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Abstract  

Common buckwheat is grown in high-altitude mountains of Pakistan (Gilgit-Baltistan), is used as a functional food 

around the world and is considered an important part of the human diet. Matured seeds of twelve (12) local 

genotypes grown at Khaplu, Ganche, were collected and ground into fine powder after removing hulls. Rutin and 

amino acid content among these genotypes were determined by employing the High Performance Liquid 

Chromatography (HPLC) method for rutin and an automatic amino acid analyzer for amino acid. The highest rutin 

content (32.4 mg/100g) in flour was observed by local genotype BWS-14, followed by genotype BWK-3 

(25.3mg/100g), and the lowest rutin content (5.8 mg/100g) was reported by genotype BWSN-05. A significant 

correlation was observed between genotype BWZ-08 and BWD-1 (r= 0.98) at P< 0.05 for Amino Acid content. 

Whereas the amino acid content in selected common buckwheat genotypes exhibited a wide variation. The local 

genotype BWSU-10 and BWA-7 were observed as a good source of lysine and arginine content. Diversity in rutin 

as well as amino acid contents among native genotypes revealed a potential source of nutraceutical and an 

important alternative food crop for mountain communities of Baltistan. All these genotypes showed diversity in 

metabolites, and such varietal differences revealed the worth of conservation of native germplasms in local and 

national gene banks. Furthermore, this crop can be cultivated at a commercial scale to meet the industrial demand 

for nutraceutical food in Pakistan. 
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INTRODUCTION  

 Buckwheat, a pseudo cereal crop is used mainly for human consumption. Among many species of 

buckwheat, common buckwheat (Fagopyrum esculentum Moench) has been a commonly grown as a food 

crop based on their diet and cultural uses in cold regions of the Indo-Himalayas (1), Central Karakorum (2, 

3) and Kashmir regions (4). Buckwheat has received increasing interest in past few decades due to the 

medicinal, functional properties, short growth period and high adaptability to grow under adverse 

environments. (3, 5, 6) and exhibits morphological changes, polyphenolic contents and yield under various 

environments (7, 8). Antioxidant and biochemical diversity among such varieties and genotypes of 

buckwheat have been reported previously (9, 10). 

Common buckwheat being an underutilized crop possesses nutritional properties and health 

benefits for human (6). Its seed, flour and whole plant is abundant in nutrients, vitamins, protein, amino 

acids, minerals, phenolic compounds rutin and antioxidant properties (11-13) and holds great nutritive 

value due to thiamin binding proteins (14). Unlike common cereals which are deficient in lysine, buckwheat 

is a richer source (15). Arginine (an immune stimulant and a wound-healing agent) has also been reported 

richer in buckwheat (16). Being only source of ruitn among cereals and pseudocereal crops and  polyphenols 

with health-promoting effects (13, 17), the rutin content varies from 0.01% to 8.23% in various parts 

http://www.readersinsight.net/ojst
http://www.qau.edu.pk/profile.php?id=831005


 
Pak Euro Journal of Medical and Life Sciences. Vol. 8 No. 2 

 

 
Copyright © 2025 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits 

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.  

 

depending on growth stages and different genotype (5, 7, 18). Such variations in seeds were attributed to 

products, plant parts and growth stages (19-21) and capable to grow in multiple buckwheat producing 

countries (21).  

In mountain areas of Pakistan (Gilgit-Baltistan) buckwheat is widely cultivated after barley and 

used as food as well as medicinal purpose. Local genotypes with respect to nutraceutical properties and 

rutin content need to be investigated for future breeding program. The present study aims to investigate 

genotypic variation with respect to rutin and amino acid composition and identification of better yielding 

genotype for selection varietal development program. 

METHODOLOGY 
 For collection and preparation of samples, the matured seeds of twelve (n=12) local genotypes 

grown in field at Khaplu, Ganche (2200 masl, N35° 09.163E76° 20.132), were collected and ground to fine 

powder after removing hulls. These local genotypes (n=12) were designated as BWD-1 BWS-2 BWK-3 BWB-

4 BWSN-5 BWSI-6 BWA-7 BWZ-8 BWSU-10 BWY-11 BWST-14 BWM-16.  The rutin extracts were analyzed 

through HPLC system (Agilent 1200, Germany) using C-18 column (4.6 x 250 mm, 5 µm Supelco USA). The 

identification of rutin was measured at wavelength of 360nm by adopted method with slight modifications 

(22). Rutin was used as standard (Sigma Chemicals Co. Ltd. USA) and expressed as mg/100g rutin. 

The amino acid content of buckwheat seed samples was quantified according to the method of (23) by 

using automatic amino acid analyzer (Hitachi High- Technologies Corporation, Tokyo, Japan) with a 4.6(ID) 

× 60mm ion exchange column). Quantification was done with reference to the peak area of the 

corresponding amino acid standard through automatic amino acid analyzer, Biochrome using cation 

exchange chromatography. Amino acid concentrations were calculated in g/100g. 

STATISTICAL ANALYSES 

The data were subjected to statistical analyses, including descriptive statistics, cluster analysis, and 

correlation coefficients. To evaluate the genetic relationships among genotypes, the similarity coefficients 

were calculated using a standard method (24). Cluster analysis was performed using the unweighted pair-

group method with arithmetic mean (UPGMA). Additionally, Pearson correlation coefficients among 

genotypes were computed (25). All statistical analyses were conducted using the software packages 

STATISTICA (StatSoft Inc., version 5.5) and Statistix (version 8.1, USA). 

RESULTSs 

 Quantitative analysis of rutin by HPLC among local buckwheat genotypes showed wide variation 

in results (Fig. 1).  

 
Fig. 1. Rutin content in grains of local buckwheat genotypes 

For quantification of rutin by HPLC DAD system showed linear graph for standard (R2 = 0.99). The 

highest rutin content (32.4 mg/100g) was noticed in genotype BWST-14 followed by BWK-3 (25.3 mg/100g). 
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Whereas, the genotypes BWSN-5 and BWM-16 were found to be a poor source of rutin contents. Correlation 

results among genotypes showed highly significant at P< 0.05 between BWB-4 and BWSI-6 (p=.002) whereas 

negative significant correlation was observed between genotypes BWK-3 and BWM-16 (p=0.036) (Table I).  

Table I. Correlation among local genotypes for amino acid 

*Marked correlations are significant at p < .050 

A strong but negative correlation was also found between genotypes BWK-3 and BWY-11 (r=-0.0385, 

p< 0.05). The UPGMA cluster analysis by Euclidean distances for 16 amino acids in all genotypes separated 

07genotypes in group-I and the remaining 05 genotypes in the group-II showing the maximum number of 

genotypes in the group-I. Genotypes of cluster group II (BWSU-10, BWY-11, BWM-16) have higher proline, 

aspartic acid, glycine and lysine content whereas cluster group I (BWK-3, BWB-4, BWA-7, BWST-14) have 

higher histidine, arginine, glutamic acid and other amino acid as well as higher rutin content (Fig. 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2. Dendrogram (UPGMA) by clusters analysis for buckwheat genotypes based on amino acid content 

Variations were observed for amino acids among these buckwheat genotypes. Aspartic acid content 

of the genotypes ranged from 0.5 to 2.4 (g/100 g protein). Aspartic acid content was higher in BWM-16 

followed by BWB-4, BWA-7 and BWSU-10. Threonine content of the genotypes ranged from 0.5 to 4.1 (g/100 

g protein) and was higher in BWY-11. Serine content of the genotypes ranged from 0.9 to 10 (g/100 g protein) 

with mean value 3.71±0.90 (g/100 g protein) and 6.65±0.96 (g/100 g protein) for glutamic acid ranging from 4 

to 14 (g/100 g protein) across all genotypes. Similarly, mean proline, glycine, alanine, valine, isoleucine and 

lecine content in all the genotypes was 0.76±0.10, 3.24±0.29, 0.24±0.07, 2.34±0.16, 3.3±0.22 and 0.97±0.18 g/100 

g protein respectively (Table II). Maximum proline content was recorded in BWY-11, Glycine in BWA-7 and 
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BWD-1 1.00                       

BWS-2 0.51 1.00                     

BWK-3 0.94 0.41 1.00                   

BWB-4 0.84 0.42 0.89 1.00                 

BWSN-5 0.93 0.53 0.95 0.91 1.00               

BWSI-6 0.92 0.37 0.91 0.85 0.93 1.00             

BWA-7 0.95 0.39 0.90 0.86 0.90 0.90 1.00           

BWZ-8 0.98 0.41 0.97 0.87 0.95 0.95 0.95 1.00         

BWSU-10 0.42 0.18 0.44 0.51 0.43 0.40 0.51 0.41 1.00       

BWY-11 0.36 0.16 0.38 0.34 0.32 0.29 0.33 0.36 0.01 1.00     

BWST-14 0.65 0.95 0.57 0.52 0.64 0.47 0.53 0.56 0.14 0.26 1.00   

BWM-16 0.86 0.49 0.82 0.81 0.89 0.89 0.85 0.86 0.61 0.32 0.51 1.00 
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methione in BWSI-6 cxd (Table III). The average value for phenylalanine and histidine was 0.44±s0.10 and 

0.64± 0.10 (g/100 g protein) respectively (g/100 g protein).  The range of NH3 (ammonia) in all genotypes of 

buckwheat was 1 to 3.2 with mean value 1.79± 0.19 (g/100 g protein). Histidine in all genotypes was ranged 

from 0.1 to 1.2 (g/100 g protein). The highest content of histidine was found in BWST-14 followed by BWA-7 

(Table 2).  For lysine it was 5.10±0.25 ranging from 3.3-6.3 (g/100 g protein).  The highest lysine content was 

found in BWSU-10 (6.32 g/100g protein) whereas BWM-16 exhibited the lowest lysine content (3.3 g/100 g 

protein). Arginine content in all genotypes was ranged from 6.8 to 11.5 (g/100 g protein) with mean value 

9.0± 0.47 (g/100 g protein). Minimum arginine content was recorded in BWD-1 and maximum arginine was 

found in BWA-7 followed by BWSU-10.   

Table II. Descriptive statistics of amino acid contents (g/100g protein) across all genotypes 

Amino acid Min. Max. Mean ± SE Variance SD 

Aspartic acid (Asp) 0.5 2.4 1.45±0.18 0.38 0.61 

Threonine (Thr) 0.5 4.1 1.425±0.27 0.89 0.95 

Serine (Ser) 0.9 10.0 3.71±0.90 9.72 3.12 

Glutamic acid (Glu) 4.0 14.0 6.65±0.96 10.97 3.31 

Proline (Pro) 0.3 1.4 0.76±0.10 0.13 0.36 

Glycine (Gly) 2.4 5.7 3.24±0.29 0.98 0.99 

Alanine (Ala) 0.2 0.9 0.42±0.07 0.05 0.23 

Valine (Val) 1.6 3.4 2.34±0.16 0.29 0.54 

Methionine (Met) 0.39 1.5 1.18±0.13 0.20 0.45 

Isoleucine (Ile) 2.1 4.4 3.3±0.22 0.57 0.76 

Lecine (Leu) 0.3 2.1 0.975±.18 0.37 0.61 

Phenylalanine (Phe) 0.1 1.3 0.44±0.10 0.11 0.33 

Histidine (His) 0.1 1.2 0.64±0.10 0.11 0.34 

Lysine (Lys) 3.3 6.3 5.10±0.25 0.77 0.88 

Ammonia (NH3) 1.0 3.2 1.79±0.19 0.42 0.64 

Arginine (Arg) 6.8 11.5 9.0±0.47 2.67 1.63 

         *Min =Minimum, Max = Maximum, SE = Standard error, SD = Standard deviation 

Table III. Quantities of sixteen amino acids (g/100g protein) across nine local buckwheat genotypes 

 

Asp Thr Ser Glu Pro Gly Ala Val Met Ile Leu Phe His Lys NH3 Arg 

BWD-1 1.7 1.8 2.5 4.7 0.5 2.4 0.3 2.8 1.5 4.4 0.7 0.4 0.7 4.9 1.4 6.84 

BWS-2 0.8 0.6 9.3 4.0 0.3 4.3 0.2 1.9 1.41 2.6 0.6 0.1 0.1 5.5 1.7 9.0 

BWK-3 1.4 1.4 1.5 5.2 0.6 3.6 0.2 2.3 0.46 2.8 1.5 0.2 0.7 4.72 1.0 7.0 

BWB-4 2.0 1.4 1.6 5.9 0.5 3.2 0.3 1.7 1.35 2.1 0.3 0.1 0.1 4.32 2.7 9.5 

BWSN-5 1.2 1.0 2.1 5.5 0.8 2.5 0.4 2.1 0.39 3.2 1.1 0.5 0.8 6.12 1.4 9.2 

BWSI-6 1.0 1.1 0.9 12 0.4 2.7 0.5 2.5 1.54 3.6 0.4 0.3 0.8 4.44 1.8 8.88 

BWA-7 2.1 1.5 5.9 4.1 0.9 5.7 0.7 1.6 1.4 4.2 0.7 0.5 1.0 4.59 2.2 11.5 

BWZ-8 1.4 0.5 4.8 5.2 1.3 2.7 0.2 2.8 0.5 4.4 2.1 1.3 0.7 6.1 1.4 9.4 

BWSU-10 2.1 0.7 2.1 14 0.5 2.9 0.2 3.4 1.4 2.6 1.5 0.3 0.8 6.32 1.9 11.32 

BWY-11 0.8 4.1 2.1 9.5 1.4 3.9 0.9 2.3 1.39 2.8 1.8 0.3 0.5 5.2 3.2 10.48 

BWST-14 0.5 1.8 10 5.0 0.8 2.5 0.6 1.9 1.5 3.5 0.5 0.8 1.2 4.43 1.1 7.2 

BWM-16 2.4 1.2 1.8 4.7 1.1 2.5 0.5 2.8 1.4 3.4 0.5 0.4 0.3 3.39 1.7 7.21 

Mean 1.45 1.425 3.72 6.65 0.75 3.24 0.42 2.34 1.18 3.3 0.97 0.43 0.64 5.10 1.79 8.96 

*Aspartic acid (Asp), Threonine (Thr), Serine (Ser), Glutamic acid (Glu), Proline (Pro), Glycine (Gly), Alanine (Ala), Valine (Val), 

Methionine (Met), Isoleucine (Ile), Lecine (Leu), Phenylalanine (Phe), Histidine (His), Lysine (Lys), Ammonia (NH3), Arginine (Arg) 

DISCUSSION 

 Buckwheat is considered to be a major of rutin as well as a minor source of other flavonoids acting 

as antioxidants (6, 13, 14). Cultivars having higher level of bioflavonoids and amino acid are considered the 
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best source of nutritional requirements and nutraceutical products. Determination of superior lines is also 

considered as better source of breeding materials for crop improvement. In the present study highest rutin 

content was found in local buckwheat genotype BWST-14 and BWK-3. Varietal differences and heritability 

of rutin content in common buckwheat was reported earlier (26, 27) who represented the variation due to 

geographic origin, environmental conditions. Such differences are also due to agronomic practices and soil 

water conditions (6). The variation in low rutin contents in some of the local genotypes of Baltistan may also 

be linked to environmental condition. Previous studies also discussed that the accumulation of rutin was 

mainly affected by varietal and environmental condition including location and growing season (28).  

Some of the essential amino acid were detected at different growth stages, especially methionine at 

sprouting and high leucine content was reported (25-29 g.kg-1) in leaves (29). As compared to other amino 

acid, histidine was much lower across all genotypes. Local genotypes BWSU-10 and BWZ-8 were found to 

be a good sources of lysine. Similar amino acid composition results were reported earlier for common 

buckwheat (11). The presence of histidine, lysine and tryptophan in buckwheat seeds were reported higher 

than other major grains including barley and wheat (30). The physiological and biochemical processes 

including stress adaptation of plants affect biosynthesis of amino acid in common buckwheat (31, 32). All 

these genotypes showed diversity in metabolites and such varietal differences showed its worth for 

conservation of native germplasms in local and national gene bank. Further studies focusing metabolomics 

would be beneficial for future breeding programs. 

CONCLUSION 

 The results concluded that these local genotype especially BWST-14 and BWK-3 showed highest 

rutin content as best sources of rutin and potential breeding material. Local genotype BWSU-10 and BW-7 

showed the appreciable amount of lysine and arginine content to improve increasing amino acid in 

buckwheat cultivars. The diversity in metabolites and varietal differences showed its worth for conservation 

of native germplasms in local and national gene bank. 
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