grafted onto two different rootstocks. Hortic.
Plant J., 2: 105-113.

22. Johnson, J.T., J.A. Lennox, V.P. Ujong, M.O. Odey, W.O. Fila,
P.N. Edim and K. Dasofunjo, 2013. Comparative vitamins
content of pulp, seed and rind of fresh and dried watermelon
(Citrullus lanatus). Int. J. Sci. Technol., 2: 99-103.

23. Chun, J., J. Lee, L. Ye, J. Exler and R.R. Eitenmiller, 2006.
Tocopherol and tocotrienol contents of raw and processed
fruits and vegetables in the United States diet. J. Food Comp.
Anal., 19: 196-204.

506



Pak. J. Nutr., 16 (7): 502-507, 2017

24. Atanassova,   M.  and   V.   Bagdassarian,   2009.   Rutin content
in  plant   products.  J.   Univ.   Chem.   Technol.  Metallurgy,
44: 201-203.

25. Seo, S., M.S. Lee, E. Chang, Y. Shin, S. Oh, I.H. Kim and Y. Kim,
2015. Rutin increases muscle mitochondrial biogenesis with
AMPK activation in high-fat diet-induced obese rats.
Nutrients, 7: 8152-8169.

26. Duester,      K.C.,      2001.      Avocado      fruit      is     a      rich  
source        of       $-sitosterol.      J.      Am.      Dietetic      Assoc.,
101: 404-405.

27. Moghadasian,   M.H.   and   J.J.   Frohlich,   1999.  Effects of
dietary   phytosterols    on    cholesterol    metabolism    and 
atherosclerosis:     Clinical     and      experimental      evidence. 
Am. J. Med., 107: 588-594.

507


	PJN.pdf
	Page 1


