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ABSTRACT

The present work was carried out to make a comparison between the
starch debranching enzyme activity and the synthesis of total carbohy-
drates, starch, amylose, and amylopectin in developing kernels of two sets
of triticales differing in genome composition (complete and substituted
triticales). The results showed that the carbohydrate and starch accumu-
lation observed in both genotypes of triticales increased rapidly at the early
stage, reaching the maximum at the medium stage and decreasing slightly
or remaining relatively constant at the last stage of kernel development. At
the end of the development stage, the mature grains of complete and
substituted triticales accumulated 62.5 and 54.6% starch, respectively. Both
sets of triticales showed the same amylose accumulation profile as well as
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degree of polymerization; however, at the maturity stage there was a small
but significant difference between the two sets. The final polymerization
values of amylose chains in mature seeds of complete and substituted
triticales were DP 1,549 and 1,313. A and B amylopectin chains of the
complete triticales were approximately 19 and 33% shorter than those of
the substituted triticales. The complete triticales showed higher isoamylase
and pullulanase activities than the substituted triticales, which coincided
with the highest starch and amylose contents observed in kernels under
development. The results of this study demonstrate that the synthesis of
starch differs between the triticale genotypes used in the study, which
influences their chemical structure and physicochemical properties.

Triticale is a hybrid cereal crop created from crosses between
wheat (Triticum sp.) and rye (Secale cereale 1..) (Kulp and Ponte
2000). Complete triticale genomic constitutions are AABBRR
(hexaploid) and AABBDDRR (octaploid) (Unrau and Jenkins 1964;
Lukaszewski 2006). Substituted triticale genomic constitutions are
AABBDR and AABBDDDR (Varughese et al. 1987). Triticale is a
promising cereal crop because of its nutritional and agronomic
characteristics; however, little research has been carried out to un-
derstand the biochemical processes under which components such
as starch and their fractions, amylose and amylopectin, are synthesized.

Of the group of enzymes that participate in the synthesis of starch,
the starch debranching enzymes (DBEs) are less studied in cereals.
There are two starch DBEs, isoamylase and pullulanase, that hy-
drolyze o-1,6 linkages. Aside from hydrolyzing amylopectin, both
enzymes differ in substrate specificity: isoamylase selectively hy-
drolyzes B-dextrins, whereas pullulanase hydrolyzes pullulan (James
etal. 2003). These enzymes selectively remove branches formed at
improper positions (Nakamura 2002), building the amylopectin
multiple-cluster structure in which isoamylase plays a main role.
Pullulanase can compensate for the biosynthesis of amylopectin by
helping to remove short branches (Kubo et al. 1999). DBEs use the
lateral branches of the preamylopectin to start the amylose syn-
thesis, and then the starch synthases (SSs) elongate the amylose
chain to a final length (Lu et al. 2008). Deficiency in DBE activity
can cause sugary mutants in cereals such as maize (Beatty et al.
1999) and rice. The alteration in isoamylase activity modifies the
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physicochemical properties and granular structure of starch (Fujita
et al. 2003).

It is important to carry out studies on starch biosynthesis and the
relationship with the physicochemical characteristics of starch that
might exist in complete and substituted triticales. So far, to the best
of our knowledge, little research has been done on the DBE activity
of triticale kernels during their development. Furthermore, complete
and substituted triticales have genetic differences and might have
different physicochemical and functional properties. Accordingly,
the present investigation was carried out to examine the activity of
the starch DBEs and some physicochemical characteristics of the
starch synthesized during the development of the triticale kernels.
The results could provide important information about the activity
of the DBE and its effects on the starch biosynthesis in substituted
and complete triticales.

MATERIALS AND METHODS

Raw Material. Samples of six cultivars of triticale were employed
for this study. Three of them were complete (Beagle, Eronga, and
Fahad), and three were substituted triticales (Armadillo, Panda,
and Yoreme). Seeds of triticales were kindly donated by the
Wellhausen-Anderson Plant Genetic Resource Center located at
the International Maize and Wheat Improvement Center (CIMMYT,
El Batan, Mexico). Samples of each triticale variety were planted
during the 2012-2013 planting cycle following a randomized
complete block design with three blocks at the Agriculture and
Livestock Department of the University of Sonora, Mexico.

Sampling of Developing Grains. Triticale spike samples
were collected every third day from 7 to 40 days after anthesis (DAA).
Eight spikes were cut from plants within each plot and shelled man-
ually. Grains were stored at —=70°C until analysis.

Accumulation of Starch During Triticale Grain Development.
The total starch content in triticale kernels was determined fol-
lowing the amyloglucosidase/a-amylase method (AACC Interna-
tional Approved Method 76-13.01) by using the Megazyme total
starch assay kit (Megazyme International Ireland, Bray, Ireland).

Accumulation of Amylose During Triticale Grain Development.
The apparent amylose content of triticale samples was determined
following a modified method of Knutson and Grove (1994). Trit-
icale samples (10 mg) were dispersed in 100 uLL of 3M CaCl, and




thoroughly mixed in a vortex mixer. After standing for 10 min,
900 uL of dimethyl sulfoxide (DMSO) containing 6.7 x 10-* M
iodine was added. The suspensions were stirred and then sonicated
for 15 min in a water sonication bath (M3800 H, Branson Ultra-
sonics, Danbury, CT, U.S.A.) set at 70°C. Aliquots of 100 pL of the
resulting sonicated suspensions were removed and combined with
900 uL of DMSO containing 6.7 x 10=* M iodine. A volume of
8 mL of deionized water was added to each tube to form the blue
amylose-iodine complex. The color intensity formed was measured
at 600 nm. Amylose concentration was calculated from a standard
curve prepared with commercial amylose (Sigma-Aldrich, Saint
Louis, MO, U.S.A.)).

Accumulation of Total Carbohydrate Content During
Triticale Grain Development. The total carbohydrate content
was determined following a modified phenol-sulfuric assay of
DuBois et al. (1956) as reported by Masuko et al. (2005). An aliquot
of 50 pLL of the blue complex solution formed in the determination
of amylose content was taken to determine total carbohydrates and
combined with 500 pL of distilled water, 30 puL. of 5% phenol (w/v),
and 150 uL of concentrated sulfuric acid (added in rapid succes-
sion). According to Knutson and Grove (1994), the iodine present
causes no interference to determining total carbohydrates. The
mixture was heated at 90°C in a water bath for 5 min and cooled
down to room temperature. The color intensity was measured at
490 nm with a NanoDrop 8000 UV/Vis spectrophotometer (Thermo
Scientific, Waltham, MA, U.S.A.). Total carbohydrate concentration
was calculated from a standard curve prepared with commercial
glucose.

Starch Extraction from Single Kernels. Starch of triticales
was obtained according to a modified method (Bettge et al. 1995).
The embryo and bran of each kernel were removed with a razor
blade. The remainder of the kernel was crushed between two sheets
of wax paper and transferred to a 1.5 mL Eppendortf polypropylene
microcentrifuge tube. The solids were steeped twice with 500 pL of
petroleum ether for 30 min at room temperature with occasional
gentle agitation. After centrifugation at 10,000 x g for 2 min and
removal of the solvent, the precipitate was steeped twice in 500 puL
of 0.IM NaCl at room temperature for 30 min with occasional
gentle agitation. Gluten was formed by kneading the endosperm
within the microcentrifuge tube with the help of a Teflon micro-
spatula for 2 min and manually removed. The starch was washed
twice with 500 pL of water to remove excess of salt, centrifuged at
10,000 x g, resuspended in 1 mL of acetone, and dried at ambient
temperature.

Fractionation of Starch. The fractionation of starch was
carried out according to a modified method of Jane and Chen
(1992). Briefly, an aqueous starch suspension (1.33%, w/v) was
heated and stirred in a water bath at 96°C until starch gelatinization.
Then, a volume of 500 pL. of 20% (v/v) n-butyl alcohol was added,
and the solution was stirred at 96°C for 1 h. The mixture was
allowed to cool down at room temperature over 24 h. The
amylose—butyl alcohol complex formed was separated by centri-
fuging at 8,700 x g for 30 min at 5°C. The supernatant containing
amylopectin was removed by simple decantation, and residual
amylose was further removed by addition of butanol until no
precipitate was formed.

Debranching of Amylopectin. Amylopectin was debranched
according the method of Jane and Chen (1992) with Pseudomonas
sp. isoamylase (Sigma-Aldrich). The commercial enzyme solution
(3 x 10° units/mg of protein) was diluted to 100 mL with 0.1M
acetate buffer, pH 3.5. An aliquot of 400 pL of the amylopectin
solution (equivalent to 5 mg) obtained from the starch fractionation
procedure was combined with 100 uL of DMSO and precipitated
with 100 uL of methyl alcohol. The precipitate was redissolved in
900 uL of deionized water and heated under agitation in a water
bath at 96°C for 1 h. After cooling, an aliquot of 360 pL was
combined with 160 uL. of 0.1M acetate buffer, pH 3.5, and with
10 pL of the isoamylase solution. The mixture was incubated in a

shaker bath at 40°C for 48 h for amylopectin debranching. The
resulting mixture was used to determine the average degree of po-
lymerization (DP).

Analysis of Amylose and Amylopectin Branch Chain
Length. Amylose and amylopectin branch chain length distribu-
tions were analyzed by gel-permeation chromatography on a col-
umn (0.75 x 90 cm) packed with Bio-Gel P-6 gel (Bio-Rad
Laboratories, Richmond, CA, U.S.A.). A volume of 500 uL of a
solution containing debranched amylopectin or amylose was ap-
plied onto the column and eluted with 0.1M acetate buffer, pH 3.5,
at a flow of 0.5 mL/min. Fractions of 3 mL were collected and
analyzed for their total carbohydrate (Masuko et al. 2005) and re-
ducing sugar (Hizukuri et al. 1981) contents. The average DP of
both polymers was calculated from the ratio of total carbohydrate
content to reducing sugars expressed as glucose equivalents.

Extraction of Enzymes. Samples of triticale grains (200 mg)
collected at different development times after anthesis were hand-
homogenized with a mortar and pestle and extracted for 1 h with
4 mL of Tris-HCI, pH 7.4, containing 8mM MgCl,, 50mM
2-mercaptoethanol, and 12.5% (v/v) glycerol. The mixtures were
centrifuged at 10,000 x g at 4°C for 15 min, and the supernatants
were used as the crude enzyme extracts.

Isoamylase and Pullulanase Enzyme Activity. The iso-
amylase assay was carried out by combining 500 pL of the enzyme
extract with 2 mL of 20mM phosphate bufter, pH 7, and 500 uL. of a
1% (w/v) P-dextrin limit solution. The reaction was allowed to
proceed at 30°C for 10 min and terminated by adding I mL of 1%
(w/v) dinitrosalicylic acid (DNS). The tubes were placed in a
boiling water bath for color development over 10 min. Absorbance
was read at 540 nm. Maltose equivalents were quantified by using a
standard curve of maltose hydrate. One unit of isoamylase activity
was defined as the amount of enzyme that produced | pmol of
maltose per minute under the conditions of the assay. The pul-
lulanase assay was carried out by combining an aliquot of 500 uL. of
enzyme extract with 2 mL of 0.IM citrate buffer, pH 5.5, and
500 puL of 1% (w/v) pullulan. The reaction was allowed to proceed
at 37°C for 20 min and was terminated by adding 1 mL of DNS. The
tubes were placed in a boiling water bath for color development for
10 min, and the absorbance of the solutions was read at 540 nm
against a reagent blank. The pullulanase activity was determined by
measuring the increase in reducing sugars by using a standard curve
of maltose monohydrate. One unit of pullulanase activity was de-
fined as the amount of enzyme that produced 1 pmol of maltose per
minute under the conditions of the assay.

Determination of Protein. The protein in the enzyme extracts
was determined with the Lowry method modified by Hartree
(1972).

Statistical Analysis. All analyses were carried out at least in
triplicate. Results were expressed as mean values + standard devi-
ations. The data obtained were subjected to one-way analysis of
variance. Comparison of means was performed by the Tukey test
(P £ 0.05) with the SAS program (2005 version, SAS Institute,
Cary, NC, U.S.A)).

RESULTS AND DISCUSSION

Carbohydrate Accumulation During Triticale Development.
The carbohydrate accumulation observed in both genotypes of triti-
cales increased rapidly at the early stage (7-20 DAA), reaching
the maximum at the medium stage (20-22 DAA) and decreasing
slightly or remaining relatively constant at the last stage of kernel
development (22-40 DAA) (Table I). The slight reduction in total
carbohydrates has also been observed in developing wheat ker-
nels, and it has been attributed to the synthesis of components
other than carbohydrates (Paradiso et al. 2007; Toole et al. 2010;
Houshmandfar and Eradatmand Aisli 2011). The carbohydrate
content of all triticales showed no significant differences at the
early stage of development. However, at the last stage of kernel
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development the complete triticales contained higher amounts
of total carbohydrate content (79.8 + 2.2%) than the substituted
ones (72.6 = 1.6%) (P < 0.05). The total carbohydrate contents of
the six triticales used in this study were similar to those reported by
Salgé and Gergely (2012) for winter wheat.

Starch Accumulation During Triticale Development. The
starch accumulation of developing triticales increased rapidly at
the first stage (from 7 to 20 DAA) and showed slow, gradual in-
creases in the last stage (from 22 to 40 DAA) of kernel development
(Table II). That same behavior has also been observed in rice
(Jeng et al. 2003; Lu et al. 2008) and wheat (Hurkman et al. 2003;
Houshmandfar and Eradatmand Aisli 2011). Despite showing the
same starch synthesis profile in all triticales, the starch accumulation
observed in the substituted triticales was faster than that of the
complete triticales. At 7 and 13 DAA, the substituted triticales ac-
cumulated more starch (average of 23.4 and 31.8%, respectively)
than the complete triticales (average of 16.4 and 25.2%, re-
spectively). However, the starch synthesis in both genotypes of
triticales started to slow down at 22 DAA. The substituted triticales
accumulated only 4.6% more starch at the end of the kernel de-
velopment. In contrast, the complete triticales continued accu-
mulating starch, ending up with an average value of 10.7% more at
the end of the kernel development. At the end of the development
stage, the mature grains of complete and substituted triticales ac-
cumulated 62.5 + 0.9 and 54.6 + 0.9% starch, respectively. These
results are similar to those reported for barley (Stevnebg et al.
2006; Asare et al. 2011), rye, and wheat (Verwimp et al. 2004).
The starch content in complete triticales was similar to that
determined in winter triticales (BureSova et al. 2010). Navarro-
Contreras et al. (2014) observed no differences in the starch con-
tent between mature seeds of complete and substituted triticales.
The difference in starch content between the two sets of triticales
deserves special attention. The substituted triticales started their
starch synthesis rapidly at the initial development stage. In con-
trast, the complete triticales showed slow starch synthesis rates,

although at the maturity stage their starch content was higher than
that of the substituted triticales (P < 0.05). These results coincide
with studies reporting that when the starch accumulation in the
wheat kernel starts earlier, the final starch content is reached soon
and in low amounts (Chinnusamy and Khanna-Chopra 2003),
which has been attributed to the high temperatures at which the
grains are cultivated (Hurkman et al. 2003). As the temperature
increases, the starch synthesis decreases (Altenbach et al. 2003;
Buresova et al. 2010). High temperatures during wheat develop-
ment decrease the activities of the enzymes involved in the starch
biosynthesis, leading to a shortening in starch accumulation (Hawker
and Jenner 1993; Altenbach et al. 2003).

In this study, the six samples of triticale were subjected to the
same environmental conditions. During grain development, the
environmental temperatures were on average 36.8°C, reaching
the highest value (41°C) at 37 DAA. The resistance to the high
temperatures reached during kernel development might have caused
the difference in starch accumulation between the two sets of triti-
cale genotypes. According to our results, the substituted triticales
were more sensitive or less tolerant to the environmental temper-
ature than the complete triticales, taking into consideration the
amount of starch accumulated during the kernel development.
Among different cereals, rye has been repeatedly reported as the
most tolerant to the environmental stress given by extreme tem-
peratures, drought, and salinity (Schittenhelm et al. 2014). The R
genome from rye possesses valuable genetic material that confers
tolerance to extreme temperatures (Dvorak and Fowler 1978;
Plazek et al. 2011), benefitting triticales, especially the complete
genotypes. In consequence, the substituted triticales’ lower tem-
perature tolerance might be owing to the replacement of one R
genome from rye by the D genome from hexaploid wheat.

Accumulation of Amylose and DP. The complete and
substituted triticales showed variations in amylose accumulation
during their kernel development (Table III). Both sets of triticales
showed the same amylose accumulation profile. The amylose

TABLE I
Total Carbohydrate Contents in Complete and Substituted Triticales During Kernel Development®

Total Carbohydrates (%)

Genotype Cultivar 7 DAA 13 DA 22 DAA 31 DAA 40 DAA

Complete Beagle 18.7 = 0.1c 422+24 86.4 + 2.0a 822 +53a 89.8 = 2.2a
Eronga 244 + 1.1b 452 + 2.1c 83,7 % l.7a 79.9 + 4.5b 80.0 = 2.3a
Fahad 26.2 + 1.5b 50.4 + 2.8b 79.9 + 1.0a 80.6 + 5.0ab 79.6 + 2.5a
Mean 23.1 + 3.5B 459 + 4.2B 85.7 = 1.9A 82.7 + 1.9A 79.8 + 2.2A

Substituted Armadillo 31.7+2.3a 5764 2.54 76.5 £ 1.7b 727 £ 6.2¢ 72.8 = 1.0b
Panda 303 £ 1.4a 53.0= 2.3b 76.4 + 2.1b 71.8 + 4.5¢ 72.4 + 2.4b
Yoreme 26.5 = 1.2b 53.5 + 0.9b 76.9 + 2.0b 72.3 + 4.2¢ 724+ 1.2b
Mean 29.5 £ 2.8A 54.7 + 2.8A 76.6 = 1.9B 70.5 = 1.2B 72.6 £ 1.6B

“ Values are expressed in percentage + SD. Values followed by the same lowercase letter within the same column are not significantly different (P < 0.05, n = 6)
and are expressed in dry basis. Means followed by the same capital letter within the same column are not significantly different (P < 0.05). DAA = days after

anthesis.
TABLE II
Starch Content in Complete and Substituted Triticales During Kernel Development”
Total Starch (%)
Genotype Cultivar 7 DAA 13 DAA 22 DAA 31 DAA 40 DAA
Complete . Beagle 14.5 = 0.9¢ 253+ 1.2b 51.8 = 2.0ab 59.6 + 2.0a 62.4 + 1.0a
Eronga 17.6 £ 0.9b 26.4 = 1.4b 51.5 = 1.7ab 60.0 = 2.0a 62.5 + 1.2a
Fahad 17.4 + ().8b 239+ 1.3b 52,3 % lla 59.8 + 0.9a 62.8 + 0.9a
Mean 16.4 = 1.7B 25.2 £ 2.0B 51.9 = 1.6A 59.8 £ [.3A 62.5 + 0.9A
Substituted Armadillo 24.0 = l.1a 32.3 & L. la 50.9 + 1.0ab 533 = 1.4b 54.8 + 1.4b
Panda 23.6 £ 0.9a 327+ 1.8a 49.3 « 1.6b 532+ 0.7b 54.5 + 0.8b
Yoreme 227+ 1.3a 303 £ 2.2a 49.8 + 0.8ab 53.0 + 0.8b 54.6 = 0.7b
Mean 234+ 12A 3.8 2.0A 50.0 = 1.3B 53.2 + 0.8B 54.6 = 0.9B

7 Values are expressed in percentage + SD. Values followed by the same letter within the same column are not significantly different (P < 0.05, n = 6). Values are
expressed in dry basis. Means followed by the same capital letter within the same column are not significantly different (P < 0.05). DAA = days after anthesis.
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synthesis showed a peak at 13 DAA and declined slightly at 22
DAA. After that, the amylose content increased again in both triti-
cale genotypes, reaching the highest values at the end of the maturity
period (40 DAA) with a difference in average amylose content
between the complete and substituted triticales. The DP of the
amylose chains synthesized during kernel development is shown in
Table IV. At 19 DAA, the amylose chains in the complete and
substituted triticales showed an increase in concentration (average
DP of 1,070 = 51 and 907 + 41, respectively) and then declined at
22 DAA (average DP of 405 + 36 and 287 + 43, respectively). As
with the synthesis of amylose, the DP in the complete and
substituted triticales increased steadily, reaching the highest values
at 40 DAA. The final polymerization values in mature seeds
showed that the complete triticales contained amylose chains with
average DP of 1,549 + 42, whereas the substituted triticales con-
tained amylose chains with average DP of 1,313 + 62. Therefore,
the amylose from the complete triticales consisted of chains ap-
proximately 15% longer than those of the substituted ones (P <
0.05). Cao et al. (2012) reported a similar behavior in amylose
accumulation to that observed in triticales in our study. The final
content and DP of amylose are the result of the cooperative en-
zymatic action of several enzymes, such as ADP-glucose pyro-
phosphorylase, SS (granule-bound SS [GBSS] and soluble SS
[SSS]), and starch branching enzyme (SBE) (Li et al. 2010), al-
though the GBSS activity plays a more important role in de-
termining the final amylose accumulation at the last stage of grain
development. It has been reported that amylopectin is the pre-
cursor of the amylose chain (Myers et al. 2000). The lateral chains
of the preamylopectin might be used as substrates, which are
elongated by the SS, producing the amylose final length (Li et al.
2008). Amylopectin synthesis is controlled mainly by the enzymes
SSS., SBE, and DBE (Chen et al. 2014), which act cooperatively
(LU et al. 2008). SSS is responsible for the synthesis of the amy-
lopectin chains (Li et al. 2000, 2003). SBE cleaves an o-1,4-
glycosidic bond from the end of an amylopectin chain and then
transfers it to the side of the same chain or to an adjacent chain by

an 0-1,6 glycosidic bond, forming a branch (Nakamura 2002).
DBE hydrolyzes o-1,6 glycosidic bonds of branches that are not
properly placed and transfers them to a proper place to make the
final fine structure of amylopectin (James et al. 2003; Lu et al.
2008). Once those branches are properly reattached to the amy-
lopectin chain, their concentration as amylose decreases. It might
be possible that when DBE acts, the lateral chains of the pre-
amylopectin might be detected as amylose. The decrease in am-
ylose content might be because of an increase in short chains and a
decrease of the activity of the DBE (LU et al. 2008). After that, the
following increase in amylose content might be attributed to the
enzymatic activity of the SS, which lengthens the amylose chains
up to the end of grain development (Li et al. 2003, 2010). These
results might be considered as evidence that the amylopectin is
synthesized before the amylose in (riticale, which coincides with
observations of Lii et al. (2008). Differences in the DP of amylose
have also been reported among cultivars of the same grain type
such as oats (Wang and White 1994), barley (Hanashiro and Takeda
1998), wheat (Edwards et al. 2002), and rice (Chen and Bergman
2007). The differences in the DP of amylose from different grains,
and particularly between the complete and substituted triticales,
could be because of differences in the action of the enzymes in-
volved in starch biosynthesis. The enzyme activity is under the
influence of the type of cultivar, the genotype characteristics, and
the environmental conditions under which the grains are grown.
The temperatures reached during grain development could have
caused variation in the amylose content (Hurkman et al. 2003;
Ahmed et al. 2008; Wu et al. 2009). Particularly the isoform
GBSSI has the main influence in the size of amylose (Edwards
et al. 2002; Chen et al. 2014). The isoform GBSSIa forms shorter
types of amylose than GBSSIb (Edwards et al. 2002). The action of
these enzymes, therefore, might have caused variations in amylose
content and its DP between complete and substituted triticales.
Final DP of Amylopectin of the Triticales. The DP of the
triticale amylopectin was determined in mature kernels. The aver-
age DP values of A, By, B,, and B; chains are shown in Table V. The

TABLE IIT
Amylose Content in Complete and Substituted Triticales During Kernel Development”

Apparent Amylose (%)

Genotype Cultivar 7 DAA 13 DAA 22 DAA 31 DAA 40 DAA

Complete Beagle 7.3+ 09a 15.7 £ 0.6a 11.6 £ 0.6a 16.6 + ().6ab 23.8 +09a
Eronga 6.9 + 1.4a 15.7 £ 0.7a 11.9 £ 0.5a 17.0 + 1.0a 23.9 £ 0.6a
Fahad 7.2 +0.0a 15.9 + 0.6a 11.6 £ 1.0a 15.9 £ 0.6ab 22.9 = 1.0ab
Mean 7.1 £ 1.0A 15.8 £ 0.6A 1.7 £ 0.7A 16.5 + 0.8A 23.5 + 0.8A

Substituted Armadillo 7.9 £ 0.3a 15.1 £ 0.6a 10.9 + 0.6a 15.9 + 0.5ab 219 = 0.7b
Panda 7.4 % (.52 15.0 £ 0.4a 114 x0.8a 16.1 + 0.5ab 22.1 +0.9b
Yoreme 74 +05a 15.1 = 0.5a 11.4 % 0.8a 15.7 = 0.9b 22.5 £ 0.5b
Mean 7.6 £ 0.5A 15.1 + 0.5B 11.3 £ 0.7A 15.9 = 0.6B 22:1 = 0.7B

“ Values are expressed in percentage + SD. Values followed by the same letter within the same column are not significantly different (P < 0.05, n = 6). Values are
expressed in dry basis. Means followed by the same capital letter within the swme column are not significantly different (P < 0.05). DAA = days after anthesis.

TABLE IV
Degree of Polymerization of Amylose in Complete and Substituted Triticales During Kernel Development”

Degree of Polymerization

Genotype  Cultivar 16 DAA 19 DAA 22 DAA 25 DAA 28 DAA 31 DAA 34 DAA 37 DAA 40 DAA

Complete  Beagle 363 £ 80a 1,087 = 52ab 396 + 42a 763 + 60a 550 + 332 818 =484 1,116+ 48ab 1,487 x 53a > 1
Eronga 376 £ 56a 1,029 £ 50ab 409 + 52a 739 + 53abc 576 + 36a 805 + 54a 1,192 + 53a 1,387 + 49ab 3
Fahad 385 +43a 1,094 + 49a 410 +42a 743 + 29ab 597 + 21a 812 +58a 1,168 + 45a 1,431 + 46ab 52
Mean 375 £ 49A 1,070 £ STA 405 £ 36A 748 + 40A 574 £ 32A 811 £42A 1,158 £ 52A 1,435 £ 59A 4

Substituted  Armadillo 258 + 63b 905 = 48ab 295 + 62b 549 £ 45bc 320 = S1b © 762 = 49a 917 £43b 1,113 = 55cd 5
Panda 250 + 43b 892 + 58b 281 +44b 547 + 55¢ 325 + 34b 771 % 55a 964 + 48b 1,229 + 49bc 5
Yoreme 254 % 37b 923 + 42ab 285 £ 58b 592 £ 47abc 325 £ 31b 736 + 4la 921 £ 60b 1,017 + 54d 42
Mean 254 + 38B 907 = 41B 287 = 43B 563 + 44B 323 £ 3IB 756 + 41B 934 + 46B 1,120 = 104B 6

7 Values are expressed in degree of polymerization + SD. Values followed by the same letter within the same column are not significantly different (P < 0.05)

Means followed by the same capital letter within the same column are not significantly different (P < 0.05). DAA = days after anthesis.
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results showed that the amylopectin chains A and B, of the com-
plete triticales were shorter than those of the substituted triticales
(P < 0.05). Only B, chains of the complete triticales showed an
average DP value higher than the corresponding ones of the substituted

TABLE V
Degree of Polymerization of Amylopectin Chains in
Mature Triticale Grains?

Amylopectin Chains

Genotype  Cultivar A B, B, B;

Complete  Beagle 21 +£029% 12+0.1b 9=+10a 3+037a
Eronga 21 £027b 12+0.1b 9+0.6a 4+15%
Fahad 20+333b 12+0.1b 9+0.8a 3x0.80a
Mean 21+ 15B 12+0.1B 9+07A 3+ 090A

Substituted  Armadillo 26 £ 1.56a 18+ 14a S+1.0b 2=+ 1.4a
Panda 24 £275a 18+26a 4+13b 2+0.6a
Yoreme 27 +£280a 18x09a 4=x10b 2x0.7a
Mean 26+ 24A 18+ 13A 4+x09B 2+ 08A

* Values are expressed in degree of polymerization + SD. Values followed by
the same letter within the same column are not significantly different (P <
0.005, n = 2). Means followed by the same capital letter within the same
column are not significantly different (P < 0.05).
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triticales. There are some differences between the DP of the triticale
amylopectin in this investigation and the DP of amylopectin in
starches from other sources. The short and long chains of high-
amylose corn showed amylopectin DP of 18.6 and 43.8, waxy maize
17.8 and 29.6, and rice 14.3 and 35.4, respectively (Jane and Chen
1992). Other studies report amylopectin average DP of 24.9 for
maize (Li et al. 2007), and normal and transgenic rice contain
amylopectin DP of 0.1-1.3, 1-5, 7-18, 21-25, and 51-69 (Lu et al.
2008). Cao et al. (2012) reported wheat amylopectin DP of <29,
29 < DP > 65.8, and >65.8, whereas waxy wheat, low-amylose
wheat, and hard red winter wheat showed DP of 6-9, 612, 13-24,
25-36, and 237 (Yoo and Jane 2002), and normal, waxy, and high-
amylose barley cultivars showed chains of amylopectin of DP 6-9,
6-12, and =237 (Song and Jane 2000).

The differences of DP of amylopectin between types of triticales
and also between triticales and other cereals could be owing to the
cultivar type and the action of the enzymes during their develop-
ment, which is determined genetically by the cultivar and the en-
vironmental conditions during their development. High temperatures
could alter the profiles of the starch (Altenbach et al. 2003). The
amylopectin is synthesized from small linear chains or short-chain
glucans to obtain a branching structure (Zeeman et al. 2010),
which is mainly controlled by the enzymes SS, SBE, and DBE
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Fig. 1. Isoamylase specific activity in A, complete and B, substituted triticales during kernel development.
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Fig. 2. Pullulanase specific activity in A, complete and B, substituted triticales during kernel development.
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