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Abstract. The present research was aimed to study the chemical compositions of Passiflora
edulis Sims seed oil, including the fatty acid, sterols, triglycerides, and tocopherols. The oil
content of the seeds was 24.88 % (w/w) by using the Soxhlet method and mainly consisted of
linoleic acid (-6, 66.94 %) and oleic acid (-9, 18.86 %). Sterols (2935.35 mg/kg),
triglycerides (monomer TAG, 74.11 %) and tocopherols (18.04 mg/kg) were also determined by
using 10C and ISO methods. The findings demonstrate that P. edulis seed oil could be used in
the food and cosmetic industries.
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1. INTRODUCTION

Passiflora edulis Sims (Passifloraceae), a popular tropical fruit throughout the world is
usually used for juice production [1]. In Viet Nam, P. edulis is popularly cultivated in Tay
Nguyen, Nghe An and Son La with areas of over ten thousand hectares. The P. edulis extracts
were found to possess biological activities, including antioxidant [2], antifungal [3] and
compounds from the seeds of P. edulis were found to inhibit melanogenesis and promote
collagen synthesis [4]. Previous studies on chemical constituents of P. edulis seeds showed the
presence of stilbenoids [4, 5], oil and tocopherols [6].

P. edulis seeds accounted for 6-12 % of fruit weight and they were used for the treatment of
constipation and hemorrhoids [7]. P. edulis seed oil belonged to the polyunsaturated oil class,
containing greater linoleic acid (65-70 %) and oleic acid (15-20 %) [8] similar to most of the
commercial edible oils, i.e., sunflower, soybean, and corn oil [9]. Linoleic acid and oleic acid are
important in human food because of its prevention of certain cardiovascular diseases [10]. They
also find application in the food, perfume and aroma industries [11]. In spite of the number of
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studies that have been performed [7, 12], there has been no investigation of chemical compositions
and antioxidant activity of P. edulis seed oil cultivated in Viet Nam. Therefore, this paper
describes the fatty acid, sterols, triglycerides and tocopherols profiles from P. edulis seed oil.

2. MATERIALS AND METHODS

2.1. Plant materials

The seeds of Passiflora edulis Sims were provided by Nafoods Group JSC (Nghe An
Province, North Viet Nam) in 2016 and identified by botanist Dr. Nguyen Quoc Binh, Viet Nam
National Museum of Nature, VAST, Ha Noi, Viet Nam. A voucher specimen (C-573) was
deposited in the Herbarium of the Institute of Natural Products Chemistry, VAST.
2.2. Oil extraction

The oil was obtained from P. edulis seeds by Soxhlet extraction according to the
International Organization for Standardization (1ISO) method [13]. Briefly, 10 g of dry seeds was
grinded in a ball mill and extracted with 200 mL of hexane by the Soxhlet apparatus at 60 -70 °C
for 6 h. After extraction, the solvent was removed to obtain 2.488 g of oil (24.88 %).
2.3. Analysis of fatty acid, sterol, triacylglycerol and tocopherol profiles

2.3.1. Fatty acid composition

Fatty acid was determined by gas chromatography followed by the 1SO standard method
with some modifications [14].

2.3.2. Sterol profile

Sterol was determined according to the International Olive Oil Council (I00C) method
[15]. To identify the individual peaks of sterols, the determination of relative retention times
(RRT) for sterols was carried out according to the majority compound of sterols (S-sitosterol),
knowing that RRT (p-sitosterol) equal to 1 as described by COI [16].
2.3.3. Triglyceride profile

Triglyceride (TG) molecular species profile was elucidated according to the International
Olive Council (IOC) method of analysis [17], using the RP-HPLC instrument (Agilent
technology, 1200 series).
2.3.4. Tocopherol profile

Tocopherol was determined by HPLC analysis as described previously in [18].

3. RESULTS AND DISCUSSION

3.1. Fatty acid composition
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The P. edulis seed oil was obtained using the Soxhlet extraction system. It was found that
the kernel of P. edulis seeds contains 24.88 % (w/w) of oil (Table 1). The oil yield of P. edulis
seeds cultivated in Viet Nam was higher than that of P. edulis seed in China (23.40 %) [19],
Kenya (18.4 %) [6], and lower than that of P. edulis f. flavicarpa seeds (30.39 %) in Brazil [20].

The fatty acid compositions were analyzed by gas chromatography and summarized in
Table 1. It exhibited a great variation of the composition. The P. edulis seed oil contained
common fatty acids in different proportions, such as the saturated fatty acids (SFA) like palmitic
acid (8.56 %) and the unsaturated fatty acids (UFA) like oleic acid (18.86 %) or linoleic acid
(66.94 %). In the P. edulis seed oil, the UFA content was relatively high (89.25 %). The fatty
acid profile of P. edulis seed oil, having a higher UFA content and a low percentage of SFA is
considered ideal for edible oil, indicating that P. edulis seed oil can be employed in cooking,
potentially used as salad oil and used in the preparation of margarine and mayonnaise. The
content of linoleic acid was also high in the studied sample (66.94 %). Oleic acid (C18:1 n-9) is
the most common dietary monounsaturated fatty acid, found in most animal fats, including
poultry, beef and lamb, as well as olives, nuts, seed, and corn. P. edulis seed oil displayed
relatively low content of oleic acid at 18.86 %. In addition, other monounsaturated fatty acids
found in P. edulis seed oil including C16:1 (n-7), C18:3 (n-3), C20:1 (n-11) and C20:2 (n-6)
were only in very low quantities (< 1 % of total fatty acids).

Table 1. Fatty acid composition (%) of Passiflora edulis seed oil.

N,  Retention time (min) Fatty acid Values (%)
1 10.321 Miristic (C14:0) 0.06
2 14.228 Palmitic (C16:0) 8.56
3 15.243 Palmitoleic (C16:1) 0.19
4  16.731 Magaric (C17:0) 0.09
5 19.621 cis-Vaccenic (C18:1) 251
6 19.765 Stearic (C18:0) 0.03
7 20.705 Oleic (C18:1) 18.86
8 22.758 Linoleic (C18:2) 66.94
9 25.045 Linolenic (C18:3) 0.44
10 26.062 Araquidic (C20:0) 0.13
11 27.228 Eicosenoic (C20:1) 0.12
12 29.413 Eicosadienoic (C20:2) 0.03
13 33.059 Behenic (C22:0) 0.06
14 37.763 Squalene 0.08
Saturated fatty acid (SFA) 8.93
Unsaturated fatty acid (UFA) 89.25
Other 1.82
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The linoleic acid content (66.94 %) from P. edulis seed oil cultivated in Viet Nam was
lower than that of P. edulis Sims (72.69 %) in China [18], P. edulis Sims var. edulis (74.39 %) in
Uganda [21], P. edulis f. flavicarpa (73.14 %) in Brazil [20] and was similar to that of P. edulis
Sims var. flavicarpa (67.89 %) in Uganda [21].

3.2. Physical and chemical properties of P. edulis seed oil

The physical and chemical properties of the oil obtained from the seed of P. edulis are
shown in Table 2.

Table 2. Physical and chemical properties of P. edulis seed oil.

Property Values
Specific gravity (d*) 0.892
Refractive index (n%) 1.472
Acid value (mg KOH/qg oil) 2.160
Peroxide value (mmol/kg) 3.602
Saponification value (mg KOH/g oil) 174.96
lodine value (g 1,/100 g oil) 125.77

The acid value is the measure of the quantity of fatty acids in the oil. A higher fatty acid
value (2.160) was observed in P. edulis oil. This reflects the high fatty acid content of the oil.
lodine value measures the unsaturation of fats and oils. The iodine value of P. edulis seed oil
was found to be 125.77. P. edulis seed oil shows a low saponification value (174.96). The
refractive index (1.472) of the oil is in the range with the values obtained for some conventional
oils such as soybean oil (1.466-1.470) [22] and is similar to that of P. edulis Sims (1.4731) in
China [19]. This property suggests that oil can be used in studies relating to optics [23].

3.3. Sterol composition

Total phytosterols are present in amounts from 0.1 to 0.3% of total oil. These values are in
agreement with those already described for walnuts and are in the same range of those found in
olive, peanut, and hazelnut oils but lower than those found in the majority of other oils [24]. The
identified compounds are listed in Table 3. Results showed that the phytosterols (2935.35 mg/kg)
of P. edulis seed oil were higher than that of P. edulis Sims (2090 mg/kg) in Kenya [6]. Several
typical sterols were predominant in the studied sample, including campesterol, stigmasterol, j-
sitosterol, A*#-stigmastadienol, and A®-avenasterol (Table 3). g-sitosterol (1112.68 mg/kg), the
major sterol in P. edulis seed oil was also higher than that of P. edulis Sims (870.2 mg/kg) in
Kenya [6]. p-sitosterol was reported to have anti-hypercholesterolemic, anti-inflammatory, anti-
bacterial, anti-fungal, anti-hyperlipoproteinemic activities and inhibited carcinogenesis [25].

The contents of campesterol (353.49 mg/kg), stigmasterol (910.70 mg/kg) and A°-
avenasterol (146.53 mg/kg) in the seed oil of P. edulis were also higher than that of P. edulis
Sims in Kenya (282 mg/kg for campesterol, 871 mg/kg for stigmasterol and 69 mg/kg for A°-
avenasterol) [6].
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Table 3. Sterol compositions (%) of P. edulis seed oil.

No Retention time (min)  Sterol Content (mg/kg)

1 36.257 Cholesterol 8.18

2 36.727 Cholestanol -

3 38.277 Brassicasterol 72.76

4 41.240 24-Methylencholesterol 3.65

5 41.567 Campesterol 353.49

6 41.937 Campestanol 53.55

7 43.023 Stigmasterol 910.70

8 44.133 A’-Campesterol 22.37

9 45.050 A>%-Stigmastadienol 12.95

10 45.480 Clerosterol 11.54

11 45.907 p-Sitosterol 1112.68

12 46.213 Sitostanol 57.39

13 46.573 A®-Avenasterol 146.53

14 47.573 A>*-Stigmastadienol 17.09

15 48.290 A'-Stigmastenol 75.26

16 48.950 A’-Avenasterol 77.20
Total 2935.35

(-): not detected.

3.4. Triglyceride (TG) composition

The qualitative and quantitative of TG contents can be used as markers for the detection of
oil adulteration [26]. The percentage content of TG in P. edulis seed oil is shown in Table 4. The
most frequent TG is monomer triacylglycerol (TAG, 74.31 %), diglyceride (11.49 %) and free
fatty acids (FFA, 8.85 %). These results suggested that P. edulis seed oil contains a high amount
of monomer TAG (74.31 %).

Table 4. Triglyceride compositions (%) of oil extract from P. edulis seed.

N, Retentiontime (min)  Triglyceride type Values (%)
1 24.550 Monomer TAG 74.31
2 25.367 Diglyceride 11.49
3 26.717 Monoglyceride 147
4 28.867 FFA 8.85
5 29.533 Glycerin 0.85
Other 3.03
Total 100
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3.5. Tocopherol composition of P. edulis seed oil

A further important criterion for the assessment of seed oil was the content of tocopherol.
The major tocopherols in the P. edulis seed oil were found to be y-T (5.55 mg/kg) and &-T (9.37
mg/kg) (Table 5). The total tocopherol (18.04 mg/kg) in P. edulis oil was lower than that of P.
edulis Sims (465 mg/kg) in China [19] and P. edulis f. flavicarpa (499.30 mg/kg) in Brazil [20].
The 8-T (9.37 mg/kg) in P. edulis oil was higher than that of sunflower (9.2 mg/kg), canola (6.1
mg/kg) oils [27] and lower than that of P. edulis Sims (243 mg/kg) in China [18] and P. edulis
f. flavicarpa (278.70 mg/kg) in Brazil [20].

Table 5. Tocopherol compositions of P. edulis seed oil.

N, Retention time (min) Compounds Values (mg/kg)
1 12532 a-T 0.34
2 16.849 a-T3 0.29
3 24605 B-T 2.49
4  26.163 v-T 5.55
5 39.793 ST 9.37
Total tocopherols 18.04

The quantity and nature of tocopherols naturally present in such unsaturated oils is of
crucial importance regarding their oxidative stability. Tocopherols are natural antioxidants and
depending on their nature, they can differ in their antioxidant capacity. Indeed, y-tocopherols and
d-tocopherols are believed to be better antioxidant than a-and B-tocopherols [28]. Therefore, one
can expect P. edulis seed oil to be protected against oxidation because of high amounts of y-and
d-tocopherols.

4. CONCLUSION

In this work, the fatty acid, sterol, triglyceride and tocopherol compositions from the P.
edulis seed oil cultivated in Viet Nam were investigated for the first time. The P. edulis seeds
contained a high amount of oil (24.88 %, w/w). The major monounsaturated and saturated fatty
acids were linoleic acid (66.94 %) and oleic acid (18.86 %). Steroids were predominant in the P.
edulis seed oil, including several typical sterols such as campesterol, stigmasterol, s-sitosterol,
A>®._stigmastadienol, and A’-avenasterol. S-sitosterol was the major sterol (1112.68 mg/kg) in P.
edulis seed oil. The most frequent TG is monomer TAG (74.31 %), diglyceride (11.49 %), and
free fatty acids (FFA, 8.85 %). The total of tocopherols in P. edulis seed oil was 18.04 mg/kg
and the major tocopherols were found to be y-T (5.55 mg/kg) and 3-T (9.37 mg/kg).
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