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Abstract

In this paper, chemical composition and fatty acid composition of the Cichorium intybus L. plants were
investigated. For this aim, Cichorium intybus L. plant was powdered and analyzed. Soxhelet extraction
method was applied and fatty acid composition of Cichorium intybus L. plants powder was determined
by GC-MS. Lignin, cellulose, moisture, ash, fat and extractives content of the plant were determined as
14.9 %, 30.0 %, 5.4 %, 10.7 %, 2.5 % and % 6.8 respectively. Linoleic acid was determined as major
fatty acid of the plant (31.8 %). The polyunsaturated fatty acid content of the plant (58.9 %) was higher
than saturated fatty acid content (41.2). The monounsaturated fatty acid was not determined in the
samples. This study suggested that Cichorium intybus L. plants could be considered as a healthy fat
source due to high polyunsaturated content.
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1. Introduction

Chicory (Cichorium intybus L.) is a frequently known vegetable in the Mediterranean region
and also a member of the Asteraceae family [1, 2]. The Asteraceae family cichorium type's
flower plants are prevalently called chicory. Cichorium intybus, originated from Eurasia, is a
bushy long-lasting plant with flowers of blue, white, or pink-blue, whose branching stem can
extend 170 cm. Other noted chicories are blue sailors, succory and coffeeweed. C. intybus is an
acknowledged weed, while C. endivia is a rare one, both are widely grown species in Lithuania.
The natural habitats of C. intybus are urban areas, waysides, railways, and waste storage areas.
Its flowering period is from June to October [3].

In history, Egyptians cultivated chicory as a therapeutic plant, replacement for coffee, and


https://orcid.org/0000-0003-4231-6217

vegetable produce and was rarely utilized as animal feed. In the 1970s, it was found out that the
C. intybus root comprises up to 40% inulin, which has an insignificant effect on blood sugar
and hence is appropriate for diabetes [4]. The chicory roots have been grown in Europe, then
they were roasted and utilized as an alternative to coffee and additives for ages [5].

In addition to that, chicory is both a food and a medicinal plant, grown in many parts of the
world, that has been used for the treatment of many diseases because of digestive, diuretic,
laxative and anti-anaemia effects in global scale [6, 7].

In recent years, many studies on the Cichorium intybus L. family leafy vegetables indicated
that their popularity is because of their essential food elements (i.e. polyphenols, vitamins,
minerals, and biologically active elements) and health benefits.

(8,9, 10,11, 12].

For a long time, chicory has been a valuable plant in medicinal use, as a natural herbal liver
tonic and digestive. The studies have reported that chicory root extracts purify improve blood
and also help to remove oil concentrations and toxins in the vessels. Chicory roots improve the
remedies in liver enlargement, jaundice, rheumatism and gout [13]. Aside from the mentioned
benefits, chicory roots and leaves are also used for the following:appetizers, digestives,
cholagogues, depuratives, diuretics, hypoglycaemics, laxatives and tonics [14, 15, 16, 17, 18,
19].

The chicory flowers are utilized as treatments/remedies for stomach-enteritis, sinus problems,
cuts and contusions even though the roots are the utmost active part in medical use. [19].
Moreover, chicory juice is believed to be a traditional treatment for uterus cancer and tumors
[20, 21, 22, 23, 24]. In the biosphere, which is also called the universe of living beings, almost
27x10' tons of carbon are dependent on living organisms and more than 99% of it is found in
botanical materials. Almost 40% of the carbon found in plants is composed of cellulose [25].

Plant and animal wastes containing lignin and cellulose can be defined as biomass. These are
trees, shrubberies, forest wastes, woody and herbaceous plants, animal droppings, solid wastes
and garbage, industrial wastes, waste water and human wastes [26, 27, 28, 29, 30]. Biomass is
considered to be all organic-based substances living on earth, these (plants, algae, etc.) store
solar energy and produce biomass continuously by photosynthesis [31].

The structures of lignocellulosic materials consist of holocellulose (cellulose-hemicellulose)
and lignin. The use of these substances as a renewable energy source is very important. Because,
since a continuous cycle occurs through photosynthesis, the resource is not exhausted and does
not affect the increase of carbon dioxide in the atmosphere. Here, carbon dioxide and water are
reduced to combustible compounds, and the energy required for these reactions is provided by
solar radiation. Solar energy accumulated by plants in this way is shown as one of the important
alternative energy sources [32].

The presence of lipids in plant cells is in small amounts and mostly in the cell membranes. Plant
fatty acids are composed of a few 16-carbon or 18-carbon length structures, and one to three
double bonds [33]. The major plant lipids are the saturated fatty acids (SFAs) palmitic (C 16:0)
and stearic (C 18:0) acids, the monounsaturated fatty acid (MUFA) oleic acid (C 18:1; n-9),
and the polyunsaturated fatty acids (PUFAs) linoleic (C 18:2; n-6) and a-linolenic (C 18:3; n-
3) acids [34]. The omega-3 (n-3) PUFAs that are identified in plants have been linked with
diverse health utilities regarding to maternal and child health, cardiovascular disease, and
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pleiotropic effects [35] and influences against inflammation, cancer and heart diseases [36].
Alpha-linolenic acid is the forerunner of the long chain n-3 PUFAs, such as eicosapentaenoic
and docosahexaenoic acids, and it is acknowledged to be existing in many plants, including
chicory [37]. Two of the fatty acids are essential for human being. One of them is linoleic acid
and the other is linolenic acid. If there is no lineloic acid in the diet, it is classified as essential
fatty acid in arachidonic acid. Such fatty acids are also called vitamin F, a health-friendly
vitamin. Since they cannot be synthesized by human and animal organisms, they are
supplemented by nutrients. If these essential fatty acids are not supplemented adequately by
food, health problems such as some skin diseases, regression in growth, kidney damage and
vomiting blood are encountered. The ability of people to perform many mental and physical
functions is closely related to essential fatty acids [38].

Even though it is thought that chicory's being rich in polyunsaturated fatty acid causes decrease
in its oxidative stability, that the level of its saturated fat content is high provides a balance in
terms of oxidative stability.

This study, the fatty acids of fat obtained from lignin, cellulose, moisture, ash amount and flour

of chicory plant samples, attained from various regions of Van Ozalp, were determined with
the GC-MS method.

2. Materials and method
2.1. Material

The nitric acid, sulfuric acid, acetone, acetic acid, sodium hydroxide, petroleum ether, KOH,
MeOH used in the study were obtained from the company Merck Merck (Darmstadt, Germany).

2.2. Method
2.2.1. Sampling

In this study, Chicory (Cichorium intybus L.) plant, harvested in July 2016 was obtained from
the location in Ozalp district of Van and dried.

2.2.2.Grinding and sieving

Sampling and preparation of the sample to be used for chemical analyses was performed
according to TAPPI T11 m-45 standard. The sample was ground in a Willey mill (Perten
instruments LM 120, Sweden) and then sifted through a 40 and 60 mesh sieve. Very thin
sections were siftedthrough a 60 mesh sieve and coarse sections were sifted through a 40 mesh
sieve. The fractions remaining on the 60 mesh sieve were then used for analysis. The prepared
samples was stored in a dark, closed and dry place.

2.2.3. Determination of lignin

Lignin was determined according to TAPPI T13 m-54 standard. When wood is treated with
strong acids, the carbohydrates are hydrolyzed and thus, since they remain undissolved together
with lignin, it is initially necessary to provide the removal of extractives using petroleum ether
as the appropriate solvent. In this experiment petroleum ether was used as solvent and the
extraction was carried out in a soxhelet extraction apparatus.
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Ground Cichorium intybus L. was kept for two hours in 18-20°C, occasionally stirring after
taking 1 gr from its stalk and adding 15 ml of 72% H2 SO4 in 12-15 °C It was filtered, the
material was washed with distilled water and distilled water was added until it was 560 ml.
Afterwards, this mixture was boiled for four hours under cooler. After the precipitation of the
undissolved material, the crucible mixture with a determined porosity of 3 at 105+£3 °C was
filtered. The free acid residues were washed with 500 ml of hot water, dried with crucible 3 at
10543 °C and cooled in a desiccator to constant weighing.

2.2.4. Determination of cellulose

Cellulose determination was performed according to TAPPI 05-2C3 71 standard. 2 g were taken
from Cichorium intybus L. stalk, and 10 ml 40% HNO3, 40 ml 96% ethyl alcohol were added
on it and it was allowed to boil under condenser. Fatty substances are dissolved with the effect
of HNOs, hemicelluloses are hydrolyzed and lignin is transformed into nitrophenolic
compounds. Here alcohol, protects cellulose from HNO3. After boiling for one hour, the liquid
in the flask was filtered with the help of crucible 2 and the sample remaining on the crucible
was washed with a new mixture composed of 10 ml of HNO3 and 40 ml of ethyl alcohol. Boiling
was continued again for one hour and the same procedure was repeated three times. The crucible
was then filtered, the sample remaining on the crucible was washed with hot water, dried at 105
+ 3 ° C and after being cooled in a desiccator, brought to constant weighing.

2.2.5. Ash determination

Ash determination was made according to TAPPI T211 om-85 standard. High temperature
resistant crucibles were brought to constant weighing at 575+25 °C and 2 g of chicory
(Cichorium intybus L.) stems were taken and placed in crucibles kept at 575+£25 °C in muftle
furnace for 2 hours and then cooled to constant weighing.

2.2.6. Determination of moisture

1 g was taken from the milled chicory (Cichorium intybus L.) stem and placed in nickel plates
and dried at 105 °C for 2 hours. Then it was cooled in the desiccator and weighed and its
humidity rate was found.

2.2.7. Extractives

After passing through a 40 mesh sieve, and 10 g of the remaining sample on a 60 mesh sieve
was put in the filter paper, the extraction crucible was placed in the cartridge. This crucible was
then placed in the Soxhlet extraction device and the petroleum ether and ground Cichorium
intybus L stem in the crucible were extracted for 4 hours.

2.2.8. Determination of oil

10 g was taken from the milled sample and placed in the extraction crucible. This crucible was
then placed in the Soxhlet extraction device and the petroleum ether and Cichorium intybus L.
stem flour in the crucible were extracted for 6 hours. The extraction temperature was adjusted
to siphon every 10 minutes. At the end of the process, the amount of fat was determined by
evaporating (40°-60°)it in the liquid in the volumetric flask.
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2.2.9. The chemical analysis of chicory (Cichorium intybus L.) plant, the analysis and
characterization of the obtained fat with GS-MS

The derivatization reaction was used to convert fatty acids to methyl esters (FAME) to identify
them by GC-MS. FAME was prepared by transesterification of hexane or petroleum ether
extracts in basic medium and converted to volatile derivatives. For derivatization, 1 g of
petroleum ether extract was kept in the ultrasonic bath at room temperature until completely
dissolved in 10 ml hexane. Then 2 molar KOH was transferred to volumetric flask (500ml) and
methanol solvent was added on it.

The dissolved petroleum ether extract was poured intoa separatory funnel and 50 ml of 2M
KOH solution was added to the extract. The hopper of the separatory funnel was closed, it was
shaken several times by hand, and then its lid was opened and it was kept in this state for a
while. About 0.5 ml of the clear portion of the hexane phase remaining from the binary phase
formed in the separatory funnel was used for analysis. The reaction was carried out at room
temperature. GC-MS Spectrum was used for the analysis of volatile derivatives of fatty acids.

Agilent 5975 GC-MS system and Innowax FSC (60m x 0.25mm, 25 um) polar column were
utilised for GC-MS Analysis. The inlet temperature was regulated to 250 °C. The carrier gas
was Helium with a flow rate of 1 ml/min. The oven temperature program was increased from
100 °C to 240 °C at a rate of 4 °C/min. and was implemented for 65 min. in total by keeping at
240 °C for 30 min. Mass Spectrum was arranged to be 70 Electron-volt and the mass range was
arranged to be 35-450 m/z.

3. Findings and discussion
3.1. Chemical analysis results of white chicory (Cichorium Intybus L.)
The result of the chemical analyses performed (lignin, cellulose, ash, moisture and extractives) on
the flour of the ground chicory (Cichorium intybus L.) plant is given in Table 1.It was determined
that Lignin was at the rate of 14.9 %, Cellulose 30.0%, Humidity rate 5.4%, Ash rate 10.7%,

Fat rate 2.5% and extractives 6.8%. Here, it was determined that Cellulose has the highest rate.

Table 1. Chemical analysis of Cichorium intybus L. Flour

Ingredient % boiling pointWeight
Lignin 14.9
Cellulose 30,0
Humidity (% Weight) 5.4
Ash(%Weight) 10.7
Oil 2.5
Soxhlet extractives ( % extracted, ashless and 6.8
dry weight)
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3.2. Analysis results of oil obtained from milled Cichorium Intybus L. stem with GC-MS

The results of the analysis of the oil obtained from 3 ground White Chicory (Cichorium intybus
L.) stalk samples by GC-MS and the mean values of these values are shown in Tables 2 and 3.
No statistical difference was observed between fatty acid compositions of the samples. When
the fatty acid composition was examined, it was determined that linoleic (31.8%) acid was the
most detected fatty acid in percent. The total unsaturated fatty acids of the samples exceeded
capacity of the saturatedones.

When the fatty acid compositions of the samples are examined, it is observed that the saturated
and polyunsaturated fatty acids are in the forefront. Palmitic acid is the most detected by
percentage among the saturated acids. When we examine the fatty acid composition of vegetable
oils, palmitic acid and stearic acid are the most detected fatty acids among the saturated fats. Except
for palm oil, stearic acid is found in vegetable oils at a higher rate by percentage. In chicory plant,
palmitic acid was detected at a very high rate (29.1 %). This result is an important detail for chicory
plant compared to other oil seeds and plants. [39].

Fatty acids containing 14 and lower carbon atoms were not detected in chicory plant.
Monounsaturated fatty acid was not detected in any of the samples. Polyunsaturated fatty acids
were detected at a level of approximately 59%. Linolenic acid, which is also a polyunsaturated
fatty acid, is the most detected fatty acid. Linolenic acid amounts of the samples were
determined as 27.1%.

Table 2. GC-MS Analysis results of oil obtained from White Chicory
(Cichorium intybus L.) flour

Fatty acids (%) Sample 1 Sample 2 Sample 3
Palmitic acid (Cie) 29.07 29.22 29.14
Stearic acid (Cis:0) 5.61 5.67 5.68
Oleic acid (Cis.1) Could not be detected  Could not be detected  Could not be detected
Linoleic acid (Cis:) 31.66 31.75 31.89
Linolenic acid (Cs:3) 27.18 26.97 27.00
Eicosanoic acid (Ca0.0) 2.79 2.78 2.80
Behenic acid (Ca2:0) 3.68 3.61 3.50
SFA (%) 41.15 41.28 41.11
MUFA (%) 0 0 0
PUFA (%) 58.84 58.72 58.89
Total (%) 100 100 100

SFA: Saturated fatty acid, MUFA: Monounsaturated fatty acid, PUFA: Polyunsaturated fatty acid.
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Table3. Mean Results of GC-MS Analysis of Oil Obtained from White Chicory
(Cichorium intybus L.) Flour.

Fatty acids % Weight Average

Palmitic acid (Cig:0) 29.1
Stearic acid (Cis.0) 5.7
Oleic acid (Cis:1) 0

Linoleic acid (Cis:2) 31.8
Linolenic acid (Cis:3) 27.1
Eicosanoic acid (Cao.0) 2.8
Behenic acid (Ca2:0) 3.6

SFA: Saturated fatty acid, MUFA: Monounsaturated fatty acid, PUFA: Polyunsaturatedfatty acid.

As is known, these fatty acids are crucial fatty acids and it is required to take them into the body
through nutrition. The fact that chicory plant is rich in terms of essential fatty acids reveals the
nutritional value of the fat. In addition, the rates of Linoleic and Linolenic acids are also as
important as the polyunsaturated fatty acid amount of any fat source. Although it is thought that
being rich in terms of polyunsaturated fatty acid causes the decrease of oxidative stability,
having high level of fatty acid content ensures a balance in terms of oxidative stability.

Earlier research on the composition of fatty acids in chicory plants, explored the fatty acid
composition of some forage and meadow plants, including chicory. They identified Linolenic
acid as the major fatty acid of the chicory plant [40]. In addition, they detected the most palmitic
acid among saturated fatty acids. The researchers found monounsaturated fatty acids to be at a
very low level. Their results are consistent with the results of our study. Our research's
difference is that the percentage of Linolenic acid is much higher than our results. This may be
due to many reasons such as soil conditions, variety differences and climatic conditions.

The results derived from another study on the fatty acid composition of the chicory plant were
also very close to that in our study[40]. The fatty acid compositions of 9 different commercial
chicory types were identified. As it was in accord with our study, palmitic acid is the most
commonly detected fatty acid by percentage among the saturated acids of the samples. Palmitic
acid levels of the samples were determined to be around the level of 22%. As with our study,
Linoleic acid is the most frequently detected fatty acid by percentage. When the results of these
researchers are examined, the total percentage of linolenic and linoleic acid reaches a level of
roughly 71%. This result is higher than the results obtained from our study. The high amount
can be explained by the variety and soil conditions. However, the level of palmitic acid, which
is among saturated fatty acids, is high and the content of polyunsaturated fatty acid is higher
than 50%. These results are in concert with our study. Researchers have researched on fatty
acid composition of some plants in Spain, including the chicory plant [41].

As it was in harmony with our study, palmitic acid is the most commonly detected saturated
fatty acid. In a study on the fatty acid composition of some plants in Spain, including the chicory
plant, palmitic acid is the most commonly detected saturated fatty acid, as in our study.
Polyunsaturated fatty acids were also identified as major fatty acids. Stearic acid levels of the
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samples were also consistent with the results of our study. Another result that was consistent
with our study was Behenic acid amount's being found to be more than 1%. However, the results
we have obtained are consistent with other publications in literature [42, 43]. In these studies,
while palmitic acid was detected to be on a high level as saturated fat, the polyunsaturated fatty
acids of the samples were determined to be major fatty acid.

The spectra obtained from GC-MS analysis of oils of White Chicory plant are presented in
Figures 1, 2 and 3.
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Figure 1. GC/MS spectrum of oil of Cichorium Intybus L. plant
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Figure 2. GC/MS spectrum of oil of Cichorium Intybus L. plant

58



’ TS i ookt Ims
“TOCT00

]

]

B0

]

]

]

]

ok

]

]

]

AN

]

]

]

N

]

Y Ll

N FEAE
Retention time (min)

Abundance

Figure 3. GC/MS spectrum of oil of Cichorium Intybus L. plant.

4. Conclusion

In this research, the chemical composition of the Cichorium intybus L. plant and the fatty acid
composition of the oils extracted from the plant were examined. As a result of the study, it was
determined that Cichorium intybus L. plant contains 14.9% lignin, 30.0% cellulose, 10.7% ash and
2.5% oil. As a result of the analysis made with GC-MS, it was found that the oil obtained from
Cichorium intybus L. plant contains 31.8% linoleic acid, 29.1% palmitic acid, % 27.1 linolenic
acid; in addition, the total unsaturated fatty acids of the samples were found to be higher than
saturated fatty acids. It was concluded that Cichorium intybus L. is a plant rich in essential fatty
acids.
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