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Abstract

Flaxseed (Linum usitatissimum) is an oilseed that is high in omega-3 fatty acid, dietary fiber and lignan. These
components are responsible for the health promoting effects of flaxseed. Incorporating flaxseed into foodstuffs
such as bread is an approach to increase dietary flaxseed. However, the need for a rapid screen method is needed
since a complete baking process may take several hours. Correlating Farinograph parameters with bread
characteristics may result in a rapid test that would allow for researchers to identify the proper levels of flaxseed
addition to bread without a lengthy baking procedure. Therefore, the effect of 0, 6, 10, and 15% (wt/wt) flaxseed
flour (FF) on Farinograph rheological properties of bread flour dough and on bread characteristics were
investigated. Results showed that FF significantly (p< 0.05) increased dough water absorption, peak time, and
mixing tolerance index, but decreased dough stability. Oven spring was significantly lower for all flaxseed
treatments compared to the control. However, the loaf volume of bread made with 6 and 10% FF did not differ
significantly (p < 0.05) from the control. The FF concentrations tested did not affect the specific volume of the
bread even though the water absorption values were higher for doughs with FF. The breads containing flaxseed
had darker crust color and a more yellow crumb color compared to control bread, but the crumb structure was
not negatively impacted. Results indicated that Farinograph parameters of bread flour dough could be used as a
method for screening FF addition to bread.
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1. Introduction

Bread is one of the most widely consumed staple foods worldwide. Maintaining and enhancing bread quality is
therefore essential to human health. Various efforts have been made to improve the nutritional quality of wheat
products through supplementation with a wide range of non-traditional ingredients (Hooda & Jood, 2003;
Ptitchkina, Novokreschonova, Piskunova, & Morris, 1998; Shogren, Mohamed, & Carriere, 2003). Flaxseed has
been used in European breads for centuries; however, the renewed interest in flaxseed as an ingredient in bread is
supported by flaxseed health benefits reported a decade ago (Thompson & Cunnane, 2003). Flaxseed is a rich
source of dietary fiber (28%). Dietary fiber has been widely viewed as a component essential to lowering the risk
of colon cancer (Kim, 2000). Flaxseed contains roughly 38-45% oil, in which a-linolenic acid (ALA), a short
chained omega-3 (n-3) fatty acid, accounts for approximately 52% of the total fatty acids. Omega-3 fatty acids
are generally regarded as being important for maintaining cardiovascular health (Ascherio et al., 1996; Djousse
et al., 2001; Hu et al., 1999; Pan et al., 2012). Lignans are also of great interest due to the research findings of
their protective role against several types of cancer (Bowen, 2001; Demark-Wahnefried et al., 2001; Yang,
Landau, Huang, & Newmark, 2001). Flaxseed is by far the richest dietary source of lignans (Thompson, Robb,
Serraino, & Cheung, 1991).

Traditionally, flaxseed has been added to bakery products in the forms of whole seed or ground flaxseed meal.
The impact of flaxseed on the physicochemical and sensory properties of cereal products has been reported
(Alpaslan & Hayta, 2006; Conforti & Davis, 2006; Koca & Anil 2007; Lee, Inglett, & Carriere, 2004; Marpalle,
Sonawane & Arya, 2014; Mentes, Bakkalbassi, & Ercan, 2013; Shearer & Davies, 2005). Pohjanheimo, Hakala,
Tahvonen, Salminen, & Kallio (2006) investigated the quality of flaxseed fortified bread rolls by monitoring
sensory attributes, instrumental texture measurement and chemical analysis. They reported that the bread
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containing flaxseed retained moisture and softness more efficiently than the control, and that no off-odors were
detected in flax bread during a 6-day storage period at room temperature. Mentes, Bakkalbassi and Ercan (2013)
also reported reduced staling in bread containing flaxseed. Furthermore, they reported that 10% flaxseed bread
had higher loaf and specific volumes compared to the control. In contrast, Marpalle, Sonawane and Arya (2014)
reported lower loaf and specific volumes for 10% flaxseed fortified bread compared to control breads.

Several studies have shown that the important nutraceutical components were stable in the bread baking process.
The principle lignan in flaxseed, secoisolariciresinol diglucoside (SDG), was determined to be stable as
measured by recovered SDG in commercial and model baked goods that included bread, bagels, cookies, and
muffins (Muir & Westcott, 2000; Hyvérinen et al., 2006). ALA was also reported to be stable in the baking
process and in storage (Chen, Ratnayake & Cunnane, 1994; Mentes, Bakkalbassi, & Ercan, 2013). These reports
support the use of baked products as a method to deliver flaxseed nutraceuticals to humans.

Farinograph is an instrument that can be used to understand physical properties of dough. The rheological
properties of dough affect both the machinability of the dough and the quality of the end product. Farinograph is
one of the most extensively used methods to measure the rheological characteristics of dough (Bloksma &
Bushuk, 1988). In addition, water absorption calculation from the Farinograph provides the researcher with close
approximation of the optimal water addition to the flour to make the optimal dough. The stability time and
mixing tolerance index values generally give some indication of the tolerance of the dough to breakdown during
mixing (Shuey, 1984; AACCI, 2000). Collectively, the measured Farinograph properties indicate if a specific
flour is classified as weak or strong. Strong gluten flour is preferred for bread making over a weak gluten flour
since the gluten has structural and gas retaining properties, which ultimately is important in bread (Wang & Khan,
2009). However, flour blends may be needed to create finished products with the proper sensory and quality
characteristics. Farinograph test can be completed in less than 30 minutes while full baking tests can take several
hours. Therefore, the use of Farinograph would allow researchers to screen more formulations that contain
non-traditional ingredients in a shorter amount of time compared to a complete baking test if a correlation can be
established between rheological properties and final bread quality.

Although many researchers have studied the impact of flaxseed on the physicochemical and sensory properties
of bakery products, information is lacking concerning the effect of flaxseed on the rheological properties of
wheat flour dough, and the correlation of these rheological parameters with bread quality characteristics. Thus,
the objective of this investigation was to study the effects of flaxseed flour on the rheological properties of bread
flour dough (water absorption capacity, dough development time, dough stability, and mixing tolerance index),
and bread characteristic (oven spring, loaf volume, loaf weight, specific volume, moisture content, and water
activity). In addition, correlations among rheological properties and bread quality characteristics will be
determined.

Flaxseed addition levels between 6 and 15% were used in this study. The rationale for the various levels of
flaxseed in this study was based on the ALA content delivered via bread. Gebauer, Psota, Harris &Kris-Etherton
(2006) summarized dietary recommendations for ALA (1.4 to 3 g daily) made by health agencies worldwide. An
adequate intake (Al) was set by the Institute of Medicine of the National Academies (2005) for ALA as 1.6 g/d
for men and 1.1 g/d for women. Consumption of 100 g bread containing 6% FF provides approximatelyl.26 g
ALA, which is very close to both Al data for women and the lower range of recommended ALA intake level by
international health agencies. In contrast to 100 g of bread, one slice of bread made with 6% flaxseed would
provide approximately 0.32 g of ALA, requiring 4 slices per day to obtain the recommended level of ALA
provided that no other dietary ALA is available. Furthermore, increasing the flaxseed level in bread to 10 and
15% would provide approximately 0.58 and 0.87 g of ALA per slice of bread, respectively. Thus, two slices of
bread would meet the Al level for ALA.

2. Methods
2.1 Experimental Materials

Commercial bread flour (Dakota Maid) was obtained from a local foodservice company (Fargo, ND). The bread
flour was unbleached white flour that contained malted barley flour and ascorbic acid. Flaxseed (Omega variety)
was obtained from Specialty Commodities Inc. (Fargo, ND), milled using a centrifugal cutting mill (Commitrol
Model MG, Urshel Laboratories, Valparaiso, IN) and sieved according to the method of Manthey, Lee & Hall
(2002). The coarse ground flaxseed remained on top of the sieve and the fine ground flaxseed passed through the
sieve. Fine flaxseed particle (< 531 um) was defined as flaxseed flour (FF) and was stored in sealed bags at 4°C
in the dark until needed. Prior to experiments, FF was equilibrated in black sealed plastic bags at room
temperature (22 °C) for 24 hr.
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2.2 Farinograph Procedure

Farinograph characteristics for the control flours and flaxseed flour mixtures were determined in duplicate, per
replication, by a Brabender Farinograph (Model 8124; Brabender OHG, Duisberg, Germany) according to
AACCI method 54-21 (2000). Flour weight on 14% moisture basis (m.b.) was calculated using the following
equation:

Flour weight on 14% m.b. = (100- 14)/(100-M) x flour weight (1)

where M = flour moisture content (%). Flour (50 g on 14% m.b.) was placed in the mixing bowl, and the burette
of the farinograph was filled with water. The pen was adjusted to the 9 min position and the instrument was
allowed to run. When the pen reached the 0 min position, water was added from the burette. The sides of the
mixing bowl were scraped as the dough formed, and the addition of water was continued until the curve leveled
at the 500 Brabender Units (BU) line. Water absorption, peak time, mixing tolerance index (MTI), and stability
profiles were calculated from the farinograms. Water absorption is the amount of water needed to center the
Farinograph curve at the 500 BU line for flour/water dough (Shuey, 1984). The time between the first addition of
the water and the development of the maximum dough consistency was defined as the dough development time,
otherwise known as peak time. The mixing tolerance index (MTI) was the difference in BU between the top of
the curve and the top of the curve measured 5 min after the peak time was reached. Stability was defined as the
difference in time between the point at which the top of the curve peak first intercepts the 500-BU line (arrival
time) and the point at which the top of the curve leaves the 500-BU line (departure time).

2.3 Bread Making Procedure

Optimized straight-dough bread making method 10-10.03 (AACCI, 2000) was followed for bread making. The
FF flour levels of 6, 10 and 15% were used in the formulations as a replacement for the wheat flour. For example,
the 10% FF breads were made with 90% wheat flour and 10% FF. All other ingredients follow the formula as
described in AACCI method 10-10.03 (2000). Moisture values in the formulas were adjusted according to the
Farinograph results. After mixing the ingredients, doughs were fermented 90 minutes and proofed for 33 minutes
prior to baking at 210 °C. Bread quality (e.g. loaf volume, specific volume) tests were performed according to
the methods described by Sharadanant and Khan (2003). Loaf volume was measured using a rapeseed
displacement measuring apparatus 1 hr after baking. Loaf weight was determined and specific volume was
calculated as loaf volume (cc) / loaf weight (g). Proof height and baked height were measured in cm. Oven
spring (cm) was calculated as the difference between the baked height and the proof height (Khalil, Mansour &
Dawoud, 2000). Water activity and moisture content of the bread crumb was measured using an Aqual.ab water
activity meter (Pullman, WA) and AACCI Method 44-15A (2000), respectively.

2.4 Statistical Analysis

The experimental design was a randomized complete block. The experiment was replicated three times. Dough
measurements and baking were completed on three separate days where duplicates of each formulation were
prepared as described above. The treatment means (n=6) were subjected to analysis of variance by using SAS
software (SAS System for Windows, release 8.2, SAS Institute, Cary, NC, USA), and means were separated by
Fisher’s protected LSD at the p< 0.05 probability level. Pearson’s correlation coefficients between the four
treatment means of the evaluated dough and bread characteristics were determined using SAS software.

3. Results and Discussion
3.1 Effect of Flaxseed Flour on Rheological Properties

The Farinograph profiles of bread flour and bread flour/15% FF blend were clearly different (Figure 1).
Although not shown, the farinograms of the 5 and 10% FF blends were different from the control. The profiles
showed that FF at all levels changed the shape of the farinogram of the commercial bread flour; indicating an
effect on dough properties.
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Figure 1. Farinograph profile of bread flour (Top) and 15% flaxseed flour/bread flour mixture (Bottom). The top
farinogram includes key Farinograph characteristics

The Farinograph characteristics of the bread flour/FF blends varied significantly (p< 0.05) (Table 1). Water
absorption increased with increasing FF addition (Table 1). The maximum water absorption was 67.4%, as
observed for the 15 % FF sample. Koca and Anil (2007) and Marpalle et al. (2014) also observed increasing
water absorption values with increasing flaxseed addition to wheat flour. However, water absorption values
reported by Koca and Anil (2007) were 2% lower than what we observed. Differences in the composition of the
bread flour or in the FF may account for the differences in water absorption. However, the trend of increasing
water absorption was observed with increasing addition of FF to bread flour. Usually, increased water absorption
indicates stronger dough (Shuey, 1984). However, the increased water absorption in the FF containing doughs
might be due to the presence of mucilage or gum in flaxseed. Flaxseed contains approximately 8 % mucilage
(BeMiller, 1973), which might compete with the flour protein for water. The mucilage acts as a hydrocolloid and
it can absorb many times its weight in water. Other researchers have observed increased water absorptions in
flours with added hydrocolloids such as k-carrageenan and xanthan gums (Rosell, Rojas,& Benedito de Barber,
2001) and gum acacia (Sidhu & Bawa, 2004). Fedeniuk and Biliaderis (1994) reported that flaxseed gum has
water holding capacities of 1600 to 3000 g water/100 g gum. This suggests that the increased Farinograph water
absorption was likely due to the presence of the flaxseed gum.
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Table 1. Farinograph characteristics of flaxseed—bread flour blends

Treatment Water Absorption (%)  Peak Time (min) MTI (BU) Stability (min)
BF 63.9d 6.4c 33.0¢c 15.3a

6 % FF 65.4c 7.3bc 51.5b 7.8b

10 % FF 66.4b 8.4ab 78.5a 5.3¢

15 % FF 67.4a 8.9a 82.5a 3.3d

Note: Means followed by the same letter in columns are not significantly different at p > 0.05 (n=6).

BF = bread flour; FF = flaxseed flour; MTI = mixing tolerance index.

With the increase in the FF from 0 to 15 % in the blends, peak time increased from 6.4 min to 8.9 minutes,
indicating slower dough development at higher FF levels. The higher dough MTI value indicates weaker flour
that tends to form doughs that break down rapidly during mixing (Shuey, 1984; AACCI, 2000). In our
experiment, the MTI increased from 33 to 82.5 BU, which indicates weakening of the dough as the level of FF in
the flour blend increased. The stability value is an indication of the flour strength (Bloksma & Bushuk, 1988;
Gupta & MacRitchie, 1994). High values suggest strong dough. The sharp decrease in stability with the
increasing proportion of FF in the blends was attributed to the dilution or weakening of the gluten matrix. The
physical interruption of gluten matrix was likely the cause of the dough weakening as the gluten proteins are
responsible for the viscoelastic network and dough strength (Gupta & MacRitchie, 1994). The changes in MTI
and stability of the FF fortified dough follow similar trends reported by Garden (1993) and Koca and Anil
(2007).

3.2 The Effect of FF Addition on Bread Processing and Bread Quality

Mixing time and oven spring are two processing parameters that can impact bread characteristics. Mixing time
increased with FF addition (Table 2), which was partly due to the higher water absorption of the FF/bread flour
blends. Oven spring has been attributed to the evaporation of water and retention of carbon dioxide, as well as
thermal expansion of gases (Campbell, 2003). Gluten is important because it provides structure and slows the
diffusion of gases during baking, which in turn increases oven spring (Gan, Ellis,& Schofield, 1995; Hoseney,
1984). Thus, the decreased oven spring in FF fortified breads was likely due to the effects of FF on gluten
formation, resulting in greater carbon dioxide loss.

Table 2. The effect of flaxseed flour on bread processing and bread quality

Mixing . Loaf Specific Moisture

Treatment ~ lime Oven spring Loalf volume  yolume Content Wa‘Fer.
) (cm) Weight (g) Activity

(min) (cc) (cc/g) (%)
BF 4.00a 2.7a 35.1a 192ab 5.5ab 42.39a 0.951c
6 % FF 4.25a 2.2b 35.2a 203a 5.8a 42.70a 0.960b
10 % FF 4.50a 2.0b 35.5a 179bc 5.0ab 43.24a 0.962b
15 % FF 4.75a 1.9b 35.7a 170c 4.8b 43.47a 0.969a

Note: Means followed by the same letter in columns are not significantly different at p > 0.05 (n=6).
BF = bread flour; FF = flaxseed flour.

Crumb water activity (Table 2) was slightly higher in the FF fortified breads, which was expected due to the
well-known water holding capacity of flaxseed gum (Fedeniuk & Biliaderis, 1994). The moisture content
increased with increasing FF (Table 2), but was not significantly different. The increased moisture content and
water activity might be the basis for the observed increase in moistness of flaxseed rolls reported by
Pohjanheimo et al. (2006). The moisture was defined as “the feeling of moistness on the cut surface of the
sample when pressed against lips” (Pohjanheimo et al., 2006). These authors reported moisture sensory scores of
7.0 and 7.4 for the control and flaxseed bread rolls, respectively. Koca and Anil (2007) also reported that the
crumb texture sensory scores were better in breads with higher flaxseed levels. However, these values were not
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significantly different. Flaxseed improved the bread quality in terms of moisture and softness during storage
(Pohjanheimo et al., 2006), suggesting an important role of flax gum (Fedeniuk & Biliaderis, 1994).

Although more water was used during the dough formation step with increasing FF concentrations, loaf weight
for all of the treatments was about 35 g and did not differ significantly (p> 0.05). This might be due to water
evaporation during baking. The gluten structure traps gases (Campbell, 2003), thus the interference with gluten
structure by FF may cause less water entrapment resulting in bread with similar moisture contents and weights to
that of the control bread (Table 2).

One of the most important physical qualities in bread is loaf volume, which has a strong influence on consumer
preference. Loaf volume of bread containing FF up to 10% did not differ significantly (p>0.05) from the control,
whereas further increasing FF in the formula reduced loaf volume significantly (Table 2, Figure 2). Marpalle et
al. (2014) reported that only 5 % flaxseed addition produced loaf volumes that were not different from the
control. In our study, bread made with 6% FF had slightly higher loaf and specific volumes compared to the
control. Increasing the amount of FF resulted in a darker bread crust (Figure 2). This observation might be
related to the Maillard browning reaction, which could possibly be caused by interactions between flaxseed
proteins and carbonyl compounds formed from the breakdown of sugars during baking. Crumb color became
more yellow due to the yellow color of FF. Although crumb texture showed evidence of thickened cells, crumb
structures were not drastically impaired upon substitution of wheat flour by up to 15% FF. Similar observations
were recently reported by Marpalle et al. (2014).

Figure 2. Exterior (A) and interior (B) of loaves of bread containing different levels of FF (0, 6, 10, and 15%,
from left to right)

3.3 The Correlations Between Farinograph Parameters and Bread Making Properties

To understand the interrelationship between Farinograph parameters of FF/wheat flour dough and bread
characteristics, correlations between water absorption, peak time, MTI, stability, oven spring, loaf weight, loaf
volume, specific volume, moisture content, and water activity were determined (Table 3). Both water absorption
and peak time were positively correlated with MTI and water activity (r = 0.82 to 0.93, respectively), but
negatively correlated with stability, specific volume, oven spring, and loaf volume (ranging from r = -0.69 to
-0.95). In addition, water absorption was highly correlated with peak time (r = 0.96). A significant negative
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correlations between MTI and stability, specific volume, oven spring, and loaf volume (ranging from r = -0.72 to
-0.84) suggested that MTI was a good indicator for predicting the baking performance of bread flours partially
replaced by FF. Large MTI values of a flour suggests poor baking characteristics. Stability was positively
correlated with oven spring and loaf volume (r = 0.82 and 0.56, respectively), and negatively correlated with
moisture content and water activity (r = -0.77 and -0.92, respectively). Farinograph parameters, with the
exception of stability, were inversely correlated with loaf volume, which is one of the most important bread
qualities (Bruckner, Habernicht, Carlson, Wichman, & Talbert, 2001).

Table 3. Correlations between Farinograph parameters of FF/wheat flour dough and bread characteristics

Peak - Specific  Oven Loaf Loaf  Moisture =~ Water
Parameters Time MTL  Stability Volume Spring Weight Volume Content Activity
Water' 0.96**  0.82*¥  -0.95%* -0.69  -0.71*  0.31 -0.71% 0.66 0.90%*
Absorption
Peak Time 0.89%*% -0.93**  -0.82* -0.82*  0.46 -0.82* 0.7 0.93%*
MTI -0.84**  -0.74*  -0.72*  0.34 -0.76* 0.66 0.7
Stability 0.56 0.82*%  -0.31 0.56 -0.77%  -0.92%*
Specific 057  -0.57 098  -.052  -0.65*
Volume
Oven Spring -0.59* 0.49 -0.66*  -0.91%%*
Loaf Weight -0.4 0.42 0.52
Loaf Volume -0.48 -0.60%*
Moisture *
Content 0.70

Note: *, significant at p < 0.05; **, significant at p < 0.01.

4. Conclusion

Flaxseed flour significantly (p < 0.05) impacted the rheological properties of wheat flour dough as indicated by
Farinograph parameters. Water absorption did increase with increasing FF, which is beneficial; however, lower
peak time, MTI, and dough stability were negative outcomes resulting from FF addition. In contrast to dough
properties, replacement of wheat flour with up to 10% (wt/wt) FF was possible without significantly affecting
bread quality characteristics such as loaf volume. However, 15% FF addition resulted in an unacceptable bread
loaf volume reduction. The baking performance of FF enriched bread flour may be predicted by their
corresponding farinograph profiles. In particular, the combination of MTI and stability time could be used to
predict formulations that might result in breads with good quality. Thus, Farinograph profiles could be a useful
tool to develop FF bread formulas without caring out the long baking process. In the current study, no attempt
was made to optimize the bread production through the use of additives. Thus, future research could focus on
assessing the ability of food additives, such as vital wheat gluten, in maintaining bread quality as FF addition is
increased beyond 10%.
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