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Abstract: A study was done to test the effect of minor components in vegetable oils on the
accuracy of the method used for the determination of total phenolic compounds in vegetable
oils using the Folin-Ciocalteu reagent (F-C). Main minor components in vegetable oils include
chlorophyll, carotenoids and phospholipids and they were all considered in this study. Extracts
of chlorophyll as well as carotenoids were prepared from rocket and carrot, respectively. Those
extracts as well as a commercial sample of lecithin as being a common phospholipid in
vegetable oils were added at different concentrations to a refined, bleached and deodorized
sunflower oil (SFO). These oil blends were then subjected to spectrophotometric determination
of total phenolic compounds using Folin-Ciocalteu reagent (F-C). The results of this study have
shown that the effect of carotenoids and lecithin on the absorbance of the reaction product of
phenolic compounds with Folin-Ciocalteu reagent at 765 nm used for the estimation of total
phenalics in vegetable oils is negligible while the reverse was true in case of chlorophyll. As
the chlorophyll concentration in the oil increases, the absorbance of the reaction product of
phenolic compounds with Folin-Ciocalteu reagent at 765 nm increases and the estimated
correlation coefficient, R?, was found to be 0.95. This indicates that chlorophyll has a
considerable reactivity towards the Folin-Ciocalteu reagent used giving higher estimates of
phenolic content than the actual values. This suggests that this method is not a reliable one for
the estimation of total phenolics in case of oils rich in chlorophyll if conventional procedure
was followed. However, an equation has been derived using the results of this work that can be
used for a more accurate estimation of phenolic compounds using Folin-Ciocalteu reagent by
exclusion of the effect of chlorophyll interaction. By using this equation, the actual phenolic
content in two olive oil samples used in this study would be 14 and 11% less than the estimated
values following conventional procedure.
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1 Introduction

The Folin-Ciocalteu (F-C) reagent which consists of a mixture of sodium molybdate, sodium tungstate
and other reagents can be used for the estimation of total phenolic compounds in food components such as
edible vegetable oils'. The reaction of phenolic compounds with this reagent is considered as an
oxidation/reduction reaction in which the phenolic group is oxidized and the molybdenum and tungsten ion is
reduced®. Upon reaction of this reagent with phenols, it produces a blue colour which absorbs at 765 nm which
is thought to be due to a complexed Mo(V) species®. Over the years, there have been numerous reports that
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proteins, carbohydrates, amino acids, nucleotides, thiols, unsaturated fatty acids, vitamins, amines, aldehydes
and ketones may contribute to this reagent"**°. It has been reported in a valuable review that large number of
substances react with F-C reagent and the extent to which those substances may react with F-C reagent has been
also discussed in this review®. Those substances include tertiary aliphatic amines, hydrazine, certain purines,
tryptophan, hydroxylamine, and other organic and inorganic reducing agents. It was reported that other
compounds that may be found in plant food extracts as reducing sugars and ascorbic acid can be also reactive to
F-C reagent and accordingly, the results of determination of total phenolic compounds (TPC) will be
inaccurate®”°, It has been also reported® that the F-C method suffers from many other interfering substances
such as sugars, aromatic amines, sulfur dioxide, ascorbic acid (AA) organic acids and a correction for these
substances should be made. Also, some inorganic substances may be reactive to F-C reagent to give elevated
apparent phenolic contents*®,

In the same scope, the reactivity of the F-C reagent towards nitrogenous compounds have been
determined™. These compounds cover several chemical classes and it was found that most of them have
considerable reactivity towards the F-C reagent. Examples of these classes are guanidines, tertiary amines,
hydrazines, hydroxylamines, aromatic amines, pyrroles and indoles. Since some compounds in these classes
occur in plants, it may be that measurement of phenols by the F-C method could possibly give too high of
estimates of phenolic content. It has been also reported that the correlation coefficient between the phenolic
content of olive oil as determined by HPLC method and that determined by F-C reagent was a moderate one (r
= 0.64)™. The case of determination of catechins in chocolate is an example of this *2.

Edible vegetable oils vary widely in their content of some specific components such as phospholipids
and oilseed pigments. Carotenoids and chlorophyll are two major pigments which occur naturally in oilseed and
are present as minor components in edible vegetable oils. Although of the extensive research work that has been
carried out to determine the reactivity of the F-C reagent towards several classes of compounds, nothing is
reported so far about the reactivity of this reagent towards oilseed pigments and phospholipids. Interference of
these components with the reagent may give false results in concern of the estimation of phenolic content using
the Folin-Ciocalteu (F-C) assay.

The purpose of the present work is to investigate whether carotenoids, chlorophyll or phospholipids are
reactive with the Folin-Ciocalteu (F-C) reagent and how it would affect the reliability of this method for the
estimation of total phenolics in vegetable oils.

2 Materials and Methods

2.1 Materials

Fresh carrot roots (Daucus carota) and fresh leaves of green rocket plant (Eruca sativa) were purchased
from local market in August 2015 for the preparation of the carotenoids and chlorophyll extracts respectively.
Sunflower oil (SFO) used was of an edible grade and was purchased from local market. Two samples of extra
virgin oil were used in this study. These olive oil samples were extracted from olives, collected from two
different farms in Egypt in two different locations. The first is Wadi Food farm located in the desert near
Alexandria Cairo Desert Road while the other farm was in Sinai Desert. Folin and Ciocalteu's Phenol Reagent
(FCP reagent) was purchased from Sisco Research Laboratories Pt. Ltd.. Lecithin (purity > 97%) was purchased
from fur die Biochemie, ROTH, Carl Roth GmbH + Co. KG. All other chemical reagents used were of
analytical grade and were purchased from Fisher Scientific, UK.

2.2 Methods

Carotenoids were extracted from carrot roots and chlorophyll pigment was extracted from rocket plant
according to the standard methods™. The two extracts were then used to prepare two groups of samples of
sunflower oil; one group is enriched with carotenoids while the other was enriched with chlorophyll.

2.3 Extraction of carotenoids and preparation of SFO samples enriched with carotenoids

The fresh carrot roots were thoroughly washed, cut into small pieces and was then ground in a food
chopper. To the ground carrot roots, 2 g MgCO; was added for each 100 g of the carrot roots and was



Mona El-Hamidi et a/ /International Journal of ChemTech Research, 2016,9(5),pp 207-214. 209

vigorously shook with a mixture of acetone and n-hexane (1:1, v/v) for five minutes. The whole mixture was
allowed to settle down and the solvent mixture was filtered off. The extraction procedure was repeated three
times and the collected three extracts were washed with distilled water to remove acetone from the solution of
carotenoids in hexane. The hexane was then completely evaporated at 40°C under vacuum yielding the
extracted carotenoids.

The extracted carotenoids were then added to 100 mL sunflower oil to give a sample of sunflower oil
rich in carotenoids. The latter sample was then used to prepare several other oil samples of sunflower oil
containing different concentrations of carotenoids.

2.4 Extraction of chlorophyll and preparation of SFO samples enriched with chlorophyll

The fresh leaves of rocket were thoroughly washed with water, cut into small pieces and ground in a
food chopper then two gram of Na,CO; was added to each 100 g of the ground rocket leaves. The ground
material was stirred with a mixture of acetone/water (85:15, v/v) for five minutes and the liquid extract was then
filtered off. The extraction procedure was repeated three times and the acetone of the total of the three extracts
was evaporated under vacuum at 40°C to get the chlorophyll pigment.

As followed in case of carotenoids, the extracted chlorophyll was added to 100 mL sunflower oil to
give a sample of sunflower oil rich in chlorophyll. The absorbance of this sample was then recorded at 670 nm
using UV-visible spectrophotometer (UV-160 1PC, UV-visible spectrophotometer, Shimadzu, Tokyo, Japan).
This wave length is the one specific of chlorophyll and this reading at this wave length is proportional to the
chlorophyll content. That sample which was rich in chlorophyll was then used to prepare several other oil
samples of sunflower oil containing different concentrations of chlorophyll.

2.5 Preparation of oil samples containing different concentrations of lecithin as a common phospholipid
in most vegetable oils

Three grams of lecithin powder was dissolved in n-hexane, added to hundred milliliters of sunflower oil
and n-hexane was then evaporated from the mixture under vacuum. The produced sunflower oil sample which
was rich in lecithin was then used to prepare several oil samples of sunflower oil containing different
concentrations of lecithin.

2.6 Isolation of total phenolics

Sunflower oil and samples of this oil enriched with chlorophyll as well as those enriched with
carotenoids and lecithin were subjected to extraction procedure to isolate their phenolic compounds®™. Briefly,
10 mL of each oil sample was dissolved in 10 mL n.hexane followed by the addition of 10 mL of MeOH/H,0
mixture (70:30, v/v) and the mixture was shook thoroughly. Two separate liquid phases have been formed; a
non polar one consisting of the non-phenolic components dissolved in n-hexane and a polar one containing the
phenolic compounds dissolved in MeOH/H,0O mixture. The extraction procedure was repeated three times using
ten mL of MeOH/H,O mixture each time as to recover all phenolic compounds.

In addition to sunflower oil samples, the phenolic compounds in two oil samples of olive oil were
similarly isolated; one extracted from olives of Wadi Food farm while the other extracted from the olives of a
farm in Sinai Desert. The chlorophyll concentration of each olive oil sample was then estimated according to its
absorbance at 670 nm compared to that of the chlorophyll - rich sunflower oil sample previously prepared.

2.7 Determination of total phenolics content

The determination of the total phenolic content in the isolated phenolic extracts from sunflower oil and
olive oil, as previously mentioned, has been made following the standard method using Folin-Ciocalteu (F-C)
reagent with slight modification'®*’. Two aliquots, (100 pL each) were taken from each oil sample, put in two
test tubes and the liquid volume in each was made up to three milliliters using distilled water. Two milliliters of
10-fold diluted F-C reagent was then added to each test tube and after five minutes one mL of sodium carbonate
solution (7.5% concentration) was added. After thirty minutes, the absorbance of the whole mixture was
measured at 765 nm using a UV-visible spectrophotometer (UV-160 1PC, UV-visible spectrophotometer,
Shimadzu, Tokyo, Japan). A blank was used which have been subjected to all previously mentioned procedure
using same reagents with exclusion of the phenolic extract.
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3 Results and discussion

The effects of the concentration of carotenoids, lecithin and chlorophyll in sunflower oil on the
absorbance reading at 765 nm of the reaction product of phenolic compounds present in that oil with F-C
reagent are shown in Tables (1-3). As pre-mentioned, the concentration of phenolic compounds in oil is directly
proportional to the absorbance of its reaction product with F-C reagent at 765 nm. The data listed in these tables
are graphically represented in Figures (1-3) in which the concentration of carotenoids, lecithin and chlorophyll
in sunflower oil, g/100 mL oil (represented on the X axis) are plotted versus the absorbance reading at 765 nm
(represented on the Y axis). It is clear from Figures (1 and 2) that the data showing the effect of the variations in
the oil content of each of carotenoids as well as lecithin are quite scattered with no apparent relation that can be
observed. The correlation coefficient R* of the data presented in these two figures have been estimated and
found to be very low being 0.2556 in case of carotenoids and 0.1766 in case of lecithin indicating a very weak
relationship. This means that the interference of carotenoids as well as lecithin in the F-C reaction is quite
negligible. However, the reverse was true in case of chlorophyll. The data listed in Table (3) show the variations
in the absorbance of the reaction product of phenolic compounds in sunflower oil with Folin-Ciocalteu reagent
at 765 nm due to the variations of the concentration of chlorophyll. It is quite clear that the absorbance reading
gradually increases with the increase of chlorophyll concentration. The data are graphically represented in
Figure (3) which shows that there is a strong linear relationship between the chlorophyll concentration (on the
X axis) and the absorbance at 765 nm (on the Y axis) (correlation coefficient R* = 0.9531). The predicted
equation that relates, the absorbance of the reaction product with F-C reagent at 765 nm, (Y) with the
concentration of chlorophyll, g/100 mL oil, (X) is as follows:

Y =0.7828 X + 0.0062 (correlation coefficient, R* = 0.953)

Table (1): Absorbance of the reaction product of phenolic extracts from sunflower oil samples having
different concentrations of carotenoids with Folin-Ciocalteu Reagent at 765 nm.

Concentration of carotenoids in the Absorbance of the reaction product
oil sample, g/100 mL oil with Folin-Ciocalteu Reagent at
765 nm
0.003 0.012
0.008 0.026
0.009 0.016
0.011 0.017
0.018 0.019
0.021 0.016
0.048 0.013
0.076 0.023
0.079 0.027
0.082 0.033
0.085 0.028
0.088 0.018
0.089 0.018
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Table (2): Absorbance of the reaction product of phenolic extracts from sunflower oil samples having
different concentrations of lecithin with Folin-Ciocalteu Reagent at 765 nm.

Concentration of lecithin in the Absorbance of the reaction product
oil sample, g/100 mL oil with Folin-Ciocalteu Reagent at
765 nm
0.38 0.101
0.75 0.153
1.13 0.191
1.5 0.139
1.87 0.095
2.25 0.08

Table (3): Absorbance of the reaction product of phenolic extracts from sunflower oil samples having
different concentrations of chlorophyll with Folin-Ciocalteu Reagent at 765 nm.

Concentration of chlorophyll in the | Absorbance of the reaction product
oil sample, g/100 mL oil with Folin-Ciocalteu Reagent at
765 nm
0.0002 0.012
0.0166 0.023
0.0217 0.024
0.0244 0.02
0.0443 0.058
0.0459 0.042
0.0461 0.031
0.0538 0.035
0.0595 0.051
0.0905 0.074
0.1336 0.122
0.17 0.136
0.035 0.033
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Figure (1): Effect of carotenoids concentration in sunflower oil on the absorbance of the reaction product
of the phenolic extracts from oil with Folin-Ciocalteu Reagent at 765 nm.
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Figure (2): Effect of lecithin concentration in sunflower oil on the absorbance of the reaction product of
the phenolic extracts from oil with Folin-Ciocalteu Reagent at 765 nm.

0.16
0.136
014 0.122 L
0.12 o .7
0.1
i y =0.7828x+0.0062
S 008 0.058 0.074..- R? = 0.9531
=] )
[ %] ot
g 006 0.0859:042 .-~
= ..-€0.051
S 0.04 0.01 - 2
2 028?2‘:"!.--" e 8031
= 002 2%023
0
0 0.05 0.1 0.15 0.2
Chlorophyll Conc., g/100 mL oil

Figure (3): Effect of chlorophyll concentration in sunflower oil on the absorbance of the reaction product
of the phenolic extracts from oil with Folin-Ciocalteu Reagent at 765 nm.

This means that chlorophyll interacts with Folin-Ciocalteu reagent resulting in an increase in the
absorbance reading at 765 nm giving false over estimation of the concentration of phenolic compounds.
Therefore, it is highly recommended to account for the effect of the presence of chlorophyll whenever an
estimate of phenolic compounds is to be measured using F-C reagent.

The previously mentioned equation has been utilized in case of the two olive oil samples considered in
this study whereby an account has been made for the effect of chlorophyll on the absorbance reading at 765
nm. Tables (4) and (5) show a list of the absorbance readings at 765 nm, the concentration of chlorophyll, g/100
mL oil, the absorbance at 765 nm due to chlorophyll interaction with F-C reagent using the derived equation
and the corrected absorbance reading after exclusion of the effect of chlorophyll. According to the listed results,
the percentage increase in the absorbance at 765 nm due to chlorophyll has been estimated and found to be 14%
and 11% in case of olive oil from Wadi Food farm and Sinai Desert farm respectively. This, in turn, means an
over estimation of phenolic compounds of the two oils by the same percentages.
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Table (4): Results of phenolic estimation in olive oil extracted from olives in Wadi Food farm.

Absorbance at 765 nm after reaction with F-C reagent 0.407
Conc. of chlorophyll, g/100 mL oil 0.0555
Absorbance at 765 nm due to chlorophyll estimated using the derived 0.0493
equation

Corrected absorbance of the reaction product with F-C reagent at 765 0.3577
nm by exclusion of the effect of the chlorophyll

Percentage increase in absorbance due to chlorophyll (Percentage over 14.00
estimation of phenolic compounds)

Table (5): Results of phenolic estimation in olive oil extracted from olives in Sinai Desert farm.

Absorbance at 765 nm after reaction with F-C reagent 0.315
Conc. of chlorophyll, g/100 mL oil 0.0319
Absorbance at 765 nm due to chlorophyll estimated using the derived 0.0313
equation

Corrected absorbance of the reaction product with F-C reagent at 765 0.2837
nm by exclusion of the effect of the chlorophyll

Percentage increase in absorbance due to chlorophyll (Percentage over 11.00
estimation of phenolic compounds)

4. Conclusion

It is concluded that chlorophyll interacts with Folin-Ciocalteu reagent used for the determination of

phenolic content so that it would give higher absorbance reading at 765 nm and hence higher estimates of
phenolic compounds than the actual values. This suggests that this method is not a reliable one for the
estimation of total phenolics in case of oils rich in chlorophyll if conventional procedure was followed.
However, the equation that has been derived using the results of this work can be used for a more accurate
estimation of phenolic compounds using Folin-Ciocalteu reagent by exclusion of the effect of chlorophyll

interaction.
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