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Production of Virgin Coconut Oil (VCO) and Refined Bleached Deodorized
Coconut Oil (RBDCO)
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Volatile Organic Compounds (VOCs) of Coconut Oil
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The VOCs are responsible for the aroma of VCO. The VOCs can come from the coconut meat itself, the process of
production, and from degradation processes that occur before, during, and after oil separation.




Research Objectives

= |dentify and quantify the VOCs from VCO samples which were produced
using three processes - fermentation, centrifuge, and expeller - as well as

refined, bleached and deodorized coconut oil (RBDCO). VCO samples
were also collected during on-site observation of each production process.

= Analyze the VOC profiles from various stages of VCO production, as well as
old VCO samples,

= Correlate VOC profile to the production process




Methodology

Solid phase microextraction
(SPME) was employed to
collect the volatile organic l
l compounds present in the
headspace of the oil
samples. |j TI Collected VOCs were desorbed
Ij TI into the injector port of GCMS
that will analyze each
I 1 compound.
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Results: VCO Samples

Exposure time2 before Method of moisture removal from  Method of particles removal

Sample oil separation raw VCO from raw VCO Sterilization/ Heat treatment
F1-1 . Tubular centrifuge and fine  Hot water for dilution of milk;
F1-2 >24 firs Tubular centrifuge cloth filtragcion UV light on oil
Fo-1 <24 hours Tubular centrifuge and vacuum Tubular centrifuge Hot water for dilution of milk
F22 drying s
IE;__; <24 hours Vacuum drying 0.5 to 1.0-micron bag filtration None
8:; <24 hours Disc centrifuge Paper filter Hot s\{\gggc?o%id in
Eg:; <8 hours Disc centrifuge None None
(C:;-Zl <8 hours Settling and vacuum drying Settling Blanching of coconut meat
E1-1 <& el Settling, disc centrifuge, and Settling and 0.5 to 1.0-micron Oven-drying of ground
F1-2 demoisturizer bag filtration coconut meat
E2-1 : , Settling, Pressure filter with Oven-drying of grated
. <8hours Settling and vacuum drying & e Doyl O Bt
Eg:; <8hours Vacuum drying Filter press Oveg—odcrc))/innugc %‘e%rtound




Results: Major VOCs of VCO

The major VOCs of VCO can be classified into three subgroups: carboxylic acids, ethyl carboxylates and delta-
lactones. These are the same groups that can be found in coconut meat and shreds.

(o] 0 0 0
A AR SN
OH Ao OH OH ethyl dodecanoate
acetic acid n-hexanoic acid n-octanoic acid n-decanoic add S-octalactone —»
(‘1 ﬂ ﬂ b-tetradecalactone
LOH AT AU e W e e T AN TN N T dodecanoic
n-dodecanoic acid n-tetradecanoic acid ethyl octanoate
. . O-dodecalactone
0 ) 0 acetic acid
I [ I l
NN NN SN NN SN L : :
0 0 0 tetradecanoic acid
ethyl decanoate ethyl dodecanoate ethyl tetradecanoate
6-decalacton l
0 (0] 0 0 0
I I | I
0 r\o 0 0 r\o 5
-caprolactone
‘\ \A/\ \)\/\/\ \)\/\/\/\ \)\/\/\/\/\ syl retahoate

3

ethyl decangate
S-caprolactone 3-octalactone S-decalactone S-dodecalactone Setradecalactone octanmc ac|d
h-decanoic acid
hexanoic acid l
LL.IL —l LLL LL ‘
A .I A H A As
30

0 10 Retention time (min) 40 24 i




Results: Major VOCs

« Thirteen compounds were frequently
observed (>50%) across all samples
analyzed.

« The major VOCs except acetic acid
and n-hexanoic acid were not found
in the RBDCO samples.

« There is wide variability in the
normalized areas per VOC, especially
in expeller samples.

Range of relative amounts (based on normalized areas of
the components in the GC-MS TIC) of the of the major

VOCs in VCO from different processes (CEN, centrifugation;

EXP, expeller; FER, fermentation) and of RBDCO. The

numbers on top of every box represent the number of times

the particular VOC was detected. (The total number of
samples per category are 9 for CEN, EXP and FER, and 5
for RBDCO)
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Results: Minor VOCs
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Range of relative amounts (based on normalized areas of the components in the GC-MS TIC) of
the of select minor VOCs in VCO from different processes (CEN, centrifugation; EXP, expeller;
FER, fermentation) and of RBDCO. The numbers on top of every box represent the number of
times the particular VOC was detected. The total number of samples per category are 9 for
CEN, EXP and FER, and 5 for RBDCO. The x mark is a datapoint beyond the scale of the graph

Pyrazines were observed only from from
expeller samples

Ketones, in particular 3-hydroxy-2,3-
butanone (acetoin) and 2-heptanone
were detected at significant amounts in
expeller samples; these key ketones
were not found in RBDCOs

Various aldehydes were detected in
VCOs and RBDCOs

There is a wide variability in the
normalized area of ethyl acetate in
Expeller VCO and RBDCO.




Results: Minor VOCs & M W
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« Minor VOCs detected in fermentation and butanal hoxanal Conanal
centrifuge samples are benzoic acid, butanoic o,
acid and pentadecanoic acid. O Q

»  Other ketones detected include 2- MO 0
pentadecanone and 2-undecanone +hexane luons

« Hydrocarbons like alkanes and alkenes were

observed especially in RBDCO samples; the I Q
NN
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Results: Principal Component Analysis (PCA)
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Results: Discussion

- The major VOCs of VCO, except - The VCO process can affect the
acetic ac|i<d corlne_rsl% from tft;e relative amounts of the major
coconut kernel. These substance VOCs that will transfer from the
are extracted by the oil during VOCS of VCO and RBDCO kernel to the oil.
production - The process also affects the type

- These are removed during the Coconut of minor VOCs in the VCO
refinement, deodorization and Kernel products.
bleaching process. Thus, these i - Pyrazines found only in expeller
are no longer found in RBDCOs. ~ samples can be produced if there

Production is heat involved.
Process - Acetic acid and a variety of other

short chain compounds can be
produced by microbial/enzymatic
action depending on the time and

- VOCs are also produced during exposure to moisture.

storage. - Exposure to other physico-

- Hydrocarbons can be produced chemical factors (light, air,
during the storage. This can be presence of iron) during
triggered by microbiological factors. production leads to hydrolysis,

- Diffusion can decrease VOCs while oxidation and other processes.

exposure to physico-chemical
factors lead to increase in VOCs
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Conclusion

« Fourteen major VOCs were detected in the headspace of VCO: acetic acid; the fatty acids
and the corresponding delta-lactones of C6, C8, C10, C12, and C14, and the ethyl
carboxylates of C8, C10, and C12.

« Fourteen minor VOCs were likewise detected. These can be grouped into five types:
carboxylic acids (formic acid, butanoic acid, benzoic acid, and pentadecanoic acid),
ketones (acetoin, 2-heptanone), alcohol (ethanol), aldehydes (acetaldehyde, hexanal,
benzaldehyde), esters (ethyl acetate, methyl tetradecanoate), and hydrocarbons (n-hexane
and toluene).

 Five pyrazines were detected in expeller VCO.

« Various hydrocarbons from C5 to C14 were noted to be higher in old RBDCO and VCO
samples.
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