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Abstract

Starch and cellulose are among the best known renewable reinforcing components. Scientists are continuously looking for various
renewable sources such as flax, hemp, jute, and corn hulls with polymer matrixes to form composite materials and make structural
biocomposites a reality. Wheat is a major cereal grain in the US and the world. During wheat milling, a large amount of wheat bran, a
by-product, is disposed off as waste. The high percentage of water-insoluble fiber in wheat bran could be advantageous for
reinforcing industrial material. However, the utilization of cellulosic fibers derived from wheat by-product has not been explored in
processing of biocomposites. Therefore, the objectives of this study were to characterize wheat bran fiber compositions including dry
matter (DM), ash, crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF), cellulose (Cell), hemicellulose
(Hemi), calcium (Ca), fat, starch, and acid detergent lignin (ADL); identify the interrelationship between the fiber composition traits
and the influence of the environment and genotype on these traits. The experiment included six diverse and popular hard red spring
wheat (HRSW) cultivars commonly grown in spring wheat region of the Northern Plains of the USA. The experiment was installed
in three different environments in North and South, USA. Results from this study showed that the DM, ash, Ca, Cell, starch, and
ADL contents were influenced mainly by environment. However, CP along with fat, ash and Ca contents were influenced by
genotypes in addition to environment. All bran components were influenced by the genotype x environment (G x E) interactions. We
observed significant negative correlation of Cell with CP and ADL, which make wheat bran a suitable reinforcing industrial material.
However surface treatment of bran fiber would make it even more efficient. These preliminary results indicate the potential use of
wheat bran components as biocomposite, but further studies to elucidate more these finding are warranted.

Keywords: Wheat bran, biocomposite, correlation, fiber components, genotype by environment interactions, reinforcing
components.

Introduction

Processing of agricultural products usually produce causing potential environmental concern ((Xie et al. 2008).
agricultural wastes, which are mostly organic matter and Biomass derived natural fibers have a backbone built of
could be used to produce biodegradabe composites. The use crystalline straight chain polymer cellulose, which contains
of biodegradable composites can enhance the strength of numerous hydroxyl groups. These hydroxyl groups are able
composites and also reduce material costs (Zhang et al 2011). to form hydrogen bonds with the oxygen molecules of other
Composites prepared with agricultural wastes and cellulose chains (Kalia et al. 2011). This produces cellulose
macromolecular materials are advantageous than other fiber microfibrils, which have excellent strength due to the
material because of their better water absorption, workability, hydrogen bonding, and it is through these microfibrils that
and mechanical strength (Panthapulakkal et al. 2006). Wheat biomass fibers derive their strength. The other constituents of
is a major cereal grain in the US and the world, and the biomass, such as hemicellulose, starch, lignin, and protein are
wheat-based industry is a multi-billion dollar market. The all amorphous polymers, and thus lack the strength seen in
milling process of wheat produces large amount of wheat cellulose (Tingaut et al. 2010). In a lignocellulosic structure
bran as a by-product. During milling, the endosperm is the carbohydrate polymers, cellulose and hemicellulose, are
broken down into fine particles (flour) and bran and germ are constrained to the lignin by hydrogen and covalent bonds
removed. In general, wheat kernel contains about 83% (Boukari et al. 2009). As a result, they form an agglomeration
endosperm, 2.5% germ, and 14.5% bran (Xie et al. 2008). along with the other components, and subsequently exhibit
Bran fraction constitutes approximately 11% of total milling weaker mechanical properties than pure cellulose. Therefore,
by-products and only 10% of bran is used as fiber the pursuit of high cellulose content biomass is crucial in the
supplement in breakfast cereals and bakeries while the development of functional lignocellulosic fillers. Mechanical
remaining 90% is sold as animal feed at an extremely low fractionation has been utilized to break down the
price. Wheat bran is often disposed off as waste by millers as lignocellulosic fibers to allow for better dispersion in a
the cost of transportation is more than its market value thus polymer matrix (Noureddini et al. 2009). It also allows
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achieving higher ratios (the ratio of fiber length to diameter),
leading to higher strength and stiffness potential.
Furthermore, since crystalline cellulose is a nano-sized
structure, fractionation breaks some of the constituent
bonding due to lignin (Oliviero et al. 2011), thus increasing
the strength potential of the individual fibers as loads can be
carried more efficiently through the cellulose. Recently, the
processing of biocomposite materials has re-emerged with
renewed interest for research and development. The use of
cellulosic fibers as reinforcement in polymeric composite
materials is advantageous due to its low cost, high stiffness,
low density, renewability, biodegradability, and low toxicity.
Coupled with substantial backing from the agricultural
industry, a large array of fiber sources have been explored,
including wood, hemp, feather, kraft pulp, pineapple leaves,
and corn hull. However, the utilization of cellulosic fibers
derived from wheat by-product has not been explored in
processing of biocomposites. Wheat bran contains a number
of high value components, such as phenolic compounds (Kim
et al. 2006), starches (Evers et al. 1974; Peng et al. 1999),
soluble and insoluble dietary fiber (Cui et al. 1999) and
proteins (Fellers et al. 1966). Isolated proteins from wheat
bran may be used as ingredients in food formulations or
special feeds, and contain superior nutritional value. The high
percentage of water-insoluble fiber constituted by cellulose,
hemi-cellulose and lignin offering advantages as reinforcing
material such as low density, non-abrasive nature,
availability, low cost and renewability (Taj et al. 2007). The
remaining insoluble fiber after separating other components
could be used as a dietary supplement or further processed
into fillers or building components for plastics and cardboard.
Wheat bran is an important and very cheap agricultural by-
product, containing about 650 mg/g of cell wall
polysaccharides (Micard et al. 1994). Cell wall
polysaccharides consist largely of heteroxylans, cellulose,
and lignin. In combination with other materials, chemically
modified starch and cellulose from wheat bran could make
constituents for biodegradable packaging materials. There
has been limited study on the utilization of wheat bran fiber
in biocomposite as reinforcing filler. However, suitability of
wheat bran as bioplastic by esterification has been studied
(Chauvelon et al. 1998). The esterification of cellulose by
fatty acids (acetic, propionic, butyric, etc.) has been widely
studied and used in various industries including film
(Engelhardt 1995). Chauvelon et al. (2000), compared
esterification of cellulose of two important agriculture by-
products, wheat and maize brans. In this study, the cellulose
of the two brans were enriched by removing heteroglycan
and lignin and esterified with lauroyl chloride. The influence
of wheat bran content in biodegradable composites shifted
the glycerol-rich phase glass transition temperature toward
higher temperatures and suggested that the presence of bran
fiber led to an enhancement in the glycerol dispersion (Fama
et al. 2009). However, lignin and hemicellulose in fiber
decreases the accessibility of cellulose to fatty acid or
decrease the suitability of fibers as reinforcing materials
(Bismarck et al. 2001). There are several reports of surface
treatments which partially dissolved lignin and hemicellulose
present in the fiber, increasing the amount of exposed
cellulose (Corradini et al. 2006; Valadez-Gonzalez et al.
1999; Varma et al. 1986). However, there is limited study on
wheat bran compositions, variability among the components
of wheat bran, influence of genotypes and environment on
wheat bran components, and its potentiality of using as
industrial materials. Wheat bran mineral composition for
nutritional aspects has been studied and found to be
influenced by growing environment, cultivars, and their
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interactions (Peterson et al. 1986). The wheat bran could be
utilized for bioethanol feedstock and efficient pretreatments
have been proposed for extracting suitable polysaccharides
for ethanol production (Palmarola-Adrados et al. 2005). The
US growers have long suffered from the record low domestic
prices of wheat grain, and are looking for alternative
approaches to enhance their market competitiveness. The
objectives of this study were to 1) characterize wheat bran for
its fiber compositions, 2) identify interrelationship among the
fiber components, and 3) estimate the environmental and
genotype influence on fiber composition. This study may
lead to the improved utilization of US wheat in bio-based
processing industries while benefiting local agricultural
economy.

Material and methods
Plant Material

To address the objectives of this study, six diverse hard red
spring wheat (HRSW) cultivars were included in a field
experiment across three locations in North Dakota and South
Dakota spring wheat region. The cultivars included two
North Dakota State University releases, Faller (Mergoum et
al., 2007) and Glenn (Mergoum et al., 2005). These two
cultivars are the leading cultivars in the spring region (about
1 million ha) since 2007 and 2009 for Glenn and Faller,
respectively. The other four cultivars, Granite, Knudson,
Trooper, and Banton were released by private companies.
The experiment was conducted during the summer of 2009
and was laid out in a randomized bloc design with four
replicates. Each cultivar was assigned to an experimental unit
of seven rows 3.5 m long and 15 cm apart. Each plot was
harvested separately and a sample of seed was taken from
each plot and were stored in a cold room and milled later.

Milling and Bran Extraction

The hard red spring wheat samples were milled using a
Buhler MLU 202 laboratory mill. A sample of
approximately, one kilogram (1kg) of wheat was prepared
from each harvested plot for milling by cleaning on a Carter
Day dockage tester with a number 8 sieve. The samples were
then tempered in three stages: pre-tempered to 12.5%
moisture 72 hours before milling, if moisture was below
11%; tempered to 16% moisture 24 hours before milling; and
finally tempered to 16.5% moisture 20-30 minutes before
milling. The Buhler MLU 202 produced six flour products,
one bran product, and one shorts. The bran fractions were
collected and used in this study.

Wet Chemical Analysis

Quantitative analysis of fiber constituents was performed at
North Dakota State University, Animal Sciences Department,
using dry matter analysis, neutral detergent solution and acid
detergent solution characterization, and starch
spectrophotometry. The data on dry matter, cellulose (Cell),
hemicellulose (Hemi), acid detergent lignin (ADL), starch,
and ash were collected based on the following measurements.
Dry matter was determined according to AOAC standard
930.15, where samples were weighed at room temperature,
heated at 100°C for 24 h, conditioned in desiccators, and
weighed again. Percentages of neutral detergent fiber (NDF),
acid detergent fiber (ADF), and ADL were performed using
an ANKOM-200/220 Fiber Analyzer, according to methods



Table 1. Analysis of variances of fiber components of wheat bran of six cultivars grown in three environments across south dakota during 20009.

Source df DM Ash CP NDF ADF Cell Hemi Ca Fat Starch ADL
Location (e) 2 2.837** 5.36** 2.201 28.122 8.03 12.669* 10.928 0.0011**  0.341 64.231* 0.542*
Genotype (g) 5 0.33 0.469* 3.75* 15.905 2.81 3.052 7.461 0.0006* 0.705* 10.702 0.062
exg 10  0.34** 0.115** 0.827** 16.262** 2.46** 1.804** 9.947** 0.0002** 0.16** 12.249** 0.079**
MS Error 0.02931 0.03283 0.01874 0.62963 0.024556 0.03035 0.62971 1.90E-06 0.003287 2.756293 0.012519
CcV 0.213 4.42 0.674 3.45 1.79 3.2 4.97 51.51 1.821 3.31 4.436

* < 5% level and **< 1% level of probability.

Table 2. Minimum, maximum, and mean of fiber components of wheat bran of six cultivars grown across three environments in South Dakota during 2009.

DM Ash CP NDF ADF Cell Hemi Ca Fat Starch ADL

Genotype Min 86.39 3.83 17.83 23.13 6.5 4.02 16.28 0.02 2.98 42.08 2.43

Max 86.87 4.46 19.35 26.5 8.08 5.1 18.67 0.06 3.8 44.88 2.63

Mean 86.58 4.09 18.76 24.74 7.42 4.89 17.32 0.03 3.42 43.66 2.54
Location Min 86.13 381 18.4 2352 6.97 43 16.43 0.02 33 4171 2.34

Max 86.9 5.25 19.1 26.02 8.19 5.85 17.84 0.04 357 45.48 2.68

Mean 86.58 4.46 18.76 24.74 7.42 4.89 17.32 0.03 3.42 43.66 2.54
Overall Min 85.69 331 16.45 18.87 5.09 2.78 13.62 0.011 2.35 35.8 2.12

Max 87.87 5.41 19.75 30.82 9.55 6.99 21.27 0.054 4.08 48.42 2.98

Mean 86.575 4.086 18.754 24.736 7.416 4.883 17.32 0.027 3.418 43.658 2.532

Table 3. Means and their significance of wheat bran components of six cultivars grown across three environments of South Dakota during 2009 components

Genotypes DM Ash CP NDF ADF Cell Hemi Ca Fat Starch ADL
Faller 86.597™ 4.125° 18.36° 26.52 8.0722 4.6729 16.276° 0.022¢ 3.527° 43.027™ 2.630°
Granite 86.395¢ 3.825¢ 19.26° 25.728% 7.830° 4.587¢ 16.94% 0.020° 3.540° 448772 2.577®
Knudson 86.488% 3.863¢ 18.397° 25.38° 7.627¢ 5.353° 18.670° 0.031° 3.402° 43.723® 2.478
Trooper 86.867° 4.108° 17.827° 24.103° 7.302¢ 5.645° 17.308™ 0.0422 3.262¢ 42.082° 2.427°
Glenn 86.383¢ 4.135° 19.337% 23.578% 7.163° 4.022¢ 16.628 0.022¢ 2.978° 44 877° 2.477™
Banton 86.717% 4.456° 19.343% 23.128° 6.500" 5.022° 18.102% 0.025° 3.802° 43.362™ 2.605°

Means in the same column with same letter are not significantly different at the 0.05 probability level.

Table 4. Environment (c2), genetypic (cszg), genotype by environmental (czgxe) variances and ratios of csze/cszg and cszgxe/cszg of wheat bran fiber components of six cultivars grown in three
environments across South Dakota during 20009.

DM Ash CP NDF ADF Cell Hemi Ca Fat Starch ADL
2] 0.1387 0.2914 0.0763 0.6589 0.3094 0.6036 0.0545 0.0001 0.0101 2.8879 0.0257
ng 0.0 0.0393 0.3248 0.0 0.0389 0.1387 0.0 0.00004 0.0606 0.0 0.0
cque 0.1036 0.0274 0.2694 5.2108 0.8118 0.5912 3.1058 0.00007 0.0522 3.1642 0.0221
csze/cszq 0.1387 7.4148 0.2349 0.6589 7.9537 4.3518 0.0540 2.5000 0.1667 2.8879 0.0257
cque/czq 0.1036 0.6972 0.8294 5.2108 20.8689 4.2624 3.1058 1.7500 0.8613 3.1642 0.0222
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specified in USDA Agricultural Handbook No. 379.
Percentage starch was determined using an assay involving
acid and enzymatic isolation using a micro-titer reading with
a SPECTRAmax® 340 Microplate Reader. The cellulose and
hemicellulose percentages were calculated as:

% Cellulose = % Acid Detergent Fiber — % Acid Detergent
Lignin; % Hemicellulose = % Neutral Detergent Fiber — %
Acid Detergent Fiber.

These analyses produced bran constituents such as Dry
Matter (DM) (100 °C) in percentage (%), Ash in %, Crude
protein (CP) in %, NDF in %, ADF in %, ADL in %, Crude
Fat (CF) in %, Starch (ST) in %, Calcium (Ca) in %, and
Phosphorus (P) in %.

Data Analysis

Analysis of variance (ANOVA) of the phenotypic data was
performed using GLM procedure of the Statistical Analysis
System (version 8.0, SAS Institute Inc., Cary, NC, USA).
Pearson correlation coefficients were used to evaluate
correlations for pair-wise bran components traits by using the
CORR procedure of SAS.

Results
Mineral concentrations

The ANOVA (Table 1) showed highly significant (P<0.01)
effect of growing location (environment, €) on DM, ash, and
Ca contents in wheat bran. The growing locations also
showed significant (P<0.05) influence on Cell, starch, and
ADL contents in bran compositions. Significant (P<0.05)
genotypic influence was observed on ash, CP, Ca, and fat
contents of wheat bran. All of the bran components were
highly (P<0.01) influenced by the interaction growing
locations and genotypes (exg). Ranges in bran components
levels indicated that genetic variation in fiber composition in
wheat bran was comparable to, or larger than, variation
associated with environmental component. Results from our
study showed that the important bran compositions varied
significantly for all measured traits (Table 2). The percentage
of bran weight, measured as DM content ranged from 86.39
to 86.87 and ash content ranged from 3.31 to 5.41 while CP
content ranged from 16.45 to 19.75. Similarly, NDF ranged
from 18.87 to 30.82; ADF from 5.09 to 9.55; Cell from 2.87
to 6.99; and Hemi from 13.62 to 21.27. Starch meanwhile,
ranged from 35.8 to 48.42, and ADL from 2.12 to 2.98
(Table 2). The significant influence of gxe interaction
contributes to the relative wide and overall variation in each
of the fiber components examined in this study. The
genotypes included in this study were significantly differed in
the contents of 11 different components of wheat bran (Table
3). The ADF content of wheat bran varied most among the
genotypes in this study followed by Cell, Ca, and fat
contents. Among genotypes, the least variation was observed
in ash, CP, stach, and ADL contenets. The highest Cell
content (5.65%) was observed in the genotype Trooper,
which also contain lowest amount of ADL (2.43%) but
relatively higher content of Hemi (17.31%).

Genotype by Environmental (gxe) effects

A ratio between the variances associated with the
environmental effects (c%) genetic effects (ng) provides an
indication of the relative influence of environment and
genotype components on fiber composition in wheat bran. A
ratio larger than 1.0 indicates a greater influence of
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environmental on variability while a ratio less than 1.0
indicates the relatively higher influence of genetic
component. Ratios of environment by genotype variances
ranged from 0.0257 to 7.9537 among the bran constituents
(Table 4). Based on the o%/c%, there was no strong
indication that genetic variances associated with the
variability of DM, NDF, Hemi, starch, and ADL contents in
wheat bran was significant (Table 4). The highest genotypic
influence, indicated by lowest %/c’ value, was observed in
fat contents (0.1667) followed by crude protein (0.2349). The
highest variances associated with environmental component
was found in ADF (c%/c o= 7.9537) content followed by ash
content (c%/c’y = 7.4148), Cell (c°/c’; = 4.3518), starch
(c%/c’y = 2.8879), and Ca (c’/c’, = 2.5) content of wheat
bran. The magnitude of the gxe interaction in relation to
genetic effects can be estimated by the variance components
ration of 6%4e/c’;. As indicated above for c%/c%, ratio, a
smaller than 1.0 o’ye/c?, ratio would indicate greater
influence and may be stability of genetic component relative
to the variability associated with the interaction of gxe. The
low ratios between environment and genetic variances for
many bran composition traits indicate a higher influence of
gxe effects. This was true for concentrations of fat and CP in
wheat bran. The ratio o’/c’, registered from these two
traits was 0.8294 and 0.8613, respectively indicating the
greater influence and stability of genetic factor on the
concentrations of these two bran components.

Correlations between Wheat Bran Components

Correlation among the componets of wheat bran is presented
in Table 5. Highly significant positive correlations between
DM and ash, Ca, and ADL contents of wheat bran and
significant negative correlations of DM with starch content
were observed. Similarly, highly significant positive
correations between ash and Ca content and negative
associations of ash with NDF and Hemi contents were also
detected. The CR was found negatively correlated with ADF
and Cell, and positively correlated with ADL contents.
Similary, NDF was found to be highly significantly
correlated with ADF, Cell, and Hemi. Also ADF of wheat
bran was found to be highly significantly correlated with Cell
and Hemi. While Cell content of wheat bran was positively
correlated with Hemi, a negative correlation with ADL was
observed. Highly significant negative correlation between Ca
and starch and a negative correlation between starch and
ADL was observed in our study.

Discussion
Mineral concentrations

There are limited studies on the bran composition and its
potential uses for industrial or reinforcing materials in wheat
and related species. However, there are some studies on bran
or hull composition for its digestibility or other industrial
application such as biofuel production. Thompson et al.
(2000), studied the influence of genotypes on oat hull
chemical compositions. They studied hull composition of 10
oat varieties and found significant genotypic influences on
lignin, ADF, and NDF contents. Grove et al. (2003) studied
the influence of planting dates, irrigation levels, and cultivars
on barley hull chemical composition among four barley
varieties and found significant varietal differences on the hull
compositions like ADF, NDF, DM, CP, and lignin content.
Jahn et al. (2011) reported that cellulose, hemicellulose,
lignin, ash, and soluble fiber content varied widely among 20



Table 5. Correlation coefficients and their significance between fiber components of wheat bran of six cultivars grown in three

environments across South Dakota during 2009.

DM Ash CP NDF ADF Cell Hemi Ca Fat Starch ADL
DM 0.499** 0.070  -0.122 -0.049 -0.152 -0.135  0.559** 0.234 -0.341*  0.499**
Ash 0.077 -0.404** -.233 -0.254 -408**  0.446**  0.132 -0.075 0.139
CP -0.081  -0.448** -0.519**  0.139 -0.242  0.182 0.004 0.414**
NDF 0.732**  0.700**  0.926** -0.056 -0.052 -0.145 0.025
ADF 0.978**  0.420** -0.073  -0.107 0.125 -0.064
Cell 0.391* -0.102  -0.155 0.190 -0.272*
Hemi -0.033  -0.001 -0.262 0.068
Ca 0.0003 -0.473**  0.148
Fat -0.227 0.248
Starch -0.333*
* < 5% level and **< 1% level of probability

rice varieties. The average contents of cellulose, most of these studies were based on a breeding population

hemicellulose, lignin, and ash varied from genotype to
genotype and influenced by growing sites (Govindarao 1980;
Nakbanpote et al. 2000; Rahman et al. 1997). The variation
in fiber composition in wheat bran due to the genotypes or
environment observed in our study was comparable to some
previous work done on other crops. In maize hull, the starch
content ranged from 72 t073% (Cortez and Wild-Altamirano
1972) and protein content ranged from 8 to 11% (Ortega et
al. 1986). Among the fiber composition in maize, NDF
ranged from 8.21 to 14.17%, ADF ranged from 2.17 to
3.23%, hemicellulose ranged from 4.98 to 11.44 and lignin
(ADL) content ranged from 0.12 to 0.14% (Bressani et al.
1989).  Similarly, rice husk, the average contents of
important bran components measured were 15 to 20% ash
(Armesto et al. 2002; Daifullah et al. 2003) and 32.24% Cell,
21.34% Hemi, 21.44% ADL (Govindarao 1980; Nakbanpote
et al. 2000; Rahman et al. 1997). In wheat bran, except starch
contents all other contents were observed higher than those of
maize (Bressani et al. 1989; Cortez and Wild-Altamirano
1972; Ortega et al. 1986). However, except ash and CP, all
other components in wheat brans varied widely. Much lower
amount of bran components were found in wheat than rice
(Table 2) (Armesto et al. 2002; Daifullah et al. 2003;
Govindarao 1980; Nakbanpote et al. 2000; Rahman et al.
1997). Among the fiber components, ADL and Hemi are
more undesirable because these components decrease the
accessibility of Cell to fatty acid or decrease the suitability of
fibers for use as reinforcing materials (Bismarck et al. 2001).
Acid detergent lignin (ADL), Hemi, and Cell are much
higher amount in rice husk than wheat bran but wheat bran
has negligible amount of ADL (Table 2) compared to rice
husk. However, using surface treatments (Corradini et al.
2006; Valadez-Gonzalez et al. 1999; Varma et al. 1986),
wheat bran could be used as a reinforcing constituent in
composites. Higher Cell content along with lower ADL and
Hemi contents are desirable properties of fiber for use in
reiforcing materials (Bismarck et al. 2001). Thus the bran
extracted from HRSW genotype, Trooper could be a better
candidate for using as reiforcing material after surface
treatment.

Genotype by Environmental Variance

The magnitude of genotypic effects than environment, on
bran traits can be critical for improvement of these traits in
breeding program. In our study, wheat bran composition
traits were affected significantly by either genotypes or
environment or by both. The larger genetic effect for the
expression of a trait is an indication of improving that trait by
breeding programs (Zou et al. 2011). Many studies have been
consucted on determining the genetic effects on traits but
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developed by crossing between divergent parents for traits of
interest. Zou et al. (2011) studied the inheritance of traits
such as heading date, plant height, harvested stem length,
number of nodes, stem diameter, panicle length and panicle
neck length, along with sugar concentration in a large
recombinant inbred lines (RILs) population of sorghum and
found a large proportion of the phenotypic variance for plant
height, harvest stem length, panicle length, and sugar
concentration was attributed to genotypic variance. Shewry et
al.(2010) analyzed the contents of bioactive components
(tocols, sterols, alkylresorcinols, folates, phenolic acids, and
fiber components) in 26 wheat cultivars grown in six
different environments and found that the extent of variation
due to variety and environment differed significantly between
components. They also identified significant differences in
the effects of genetic and environmental component on the
contents of various phytochemicals and dietary fiber
components. In their study, they found all dietary fiber
components had higher genetic variances compared to total
or environmental variances. In our study, we analyzed bran
components, whereas, Shewry et al. (2010) analyzed whole
grain; thus, our results may not be in agreement with those of
Shewry et al. (2010). However, we found higher genetic
variances for bran components including fat and CP. The
magnitude of the gxe interaction in relation to genetic effects
can be estimated by the variance component ration of
&’gve/0’g . In our study, several bran composition traits were
affected more by gxe than other factors In a study, Zou et
al.(2011), made a similar conclusion when higher genetic
variance for wheat stem diameter compared to gxe interaction
variance was found. Quinde-Axtell et al. (2005) using 12
hulled and hulless barley genotypes grown in six different
locations, studied the relative contribution of genotype and
environment on protein, ash, total polyphenol content, and
polyphenol oxidase (PPO) activity. From this study, genetic
component were found to have a significant effect in
determining total polyphenol content and PPO activity. In our
study some wheat bran components were significantly
affetced by genotype, environment, and gxe interaction. As
revealed in this study, the wheat bran components like crude
protein and fat may remain consistent but other component
may vary when a genotype grown in different environment.
Thus, wheat breeders may find useful these finding for their
programs to improve these traits in the future.

Correlations between Wheat Bran Components

Significant correlations between wheat bran composition
traits were found in our study. In other crops, similar studies
reported in general, similar trends. In a study on fiber
component using an interspecific population of perennial



ryegrass, Xiong et al. (2006), identified highly significant
positive correlation among fiber components including ADF,
NDF, and ADL. They also reported that the correlation of
NDF was higher than correlation of ADF with ADL and
NDF with ADL. In our study, we also found highly positive
correlation between ADF and NDF (r = 0.7315) but we did
not observe significant correlation of ADL with either ADF
or NDF. Xiong et al. (2006) also reported significant
negative correlation of NDF and ADF with CP. In our study,
we also found significant negative correlation of ADF with
CP but insignificant negative correlation of NDF with CP
was found. Similar correlations of CP with fiber components
was also reported by Cardinal et al. (2003). The NDF
measure all the fiber components (Hemicellulose, cellulose,
and lignin) while ADF measures the cellulose and lignin.
Thus, strong positive correlation among NDF, ADF, Cell and
Hemi is expected which are in agreement with our findings.
The Cell is a linear polysaccharide polymer of glucose,
packed into microfibrils. These microfibrils are attached to
each other by Hemi, polymers of different sugar and other
polymers, and covered by ADL. These fiber components
vary from tissue to tissue and their relationship varied
significantly (Jahn et al. 2011). In a study by Allison et al.
(2010), a low positive correlation of ADL with Cell and a
low negative correlation with Hemi and no correlation of Cell
with Hemi was reported. The strength of cellulosic fibers is
determined by the Cell polymer but the other components
such as Hemi, starch, ADL, and protein are amorphous
polymers and lacking the strength seen in cellulose. In wheat
bran, we observed highly significant negative correlation of
Cell with protein, significant negative correlation with lignin,
non-significant correlation with starch but significant
correlation with Hemi. Thus, the increasing expression of
gene(s) controlling the cellulose content in wheat bran would
decrease protein and ADL content and an independent
genetic mechanism may be involved in controlling the starch
content in wheat bran. However, before using wheat bran
lignocellulosic fiber as reinforcing material it would be
necessary to pretreat or degrade hemicellulosic component
from cellulose polymer by using non-enzymatic or enzymatic
degradation (Arantes and Milagres 2006; Bungay 1992;
Osbhorne and Dehority 1989; Saha 2003). Knowledge on
correlations is required to obtain the expected response of
other characters when selection is applied to a particular
character of interest in a breeding program. It was found that
the magnitude and direction of correlation coefficients of
measured traits varied under different environments (Zou et
al. 2011). Among the 11 bran components studied, eight were
found to be significantly correlated to one or more of the bran
traits in the combined effect of all three locations. Fiber
components of wheat bran vary significantly among wheat
cultivars. This variability is due to a variety of component
including environmental and genetic component and their
interactions.

Conclusion

Wheat is a major cereal grain worldwide and the milling
process of wheat produces large amounts of agricultural
waste. Applicability of these wastes as industrial resources
would increase the usage of wheat and wheat products and
wheat industry could find an alternative usage of this
important grain. The analysis of wheat bran fiber components
and potentiality of using wheat bran as reinforcing material
has been addressed in this study. Results from this study
showed that the bran components varied significantly among
genotypes and locations and all components were influenced
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by the genotype x environment (G x E) interactions while
DM, ash, Ca, Cell, starch, and ADL contents were influenced
mainly by environments. However, CP along with fat, ash
and Ca contents were influenced by genotypes in addition to
environment. We also observed significant correlations
among bran components. Among these correlation, a
negative correlation between Cell and CP and ADL indicates
that wheat bran can be a suitable reinforcing industrial
material. However surface treatment of bran fiber would
make it even more efficient. In many ways, improvement of
plants for both food and industrial uses will require different
breeding and selection emphasis that are different from those
targeting food purposes. Although increased industry related
traits per se has not been a target in wheat breeding programs,
selection for high yield or higher quality tagged with higher
industry related traits such as cellulose or lignin content
could be achieved.

Acknowledgement

This project was partially supported by the NIH and NIGMS
grant # P20 RR016741 from the ND-INBRE Program.

References

Allison GG, Robbins MP, Carli J, Clifton-Brown JC,
Donnison IS (2010) Designing biomass crops with
improved calorific content and attributes for burning: a UK
Pperspective: 25-55

Arantes V, Milagres AMF (2006) Degradation of cellulosic
and hemicellulosic substrates using a chelator-mediated
Fenton reaction. J Chem Tech and Biotech 81:413-419

Armesto L, Bahillo A, Veijonen K, Cabanillas A, Otero J
(2002) Combustion behavior of rice husk in a bubbling
fluidized bed. Biomass Bioenergy 23: 171-179

Bismarck A, Mohanty AK, Aranberri-Askargorta I, Czapla S,
Misra M, Hinrichsenb G, Springera J (2001) Surface
characterization of natural fibers: surface properties and the
water up-take behavior of modified sisal and coir fibers.
Green Chem 3:100-107

Boukari I, Putaux JL, Cathala B, Barakat A, Saake B,
Rémond C, O'Donchue M, Chabbert B (2009) In vitro
model assemblies to study the impact of lignin-
carbohydrate interactions on the enzymatic conversion of
xylan. Biomacromolecules 10:2489-98

Bressani R, Breuner M, Ortiz MA  (1989)
Contenidodefibraacidoy neutro-detergente y de minerales
menores en maiz y su tortilla. Arch Latinoam Nutr 39: 382-
391

Bungay H (1992) Product opportunities for biomass refining.
Enzyme Microb Technol. 14:501-507

Cardinal AJ, Lee M, Moore KJ (2003) Genetic mapping and
analysis of quantitative trait loci affecting fiber and lignin
content in maize. Theor Appl Gene. 106:866-874

Chauvelon G, Gergaud N, Saulnier L, Lourdin D, Buleon A,
Thibault JF, Krausz P (2000) Esterification of cellulose-
enriched agricultural by-products and characterization of
mechanical properties of cellulosic films. Carbohy Polym
42:385-392

Chauvelon G, Renard CMGC, Saulnier L, Buléon A,
Thibault JF, Benhaddou R, Granet R, Krausz P (1998)
Preliminary study of formation of films from cellulose-
enriched agricultural by-products. J Appl Pol Sci 68:331-
337


http://journals.ohiolink.edu/ejc/article.cgi?issn=00218995&issue=v68i0002&article=331_psofoffcab
http://journals.ohiolink.edu/ejc/article.cgi?issn=00218995&issue=v68i0002&article=331_psofoffcab

Corradini E, Morais LC, Rosa MF, Mazzetto SE, Mattoso
LH, Agnelli JAM (2006) A preliminary study for the use of
natural fibers as reinforcement in starch—gluten—glycerol
matrix. Macromolecular Symposia 245-246:558-564

Cortez A, Wild-Altamirano C (1972) Contributions to the
limetreated corn flour technology. In R. Bressani, J.E.
Braham & M. Behar, eds. Nutritional improvement of
maize. INCAP Pub L4:99-106 Guatemala, INCAP.

Cui WS, Wood PJ, Weisz J, Beer MU (2000) Non-starch
polysaccharides from pre-processed wheat bran: Chemical
composition and novel rheological propertites. Cereal
Chem 76:129-133

Daifullah AAM, Girgis BS, Gad HMH (2003) Utilization of
agro- residues (rice husk) in small wastewater treatment
plans. Material letters 57: 1723-1731

Engelhardt J (1995) Sources, industrial derivatives and
commercial application of cellulose. Carbohydrates in
Europe 12:5-14

Evers AD, Greenwood CTD, Muir, Venables DC (1973)
Studies on the biosynthesis of starch granules. A
comparison of the Properties of the Small and the Large
Granules in Mature Cereal Starches. Starch/Stérke 26: 42—
46

Fama L, Gerschenson L, Goyanes S (2009) Starch-vegetable
fibre composites to protect food products. Carbohy Polym
75: 230-235

Fellers DA, Sinkey V, Shepherd AD, Pence JW (1966)
Solubilization and Recovery of Protein from Wheat
Millfeeds. Cereal Chem 43: 1-7

Govindarao VMH (1980) Utilization of Rice Husk - A
Preliminary-Analysis. J Sci Ind Res 39:495-515

Grove AV, Hepton J, Hunt CW (2003) Chemical
Composition and Ruminal Fermentability of Barley Grain,
Hulls, and Straw as Affected by Planting Date, Irrigation
Level, and Variety. Prof Anim Sci 19:273-280

Jahn CE, Mckay JK, Mauleon R, Stephens J, Mcnally KL,
Bush DR, Leung H, Leach JE (2011) Genetic Variation in
Biomass Traits among 20 Diverse Rice Varieties. Plant
Physiol. 155:157-168

Kalia S, Dufresne A, Cherian BM, Kaith BS, Averous L,
Nijuguna J, Nassiopoulos E (2011) Cellulose-Based Bio-
and Nanocomposites: A Review. Intl J Polym Sci. 2011:1-
35

Kim KH, Tsao R, Yang R, Cui SW (2006) Phenolic acid
profiles and antioxidant activities of wheat bran extracts
and the effect of hydrolysis conditions. Food Chem 95:466-
473

Micard V, Renard CMGC, Thibault JF (1994) Studies on
Enzymic Release of Ferulic Acid from Sugar-Beet Pulp.
LWT - Food Sci and Tech. 27: 59-66

Nakbanpote W, Thiravetyan P, Kalambaheti C (2000)
Preconcentration of gold by rice husk ash. Minerals
Engineering 13:391-400

Noureddini H, Byun J, Yu TJ (2009) Stagewise dilute-acid
pretreatment and enzyme hydrolysis of distillers' grains and
corn fiber. Appl Biochem Biotech 159:553-567

Oliviero M, Verdolotti L, Di Maio E, Aurilia M, lannace S
(2011) Effect of supramolecular structures on thermoplastic
zein-lignin  bionanocomposites. J Agric Food Chem
59:10062-10070

Ortega El, Villegas E, Vasal SK (1986) A comparative study
of protein changes in normal and quality protein maize
during tortilla making. Cereal Chem. 63: 446-451.

Oshorne JM, Dehority BA (1989) Synergism in Degradation
and Utilization of Intact Forage Cellulose, Hemicellulose,
and Pectin by Three Pure Cultures of Ruminal Bacteria.
App Envl Microb 55:2247-2250

531

Peng M, Gao M, Abdel Aal ESM, Hucl P, Chibbar RN
(1999) Separation and characterization of A- and B-type
starch granules in wheat endosperm. Cereal Chem 76:375-
379

Palmarola-Adrados B, Galbe M, Zacchi G (2005)
Pretreatment of barley husk for bioethanol production.
Chem Tech Biotech 80:85-91

Panthapulakkal S, Law S, Sain M (2006) Effect of water
absorption, freezing and thawing, and photo-aging on
flexural properties of extruded HDPE/rice husk composites.
J Appl Polym Sci 100: 3619-3625

Peterson CJ, Johnson VA, Mattern PJ (1986) Influence of
Cultivar and Environment on Mineral and Protein
Concentrations of Wheat-Flour, Bran, and Grain. Cereal
Chem. 63: 183-186

Quinde-Axtell Z, Ullrich SE, Baik BK (2005) Genotypic and
environmental effects on color and discoloration potential
of barley in food products. Cereal Chem82:711-716

Rahman 1A, Ismail J, Osman H (1997) Effect of nitric acid
digestion on organic materials and silica in rice husk. J
Mater Chem 7:1505-1509

Saha BC (2003) Hemicellulose bioconversion. J Ind Microb
Biotech. 30:279-291

Shewry PR, Piironen V, Lampi AM, Edelmann M, Kariluoto
S, Nurmi T, Fernandez-Orozco R, Ravel C, Charmet G,
Andersson AAM, Aman P, Boros D, Gebruers K, Dornez
E, Courtin CM, Delcour JA, Rakszegi M, Bedo Z, Ward JL
(2010) The Health Grain Wheat Diversity Screen: Effects
of Genotype and Environment on Phytochemicals and
Dietary Fiber Components. J Agri Food Chem8:9291-9298

Taj S, Munawa, MA, Khan S (2007) Natural Fiber-
Reinforced Polymer Composite. Proc Pak Acad of Sci
44:129-144

Thompson RK, Mustafa AF, McKinnon JJ, Maenz D,
Rossnagel B (2000) Genotypic differences in chemical
composition and ruminal degradability of oat hulls. Can J
Anim Sci 80: 377-379

Tingaut P, Zimmermann T, Lopez-Suevos F (2010) Synthesis
and characterization of bionanocomposites with tunable
properties from poly (lactic acid) and acetylated
microfibrillated cellulose. Biomacromolecules 11:454-464

Valadez-Gonzélez A, Cervantes-Uc JM, Olayo R, Herrera-
Franco PJ (1999) Effect of fiber surface treatment on the
fiber-matrix bond strength of natural fiber reinforced
composites. Composites, Part B 30: 309-320

Varma DS, Varma M, Varma IK (1986) Thermal behaviour
of coir fibres. Thermochimica Acta 108:199-210

Xie X, Cui SW, Li W, Tsao R (2008) Isolation and
characterization of wheat bran starch. Food Res Intl
41:882-887

Yanwen Xiong Y, Fei SZ, Brummer EC, Moore KJ, Barker
RE, Jung J, Curley J, Warnke SE (2006) QTL analyses of
fiber components and crude protein in an annual-perennial
ryegrass interspecific hybrid population. Mol Breed
18:327-340

Zou GH, Yan S, Zhai GW, Zhang ZP, Zou JQ, Tao YZ
(2011) Genetic variability and correlation of stalk yield-
related traits and sugar concentration of stalk juice in a
sweet sorghum (Sorghum bicolor L. Moench) population.
Aus J Crop Sci 5:1232-1238

Zhang Y, Pitkédnen L, Douglade J, Tenkanen M, Remond C,
Joly C (2011) Wheat bran arabinoxylans: Chemical
structure and film properties of three isolated fractions.
Carbohy Polym 86: 852-859


http://www.sciencedirect.com/science/article/pii/S0144861711004164
http://www.sciencedirect.com/science/article/pii/S0144861711004164
http://www.sciencedirect.com/science/article/pii/S0144861711004164
http://www.sciencedirect.com/science/article/pii/S0144861711004164
http://www.sciencedirect.com/science/article/pii/S0144861711004164
http://www.sciencedirect.com/science/article/pii/S0144861711004164

