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Abstract 

Fats are one of the three major categories of foods. They provide our body with a very concentrated 

source of energy. Fats contain many of the essential fatty acids for health. The intake of fatty acids in 

food is essential for a healthy diet. An optimal ratio of saturated and unsaturated fatty acids is 0.8, and 

between omega 3 and omega 6 acids are 1.2. Hypercholesterolemia occurs above these values , and the 

products are easily oxidizable. The fatty acid content of twelve pastries is analyzed by the gas 

chromatographic method. The distribution of eight fatty acids present in various pastries was studied, 

the ratio of saturated and unsaturated fatty acids. These characteristics are essential for nutritional 

information and have shown significant differences. 
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1. Introduction 

Fatty acids are found either in the free state or in the 

form of carbonates. Among the natural derivatives 

of fatty acids, lipids occupy a predominant place. 

Except for non-saponifiable lipids, all others contain 

at least one fatty acid residue. Therefore, the group 

of fatty acids will be much more detailed compared 

to other classes. The main food sources of fatty 

acids are products of animal origin (meat and dairy). 

Consumption of saturated fatty acids increases 

LDL-cholesterol levels [10]. Fatty acids differ in the 

number of carbon atoms and the number of double 

bonds in the carbon atom chain. Fatty acids are with 

acids without double bonds (saturated) and acids 

with double bonds (unsaturated). For the reaction of 

unsaturated fatty acids in the body, the position of 

the double bonds in the carbon chain is essential. 

Depending on the position and number of double 

bonds, fatty acids are divided into three important 

families: n = 3, n = 6, and n = 9. They have as 

properties: a large number of carbon atoms, even 

number of carbon atoms, linear chain, without 

ramifications, are monocarboxylic [3]. Large 

amounts of unsaturated fatty acids are found in 

vegetable oils (olive oil, corn oil, peanut oil, 

sunflower oil), and some vegetable fats, including 

coconut, seed palm, and palm oil, contain large 

amounts of saturated fatty acids, also found in large 

quantities in animal fats, but excluding marine fats 

[2]. 

 1.1 The structure of fatty acids 

The substances under the name of the fatty acids are 

composed only of carbon (C), hydrogen (H), and 

oxygen (O), bearing, as the organic acid, the 

carboxyl group. 

The carboxylic functional group, also called 

carboxyl (-COOH), is significant for all organic 

acids. Its ionic form is monovalent, negative, acidic 

(COO-). 

The introduction into a molecule of the carboxylic 

group takes place due to a carboxylation reaction, 

and the loss of this group by a compound takes 

place as a result of a decarboxylation reaction. The 

number of carbon atoms is always even. 

For example, we present below the chemical 

structure of butyric acid and its symbol: CH3-CH2-

CH2-COOH (symbol: 4: 0) [18]. 

1.2. Fatty acids and classification of fatty acids 

Carboxylic acids having in the molecule a linear 

chain with an even number of carbon atoms (n> = 

4) are called fatty acids [17]. 

1.2.1. Classification of fatty acids 

Fatty acids are classified according to two criteria: 

By chain length: 

• Short-chain fatty acids (4-6 carbon atoms) 
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• Medium-chain fatty acids (8-12 carbon atoms). 

• Long-chain fatty acids (14 or more carbon atoms) 

[1]. 

The two digits of the symbol represent the number 

of carbon atoms, respectively, the number of double 

bonds (=). Thus the acid is composed of 4 carbon 

atoms and has no double bond [8]. 

După gradul de nesaturare: 

• Saturated fatty acids (when there are no double 

bonds) [1]. 

They predominate in animal fats: 

- Luric acid, CH3- (CH2) 10-COOH, (n = 12) 

predominates in butter obtained from coconut 

milk; 

- Butanoic acid (butyric acid), CH3-CH2-CH2-

COOH, is the first in the series of fatty acids 

because it has four carbon atoms and is found in 

butter made from cow's milk; 

- Palmitic acid, CH3- (CH2) 14-COOH (n = 16) 

and stearic acid, CH3- (CH2) 16-COOH, (n18) 

are the main constituents of fat in animal bodies; 

- Capronic, caprylic, and carinic acid (n = 6, 8, 

respectively 10 C atoms), found in the fat of 

goat's milk [14]. 

• Unsaturated fatty acids (when a double bond is 

formed) [5] 

They are part of the oils that are extracted from the 

seeds or fruits of some plants: 

- Linolenic acid C18: 3 double bonds C = C) is 

part of the esters found in soybean oils, corn. 

- Olric acid (18 C atoms and a double bond) is the 

main constituent of fat in cocoa butter and some 

oils; 

• Monounsaturated fatty acids (when there is a 

single, double bond) 

- Erucic acid, which can be found in rapeseed, 

coniferous, mustard oil; 

- Oleic acid, found in pumpkin seeds, olive oil and 

in small quantities, almost in all oilseeds, in lard; 

- Laurinoleic acid, found in goat's milk [16]. 

• Polyunsaturated fatty acids (when there are 

two or more double bonds) 

- Linolenic acid (omega 3) is found in fish and 

flax 

- Gamma-linolenic acid (omega 6) which is found 

in poppy seeds, peanuts, breast milk, grape 

seeds, and blackcurrants; 

- Arachidonic acid is found in peanuts, animal 

fats, pork liver [5]. 

2.Materials and Method 

The analyzed material consisted of 12 pastry 

samples for which the fatty acid profile was 

determined by chromatographic analysis 

determining the ratio between saturated and 

unsaturated fatty acids and between omega fatty 

acids 3,6 and 9. 

2.1 Methods of chromatographic analysis of fatty 

acids 

Currently, mainly chromatographic methods are 

used: thin-layer chromatography (TLC), high-

performance liquid chromatography (HPLC), gas 

chromatography (GC), supercritical fluid 

chromatography (SFC) as well as combined 

techniques: GC / MS, SFC / MS, LC / MS, GC / IR, 

GC / FTIR [6]. 

2.1.1 Preparation of biological material for 

chromatographic analysis 

To ensure the viability of the qualitative and 

quantitative analysis of fatty acids, immediately 

after collecting the biological material undergoes 

some preliminary protection for the acid at a low 

temperature, mainly due to the oxygen effect against 

oxidation or UV-VIS [11]. 

Sensitive tissues (serum or plasma) are immediately 

frozen at -80 degrees Celsius, while solid tissues are 

frozen in liquid nitrogen. 

Tissues are stored at -80 degrees Celsius until 

analytical procedures. The key step in the 

preparation of biological materials for fatty acid 

analysis involves the separation of lipids from the 

soluble component remaining in water by their 

efficient and selective extraction [17]. 

Prior to extraction, the liquid tissue becomes frozen 

while the solid tissue undergoes liquid nitrogen dust 

into the atmosphere [12]. 

Extraction is performed using an organic solvent. 

The analysis of extruded garage acids involves their 

classification into those classes, usually by thin-

layer chromatography (TLC) or solid-phase extracts 

(SPE) [13]. 

Thin-layer chromatography (TLC) is the oldest and 

largest technique for isolating those classes of 

lipids, allowing the separation of a complex mixture 

on silica gel.  
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TLC does not require any expensive and 

sophisticated cost for equipment or numerous 

solvent. However, it cannot prevent the oxidation of 

polyunsaturated fatty acids during the process of 

long-term exposure to oxygen in the air; this is the 

main disadvantage [15]. 

2.1.2. Chromatographic analysis of fatty acids 

Volatile carboxylic acid derivatives are most 

commonly obtained by derivatizing carboxyl or 

hydroxyl groups or multiple bonds into unsaturated 

fatty acids. 

Volatile fatty acid derivatives are usually produced 

by single-step acidic or alkaline transesterification. 

Also, a carboxyl group of fatty acids is derived by 

esterification of the products obtained by hydrolysis 

in an alkaline medium. For acidic esterification, 

hydrochloric acid (HCl) or sulfuric acid (H2SO4) in 

methanol (MeOH) or boron trifluoride (BF3) in 

methanol is used, which is the most commonly 

used. Boron trifluoride in methanol causes the 

transesterification of existing fatty acid esters 

present in all lipid classes [7]. 

The time required for transesterification is different: 

free fatty acids (2 min), then phosphoglycerides (10 

min), triacylglycerols (30 min), and sphingomyelin 

(90 min). The fastest transesterification has been 

shown to be at 100 degrees Celsius. 

Transesterification is performed in the presence of 

butylated hydroxytoluene (BHT) as an antioxidant 

to prevent oxidation of unsaturated fatty acids. The 

methyl esters obtained are extracted with n-hexane 

(n-pentane) and washed with water. The efficiency 

of esterification performed in this way in the 

biological material is about 97-99%, but the short 

durability of boron trifluoride is a disadvantage of 

this method [8]. 

2.1.3. High-performance liquid chromatography 

(HPLC) in fatty acid analysis 

To perform the analysis of fatty acids at room 

temperature, we are using HPLC. The primary 

difficulty in analyzing fatty acids using HPLC is the 

lack of chromophore groups in their molecules, 

which prevents direct detection using a UV detector 

or a fluorescence (FL) detector. Although most 

lipids show the absorption of UV radiation at a 

wavelength of about 100 nm, this wavelength is not 

recommended because organic solvents have a 

maximum absorption in the same range. Therefore, 

determining compounds are converted to derivatives 

before being placed on the column (pre-column) or 

after separation on the reactor column located 

directly in the chromatograph, usually between the 

column and the detector (post-column). At the same 

time, the determination of fatty acids in the form of 

derivatives improves the sensitivity and selectivity 

of the determination. Most analyzes of fatty acids 

and their derivatives are performed in the reverse 

phase using columns filled with modified silica gel 

modified with octadecylsilyl (ODSC18), octolsilyl 

(C8) [9]. 

In the analyzed samples, the derivatization was 

performed directly on the finely pulverized and 

dried material (0.1 grams) with 20% methanolic 

boron trifluoride (2 ml), for one hour, at 80 °C, on 

the ultrasonic bath. The separation of the organic 

phase was performed by adding 2.5 ml of 10% 

sodium chloride solution and extracting the methyl 

esters of the fatty acids in 2 ml of hexane. The 

hexane solution of methyl esters of 1 µ fatty acids 

was injected into the gas chromatograph coupled 

with Shimadzu QP2010 plus mass spectrometry at 

250 ⁰C. Injection temperature 250 °C. Separation of 

esters was performed on an ATwax column with L 

= 30m, d = 0.25mm, granulation = thickness 1μm. 

Initial temperature program in column T = 110 ⁰C, 

followed by increasing the temperature to 250 ⁰C, at 

a rate of 7⁰ / min, a temperature that was maintained 

for 10 min. Total separation time 22 min. He carrier 

gas with column flow rate 2 ml / min, total flow rate 

24 ml / min, linear velocity = 37.8 cm / s. Pressure 

278 kPa, Splitting rate 1/10. 

Detection of compounds separated by mass 

spectrometry, electronic ionization T ion source = 

210 ⁰C, T interface = 255 ⁰C. 

Identifying the separated and detected compounds 

were performed based on the NIST 05 spectrum 

library's software [18]. 

3. Results and discussions 

The variation of the gas-chromatographic analysis 

of the fatty acids from the extracted fat of the 12 

analyzed samples is presented in tables 1 and 2. The 

concentration of the eight analyzed fatty acids from 

the 12 samples is presented. 

The 12 samples analyzed are: 

S1- corn with cheese  

S2-Cheese donuts  

S3-Jam donuts 

S4-chocolate donuts 

S5-Salts 



 

 

 

 

 

Lia Sanda Rotariu et.al.  / Journal of Agroalimentary Processes and Technologies 2021, 27(2) 

 

 

 

 

 

 

 

 
186 

S6-Wholemeal pretzels 

S7- simple pretzels 

S8-Sesame pretzels  

S9-Poppy pretzels 

S10-simple biscuits  

S11-whole digestive biscuits  

S12-digestive biscuits 

The ratio of saturated fatty acids: unsaturated fatty 

acids for sample 1 (corn with cheese), is 1.45, being 

two times higher than the optimum of 0.8, a value 

over which is considered in nutrition - biochemical 

pathology and which has a hypercholesterolemic 

action. 

Saturated fatty acid ratio: unsaturated fatty acids for 

sample 2 (corn with cheese), is 0.62, close to 

optimum, with a high percentage of ω6 acid but low 

of ω3, ω6 / ω3 ratio of 16.2. 

Saturated fatty acid ratio: unsaturated fatty acids for 

sample 3 (Jam donuts), is 0.64, close to optimal, 

with a high percentage of acid ω6, but low of ω3, 

the ratio ω6 / ω3 of 22.5. 

Saturated fatty acid ratio: unsaturated fatty acids for 

sample 4 (chocolate donuts), is 1.17, higher than the 

optimum, with a high percentage of ω6 acid, but 

low of ω3, the ω6 / ω3 ratio of 22.06. 

Saturated fatty acid ratio: unsaturated fatty acids for 

sample 5 (salts), is 0.24, much lower than the 

optimal value, with a low percentage of acid ω6, but 

high of ω3, the ratio ω6 / ω3 of 48.01. 

Saturated fatty acid ratio: unsaturated fatty acids for 

sample 6 (Wholemeal pretzels), is 0.71, very close 

to the optimal value, with a high percentage of acid 

ω6, but low of ω3, the ratio ω6 / ω3 of 61.58 

Figure 1, shows the concentration of fatty acids in 

the samples (1-6). 

 

Table 1. Variation of fatty acids in the analyzed samples (samples 1-6)  

 

 
Figure 1. The concentration of fatty acids in samples (1-6) 
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Table 2. ANOVA comparison test results of the effect of storage days 

 
 

Table 3. Statistici descriptive 

 
The legend: 

1-Caprinic acid C10: 0 

2-lauric acid C12: 0 
3-Myristic acid C14: 0 

4-palmitic acid C16: 0 

5-Stearic acid C18: 0 

6-oleic acid C18: 1 

7-linoleic acid C18: 2 
8-linolenic acid C18: 3 

Saturated fatty acid ratio, unsaturated fatty acids for 

sample 7 (simple pretzels), is 0.95, slightly higher 

than the optimum value, with a high percentage of 

ω6 acid, but low of ω3, ω6 / ω3 ratio of 54.65. 

The ratio of saturated fatty acids: unsaturated fatty 

acids for sample 8 (sesame pretzels), is 0.20, much 

lower than the optimal value, with a high percentage 

of acid ω6, but low of ω3, the ratio ω6 / ω3 of 153, 

06. 

Saturated fatty acid ratio: unsaturated fatty acids for 

sample 9 (poppy pretzels), is 0.98, slightly higher 

than the optimal value, with a high percentage of 

acid ω6, but low of ω3, the ratio ω6 / ω3 of 63.24. 

Saturated fatty acid ratio: unsaturated fatty acids for 

sample 10 (simple biscuits) is 0.20, much lower 

than the optimum value, with a high percentage of 

ω6 acid but low of ω3, ω6/ ω3 ratio of 189.6. 

Saturated fatty acid ratio, unsaturated fatty acids for 

sample 11 (whole digestive biscuits), is 0.66, very 

close to the optimal value, with a high percentage of 

ω6 acid, but low of ω3, ω6 / ω3 ratio of 43.46. 

Saturated fatty acid ratio: unsaturated fatty acids for 

sample 12 (digestive biscuits), is 0.51, very close to 

the optimum value, with a high percentage of ω6 

acid, but low of ω3, ω6 / ω3 ratio of 7.65. 
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Figure 2, shows the concentration of fatty acids in 

the samples (7-12) 

Figure 3 shows the concentration of saturated acids, 

MUFA, PUFA from the 12 samples analyzed. 

Table 3, shows descriptive statistics of the fatty 

acids analyzed from the 12 samples. 

 

Figure 2. The concentration of the fatty acids of the 

samples (7-12) 

 

Figure 3. The concentration of saturated acids, MUFA, 

PUFA from the 12 analyzed samples 

 

Figure 4. Media representation values for all eight lots 

Figure 4 represents the averages of the values from 

the eight analyzed lots. Samples with a high content 

of saturated fatty acids have a longer shelf life but 

are nutritionally shorter because saturated fatty 

acids are precursors of metabolites responsible for 

inflammatory processes. 

Saturated fatty acids with a long chain (palmitic, 

stearic) are challenging to digest and absorb and can 

create various digestive problems.  

 

”Of the total lipids needed by the human body, it is 

recommended that over 66% come from glycerides 

formed from unsaturated acids”. Of the samples 

analyzed, only samples 8, 9, and 10 correspond to 

this recommendation. 

4.Conclusion 

The role of constitutive lipids as phospholipids, 

glycolipids, and sphingolipids is an essential 

component of cell membranes. Each of the 130 

trillion cells in the human body is bounded by a 

membrane, which plays a crucial role. The type of 

fatty acids influences the properties of these 

membranes in phospholipids. 

The presence of double bonds in fatty acid chains 

determines the geometry of fatty acid molecules, 

making them take up more space than saturated 

fatty acids. In this way, unsaturated fatty acids take 

up more space in the cell membrane, increasing the 

membrane's fluidity. 

Polyunsaturated fatty acids in cheap oils are 

incorporated into cell membranes, altering their 

physical and functional properties and diminishing 

cells' ability that provides immunity to fight cancer 

cells. 

The analysis of the samples revealed a ratio of 

saturated fatty acids / unsaturated fatty acids. 

The intervals of the eight lots were highly 

significant differences (ANOVA test, p <0.001). 

As the body cannot assimilate ω6 and ω3 fatty acids 

after studying bakery samples, we noticed that the 

highest acid ratio ω6 and ω3 have simple biscuits 

(sample 10) and sesame pretzels (sample 8). 

In the eight analyzed samples, the presence of trans 

acids was not noticed. 

The highest concentration is represented by oleic 

acid and the lowest by caprine acid, but it is found 

in the bakery products studied. 
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