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Abstract: The hot and cold extracted virgin coconut oil (VCO) has been subjected to 
the various quality parameters. There was a no significant difference in iodine value, 
saponification value, refractive index, fatty acid profile, specific gravity, and moisture 
content of hot extracted virgin coconut oil (HEVCO), cold extracted virgin coconut 
oil (CEVCO), and copra oil (CCO) samples. The phenolic components of the HEVCO, 
CEVCO, and CCO were found to be 650.35 ± 25.11 μg/g, 401.23 ± 20.11 μg/g, and 
182.82 ± 15.24 μg/g, respectively. The antioxidant activity ranged from 80 to 87% 
in HEVCO, 65 to 70% in CEVCO, and 35 to 45% in CCO. The results showed that VCO 
obtained from hot extraction process contained more total polyphenol, antioxidant 
activity, tocopherol, phytosterol, monoglycerides, and diglyceride content in com-
parison to CEVCO and CCO samples.

Subjects: Bioscience; Food Science & Technology; Mathematics & Statistics

Keywords: iodine value; saponification value; refractive index; fatty acid profile; specific 
gravity; hot extracted VCO; cold extracted VCO

1. Introduction
Virgin coconut oil (VCO) (oil which is obtained from fresh, mature kernel of the coconut by mechani-
cal or natural means, with or without the use of heat and devoid of chemical refining process, i.e. 
refined, bleached, deodorized) is one of the emerging products in Indian oil market and is gaining lot 
of importance among consumers due to its medicinal and other valuable properties which is only 
next to virgin olive oil (Villarino, Dy, & Lizada, 2007). Due to increase in public awareness of health, it 
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is expected in near future that VCO will gain a significant importance and consumption growth in the 
market. The demand for this oil continues to rise, which can be attributed to its superior flavor, and 
potential health benefits. The consumption of VCO lowered the lipid components compared to copra 
oil (CO) by reducing total cholesterol, triglycerides (TG), phospholipids, low density lipoprotein (LDL), 
and very LDL levels and increase the high-density lipoprotein in serum and tissues (Nevin & 
Rajamohan, 2004).

Animal experiments suggested that, rats fed with diets containing these coconut oils for 45 days 
exhibits increased levels of antioxidant enzymes (Nevin & Rajamohan, 2006). Among the coconut oil 
producing countries, India is placed third after Philippines and Indonesia (FAO, 2004). The USA, 
Canada, Europe, Asia, Australia, and South Africa are importing VCO from South Pacific countries 
(Muralidharan & Jayashree, 2011). Coconut oil has distinct yellow color, perceptible aroma, while 
VCO is almost colorless and has an acid flavor (Dayrit et al., 2007; Villarino et al., 2007). As per Codex 
Alimentarius (2006) and Asian Pacific Coconut Community (APCC, 2006), it can be concluded that 
VCO has same physicochemical properties like iodine value, saponification value, moisture, and oth-
er parameters almost similar to normal coconut oil. The fatty acid compositions of both the types of 
oil are almost similar (Marina, Che Man, Nazimah, & Amin, 2009a). However, some researchers re-
ported higher lauric acid in VCO than normal coconut oil, but this difference is not considerable, be-
cause it may vary with location, variety of crop (Laureles et al., 2000), age of nuts (Balleza & Sierra, 
1976) and time of harvesting (Carandang, 2008). To differentiate the VCO from refined coconut oil 
(RCO) many methods have been used, among them P31 NMR was found to be more reliable and also 
it has been found that, 1-monoglycerides was higher in VCO (0.027%) than RCO (0.019%) and total 
sterols were more in VCO (0.096%) compared to RCO (0.032%), while diglyceride was lower in VCO 
(1.55%) than RCO (4.10%) (Dayrit, Buenafe, Chainani, & de Vera, 2008).

Still due to the lack of rapid method availability and simplicity there is needed to establish the 
demarcation between VCO and CCO in terms of bioactive components. The present study has been 
designed to compare the bioactive components in VCO extracted by cold and hot process with nor-
mal available CCO.

2. Materials and methods

2.1. Extraction of VCO
VCO can be extracted directly from the fresh coconut meat or from coconut milk because it contains 
high amount of polyphenol, tocopherol, phytosterol, polyphenols, monoglycerides, and radical scav-
enging activity. It involves two major steps: production of coconut milk and extraction of oil. 
Extraction of oil can be done by two ways, cold and hot extraction process.

2.2. Preparation of coconut milk
The production of coconut milk involves selection of 100 nut, dehusking (49.99  kg), splitting 
(41.97 kg), deshelling (25.32 kg), washing, three times pulverization/gratting (25.86 kg), and milk 
extraction (18L). Fully matured 10–11 months old coconut nuts were selected for VCO production. As 
an indicator of maturity of the nut, the husk will be yellowish to brown in color and makes a sloshing 
sound when shaken. By a special type of tool the shell was removed and two halves kernel was 
scoop out by knife. The testa of coconut kernel removed by testa remover machine. The coconut 
kernel free from testa was fed to the mechanical grating machine (contain rotating blades). Coconut 
milk was extracted from the grated coconut meat using manually operated hydraulic coconut milk 
press. The coconut milk obtained from the first extraction was collected separately and residue was 
utilized for second and third extraction. Pool the first, second, and third milk extracts by stirring vig-
orously for few minutes.

2.3. Preparation cold extracted VCO
In cold extraction method, coconut milk was allowed to stand for 20–24 h. Under favorable condi-
tions (35–40°C, 75% relative humidity), the oil separated from the water and the protein. The 
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airborne lactic acid bacteria, which has the capability to break the protein bonds, act on the coconut 
milk mixture causing the VCO separation. By proper operating conditions (temperature & relative 
humidity maintenance) and sanitary precautions (hygiene condition) were strictly followed, four 
distinct layers could be visible in the container after settling for 20–24 h. The bottom layer was made 
up of gummy sediment. The next layer was the watery, fermented skim milk that is no longer fit for 
human consumption. The next layer was the separated oil for recovery as VCO. The top layer was 
floating fermented curd. The fermented curd also contained a considerable amount of trapped oil. 
By carefully separating the distinct layers, the oil can be separated. The separated oil contained 
some adhering particles of fermented curd and it need filtration. Oil was filtered through sterilized 
filter paper placed in big funnel.

2.4. Preparation of hot extracted VCO
Coconut milk is an emulsion of oil and water that is stabilized by protein. To recover the oil from co-
conut milk, the protein bond had to be broken by heat in double-walled boiler known as VCO cooker 
under slow heating to coagulate the protein and release the oil. Separate the Class A oil from the 
protenacious residue (kalkam) by straining the mixture through a muslin cloth. The remaining 
kalkam can be further slow heated to remove more oil (Class B). The iodine value, saponification 
value, specific gravity, refractive index, moisture content, and fatty acid composition were deter-
mined by AOCS (1990). The quantitative bioactive components like tocopherol (Edisbury, Gillow, & 
Taylor, 1954), phytosterol (Sabir, Hayat, & Gardezi, 2003), polyphenols (Singleton, Orthofer, & 
Lamuela-Raventós, 1999), monoglycerides (Hartman & Esteves, 1976), and radical scavenging activ-
ity (Karioti, Hadjipavlou-Litina, Mensah, Fleischer, & Skaltsa, 2004) were analyzed in hot extracted 
virgin coconut oil (HEVCO), cold extracted virgin coconut oil (CEVCO), and CCO.

3. Results and discussion

3.1. Difference in iodine value, saponification value, specific gravity, refractive index, 
and moisture content
Iodine value, saponification value, specific gravity refractive index, and moisture content are sum-
marized in Table 1 which showed no significant change in CEVCO, HEVCO, and CCO. The iodine value 
refers to the percentage by weight of molecular iodine, I2, absorbed by an oil or fat and is a standard 
procedure for determining the amount of unsaturation in an oil sample. In the present study, the io-
dine value obtained for the VCO samples in a range of 7.0–8.6 g I2/100g oil which is in agreement with 
APCC standard, but it cannot differentiate all the three types of coconut oil. The similar results were 
applicable for saponification value, specific gravity, refractive index and match the results obtained 
from VCO samples of Malaysia and Indonesia (Marina et al., 2009a). The saponification value is a 
measure of the average molecular weight of all the fatty acids present. The higher the saponification 
value, the shorter the fatty acids on the glycerol backbone. Fatty acid profile of the VCO as well as CCO 
samples showed little difference and this could be the reason for similar saponification values, spe-
cific gravity, refractive index, and moisture content of CEVCO, HEVCO, and CCO (Marina et al., 2009a).

Table 1. Color, refractive Index, saponification value (mg KOH/g oil), iodine value (gI2/100g oil), 
specific gravity, and moisture (%) of HEVCO, CEVCO, and CCO

Notes: Mean ± SD (n = 30); Mean values with the same superscript letters within the same row do not differ significantly 
(p ≤ 0.05).

Chemical parameters HEVCO CEVCO CCO
Color (Lovibond) 0.1R+0.5Y 0.1R+0.1Y 0.1R+0.5Y

Refractive index at 40°C 1.4480 ± 0.0001a 1.4480 ± 0.0001a 1.4480 ± 0.0001a

Saponification value 254.89 ± 1.02a 253.84 ± 1.01a 251.68 ± 1.03a

Iodine value 7.86 ± 0.12a 8.58 ± 0.11a 7.48 ± 0.11a

Specific gravity at 30°C 0.915 ± 0.03a 0.915 ± 0.01a 0.915 ± 0.02a

Moisture 0.09 ± 0.01a 0.08 ± 0.01a 0.08 ± 0.01a
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3.2. Changes in fatty acid profile of VCO samples
The fatty acid profile of VCO is presented in Table 2. The fatty acid composition was as expected and 
comparable to the fatty composition of coconut oil according to APCC. Lauric acid was the most 
dominant fatty acid and ranged from 48 to 51%. In this study changes in the fatty acid composition 
has not been observed in CEVCO, HEVCO, and commercial coconut oil (CCO). This could be due to 
same geographical origin and ecological conditions. This finding is in the agreement with Banzon 
and Resurreccion (1979) in which no changes were observed in the fatty acid distribution in samples 
of coconut oil obtained by heating, fermentation, freeze thawing, and solvent extraction. The similar 
results were also reported by Marina et al. (2009a) in various VCO samples obtained from Malaysia 
and Indonesia.

3.3. Changes in polyphenol content and antioxidant activity in VCO samples
The 30 batches of VCO samples (prepared in different lot of coconut) have been analyzed for various 
quality parameters. The value obtained for various bioactive compounds present in CEVCO, HEVCO, 
and CCO tabulated in Table 3. The phenollic component of the HEVCO, CEVCO, and CCO were found 
to be 650.35 ± 25.11 μg/g, 401.23 ± 20.11 μg/g, and 182.82 ± 15.24 μg/g, respectively. The results 
indicate that polyphenols were higher in HEVCO than CEVCO and CCO. Higher temperatures favor the 
incorporation of more phenolic substances which may be the reason for higher phenolic substances 
in HEVCO. It has already been reported that due to application of temperature (100°C) during extrac-
tion leads to evaporation of water from coconut milk emulsion and incorporation of phenolic sub-
stances (Marina, Che Man, Nazimah, & Amin, 2009b; Seneviratne & Sudarshana Dissanayake, 2008). 
In the CEVCO the phenollic substances are not properly incorporated due to the mild temperature 
conditions. However, in the hot extraction method the temperature of the coconut milk emulsion 
reaches above 100°C.

Table 2. Fatty acid composition (%) of HEVCO, CEVCO, and CCO

 Notes: Mean ± SD (n = 30), Mean values within the same superscript letters within the same row do not differ 
significantly (p ≤ 0.05).

Fatty acid CEVCO HEVCO CCO
Caproic (C6:0) 0.45 ± 0.01a 0.35 ± 0.02a 0.42 ± 0.01a

Capryllic (C8:0) 7.10 ± 1.01b 7.87 ± 0.10b 6.46 ± 1.11b

Capric (C10:0) 5.55 ± 0.82c 6.07 ± 0.62c 5.63 ± 0.58c

Lauric (C12:0) 50.00 ± 0.11s 49.55 ± 0.33s 48.50 ± 0.21s

Myristic (C14:0) 18.01 ± 0.93z 17.03 ± 1.02z 18.09 ± 1.42z

Palmitic (C16:0) 7.05 ± 0.81w 8.02 ± 0.08w 9.41 ± 0.21r

Stearic (C18:0) 2.42 ± 0.01q 2.71 ± 0.12q 3.89 ± 0.44q

Oleic (C18:1) 7.26 ± 1.02g 7.01 ± 1.01g 6.12 ± 1.03g

Linoleic (C18:2) 1.66 ± 0.31j 1.39 ± 0.24j 1.48 ± 0.11j

Table 3. Tocopherol (μg/g), polyphenols (μg/g), antioxidant activity (%), monoglycerides (%), 
and phytosterol (μg/g) content in HEVCO, CEVCO, and CCO

 Notes: Mean ± S.D (n = 30); Mean values within the same superscript letters in the same row do not differ significantly 
(p ≤ 0.05).

Chemical parameters HEVCO CEVCO CCO
Tocopherol 17.87 ± 2.11a 27.65 ± 3.09b 3.72 ± 1.02c

Polyphenols 650.35 ± 25.11a 401.23 ± 20.11b 182.82 ± 15.24c

Antioxidant activity 85.12 ± 2.12a 68.33 ± 3.09b 39.32 ± 2.03v

Monoglycerides 1.65 ± 0.21f 2.89 ± 0.32g 0.31 ± 0.01u

Phytosterol 2.86 ± 0.01a 2.25 ± 0.11a 0.24 ± 0.09h
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The concentration of the phenolic substances increases when the water in the emulsion evapo-
rates during the hot extraction process. The results were in agreement with the study reported by 
Seneviratne and Sudarshana Dissanayake (2008) and Marina et al. (2009b) in coconut oil extracted 
under cold and hot conditions. In order to compare the composition of phenolic substances HPLC 
experiments were carried out for the phenolic extracts of HEVCO, CEVCO, and CCO.The chromato-
grams of the phenolic extracts of CEVCO, HEVCO, and CCO are given in Figure 1. The concentrations 
of gallic acid, ferullic, epicatechin, catechin, chlorogenic, caffeic acid, homovallin, vanillic acid, rutin, 
p-coumaric acid, quercetin, and sinapic were higher in HEVCO than CEVCO (Table 4). In CEVCO and 
CCO, chlorogenic, epicatechin, caffeic, homovallin, rutin, p-coumaric, and quercetin were not de-
tected. In general, less phenolic acids were detected in CCO in comparison to CEVCO and HEVCO 

Figure 1. Typical diagram of 
FTIR spectra for HEVCO, CEVCO, 
and CCO.
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Table 4. Concentration of phenolic acids (μg/g) in HEVCO, CEVCO, and CCO

 Notes: Mean ± SD (n = 30); Mean values within the same superscript letters in the same row do not differ significantly 
(p ≤ 0.05).
ND: not detected.

Phenolic acids HEVCO CEVCO CCO
Gallic acid 25.29 ± 1.11a 18.01 ± 1.16b 1.06 ± 0.05c

Ferullic 12.83 ± 0.94x 2.36 ± 0.32y ND

Catechin 18.15 ± 0.93d 12.35 ± 1.03h 0.21 ± 0.02o

Chlorogenic 1.55 ± 0.11 ND ND

Epicatechin 2.62 ± 0.24 ND ND

Caffeic 1.59 ± 0.12 ND ND

Homovallin 2.58 ± 0.16 ND ND

Vallinic 1.80 ± 0.09s 1.03 ± 0.06f ND

Rutin 5.90 ± 0.11 ND ND

p-coumaric 0.53 ± 0.06 ND ND

Sinapic 3.35 ± 0.13p 1.89 ± 0.14q ND

Quercetin 1.62 ± 0.09 ND ND
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because some phenolic compounds were lost or degraded during the refining process. Similar, 
trends were also reported by Seneviratne and Sudarshana Dissanayake (2008) in CEVCO as HEVCO 
samples. According to Caponio, Gomes, and Pasqualone (2001), cultivar and ecological location af-
fected the distribution of phenolic compounds. However, in the present study VCO was obtained 
from the same source. Thus, the loss of some phenolic compounds could be the different extraction 
methods or due to formation of insoluble complexes with other substances such as protein during 
extraction (Dia, Garcia, Mabesa, & Tecson, 2005). Earlier, Marina et al. (2009b) reported that proto-
catechuic acid, vanillic acid, caffeic acid, syringic acid, ferulic acid, and p-coumaric acid detected in 
coconut oil by fermented and chilling technique. Table 3 shows the antioxidant activity of VCO sam-
ples. The antioxidant activity ranged from 80 to 87% in HEVCO, 65 to 70% in CEVCO, and 35 to 45% 
in CCO. The highest antioxidant activity was observed in HEVCO in comparison to CEVCO and CCO. 
This difference in antioxidant activity of VCO samples may be due to the presence of phenolic com-
ponents as a result of difference in processing methods. The results were comparable with the study 
reported by Dia et al. (2005) and Marina et al. (2009b) in different VCO samples.

3.4. Changes in tocopherols in VCO samples
Very low amount of the tocopherol obtained in all CCO samples in comparison to VCO samples. 
Amoung VCO samples CEVCO contained more tocopherol than HEVCO. There was no literature avail-
able for the amount of tocopherol in VCO samples, whereas few literatures is available on the to-
copherol content in RCO, i.e. 7 μg/g (Lambertsen, Myklestad, & Brækan, 1962). The reason may be 
that tocopherol is actually found in the coconut testa (the thin brown layer that clings to the white 
coconut meat) and since coconut testa was removed in the production of VCO, it was logical that the 
VCO samples contain only trace amount in tocopherol (Marina et al., 2009a).

3.5. Changes in phytosterol, monoglycerides, and diglyceride content in VCO samples
Monoglycerides exists in certain oils mainly as a result of enzymatic splitting of triglycerides. In the 
present study, the monoglycerides in VCO samples were more than the CCO samples. Among VCO 
samples, CEVCO contained more monoglycerides than HEVCO and CCO (Table 3). Plant oils are con-
centrated source of phytosterol which compete with the absorption of cholesterol in the body and 
thus has the ability to lower down the body cholesterol. In the present study, both the VCO samples 
contained high phytosterol content in comparison to CCO. Our findings from this study supports 
previous work by Sabir et al. (2003), i.e. 0.08 mg/g and Okpuzor et al. (2009) which showed that phy-
tosterol content 1.64 mg/g in coconut oil.

3.6. Quantitative determination of the diglycerides and sterol amount in HEVCO, 
CEVCO, and CO samples

3.6.1. Optimization of phosphitylation reaction
The reagent 2-cholro-4,4,5,5 tetramethyldioxa phospholane (2-CITMDOP) has been shown to react 
quickly and quantitatively with hydroxyl functional groups (Figure 2.). The derivatives of 2-CITMDOP 
generate simple phosphorus-31 NMR spectrum due to the absence of protons within three bonds of 
the phosphorus atom of the reagent moiety. The alcohols containing one chiral center (viz. pinaco-
lyl alcohol) generate a single NMR signal due to formation of enantiomeric products. Chemical shifts 
and 3JP-H values are very characteristic and the signals are well-dispersed and appear at val-
ues > 130 ppm. Therefore, they do not interfere with the analysis of other organophosphorus com-
pounds. Presence of four methyl groups of the derivatives significantly reduces spin–lattice 
relaxation times of the phosphorus nuclei. Therefore, 2-CITMDOP was selected from the various 
reagents reported in the literature for the phosphitylation of the hydroxyl functions. The study was 
based on the derivatization of the labile hydrogens of hydroxyl groups of the DG with 2-CITMDOP 
according to the reaction shown in Figures 2 and 3. The 2-CITMDOP reacts rapidly and quatitatively 
under mild conditions with hydroxyl groups. It should be noted that reagent 2-CITMDOP also reacts 
quantitavely with other functional groups such as carboxylic and aldehydic hydrogens according to 
the reaction.
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3.6.2. Quantification of 1-monoglycerides, 1,2-diglycerides, 1,3-diglycerides, and sterols 
in CEVCO, HEVCO, and CCO
The plant seed oils contain triglycerides which account for the majority of the weight of the oil, while 
the minor constituents include monoglycerides (MGs), diglycerides (DGs), and sterols. The presence 
of these minor constituents may vary depending on the processing, storage, and age of the oil 
(Dayrit et al., 2008). Diglycerides (DGs), minor constituent of VCO, found in the form of 1,2-diglycer-
ides (1,2-DGs) and 1,3-diglycerides (1,3-DGs). Generally, 1,2-DGs arise from the incomplete biosyn-
thesis of triglycerides or by enzymatic hydrolysis (lipolysis) of TGs, while 1, 3-DGs form by isomerization 
of 1,2-DGs during extraction process. It may provide an idea to discriminate the quality of oils pre-
pared by different processing methods; so, it is considered as the best index to check the quality of 
oils (Hitchcock & Nichols, 1971; Pérez-Camino, Moreda, & Cert, 2001). The present investigation has 
been designed for the qualitative and quantitative differentiation among CCO, CEVCO, and HEVCO by 
31P NMR spectroscopy on the basis of their chemical shifts and coupling constants using coconut oil 
blank matrix. Using the NMR experimental conditions, phospholane derivatives of 1-monoglycerides, 
1,2-diglycerides, 1,3-diglycerides, and sterols were synthesized individually with 2-CITMDOP for the 
experiments.

The quantitative analysis of all the compounds was performed by primary ratio method and sys-
tem stability for the quantitative analysis was also checked by determining specific detector 

Figure 2. Typical diagram of DSC 
thermogram of crystallization 
peak (a) and melting peak (b) in 
HEVCO, CEVCO, and CCO.
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response factors of the phosphitylated derivatives of 1-monoglycerides, 1,2-diglycerides, 1,3-diglyc-
erides, and sterols at different concentrations. The four-point calibration curves of 1-monoglycerides 
(0.49–3.89  mg/ml), 1, 2-diglycerides (0.47–3.75  mg/ml), 1,3-diglycerides (0.67–5.35  mg/ml), and 
sterols (0.75–6.03 mg/ml) were plotted against benzoic acid as internal standard from freshly phos-
phitylated solution. The calibration curves were found to have excellent linearity with regression 
coefficient (R2) ≥ 0.99. Straight calibration curves representing a direct linear relationship between 
analytical response and standard concentrations were obtained (Figure 4). A typical 31P NMR spec-
trum of 1-monoglycerides, 1,2-diglycerides, 1,3-diglycerides, and sterols standard shown in Figure 5, 
while Figures 6–8 depicted spectrum of CEVCO, HEVCO, and CCO. The peak at δ 136.348 belongs to 
the internal standard (benzoic acid), while at δ 175.00 related to 2-CITMDOP which ensure complete 
phosphitylization. 31P chemical shifts of the phosphorylated derivatives of 1-monoglycerides, 1,2-di-
glycerides, 1,3-diglycerides, and sterols were 148.82; 147.34, 149.274, 147.578, and 145.765 mg/ml, 
respectively. The results are in agreement with the study reported by Dayrit et al. (2008) in VCO. The 
excellent resolution between the 31P chemical shifts of the mono and diglycerides permits a reliable 
quantification of these compounds in CEVCO, HEVCO, and CCO. The quantitative 31P NMR data of 
1-monoglycerides, 1,2-diglycerides, 1,3-diglycerides, and sterols in CEVCO, HEVCO, and CCO are 

Figure 3. HPLC chromatogram 
of the phenolic fraction of 
CEVCO (a), CCO (b), and HEVCO 
(c).

Figure 4. Reaction of 
hydroxyl groups of DG with 
2-chloro4,4,5,5-tetramethyl-
1,3-dioxa-2-phospholane 
(2-CITMDOP) & Structures of 
different phosphitylated mono 
and diesters of glycerol.
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Figure 5. A typical 31P NMR 
spectrum of standard 
1-monoglycerides (1-MG), 1, 
2-diglycerides (1, 2-DGs), 1, 
3-diglycerides (1, 3-DGs), and 
sterols.

Figure 6. A typical 31P NMR 
spectrum of HEVCO showing 
1-monoglycerides (1-MG), 1, 
2-diglycerides (1, 2-DGs), 1, 
3-diglycerides (1, 3-DGs), and 
sterols.

Figure 7. A typical 31P NMR 
spectrum of CEVCO showing 
1-monoglycerides (1-MG), 1, 
2-diglycerides (1, 2-DGs), 1, 
3-diglycerides (1, 3-DGS), and 
sterols.
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tabulated in Table 5. The results revealed that 1, 2 DG content was more in CEVCO, HEVCO, than CCO. 
The sterol content was found to be higher in HEVCO than CEVCO and CCO. The obtained value was 
less in comparison to the data reported by Vigli, Philippidis, Spyros, and Dais (2003) and Dayrit et al. 
(2008) in coconut oil. This may due to the varietal and ecological changes in coconut.

4. Conclusion
Among the two VCO (hot and cold extraction process) and CCO samples, there was a no significant 
difference in iodine value, saponification value, refractive index, fatty acid profile, specific gravity, 
and moisture content. Further total polyphenol, antioxidant activity, tocopherol, phytosterol, mono-
glycerides, and diglyceride content in both HEVCO and CEVCO samples are significantly higher than 
CCO samples. In comparison to both the oils HEVCO found to be better in terms of polyphenol, phy-
tosterol, monoglycerides, and diglyceride. The higher amount of polyphenol, phytosterol, monoglyc-
erides, and diglyceride content gives a significant medicinal value in terms of diabetes and 
hyperlipidemia. Therefore, VCO has a wide future scope as functional oil. It can be incorporated in 
various products for fortification.

Abbreviations

HEVCO hot extracted virgin coconut oil

CEVCO cold extracted virgin coconut oil

CCO copra oil

Figure 8. A typical 31P NMR 
spectrum of CCO showing 
1-monoglycerides (1-MG, 1, 
2-diglycerides (1, 2-DGs), 1, 
3-diglycerides (1, 3-DGS), and 
sterols.

Table 5. Concentration of 1-monoglycerides (mg/ml), 1, 2-diglycerides (mg/ml), 1, 
3-diglycerides (mg/ml), and sterols (mg/ml) in HEVCO, CEVCO, and CCO by 31P NMR

 Notes: Mean ± SD (n = 30); Mean values within the same superscript letters in the same column do not differ 
significantly (p ≤ 0.05).

Sample Sterols 1,2 DG 1,3 DG 1-MG
HEVCO 0.573 ± 0.059a 5.387 ± 0.31a 1.906 ± 0.08a 1.355 ± 0.11a

CEVCO 0.426 ± 0.08a 4.483 ± 0.72a 1.292 ± 0.12a 1.391 ± 0.08a

CCO 0.162 ± 0.21b 1.534 ± 0.26b 0.696 ± 0.04h 0.110 ± 0.01g
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