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Introduction

Buckwheat (Fagopyrum esculentum) belongs 
to the family Polygonaceae. It is classified 

as pseudocereal because its grains are practically 
identical to other cereals like wheat, maize, rice 
etc. (Liu et al., 2001). The chemical composition 
of buckwheat is similar and comparable with other 
cereals. Among various buckwheat varieties, only nine 
have agricultural and beneficial qualities. Two of these 
buckwheat species are mostly cultivated throughout 
the world i.e. common buckwheat (Fagopyrum 
esculentum) and tartary buckwheat (Fagopyrum 
tartaricum). In the year 2015, the world production 

of buckwheat was 2.0 million tonnes. Russia was the 
leading producer with 43% of the world production 
followed by China with 25% production. In 2017, the 
production of buckwheat was increased up to 13% on 
the globe.

The structure and qualities of buckwheat grain are 
unique or different in relation to those of wheat grain. 
It contains a variety of nutraceutical compounds with 
the potential for functional food development that 
may provide health benefits beyond basic nutrition 
(Bonafaccia et al., 2003). Other than being rich in 
vitamins, especially vitamins B group, higher lysine, 
iron compounds, copper and magnesium contents 
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(Fabjan et al., 2003) buckwheat groats have a high 
amount of starch (Skrabanja et al., 2004), crude 
protein, iron, zinc, selenium, polyphenols, and essential 
amino acids especially lysine, threonine, tryptophan, 
and also sulfur-containing amino acids (Bonafaccia 
et al., 2003). In addition, it has been found that 
buckwheat could be act as a prebiotic food because 
it could increase lactic acid bacteria in rat intestine 
(Prestamo et al., 2003). Common Buckwheat seed 
contains rutin (antioxidant) which has a great effect 
on the storage of food products without any chemical 
changes in food products. Buckwheat has been used 
to reduce the serum glucose level in rats due to its 
high content of D-chiro inositol, a component of an 
insulin mediator (Kim et al., 2004).

Utilizing buckwheat in fresh pasta is advantageous 
as these products minimize the issues which occur 
at the drying stage. Pasteurization of pasta, using 
egg as the main ingredient can give good structure 
to the item. It is most likely known that egg white 
proteins (albumen) shape the end-product like 
reticule (bag) which can ensure a cohesive mass with 
a good consistency; achieved by thermal denaturation 
even without gluten. Hence, fresh pasta that celiac 
patients can be able to consume is more attractive 
from the commercial point of view in the absence 
of analog products. Buckwheat, which is added as a 
supplement, can provide beneficial health effects and 
prevent food from oxidation during processing. Many 
food ingredients, other than those mentioned above, 
have been used in pasta production, which increases 
its diversity, nutrition and product appeal. Pasta is 
a food product which is mainly made from durum 
wheat flour, salt and semolina and is consumed all 
over the world. The objectives of the current research 
were to investigate the production of buckwheat 
supplemented pasta and quality evaluation of pasta 
prepared from the supplemented flour.

Materials and Methods

Common Buckwheat (Fagopyrum esculentum) was 
procured from Agricultural Research Center Gilgit 
Baltistan. Durum wheat, semolina, and wheat 
flour were procured from the National Agriculture 
Research Center Islamabad, Pakistan. The samples 
were cleaned, tempered and subjected to milling 
using Quadrumate Senior Mill (Model No. 179510, 
Duisburg) following the standard of AACC (2000). 
Buckwheat and wheat flour were subjected to chemical 

analysis. The other materials (salt, oil, Xanthan Gum) 
were collected from the local market of Islamabad for 
the preparation of pasta. For further analyses, all the 
flour samples were mixed in different ratios (given 
below) in a flour mixer to get the uniform sample.

Rheological study of supplemented flour 
The rheological studies of buckwheat supplemented 
flour samples were assessed by running samples in 
Brabender farinograph by the standard procedures 
of AACC (2000) Method No. 54-21. Buckwheat 
supplemented flour (BWF) sample was run in 
farinograph equipped with 50 grams mixing bowl to 
determine various dough characteristics. The physical 
properties noted for dough were water absorption, 
dough development time, and dough stability was 
obtained from farinograph. Wet and dry gluten 
contents of supplemented flour were determined as 
per standard procedure no. 38-12 AACC (2000).

Preparation of pasta 
Flour samples were mixed in dough maker (Model 
no. 800A-B, SPAR) and mixed for 15 minutes to 
make soft dough for making pasta; the dough was 
wrapped with wrapping paper and set for 30 minutes. 
The preparation of pasta wrap paper was removed 
from dough and a sheet was made from the flour 
with sheet maker. The cutting of pasta was done by 
cutter, then pasta was dried at 90 °C for 6 hours for 
cooking and sensory analysis. For further analysis 
pasta samples were dried at 50-55 °C for 24 hours 
as described by Rosa et al. (2015). The width was 
4-6 mm and thickness was 0.5 mm. The pasta was 
stored for further proximate analysis at normal room 
temperature for 2 months.

Cooking quality of pasta 
The different parameters for cooking of pasta were 
determined to find the water absorbed and loss of 
cooking solids etc.

Proximate and sensory analysis of pasta 
Proximate analysis (Moisture, ash, fat, fiber and protein) 
of supplemented buckwheat flour and pasta was done 
to find out the quality of pasta AACC (2000). For 
checking the acceptability of buckwheat supplemented 
pasta, the sensory analysis was done by panel of five 
trained judges for parameters of taste, color and texture 
by a panel of judge as described by Larmond (1977).
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Statistical analysis
All the analyses were carried out in triplicates and 
subjected to CRD under two factor factorial. All 
pairwise comparison were carried out using LSD 
with 95% confidence interval (Steel et al., 1997).

Results and Discussion

Rheological study of flour
Farinographic study of water absorption, dough 
development time, dough stability, mixing tolerance 
index significantly differed (p<0.05) among all 
treatments as shown in Table 2.

The mean values were amplified with an increase 
in the ratio of buckwheat flour. Baljeet et al. (2010) 
reported that the water absorption capacity of 
buckwheat supplemented flour was significantly 
lower than wheat flour. The weak or lower absorption 
of water capacity of supplemented buckwheat flour 
could be ascribed to the existence of minor volume of 
hydrophilic constituents in buckwheat flour (Akubor 
and Badifu, 2001). According to the study of Maeda 
(2004) addition of buckwheat flour above 30% to 
wheat flour directly decreases the strength of dough 
and sensory characteristics. There was a gradual 
increase in dough development time (DDT) with 
an increase in percentage of buckwheat flour. The 
highest value (10.20 min) was noted in T5 while the 
lowest value (5.50 min) was found in T1. Nikolic et al. 
(2011) observed the extension in dough development 
time by the addition of buckwheat flour. On the 
other hand, Gavurnikova et al. (2011) stated that 
the DDT (time of dough development) gradually 
decreased after the addition of 20% of buckwheat 
or ≥10% of millet. The differences of DDT within 
flour supplemented with buckwheat flour were non- 
significant, DDT rose from 1min to 1.2 min when 
buckwheat flour concentration was low, increasing 
buckwheat flour, increased DDT from 5.50 min to 
10.20 min. The highest value for dough development 
time (10.20 min) was found in T5 (50% buckwheat 
flour), while the lowest value (5.50 min) was found 
in T1 (Wheat Flour) and the DDT ranged from 1 
minute to 1.2 minutes when portions of buckwheat 
flour added from 1gm to 20 gm in 100 gm flour.

The time for dough stability was observed in the range 
of 7.10 min to 11.20 min. The highest was observed 
in T2 while the lowest value was noticed in T0. Nikolic 
et al. (2011) reported that the stability of dough for 

composite flour dough was considerably higher (4.6 
min) in the dough with buckwheat flour portion 
of 30 g/100 g, where it was only 0.3 minutes in the 
dough with wheat flour only. Wet and dry gluten of 
supplemented buckwheat flour was significant (p<0.05) 
and decreased with increasing ratio of buckwheat 
flour. The dry gluten content of flours decreased with 
an increase in buckwheat supplementation levels as 
shown in Table 2. A similar trend was observed in 
previous studies. Gavurnakova et al. (2011) reported 
that the gluten content of composite flours decreased 
significantly with a gradual increase in buckwheat 
flour ratio and a gradual decrease in gluten proteins 
of buckwheat.
 
Proximate analysis of buckwheat supplemented flour
Proximate analysis of buckwheat supplemented 
flour (moisture, fats, fiber, protein) was carried out 
to find the quality of flour for further use. The mean 
values showed that buckwheat flour contains 12.0% 
moisture, 9.08 % crude proteins, 1.01% ash, 0.4 % dry 
gluten, and 0.98% wet gluten. The values were in close 
conformity with the findings of different researchers, 
who stated that buckwheat flour contain 7.08 to 
11.03% moisture, 11 to 18.01% protein content, 1.1 
to 3.5% crude fats, 0.6 to 1.7% crude fiber, 1.3 to 
2.8 % ash and 64 to 73% NFE (Fessas et al., 2008). 
Buckwheat flour contains about 8-19 % proteins 
which depend on variety, fertilizers and pesticides 
used (Fornal, 1999). The proximate analysis shows 
us that in future studies how the quality of product 
will be made which affects the physical, chemical and 
sensory analysis of products.
 
Cooking analysis of pasta
Cooking behavior was checked that how much time 
is required for boiling and loss of solids particles 
during cooking (Figure 1). The results for cooking 
parameters are detailed below. The cooking time of 
different buckwheat supplemented pasta samples 
were significantly (p<0.05) higher (21.00 minutes) in 
T0 and significantly (p<0.05) lower time was recorded 
in T5. According to Mustafa et al. (1986) buckwheat 
contains protein other than wheat and durum wheat 
flour and buckwheat flour is gluten-free which requires 
less water as compared to gluten-containing flour. The 
loss of solids in different buckwheat supplemented 
pasta was significant (p<0.05). Higher matter loss 
(4.30%) was observed in T5 and lower matter loss 
(1.67%) was recorded in T0. The loss of solids was 
higher in pasta samples containing 50% buckwheat, 
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as compared to Wheat Flour pasta. According to 
the study of Steadman, Burgoon, Lewis, buckwheat 
flour bran contains about 11.9% dietary fiber which 
leaches out from pasta during cooking (Manthey et 
al., 2004) the high matter loss in all the treatments 
was observed in gluten free samples. 

The increase in weight in different buckwheat 
supplemented pasta samples was significantly 
different among each other. Higher weight increase 
(38.49%) was observed in T5 and a lower weight 
increase (20.77%) was recorded in T0. The higher 
weight increase was noticed in the buckwheat flour 
pasta then that of other flour pasta, which depends 
upon different factors like non-starch polysaccharide 
content of BW which is responsible to have high 
water absorption (Izydorczyk et al., 2014). The 
unusual conformation of buckwheat starch granules, 
which are smaller, with a more irregular structure, and 
contain more amorphous areas than those of wheat; 
and the disruption in the protein matrix, promoting 
water absorption (Acquistucci and Fornal, 1997; Qian 
et al., 1998). 

Proximate analysis of buckwheat supplemented pasta
Moisture content: The moisture content of 
buckwheat supplemented pasta was significantly 
(p<0.05) higher and decreased significantly with 
gradual increase in buckwheat flour addition (Table 
3). Higher moisture content was found in T0 and 
the lower moisture content was found in T5. The 
above difference in the moisture % may be due to 
the fact that a gradual decrease in protein content 
may decrease moisture levels because of low water 
absorption (Mustafa et al., 1986). During the time 
period of two months a decreasing and significantly 
affected variation was found among the different pasta 
samples (Table 4) The gradual decrease may be due to 
increasing temperature in the month of June and July 
and low relative humidity during the storage period 
(Alamprese et al., 2007). He also reported in his study 
that due to low moisture microbial proliferation was 
also low and it increases the shelf life of food products.

Ash content: The mean values for treatments and 
storage intervals are placed in Table 3. The mean 
values for ash content among treatments differed 
significantly (p<0.05). The highest ash content was 
found in T5 (50% buckwheat) and the lowest ash 
content was observed in T0 (0% buckwheat). The 
increase in ash content in buckwheat supplemented 

pasta was due to an increase in buckwheat flour 
content because buckwheat flour possesses more ash 
content as compared to wheat flour. Baljeet et al. 
(2010) studied that supplementation of buckwheat 
flour increases ash content. Bilgicli (2009) reported 
that ash content increases due to supplementation of 
buckwheat flour in Turkish noodles. Some researchers 
reported the gradual increase in the ash (%) content 
of altered cereal produces with the addition of 
buckwheat granulating (milling) products. During 
the storage period of two months, the non-significant 
effect was recorded for ash content (Table 4).

Fat content: Crude fats in buckwheat supplemented 
pasta was significantly (p<0.05) affected by the 
variation in supplementation. The highest value was 
observed in T5 (50% buckwheat) and the lowest 
value was found in T0 (0% buckwheat). According 
to the study of Bilgicli (2009), buckwheat flour has 
more fats content than wheat flour. The fats contents 
were increased in the treatments with the gradual 
increase in supplementation of buckwheat flour. 
Buckwheat grain contains many valuable nutrients 
such as proteins, fats, polysaccharides, vitamins, 
minerals, fiber, and polyphenols (Kreft et al., 2010). 
A significant (p<0.05) decrease was observed in the 
buckwheat supplemented pasta during the storage 
period of two months as summarized in Table 4. 
From 0 day to 60 days of the interval a decreasing 
data were recorded. The decreased amount of crude 
fats may be due to occurrence of rancidity in the 
flour and after that subsequently in the pasta. The 
activation of lipase enzyme activity also decreases 
the fats content, he decreased amount of fat content 
in pasta might be due to occurrence of rancidity in 
flour and subsequently in pasta or it may be due to the 
activation of lipase enzymes activity in flour, which 
splits the fat into free fatty acids and glycerol which 
happens in the presence of moisture content as due 
to some environmental factors like heat and light 
(Khan et al., 2012). According to the study of Moroni 
et al. (2012) who reported about the decreasing 
of fats contents in gluten-free food and ready to 
serve food products made up of buckwheat from 
which they stated that the addition of buckwheat 
flour might show a gradual increase in crude fats 
content. A significant change and decrease of crude 
fats content in fortified and unfortified flour and 
buckwheat flour product for two months period of 
storage (Akhtar et al., 2005).
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Table 1: Ratio of flours for proximate analysis and pasta production.
T0 = 85% Wheat Flour + 15% Durum Wheat Semolina
T1 = 75% Wheat Flour + 15% Durum Wheat Semolina + 10% Buckwheat Flour
T2 = 65% Wheat Flour + 15% Durum Wheat Semolina + 20% Buckwheat Flour
T3 = 55% Wheat Flour + 15% Durum Wheat Semolina + 30% Buckwheat Flour
T4 = 45% Wheat Flour + 15% Durum Wheat Semolina + 40% Buckwheat Flour
T5 = 35% Wheat Flour + 15% Durum Wheat Semolina + 50% Buckwheat Flour

Table 2: Rheological study of Buckwheat supplemented flours.
Treatments Moisture (%) Wet Gluten (%) Dry Gluten (%) WA (%) DDT (minutes) DS (minutes)
T0 13.350±1.15a 24.058±0.59a 9.8406±0.09a 56.40±0.11c 5.50±0.10f 7.10±0.10a
T1 13.199±0.04a 19.707±0.64b 7.1537±0.12b 55.10±0.10d 7.40±0.10d 6.2±0.09b
T2 13.264±0.04a 19.333±0.58b 4.9423±0.12c 55.20±0.12d 7.60±0.10c 4.3±0.06c
T3 12.853±0.05ab 14.119±0.76c 3.6413±0.12d 56.30±0.12c 6.10±0.10e 3.6±0.09d
T4 12.263±0.04b 12.203±0.69d 3.0280±0.24e 57.93±0.15b 9.10±0.10b 1.7±0.10e
T5 12.098±0.05b 8.808±0.97e 2.4806±0.22f 58.80±0.10a 10.20±0.10a 1.3±0.07f

Table 3: Proximate analysis of buckwheat supplemented pasta.
Sample Moisture Ash Fiber Fats Protein NFE
T0 4.63±0.04a 0.88±0.02f 0.01±0.00f 1.94±0.05e 6.14±0.04e 69.39±0.04a
T1 4.46±0.07b 1.53±0.01e 1.07±0.00e 2.27±0.03d 5.22±0.04f 68.93±0.07b
T2 4.26±0.06c 1.59±0.01d 1.38±0.00d 2.58±0.04b 6.44±0.04d 67.29±0.06c
T3 4.14±0.06d 1.64±0.03c 1.85±0.05c 2.57±0.04b 7.59±0.05c 65.04±0.06d
T4 4.01±0.06e 1.68±0.02b 2.27±0.03b 2.46±0.04c 7.73±0.05b 60.75±0.06e
T5 3.80±0.04f 1.72±0.04a 2.64±0.04a 3.01±0.06a 8.93±0.03a 57.78±0.04f

Table 4: Effect of storage on buckwheat supplemented pasta. 
Days Interval Moisture Ash content Fiber Fats Protein NFE
0 4.33±0.04a 1.54±0.02a 1.56±0.02a 2.55±0.00a 7.14±0.04a 62.21±0.02e
15 4.29±0.07a 1.50±0.04a 1.54±0.02a 2.49±0.06c 7.07±0.07b 63.86±0.11d
30 4.22±0.06a 1.50±0.01a 1.53±0.01a 2.40±0.09d 7.00±0.07c 67.17±0.12c
45 4.16±0.05a 1.49±0.01a 1.53±0.01a 2.34±0.06e 6.95±0.05d 66.11±0.11b
60 4.08±0.05a 1.49±0.01a 1.52±0.02a 2.54±0.10b 6.90±0.05e 66.97±0.09a

Fibre content: The mean values for crude fiber differed 
significantly (p<0.05) among treatments and are given 
in Table 3. The highest fiber content was found in T5 
(50% buckwheat flour) and the lowest fiber content 
was observed in T0 (0% buckwheat). Bonafaccia et 
al. (2003) reported that grain of buckwheat is a rich 
source of fiber with a high biological value also. Baljeet 
et al. (2010) studied buckwheat flour and found the 
significant effect of fiber. At the time of storage of 
two months, a significant effect of crude fiber content 
was observed. From 0 day to 60 days of analysis the 
crude fiber content was decreased as given in Table 4. 
Anjum et al., 2006 observed in his experiments that 

change in the effect of crude fiber is very low during 
storage. He also found non-significant changes in 
crude fiber during a storage period of buckwheat flour.

Protein content: A gradual significant increase in 
the protein content was observed during storage. 
The means for crude protein content of buckwheat 
supplemented pasta is present in Table 3. The 
highest crude protein content was observed in T5 
(50% buckwheat) and the lowest protein content 
was observed in T0 (0% buckwheat). Crude protein 
content was increased with the gradual increase in 
supplementation of buckwheat flour in the treatments. 
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Increasing of buckwheat flour increased the protein 
content because buckwheat grain and flour have high 
protein contents than other wheat flour.

Figure 1: Pasta Cooking Quality Paprameters; T0: 85% Wheat 
Flour + 15% Durum Wheat Semolina T1: 75% Wheat Flour + 15% 
Durum Wheat Semolina + 10% Buckwheat Flour T2: 65% Wheat 
Flour + 15% Durum Wheat Semolina + 20% Buckwheat Flour T3: 
55% Wheat Flour + 15% Durum Wheat Semolina + 30% Buckwheat 
Flour T4: 45% Wheat Flour + 15% Durum Wheat Semolina + 40% 
Buckwheat Flour T5: 35% Wheat Flour + 15% Durum Wheat 
Semolina + 50% Buckwheat Flour.

From the study of Baljeet et al. (2010) who also 
utilized buckwheat flour in cookies and noodles and 
reported a gradual increase of crude protein content 
which was from 5.0% to 7.0%. (Bejosano and Corke, 
1998) they all also reported the range of crude protein 
from 9.7 to 15% in buckwheat flour. During the 
storage of two months of buckwheat supplemented 
pasta decreasing protein content (%) was recorded 
as shown in Table 4. At the start of the experiment, 
crude protein content was recorded 7.64 % and on 
the termination of the experiment crude protein was 
recorded 7.40%. The reason for decreasing the crude 
protein contents in buckwheat supplemented pasta 
was due to proteolytic activity of enzymes present. The 
degradation of protein content is done by protease 
enzymes that convert crude proteins into amino acids 
and leading to a decrease in protein content. Shahzadi 
et al. (2005) also recorded a decrease in the protein 
content of chapattis made up of composite flour 
during storage.

Sensory analysis of buckwheat supplemented pasta
The sensory evaluation of the buckwheat 
supplemented pasta on the basis of their color, taste, 
and texture showed significant differences among 
different treatments (Table 5). Scores assigned to 
supplemented pasta on the basis of their color, taste 
and texture ranged from 9.00 to 5.00, 8.66 to 6.33 and 
8.33 to 5.66, respectively, among different buckwheat 
supplemented pasta samples. The buckwheat 

supplemented pasta has been shown in Figure 2. The 
result revealed that the color of pasta was different from 
each other and the scores vary from 5 to 9 points. The 
highest scores (9) was given to T0 (0% buckwheat) and 
the lowest scores (5) was given to T5 (50% buckwheat). 
The color of buckwheat supplemented pasta was 
significantly different from each other as the increasing 
amount of buckwheat flour. The lowest scores were 
exhibited by T5 which might be due to the dark brown 
color of the buckwheat flour. However, Chillo et al. 
(2008) developed spaghetti from durum wheat with 
buckwheat supplementation and that spaghetti showed 
similar sensory result for the spaghettis he made from 
durum wheat semolina. The mean scores for sensory 
analysis for the texture of buckwheat pasta have been 
given in Table 5. The result revealed that the texture of 
the pasta was different from each other which differed 
from 5.6 to 8.33 scores. The highest scores (8.33) was 
given to T0 and lower scores (5.6) were given to T5. 
The main problem of any product is its bad texture 
which degrades the product sensory quality, due to its 
disintegration during cooking. In the present study, 
sensory characteristics for taste of pasta were different 
from each other which result a change from 6.33 to 
8.66 scores. The significantly highest scores (8.66) were 
given to T0 and significantly lowest scores (6.33) were 
given to T5.

Figure 2: Buckwheat supplemented pasta.

Table 5: Sensory analysis for buckwheat supplemented 
pasta.
Treatments Color Taste Texture
T0 9.00±0.00a 8.66±0.58a 8.33±1.15a
T1 8.66±0.58a 8.66±0.00a 7.66±0.58ab
T2 7.33±0.58b 8.00±0.58ab 6.66±1.15bc
T3 7.00±1.00b 7.33±0.58b 6.33±0.58bc
T4 6.66±0.58b 6.33±0.58c 6.33±0.58bc
T5 5.00±0.00c 6.33±0.58c 5.66±0.58c
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In the panel, the judges scored between 6 to 8, 
which is placed in like and like moderately. As the 
concentration of buckwheat increase in the pasta, 
the liking taste retarded gradually. This might be due 
to the fact that people consume whole wheat flour 
food products and the taste of buckwheat suddenly 
changed, as well as it may also be the reason for color 
and texture change. Another reason that explains the 
low acceptance of pasta with higher supplementation 
of buckwheat can be attributed to higher content 
of ash in pasta. According to the study of Kim et al. 
(2004), flour having high ash content signifies that 
there are some unwanted materials presents such 
as bran, which may be reflected in the low textural 
quality. Baljeet et al. (2010) reported in his study that 
low scores for sensory characteristics might be due to 
flavonoid compound (rutin) which gave a bitter taste 
in buckwheat flour.

Conclusions and Recommendations

The addition of buckwheat flour in formulation of 
pasta had significant effects on color value, cooking 
quality, sensory and rheological properties of pasta. 
As the supplementation ratio of buckwheat flour 
increased in pasta, the weight, ash, fiber, fats and 
protein content also increased. The buckwheat 
flour negatively affected cooking and color scores 
of pasta. As a result of the sensory evaluation, the 
overall acceptance of pasta was found best in pasta 
supplemented with 30% buckwheat flour. It can be 
concluded that buckwheat flour addition improved 
the nutritional quality of pasta but 40 and 50% BWF 
addition level adversely affected color and sensory 
properties.
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