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Abstract 

Chia seeds are functional food that have been considered highly nutritious. They have high levels of 

polyunsaturated fatty acid content therefore counteract lifestyle disorder such as cardiovascular diseases. This 

study sought to determine the level of mould contamination in chia seeds; enumeration and characterization of 

the types of molds and quantification of mycotoxin level, for chia seeds grown and sold in Kenya. A complete 

randomized block design with triplicates was used in the study. Samples were collected at random from farmers 

and distributors in Nyeri, Nakuru, Busia and Trans Nzoia counties. Moulds species were isolated from PDA and 

MEA Medias and morphological characteristics was determined under X 40 magnification power. Mould counts 

were found to be between 1.33 X 103cfu/ml to 2.67 X 103cfu/ml. Mould characterization done by microscopic 

and macroscopic technique showed evidence of Rhizopus spp, Trichoderma spp and Fusarium spp. Amongst the 

three genera found, Rhizopus spp was the predominantly occurring mould. The percentage moisture content of 

chia seeds samples ranged from 6.49±1.26 and 9.16±0.43. Significant variations on moisture content (p< 0.05) 

were observed among chia samples from different farmers. Aflatoxin was not detected in all chia samples. It can 

therefore be concluded that the chia samples were not contaminated with aflatoxin although different species of 

mold were present. Farmers need to be trained on proper postharvest handling methods of chia seeds, as well as 

proper storage and an objective method of analyzing the moisture content of the chia seeds need to be developed.  

Keywords: chia seeds, mould characterization, mycotoxins 

Practical Application 

This research will provide information on the levels of moulds and mycotoxin contamination in chia seeds which 

will be used for extension services geared towards training of farmers and chia seeds handlers on proper 

postharvest handling techniques by researchers and relevant bodies in achieving food security, improved 

nutrition, promotion of sustainable agriculture and addressing factors related to chia seeds contamination. 

1. Introduction 

Chia plant is a hardy annual herbecoues species that grows 1- 1.5 meters high. Taxonomically, it belongs to the 

Kingdom Plantae, order Lamiales, Labiatae family and Genus Salvia. Its name is derived from the Latin word 

‘Salare’ which means to save; referring to its curative abilities, being a source of energy and stamina thus the 

vital reason why it was used by the Aztec and Mayan warriors of old Mexico during Pre-Columbian times 

(Ayerza and Coates, 2009). In the plant native habitat of South West America, it has been highly valued as a 

staple food for hundreds of years. Chia is currently grown in Bolivia, Mexico, Peru, Argentina with emphasis on 

the Salta, Jujuy, Tucuman and Catamarca (Busilacchi et. al, 2013). In Kenya, Chia growing has gained 

momentum because of its nutrition benefits thus it is grown in most counties such as Busia, Nakuru, Trans Nzoia, 

Machakos and Nyeri counties. Its wide applicationis because of the hardy properties in that chia seeds can 

withstand different kinds of climatic conditions. 

The growing concern in the modern society to have a healthy diet has contributed to the increase in demand for 

foods that are rich in nutrients, containing beneficial substance to humans.Chia seeds are edible and rich source 

of essential nutrients, including proteins, antioxidant, fibre, polyunsaturated fatty acids like alpha-linolenic and 

linoleic acids (Menga et. al, 2017). They offer five times more calcium than milk and the enzymes in the seed 

aid in digestion.(Yao et.al, 2012) Polyunsaturated fatty acid are of great interest because it supports immune 
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functions, inhibit the proliferation of inflammatory lymphocytes and cytokines, act to prevent the incidence of 

cardio vascular diseases and maintain the integrity of cell membrane and neurotransmitters (Ludwig et. al, 2013). 

They are considered safe as they do not have gluten and toxic compounds thus making the seeds a safe 

ingredient for gluten free diets (Menga et. al, 2017). Studies done by Ayerza in 2013, shows that for the chia seed 

types commercilaized today, the coat colour is either black or white and there is no chemical composition 

difference. 

A major challenge with agricultural crops is contamination with moulds due to poor handling and storage. 

Moulds growth lead to production of mycotoxins such as aflatoxins, Ochratoxins A, fumonisins, deoxynivalenol, 

T-2 toxin and zearalenone (Proctor et. al, 2009). These mycotoxins have been associated with a wide range of 

adverse and toxic effects in humans like liver cancer, thus classified as foodborne hazards. Regulations for major 

mycotoxins across different food and feed and their maximum tolerated levels are documented. For instance, 

importation of chia seeds to the European countries require stringent maximum tolerable limits so that it is 

allowed in their market. Similar chia studies done in Argentina have shown that chia seeds can be contaminated 

with aflatoxins (JEFCA, 2008).  

2. Materials and Methods 

2.1 Treatments and Experimental Design 

A complete randomized block design with three replicates was used in sample collection from randomly selected 

farmers from Nyeri, Nakuru, Busia and Trans Nzoia counties. From each county three farmers were selected 

randomly and for every farmer, samples weighing 250 grams was collected from different locations in their 

stores and replicated three times. Samples were also collected from a major supermarket who operate as the main 

local distributor of chia seeds in Nyeri county.  

The samples collected were put in sterile plastic bags, labelled and refrigerated at 8 ℃. The sample origin, date 

of harvesting, weight and sampling date were recorded.  

2.2 Study Site 

The samples were randomly drawn from different counties namely Trans Nzoia, Nakuru, Nyeri and Busia, which 

are known for chia seeds cultivation in Kenya and have different climatic conditions that affect the post-harvest 

handling methods and storage. A preliminary study was carried out to know how the different farmers and 

supermarkets handle chia seeds after harvesting.  

2.3 Preliminary Study 

2.3.1 Determination of Post-harvest Handling Techniques 

Purposive sampling was used to administer survey questionnaire for the preliminary study to ascertain whether 

post-harvest handling techniques influenced chia mould contamination. Structured and open-ended 

questionnaires was administered to farmers and the main distributor to study the nature of post-harvest handling 

techniques employed. The study involved qualitative analysis of data where data cleaning was done to determine 

inaccurate, missing data and inconsistencies. Thematic and content analysis was employed in the analysis of this 

data taking on descriptive and analytical explanations. 

2.3.2 Determination of Moisture Content 

Moisture content of the chia seeds was determined according to AOAC (2000) method. Moisture dishes were 

washed and placed in an oven to dry at 105⁰C for one hour. The dishes were then cooled in a desiccator to room 

temperature. The initial weight of the dishes was taken using analytical balance and recorded as (W1). Ground 

chia seeds sample of 5grams was weighed in moisture dishes and weight recorded (W₂). The moisture dishes 

were then placed into an oven maintained at 105⁰C for two hours after which they were cooled in a desiccator to 

room temperature and weight taken. The dishes were returned to the oven for thirty minutes and weight taken. 

This was repeated until a constant weight is obtained (W₃). This was done in triplicates.  

Moisture content (%) = (W₃ - W₁)/ (W₂ - W₁) * 100 

2.4 Mould Enumeration and Identification 

From each chia sample, 5 g of the seeds was taken. Isolation was performed by direct plating technique (Perrone 

et. al, 2007) where the seeds were applied on the surface of solidified Potato Dextrose Agar medium. The plates 

were then incubated at 25°C for five days. The colonies were then counted using a colony counter and expressed 

as CFU/ml After incubation the plates were examined for colony growth visually. The suspected colonies of 

Aspergillus species were isolated by streaking in Malt Extract Agar (MEA) and incubated at 25°C for seven 
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days. 

Morphological analysis of Aspergillus was done by microscopic and macroscopic technique. Aspergillus ssp. 

was identified according to Samson et al., (2014) where the colony characters such as color and texture of the 

mycelium, characteristics of conidiophores such as shape of conidial heads, color of stipes were examined. 

Moulds were identified and characterized according to their unique morphological features. 

2.5 Screening for Mycotoxin (aflatoxin) Production 

2.5.1 Aflatoxin Standards Solution Preparation and Analysis 

Stock standards of two milligrams Aflatoxins B1 was dissolved in 100ml methanol to make 20 ppm B1 or 20000 

ppb. Stock standards of one milligram of Aflatoxins B2 and G2 were dissolved in 100 ml methanol to make 20 

ppm B1 or 10000 ppb. From stock above, five milliliters of each standard were pipetted to make 15mls combined 

standards which were evaporated under nitrogen. The resultant was reconstituted with twenty-five milliliter of 

acetonitrile. The resulting concentration was calculated as per (AOAC, 2000). 

2.5.2 Standard Derivatization 

Each standard solution was dried under a stream of nitrogen and 200 µl hexane was added to dissolve aflatoxins 

in hexane. One hundred microliter of trifluoroacetic acid was added, mixed for five minutes. Two milliliters of 

Acetonitrile and water in the ratio of (ACN: DH2O 10:90) was added and the aqueous layer filtered; and using 

0.45 µm inject into high performance liquid chromatography system. 

2.5.3 Sample Preparation According to LS Bates (with modifications) 

Fifty grams of the ground sample was weighed in triplicate and transferred into 250ml flask then added with 200 

ml 80% methanol. The mixture was ultrasonicated for 2 minutes, filtered and pipetted where 100mls was 

transferred into 250 ml conical flask. Eighty milliliters of 20% Ammonium sulphate was added and then more 

forty milliliters of hexane added to the mixture; then ultrasonicated for two minutes. This was then drained, and 

the lower layer saved and transferred into a 200ml separating funnel. Six milliliter of methylene chloride was 

added and shook vigorously, then collected. Four milliliter of methylene chloride (chloroform) was added and 

shook vigorously to combine the two layers and a five milliliter of the solution was pipetted for clean-up and a 

further five milliliter preserved in the deep freeze at 8 ℃. 

2.5.4 Column Preparation 

Eight grams of sodium sulphate (Na2SO4) was added to a 22 X 400mm chromatographic tube to give base for 

silica gel. Chloroform was then added up to ¾ of the column. Ten grams of the activated gel was added.  

Activating silica gel was prepared by weighing about 200 grams silica gel of size 0.04. The silica gel was then 

put in oven for one hour set at 105oc. Two milliliters of distilled water were then added and shaken thoroughly to 

mix. Silica gel was then stored in an airtight container for more than fifteen hours. After addition of activated 

silica gel the column was left to settle for thirty minutes. Chloroform was then drawn until it was just above 

silica gel. Fifteen grams of the silica gel was added to the column and five milliliters of filtrate was added to 

column. Fifty milliliter of n hexane was added to the column and drawn to just above anhydrous sodium sulphate 

in order to remove pigments. Twenty milliliter of diethyl ether was added and drawn for the level to be just 

above that of anhydrous sulphate to remove fats and oils. Twenty milliliters of methanol: chloroform (3:97) 

mixture was then added in order to elute the toxins. 

2.5.5 Sample Derivatization 

Each of the sample was dried under a stream of nitrogen and two hundred microliters of hexane added to 

dissolve aflatoxins. One hundred microliter of trifluoroacetic acid was added to the mixture which settled for five 

minutes. Two milliliters of Acetonitrile and distilled water (10:90) was added to the mixture and the aqueous 

layer filtered; and from the mixture 0.45 µm was injected into the reverse phase high performance liquid 

chromatography system. 

2.5.6 Spiking 

Fifty grams of the ground sample was weighed in triplicate and transferred into a 250 ml conical flask. In the 

flask, 200 ml of 80% methanol and 600µl aflatoxin B1 of 24 ppm and 800 µl 16 ppm B2 and G2 were added in 

the sequence as stated. The mixture was ultrasonicated for two minutes, then one hundred milliliters was filtered 

and pipetted and transferred to a 250ml conical flask where 80 ml 20% Ammonium sulphate was added followed 

by addition of 40 mls hexane and ultrasonication for two minutes. It was then drained, and the lower layer was 

saved and transferred into a 200ml separating funnel 6ml of methylene chloride was added. This was then 
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shaken vigorously and the lower layer of Methylene Chloride (Chloroform) was collected. The two layers were 

then combined and shaken vigorously, and a five milliliter was pipetted for clean-up whereas another five 

milliliters was preserved in the deep freezer. 

2.6 Data Analysis 

SPSS Version 23 with Duncan test program software was used for statistical analysis and results was presented 

as mean ±SD. Comparison of the mean difference was done by one-way analysis of variance (ANOVA) and 

significance differences between the means was established at p<0.05. Data was presented using graphs and 

tables. 

3. Results and Discussion 

3.1 Preliminary Study 

3.1.1 Post-harvest Handling Techniques and Moisture Content (%) 

The results for the moisture content for the samples from different farmers are presented in Table 1. The 

percentage moisture content for the chia samples ranged between 6.49±1.26 and 9.16±0.43. This was within the 

range reported by authors who did similar studies on flax seeds and chia seeds which had a range of 6- 8 (FAO, 

2015) There were significant variations in the moisture content of the samples obtained from the different 

farmers. This could be attributed to lack of a standard method which farmers can use in the determination of 

moisture content level. From the preliminary study done, most of the chia farmers use traditional methods where 

they either chewed, touched or looking to determine if the chia seeds are dry. The counties where samples were 

collected have different climatic conditions and how they dry the chia seeds and the amount of exposure time to 

the sun during drying could also lead to the difference in moisture content between the samples from different 

counties. 

Table 1. Moisture content analysis of means with Duncan test of samples from different counties 

Sample Area Sample 

description 

N 

 

% Moisture 

content 

Standard 

Error 

95% Confidence 

Interval for Mean 

Minimum 

Level 

Maximum 

Level 

Lower 

Bound 

Upper 

Bound 

1.Naivas 

Supermarket 

100A1 3 9.06±0.41a 0.03 8.69 9.43 9.04 9.09 

100B1 3 9.16±0.43b 0.24 9.05 9.27 9.12 9.20 

100C1 3 9.04±0.02a 0.01 9.00 9.07 9.02 9.05 

Total 9 9.09±0.07a 0.02 9.03 9.15 9.02 9.30 

2.Nyeri 101A1 3 8.02±0.01a 0.01 7.92 8.12 8.01 8.03 

101B1 3 7.92±0.02a 0.01 7.90 7.94 7.91 7.93 

101C1 3 7.81±0.06a 0.04 7.66 7.97 7.76 7.88 

Total 9 7.91±0.09a 0.03 7.83 7.98 7.76 8.03 

 

3. Nakuru 

102A1 3 7.88±0.02a 0.02 7.69 8.07 7.87 7.90 

102B1 3 6.49±1.26c 0.73 3.35 9.63 5.10 7.57 

102C1 3 7.91±0.03a 0.02 7.83 7.99 7.88 7.94 

Total 9 7.36±0.99c 0.35 6.54 8.20 5.10 7.94 

4.Trans Nzoia 103A1 3 8.36±0.00a 0.00 8.35 8.37 8.36 8.36 

103B1 3 8.37±0.02a 0.01 8.32 8.43 8.35 8.39 

100C1 3 8.33±0.01a 0.01 8.31 8.36 8.32 8.34 

Total 9 8.36±0.02a 0.01 8.33 8.38 8.32 8.39 

5. Busia 104A1 3 9.11±0.08a 0.03 8.69 9.33 9.04 9.09 

104B1 3 9.15±0.23b 0.14 9.02 9.27 9.12 9.21 

104C1 3 9.08±0.0a 0.01 9.00 9.17 9.02 9.05 

Total 9 9.11±0.04a 0.01 9.05 9.16 9.02 9.20 

All values are mean values of triplicates ± standard deviations. Values in the same column with different letters 

are significantly different (p<0.05) by Duncan test. 

 

It is important to get the timing right for harvesting as in the preliminary studies it was observed that farmers 

have different ways of noting that the time for harvesting is ready. The farmers look at the change of flower 

colors which was like studies done on ground nuts where the color change f petals denoted that the plant was 

ready for harvesting. If the seeds are harvested too early, then the seeds will shrink and may lower the oil content 
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and quality of the seed. If the seeds are delayed at the farm, then chia seeds may drop on the ground leading to 

yield losses and poor-quality seeds due to mould infection  

3.2 Mould Characterization and Enumeration 

The results for moulds levels in the samples from different counties are presented in Table 2. In the analysis, 

different types of moulds were identified which includes; Fusaruim spp, Rhizopus spp, Alternaria spp and 

Trichoderma spp. From the results, it was observed that the county that had the most mould contamination of 

chia seeds is Nyeri county with the highest levels of Fusarium and Rhizopus species. The county with the lowest 

level of mould contamination is From the results, the county with the lowest level of mold conatmination is 

Busia county. This could be deduced from the fact that the climatic conditions in Nyeri county are very humid 

and the mold growth is accelerated in such conditions while in Busia has dry and hot climatic conditions that do 

not favour mould growth and mould contamination.. The most predominant mould species according to the 

result was observed to be Rhizopus species. This is similar to the studies done by Rifai (1969) which indicated 

that Rhizopus spp are very common in soil and air. The acceleration of mould growth is favoured by the humid 

conditions, nutrients for the fungi and also poor post harvest handling techniques (USAID, 2012). From the 

preliminary studies indicated in the appendix, it is observed that farmers in the sampled counties spread the chia 

seeds on a gunny bag to dry on the sun. There are many types of fungi that are found in soil and air that could 

contaminate the chia seeds. The accelerating factor is that the climatic conditions in Nyeri county favoured even 

more fungi to be present in the chia seeds.  

Table 2. Mould enumeration in the sampled chia seeds from different counties 

Mould Type Busia Nyeri Naivas Nakuru Trans Nzoia 

Fusarium  333.33 1333.33 333.33 1000 1000 

Alternaria 0 333.33 333.33 333.33 333.33 

Trichoderma 0 666.67 0 0 333.33 

Rhizopus 1333.33 2666.67 1333.33 1333.33 2000 

 

Upon observing the petri dishes macroscopically, chia sprouts were observed in a number of the petri dishes 

confirmimg that the chia seeds were not dry enough. Further moulds observation macroscopically and 

microscopically, it was evident that colonies of predominant fungal species of Rhizopus were identified 

positively. The county with the most fungal growth was observed to be Nyeri county and the least was observed 

to be Busia county. This can be deduced from the fact that the humid climatic conditions in Nyeri favoured the 

mold growth unlike the hot and dry conditions in Busia county. Across all counties, Rhizopus spp was evidently 

present than any other species. Trichoderma spp was less predominant and this could be because they are not 

commonly occuring moulds. 

 

Figure 1. Picture of macroscopical characters of the fungal growth observed on potato dextrose agar media 

 

Chia sprouts could be growing in diferent petri plates as an indication that the chia seeds contained higher 

moisture content.This is evident in the preliminary study as the farmers do not have an objective way of 

determining whether the chia seeds are dry enough. The results were similar to the study done in Uganda for post 

harvest losses in grains that denoted that farmers in Uganda did not have an objective way of determinging 

dryness of grains and so when they processed, it resulted to yield losses (USAID, 2012). 
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Figure 2. Colonies of Rhizopus spp and chia sprouts observed macroscopically 

 

3.2.1 Morphological Description of Identified Moulds Species 

Morphological analysis was done by microscopic and macroscopic technique according to Samson et. al, (2014) 

where the colony characters such as color and texture of the mycelium, characteristics of conidiophores such as 

shape of conidial heads, color of stipes were examined. Moulds were identified and characterized according to 

their unique morphological features where a drop of methylene blue was added to the slide and cover slip put on 

top where observation was done under a light microscope at magnification X40. 

From the results, different molds types were observed macroscopically as shown in the photos of the petri plates 

above. Upon transferring the molds to MEA, the different mould species were noted and macroscopically 

identified. 

     

Fusarium spp                     Rhizopus spp                    Trichoderma spp 

         

Figure 3. Picture of microscopical characters of the different type of molds as seen under a light microscope of 

X40 magnification 

 

3.3 Aflatoxin Analysis Quantification 

The results for aflatoxin quantification are presented in Table 3. From the analysis, there were no aflatoxins 

detected in the samples from all the counties. The stock solution of the prepared standards Aflatoxin B1, G1 and 

G2, were used in the analysis and the results for all the samples did not match any of this aflatoxin standards. 
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Table 3. Aflatoxin quantification analysis of the chia seeds samples of farmers from different counties 

Counties Samples  Aflatoxin B1 Aflatoxin G1 and G2 

Busia Farmer 1 Not Detected Not Detected 

 Farmer 2 Not Detected Not Detected 

 Farmer 3 Not Detected Not Detected 

Nyeri Farmer 1 Not Detected Not Detected 

 Farmer 2 Not Detected Not Detected 

 Farmer 3 Not Detected Not Detected 

Naivas Farmer 1 Not Detected Not Detected 

 Farmer 2 Not Detected Not Detected 

 Farmer 3 Not Detected Not Detected 

Nakuru Farmer 1 Not Detected Not Detected 

 Farmer 2 Not Detected Not Detected 

 Farmer 3 Not Detected Not Detected 

Trans Nzoia Farmer 1 Not Detected Not Detected 

 Farmer 2 Not Detected Not Detected 

 Farmer 3 Not Detected Not Detected 

 

Upon subjecting the samples to the high-performance liquid chromatography for mycotoxin quantification, the 

following chromatograms were observed. The aflatoxin standard was derived from the stock solution and 

prepared for reverse phase high-performance liquid chromatography where upon injection, the chromatogram 1A 

below was observed. 

 

Figure 4. Chromatogram for the standards aflatoxin solution upon injecting into the high-performance liquid 

chromatography 

 

The chromatogram below depicts the standard solutions chromatogram where they were overlaid as shown in the 

below chromatogram to indicate the mycotoxins of interest for ease of identification. 
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Figure 5. Chromatogram of overlaid standards 

 

The chromatogram in figure 6 indicates that no mycotoxin of interest was present, and this was counterchecked 

by spiking the sample to check for accuracy. Quality assurance for the data was also done to ensure that the R2- 

was correct. The chromatogram attached in the appendix also shows that no aflatoxin of interest was observed in 

the chia seed sampled from the farmers in the different counties. Spiking was done to countercheck the 

methodology was correct and that the findings observed were true and correct. 

 

Figure 6. Sample chromatogram of the chia seeds aflatoxin analysis 

 

4. Conclusion 

From the preliminary study, as much as the different farmers have been trained on proper post-harvest handling 

techniques, modern technology needs to be employed in handling chia seeds post-harvest to reduce losses. This 

will reduce the manual handling and gut feeling from different farmers when determining the dryness of the chia 

seed to employ better shelling and winnowing technologies and separation of the chia seeds from the trash. The 

chia seeds purity level, moisture content, lack of damaged or diseased seeds play a great role in determining the 
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grade of the chia seeds and thus its price. The better the grade, the better the price and more revenue to the 

farmers.  

The findings indicate that chia seeds from different farmers have different moisture content levels and thus an 

objective method of determining dryness of the seed should be developed and communicated to all chia seed 

farmers for standardization purposes. This will ensure that the moisture content is optimum and will not favor 

mould contamination no matter the climatic conditions. Grading of chia seeds should also be objectively done 

for standardization purposes through ascertaining scientifically the level of purity, moisture level and absence of 

diseases and aflatoxins. 

Sampled chia seeds from different farmers did not have aflatoxin contamination although mould contamination 

was noted. Just as the European union has set a guideline on the thresholds of Aflatoxin maximum allowable 

limits, the government needs to put in policy for the maximum permissible threshold for mould contamination 

because most of these mould cause allergic reaction and mycotoxicosis in humans upon exposure or ingestion. 
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