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The present study was designed to determine total phenolic acid contents (TPC) and compositions of
bran from newly developed near-isogenic waxy wheat and triticale translocation lines. Two waxy wheat
sets, Svevo (durum) and N11 (bread wheat), consisting of partial and waxy null lines and four sets of
triticales (GDS7, Trim, Rhino and Rigel) having translocations at 1A.1D and 1R.1D with high molecular
weight glutenin subunits (HMW-GS) 5 + 10 and 2 + 12 were investigated. Similar to non-waxy wheat,
ferulic acid was the predominant phenolic acid found in waxy wheats analyzed. Two other major

ffﬁ}é \:\:glriccis;d d phenolics include p-coumaric and vanillic acids followed by lesser quantities of syringic acid. Waxy lines
Waxy wheat had higher TPC than the parent line in the N11 set, whereas the Svevo set showed the opposite trend. TPC
Triticale of waxy bread wheats were correlated with amylose fractions in which the order was complete

waxy < double waxy nulls < single waxy nulls. Lines with HMW-GS 2 + 12 have lower TPC than other
lines in each group of triticales, except the Trim set. TPC was negatively correlated (r = —0.41; p > 0.1)
with bran yields in triticale lines studied, indicating that variation in phenolics was not only due to bran

Near-isogenic lines

yields but also to genotypic differences.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

The increasing demand for natural food antioxidants has
hastened research to extract the biologically active substances from
a variety of raw materials (Diaz-Reinoso et al., 2006). Increased
consumption of phenolic compounds has been correlated with
a reduced risk of cardiovascular diseases and certain types of
cancers (Arts and Hollman, 2005; Jacobs et al., 1998; Kris-Etherton
et al.,, 2002). Significant levels of antioxidant activities have been
detected in wheat and wheat-based food products (Adom and Liu,
2002; Baublis et al., 2000; Yu et al., 2002).

Wheat (Triticum aestium L.) is among the most extensively
cultivated crops in the world. Waxy wheats (amylose-free, consists
of essentially all amylopectin in its starch) have been developed via
classical breeding and genetics (Nakamura et al., 1995) and it was

Abbreviations: GAE, gallic acid equivalents; HMW-GS, high molecular weight
glutenin subunits; HPLC, high performance liquid chromatography; NIL, near-
isogenic lines; SDS-PAGE, sodium dodecyl sulfate polyacrylamide gel electropho-
resis; TPC, total phenolic acids content.
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reported to have unique properties in bread making with retarda-
tion of staling and formation of a new texture in breads and noodles.
It is also considered as a good material for making whole-wheat
bread (Hung et al., 2006, 2007). Therefore, interest in waxy wheat is
high and is expected to grow over the next few years. Triticale (Tri-
ticosecale Wittmack) is a hybrid crop developed by crossing wheat
(Triticum spp.) and rye (Secale cereale) that combines the properties
of both parental cereals (Salmon et al., 2001). Triticale is intended to
have highyield potential and grain quality of wheat and resistance to
pathogens of rye. The nutritional value of triticale is close to that of
wheat and rye (Chapman et al., 2005; Salmon et al., 2008). The area
under triticale cultivation has been increasing very slowly (Arseniuk
and Oleksiak, 2002) but steadily (Varughese et al., 1996) all over the
world, with current cultivation at 3.9 million ha with a production of
14 million tons (FAO, 2008).

Previous studies reported that phenolic acids in wheat grains are
mostly in the bound form and exist in bran associated with cell wall
materials (Adom and Liu, 2002; Li et al., 2008; Liyana-Pathirana and
Shahidi, 2006). Triticale and waxy wheat by-products such as bran
may serve as sources of valuable phenolics for food and nutraceutical
applications. Although antioxidant activity and phenolic acid
profiles of cereals have been reported extensively (Andersson et al.,
2008; Verma et al., 2009; Zielinski and Kozlowska, 2000), only a few
recent studies are available on bioactive components of triticale and
waxy wheat (Hosseinian and Mazza, 2009; Hung et al., 2009; Menga
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etal., 2010). On the other hand, literature on the genotype effect and
correlation with phenolics in those grains is limited.

Different waxy null alleles affect the amylose content and other
functional properties in various ways. For instance, the reduction
of amylose content due to these null alleles was as follows:
Wx-A1B1D1>Wx-B1D1>Wx-A1B1>Wx-A1D1>Wx-B1>Wx-D1>Wx-
Al (Miura et al.,, 1994, 1999). Wild types (presence of all three Wx
proteins) contain 25—28% amylose (Graybosch, 1998; Yamamori etal.,
2000), whereas waxy lines lack all three Wx loci (waxy) and containin
the order of 0—3% amylose (Nakamura et al., 1995; Yasui et al., 1997).
Variation in amylose/amylopectin ratios has been shown to
contribute to differences in physicochemical properties, ultimately
affecting the quality of end-use products (Hung et al., 2006).
However, it is also important to determine whether the genetic
changes that results in variation in the starch compositions also have
any impact on other bioactive components presented in the bran
material.

Near-isogenic waxy wheat and triticale translocation lines used
in this study differ at one or more genetic loci coding for storage
proteins. These lines have been used for functionality studies, and
the information can be successfully used to manipulate functional
properties predictably in a breeding situation. Though the breeding
program for the genetic lines used in this study was targeted mainly
for changes in composition of proteins, we cannot ignore the unin-
tentional changes that might occur in bioactive components of
wheat bran during the development of new genetic materials. The
aim of the present study was to determine and compare the
phenolics contents and compositions of newly developed near-
isogenic waxy wheat and triticale translocation lines.

2. Materials and methods
2.1. Samples

Two waxy wheat lines (Svevo-a durum wheat and N11-a bread
wheat) were used in this study. These waxy wheats were developed
at the Department of Agrobiology & Agrochemistry, University of
Tuscia, Viterbo, Italy. They were grown in Viterbo during
2005—2006. Detailed description of near-isogenic waxy wheat
lines used in this study is provided in Table 1. All these lines were
developed for at least 6 generations, backcrossed to the same
parent and thus are near-isogenic lines (NIL). Samples were run on
SDS-PAGE to identify the HMW-GS composition.

Four sets of triticale translocation lines, GDS7, Trim, Rhino, and
Rigel were used in the study. Triticale lines were grown in Viterbo
during 2005—2006. These lines were developed to evaluate the
effect of the specific translocation types on bread making perfor-
mance. Brief description of the lines used along with HMW-GS

Table 1
Description of waxy wheat lines used in the study along with their bran yields.

Sample Name Type of wheat Variation Bran yield (%)
Svevo set (Null, 7 + 8)

Svevo wheat Durum wheat Parent line 50.6
Svevo waxy Complete waxy Null at A17/B1~ 53.0
Svevo waxy A1~ Partial waxy Null at A1~ 52.0
Svevo waxy B1~ Partial waxy Null at B1~ 61.3
N11 set (1,7 + 8,2 + 12)

N11 wheat Bread wheat Parent line 46.9
N11 waxy Complete waxy Null at A17/B17/D1~ 53.0
N11 waxy A1~ Partial waxy Null at A1~ 50.0
N11 waxy B1~ Partial waxy Null at B1~ 49.9
N11 waxy D1~ Partial waxy Null at D1~ 53.1
N11 waxy A1~ /B1 Partial waxy Null at A1 /B1 534
N11 waxy A17/D1~  Partial waxy Null at A17/D1~ 56.7
N11 waxy B17/D1~  Partial waxy Null at B17/D1~ 55.2

composition is presented in Table 2. All the triticale sets have
13 + 16 subunits in common at the Glu-B1 loci.

The rationale behind the selection of these two different groups
of waxy wheat samples was to include a complete set of partial and
waxy null lines with the same parental background of bread wheat
(N11) and durum wheat (Svevo). In this way, we can observe the
effect of each of the waxy null lines on contents of phenolics, both
with-in and between the two different kinds of wheat i.e. durum
and bread wheat. Similarly, four different sets of triticales were
selected for analysis in which all the sets contain similar trans-
location lines.

Waxy wheat and triticale samples were tempered to 15.5%
moisture, 15—16 h prior to milling. Tempered samples were milled
in a Brabender Quadrumat Junior Mill (C.W. Brabender, Duisburg,
Germany) following method AACC 26-50 (AACC, 2000). Bran yields
of waxy wheat and triticale lines are presented in Table 1 and Table
2, respectively. Bran samples were ground in a coffee grinder (Black
and Decker CBG5, Miami Lakes, FL) for 1 min and sieved by a 30 pum
sieve (The W.S. Tyler, Mentor, Ohio) prior to extraction.

2.2. Extraction of phenolic compounds

The method used to extract phenolics was based on the method
described by Kim et al. (2006). Triticale and waxy wheat bran
samples were defatted twice by stirring in hexane ata 1:4 ratio (w/v)
for 1 h at ambient temperature. The mixture was filtered through
Whatman #1 filter paper. Defatted bran samples were dried at room
temperature and hydrolyzed by mixing 2 M NaOH in 80% methanol
at a 1:5 ratio (w/v) for 3 h to release both bound and free phenolic
compounds. The mixture was acidified to pH = 2.0 4+ 0.1 with 8 M
HCl and filtered through glass wool. The clear mixture was extracted
three times with 150 ml of diethyl ether. Combined ether fractions
were dried over anhydrous sodium sulfate. The ether extract was
evaporated to dryness and the final residue was reconstituted with
80% methanol to a final volume of 5 ml for 1 g bran.

2.3. Determination of total phenolic content (TPC)

The total polyphenolic contents of the extracts were assayed by
the Folin—Ciocalteau assay (Folin and Ciocalteau, 1927; Singleton

Table 2
Description of triticale lines used in the study along with their bran yields.
Sample ID Translocation =~ HMW-GS on chromosome % Bran
1A 1B 1R vield
GDS7 set
GDS7 Parent line Null 13 + 16 59.8
GDS7 1IR1D5+ 10  1R.1D Null 13+16 5+10 622
GDS71R1D2+ 12 1R.1D Null 13+16 2+12 673
GDS7 1A1D 5+ 10 1A.1D 5+10 13 +16 58.9
Trim set
Trim Parent line 1 13 + 16 62.2
Trim 1R.1D 5 + 10 1R.1D 1 13+16 5+10 612
Trim 1A.1D 2 + 12 1A.1D 2+12 13+16 64.1
Trim 1A.1D 5 + 10 1A.1D 5+10 13+ 16 67.4
Rhino set
Rhino Parent line Null 13+16  Sec-3 56.4
Rhino 1IR1D5+ 10 1R.1D Null 13+16 5+10 592
Rhino 1A.1D2 + 12 1A.1D 2+12 13+16  Sec-3 57.7
Rhino 1A.1D5 + 10 1A.1D 5+10 13+ 16 Sec-3 53.8
Rigel set
Rigel Parent line Null 13 +16 53.8
Rigel 1IR.1D 5 + 10 1R.1D Null 13+16 5+10 659
Rigel 1A.1D 2 + 12 1A.1D 2+12 13+ 16 54.5
Rigel 1A.1D 5 + 10 1A.1D 5+10 13+16 63.1
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and Rossi, 1965) with slight modifications. The 0.3 ml methanol
extract was mixed with 2 ml diluted Folin—Ciocalteau reagent and
1.6 ml of 7.5% NapCOs3. The mixture was stirred and kept at ambient
temperature for 2 h. Absorbance at 765 nm was recorded using
a spectrophotometer (Philips PU 8625, UK). A calibration curve
(% = 0.999) was prepared using gallic acid at 0.03—0.20 mg/4 ml
assay solution. Total phenolic acids in the methanol extracts were
expressed as gallic acid equivalents (GAE).

2.4. Determination of individual phenolic acids — HPLC analysis

Individual phenolic acids in the bran extracts were analyzed by
a Hewlett Packard 1100 Series high performance liquid chromato-
graph equipped with UV detector (Hewlett-Packard, Palo Alto, CA)
and Phenomenex Jupiter C18 (250 x 4.60 mm, 10 g, 300 A; Phe-
nomenex, Torrance, CA) column. The mobile phase of water with
0.05% trifluoroacetic acid (solvent A) and 30% acetonitrile, 10%
methanol, 59.95% water and 0.05% trifluoroacetic acid (solvent B)
were used at a flow rate of 1.0 ml/min. Total run time was 50 min
and the gradient program was as follows: 10% B—12% B for 16 min,
12%—38% for 9 min, 38% B—70% B for 7 min, 70% B—85% B for
8 min and 85% B—10% B for 10 min. There was 5 min of post-run for
reconditioning. The injection volume was 20 pl. Detection was done
at 280 nm. Identification and quantification of phenolic acids in
samples were performed comparing to chromatographic retention
times and areas of external standards. Phenolic acid standards used
for peak identification were ferulic acid, vanillic acid, syringic acid,
gallic acid, p-hydroxybenzoic acid, chlorogenic acid, caffeic acid,
p-coumaric acid and trans-cinnamic acid that were purchased from
Sigma and Aldrich (Sigma—Aldrich Corporation, St. Louis, MO) and
used without further purification (97% and higher purity). The eight
different concentrations of phenolic acid standards were used in
calibration curves ranging from 3.9 pg/mL to 500 pg/mL. For all the
standard calibration curves, 12 values varied from 0.978 to 0.999. All
samples were prepared and analyzed in triplicate.

2.5. Statistical analysis

All extraction runs and analyses were carried out in triplicate
and in randomized order with mean values being reported. Anal-
ysis of variance (ANOVA) of the results was performed using the
General Linear Model procedure of SAS (Software Version 9.1. SAS
Institute Inc., Cary, NC). Statistical significance was declared at
P < 0.05.

3. Results and discussion
3.1. Phenolic acid composition of waxy wheats

Ferulic acid was the major phenolic acid (~92%) found in waxy
wheats similar to non-waxy wheat lines (Beta et al., 2005; Moore
et al., 2006) followed by p-coumaric and vanillic acid and syringic
acids (Table 3). Caffeic, t-cinnamic and p-hydroxybenzoic acids
were present in minor quantities. Significant differences were
observed among samples for different phenolic acids; however,
dissimilar trends were noted for two waxy sets in accordance with
previous studies that showed phenolic acid concentrations varied
according to wheat genotype (Gelinas and McKinnon, 2006; Irmak
et al.,, 2007; Moore et al., 2006). All the developed lines have higher
total phenolic acid content in the case of the N11 set, whereas the
parent line has highest phenolic acids in the case of the Svevo set.
Within the developed lines of the N11 set, single nulls/partial waxy
have the highest total phenolics (1386—1304 ug/g bran) followed by
the triple null (complete waxy) and double nulls (partial waxy). On
the other hand, complete waxy has the highest total phenolics

Table 3
Phenolic acid composition (ug/g bran) of waxy wheat bran analyzed by HPLC*.

Sample Name FA p-CM VA SA Others Total
Svevo set

Svevo wheat 11162 443* 164*  48° 18.12 12002
Svevo waxy 948> 395" 142 432 14.0° 1020°
Svevo waxy A1~ 899° 28.1°¢ 133> 41 15.25¢ 960°
Svevo waxy B1~ 891° 269° 132> 42 17.1%° 952P
N11 set

N11 wheat 1006" 28.7° 281 54¢ 20.9%° 1089°
N11 waxy 11504  312°  294° 5.7 19.3° 12364
N11 waxy Al 1253 75.1*  26.0°  95® 221 13862
N11 waxy B1~ 1199¢  451°> 263> 99° 2347 1304°¢
N11 waxy D1~ 1239> 468> 2029 95 236° 1339

N11 waxy A1~ /B1 1142¢ 444> 193¢ 669 222 12359
N11waxy A1°/D1- 11267 3809  22.1¢ 8.0  19.6° 1214°
N11waxy B17/D1~ 11138 415 184¢ 74 217  1202¢

abedefghpteans with the same letter in same column of same group are not signifi-
cantly different at P < 0.05.

*FA = Ferulic acid; p-CM = p-coumaric acid; VA = Vanillic acid; SA = Syringic acid;
Others = Total of t-cinnamic acid, caffeic acid and p-hydroxybenzoic acid.

(1020 pg/g bran) among all the developed lines of the Svevo set.
Hung et al. (2009) reported that the total phenolic contents of the
free and bound phenolic extracts of waxy wheat flour fractions
gradually increased in order from the inner to the outer. For
instance, free + bound ferulic acid concentration of the outermost
fraction was found to be 533 pg/g flour which was highest among
all flour fractions. When comparing ferulic acid concentrations of
the bran fraction of the waxy wheat samples, it is expected to be
found higher since it is well known that phenolic acids in wheat
grain are concentrated in the bran fraction of the kernels
(Onyeneho and Hettiarachchy, 1992).

3.2. Total phenolic content in waxy wheats

The TPC analyzed from the Folin assay using a UV spectropho-
tometer was compared with the total individual phenolics from
HPLC (Fig.1). In general, TPC values from the Folin assay were higher
than HPLC due to the use of standards restricted only to major
phenolics in HPLC. The extraction procedure we employed could
release both free and bound phenolics and thus the data reported
comprises both forms of phenolic acids. The concentrations of
phenolics obtained in this study are in agreement with previous
findings for non-waxy wheats (Kim et al., 2006; Verma et al., 2009).
Although there is no information available on phenolic acid contents
of waxy wheat bran to date, polyphenol contents of grain and flour of
waxy wheats have been reported (Hung et al., 2009; Takata et al.,
2007). Both the grain and flour polyphenol contents of complete
waxy (null at ABD) were highest for two sets of waxy NILs studied
(Takata et al., 2007). A similar trend with the single waxy wheat NIL
was reported in another study (Takata et al., 2005). The highest TPC
value among our samples was observed for N11 waxy wheat (single
null A1) which correlates with HPLC results. The parent line has
slightly higher total phenolics than all the developed lines in the case
of the Svevo set.

Since the phenolic acids are concentrated in the bran, correlations
were generated between branyields and TPC as measured by HPLC and
UV spectrophotometer. A weak correlation (r = 0.08) of TPC (measured
by HPLC and UV) with bran yields was observed for N11 bread waxy
wheat, whereas, in the case of the Svevo set, correlations (r = —0.07, UV
results; r = —0.58, HPLC results) were negative. However, these
correlations are not statistically significant.

One of the major differences between waxy and non-waxy
wheats is the amylose fractions, in which waxy wheats are
amylose-free. Ascending order of amylose content in a set of waxy
lines are complete waxy < waxy double null < waxy single nulls



512 R.S. Jonnala et al. / Journal of Cereal Science 52 (2010) 509—515
a
m Total phenolic content, ug GAE/g bran (Folin-Ciocalteau)
3000 - B Total phenolic acids, ug/g bran ( HPLC)
n
S 2500 - a be c b
8 T T
o 2000 -
g 1500 - a ) ) )
S 1000 -
g 500 -
h 0 T T T
o + P‘\ 6‘\
QQ\I «3 . .
S qe\lo eqosﬂ* e“o\ﬂ*
S 6*1 9\1
Waxy wheat samples
b m Total phenolic content, ug GAE/g bran (Folin-Ciocalteau)
m Total phenolic acids, ug/g bran ( HPLC)
3000 -
<
5 25004 b a ab ab b b b
o b T 2 -
© T T m T T T T ]
© 2000 -
© b
g 1500 - ; d 2 d . .
£
2 1000 -
s
o 500 -
=
0 T T T T T T T
S RS A A A 9\ 0’\ A
AA e \k‘\\ we " @PP W @*'6 " \s*'o o o o o \s*_%'\o
W N\ N\ N RS R

Waxy wheat samples

Fig. 1. Comparison of total bran phenolic contents of waxy wheat genotypes analyzed by the Folin—Ciocalteau assay (UV) and HPLC. (A) Svevo set and (B) N11 set. The vertical bars
represent the SD (n = 2), and values denoted by the same letter are not significantly different (P < 0.05).

(Miura et al., 1994, 1999; Nakamura et al., 1995; Yasui et al., 1997). In
the present study, TPC values measured by UV and HPLC of N11
waxy wheat has the order of: complete waxy < waxy double
null < waxy single nulls. This is an interesting observation that
concentrations of bioactive components such as phenolics correlate
with amylose fractions of the starch. On the other hand, durum
waxy wheat (Svevo set) showed an exactly opposite trend in which
complete waxy has higher TPC than single nulls, which does not
correlate with amylose fractions. However, to confirm these trends
of reduction of TPC with amylose fractions in waxy bread wheats,
further studies are required with samples grown under different
environmental conditions for at least 2—3 growing seasons.

3.3. Phenolic acid composition of triticales

More than 90% of the phenolic acids were in the form of ferulic
acid (845—1501 pg/g bran) in all the triticale lines (Table 4). The
highest ferulic acid content was found in the Rigel 1R.1D 5 + 10
sample. The other major phenolic found was p-coumaric acid.
Phenolics such as t-cinnamic, caffeic, syringic and vanillic acids
were found in minor quantities. Similar individual bran phenolic
acid compositions were reported for cultivar Ultima, atriticale
variety, by Hosseinian and Mazza (20009).

Among individual phenolic acids, ferulic acid, which is a major
one, was lowest with 2 + 12 subunits in all the sets analyzed except
in Trim, in which it was highest (1286 pg/g bran). Within 5 + 10
HMW-GS lines, the 1R.1D of Rigel and Rhino sets showed higher
phenolic acid contents than the 1A.1D line, whereas the opposite
trend was observed in Trim and GDS7 lines.

In general, at least one of the developed lines showed lower values
for corresponding phenolic acids than all other developed lines and the
parent line. Ferulic acid (1000 mg/g dry matter) is the most abundant
phenolic acid followed by sinapic (130 mg/g) and p-coumaric (60 mg/g)
acids in the whole rye crop (Andreasen et al., 1999), which is one of
the parents for triticale. On the other hand, Hosseinian and Mazza
(2009) reported vanillin to be the second major phenolic followed by
p-coumaric acid and then vanillic acid in triticale bran. The other parent
line, wheat bran, has ferulic, p-coumaric and vanillic as major pheno-
lics. Wheat bran also contains caffeic, chlorogenic, genistic, syringic
and p-hydroxybenzoic acids in minor quantities (Onyeneho and
Hettiarachchy, 1992).

3.4. Total phenolic contents of triticales

Total phenolic contents (TPC) of GDS7, Trim, Rhino and Rigel
triticale sets are shown in Fig. 2a, b, c and d, respectively. Rigel and
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Table 4

Phenolic acid composition (pg/g bran) of triticales analyzed by HPLC"
Sample Name Ferulic p-coumaric Others Total
GDS7 set
GDS7 1053 28.8° 26.9° 1109°
GDS7 1R.1D. 5 + 10 956¢ 21.7¢ 28.6" 1006°
GDS7 1R.1D. 2 + 12 911 23.7¢ 31.4° 966
GDS7 1A.1D.5 + 10 1210 37.3? 35.72 12832
Trim set
Trim 10872 29.7¢ 17.3% 1134°
Trim 1R.1D. 5 + 10 920° 21.1¢ 13.5¢ 955¢
Trim 1A.1D. 2 + 12 12862 425 19.4° 13482
Trim 1A.1D. 5 + 10 1039° 33.1° 14.6° 1087
Rhino set
Rhino 1226° 28.2% 14.9° 1269
Rhino 1R.1D. 5 + 10 1186%° 31.8? 14.2° 12322
Rhino 1A.1D. 2 + 12 845¢ 17.0° 13.32 875¢
Rhino 1A.1D. 5 + 10 1063° 17.0° 14.4° 1094°
Rigel set
Rigel 1180° 30.2° 14.9° 1225°
Rigel 1R.1D. 5 + 10 15012 41.7° 13.0° 15562
Rigel 1A.1D. 2 + 12 984° 33.7% 13.5° 1031°
Rigel 1A.1D. 5 + 10 1120° 18.4¢ 14.9° 1153°

abcdNMeans with same letter in same column of same group are not significantly
different at P < 0.05.
“Others = Total of t-cinnamic, caffeic, syringic and vanillic acids.

Trim lines with 2 + 12 subunits had higher TPC values than other
samples. This is a very interesting result since the HMW-GS pair
2 + 12 is well known for its contribution to weak dough properties
and inferior bread baking potential. However, it has higher TPC
values in triticales. The TPC of triticale was found to be 940 pg/g of
grain as reported by Zdunczyk et al. (2006). Hosseinian and Mazza
(2009) reported 2849 ng/g bran for TPC of bound phenolics of
triticale. The average TPC of triticale bran samples in this study was
2182 ug/g bran. The difference in bran phenolics from previous
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studies might be attributed to the presence of more phenolic acid
contents in the bran part and also the extraction method we
employed to release these compounds.

The total of individual phenolics measured by HPLC did not
match the TPC values obtained from UV measurement. This is
because we employed standards only for the reported individual
phenolic acids and there might be more of those compounds
present that had increased the TPC values in UV analysis. In addi-
tion to ferulic and p-coumaric acids, significant amounts of syringic
acid, vanillic acid and vanillin were also reported as bound
phenolics in triticale bran (Hosseinian and Mazza, 2009). The
variation in phenolics distribution can be attributed to the different
extraction method used in the present study. It is interesting to
note that triticale bran had higher TPC and individual ferulic acid
content (840—1500 pg ferulic/g of bran) than either of the parent
wheat lines (90—230 pg ferulic/g of bran; Zhou et al., 2004) or rye
(900—-1100 pg ferulic/g of grain; Andreasen et al., 1999).

All triticale samples were combined to run the correlations
between TPC and bran yields. Unlike in N11 and Svevo waxy
wheats, TPC as measured by UV spectrophotometry was correlated
negatively (r = —0.41) with bran yields which was statistically
significant (p > 0.10). Neverthless, these weak correlations of TPC
with bran yields indicates that, the variations in TPC values are not
simply due to their differences in bran yields but mainly to geno-
typic differences. Similar findings were reported for non-waxy
wheats by Li et al. (2008).

Findings from this study are preliminary, since the samples used
for analysis were collected from one growing season and one
location only. Also, it is important to analyze the waxy wheat
samples for starch fractions and properties. Further studies are
required to confirm the possible impact of presence of waxy null
alleles on concentrations of bioactive components. Similarly,
studies are planned on triticale translocation lines to see the
possible influence of changes in protein composition on the
amounts of phenolic acids.
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Fig. 2. Comparison of total bran phenolic contents of triticale genotypes analyzed by the Folin—Ciocalteau assay (UV) and HPLC. (A) GDS7 set (B) Trim set (C) Rhino set and (D) Rigel
set. The vertical bars represent the SD (n = 2), and values denoted by the same letter are not significantly different (P < 0.05).



514 R.S. Jonnala et al. / Journal of Cereal Science 52 (2010) 509—515

4. Conclusions

Near-isogenic waxy wheat and triticale translocation lines used
in this study differ at one or more loci coding for storage proteins.
The present study was designed to determine if any unintentional
changes occur in phenolic acid components of wheat and triticale
brans during the development of their genetic lines, originally
intended to alter the protein composition. Preliminary studies
indicate that, similar to non-waxy wheats, ferulic acid was the
major phenolic acid in both waxy sample sets examined. All the
developed lines have higher total phenolic acid content in the case
of the N11 set, whereas the parent line has highest phenolic acids in
the case of the Svevo set. Within the developed lines of the N11 set,
single nulls/partial waxy have the highest total phenolics. In waxy
bread wheat, TPC values were in correlation with amylose fractions
in which the order was complete waxy < waxy double nulls < waxy
single nulls. However, further studies are required to confirm these
preliminary trends.

Among triticale translocation lines, with the lines having 5 + 10
HMW-GS, the 1R.1D of Rigel and Rhino sets showed higher
phenolic acid contents than the 1A.1D line, whereas the opposite
trend was observed in Trim and GDS7 lines. TPC was negatively
correlated with bran yields for triticales lines studied which indi-
cates the variation in TPC might be due to genotypic differences.
Lines with HMW-GS 2 + 12 have lower TPC than other lines in each
group of triticale samples, except for Trim set.

Although there are variations among waxy wheat and triticale
samples for phenolics, further research is required to confirm the
trends observed in this study with the samples grown under
different conditions and seasons over a period of time. Also, in the
case of waxy wheats, it is important to study the starch properties
on the same set of samples to seek a possible correlation to the
bioactive components.
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