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ABSTRACT

Eight Pakistani hard white spring wheat cultivars (TJ-83, Abadgar, Anmol, TD-1, Moomal, Imdad,
SKD-1, and Mehran) grown at two locations (Nawabshah and Tandojam) for two crop years (2005-06

and 2006-07) used in this study. They were analyzed for their quality attributes to assess the storability
and performances during processing. Test weight (TW), Thousand kernel weight (TKW), Moisture

content (MC), Protein content (PC), Hardness score (HS), Wet gluten (WG), Dry gluten (DG), Gluten
index (GI) and Falling number (FN) were found in a range of 73.5-79 Kg/hL; 30.2-41.6g; 8.9-12%;

11.4-17%; 52-60; 26-43.9%; 8-13.2%; 20-88 and 439-946s respectively. The cultivars were significantly
varied in their quality attributes except PC, DG and AC. The variation in PC and AC was found

significant due to change in location. It was also observed that the cultivars exhibited greater PC, WG,
DG and FN when grown at Nawabshah than Tandojam. The grains were milled into straight grade

flour in order to assess their performances during milling. In addition to MC, PC, WG, DG, and GI,
the resultant flour was analyzed for Ash content (0.54-0.82%) and Starch damage (21-24UCD). We

have also found some of the significant relationships among the attributes. TW was related with TKW
(r = 0.512*). HS was significantly related with PC (r = 0.686**), WG (r = 0.526*) and DG (r =

0.506*). A highly significant correlations of PC was found with WG (r = 0.907**) and DG (r =
0.903**). Generally, it is valuable for grower, miller, processor and trader to know the keeping &

storage quality as well as suitability for developing the desired food products. The information
generated from this study about the major quality characteristics and the influential factors of quality

of commonly grown wheat cultivars would be useful for appropriate storage & milling and also helpful
in determining the end-use suitability of particular wheat cultivars.
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Introduction

Hard wheat (Triticum aestivum L.) is the most cultivated of all wheat varieties in Pakistan. It is

consumed in the form of variety of traditional products (Chapati, bread, noodles, roti) as well as utilize
in the development of new products. In view of its significance, all the players including breeder,

grower, miller, processor and researcher are highly concerned with the wheat quality. The quality that
may reflects the physical condition of grains, flour behavior during processing and suitability for

specific end-uses. In a scientific way, these characters can be evaluated by performing tests using
sophisticated instruments and by following standard methodologies. 
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The physicochemical evaluations are the most important that are essentially required to determine
the wheat potentials for storage, processing and suitable end-uses. Each of the attribute plays a
specified role in defining the wheat quality. Protein is the most influential component of wheat during
processing and finished product quality (MacRitche et al., 1990; Weegles et al., 1996; Branlard et al.,
2001; Lafiandra et al., 1999; Triboi et al., 2003). The performance of wheat variety against air drought
and temperature is reflected by test weight (Misic and Mladenov, 1998). Hardness is usually used to
classify wheat. Moisture is a key parameter to determine the wheat potential for storage. The á-amylase
activity can be evaluated by falling number (Koksel et al., 2000). Besides the physicochemical
characteristics, it is important to know the behavior of wheat during milling and the quality of
resultant flour. The process of milling majorly includes de-branning and reduction of endosperm into
flour. Ash is a basic indicator of flour refinement (Shogren et al., 1981; Kaldy and Rubenthaler, 1987).
A certain proportion of starch tends to damage during milling and the extent of damaging generally
depends on milling practice and type of wheat (hard or soft). However, an optimum level of damaged
starch is required for superior baking performance (Antoine et al., 2004; Morrison et al., 1994; Nagao,
1995). The viscoelasticity of wheat flour dough is strongly related to gluten (Janssen et al., 1996;
Faubion and Hoseney, 1990) that is capable to determine the suitability of wheat for the development
of diversified products (Wrigley et al., 2006).

The most important considerations for the consumer are high nutritive value and good organoleptic
properties of the product that are largely depend on the physicochemical characters (Mladenov et al.,
2001). Therefore, the present study has been designed to determine the physicochemical characters as
well as milling attributes of prevalent hard wheat varieties grown in Pakistan. Furthermore, the effects
of cultivar and location had been evaluated on the quality of hard wheat.

Material and methods

The eight prevalent Pakistani hard white spring wheat cultivars (TJ-83, Abadgar, Anmol, TD-1,
Moomal, Imdad, SKD-1, and Mehran) were grown at two locations Nawabshah and Tandojam during
two crop years 2005-2006 and 2006-2007. The cultivars were grown under irrigated conditions. They
were planted from mid-November to the first week of December in each crop year and harvested
during the first fortnight of May each year. 

Grain characteristics

The samples were mixed thoroughly by precision electronic divider and thereafter cleaned manually.
Test weight was determined using a standard one liter bucket procedure for wheat as described by
Dexter and Tipples (1987). The samples free from shriveled & broken kernels were separated for the
determination of thousand kernel weight using the electronic seed counter (Seedburo Model no. 801).
Moisture content of grain was determined through Digital Moisture Tester (Burrows model 700) duly
calibrated with air oven method. 300g grains of each variety were milled through Perten Laboratory
mill 3100 installed with 0.8mm sieve. The flour obtained from this mill was used for the analysis of
protein content and hardness score using NIR technique (Inframatic 8620A). Gluten contents (wet &
dry) and gluten index were determined according to AACC method 38-12 (AACC 2000). Falling
number apparatus was used for the determination of á-amylase activity and it was determined according
to AACC method 56-81B (AACC 2000).

Milling and flour characteristics

Wheat grain was milled into flour using a Brabender Quadramat Junior Mill according to the
procedure of AACC 26-50 (AACC 2000). Wheat was conditioned to 15% moisture for 18hr before
milling. The feeding rate was about 100g/min. flour yield was recorded as the percentage of flour
recovered compared with the amount of grain introduced to the mill. The quality attributes of resultant
flour including protein content, gluten contents and falling number were measured as described earlier.
Moisture content and ash content were determined by following the procedure of AACC 44-15A and
08-01 respectively. The starch damage was measured by using SD matic (Chopin).

Statistical analysis

All tests were performed in triplicate and results are reported as average of two crop years with
standard deviation. Statistical analyses were carried out for each measured parameter of analysis of
variance ANOVA was determined using MINITAB software. Pearson’s correlation coefficients were
determined using SPSS Data Editor 10.0 and statistically significant levels were determined at p<0.05
and p<0.01.
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Rseults and discussion

The mean values for physicochemical characteristics of hard white spring wheat cultivars are

presented at Table 1. All the cultivars were varied in their quality characteristics. As the wheat quality

largely depends on genotype and growing conditions (Anjum and Walker, 2000; Lin and Czuchajowska,

1997; Altenbach et al., 2003; Clarke et al., 2004, Baenziger et al., 1985). Test weight (TW) is a

positive factor in grain value and is generally used to assess the performance of cultivar under extreme

environmental conditions (Misic and Mladenov, 1998). This would be the reason that a significant

difference (F = 44.23, P< 0.00) was observed in the TW of cultivars. Thus, TD-1 was the least (73.5

Kg/hL) whereas Abadgar was the most (79 Kg/hL) resistant variety when they were grown at NS. The

soundness of kernels is often expressed with thousand-kernel weight (TKW). Arif et al. (2007a) and

Breseghello and Sorrells (2006) reported that greater proportion of large-size kernel increases thousand-

kernel weight (TKW) and ultimately gives more yield of flour (Morgan et al., 2000). TKW was found

significantly related with TW as shown in Fig. 1(a) that is the samples contained greater proportion

of healthy kernels showed greater TW. Also, the cultivars were significantly different (F = 10.86, P<

0.00) in their TKW. The highest (41.6g) and lowest (30.2g) TKW were showed by Abadgar and

Anmol grown at NS.

It is obvious that moisture content (MC) of grains depends on the growing environment. In this

study, we have found significant difference in MC due to change in location (F = 33.69, P< 0.00)

as well as cultivar (F = 10.13, P< 0.00). However, the difference was more significant with the

change in location. Furthermore, the same cultivar showed ~ 0.7-2.4 times lower moisture when grown

at NS. No doubt, lower moisture enhances the storability of kernels (Karunakaran et al., 2001). Thus,

Anmol would be the most stable variety among the cultivars during storage.

Protein has a major role in the formation of stronger dough and its greater amount is usually

associated with higher loaf volume (Mailhot and Patton, 1988; Pomeranz, 1988). The effect of location

(F = 12.37, P< 0.003) was found statistically significant on the content of protein. About 0.2 – 3.6

times greater amount of protein was accumulated in wheat when the cultivars were grown at NS.

Cornish et al. (1991) and Zhu & Khan (2001)had also found the greater influence of location on PC

as compare to cultivar. The interaction of protein with starch reflects the property of grain hardness

(Carver, 2006). Harder grains generally yield larger particles of flour that are suitable for bread making.

In this study, all the wheats were hard type but within the hard wheat class they were found

significantly different in their hardness scores (F = 10.13, P< 0.00). Generally, harder wheat has greater

amount of protein and glutens (wet & dry). NIR hardness score was significantly correlated with

protein content, wet gluten and dry gluten as shown in Fig. 1(b), 1(c) and 1(d) respectively. 

The functionality of wheat flour largely depends on quantity and quality of gluten (Schofield,

1994). At NS, the cultivars showed WG & DG from 28-43.9% and 9.0-13.2% respectively. Whereas,

their WG & DG declined from 26-33.6 % & 8.0 – 11.0% - when the same cultivars grown in TJ.

The highest wet & dry glutens were contained by Abadgar when it is grown at NS. Obviously, WG

and DG were increased simultaneously with the increase in PC (Fig. 1(e) and 1 (f)). Similarly, WG

is significantly correlated with DG (Fig. 1(g)). GI is a reliable parameter to evaluate the strength of

gluten or dough. Such a wide range of GI reflecting a varied strength from weak to strong glutens

in wheat samples (F = 118.02, P<0.00). Particularly the highest (91) and lowest (20) gluten indices

were observed in Imdad and Abadgar grown at TJ respectively. Falling number (FN) gives the activity

of á-amylase in wheat. The cultivars were statistically different (F = 625.32, P<0.00) in their FN

values. Every et al. (2002) also found the variation in FN values between two cultivars. However, all

the cultivars were sound as interpreted by FN values of greater than 439s (Arif et al., 2007b; Bushuk

and Rasper, 1994).

Wheats were milled into straight grade flour with the average yield of 68.6 g flour/100g grains.

The milling quality of wheat largely depends on grain quality and milling practices. In this study, all

wheats were milled through the same mill and methodology. Thus, the variations in the quality

attributes of resultant flour were due to the cultivar or location. Ash is the most reliably indicates the

efficiency of debranning steps in milling process. However, the level of ash largely depends on the

growing conditions of grains. In this study, the ash content varied significantly due to change in

location (F = 12.50, P<0.003) instead of cultivars (F = 1.38, P = 0.279). A positive relationship (r

= 0.311) was found between starch damage and hardness score. During milling the greater starch was

damaged in harder wheat grains. Starch damage was significantly varied (F = 10.61, P<0.00) with the

cultivar. These results suggest the millers that with the optimization of their milling practices, they

should emphasize on the quality of grains to be milled. The good quality flour can be obtained from

good quality wheat.
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Table 1: M ean values for som e physicochemical characteristics for hard white spring wheat cultivars averaged over two crop

years grown for two locations.

Cultivar Test weight (Kg/hl) Thousand kernel weight (g) Moisture content (%) Protein content (%) Hardness score

TD-1

Nawabshah 73.5±0.6 38±2 10.7±0.3 14.1±1 57±0.57

Tandojam 75.2±0.4 38.8±1.4 12±0.1 12.2±1.3 56±0.4

Imdad

Nawabshah 75.4±0.5 33.6±1.9 9.4±0.2 14.9±1.9 60±0.11

Tandojam 76±0.5 41.0±2.1 11.3±0.3 12±2 59±0.57

M ehran

Nawabshah 78.6±0.6 40±1 10±0.1 14.6±2 58±0.4

Tandojam 74.2±0.3 34.2±1.1 10.8±0.1 12±2 56±0.4

Abadgar

Nawabshah 79±0.7 41.6±2.4 9.9±0.3 17±1.3 58±0.57

Tandojam 78.3±0.4 39.6±1.2 10.6±0.4 13.5±.4 57±0.57

M oomal

Nawabshah 75.5±0.5 33±2.1 10±0.4 13.8±1.6 60±0.4

Tandojam 78±0.6 35.2±1.7 11.4±0.3 13±1.4 57±0.57

Anmol

Nawabshah 74.5±0.7 30.2±2 8.9±0.4 16.2±2 60±0.57

Tandojam 78±0.6 39.2±2 11±0.3 12.6±1.7 57±0.4

SKD-1

Nawabshah 75±0.6 33.4±1.5 9.9±0.3 16.5±1.3 60±0.57

Tandojam 78±0.7 37.4±1.8 11.3±0.5 13.2±1 58±0.11

TJ-83

Nawabshah 78.2±0.3 35±2.3 9.6±0.1 11.6±1 52±0.57

Tandojam 76.3±0.6 33.4±1.3 12±0.1 11.4±1.8 52±0.57

Table 2: M ean values for som e physicochemical characteristics for hard white spring wheat cultivars averaged over two crop

years grown for two locations.

Cultivar Wet gluten (%) Dry gluten(%) Gluten index Falling number(s)

TD-1

Nawabshah 33.6±2.2 10.4±1.1 40±3 527±8

Tandojam 30.5±1.7 9.6±1.2 30±4 505±6

Imdad

Nawabshah 35±3 10.7±2 86±2 866±11

Tandojam 30±1.6 9.2±1.3 91±2 569±9

M ehran

Nawabshah 34±1.4 10.5±1.7 55±2 568±14

Tandojam 27±0.8 8.5±0.8 55±2 439±18

Abadgar

Nawabshah 43.9±2.3 13.2±2.1 40±3 946±10

Tandojam 33.6±2 11±2.2 20±4 575±17

M oomal

Nawabshah 30±1.8 9.6±2 65±4 658±14

Tandojam 27.8±2 8.9±1.9 65±3 622±13

Anmol

Nawabshah 36.7±2.3 12.8±2.3 52±2 940±13

Tandojam 26±2.1 8.0±1.8 88±2 605±11

SKD-1

Nawabshah 37±1.7 11.6±2.4 69±2 613±14

Tandojam 31.5±1.3 9.6±1.7 50±3 576±23

TJ-83

Nawabshah 28±1.9 9±1.7 47±1 871±16

Tandojam 27.2±2.2 8.8±1 35±1 615±14

Table 3: M ean values for physicochemical characteristics of white flour obtained from hard white spring wheat cultivars averaged

over two crop years grown for two locations.

Cultivar M oisture Protein Wet gluten (%) Dry gluten (%) Gluten index Ash content (%) Starch dam age 

content (%) content (%) (UCD)

TD-1

Nawabshah 14.6±0.2 11.8±1 34±1.9 10.7±1.3 72±1 0.72±0.1 22.7±0.4

Tandojam 15.8±0.3 10±1.1 26.5±2.3 8.6±1.8 65±1 0.54±0.12 23±0.4

Imdad

Nawabshah 14.6±0.3 12.6±1.3 32.4±3 10.1±2.3 93±1.2 0.65±0.12 23.2±0.3

Tandojam 15.3±0.1 10.3±2 25±1.4 8.2±1.3 97±1 0.63±0.12 23±0.4

M ehran

Nawabshah 14.5±0.2 12.7±2 34.5±2.2 10.8±2 65±0.3 0.67±0.11 21.6±0.33

Tandojam 14.6±0.2 10.4±1.4 25.5±2.2 8.6±1.8 90±0.45 0.65±0.13 22±0.33

Abadgar

Nawabshah 11±0.3 16.5±2.2 45.4±2.6 13.6±2 53±0.5 0.82±0.13 21.7±0.5

Tandojam 14.7±0.4 11.6±2.3 33±2.3 10.1±2 58±0.5 0.57±0.11 23.8±0.7
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Table 3: Continue

M oomal

Nawabshah 14.3±0.2 11.3±1 28.8±2.4 9.3±2 95±1 0.66±0.14 21.8±0.5

Tandojam 15.1±0.2 10.9±1.9 26.6±2.8 8.9±2.2 96±1 0.64±0.15 24±0.6

Anmol

Nawabshah 14.5±0.11 13.6±1.4 34.6±3.2 11.1±2.5 95±1.2 0.65±0.12 22.1±0.5

Tandojam 15±0.3 10.5±1.2 25±1.3 8.5±1.1 98±0.8 0.54±0.11 22.4±0.5

SKD-1

Nawabshah 14.6±0.4 14±1.2 38.2±1.7 11.7±1.6 86±1.3 0.62±0.1 21.4±0.4

Tandojam 15.2±0.4 11.2±1.6 31±2 9.5±1.7 89±0.5 0.61±0.11 24±0.3

TJ-83

Nawabshah 14±0.3 10.4±2.1 31.7±2 9.3±1.7 72±0.5 0.77±0.12 21±0.3

Tandojam 15±0.1 10.4±2.3 27±2 8.8±1.6 83±0.5 0.54±0.12 21±0.3

    (A)

  (B)
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(C)

  (D)

(E)
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 (F)

(G)

Fig. 1: The statistically significant relationships among various quality attributes found in this study.

Flour from wheat cultivars were also analyzed for their quality characteristics as given at Table

2. Obviously, all the flours had the quality that reflects their grain quality. Wheats were milled into

straight grade flours so that ash ranged from 0.54 – 0.82%. Protein, wet gluten and dry gluten were

ranging from 10.3 – 16.5%, 25 – 45.4% and 8.2 – 13.6%. The damaging of starch is reflected by

UCD. Flours were contained 21-24UCD damaged starch. 

Within the hard wheat class, Pakistani wheat cultivars varied in their quality. All the wheats were

sound and had good storage stability. The wide range of quality attributes of Pak wheat cultivars

creates an opportunity for miller & processors to develop diversified food products and for traders to

explore new wheat markets.
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