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Abstract. Currently, there are more and more requirements not 
only to the quality of food, but also to the raw materials it is made from. 
This leads to the search for new, non-traditional products. One of these 
is chia seeds (Salvia hispanica). The article provides data on their useful 
properties. The high demand for chia seeds is due to their unique 
chemical composition. The main feature of the seeds of this crop is that 
they contain many chemical substances of high calorific and biological 
value, as compared with cereals and oilseeds traditionally grown in 

Ukraine. In chia seeds, there are 30–35% of fat, 25–41% of 
carbohydrates, and 20–22% of protein. Chia seeds are a valuable source 
of vitamin B, calcium, potassium, iron, zinc, and copper. The fatty acid 
composition of this crop indicates a high content of polyunsaturated 
fatty acids. 63.3% of them is linolenic fatty acid, which belongs to ω-3 
acids and is important for the brain function, growth, and development 
of a living organism. That is why it is so important to find optimal ways 
of preparing freshly harvested chia seeds so as to extend their shelf life. 
These ways must take into account the biological and chemical 

characteristics of this crop, and make it possible to preserve its 
consumer properties for further targeted processing. The article presents 
the results of studying the quality indicators and microbiological 
condition of chia seeds to establish how long they can be safely stored 
and to assess the sanitary safety of this crop. It has been shown that 
within the period of 6 months, the greatest changes in the quality of chia 
seed oil are observed at 25°C: there is a significant increase in the acid 
and peroxide values and a decrease in the iodine value (the latter 

indicates spoilage of chia seeds). Lowering the air temperature to 5°C 
slows down the enzymatic processes that take place in chia seeds, and 
inhibits the increase of the acid and peroxide values of fat, which 
ensures retention of the consumer properties of seeds. It has been 
established that the seeds of the crop under study can be stored, without 
any loss of their quality, for 6 months at 5–15°C and the relative 
humidity 60–70%. All the beneficial properties of chia seeds are due to 
their unique composition, so they are supposed to be widely used for 

specialised and functional nutrition. 
Key words: chia seeds, microbiota, consumer properties, quality 

indicators, storage, chemical and fatty acid composition. 
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Introduction. Formulation of the problem 
 

The safety characteristics of raw materials for food 

production are of primary importance for consumers. 

Reduction or loss of other properties can just make food 

less functional or socially significant, but going beyond the 

permissible values of the safety indicators makes it 

dangerous. According to the Law of Ukraine ‘On the 

Basic Principles and Requirements for Food Safety and 

Quality’ [1-2], a product is safe if it has no harmful effect 

on the human body. 
People are becoming more and more demanding not 

only of the quality of food, but also of the raw materials it 

is made from. This leads to the search for new, non-

traditional raw materials, methods and modes of 

processing it so as to preserve its useful properties. 

Today, chia seeds (Salvia hispanica) have become 

very popular in dietetic and healthy nutrition, being a 

http://creativecommons.org/licenses/by/4.0


Технологія і безпека продуктів харчування / Technology and safety of food products 

 

 

Харчова наука і технологія / Food science and technology 97 Volume 14 Issue 2/ 2020 
 

natural source of omega-3 fatty acids, antioxidants, and 

dietary fibre. 

Chia is used to increase the biological value and 

expand the range of health-improving products when 

manufacturing breakfast cereals, confectionery, sausages, 

dairy products. Besides, it is an ingredient of protein bars, 

beverages, and food for sportspeople. The use of chia 

seeds in the baking and confectionery industry allows not 

only increasing the nutritive value of confectionery and 

bakery products, improving their fatty acid composition, 
but also expanding the range of products. Today, on 

supermarket shelves, you can find mass consumption 

products made with addition of chia seeds. Such a high 

demand for chia seeds is due to its unique chemical 

composition [2-4]. 

That is why it is so important to find optimal ways of 

preparing freshly harvested chia seeds so as to extend their 

shelf life. These ways must take into account this crop’s 

biological and chemical characteristics, the quantitative 

and species composition of its microbiota, and make it 

possible to preserve its consumer properties for further 
targeted processing. 

 

Analysis of recent research and publications 
 

The plant chia (sage, Salvia hispanica in Latin) is 

a food plant. It has a long tradition of being used as 

food by the Maya Indians and residents of other 

South American countries (Mexico, Bolivia, 

Ecuador), who still make food and drinks from seeds 

and other parts of this plant, in particular, cook its 
green parts and obtain oil from its seeds. In Europe, 

this plant has not been widely consumed so far [4]. 

Chia seeds are amazing for a great many 

beneficial elements that improve human health. They 

restore the function of the gastrointestinal tract, 

regulate the blood sugar level, improve the condition 

of the skin and hair, and help against depression. 

Chia is an annual plant of the family Labiatae. 

The seeds are tiny, usually white, grey, brown, or 

black, with a specific relief pattern. Chia has a long 

shelf life and a very pleasant nutty taste [5]. Its seeds 
contain some oil (30–35%), with a high percentage of 

polyunsaturated fatty acids, including alpha-linolenic 

acid and linoleic acid [5,6]. 

An important characteristic of the chemical 

composition of chia seeds (Table 1) is the high 

content of proteins in them, 20–22%, of which 

nonessential amino acids make 12–15%, and essential 

amino acids 7–8%. According to the fat content (30–

35%), chia seeds belong to oilseeds. Besides, these 

seeds are a source of vitamin B, calcium, potassium, 

zinc, iron, and copper. 

Chia seeds contain by 14% more magnesium than 
broccoli, by 60% more calcium than milk, by 30% 

more iron than spinach, and by 10% more dietary 

fibre than wheat bran [5]. If you mix a glass of water 

with a spoonful of chia and leave for about 30 

minutes, it will form almost hard gelatin. The reaction 

that promotes the conversion into gel occurs due to 

the presence of soluble fibre [5]. In the stomach, the 

gel formed creates a physical barrier between 

carbohydrates and digestive enzymes, dissolving 

them in such a way that the conversion of 

carbohydrates into sugar is reduced. 

It is known that magnesium contained in chia 

seeds promotes the formation of bones and teeth, as 

well as helps the absorption of calcium and 

potassium. Because calcium stimulates muscles, 

magnesium is used to achieve muscle relaxation, and 
the main function of iron is to supply oxygen from 

the lungs to the muscles and other organs. 
 

Table 1 – Chemical composition of chia seeds [6]  

Parameters Mass fraction, %: 

Protein 20–22 

Non-essential amino acids 12–15 

essential amino acids 7–8 

Fat 30–35 

Carbohydrates 25–41 

of them  

mono- and disaccharides 14–15 

non-starch polysaccharides 26–28 

insoluble in water 20–23 

soluble in water 4–5 
 

The nutritive and biological value of fats are 

largely determined by the fatty acid composition. Table 

2 shows the fatty acid composition of chia seeds. 
 

Table 2 – Fatty acid composition of chia seeds [7] 

Fatty acid Mass fraction, %: 

Saturated fatty acids:  8.66 

myristic  0.02 

pentadecanoic 0.03 

palmitic 5.98 

margaric 0.05 

stearic 2.26 

behenic 0.08 

tricosanoic 0.03 

lignoceric 0.21 

Monounsaturated fatty acids: 11.97 

myristoleic 0.02 

palmitoleic 0.86 

oleic 11.02 

gadoleic 0.07 

Polyunsaturated fatty acids: 79.37 

linoleic (ω-6)  16.03 

linolenic (ω-3)  63.3 

eicosadienoic 0.02 

eicosatrienoic 0.02 
 

A feature of the fatty acid composition of chia 

seeds is its high content of polyunsaturated fatty acids– 

about 80% of all fats, including 63.3% of linolenic 

fatty acid, one of ω-3 acids, which play an important 

role in the brain function, growth, and development of 

a living organism [7-8]. 
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Thus, chia is called a perfect food and the product 

of the future from the past. Chia seeds have a more 

pronounced ability to absorb moisture. When they are 

steeped, their weight increases 10–12 times (whereas, 

for example, the weight of flax seeds only increases  

3–4 times). The moisture holding capacity of chia 

seeds is due to the formation of a gel-like layer around 

each seed, which is not destroyed during storage and 

use [8]. Due to chia’s ability to absorb several times 

more water compared to its own weight, it helps satisfy 
one’s hunger and thus control obesity. 

Chia seeds are a promising crop that can be used 

in the food industry to develop functional products. 

However, in the publications throughout the world, 

there are but very few recommendations for, and 

almost no practical experience of how to store and 

process chia seeds. 

Seeds are a living organism, so they undergo a 

number of chemical transformations – metabolism, 

which ensures their viability. Metabolic processes in a 

living organism are two-directional: anabolic 
(synthesis) and catabolic (cleavage of synthesised 

substances). During anabolism, there is energy 

absorption accompanied by mainly reductive chemical 

processes, and during catabolism, chemical reactions 

are oxidative, and energy is released [9]. 

The composition and more developed microbiota 

of seeds and products of their processing are 

significantly affected by different storage 

modes [10,11]. The level of inoculation of products 

with microorganisms is on average tens of thousands 

of bacteria per 1 g [12]. The bacteria that prevail in 

products are Erwinia herbicola (their number makes up 
70–90% of all bacteria), and there are 5–15% of spore-

forming bacteria and cocci. The content of fungal 

spores ranges from fractions of 1 percent to 1–5% of 

the total number of microorganisms [13]. The fungal 

flora of seeds is represented mainly by the species 

Penicillium [14]. During long-term storage under 

conditions when the moisture content of the product 

and the temperature exclude the possibility of 

microbiota development, there is a gradual decrease in 

the total number of bacteria as a result of the death of 

non-spore-bearing forms [15]. 
Oilseeds, including chia, are high in glycerides of 

highly unsaturated fatty acids (linoleic and linolenic), 

which tend to accumulate toxic substances due to 

peroxidation [5]. It should be emphasised that in the 

lipid complex of seeds during storage, there are 

enzymatic processes: phospholipids and glycerides are 

broken down, and at the same time, free fatty acids 

accumulate. Under the influence of air oxygen and the 

enzyme lipoxygenase, they are oxidised to form 

peroxides, hydroperoxides, and other oxidation 

products. This is because the seeds of oil crops are high 

in fat that cannot bind and retain moisture (like protein 
and starch do), which leads to high moisture saturation 

of other substances and its uneven distribution. With 

the generally low moisture content, the concentration 

of moisture in the parts of the seeds that contain 

proteins and carbohydrates can be high: the higher the 

oil content, the higher the moisture content is [4]. 

Thus, to store chia seeds effectively and preserve 

their properties, it is necessary to provide an effective 

system of protection of seeds from adverse factors. 

This is only possible on the basis of deep knowledge of 

their chemical composition, of complex biological and 

chemical processes occurring in seeds (the intensity of 

these processes depends on the object’s specific 
features and environmental conditions) [16-23]. 

Analysis of literature sources and patents has 

shown that storage of chia seeds has never been 

studied. 

The purpose of this work is to study the quality 

and microbiological status of chia seeds to establish 

safe conditions and time of their storage. 

The objectives of the study were: 

– to determine the changes in the chia seed oil 

quality during storage, which are characterised by 

certain indicators or values (acid, iodine, peroxide). 
– to study the qualitative and quantitative 

composition of the grain microbiota to assess the 

sanitary safety of chia seeds; 

– to determine storage conditions of chia seeds 

without loss of their quality. 
 

Research materials and methods  
 

The object of the study was freshly harvested chia 

seeds. They were harvested in 2019 and stored at  
5–25°C and the relative humidity 60–70%. The 

temperature and relative humidity varied depending on 

the season. The microbiological status and quality 

indicators (AV, IV, PV) of the chia seeds were studied 

prior to their storage, and after 1, 3, and 6 months of 

storage. 

To determine the acid, iodine and peroxide values, 

the classical methods were used in accordance with 

DSTU (State Standard of Ukraine) EN ISO 660:2019 

Animal and vegetable fats and oils. Determination of 

the acid value and acidity (EN ISO 660:2009, IDT; 
ISO 660:2009, IDT), DSTU EN ISO 3961:2019 

Animal and vegetable fats and oils. Determination of 

the iodine value (EN ISO 3961:2018, IDT; ISO 

3961:2018, IDT), and DSTU EN ISO 3960:2019 

Animal and vegetable fats and oils. Determination of 

the peroxide value. Iodometric (visual) endpoint 

determination (EN ISO 3960: 2017, IDT; ISO 3960: 

2017, IDT). The acid value of fat in the chia seeds was 

determined by titration of free fatty acids, and the 

peroxide value by titration with sodium hyposulphate 

solution. 

To determine the quality parameters, the test 
samples of chia seeds were ground using a laboratory 

mill LZM-1. 

One of the most important indicators of the quality 

of any food product is its microbiological 

characteristics. 
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Microbiological studies of the samples were 

performed before storage and every three months after the 

start of storage, using both modern methods of 

determination (the microbiological analyser BacTrac 4300 

based in its operation on recording the changes in the 

electrical resistance of the growth medium that result from 

the activity of microorganisms) and classical methods. The 

samples were taken in sterile containers under aseptic 

conditions, which excluded contamination of the product 

with microbes from the environment. The composition of 
the microbiota of the chia seeds was determined by 

microbiological and sanitary parameters, which included 

the quantity of mesophilic aerobic and facultative anaerobic 

microorganisms (QMAFAnM), myxomycetes (moulds and 

yeasts), and bacteria of the coliform group (CGB), and the 

following step was identifying the opportunistic pathogens 

Escherichia coli and Staphylococcus aureus. 

The total number of bacteria was determined by 

inoculating wipe samples of different degrees of 

dilution on meat peptone agar (MPA), and moulds and 

yeast were quantified by inoculating them on wort agar 
(WA), where they were then cultivated, respectively, at 

30±1°C for 24–48 hours, and at 28±1°C for 5–7 days. 

Spore forms of bacteria were determined in pasteurised 

wipe samples that were inoculated on a complex 

growth medium MPA and WA in the ratio 1:1. 

The presence of Escherichia coli bacteria was 

established by the fermentation samples method 

(applied to a wipe sample from the grain inoculated 

onto the Kessler medium) and assessed by gas 

formation and turbidity of the medium [12]. 

The presence of the opportunistic pathogens 

Staphylococci was established by accumulating them 
in meat peptone broth with 6% of NaCl followed by 

inoculating them on milk salt agar. The 

microorganisms in both inoculations were cultivated 

for 24 hours at 37±1°C [12]. 

The chia seeds were also analysed for mycotoxins 

(aflatoxins B1, zearalenone, deoxynivalenol) using the 

Veratox test system [17].  

 

Results of the research and their discussion  
 

At the first stage of the study, it was determined 

how the acid, peroxide, and iodine values of chia seeds 

changed during storage. 

The acid, iodine, and peroxide values of chia seeds 

during storage and those of the original sample are 
given in Table 3. 

During 6 months of storage, the acid value of fat 

in chia seeds increases. The sharpest increase (up to 

2.05 mg KOH/g) occurs at the storage temperature 

25°C. An increase in the acid value indicates a 

decrease in the quality. 

When seeds are stored, the increase in their acidity 

is due to the activity of enzymes (phytase, 

phosphatase) that split phosphoric acid off organic 

compounds. Under the action of lipase, fat is broken 

down into glycerol and free fatty acids, which leads to 

a higher acid value of fat [18-19]. 
When storing chia seeds, there is a decrease in the 

iodine value, which indicates their spoilage. The iodine 

value of the initial sample is 193.42 I2/100g. After 6 

months of storage, the content of this parameter 

decreased to 190.36, 187.68, and 185.65 at the storage 

temperatures +25°С, + 15°С, and +5°С, respectively. 

There are no peroxides in fresh fat, but they appear 

quite quickly with an ingress of air, so the peroxide 

value increases during storage. The highest peroxide 

value (5.66 mol O2/kg) was observed when storing chia 

seeds for 6 months at + 25°C. 
Reducing the air temperature to 5°C slows down 

the enzymatic processes that take place in chia seeds, 

and inhibits the increase of the acid and peroxide 

values of fat, thus preserving the consumer properties 

of seeds. 

The results of the microbiological studies of the 

chia samples under different storage conditions are 

given in Table 4. 

 

Table 3 – Changes in the quality characteristics of chia seeds during storage 

Duration of storage, months Acid value, mg KOH/g Iodine value, I2/100g Peroxide value, mol O2/kg 

Storage temperature +5С 

0 0.70 193.42 1.80 

1 0.75 193.0 1.90 

3 0.98 192.24 2.44 

6 1.66 190.36 3.58 

Storage temperature +15С 

0 0.70 193.42 1.80 

1 0.75 193.0 1.90 

3 1.10 190.51 3.18 

6 1.87 187.68 4.62 

Storage temperature +25С 

0 0.70 193.42 1.80 

1 0.75 193.0 1.90 

3 1.42 189.93 3.92 

6 2.05 185.65 5.66 
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Table 4 – Group composition of the microbiota of the chia seed samples under study, CFU/g 

Storage 

temperature 

Duration of 

storage, months 

Composition of the microbiota, CFU/g 

QMAFAnM Micromycetes 

+5С 

0 380 40 

1 340 30 

3 270 40 

6 150 50 

+15С 

0 380 40 

1 230 30 

3 190 30 

6 200 40 

+25С 

0 380 40 

1 350 50 

3 290 50 

6 240 60 
 

Studying the microbiota of the chia seeds has 

shown that the predominant component of the bacterial 

microbiota is a non-spore-bearing gram-negative 

bacillus Erwinia herbicola, a representative of the 

epiphytic microbiota of the seeds. Erwinia herbicola 

makes up 73–79% of the total number of bacteria, 
which indicates the good quality of the seeds studied. 

Of the spore-forming bacteria, the bacterial groups 

Bacillus subtilis Licheniformis have been found. They 

constitute 8% of all bacteria, and coliform bacteria and 

micrococci 13–19%. 

The field fungi Cladosporium and Alternaria and 

a small number of unidentified fungi were the 

micromycetes detected before storage. 

The studies have shown that during storage, 

regardless of the temperature, the number of bacteria 

decreased. These data are consistent with the data 
available in the literature on the storage of different types 

of natural cereals [18-19]. The most significant decrease 

was observed at the storage temperature +5°C. 

Micromycetes practically did not develop, but there was a 

change in their qualitative composition. The number of 

field fungi of the genera Cladosporium, Alternaria, and 

others decreased significantly. Mould fungi of the genera 

Aspergillus and Penicillium permanently represented the 

fungal microflora. This means that the seeds comply with 

sanitary and hygienic standards [18]. 

In all test samples, the content of aflatoxins, 
zearalenone, and DON (deoxynivalenol) remained within 

the permissible limits. It should be noted that in all 

samples under different storage conditions (the 

temperature 5–25°C and the relative humidity 65–75%) 

Escherichia coli, staphylococcus, salmonella, Proteus, 

and sulphite-reducing clostridia were not detected. The 

micromycetes were within normal limits. This indicates 
that the storage conditions of the chia seeds complied with 

sanitary and hygienic standards [18]. 

The results obtained allow us to establish that 

during long-term storage at different temperatures, the 

number of bacteria decreases, mainly due to the death 

of the seed epiphyte Erwinia herbicola. These data are 

consistent with the data available in the literature on 

the storage of different types of oil crops [14,24]. 
 

Conclusion  
 

Studies have shown it can be recommended to 

store chia seeds for up to 6 months at 5–15°C and the 

relative humidity 60–70%, since under these storage 

conditions, their microbiological parameters remain 

within normal limits. When seeds are stored at 25°C, 

the acid and peroxide values increase significantly, and 

the iodine value decreases. This indicates spoilage of 

chia seeds and deterioration in their consumer 

properties. All the beneficial properties of chia seeds 

are due to their unique composition, so they are 
supposed to be widely used in specialised and 

functional nutrition. 
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Анотація. На даний час все більше вимог висувається не тільки до якості продукції харчової промисловості, а й 
до сировини, з якої вона виробляється, що зумовлює пошук нових нетрадиційних видів продукції, до яких відноситься 
насіння Чіа (лат. Chia). У статті наведено дані про корисні властивості насіння. Високий попит на насіння Чіа 

пояснюється його унікальним хімічним складом. Головною особливістю насіння цієї культури є те, що до її хімічного 
складу входить велика кількість, енергетично і біологічно цінних речовин, у порівнянні з традиційно вирощуваними в 
Україні зерновими та олійними культурами. Так, в насіння Чіа міститься 30–35% жирів, 25–41% вуглеводів, кількість 
білка становить 20–22%. Насіння Чіа є цінним джерелом вітаміну В, кальцію, калію, заліза, цинку і міді. 
Жирнокислотний склад даної культури свідчить про високий вміст поліненасичених жирних кислот, з яких 63.3% 
складає ліноленова жирна кислота, що відноситься до кислот ω-3 і грає важливу роль у функції мозку, росту і 
розвитку живого організму. У зв'язку з цим стає актуальним пошук оптимальних шляхів підготовки свіжозібраного 
насіння Чіа до подовження терміну зберігання, які б враховували біологічні та хімічні особливості цієї культури, і 

дозволяли зберегти його споживчі властивості до подальшої цільової переробки. У статті наведено результати 
дослідження показників якості та мікробіологічного стану насіння Чіа для встановлення безпечних термінів його 
зберігання, а також оцінки санітарної безпеки дослідної культури. Показано, що найбільші зміни якості олії насіння 

Чіа протягом 6 місяців спостерігаються при температурі +25С, при яких відбувається значне збільшення кислотного 

та перексидного чисел, зниження йодного числа свідчить про псування насіння Чіа. Зниження температури повітря до 
+5°С сповільнює ферментативні процеси, які протікають у насінні Чіа, гальмує зростання кислотного і перекисного 
чисел жиру, що гарантує збереження споживчих властивостей насіння. Встановлено, що насіння дослідної культури 
можна зберігати без погіршення його якості впродовж 6 місяців при температурі +(5–15)°С і відносній вологості 60–
70%. Всі корисні властивості насіння Чіа обумовлені їх унікальним складом, тому їх планується широко 
використовувати для спеціалізованого і функціонального харчування. 

Ключові слова: насіння Чіа, мікробіота, споживчі властивості, показники якості, зберігання, хімічний та 
жирнокислотний склад. 
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