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Crumb softness and improved shelf life of bread is often achieved by 
incorporating expensive shortenings in the formulation. We hypothesized 
that similar results could be achieved by blending bread wheat flour with 
waxy (low amylose) durum wheat flour. White pan bread was baked from 
10, 20, and 30% waxy durum wheat flour composites and evaluated for 
loaf volume and crumb firmness over a period of 0, 3, and 5 days. The 
loaf volumes were not affected by the waxy flour blends. However, as 
staling progressed over 3–5 days, significant firming of crumb was ob-
served in the control sample compared with loaves containing waxy flour. 

The firmness was inversely proportional to the level of waxy flour used in 
the blend. A 20% waxy wheat flour blend was optimal in retarding staling 
while producing bread quality comparable with the control. It was further 
established that bread made with 20% waxy flour gave lower firmness 
values after 5 days of storage in comparison to bread made with 3% shor-
tening. These results suggest that 20% waxy wheat flour could substitute 
for use of shortening to achieve desirable crumb softness and to retard 
staling upon storage.  

 
Staling of baked goods results in considerable losses for bakers 

and supermarkets, and speculation flourishes on the possible use 
of waxy wheat to extend shelf life of baked goods (Graybosch 
1998). Bread staling refers to changes in the crumb other than those 
resulting from the action of spoilage organisms, which decreases 
consumer acceptance of bakery products. It is usually characterized 
by toughening of the crust, firming of the crumb, loss of moisture 
and flavor, and a corresponding loss in product freshness (Hoseney 
1994). Reduction in crumb softness over time (firming) is an im-
portant manifestation of staling and is often used to monitor the 
staling process, both by consumers and researchers. It is well 
established that various flour components have an influence on the 
rate of bread staling. Kim and D’Appolonia (1977) attributed staling 
to the formation of a protein-starch complex, with a subsequent 
dilution of the starch fraction. High protein content has been asso-
ciated with initial crumb softness and slow firming of bread with 
time (Maleki et al 1980; Callejo et al 1999). Michniewicz et al (1992) 
suggested that flour pentosans exerted a reducing effect on bread 
staling rate by interacting with the gluten to form hydrated film net-
works, thereby increasing the water absorption of dough, which in 
turn contributed to the soft texture of bread crumb. A higher water 
absorption level results in a softer crumb and a slower rate of bread 
firming (Rogers et al 1988). Piazza and Masi (1995) concluded that 
it was more important to prevent moisture dehydration after baking 
than to increase the initial moisture content of the bread.  

Staling in pan bread depends primarily on a change in the struc-
ture of starch from an amorphous structure to a partially crystalline 
state (Thomas and Atwell 1997). Starch suspensions retrograde on 
standing to precipitate the amylose, which is one explanation of the 
phenomenon of staling (Hug-Iten et al 1999). Others have explained 
staling of bread in terms of the amylopectin chains in starch asso-
ciating to cause a greater rigidity of the bread crumb that is char-
acteristic of stale bread (Krog et al 1989). The amount of amylose 
affects many of the physicochemical properties of starch because it 
has the ability to form a firm gel on cooking and cooling. Conversely, 
amylopectin slows gel formation due to its tumbleweed-like struc-
ture, and the resultant gel is soft and gummy.  

When starch is composed exclusively of amylopectin, it is referred 
to as waxy, and it exhibits low initial pasting temperature, high clarity 
of paste, low syneresis, and high resistance to retrogradation (Kiri-

buchi-Otobe et al 1998). Hayakawa et al (1997) compared the struc-
tural and functional properties of starches isolated from waxy and 
normal hexaploid wheat using X-ray diffractometry and differential 
scanning calorimetry (DSC). Waxy starch had somewhat higher 
crystallinity and displayed a greater resistance to retrogradation. 
Yasui et al (1999) observed that the amylopectin structures of three 
different waxy wheat lines were similar to those of nonwaxy parent 
lines, although the apparent amylose and lipid content of the waxy 
starch was much lower than that of the parents. They suggested that 
waxy wheat would assist in retarding the staling process of baked 
products. Graybosch (1998) reported that waxy wheat starches have 
a higher water binding capacity than normal starches, and might 
therefore be used to extend the shelf life of baked goods without a 
concomitant dilution of wheat gluten. He further stated that the devel-
opment of waxy wheat flour could be widely applied in frozen 
foods, retort-packed foods, as well as in many nonfood industries.  

Researchers throughout the world have tried to retard staling 
through the addition of ingredients such as α-amylases (Morgan et 
al 1997; Champenois et al 1999), maltodextrins (Gerrard et al 1997; 
Defloor and Delcour 1999), lipids (Collar et al 1998), surfactants 
(Rao et al 1992; Faheid and Ragab 1996; Stauffer 2000), and shor-
tenings or emulsifiers (Armero and Collar 1998; Forssell et al 1998; 
Genc et al 2000). Most of these additives exert a favorable effect on 
the keeping quality of bread by either increasing the water reten-
tion of the dough (Lee et al 1998) or by forming a complex with 
starch (De Stefanis et al 1977). While this approach has been suc-
cessful and is widely used in the baking industry, it would be 
highly desirable to develop a method for reducing the staling of bakery 
goods without the need for such expensive additives. Various 
cereal starches and flours such as waxy barley (Ghiasi et al 1984; 
Inagaki and Seib 1992; Morita et al 1998; Toufeilli et al 1999), 
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al 1998), and sorghum (Hugo et al 2000) have been successfully in-
corporated with bread wheat flour to retard staling. The objectives 
of this present study were to: 1) test the effect of waxy durum flour 
in retarding staling and crumb firming over time; 2) determine the 
optimum level of waxy flour for blending with a strong bread wheat 
flour to produce a good quality bread; and 3) compare the texture 
conferred by the addition of waxy flour with that obtained by the 
use of a shortening.  

MATERIALS AND METHODS 

Wheat Samples 
A hard red spring (HRS) wheat cultivar, Trenton, was used as a 

base flour to which two experimental lines of waxy durum flour was 
added at levels of 10, 20, and 30%, and these composites were used 
for baking bread. Trenton was selected for its strong protein mixing 
characteristics and superior breadbaking properties so as to mini-
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mize the possible effects of gluten dilution. Waxy durum flour was 
used in this study because of the unavailability of advanced waxy 
hexaploid wheat lines. Waxy durum was derived from an initial 
cross of the partial waxy (A and B-genome) hard red winter wheat 
‘Ike’ and durum wheat ‘Ben’ through backcrossing. Ben was used 
as the durum parent due to its widespread use in the durum-growing 
region of the Northern Great Plains. Plants heterozygous for the 
waxy-null trait in both genomes (A and B) were selected by iodine 
staining of the pollen. In heterozygous plants, the waxy trait is 
expressed in one out of four pollen grains. Heterozygous plants 
were backcrossed to Ben, where Ben was the maternal parent. After 
four generations of backcrosses, full waxy seeds were derived from 
selfed heterozygous F1 plants, and were identified by iodine staining 
of half seeds. The two waxy lines used in this study were siblings 
full waxy lines derived from the fourth backcross to the recurrent 
durum parent Ben and will be referred to as Waxy1 and Waxy2 in 
this study. These lines had similar functional and quality character-
istics. Due to limited sample availability, only Waxy1 was used in the 
first part of the study, which involved determining an optimum ratio 
of waxy blend that would produce bread of desirable quality. Once 
an optimum level was established, Waxy2 was used for comparing 
the effects of shortening and blended waxy flour on bread staling.  

The genotypes were tempered to 15.5% moisture for 24 hr and 
milled into straight-grade flour on a Buhler laboratory mill. All the 
flour samples were stored in plastic bags and kept at room temper-
ature for one week to condition the flour before further testing.  

Proximate Analysis and Rheological Properties of Flours 
The moisture content of the flours was determined using 

Approved Method 44-15A (AACC 2000) for an air oven. Protein 
content (14% mb) of the flours was determined using AACC 
Approved Method 46-30 combustion method with a nitrogen analy-
zer (Leco FP428, St. Joseph, MI). Rheological properties of the 
flour doughs were determined with a Brabender farinograph accord-
ing to AACC Approved Method 54-21. Parameters recorded were 
water absorption of flour (14% mb), mixing time (time between the 
addition of water and development of maximum consistency of the 
dough), and mixing tolerance (the time in minutes that the farinogram 
remains horizontal on the 500 BU line). Starch damage (%), amylose 
content (%), and α-amylase activity (CU/g) of flour, were deter-
mined using enzymatic digestion assay kits (Megazyme Inter-
national, Wicklow, Ireland). All analyses were made in triplicate and 
reported on an as-is basis.  

Pasting Profile Determination 
Pasting profiles were studied using a Rapid Visco Analyser (RVA) 

model 3D (Newport Scientific, Narrabeen, Australia) in 1 mM AgNO3 
to eliminate α-amylase activity (Bhattacharya and Corke 1996). Flour 
(3.5 g, db) was weighed in a canister, to which 25 g of AgNO3 solu-
tion was added. A standardized heating and cooling cycle was em-
ployed according to Bhattacharya et al (1997). Parameters recorded 
were peak viscosity (PV), hot paste viscosity (HPV), breakdown 
(PV – HPV), cold paste viscosity (CPV), and setback (CPV – 
HPV). All measurements were replicated twice and the results were 
reported in Rapid Visco units (RVU).  

Texture Analysis 
The texture of the gel formed after cooking a wheat flour-water 

slurry is central to its functionality and is a fairly accurate indicator 
of how a wheat sample would influence the final product. After 
the RVA cycle, the stirring paddle was discarded, and the whole 
meal paste was kept at room temperature overnight for gelation to 
take place. The gel formed was subjected to texture profile analysis 
(TPA) using a texture analyzer (Stable Microsystems TA-XT2) (Bhat-
tacharya et al 1997). A standard two-cycle program was used to 
compress the gel for a distance of 10 mm at a crosshead speed of 
30 mm/min using a 7-mm cylindrical probe with a flat end. From 
the force-time curve obtained, textural parameters of hardness and 

firmness (maximum force on cycle 1), and adhesiveness (total nega-
tive area in cycle 1) were automatically computed using the data 
processing software supplied with the instrument.  

Breadbaking Procedures 
A straight-dough procedure based on Approved Method 10-09 

(AACC 2000) was used to evaluate the effect of 10, 20, and 30% 
waxy durum flour on the physical properties and keeping quality 
of bread. All samples were mixed to optimum development until a 
thin membrane was formed and could be seen when stretched. The 
water added to form optimum dough was calculated as the water 
absorption of flour obtained on the farinograph minus 1.5%, which 
resulted in better machinability and reduced stickiness for moulding 
and sheeting. The baking formula (flour basis) was flour (14% mb) 
100.0 g, sugar 5.0 g, salt 2.0 g, shortening 3.0 g (except when eval-
uating the baking performance of control and waxy flours without 
shortening), vacuum-packed yeast 1.0 g, ammonium phosphate mono-
basic 0.1 g, fungal α-amylase (17 SKB units, American Ingredients, 
Co., Kansas City, MO), and 20 ppm of ascorbic acid. A two-step 
punching procedure was adopted using 180 min of fermentation. 
All doughs were proofed at 30°C for 55 min at 85% rh before 
baking. Dough pieces were baked at 220°C for 25 min. Bread loaves 
were allowed to cool for a minimum of 60 min before further 
testing.  

Bread Quality Evaluations 
The volume of each loaf was measured by rapeseed displace-

ment 1 hr after bread was removed from oven. Crumb grain and 
texture, crumb color, crust color, and symmetry were evaluated by 
visual comparison to a standard by an experienced baker, under a 
constant illumination source. Each bread loaf was scored by an ex-
perienced baker for grain and texture, and color, using a scale 1 to 
10, with 10 being the best score. For the staling study, the loaves 
were placed in Ziploc bags, stored at room temperature, and eval-
uated for firmness, enthalpy changes, and moisture loss on day 0, 
3, and 5. The central slices from each loaf were used to determine 
firmness with a texture analyzer (TA-XT2, Texture Technologies) 
according to Approved Method 74-09 (AACC 2000). Crumb mois-
ture was determined as in flour but including an air-drying step 
before the conventional air-oven drying. To evaluate starch recrys-
tallization, crumb samples taken from each treatment were frozen 
and lyophilized. The dried crumb (2.89–3.14% moisture) was ground 
in an ultracentrifugal mill (model ZM1, Brinkmann Instruments Co., 
Westbury, NY). Differential scanning calorimetry (DSC-7, Perkin-
Elmer Corp., Norwalk, CT) was used to evaluate the enthalpy changes 
(∆H) in the crumb over time, which is a measure of starch retro-
gradation during staling. Dry crumb (4.0 ± 0.1 mg) in excess water 
was scanned at 10°C/min, from 5°C to 130°C. The endothermic peak 
area was converted to enthalpy, the energy required to melt the crys-
talline material. Enthalpy values were used as an index of starch re-
crystallization that occurred during storage (Zeleznak and Hoseney 
1987). Each sample was scanned in triplicate.  

Statistical Analyses 
All experiments were performed in triplicate. The general linear 

model procedure of SAS (ver. 6.10, SAS Institute, Cary, NC) was 
used for analysis of quality data. Fisher’s LSD test was used to 
compare means at the 5% significance level. Pearson correlation 
coefficient was calculated using Statistica for Windows Release 4.5 
(StatSoft, Inc., Tulsa, OK).  

RESULTS AND DISCUSSION 

Physicochemical Properties of Flours 
The control flour Trenton, selected for its high gluten strength, 

had the highest protein content and mixing properties among the 
three genotypes (Table I). The two waxy durum flours displayed 
fairly high protein content (15.1–16.0% compared with 17.0% in 
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Trenton) but possessed very weak dough mixing properties as indi-
cated by low mixing time (4.5–4.8 min compared with 25.8 min in 
Trenton), and low mixing stability (3.0–3.3 min compared with 
29.8 min in Trenton). The waxy durum genotypes displayed much 
higher starch damage than Trenton, which may be attributed to the 
higher kernel hardness of the durum samples, and also due to 
lower resistance of waxy starch granules to mechanical damage than 
normal starch (Bettge et al 2000). The amylose content of the waxy 
durum flour samples was 3.5–3.6% compared with 26.6% in Trenton, 
while the α-amylase activity of the flours was 0.05–0.09 CU/g.  

The RVA pasting profiles of the genotypes were evaluated in 1 mM 
AgNO3 instead of water to suppress any possible amylase activity 
that could mask the actual pasting behavior of the flour samples. 
The waxy genotypes took less time to reach peak viscosity than the 
control sample (3 min compared with 6 min) (data not shown). They 
displayed pasting profiles typical of a low-amylose starch, with very 
high peak viscosity, high breakdown, and low setback compared 
with Trenton (Table II). Waxy2 had the highest peak viscosity, fol-
lowed by Waxy1, whereas Trenton had a much lower peak viscosity. 
However, when 10, 20, and 30% waxy flour was added to Tren-
ton, it did not significantly change the peak viscosity of the blend. 
Trenton displayed high HPV and CPV values which decreased very 
gradually as the ratio of waxy flour increased in the blends. In con-
trast, the waxy flours at 100% had much lower HPV and CPV than 
the blends. Similarly, the breakdown and setback values of the 
blends were comparable with Trenton but markedly different from 
that of 100% waxy flours. We hypothesize that the high strength 
protein of the control flour interacted with the waxy starch granules 
in the blends, thereby imparting strength to the granules and protec-
ting them from complete rupture and disintegration. In the absence 
of control flour however, the starch granules of 100% waxy wheat 
were comparatively more fragile when subjected to heat and shear 
forces and had higher breakdown and lower setback values. More-
over, the highly branched amylopectin molecules of waxy genotypes 
may imbibe excess water causing the starch granules to swell to a 
greater extent than normal starches with subsequent rupture and 
complete breakdown of the granules to weaken gel structure.  

As expected, the 100% waxy flours did not form a firm gel and 
demonstrated very low hardness and adhesiveness values (Table II). 
Firmness ranged from 2.6 g in Waxy1 to 3.5 g in Waxy2, whereas 
that of Trenton was 45.2 g. Adhesiveness ranged from –7.17 g/sec 
in waxy flours to –33.81 g/sec in Trenton, indicating that the gel 
formed with 100% waxy flour was extremely soft and weak. Quite 
interestingly, as the level of waxy flour increased in the blends, 
the gels turned softer compared with 100% Trenton, as shown by 
lower textural parameters. This implies that while waxy flour in 
the blending ratio of 10–30% has very little influence on the pasting 
parameters of normal flour, it has a distinct impact on the final 
setting of the flour gel, thus providing indirect evidence of its role 
in retarding staling in flourbased end products.  

Influence of Blending Waxy Flour with Bread Flour  
on Breadmaking Quality 

To study the effect of waxy durum flour on bread quality and 
staling, it was first necessary to establish an optimum proportion of 
blend that would result in an acceptable quality loaf. The base flour 
Trenton was blended with 10, 20, and 30% waxy flour, mixed into 
optimum doughs, and baked into 100-g loaves using a straight-dough 
method. The blends showed a slight but significant decrease in loaf 
volume compared with Trenton, but the variation in volume between 
the different ratios was not significant (Table III). The crumb grain 
and texture at 10% and 20% were fairly comparable with Trenton 
but 30% waxy flour resulted in rather large and open crumb grain 
structure with lower scores. As expected, the crumb whiteness was 
notably reduced as the ratio of durum flour increased in the blend, 
although the yellowish tinge from the durum flour was not discern-
ible at ratios <30%. Based on the overall appearance of the loaves, 
a ratio of 10–20% waxy flour was comparable with the control in 
terms of loaf quality.  

Influence of Waxy Flour Blends on Bread Staling Properties 
The loaves were tested for firmness, enthalpy, and moisture loss 

on day 0, 3, and 5 after baking to evaluate whether the addition of 
waxy flour had any effect on the above parameters. The firmness 

TABLE I  
Physicochemical Properties of Control and Waxy Durum Wheat Flours 

     Farinograph 

 
Genotypes 

 
Protein (%) 

 
Amylase (CU/g) 

 
Amylose (%) 

 
Starch Damage (%) 

Absorption 
(%) 

Mixing Time 
(min) 

Mixing Stabilty 
(min) 

Trenton 17.0aa 0.09a 26.6a 6.5c 66.8b 25.8a 29.8a 
Waxy1 16.0b 0.05b 3.5b 12.9b 77.7a 4.5b 3.3b 
Waxy2 15.1c 0.06b 3.6b 13.8a 77.0a 4.8b 3.0b 

a Values followed by the same letter in the same column are not significantly different (P < 0.05).  
 

TABLE II  
Pasting Parameters and Textural Properties of Waxy and Bread Flour Blends 

 Pasting Characteristicsa Texture Profileb 

Genotypes PV HPV CPV BKD STB HA AD 

100% Trenton 152 110 197 42 87 45 –33.8 
Waxy1        

10%  152 102 187 50 85 35 –23.7 
20%  148 100 181 48 81 24 –21.2 
30%  149 102 179 48 78 20 –16.5 
100%  274 97 126 177 29 3 –7.2 

Waxy2        
10%  150 101 186 49 85 32 –24.5 
20%  147 98 183 49 85 22 –16.8 
30%  149 98 178 50 80 20 –15.5 
100%  270 94 124 176 30 4 –7.2 

LSDc 5.5 5.2 4.6 5.2 4.2 2 2.6 

a PV = peak viscosity (RVU), HPV = hot paste viscosity (RVU), CPV = cold paste viscosity (RVU), BKD = breakdown, STB = setback. 
b HA = hardness (g), AD = adhesiveness (g/sec). 
c Least significant difference (P < 0.05). 
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of the bread crumb remained similar for all the treatments on day 0 
(Table IV). As storage time increased to day 3, there was a sharp 
increase in firmness of all the loaves, with Trenton showing the 
highest firmness values followed by the 10% blend, whereas loaves 
made with 20 and 30% blends remained significantly softer. On 
day 5, Trenton and the 10% blend showed a further increase in 
firmness, whereas the 20 and 30% blends gave comparatively lower 
values. The large increase in firmness from day 0 to day 3 was 
mostly attributed to moisture migration from crumb to crust that is 
usually associated with staling (Pyler 1988). Quite interestingly, the 
total moisture content in the crumb measured over time was statis-
tically similar for all the loaves (data not shown), indicating that 
the delayed firming observed with waxy blends was not moisture 
related. Based on the above results it was concluded that increase 
in bread firmness with time was inevitable but addition of waxy 
flour at 20–30% slowed the firming process considerably.  

Enthalpy of the crumb, which is a measure of starch retrograda-
tion, was not significantly different between treatments on day 0 
(Table IV), irrespective of the amount of waxy flour in the blend. 
However, by day 3 there was a substantial increase in enthalpy among 
all the treatments, followed by a much more gradual but significant 
increase on day 5. Among treatments, the control loaf had the highest 
enthalpy on day 3 and 5, which decreased significantly as the ratio 
of waxy blends increased. The enthalpy values were in accordance 
with the firmness results, and showed a retarded rate of staling in 
20–30% waxy flour. Hayakawa et al (1997) also observed that the 
increase in enthalpy over time was much lower in waxy samples than 
in control counterparts, and they concluded that waxy wheat starch 
is resistant to retrogradation.  

The results indicated that a blend containing 10% waxy flour was 
too low to influence bread firmness but 20 and 30% waxy blends 

impeded staling. However, blends with 30% waxy flour produced 
loaves with undesirable loaf color and texture. Hence, they were not 
used for further testing. A blend containing 20% waxy flour was opti-
mal in retarding staling without having a detrimental effect on crumb 
quality and color, and this blending ratio was used to compare the 
texture conferred by waxy flour with that obtained by shortening.  

Influence of Waxy Flour Blend vs. Shortening on Bread 
Quality and Staling 

The loaf volumes were higher with shortening, irrespective of the 
amount of waxy flour (Table V), whereas the crumb color and texture 
were not significantly different for all the treatments (data not shown). 
The firmness of the loaves at different treatments was not significantly 
different on day 0. On day 5, bread firmness of Trenton was highest 
in the absence of shortening (200 g), whereas addition of short-
ening decreased firmness substantially (181 g). When 20% waxy 
flour was added to Trenton, either alone or with additional shorten-
ing, the loaves displayed a further decrease in the firmness values. 
DSC results were in agreement with firmness data. Enthalpy values 
were statistically similar for all treatments on day 0. On day 5, loaves 
with 20% waxy flour blend displayed significantly lower enthalpy 
values than the control (2.69 vs. 3.07 J/g). Addition of shortening to 
the waxy flour further decreased the enthalpy values. Thus, the data 
suggests that waxy flour has some influence on retarding bread staling, 
which is in agreement with the findings of other researchers. Ghiasi 
et al (1984) found that addition of waxy barley flour to high protein 
wheat flour resulted in low firmness values on storage. Biliaderis 
(1992) stated that starch retrogradation was a biphasic phenomenon 
consisting of early complexing of amylose followed by a slow and 
gradual recrystallization of amylopectin. Therefore, reducing the 
amylose content would eliminate the rapid early component of staling. 
Hug-Iten et al (1999) compared the microstructure of starch in fresh 
and aged bread crumb using light microscopy. Fresh bread crumb 
showed gelatinized starch granules accompanied by the loss of 
birefringence. The amylose was phase-separated from the amylo-
pectin and was concentrated in the center of starch granules. On aging, 
the bread crumb regained birefringence, which was most intense in 
the amylose-rich center of starch granules, followed by slight birefrin-
gence in the amylopectin-rich outer zones. They hypothesized that 
the reorganization of the intragranular amylose fraction enhances the 
rigidity of starch granules on bread staling. Our results also suggest 
that lowering the amylose fraction in bread flour retards staling and 
extends product shelf life. We speculate that addition of waxy flour 
dilutes the amylose in the bread flour, thus reducing the amount 
available for initial staling of fresh bread. With prolonged storage, 

TABLE IV  
Effect of Blending Waxy Durum Flour with Bread Flour on the Firmness and Enthalpy of Bread Loaves for Days After Baking 

 Firmness (g) Enthalpy (J/g) 

Treatment Day 0 Day 3 Day 5 Day 0 Day 3 Day 5 

Trenton 35aa 138a 192a 0.62a 2.83a 3.12a 
Waxy1       

10%  34a 127ab 191a 0.59a 2.70ab 2.94ab 
20%  28a 90bc 141bc 0.47a 2.39ab 2.80ab 
30%  27a 74c 120c 0.46a 2.37b 2.55b 

a Values followed by the same letter in the same column are not significantly different (P < 0.05). 
 

TABLE V  
Effect of Shortening on Firmness and Enthalpy for Bread Loaves Made with Trenton and 20% Waxy Durum Flour for Days After Baking 

  Firmness (g) Enthalpy (J/g) 

Treatment Loaf Volume (cm3) Day 0 Day 5 Day 0 Day 5 

Trenton      
No shortening 1,033ba 36.3a 200a 0.72a 3.07a 
+ 3% shortening 1,105a 32.5a 181ab 0.69a 2.78ab 
+ 20% Waxy2 1,016b 29.6a 152bc 0.65a 2.69b 

20%Waxy2 + 3% shortening 1,097a 32.1a 142c 0.63a 2.48b 

a Values followed by the same letter in the same column are not significantly different (P < 0.05). 

TABLE III  
Effect of Blending Waxy Durum Flour with Bread Flour  

on Bread Loaf Volume, Grain and Texture, and Crumb Color 

 
Treatment 

Loaf Volume 
(cm3) 

Grain and 
Texturea 

Crumb  
Colora 

100% Trenton 1,018ab 7.8a 8.6a 
Waxy1    

10%  988b 7.5a 7.5b 
20%  983b 7.5a 7.3b 
30%  980b 6.7b 6.3c 

a Scores of 0–10, with 10 being the best.  
b Values followed by the same letter in the same column are not significantly 

different (P < 0.05). 
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highly branched amylopectin polymers gradual associate to form 
complexes with a concomitant increase in bread firmness. We also 
hypothesize that branched amylopectin polymers bind water more 
effectively, thereby producing softer bread. Though much informa-
tion can be gained by artificially mixing waxy starch with normal 
starch, our ultimate aim is to produce hexaploid wheat lines posses-
sing inherent starch characteristics with added quality for baked 
products, both fresh and frozen. Further work is being conducted 
to characterize the starches obtained from waxy genotypes and to 
develop spring hexaploid wheats with partial waxy characteristics 
that would produce bread with high loaf volume and prolonged shelf 
life without the need for expensive shortenings and dough conditioners.  

CONCLUSIONS 

Addition of waxy durum flour to a high protein bread flour at 
10, 20, and 30% significantly decreased firming of bread. Waxy blends 
of 20 and 30% were most effective at reducing the rate of staling as 
shown by lower firmness and enthalpy values of the loaves. Loaves 
produced from a 20% waxy durum blend displayed good external and 
internal texture comparable with the control flour. The enhanced soft-
ness of loaves made with a 20% waxy blend was more pronounced 
than that obtained with 3% shortening, suggesting the possible use 
of waxy flour as an economical replacement for shortening in the 
baking industry.  
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