
.     

.
              . 


.
..



A study on Nonchemical processing methods for cyanogenic glycoside reduction in flaxseeds and Its impact on safety and nutritional quality 

ABSTRACT 
Flaxseed is one of the richest vegetarian sources of α- linolenic acid (omega 3 fatty acid) and soluble mucilage, making it a nutritionally valuable functional food. However, Flaxseed contains high amounts of cyanogenic glycoside, an anti-nutritional factor. Considering the importance of flax seeds, the present study was undertaken with the objective of standardising the process for the reduction of cyanogenic glycosides in flaxseeds without using chemicals and to study the nutrient quality of the processed flaxseeds. Flaxseeds (50 g) were subjected to three different processing treatments: steaming (T1), roasting (T2), and steaming followed by roasting (T3). Removal of mucilage was done by two different methods, such as by using a chemical (Sodium bicarbonate 0.5 M) and without the use of a chemical, followed by continuous stirring in hot and cold water. The nutritional quality of processed flaxseeds was assessed by estimating major proximate components, including moisture, protein, fat, and crude fibre. Results showed that cyanogenic glycoside was found to have reduced significantly among all the treatments, with the highest percent reduction in T3 (68.3%) followed by T2 (41.6%). Among the three treatments, steaming followed by roasting proved to be the most effective. The study concludes that mucilage from flaxseeds can be naturally separated with water and without any chemical treatment and the synergistic effect of steaming and roasting the anti-nutrient cyanogenic glycoside can be effectively reduced upto 69% without any extra expenditure. This method is a low-cost, eco-friendly approach and can be scaled up at an industrial level.
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1. INTRODUCTION 
“Flaxseed, or Linseed (Linum usitatissimum), popularly known as Alsi, Jawas, Aksebija in Indian languages, is a blue flowering rabi crop and a member of family Linaceae. Globally, flaxseed is grown as either oil crop or a fiber crop with fiber linen derived from the stem of fibre varieties and oil from the seed of linseed varieties” (Diederichsen et al., 2003; Vaisey-Genser et al., 2003; Patel et al., 2021). “Beyond its oilseed crop ability, the proximate composition of flaxseed makes it more promising for its utilization in different food products. Flaxseed is one of the richest vegetarian sources of α- linolenic acid (omega 3 fatty acid) and soluble mucilage” (Anttila & Anttila, 1999). “Flaxseed contains lipids, fiber and protein as ingredients of its seed contents. Another important component of flaxseed is mucilage which its composition presents a heterogeneous mixture of polysaccharides” (Tehrani et al; 2014 and Morris, 2001). “The major product from flaxseed is oil, which is rich in Omega- 3 –fatty acids, helpful in preventing cardiovascular disease and cancer. Linseed is also rich in α-linolenic acid and lignans. Lignans, present in flaxseed appear to be anti-carcinogenic compounds” (Sahu et al., 2009).
“This flaxseed encompasses the potential health suiting nutritional profile in it. However, many people are still unaware of the potential health benefits of flaxseed and food applications. ALA (α- linolenic acid), dietary fiber and lignan (specifically SDG) content attracts food technologists to explore its abilities at fullest extent in the commercial food processing sector. Recently Baking and Pasta companies have incorporated flaxseed into their formulations. Flaxseed is emerging as one of the nutritive and functional ingredients in food products. Scientific findings are growing in support of flaxseed consumption” (Ganorkar and Jain, 2013). In the present era, consumers’ trend towards functional food has increased significantly as health awareness rose. Flaxseed can be one stop for novel high-quality source of nutrition.
Though the flaxseed is a unique grain and possesses many health benefits but the hard outer surface of whole flaxseed, when eaten whole, the inside kernel and other healthy nutrients may not be easily digested by the human body. Flaxseed mucilage, associated with hull of flaxseed, is a gum-like material composed of acidic and neutral polysaccharides. 
Keeping an eye on the safety of flaxseed, two compounds, cyanogenic glycosides (CG) and linatine an anti-pyridoxine factor are questioned frequently. Flaxseed contains high amounts of cyanogenic glycoside (an anti-nutritional factor). 1gm of flaxseed contains 7.5mg of CG. Consuming of 4-5gm of flaxseed per day is not acceptable; it may cause many diseases, headache, throat tightness, muscle weakness and even mild poisoning (Wanasundara et al; 1993; Zhang et al; 2009). Reducing the amount of cyanogenic glycosides is a challenge to a food technologist. And to estimate cyanogenic glycoside, mucilage has to be removed. Previous studies have reported using chemicals to separate mucilage from the seeds which may not be achieved easily by the common man and also it would again have some negative effects on health. Also, a cheaper and easier way of reducing cyanogenic glycosides is the need where by utilization of the flaxseed can be explored more. The other methods applied for the reduction of anti- nutritional factors are pasteurization, fermentation, ultrasound-assisted boiling, electrobiodegradation etc. These methods include technical know-how and also include the operation of machines, making the whole process little costly. A low-cost technology or a method could be very promising in reducing the anti-nutritional factors. 
Since, no relevant studies are available where mucilage extraction is done without using chemical and reduction of CG below 50% is not achieved without chemical treatment. Reducing the amount of CG and separation of mucilage without the addition of chemicals is a challenge to provide flaxseed with all its beneficial nutrients like α- linolenic acid, fiber and lignans. Considering the importance of flax seeds, the present study was undertaken with the objective to standardize the process for the reduction of cyanogenic glycosides in flaxseeds without using chemicals and to study the nutrient quality of the processed flaxseeds.
2. material and methods 
The present investigation was undertaken in the Department of Food Science & Technology, College of Food Science & Technology, Bapatla. Flaxseeds (Brown type) were procured from the local market of Bapatla. Chemicals used in the experiment were of analytical grade purchased from Merck, S.D. Fine & Loba Chem companies.
2.1 Processing of the flaxseeds

Flaxseeds of 50 grams were taken and the seeds were subjected to three different processes i.e; steaming (T1), roasting (T2) and steaming and roasting (T3). For the estimation of cyanogenic glycoside, removal of mucilage is a must. And also removal of mucilage improves the palatability (Feng, 2003). Removal of mucilage was done by two different methods. By using chemical (Sodium bicarbonate 0.5 M) and without use of chemical followed by continuous stirring in hot and cold water. As in hot water, the seed has become soft and was mixed along with mucilage, only cold water extraction of mucilage was carried out after preliminary testing. After complete removal of mucilage was ensured (when no stickiness was observed) the seeds were air dried at room temperature and then the cyanogenic glycosides content was estimated. Cyanogenic Glycosides were determined by AOAC Official method 915.03 (part B, alkaline titration method) and the cynogenic glucoside was calculated using the following equation.

HCN (mg) = ml of 0.02 M AgNO3 solution used * 1.08

2.2 Estimation of the proximates for determining the nutrient quality

The major nutrients present in flaxseed were only determined quantitatively (Moisture, Proteins, Fat and Crude fiber) and qualitatively (Proteins, Fat) by AOAC (2000) method. The oil content was also determined by using Marambe et al. (2008) procedure with slight modification. The dried seeds were ground by a general lab grinder and the resulting meal was stirred with n-hexane (1:5, w/v) for 6h at 4°C, during which hexane was renewed every 2h by paper filtration of the suspension. After final filtration, the treated meal was kept in dark to be air dried and then stored at 4°C.
Protein was extracted by Rubilar et al., 2010 method “where after demucilaging and deoiling the flaxseed, which was made into powder and after adding distilled water while stirring, the PH was adjusted to 8.5 with 0.1M sodium hydroxide. The volume of suspension was then collected with distilled water to have the powder-to-water ratio as 1:10 (w/v). The suspension was stirred for 1h, followed by centrifugation at 4500 rpm for 30 min to recover protein extract. The alkaline supernatant was separated and the pH was adjusted to 3.8 (by 0.1M HCl) to collect protein content as a precipitate by centrifugation (20 min, 4500 rpm). The collected protein was once rinsed with distilled water to remove trace acid and stored in freezer (-10˚C)”. A confirmation test for the isolated Protein was also done by taking the Sample in small test tube and adding 10 drops of H2O, 2 drops of CuSO4, 10 drops of Caustic soda solution (NaOH) one after the other and then shaking the contents of the tube. The appearance of violet color confirms the presence of protein.
All the samples were assessed for quality in triplicates and the observations are subjected to Analysis of Variance and the data obtained is expressed as ± of the significant difference.
FIG 1. Extraction of protein from flaxseed oil
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3. results and discussion
3.1 Reduction of cyanogenic glycoside in flaxseed

For determining the quality of the process or its ability to inactivate the cyanogenic glycoside the anti-nutrient in flax seed, at first the mucilage was removed. From the previous studies, by using chemicals only the mucilage was separated from the seed. In our present study, mucilage was removed by employing chemical (0.5 M of NaHCO3) in both hot and cold conditions and without chemical in cold and hot conditions. Among both hot and cold conditions as the seed got very much softened and mixed with the mucilage and also as it adds to the cost of heating, cold conditions was selected for further study. In cold conditions, by varying the stirring time from 2 hours to 4 hours with an hour interval gap, amount of mucilage separated was little higher with chemical than without chemical treatment after 4 hours of continuous stirring. For the demucilaged, air-dried seeds cyanogenic glycoside was found to have reduced significantly among all the treatments with the highest percent reduction in T3 (68.3%) followed by T2 (41.6%) and it was observed that steaming had very little reduction of CG when compared to roasting and the combined effect of steaming and roasting. 
As per Safdar et al (2020); “all tested detoxification methods significantly depleted HCN content and among all, water boiling method was found to be higher in reduction of HCN content followed by ultrasound assisted detoxification method”. This study supports the finding that the combined effect of roasting and steaming, where water vapour helps in decreasing the CG content to a greater extent. 
Cyanogenic glycosides are stored separately in the flaxseed cells and when they are within the cell they are non-toxic. Without pre- processing, when the seeds are consumed directly or used for the preparation of any product; due to disruption of the cells while grinding and size reduction, the CG is liberated, thus causing a potential health hazard. In our experiment, during, steaming, the cells are hydrolysed and as the CG are water soluble, due to leaching of the compounds, reduction in CG can be observed. Further upon roasting, due to the evaporation process, the reduction of CG continues. Thus the combined effect of steaming followed by roasting has been synergistic in the reduction of CG in flaxseeds.

Table 1 Reduction of CG (%) in flaxseed in demucilaged seeds

	S.No.
	Treatments
	Control
	T1
	T2
	T3

	1.
	CG content in demucilaged seeds (mg)
	64.7±0.02
	59.4±0.02
	32.5±0.02
	20.5±0.02

	2.
	CG reduction (%)
	-
	8.2
	41.6
	68.3


3.2 Nutritional Quality of the flaxseed

Among the 3 treatments, i.e Steaming (T1), Roasting (T2) and Steaming followed by roasting (T3); as the % reduction in T3 is highest, the nutritional quality of T3 was estimated along with the control, which are the untreated flaxseeds. The major nutrients present in the flaxseed that were assessed are proteins, fat, crude fibre and moisture. They were estimated for qualitative purpose to establish the safety of the flaxseeds after the treatments. There is no significant change in fat, crude fibre after subjecting to the process of steaming and roasting. Also, the protein content was maintained but with little reduction, which might be due to the denaturation of the protein due to exposure to heat.  The quality of protein is confirmed to be good through the confirmation test. The moisture content of the seeds has reduced making them little crispy. The results obtained are in accordance with the as per the results observed after extrusion studies, the elimination of anti-nutrients can be successfully achieved without much change in the nutrient content in the flax seed meal (Muhammad et al., 2013) and from the study conducted by Takatoshi et al in 2007, it was found that the nutritional properties concerned to protein, fat and fiber content tend to retain even after the treatment like steaming in de-oiled flax seed meal. Roasting also didn’t effect much on the nutritional quality but significantly decreased the Cyano glycoside percent. And it is in accordance with the comparative study reported by Shinde et al., in 2019 where among roasted and non-roasted seeds, the protein and fibre content did not get destroyed too much and in turn the quality has improved with respect to the keeping quality. 
Table 2 Nutritional quality of flaxseeds

	S.No.
	Seeds
	Fat (%)
	Protein (%)
	Crude Fiber (%)
	Moisture (%)

	1.
	Untreated seeds
	36.00±0.002
	25.00±0.002
	7.00±0.002
	8.00±0.002

	2.
	Treated seeds
	34.00±0.002
	22.50±0.002
	5.80±0.002
	3.50±0.002


4. Conclusion
Mucilage from flaxseeds can be naturally separated with water without any chemical treatment and the synergistic effect of steaming and roasting the anti-nutrient cyanogenic glycoside can be effectively reduced upto 69% without any extra expenditure and so it is a low cost, eco-friendly technology which can be scaled up at industrial level. Further, a continuous method for steaming followed by roasting can be scaled up for a medium scale processing unit. It can attract the flaxseed growers to supply the processed seed with improved quality and achieve both qualitative and monetary benefits with low cost approach.
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