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	 Buckwheat, a pseudo-cereal, was processed into flour and incorporated in food 
products like chapatti, nutri balls, and soup mix. The supplementation of three developed 
food products to three groups with 15 subjects (with diabetes and dyslipidemia) in each group 
was carried out for 90 days, while one group (15 subjects) was treated as a control where no 
intervention was given. The blood sugar profile and blood lipid profile including the levels 
of fasting blood sugar, post-prandial blood sugar, HbA1c, serum cholesterol, triglycerides, 
Low-Density Lipoprotein, High-Density Lipoprotein, and Very Low-Density Lipoprotein were 
assessed before and after the supplementation period and subjected to statistical analysis. The 
results depict that in the experimental group supplemented with buckwheat flour incorporated 
chapatti, a significant difference (p<0.05) was observed in all the biochemical parameters 
assessed, while in the group supplemented with buckwheat flour incorporated nutri ball, a 
significant difference (p<0.05) was observed in the HbA1C levels, serum triglyceride levels, and 
LDL levels. The group supplemented with buckwheat flour incorporated soup mix showed a 
significant difference (p<0.05) in the fasting blood sugar levels, postprandial blood sugar levels, 
serum triglyceride levels, and LDL levels. Hence, it can be concluded that the consumption of 
buckwheat flour has a significant impact on blood sugar and lipid profile.
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	 Buckwheat, potential functional food, is 
mainly consumed as grains or flour. The concept 
of value addition to foods has increased the use 
of underutilized pseudo-cereals like buckwheat 
in bakery foods and convenience foods1. In recent 
times, buckwheat sprouts are also available for 
consumption2. Also, buckwheat being gluten-free, 
can be highly recommended for subjects with gluten 
intolerance or celiac disease. Buckwheat is found 
to be a good source of proteins (80% digestibility), 
lipids, dietary fiber, flavonoids especially rutin, 
phenolic acids, B-complex vitamins, isoprenoids, 

phagopyritols, sterols, iminosugars, and hence 
has gained focus as a functional food by lowering 
cholesterol levels, glucose levels, anticancer and 
anti-inflammatory activity3,4. Research has thrown 
a positive light on the health benefits attained by 
consuming buckwheat and buckwheat-enriched 
food products in both, in-vitro and in-vivo 
studies5. The bioactive components in buckwheat 
with abundant biotic functions have renewed the 
curiosity to source its utilization as an alternative 
crop6. A systemic review has shown that buckwheat 
supplementation had significantly decreased blood 
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glucose and lipid levels when compared with 
controls7. 
	 Though, buckwheat is a source of 
the aforementioned nutrients, the processing 
techniques pose a question of the bioavailability of 
the nutrients. In this study, buckwheat is processed 
to flour by milling, which is a widely perceived 
technique, where, the husk and outer layers are 
separated, thus the ratio of fibers, minerals, and 
polyphenolic compounds becomes lower8. Hence, 
to overcome the incongruities in the nutritional 
values, the bran was added to the flour after 
milling and the whole buckwheat flour was used 
for incorporation into the food products.
	 The heat treatment employed for the 
preparation of buckwheat flour-enriched bakery 
products like bread and cakes and in the formulation 
of extruded products like noodles, pasta, and 
spaghetti, resulted in a decrease in the bioactive 
components9. With an insight into the nutritional 
components and the losses that occur during food 
formulations due to extraneous factors, in this 
study, we have considered the development of 
food products like chapatti, nutri ball, and soup 
mix, which involve less processing and hence more 
health benefits are reserved.

Materials and Methods

Selection and processing of ingredients
	 The raw materials required for the 
formulation of buckwheat flour incorporated food 
products, namely, buckwheat, wheat, peanuts, corn 
starch, salt and powders of onion, tomato, garlic, 
milk, pepper, and carrot were procured from the 
local supermarket in Salem. Buckwheat and wheat 
were milled to flour.
Formulation of buckwheat flour incorporated 
food products
	 Three different food products viz. 
chapattis, nutri balls, and soup mix were formulated 
by incorporating 30% buckwheat flour in the 
standard recipe.
Selection of Subjects for Supplementation
	 E t h i c a l  c l e a r a n c e  f o r  h u m a n 
supplementation studies was obtained from the 
Institutional Ethics Committee at Government 
Mohan Kumaramangalam Medical College 
and Hospital, Salem, Tamil Nadu, India (Ref. 

No. GMKMC&H/4341/IEC/2019-297) dated 
16.3.2020.
	 The diabetic subjects with dyslipidemia 
for supplementation were selected from M.G. 
Diabetes Specialty and Research Centre, Salem, 
Tamil Nadu, India. The subjects were selected 
from the heterogeneous population of all economic 
groups with different occupations in Salem city. A 
hundred subjects aged between 45 to 60 years were 
selected. Internationally accepted tools based on 
earlier studies were selected for data collection.
	 Supplementation of buckwheat flour 
incorporated food products on the selected diabetic
subjects with dyslipidemia
	 All three developed food products, 
namely 30% buckwheat flour incorporated 
chapatti, nutri ball and soup mix were chosen for 
supplementation. Out of 100 subjects, 60 voluntary 
subjects were randomly selected and divided into 
four groups as mentioned below:
Group I: Control Group (15 subjects) – No 
intervention
Group II: Experimental group (15 subjects) – 
Buckwheat flour incorporated chapatti
Group III: Experimental group (15 subjects) – 
Buckwheat flour incorporated nutri balls
Group IV: Experimental group (15 subjects) – 
Buckwheat flour incorporated soup mix
	 Supplementation was carried out for three 
months.
	 Assessment of the blood sugar and lipid 
profile of the selected subjects before and after 
supplementation
	 Biochemical parameters like Fasting 
blood sugar, Postprandial blood sugar, HbA1c, 
Serum cholesterol, Triglycerides, Low-Density 
Lipoprotein (LDL), High-Density Lipoprotein 
(HDL), and Very Low-Density Lipoprotein 
(VLDL) of the subjects were analyzed by standard 
procedures before and after supplementation of 
30% buckwheat flour incorporated chapattis, nutri 
balls, and soup mix.
Statistical Analysis 
	 The mean values were subjected to 
t-tests to determine the significant difference in 
the impact of supplementation of buckwheat flour 
incorporated food products on the blood glucose 
and lipid profile of the selected subjects [10].
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Table 1. Effect of supplementation of buckwheat flour incorporated chapattis, nutri balls, and soup 
mix on the fasting blood glucose levels of the selected subjects

Experimental 	 Fasting Blood 	 Fasting Blood 	 T value	 Significance
Groups	 Sugar Before 	 Sugar After  
	 Supplementation	 Supplementation
	 Mean ± SD	 Mean ± SD	

Group I	 135.67 ± 6.20	 134.47 ± 7.00	 0.566	 0.580NS

Group II	 135.67 ± 6.20	 108.40 ± 4.93	 82.510	 0.000**

Group III	 136.87 ± 5.46	 132.13 ± 5.92	 1.906	 0.077NS

Group IV	 134.40 ± 6.06	 123.27 ± 5.03	 4.783	 0.000**

**Significant at 5%level (p<0.05); NS – Not Significant

Table 2. Effect of supplementation of buckwheat flour incorporated chapattis, nutri balls and soup 
mix on the post-prandial blood glucose levels of the selected subjects

Experimental 	 Post Prandial 	 Post Prandial 	 T value	 Significance
Groups	 Blood Sugar Before 	 Blood Sugar After  
	 Supplementation	 Supplementation
	 Mean ± SD	 Mean ± SD	

Group I	 231.73 ± 8.47	 234.00 ± 6.84	 -0.731	 0.477NS

Group II	 231.73 ± 8.47	 185.47 ± 6.73	 102.325	 0.00**

Group III	 233.00 ± 6.34	 227.33 ± 5.40	 2.090	 0.55NS

Group IV	 225.40 ± 28.80	 209.80 ± 5.64	 2.354	 0.034**

**Significant at 5%level (p<0.05); NS – Not Significant

Table 3. Effect of supplementation of buckwheat flour incorporated chapattis, nutri balls, 
and soup mix on the HbA1C levels of the selected subjects

Experimental	 HbA1C levels	 HbA1C levels	 T value	 Significance
Groups	  Before Supplementation	 After  Supplementation		
	 Mean ± SD	 Mean ± SD		

Group I	 8.30 ± 0.71	 8.48 ± 0.90	 1.120	 0.282 NS

Group II	 8.24 ± 0.55	 6.65 ± 0.50	 14.814	 0.000**
Group III	 8.86 ± 0.89	 8.64 ± 0.82	 5.724	 0.000**
Group IV	 8.72 ± 0.81	 7.90 ± 0.65	 7.550	 0.000**

**Significant at 5%level (p<0.05); NS – Not Significant.

Results and Discussion 

	 Effect of supplementation of buckwheat 
flour incorporated chapattis, nutri balls, and soup 
mix on the blood glucose profile of the selected 
subjects
	 The impact of supplementation of 
buckwheat flour incorporated chapattis, nutri balls, 
and soup mix on the blood glucose parameters 
namely fasting blood sugar, postprandial blood 
sugar, and HbA1C levels of the selected subjects 
is discussed. 

	 It is evident from the above table that there 
is no significant difference in the fasting blood 
sugar levels of group I (the Control group) where 
no intervention was carried out and group III, the 
experimental group where buckwheat flour was 
incorporated with nutri ball was supplemented. The 
experimental groups II and IV, in which buckwheat 
flour incorporated chapatti and soup mix was 
supplemented respectively showed a significant 
difference at the 5% level. Also, a 5-week 
supplementation of 100 grams of buckwheat flour 
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Table 4. Effect of supplementation of buckwheat flour incorporated chapattis, 
nutri balls, and soup mix on the serum cholesterol levels of the selected subjects

Experimental	 Serum cholesterol levels	 Serum cholesterol levels	 T value	 Significance
Groups	  Before Supplementation	 After  Supplementation		
	 Mean ± SD	 Mean ± SD		

Group I	 211.67 ± 7.28	 206.87 ± 5.70	 1.973	 0.069 NS

Group II	 210.53 ± 5.27	 188.13 ± 4.48	 73.321	 0.000**

Group III	 210.27 ± 6.80	 207.27 ± 4.30	 1.329	 0.205 NS

Group IV	 204.80 ± 25.71	 189.60 ± 6.16	 2.379	 0.032 NS

**Significant at 5%level (p<0.05); NS – Not Significant

Table 5. Effect of supplementation of buckwheat flour incorporated chapattis, nutri balls, 
and soup mix on the serum triglyceride levels of the selected subjects

Experimental	 Serum triglyceride levels	 Serum triglyceride levels	 T value	 Significance
Groups	  Before Supplementation	 After  Supplementation		
	 Mean ± SD	 Mean ± SD	
	
Group I	 161.00 ± 4.48	 162.00 ± 5.14	 -0.524	 0.608 NS

Group II	 163.67 ± 5.78	 147.67 ± 5.62	 39.764	 0.000**

Group III	 163.73 ± 5.79	 157.53 ± 6.27	 2.242	 0.042**

Group IV	 160.53 ± 5.74	 148.20 ± 14.93	 3.479	 0.004**

**Significant at 5%level (p<0.05); NS – Not Significant

Table 6. Effect of supplementation of buckwheat flour incorporated chapattis, nutri balls 
and soup mix on the LDL levels of the selected subjects

Experimental	 LDL levels	 LDL levels	 T value	 Significance
 Groups	  Before Supplementation	 After  Supplementation		
	 Mean ± SD	 Mean ± SD		

Group I	 160.53 ± 5.75	 160.13 ± 5.22	 0.234	 0.818 NS

Group II	 160.53 ± 5.75	 141.20 ± 1.42	 12.770	 0.000**

Group III	 162.00 ± 4.17	 156.80 ± 5.25	 2.476	 0.027**

Group IV	 159.80 ± 5.25	 146.33 ± 3.69	 7.108	 0.000**

**Significant at 5%level (p<0.05); NS – Not Significant

on diabetic patients reduced fasting blood glucose 
levels11. 
	 The above table depicts that there is 
no significant difference in the fasting blood 
sugar levels of group I (Control group) where 
no intervention was carried out and group III, 
the experimental group where buckwheat flour 
incorporated nutri ball was supplemented.  The 
experimental groups II and IV, in which buckwheat 
flour incorporated chapatti and soup mix was 
supplemented respectively showed a significant 
difference at the 5% level. A cross-sectional 

buckwheat supplementation study showed a 
significant reduction in blood glucose levels12. 
	 Table 3 signifies a significant difference in 
the HbA1C value before and after supplementation 
in all the experimental groups except the control. 
The mean difference in the HbA1C levels 
in experimental group II (Buckwheat flour 
incorporated chapatti) was found to be higher 
(1.59) followed by experimental group IV 
(Buckwheat flour incorporated soup mix) 0.82. A 
similar study, on supplementation with buckwheat 
flour for 2 months on diabetic patients showed 
reduced HbA1C levels13. 
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Table 7. Effect of supplementation of buckwheat flour incorporated chapattis, nutri balls, 
and soup mix on the HDL levels of the selected subjects

Experimental	 HDL levels	 HDL levels	 T value	 Significance
Groups	  Before Supplementation	 After  Supplementation		
 	 Mean ± SD	 Mean ± SD		

Group I	 40.26 ± 3.10	 39.53 ± 3.56	 0.577	 0.573 NS

Group II	 40.13 ± 3.37	 48.20 ± 4.03	 44.395	 0.000**

Group III	 38.66 ± 4.59	 41.40 ± 3.37	 1.849	 0.086 NS

Group IV	 40.40 ± 3.37	 42.60 ± 5.12	 1.400	 0.183 NS

**Significant at 5%level (p<0.05); NS – Not Significant

Table 8. Effect of supplementation of buckwheat flour incorporated chapattis, nutri balls, 
and soup mix on the VLDL levels of the selected subjects

Experimental	 VLDL levels 	 VLDL levels 	 T value	 Significance
Groups	 Before Supplementation	 After  Supplementation		
	 Mean ± SD	 Mean ± SD		

Group I	 52.00 ± 6.62	 53.93 ± 5.37	 1.025	 0.323 NS

Group II	 52.00 ± 6.62	 40.33 ± 5.72	 9.871	 0.000**

Group III	 54.40 ± 3.83	 51.26 ± 4.31	 1.776	 0.097 NS

Group IV	 52.13 ± 4.51	 49.00 ± 3.42	 1.879	 0.081 NS

**Significant at 5%level (p<0.05); NS – Not Significant

	 Effect of supplementation of buckwheat 
flour incorporated chapattis, nutri balls, and soup 
mix on the blood lipid profile of the selected 
subjects
	 The impact of supplementation of 
buckwheat flour incorporated chapattis, nutri balls, 
and soup mix on the blood lipid parameters namely 
serum cholesterol, serum triglyceride, LDL, HDL 
and VLDL levels of the selected subjects are 
discussed. 
	 The result of serum cholesterol showed 
that there is a significant difference between before 
and after supplementation of chapatti, whereas 
there is no significant difference between the before 
and after supplementation results of the control 
group, and experimental groups supplemented 
with buckwheat flour incorporated nutri ball and 
soup mix. A 24-week study on participants with 
high CVD risk, where buckwheat products were 
supplemented every day showed reduced total 
cholesterol levels14. The decrease in cholesterol 
levels may be due to the effect of buckwheat protein 
products on the increased secretion of bile acid, and 
increased excretion of fecal bile acids15. 

	 Table 5 shows that the supplementation 
of all three buckwheat flour incorporated food 
products had a significant impact on the serum 
triglyceride levels, while the mean difference 
between the before and after supplementation 
triglyceride values was found to be highest (16) 
in experimental group II supplemented with 
buckwheat flour incorporated chapatti, followed 
by group IV (12.33) supplemented with soup mix 
and group III (6.2) supplemented with nutri ball. 
A previous research study has stated that 15 grams 
of buckwheat tea consumption by hyperlipidemic 
patients for 60 days had shown a significant 
reduction in the serum triglyceride level16. 
	 It is evident from the above table that 
except for the control group (Group I), all the other 
experimental groups had a significant impact on 
serum LDL levels. The LDL levels were found 
to be decreased with a mean difference of 19.33, 
13.47, and 5.2 in experimental group II (buckwheat 
flour chapatti), group IV (buckwheat flour soup 
mix) and group III (buckwheat flour nutria ball) 
respectively. Similarly, buckwheat-enriched bread 
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supplementation for 1 month reduced serum LDL 
levels17. 
	 Table 7 depicts that the Serum HDL level 
was found to increase after the supplementation 
period only in group II, where the subjects were 
given buckwheat flour incorporated chapatti. Other 
groups had no significant difference in HDL levels 
after supplementation. Research studies state that 
100 grams of sieved buckwheat flour preparations 
consumed and 40 grams of buckwheat flour for 4 
weeks raised HDL levels12, 18, 19. 
	 It is evident from the above table that the 
VLDL level decreased after the supplementation 
period only in group II, where the supplemented 
product was buckwheat flour incorporated chapatti. 
Other groups had no significant difference in VLDL 
levels after supplementation. 100 grams of whole 
buckwheat flour consumed for 12 weeks reduced 
serum VLDL levels20. 

Conclusion 

	 This research study clinches that consistent 
intake of buckwheat flour-incorporated food 
products may lower blood glucose and lipid levels. 
In chapatti, buckwheat along with wheat has more 
glucose and lipid-lowering effect in comparison 
with other food products like nutri ball and soup 
mix, which could be due to the higher fiber content 
obtained from both buckwheat flour and wheat 
flour. Buckwheat, being gluten-free, with bioactive 
components like polyphenols, rutin and quercetin, 
fiber and a good amount of protein proves to be an 
apt alternative to commonly consumed grains by 
adding variety to the daily diet. Hence, it can be 
concluded the regular consumption of buckwheat 
or buckwheat-value-added food products promote 
an array of health benefits, especially hypoglycemic 
and hypocholesterolemic effects. 
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