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ABSTRACT

Alpha-amylase activity was determined for 26

grade I and 1B grade 2 triticale milling samples, which had

been assessed visually for percent sprouted kernels. The

linear coefficient of correlation (r) between percent sprouted

kernel-s and alpha-amylase activity for all 44 samples v/as low

(r = 0.39). Mean activities were 2.38+2.60 and 4.34+5.27

IDC units/mg for grades I and 2 respectively. Within both

grades there was a wide range of alpha-amylase activities,
from 0.13 to 9.99 IDC units/mg for grade 1 and from 0.50 to

19.04 IDC units/mg for grade 2 samples.

Whole-grain triticale flours, prepared from a l-ow

( 11.2å) and a hiqh ( 14.49) protein triticale, and each for-
mul-ated to achieve 4 ranges of alpha-amylase activity, were

tested for proximate composition, cofor, farinograph char-

acteristics, falling numbers, and vüere baked into yeast

breads, muffins and sour cream coffee cakes, using consumer-

style recipes. Pup Loaves \¡rere also baked, but water levels

were varied in the formulation. For the consumer yeast

breads and muffins, 50t of the flour used was aLÌ-purpose,

and 508 bread flour was used in pup l-oaves. A whole-wheat

flour served as a control- throughout the baking studies.

Low protein flours contained 0.37, 2.94, 4.93

and 6.25 IDC units/mg for alpha-amylase ranges I to 4,

and the hiqh protein flours contained 1.07, 3.37, 5.26 and

7.05 IDC units/mg. Triticale flours were extremely hiqh

in alpha-amyrase activity by comparison to the wheat frours
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( 0.07 to 0.l2 IDC units,/mg). High protein f lours had a

mean farinograph absorption of 69.6t while absorption for

low protein flours was 64.58. High protein flour produced

slightly longer deveLopment times than low protein
( 3. Bl vs. 3.35 minutes) , but poorer mixing tolerances ( ll5
vs. 52 B.U. ). All triticale f l-ours had shorter devetop-

ment times, shorter stabilities and l-ower mixing tolerances

than wheat flours.

High protein fl-ours produced significantly higher

volumes than J-ow protein flours in consumer-style yeast

breads (1894 vs, 1776 cc), pup loaves (677 vs. 646 cc) and

muffins. vorume was affected by flour arpha-amylase activity,
generally decreasing as alpha-amylase increased; however Low

protein content yeast breads, and low and high protein

content pup l-oaves had higher volumes with alpha-amylase in

the 2 middle ranges. Higher Levels of alpha-amylase resuLted

in Lower crumb quality and higher moistness scores for all
products. Instrumental assessments of crumb texture reflected

differences in vol-ume and density of the crumb; coffee cakes

and yeast breads became firmer and gummier with lower volumes.

Yeast breadsr ÞuÞ Loaves and muffins baked from high protein

f lour \^/ere judged to be of better overal-l quality than the

1ow protein flours at all level-s of alpha-amylase activity.
The use of higher \,'¡ater levels in pup loaf formulations

exaggerated the effects of protein content and alpha-amylase

activity on vo.Lume and crumb quality characteristics, while

lower water ]eveIs minimized the effects.
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I INTRODUCTION

Triticale is a ne\^, cereat species synthesized by

crossing the genomes of wheat (Triticum) and rye (SecaIe).

Plant breeders developed triticare using synthetic hybridi-
zation techniques to introduce advantageous qenes into the new

cereal. The combination of the winter hardiness and vigor

of the rye parent with the recognizecl aqronomic and quality

characteristics of wheat make triticale a desirable crop

species to supplement food resources in a world where popu-

lation growth and food shortages are apparent.

The first fertíle triticale was descrÍbed by Rimpau

in Germany in 1891, however attempts to intercross some of

the naturally occurring triticale were generally unsuccess-

fu1 prior to the 1930rs. During the 30's and 40's, syñ-

thesis of fertile intergeneric hybrids courd be made because

of the discovery of the chromosome doublinq ahrility of

colchicine. rt was not untir 1954 that the first intensive

triticale development program was initiated at the university
of Manitoba, winnipeq, Manitoba. This research was launched

with the establishment of the Rosner Research chair in the

Department of Plant science at the university of Manitoba.

Many of the best lines produced were intercrossecl to overcome

some of the deficiencies of early crosses. In 1964, a co-

operat ive program in triticale breeding lras establ ished
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between the Department of Plant science at the university of

Manitoba and cr¡4MYT (rnternational Maize and tlheat rmprove-

ment Center) in Mexico, which resulteci in a continual-

interchange of triticale breeding material_ between canada

and Mexico (Bushuk ancj Larter, 1980i ZíIlinsky and Borlaug,

r97r).

Triticale has some aqronomic as well as nutritional
advantaqes over wheat. Triticale has proved itself in areas

of the world where adverse soil conditions and plant diseases

restrict wheat growth (eushuk and Larter, l9B0). Accurate

fiqures of world prociuction of triticale qrain are unavailable,
however triticale could well become an important commercial

crop for human use. Triticale has been described as having

a hiqher protein content, a sì. iqhtly better ba]ance of
essential- amino acids and a somewhat hiqher lysine content
(ViLlegas et al, I97A) than wheat.

The commercial success of triticale not only depencìs

on its agronomic anci nutritional advantages, but also on the
post-harvest quality of the grain. Tritical_e as a flour is
generally known to have inferior bakinq ouality refative to
wheat (Haber et af , I976; Lorenz, I972¡ Tsen et â1, I973¡
unrau and Jenkins, 1964). rt has been reported that the poor

bakinq quality of triticale is due to two factors: (t) low

gluten protein content and inferior gluten protein qualiLy
(Tsen et al-, 7973) and (2) high alpha-amylase activity
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(Lorenz, I972i Singh, 1976). Inferior baking

with inconsistency in quality characteristics

the acceptability of the flour.

quality aJ.ong

has limited

Triticale flour became popular in the late 1970's

and early I980's when increasing amounts of whole-grain

flour were marketed for home and commercial baking. The

flour appealed to consumers because of its good flavor and

image as a healthful whole-grain food. Some users however,

experienced problems with triticale due to its inconsistent

baking performance. Much of the variability can be attri-
buted to differences in alpha-amylase activity and protein

content. At the same time, grading standards for triticale
were established. Grading standards for grain are based on

many characteristics of which percent sprouted kernels is

one. The relationship between percent sprout damager alpha-

amylase activity and the baking quality of wheat flour has

been investigated, however this relationship has not been

studied in triticale grain. Triticale for milling is

selected on the basis of grade and percenL sprout damage

alone, and neither protein content nor actual alpha-amylase

activity are indicated in the selection criteria.

Therefore, this study investigated the relationship
between alpha-amylase activity and visible sprout damage in

triticale grain, and the relationship of alpha-amylase

activity and protein content to the baking quality of triticare
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flour. The objectives of the present study b/ere as fol,Iows:

1. To determine whether alpha-amylase activity correl-ated

with visible sprout damage in triticale grain.

2. To investigate the relationship of alpha-amylase acti-
vity to the baking quality of triticale flour usinq a

consumer-sty1e bake test for muffins, sour cream coffee

cake and yeast bread and a standard pup l-oaf bake test.
3. To investigate t.he relationship of protein content to

the baking guality of triticale flour using a con-

sumer-style bake test for muffins, sour cream coffee

cake and yeast bread, and a standard pup loaf bake

test.
4. To investigate interrelated effects of alpha-amylase

activity and protein content on the baking quality of

triticale flour using a consumer-style bake test for
muffins, sour cream coffee cake and yeast bread, and a

standard pup loaf bake test.
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I I. LITERATURE REVIETÀJ

A. Genetics and Agronomic Background of Triticale

Plant breeders have J_ong been interested in com-

bining the hardiness, vigor and tolerance to poor soils of

ryet with the bakinq ouality characteristics of wheat. The

result of their efforts has been the development of triti-
cale, a hybrid synthetic species named by combining parts of

the generic names of its two parents Triticum (wheat ) and

SecaLe (rye). Durum wheat when crossed with rye results in
a hexaploid (six sets of chromosomes) triticale, while bread

wheat crossed with rye results in an octaploid (eight sets

of chromosomes) triticale. Practicalty all of the advancecl

lines of triticale are hexaploids, because they are more

fertile and productive than the octaploids, however the

hexaploids have usually been crossed with an octaploid

triticale or a bread wheat at some stage of development to

introduce bread wheat characteristics (Bushuk and Larter,
r9B0). Lorenz (r974a) has written a comprehensive review of

the development of triticale.

Triticale has much larger spikes and kernels than

wheat, and therefore may have the potential for higher

yields. For regions of the world where adverse soil conditions

or plant diseases restrict wheat growth, it has been claimed

that triticale has proved to be a superior crop for human
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use (Bushuk ancì Larter, 1980). In the United StaLes however,

early triticale lines \^/ere not competitive with the best

wheat varieties even when locations and environmental- con-

ditions dif f ered wideJ-y (Lebsock , I97 4¡ IJelsh and Lorenz,

1974; Rooney et a1, 1969; Ruckman et âf, 1973). The improved

aqronomic characteristics of more recently developed triti-

cale lines have resultecl in higher yields. fn Canada, by

1980, triticale outyielded the highest yielding wheat varieties
(Bushuk and Larter, 1980). Even with improved agronomic

performance, triticale, to be competitive with wheat for

human use, must have comparable milling and baking quaJ-ity.

B. Composition of Triticale Grain

The proximate composition of triticale ís similar

to wheat, afthough the two species differ in some composit-

ional respects. Table 1 presents the proximate composition

as given by various authors for triticale and wheat grains.

The values presented are for a number of cultivars grown

under widely varying conditions. triticale rrrotein content

has been reporteci to be sliqhtly higher than that of wheat

by most researchers. Fat, carbohydrate and ash contents of

triticale and wheat qrains were reported to be similar.

t,

i.
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Table 1. Approximate Gross Composition (149 m.b. )
of TriticaLe and hlheat Grains

triticale Wheat

Mo i s ture

Bushuk & Larter (1980)
Lorenz & Welsh (1977)

9.5
9,7

12 .9
L2.9

o

10.
5 - 72.0
0 - r1.9

Protein, total

Bushuk & Larter (I980)
Ruckman et al (1973)
Lorenz & WeIsh (1977)
Anderson et a1 (I974)
Rooney et al (1969)
Unrau & Jenkins (1964)
Kaltsikes & Larter (1970)
Lorenz (I972)

12 .7
13.2
9,5

12.0
t5.6
14.0
16.l
12.7

L4 .7
r7 .7

11.6
12,0
9.1

12.6
14.4
r4.7
76.4
12,7

13 .2
17.8
14.1
18.0
14.8

14.
16.
L6.
r6.
14.

7
3
6
7
6 14. 3

Fat, crude

Bushuk & Larter (1980)
Anderson et al (L974)

1.3
1.3 I.7

1.6
1.6 1 9

Ca rbohyd ra te , total
Bushuk ( l9B0 ) 67.r 67.r

Ash

Bushuk & Larter (1980)
Anderson et al (I974)
Lorenz & Welsh (I977)

r.7
I.7
I.7 2.r

1

I
1

7
7
6 l.B
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C. The Relationship of Protein Content and Comrrosition

to Baking QuaLity of Triticale Flour

Tsen et al (1973) have suggesteci that the poor

baking quality of triticale ffour could be due to low gluten

protein content and inferior qluten protein quality. In

terms of inherent factors in flour, it is well establishe<l

that the main factor controllinq mixing requirements and

baking characteristics in wheat flour is the qluten protein.

Since triticale also forms gluten, it is 1ikely that these

characteristics are also controlled primarily by the gluten

component. Generally gluten protein woul-d be expected to

increase with increasing total protein content, therefore it
is tikely that hi.lfr protein content triticale flour woul<l

ensure better baking characteristics. Protein solubility
distributions and amino acid compositions (Chen and Bushuk,

1970) of triticaLe protein are pertinent to the qluten

quality and functional bakinq properties.

1 Total Protein Content and Bakinq Quality

It is the hiqher total protein and higher lysine
content of most triticale varietíes, when compared to wheat,

which have caused interest in this cereal (Vi1legas et â1,

1970; Sikka et â1, 1978 ). In addition to the nutritional
implications, protein content is a factor which affects the

bakinq quality.
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Studies from the early development period (1960rs)

of triticale report high protein contents. For the 1969-

1970 crop year, zíIlinsky and Borlauo (1971) have reported

protein contents ranging from 11.0 15.48 for I91 lines of

triticale grown in the CIMMYT program in Mexico. Unrau and

Jenkins (1961) found that protein contents of their samples

ranged from 14.1 to 15.68 (143 m.b) with an average of
15.18, which was comparable to the wheat protein contents

which they tested. Analysis of 25 varieties or crosses of

triticale grovrn in 1964 by Villegas et al (1970) found an

average protein content of 15.08 (14t m.b. )

Studies emerging from the 1970's showed a decline

of triticale protein content, which approached that of
wheat. Wu et al (1978) reported that high yielding tri-
ticales had 10.5 to 13.58 protein compared to 10 to 12t in
bread wheats grown in the same fields at CIMMYT in Mexico.

P.uckman et al (1973) found triticale had higher whole-grain

protein content than wheat (14.0å vs. 12.33) for 3 triticales
and 3 wheats gro\,/n in 5locations in Catifornia. Larter et
aI (1980) reported that although there exists a considerable

range in protein among the strains of triticale over the

years, the overall average \,¡as approximateJ-y 33 above the

average values for wheat.

Early triticale lines had shrivelled seeds

of poor endosperm developmentr and it is ì-ikely that

because

the
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hiqh protein contents reported for this period, qrere due to

the hiqher ratio of bran to endosperm. With improvements in

c¡rain type producinq plumper kernels, Þrotein contents have

declined somewhat and nor¡/ approach those of wheat.

Studies have shown that the protein content of

triticale is strongry affected by the environment as is the

protein content of wheat. Ruckman et al (1973) and lvelsh

and Lorenz (I974) qrew three triticale lines and three

wheat varieties in California and Colorado respectively,
using various locations in each state. The grain protein

contents vJere quite variable, ranging from 13.2 to 14.72

( 14g m. b. ) in Ca] if ornia and 12.B ro 19 .7 ( 148 m. b. ) in
Col-orado. The protein contents for the hard red spring

wheat controls ranc¡ed from 12.0 to 13.7t and 9.9 to 17.39

respectively. The triticale protein was sliqhtly hiqher

than the wheat protein at both locations.

For wheat of one varietyr protein content is the

major factor accounting for variation in loaf volume. The

relationship between protein content and volume is linear;
the hiqher the protein content the greater the volume of

bread, and generally, the gluten component is expected to

increase with increasing protein contents of flours (Finney

ancl Barmore, r94B). Because triticale lacks some of the

qluten-forminq properties of wheat (Tsen et â1, I973), it
would be logical to use triticale ftour which has a hiqh
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protein content to ensure a better bakinq quality flour.

Little data can be found to demonstrate the

relationship of protein content and gruten protein to roaf

volume for triticale flour. Sinqh (1976) determined the

effect of triticale protein content on pup loaf volume,

using seven triticale varieties. There was no clear relation-
ship between volume and protein contentr possibly because of

the confounding effect of variable alpha-amylase levels
within frour. Lorenz and welsh (19771 found that within a

triticare strain, as the fLour protein increased, there was

no corresponding increase in bread loaf volume.

2 Effects of Protein Comoosition on Bakinq Qualitv

Triticale appears to have an inferior baking

quarity to wheat due to low gluten protein content (chen and

Bushuk, 1970¡ Ahmed and McDonald, I974). It is also likely
that triticale gluten is inferior to that of bread wheats as

a result of the partial or total absence of D-genome chromo-

somes in the background of hexaploid triticales (Kerber and

Tippres, 1969). Proteins coded for by D-genome chromosomes

make an important contribution to the baking and mixing

properties of wheat flours.

The contribution of flour components

quality has been extensively studíed in wheat.

to baking

It is well
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accepted that factors associated with mixing requirements

are interrelated with factors associated with baking quality
(Finney et â1, 1982). Booth and Melvin (f979) and MacRitchie

(1978) found that differences in baking qualíty between

wheat flours were accounted for by differences in gluten

character when fractionation reconstitution studies \,íere

carried out.

When a dough is washed with sodium chloride solu-

tions, the starch and soluble materials are washed out and

gluten, a rubbery mass, remains. Gluten comprises 78 858

of the total flour protein in bread wheats (Pence et aI,
1954). Gliadin, glutenin and residue protein (insoluble

glutenin) are the main protein fractions of gluten. In

order to produce a dough wíth appropriate elasticity that

is able to tolerate mechanical work and to maintain structure

during the stages of breadmaking, and to be sufficiently
extensibile to allow for dough expansion, suitable pro-

portions of gliadin and gl-utenin are required. When added

to flour these proteins tend to increase mixing time, mix-

ing tolerance and loaf volume potential of a flour (Harris

and Frokjer, 1952; Preston and Tipp]es, 1980). Residue

protein also contributes importantly to the mixing properties

of wheat flours (Prest.on and Tipples, 1980; Shogren et â1,

1969 ).
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Chen and Bushuk (1970) examined the protein sol-u-

bility distributions of triticale flour mi1led from the

line 6A-190, its parent durum (Stewart) and rye (Prolific),

and a hard red spring wheat fl-our (Manitou). Proteins were

extracted in a manner similar to the classical fractionation
procedure of Osborne (1907) using water, saIt, alcohol and

acetic acid solutions. The solubility distribution of

triticale proteins \,vas intermediate between those of its
parents as shown in Table 2, In comparison to hard red

spring wheat, triticale had more water soluble protein
(albumin), slightly more salt-soIuble protein (gIobulin),

slightly less alcohol soluble protein (gliadin), similar
acetic acid solubre protein (glutenin) and considerabry less

residue protein. The same solubility fractionation pro-

cedure was used by Ahmed and McDona1d (I974) on seven newer

varieties of triticale. For all cuttivars the amounts of

solubility fractions were simil-ar to those reported by Chen

and Bushuk (1970). The deficiency in residue protein was

reported to be a major factor influencing the inferior
quality of triticale flours.

When synthetic fLours were reconstituted with

residue, and with glutenin and gliadin like fractions,
Pena (1984) found that control- of the baking potential of

triticare and wheat flours resided in the combined effects
of glutenin and gliadin proteins. Synthetic flour reconstituted



l4

Table 2. Proporti
Solvents9n 

(8) of Protein I in Fractions Extracted by Various

Fraction fYiticale rye

34.3

10.7

19. 0

9.4

20.6

94. 0

D¡run
hfheat

Hard Red
Sprinq hlheat

Water soluble (albwnin)

SaIt soluble (qlobulin)

Alcohol soluble (gliadin)
Acetic acid soluble (gJ.utenin)

Residue ( insoluble glutenin)
Nitrogen recovery (8)

26.4

6.5

24.4

I7.3
19. 0

93.6

12.2

4.7

40.1

r_8. 3

23.2

99. 1

1l_.9

5.2

28.5

16. 6

34.0

96.2

1

2
Percent of total protein (148 m.b.).
Chen and Bushuk (1970a).
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with residue protein actuatly decreased loaf volume.

Triticale amino acid composition reflects the

difference in proportion of fractions between triticare and

wheat. when the amino acid composition of triticale (6e-r90)

was compared to that of its actual parental species durum

(Stewart) and rye (Prolific) and a hard red spring wheat

(Manitou ) , most amino acids hrere f ound to be at l-eve1s

between those of durum and rye (Chen and Bushuk, 1970).

These data are in agreement v¡ith those of yong and unrau

(1966) who determined the amino acid content of triticale,
rYe, and durum grown under simil-ar environmental conditions.
compared with hard red spring wheat, triticale had a lower

glutamic acid content and higher aspartic acid and lysine
contents. These results are compatible with the sorubility
characteristics of proteins examined by Chen and Bushuk

(1970). rt is recognized that water soluble wheat flour
proteins are higher in aspartic acid and lysine contents and

Lhat wheat gruten is higher in glutamic acid content. The

lower glutamic acid content of triticale protein may be

pertinent to its functional breadmaking properties.

3. Farinooraph Characteristics and Bakinq Sualitv
The rheoloqical properties of dough are used to

predict the bread-making quality of flours. Reported farino-
graph data indicate that triticale flours have considerably
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shorter dough development times and rower mixing tolerances
( higher M. T. r. val-ues ) than wheat f l-ours. Most researchers

report triticale flour absorptionsr âs indicated by the

farinograph, to be lower than those of wheat. Table 3

summarizes farinograph characteristics obtained by several

researchers.

Singh (I976), Ahmed and McDonald (I974), Rooney

et ar (1969), Tsen et al (1973), Haber et ar (1976) and

Lorenz and I¡lelsh (1977 ) reported weak mixing curves with
lower peak times, shorter stabilitÍes and lower mixing

torerances for triticale flours when compared to wheat

flours. The short development and stability times and lower

mixing tolerances of triticale flours suggest that they have

less gluten for dough development. The weaker dough structure
wil-l not form as strong a gruten network to hord and entrap
gases during fermentation and baking as wilr a bread wheat

flour (Haber et al, L976i Tsen et al, 1973). Two of the

triticare frours in the study by Tsen et al (r973) contained

a higher protein content than the wheat flour, however they

stirr had shorter development times and shorter stabirity
than wheat flours. rt was suggested that arthough triticale
was rich in other protein fractions, Ít had less gruten for
dough structure formation.

Rooney et al ( 1969 ) found triticare flour absorp-

tion to be higher than that of wheat, but most researchers

have found higher absorptions for wheat flours



Table 3. Farinoqraph Characteristics of Triticale and l,ihreat Flours

TYpe 1

of Flourr
Peak Time (min. ) Sta¡ility (min. ) M.T.I. I Àbsorption (B)

Reference Triticafe Vlheat Tfriticafe Vùheat Tr e Wheat Ttiticale !{heat

sirsh ( 1976) lrtrolegrain

Ð<tracted

4-7
2-3 6

0.5-2 55-70

r40 - 240

69

Atrned ard
t"lcbnal-d
(r974)

40 56 - 58 63.5

Rooney et aI Extracted
( 1e6e )

I.B - 2.5 5 200 - 230 s0

Tsen et aI
( 1973)

Ð<tracted Faster Slower Shorter Longer I-ower Higher

Haber et al
(re76)

D<tracted
Ccnnercial

2.9 4.4 3.7 10.4 105 20 57.6 62.8

Iorenz &

!{e1sh
(1977)

Extracted Faster Slol,¡er Shorter longer Higher Lower

l Flours with l-ow I'4.T.I. have good tol-erance to mixirg; flours with high M.T.f. are critical to mixirg.

\¡
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These differences courd have been due to differences in
varietfr flour extraction and moisture content of the flours.
Lower flour absorption would generally indicate rower gluten
content of flours.

4. Millin Flour Extraction Rates, âDd Protein Content

Tritical-e's use as a f ood grain has been evaruated

by standard procedures, one of them being milling. All
milling studies reported indicate that triticale qenerally
yierds less white frour than does bread wheat. Tabre 4

summarizes flour extraction rates of wheats and triticales
obtained by using several experimental milrs as reported by

Lorenz (L972), Kaltsikes and Larter (1970), Ahmed and McDonald

(I974), Unrau and Jenkins (7964), Rooney et al (1969) and

Anderson et al (r974). rnvariably, the triticale grains
produced lower extraction rates than the wheats.

The protein content of triticale grain used in
these comparaLive milling studies (Table 4) was generalJ_y

equal to or higher than that of wheats, as indicated by the
grain protein varues. The protein content of the triticale
flours, however, was equal to or less than the comparative

wheat flour sampres. Therefore, due to the low extraction
rates obtainable, the protein advantage of triticale was

generally lost when the grain was milled into a l_ow ex-
traction frour that could be used to produce white bread.

Anderson et al (r97 4 ) demonstrated that a greater percentage



Table 4. Extraction Rates and Protein Content of Triticale and Wheat Grains and Floursl
Reference Number of

Cultivars 2
Type of
MiLt

Flour Extract ion ( t ) Grain Protein (t) Flour Protein tTriticaLe -- ---Wñ t Triticale Whea t Trit ca e eat

Ànderson
er al (1974)

6T
lw

Buhler
Experimental

60.7 65.0 12.0 - 14.7 14.1 8.8 t0. 4

Rooney et al
( 1969 )

6T
2vt

Ouad rumat
Sr.

50. 5 63.1 57. I 70. I 15. 6 16.3 14.4 18.0

Unrau and
Jenkins ( f964 )

l3T
2w

BuhIer
Exper imen ta1

60. 4 68.8 69. 6 71.9 t4.0 16.6 t4.7 14.8 t3.0 14.7 13.9 14. 0

Kaltsikes
and Larter
( r970 )

l0T
thi

Buh ler
Experimental

54.0 58.0 71. 5 16. L 16.7 16.4 13.2 13.8 15.1

Àhmed and
McDona ld
( r974 )

7T Buhler
Experimental

63 .2 12.9 14. I 10.8 - t2.5

Lorenz (L9721 21
2vl

Qu ad ruma t
Jr.

42. L 61.9 69.I 12 .7 14.6 12.7 - 14.3 Lt.3 - 12.8 12.4 14.3

I Corrected Èo l4t rn. b.
T = Triticale, W = Wheat.

2

(.o
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of protein in triticale grain is removed in the bran and

shorts when compared to wheat. Therefore, to take advantage

of triticale's hiqher protein content, whole-grain or blended

flours should be used because there is no loss of protein

from the millinq process.

D. Amylase Activity and Bakinq Qualitv of Trit icale Fl-our

Production of bread with clood volume and crumb

structure depends on a paced and measured evolution of
carbon dioxide. The level of fermentable sugars in frours
is too low to support optimum yeast growth. Amylase activity
in flours produces further fermentable sugars by acting on

damaqed starch granuì-es during dough fermentation and on

gelatinized starch durinq baking. Althouç¡h unclamaged

granurar starch is not susceptible to hydrolysis by amylases,

all flours contain a certain percentage of starch that has

been darnaged during mil1inc;. while an optimum degree of
amylase action is needed to obtain optimum bread vorume and

crumb quality, there is a deterioration in functional quality
when excess alpha-amylase is present. Hiqh levels of atpha-

amylase such as those found in triticare and rye flours t oy

in fl-ours from sprouted wheatr rnâv cause excess gassing

povüer, which in turn causes an open crumb structure and an

eventual collapse of loaf volume (Schwimmer, 1981).
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Alpha-amylase is an endoenzyme that hydrolyzes

accessibre starch at the arpha-1, 4 glucosidic linkages at
random points producing low molecular weight dextrins.
Beta-amylase is an exoenzyme which attacks the alpha-1, 4

glucosidÍc linkages from the non-reducing ends of the chain

onl-y, with the liberation of maltose. The action of beta-

amylase does not progress beyond the alpha-1, 6 grucosidic

linkages (or branching points) present in the amylopectin

part of the starch, producing what are referred to as beta-

limit dextrins which resist further action of the enzyme.

The amylose molecule is a straight-chaín and is almost

completely broken down by beta-amylase (Schwimmer, t981).

ungerminated wheat has an abundance of beta-amyrase

and low, variable levels of alpha-amy1ase. Most of the

starch hydrolyzing activity during baking is due to alpha-

amylase because alpha-amylase has greater thermal- stability
than beta-amylase, and it can therefore act on gelatinizing
starch in the center of a loaf when at 60 70o C. It is
also more stable at the pH of dough (pH 5-5.6).

When flour has high amylase

starch damage, detrimental effects on

An increase in damaged starch crives a

water absorption at the mixing stage.

activity and high

baking are likeIy.
direct increase in

Then durinq
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fermentation, the dough softens due to amylase action. The

water that hras herd by starch is released and the dough at
make-up stages is difficurt to handre; the baked bread
crumb is gummy and sticky. Generally, hard wheat flours
have higher starch damage than soft wheat frours. starch
granules in soft wheat frours are loosely bound and easily
released during milling, while starch granules in hard
wheats are firmry bound in a protein matrix, therefore they
are liable to damage when fragments are reduced during
milling. Berry et aI (192I) and Haber et al (1976) found a

lower percentage of starch damage for rye and triticale
flours compared to durum and hard red spring wheats.

The most striking characteristíc of triticare is
its reported high alpha-amylase activity, in contrast to
the revels usually found Ín sound wheats. Higher arpha-
amylase activity is typical of the rye parent. Alpha-amylase
activity has been directry correlated with grain density,
kerner shrivelling and kerner type (Krassen and Hirr, r97r¡
Kaltsikes and Larter, 1970). pena and Bates (1gg2) found

fhat alpha-amylase of eight triticales varied with the
extent of grain shrivelling within cultivars. The fact that
arpha-amylase content may be higher in the aleurone layer
(Dedio et 41, 1975) makes alpha-amylase levels for whole-
grain triticale flour especiarry significant. The structure
of triticale starch has been studied by Berry et â1, l97r
and Klassen and Hilr, 1971. No peculiarity of the starch
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component was presentr aLthough related to the starch com-

ponent was the high alpha-amylase activity.

Few studies have directry measured alpha-amyrase

activity in triticate; most have used indirect measures of
alpha-amylase activity, such as amylographs and falling
numbers. several investigators, comparing wheat and triticale
flours, have reported lower amyrograph peak viscosities
and rower temperatures of initial gelatinization (Berry et
al, r97r; Klassen and Hirl, r97r¡ Lorenz, L97z¡ singh, 1976¡

Haber et â1, I976) for the triticale floursr â¡1 indication
of high arpha-amyrase activity. Berry et al ( lgzr ) reported
peak height val-ues (8.U. ) of 110, 140, g2O and 1,000 and

initial pasting temperatures of 58, 58, 79 and 640C for
trÍticaler ryê, durum and hard red spring wheat flours
respectively. Klassen and Hill (f97I) also reported lower

peak amyrograph viscosities of 30 and 70 B.u. for triticare
and rye when compared to 290 and 390 B.u. for durum and hard

red spring wheat flours.

rt has been reported that the alpha-amylase activity
of triticale is strongly influenced by agronomic and climatic
conditions during the final stages of growth and maturation
(Lorenz, 1974b¡ Welsh and Lorenz I I974). Welsh and Lorenz

(r974) reported that for triticales grov/n at various rocat-
ions in colorado in the rg73 crop year, the alpha-amylase

activity as measured by amylograph viscosity ranged from
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20 840 B.U. Spring and winter triticaLes grown in Colorado

during the I972-72 crop years, (Lorenz I974b) had alpha-

amylase activities that varied drastically from one year to

the next. In both studies triticale consistently produced

B.U. values below 900 indicating high enzyme activity,
whereas the wheat control-s produced values of 2000 B.U. or

more. Amylograph viscosity values of 2000 B.U. are high and

indicate that a modified amylograph procedure was used.

AIpha-amylase measurement methods can be dívided

into t!üo basic categories; (I) methods using well-defined

added substrates; (2) autocatalytic methods that use the

substrate that occurs with the enzyme in nature. A brief
summary of some of the common methods for measuring alpha-

amylase activity in grain and flour are presented in Table

5. The most common method for measuring aJ-pha-amylase in

triticale has been the amylograph procedure, which is an in-
direct measure of amylase activity.

E. Relationship of Sorout Damage to Al-pha-Amylase

Activity and Baking Quality

The extent of sprouting is an important criterion
in the grading of cereal grains because sprouted grain is

considered damaged. The detrimental effect of sprouted

wheat on baking quality has been attributed to increased

alpha-amylase activity ( Lorenz, 19BI ) . Lorenz ( 1974b)

stated that triticale and rye have a stronger tendency to



Table 5. t'lethods for ùleasuring Al-pha-Amyl-ase Activity in Cereals t

Ac t ion
Measured Substrate l'leasurement

Method and/or
Units

Amylase
Measured

Gas Production Na t ive
Starch

Damaged Gas Pressure Gassing Power o( and B

Reducing Sugar Native Starch Titration Maltose No. "( and B

Dextrinizing B-l imi t
Dextr in

Colorimetric
with rodine

o Li tner
SKB Units
Du
Farrand Units
IDC Units

o(

Dye Labelled
Amyl-ose

Colorimetric

Fluorometric

Cibracron-bIue
*B-limit Dextrin

Anthranilate

Dextrinizíng/
Gel Diffusion

Gelatinized
St arch

Diameter
Size

Agar Plate

Dye Labelled
Amylose

Diameter Phadebas
d-

Liquefaction Native Starch Viscosity Arnylograph

Falling Number

Change in
Light Scattering

B-Iimit
Dextrin

Nephelo-
metric

Grain Amylase
Analyzer

t\]gr
I edapted f rom Campbel l- ( I9B0 ) .

d--
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pregerminate in the kernel than wheat. The relationship of
sprouting and of alpha-amylase activity to the baking

quality of flour has been studied extensively in wheat

(Ibrahim and DrAppolonia, I979i Ranhotra et al, L977¡

Finney et â1, 1980); however this relationship has not been

studied in tritical_e.

Ibrahim ancl D'Appolonia (1979 ) suggested that
sprouting, as measured by visual examination, is not

necessarily an indication of actual amyrase activity present

in wheat. Because incipient sprouting cannot be detected

visuarly, an accurate measure of alpha-amylase activity as

an index to sprouting and baking quality is important.
Mccrate et al (1981) determined sprout damage and arpha-

amyrase activity on hard red winter wheat sampres which had

been subjected to a sprouting environment. sprouting and

alpha-amylase activity were positively and highly correlated,
however, some cultivars deviated from this relationshíp.
Enzyme activity was not always directry related to visible
sprouting. selecting for both sprouting resistance and low

arpha-amylase production was recommended because the two

traits are not mutually inclusive.

rt is commonly assumed that laboratory germinated

grain or mal-t can be used in research, replacinq naturalLy
or field sprouted grain, although Meredith and Jenkins
(1973) disputed this use by presenting evidence that sprouted
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wheat presents an anytolytic component in addition to arpha-
amylase. Generally, laboratory sprouting of cereal grains
causes increased enzyme activity, a loss in total dry matter,
an increase in total protein, a change in amino acid com-

position, a decrease in starch, increases in sugars, a

sright increase in crude fat an<l crude fiber, slightly
higher amounts of vitamins and minerarsr âs well as many

changes in rheologicar and baking properties of flours
(Lorenz, 1981). Field sprouting produces the same changes,

however these take prace much more slowry since conditions
for sprouting are not as idear as those in the laboratory.

The effects of sprouting on the bread baking

characteristics of tritical-e flours has not been studied.
Although research has indicated that there is often high

alpha-amylase activity in triticale flours, the relation-
ships between directly determined arpha-amyJ.ase activity
and breadmaking quarity have not been established.
several researchers have studied the effects of sprouting
and alpha-amylase on the bread making quarity of wheat flour
(Lorenz' L9Bl, rbrahim and D'Appolonia, rg7g, Ranhotra et
al, 1977; McCrate et al, 1981; Finney et al, I9B0). A1l

studies reported that sprouting beyond minimal revers

increased alpha-amylase activity and decreased the functional
quality of the wheat f l_our.

Lorenz (1981) measured the deterioration of the
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baking quaJ.ity of sprouted wheat using the farinograph.

shorter peak times and reduced mixing toLerances were found

when 7Bt sprouted wheat was compared to 08 sprouted wheat.

Breads baked from the sprouted wheat had very poor bread

'baking characteristics. The crumb color of the breads was

darker and the grain and texture inferior when compared to

bread baked from sound wheat.

Ibrahim and D'Appolonia (I979) obtained hard red

spring wheat from the 1977 crop year in which the wheat con-

tained different levels of sprouting (0.¿ to 12.38). With

increasing sprout damage there was a progressive decrease in
falling number and in amylograph peak height, in addition

to decreased farinograph absorption and deveropment time.

one particurar sample with 232 sprout damage, was expected

to have a lower alpha-amylase activity than a sample with

3.93 sprout damage. However the 232 damaged sample had a

lower faJ-ling number and lower amylograph peak height,

which suggested that visual examination to measure aJ-pha-

amylase activity was not necessarily an indication an in-
dication of actual alpha-amyJ.ase activity.

Ranhotra et

wheat for 3 to 5 days,

it into flour. Pound and

sponge-dough and no-time

added at levels of 0, 5,

aI (I977 ) sprouted

then freeze-dried

process.

10, 15,

hard red winter

it and

pup loaves were made

hammerm i I led

using a

Sprouted wheat flour was

202 to sound wheat flour in
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the baking formulations. Improved loaf volume was found

when low levels r-¡f 5t sproutecl f lour were incorporated.

Apparently the 1ow amylol-ytic activity provided additional

but not excessive fermentable sugars and therefore increased

loaf vol-ume. A gradual decrease in bread quality occurred

when sprouted wheat was added at levels higher than 58.

F. Protease Àctivity and Baki Oualitv of Triticale Flour

V.Jhen Irtadl and Tsen ( 1973 ) conducted bakinq quality

studies usinq triticale flours, their results sugçrested that

the enzymatic activity of precursory dough systems was

detrimental and that proteolytic activity of triticale

flours was considerably higher than for most wheat flours.

In L974, lladl and Tsen compared the proteolytic activity of

whole-grain, bran and flour of mature triticale grain with

that of wheat and rye. Proteolytic activity of rye and

triticale flours was higher than that of wheat, and bran

fractions of all fl-ours possessed much hiqher activity than

the flours. The authors concluded that the proteolytic

activity of the milling fractions increased with increased

protein content of the fractions.

Bakers employ proteolytic enzymes for bread pro-

duction to reduce mechanical douqh requirements of stronq

wheat flours. Protease activity lowers douç¡h elasticity by

mellowinq the gluten. Sprouted qrain or grain that is
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susceptible to early

might show excessive

mental to the bakinq

sprouting, such as triticale or rye

proteolysis which would be detri-
quality of the flour.

G. Bakino Studies with Triticale Flour

1. Bread-Bakinq

a) Use of 100t Extracted Triticale Flours; Bakino

Modifications. Triticale flour is deficient in gluten

quantity and quality¡ and is also apparently hiqh in alpha-

amyì-ase activity. Triticale's weak dough structure could be

due to the synergisLic weakeninq effects of hroth factors.
Larqery because of triticalers weak dough structure, unrau

and Jenkins (1964) and Haber eL al (r976) courd not prepare

acceptable bread from r003 extracted triticale frour using

standard bread-making quality tests for wheat. unrau and

Jenkins (1963) prepared standard pup loaves by the remix and

straiqht dough procedures using tetraploid, hexaploid and

octaploid triticales. Baking triats using 100t frour gave

unsatisfactory results. Haber et a1 (I976) baked pup l_oaves

with commercial hard red spring wheat ¡ tyê and triticale
flours using a straight dough process. Tritical_e and rye

flours gave extremely poor volume, and poor internal and

external characteristics.

The successful_

breads has been reported

production of 100å triticale flour
by Lorenz et al (L972), Lorenz
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(1972) and Tsen et

the straight dough

modifications were

al (1973). AII doughs were prepared by

procedure, however mixing and baking

necessary to produce acceptable breads.

Studies by Lorenz eL al (1972) and Lorenz and

vlelsh (1977) showed that the use of a dough hook for mixing
triticale flour doughs \,ras completely unsatisfactory. The

doughs would not pick uÞ, making scraping during mixing
necessary. The use of a cake paddte instead of the dough

hook improved the ease of mixinq, although the doughs v/ere

slightl-y soft and sticky after mixing. Mixing times and

speeds for triticale doughs (Lorenz, rg74b) had to be l0wered
because triticales lack some of the gJ_uten forming properties
of wheat flour and therefore are not as tolerant to over-
mixing.

Lorenz et al (1972), Lorenz and !{elsh (1977) and

Tsen et a1 (1973) shortened triticale flour dough fermen-
tation times considerabry when compared to wheat flour
doughs. Lorenz and Welsh (I977) decreased total fermen-

tation time from 90 minutes for wheat to 60 minutes for
triticale fl-our at 30oc, B5E relative humidity. Fermentation
t imes \^¡ere shortened because over-f ermentat ion presumabry

led to rupture of dough structure and collapse of the loaf
before baking.

Tsen et al (1973) reported the improving effects
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of various additives such as ethoxylated monoqlycerides,

sucrose tall0wate, sucrose monopalmitate, sucrose mono-

and distearate, and sodium steroyl-2-lactylate in 1009

extracted triticale flours. The additives used were at
0.25,0.50, and 1.08 of the triticale flour in a no-time
process. All additives improved the bakinq quality of
triticale flour, and in generar ethoxylated monogJ_vcerides

gave a sliqhtly larger loaf while stearoyl-2-ractylate
produced a sliqhtly better texture.

Lorenz (I974b) reported that even with modifi-
cations of the baking process, there was no assurance of a

good quality 100å triticale bread, because the variability
in quality was considerabry greater among triticales than

wheats. Environmental conditions have a major effect on the
quality of triticale and its bread bakinq characteristics.
lJelsh and Lorenz (I974) grew 3 winter triticales and 2

winter wheats at different l-ocations in coLorado. The wheat

controls produced hiqher bread volumes than the tritical_es
at all locations, however amonq the triticales, the statistical
differences between varieties, between locations, and the

variety location interaction demonstrated wide variabitity
in quality.

b) Use of Blends of Triticale and !ùheat Flours. Improve-

ments in the quality of

composites of triticale
white bread have

and wheat flours

been reported when

were used in bread
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formulations (Unrau and Jenkins, L964; Rooney et aI, 1969;

Kaltsikes and Larter, I970). Unrau and Jenkins (1964)

substituted different revels of hexaproid triticale flour
for wheat (Pembina) in a stanclard pup loaf bakinq method.

substitution of triticale flour for up to 30 to 408 of the

wheat flour, did not markedly decrease loaf volume and

internal characteristics. Volumes \dere actually increased,

when approxirnately 202 triticale flour was incorporated.

unrau and Jenkins ( r964 ) postulated that pembina wheat was

overly strong, preventing maximum dough expansion. Adding

tritical-e flour produced a douqh in which the gas pressure

and gruten strenc¡th were optimum. rt is arso possible that
the high alpha-amylase activity in triticale flour compensated

for an amylase deficiency in the wheat flour, thereby contri-
buting to qas pressure and volume improvements.

Rooney et aI ( 1969 ) carried out a similar baking

study, using a stanclard straight dough baking procedure to
produce pound and pup loaves. Vühen levels of triticale
fLour were substituted for wheat flourr substitutions of up

to 20 to 303 did nol markedly decrease loaf volume and

internal characteristics of bread. Detrimental effects were

found when levels greater than 308 were used. Ahmeci and

McDonard (rg74) produced pup roaves usinq a s0/50 triticale
wheat blend and compared the bread quality to that of bread

baked with Chris wheat flour. Overall, the blends made

reasonably good breads, however their texture, color and
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loaf symmetry were not quite as good as those of the l00S

wheat bread.

c ) Use of l,ihole-Grain Triti cale Fl_our. The major reason

for promoting the use of trÍticale for bakery products has

been its generally hiqh protein content and qood amino acid

balance. However, the frour extraction rates obtainable
with triticale produce flour which does not have a protein
advantage over wheat. To take furl advantaqe of its hiqher
protein content, Lorenz (1974b) used a whore-qrain triticale
meal- (18.58 protein) in a white bread formulation. The

bread baked was of extremely low quarity and it was realized
that whole-grain triticate could only be used in a blend

with strong wheat flour.

Lorenz (r974b) baked breads in which triticale
meal- replaced r0, 20,30, 40,50å of the wheat flour. Atl
external and internal bread characteristics \,vere satisfactory
up to a level of 302 triticale flour, considering that these

were specialty breads. vühen more than 30a triticale was

used bread volume decreased, crust and crumb col_or became

dark, and the texture \^Jas harsh and sticky. Hiqh triticale
content breads can easily be over-fermented, resultinq in
bread with a coarse grain structure. This is due to rupture
of qluten strands caused by the excess qas pressure produced

by alpha-amylase (Schwimmer, 1981).
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The importance of arpha-amylase was apparent in a

study by Lorenz (I972). The amylograph viscosity of two
triticale samples b/as determined with and without addition
of 5mg of alpha-amylase inhibitor per,/l00q flour. For the
alpha-amylase inhibited frours B.u. varues increasecì,
indicatinq a reduction in alpha-amylase activity, and pup

l-oaves had increased vorume and hiqher bread scores. Lorenz
and lJersh (7977) baked breads from severar semi-dwarf
triticale lines, grown at 3 locations in cororado. of the j
l-ines grown at the Fort colr-ins site, 5 f lours with hiqh
amylase activity, as measured by amyroqraph viscosity, were
unsuitable for bread-bakinq. One variety, Rahum, consistently
produced satisfactory breadr êv€D thouqh Lhe amyloqraph
viscosity values varied considerabry from one site to
another. rt would seem desirabre to use triticare frours
with the Iowest alpha-amylase activity possible.

2. Cake and Oui ck-Bread Bakinq.

Studies by Thompson and Vaisey ( l97l ) showed that cakes
macle from chlorinated and unchlorinated triticale flours
were inferior to those baked from a soft wheat cake ffour.
Treatment of triticale flour with increments of chlorine
resulted in a decrease in alpha-amylase activity as measured
by the amylograph. cakes made with chrorinated frour hacl

better volume' crumb structure, and evaluations of texture
as measured by the texturometer and sensory panels.
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Kissell and Lorenz (rg76) showed that cake quaì.ity
of triticare frours r^ras improved by modifyinq millinq con_
ditions or by the addition of emursifiers. vor_umes from as_
milred, chl0rinated Lriticare ftour $/ere significantly betow
the level- of cake produced from soft red winter patent
fLour. performance increased when reboltinq and proçiressive
pin-milrinq l^rere used. By increasinq the emulsification of
the batter system with commerciar mono and diqr_ycerides,
additionar improvement was attained. usinq 3g addecr emul_
sifier, 20 to 50g triticale to wheat brends produced cakes
equal to or significantly larqer than soft red wheat without
emul_sifiers.

The use of triticare flours in pancakes and waffres
was reported by Lorenz (L974b). Triticale pancakes were
preferred over wheat pancakes for their flavor, and the
products v¡ere indistinquishable in appearance.

To summarize, baking studies using triticale fr.our
indicate that bakinq performance was generarly poor when
compared to that of wheat flour, Orobably because triticale
fl-our was deficient in gluten ouantity and quality, and
had hiqh alpha-amylase activity. Acceptable baked pro-
ducts were produced when mÍxing and baking modifications
were usedr âDd when triticale was blended vrith wheat f10ur.
Despite the bakinç¡ problems, triticale flour is valued for
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its nutritional compositioni as weIl, consumers enjoy the

wholesome, nutty flavor of products baked with triticate
f lou r.
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I I I. MATERIALS AND ¡,IETHODS

A. Experimental Desiqn

In examining the effect of alpha-amyJ.ase activity
and protein content of triticale grain on the baking per-

formance of triticale flour, a two phase experiment was

carried out. Phase r was designed to meet objective rt and

phase II was designed to meet objectives 2, 3 and 4 (page 4)"

Phase I. A group of 44 graded milling samples,

26 grade I and 18 grade 2, were used in the initial phase of
this study. correlations were calculated between percent

sprout damage and alpha-amylase activity for all- 44 sampres,

and for the grades I and 2 sampJ_es separately. In each

case, a 5å level of significance was used to test the nulr
hypothesis that there r¡ras no correlation between the sprout

damage and alpha-amylase activity.

Phase II. Test flours \^/ere prepared from a low

protein and a high protein triticale flour; both had re-
latively low alpha-amylase activity. Both protein content

flours were formulated to four ranges of alpha-amylase

activity resulting in fl-ours of B protein x alpha-amyLase

combinations (1ow protein with alpha-amylase ranges 1, 2l

3, and 4 and high protein with alpha-amylase ranges L, 2,

3, and 4). Three sets of these flours were prepared, one
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for each replication of the experiment, making a totar of 24

formul-ated flours (Z protein contents X 4 alpha-amylase

l-evel-s X 3 repJ"ications). Alpha-amylase activity, protease

activity, proximate analyses, color , farinograph characteristics
and falling numbers hrere determined for the flours.

Formul-ated flours v¡ere baked into consumer-style

recipes of muffins, sour cream coffee cakes and yeast

breads. whol-e-wheat f rour vJas baked into the same products

and served as a control. vorume, sensory analysis of exterior
and interior characteristics, instrumental- texture measurement,

crumb color and percent moisture content and baking loss
\4¡ere determined for the products. pup loaves v¡ere aLso

baked with the formul-ated frours, but had the additional
variable of 3 water levels in the baking formulation. pup

l-oaves were assessed for volume and crumb quality char-
acterist ics.

Factorial analysis of variance was used to determine

the main and interactive effects of protein content and

alpha-amyrase activity (and water level for pup loaves) on

triticare flour and baked product quality parameters.

Significant differences were accepted at p=0.05 or less.

B. Material-s

1. Millinq Sampl es

Forty-four triticale milring sampJ-es were obtained
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f rom Pioneer Grain Company, Ltd. , V'iinnipeg, af ter harvest.

The triticale samples \¡rere f rom Manitoba, Saskatchewan and

AIberta, and the varieties hrere unknown. Samples vrere

assessed for percent sprouted kerneLs by a qualified grain

inspector, and a grade assigned to the samples on the basis

of percent sprouted kernels, according to the official Grain

Grading Guide (Canadian Grain Commission, I9B4). Standards

permit up to 0.58 sprouted kernels for No. I and up to 2eo

sprouted kernels for No. 2 grade triticale. Both No. I and

No. 2 grades may be used in milled flour for commercial use.

Graded samples were stored at 4oC until they were tested for

alpha-amyl-ase act ivity.

2 Grain for FIour Formulation

1Two lots of triticale grain , line 6TA-419 | one

with a high protein content, and one with a low protein

content, were obtained from the 1981 crop year. To identify
the variety of the two lots of triticale grain, three re-

plications of polyacrylamide geI el-ectrophoresis (Bushuk

and Zillman, Ig78) v/ere carried out.2 *no*n standards3 of

grain, including Marquis wheat, and Rosner, lVe1sh, Carman

and 6TA-419 tríticales vrere used for comparison. The electro-
phoregram ( Figure 1 ) conf irmed that the grain lots \^¡ere

boLh line 6TA-419 triticale

L

2
Courtesy of Pioneer Grain Company
Courtesy of R. Oree, Department of
University of Manitoba.

3 Courtesy of Dr. E Larter, Department
University of Manitoba.

Ltd. ' Winnipeg, Manitoba.
Plant Science,

of Plant Science,
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Figure 1. Gliadin electrophoregrams of triticale and

wheat cultivars.
f = Marquis wheat, 2 = unknown triticale,
low protein, I = unknown triticale, high
protein, Q = Rosner triticale, g = Carman
triticale, 6 = 6TA-419 triticale,
7 = Welsh triticale, 8 = unknown triticale,
J = unknown triticale, high protein.
10 = Marquis wheat.
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C. EnzVme Activity Determination

I. {lpllq-.\mylase Activity
Alpha-amylase activity of grain or flour vras

evaluated usinq the method of Briqqs (1961) as modified by

llacGreqor et a1 (197i). This method (Fiqure 2) is basecl on

an arbitrarily chosen set of optical densities, which aflow

both incubation Þeriod and enzyme dilution to be varied so

that the of;ticaI densities observed wilt fa11 within the

prescribed limits. A unit of activity is defined as the

amount of enzyme reguired to change the optical- density of a

beta-limit dextrin solution from 0.6 to 0.4 in 100 minutes.

A given extract was usualJ-y tested at two different dilutions;

ancl if the alpha-amylase activity was very low, the extract

hras tested at two incubation times.

2. Protease Activity

Protease act ivity of the f ormulated f f ours r4¡as

determined by the method of Sinqh and Katragadda (1980),

but with tyrosine used as a standard for the protein deter-

mination, and f inal resul-ts v/ere calculated in HUT units

as specifiecl in AACC methods 22-62 and 22-63 (eaCC l983).

D. Proximate AnaJ ysis

Proximate analyses for moisture, protein and ash

r¡/ere performed in duplicate usinq AACC method 44-l5A (one
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Figure 2. Determination of alpha-amylase activity by the
iodíne dextrin color (IDC) method

Procedure:

Enzyme Extraction

I If using grain sçmples, grind using a 30X mesh screen
on a Wiley Mill.'
Combine 3 g ground sample or ftour and t0 mL sodium-
acetate buffer (Appendix A) in a covered beaker. Stir
on a magnetic stirrer at 4oC for I hour.
Centrifugeo at 0-4oC at 14r000 g for 25 minutes. Refrig-
erate supernatant ( 4"C).

3

44

2

Enzvme Assa v

2

Dilute enzyme extract appropriately up to 20,OO0 fold
for germinated seed to as l_itt1e as I/50 for mature
grain.
Pipette 2 mL aliquots of diluted extract into test
tubes. Prepare blank and standards with water as
shown in table below.
Preincubate prepared tubesr âs well as dextrin working
solution (Appendix A) to 35oC in a water bath.
Add 2 mL dextrin working sorution to each of the tubes
as required and incubate at 35oC for 15 60 minutes.
Àf ter the time has el_apsed, add to each tube 10 mL
I-KI working solution (Appendix A). Mix thoroughly.
Allow tubes to stand at rogm temperature for 30 miñutes.
Read absorbance at 540 ,r*.'

3.

After the I-KI has been added, tubes should contain:

Solut ion

I

4

5

6
7

Enzyme
Extract (mL)

H2o
(mL )

4
2

Dextrin
(ml- )

I-KI
(mL )

B] ank
Standard
Enzyme 2

2
2

t0
10
10

l
2

3

Arthur H. Thomas Co.

International Refrigerated
Bausch and Lomb Spectronic

Centrifuge, Model- B-20.
20.
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Figure 2. Continuerl

Calculations of A1 ha-Am lase Activit

1. Prepare a standard graph. On semi-]og paper' Þlot
optical density (o.D. ) units on the loq scale from
0 to 1.0 ancì minutes on the horizontal scale, 0 to 100
minutes. Minutes are labelled Relat.ive Time Units.

' Drav¡ a l-ine from the time point = 0, O.D. = 0.6 to
time = 100 minutes, O.D. = 0.4.

2. Correct atl o.D. readinc¡s by multiplyinq by a correction
f actor to ob¡tain the corrected optical density (C.O. D. )

as foll-ows:

7

0.6
O. D. Standarcl

This is carried out because the standard wilI not always
be exactly 0.6 and, it is necessary to correct it and
the values obtained after incubation, so that the values
obtained on different days are comparable.
Usinq the standard qraph, record a relative time value
appropriate for each C.O.D.
Divide the Relative Time by the time of incubation to
qive an Activity Unit.
Deterrnine the activity per mL of extract by dividinq
the number of units by 2 and multiplyinq by the dilution
factor. The value obtained is the number of IDC units
per mL of extract.
Determine the activity per q of sanple by multiplyinq
the IDC units/ml by a factor of 3.33. This factor
takes into account the ratio of buffer to sample used
(I0/3 = 3.33); it was assumed that the extract was
100å recovery of buffer.

O.D. X

l.

= C.O.D.

3.

4.

5

6

gfÂNDô(Þ 6ßNPÉ

Þd .bo

Ë .50
vl

6 .{0
o
J4
9
l-o-o

.t0

,01

0 60 t00 t60

¡4tñUTES



46

Figure 2. Continued

Sample Calculation

Sample Dilution Incubation O.D.
Time

C.O.D. Relative
Time

rrc/ ræ/
mL q

1

2

Standard

vr00
r/200

20
20
20

0.506
0. 610
0.721

0.42r
0.510
0. 600

Bt /20
4r/20

2tB
205

725.94
682. 65

Therefore the averacle IE units/q = 704.30

OR IDC units/mg = 0.70
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stage), method 46-12 using a titanium catalyst as described

by Williams (1"973), and method 0B-0I respectively (AACC

1983). Protein, calculated as NX5.7, and ash results were

expressed on a 14t moisture basis.

E. Flour Color Measurement

Flour col-or was measured using a Hunter Color

Difference Meter, model D25-2. The machine was calibrated
using the white standard (1, = 92.4, a = -I.2, b = 0.5) and

values for J.ightness (L) , red-green ( a) , blue-yellow (b)

were obtained. rn addition, the total color change ( E)

fr<>* the white standard was calculated where AE =
2*u2+

)b-. Readings were made on 250 mL frour placed in a r0 x 10 cm

plexiglass sample horder. Readings for each sample were taken
ín duplicate.

F. Farino raph Characteristics

The farinograph was used to eval-uate the absorption
of the flours and to determine characteristics of doughs

during mixi.g, using AACC method 54-21 (AACC l9B3). The

smaÌ1 mixing bowl (50 g flour) and the constant flour weight
procedures were used. Absorption (E) was calculated and

development time, stability and mixing tor.erance index
(M.T.r.) were determined from the farinograph curves. peak

time or development time is the time from the first addition
of the water to the development of the dough's maximum
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consistency. stability is the difference in time between

the time when the curve first intercepts the 500 B.u.
(Brabender units) line and the time when the curve leaves
the 500 B.U. line. Mixing tol-erance index is the difference
in B.u. from the top of the curve at the peak to the top of
the curve measured 5 r¡inutes after the peak. Absorption is
the amount of water required by a qiven weight of flour to
yield a dough with a consistency that corresponds to a curve
that centres on the 500 B.u. line. one farinoqraph curve
vras obtained for each flour treatment in each replication.
A typical farinograph curve is presented in Ficture 3.

G. Fallinq Number Determinations

Fall ing numbers were determined f or the f l_ours

usinq AACC method 56-81B (AACC l9B3). An indirect method of
measuring the ability of arpha-amylase to J_iquefy a starch

ÇeÌ, fallinct numbers are defined as the time in seconds

required to stir and allow the stirrer to fall a measured

distance through a hot aqueous frour gel underqoinq lique-
faction. During preliminary investigations, it was found

that all triticale fl_ours produced faÌlinq numbers of 60,

usinq the standard procedure of 7 q flour and 60 seconds

stirring time (60 is the minimum fallinq number obtainable).
Therefore, 9 q ffour and 40 seconds niixinq time were used
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Figure 3 Typical farinograph

( for a strong wheat

curve.

sample )
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for all frours except the untreated bread frour, so that the

falling numbers woul-d be elevated and differences among

frour treatments could be observed. one falring number was

obtained for each treatment flour in each replication.

H. FLour FormuIaLion

Two lots of triticale grain, one with a high pro_

tein content (r4.42) and one with a low protein content
(11.88), carculated on a l4t moisture basis, were stored for
four months at 4"c and then mirr-ed into whol_e-grain flour
using a consumer-type f lour mirl-4. The f rours \¡rere d ivided
into three tots, one for each replication of the experiment.

Based on the alpha-amylase activities determined in
Phase rt four ranges of arpha-amylase activity were selected
for the fl-our formulations. selected ranges for the four
level-s of alpha-amylase were as fol,lows:

Range IDC units/mg flour
I <1.5

2 2,5 3.5

3 4.5 5.5

4 6.5 7.5

Magic lliI1 rIr,
Manitoba.

Milltown International, Vüinnipeg,
4
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Range 1 included the activities of the original flours,

range 2 represented the activity present in the qrade I

samples, ranqe 3 represented the activity of the qrade 2

samples, and range 4 represented the activity that miqht

occur in the ffour Lf the alpha-amyl-ase content of the

samples were in the higher range of activit.y. Table 6

presents the designated flour treatments. Alpha-amylase

rancJes are indicated by numbers 1 to 4 and protein content

bV the lettters rrLrr ancl rrHrr for the low anci hiqh respectively.

Sprouted, freeze-dried, grouncl triticale of the

appropriate protein content was added to the initial flours

to raise the alpha-amylase activities to the selected ranges.

Figure 4 presents the preparation procedure of the sprouted

material. Three sproutings \dere carried out for the three

replications of each protein content grain.

In the baking experiments, a commercial whole-

wheat (ifI,J) flour served as the control flour. A commercial

a1l-purpose (ee¡ ffour and an untreated bread (B) ffour
r¡/ere blended with formul-ated triticale ffours in the baking

experiments, and were therefore indicated as blendinq

fl-ours. The bread fJ-our, ordered from a locaI mil15 r.=

specified to be a strong breaci flour egual in quality to

Neepawa wheat, and containing no additives.

5 Oqilvie Mills Ltd., !üinnipeg, Manitoba.
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Table 6. lleatment Þsignations in the kperimental Replications

Àlpha-Anylase
_1
Rarge

Pnotein Content (t)
Iow ( II.2) Hish ( I4.4)

1

2

3

4

L1

L2

L3

L4

H1

H2

H3

H4

t lnlhere 1 is the lo¡¡rest and 4 is the highest alpha-amyrase range.



Procedu re :

Sterilizinq
Combine 500 mL lJhite
Add 750 mL qrain and
f or l- minute.

Maqic bleach and
soak l5 minutes.

I L distilleri
Drain sampl-e

water.
tn sleve

Soaking
Rinse sample in 3 L distitled wateri three times. Place in
3 L distilled water, and refriqerate (4oC) for 24 hours.
After 12 hours soaking, change water with 3 L fresh distilred
water. Drain sample in sieve for I minute.

Sprout inq
Line three 28 x 38 cm aluminum trays with 6 paper towels;
pour r25 mL distilled water over the towels. Divide soaked
grain inLo thirds and spread on trays. Cover each tray with
6 paper towel-s ancl pour I25 mL distilled water evenly over
each tray.
PIace trays in control-l-ed temperature and humidity room
(59? r.h., 20oC) for a total 72 hours. At 24, 36, 48, 60
hours of sproutinq, pour I25 mL distilled water over top of
pape r towe l- s on ea ch t ray .

Free ze-dry i nq
Remove sprouted grain from trays; place in covered 500 mL
plastic containers, and freeze (-24'C). Freeze dry each
container for 30 hours. Refriqerate (4"C) freeze-dried
samples. Grind samples in lJiley ¡4i11, using a 30 mesh
screen.

54

Ficlure 4, Procedure f or preparat ion of sprouteci material
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I. Consumer-Style Baked Produc ts

1. Preparation of Baked Products

Formul_ated flours were baked into muffins, sour

cream coffee cakes and yeast breads using standardized

formuLations. Baking performance \das assessed by means of

objective, sensory and instrumental methods.

hlhore-wheat flour was baked into the same three
products to serve as a contror using the same formulation
and procedure. Two wheat products, named cl and c2 were

prepared for each reprication of baked products, to ensure

there was enough sample for testing. Frour moistures and

farinograph absorptions were disregarded in the baking

formul-ations, liquid l-evels used were standardized in the

f ormul- at ions.

weights of ingredients used in the formulations
were standardized by taking the mean of several weighings

of the ingredients which had been measured in metric
(Appendix B). The average weight of 250 mL triticale flour
\¡/as determined to be 116 g, however r25 g v/ere used to equal

the weight of 250 mL of alr-purpose frour, and to ensure

exact 50/50 proportions of flour in the baking formul-ations.

One replication of baking and assessment was

was begun. Baking

completed during one

out before the nextcarr ied

of one

repl ication
product wasreplication for one
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day. Treatments within one product were baked in random

order.

a) Muffins. The recipe source, formula and procedure

used for muffins are presenteri in Figure 5. The muffin
formulation contained 504 triticale flour and 509 all-purpose
frour. rnqredients and equipment used are shown in Appenciix

c1.

b) Sour Cream Coffee Cakes. The recipe source, formula

and procedure used for sour cream coffee cake are presented

in Figure 6. The coffee cake formulation contained l00a

triticale flour. rngredients and equipment used are shown

in Appendix C2.

c ) Yeast Breads. The recrpe source, formula and procedu re

The yeastused for yeast breads are presented in Figure j

bread formulation contained 50å triticale flour and 50å

all-purpose flour. rngredients and equipment used are

shown in Appendix C3.

2. Evaluation of Consumer Baked Produ c t s

a ) Volume. Vol-ume (cc ) of the products was measured by

a volumeter.6 Specif ic vol-ume

the muffins, since the batter
Four muffins vvere selected at

rapeseed displacement in

(cc/q) was

weight per

calculated for
muffin varied.

6 National Manufacturinq co. Ltd,, Lincoln, Nebraska.



Source:

Formul a

Recipe deveJ_oped and tested by Fyfe, B. (i982).
(eOOitional Specifications in Appendix Cl).

Metric
Measurement

We ight
(q)
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Fig ure 5 Recipe source, formula and procedure for muffins

A1l-purpose flour (as is moisture
Triticale or whole-wheat flour
Sal t
Baking Powder
Brown sugar,
¡'1i1k
oit
Egg

firmly packed

Procedure:

The da before baki
We I out our s nto
Weigh out salt, baking
conta iners .

Morn i of bakin
O\4/ egg, m

Turn on oven.
tins with Iine

covered, numbered containers.
and brown sugar into covered

basis) 250 m
250 m

2.5 m
15 m

L25 m
250 m
75 m

1

125.0
12s.0

2.5
12,7
83.3

257.0
58.0
51.0

L
L
L
L
L
L
L

tightJ-y
powder

k and oil to come to room temperatu
Place paper liners into muffin cup

rs. Break 2 eggs into a bowl; mix

re (2I'C).
s, weigh
1 ightly
remove thewith a fork. Use this container of egg to add or

weight of egg required in the formuta.-

Bakin schedule
M lXeS are ml nu tes
set of muff ins goes
remove from oven and the next prepared

apart.
into the
repl ace

Beg in
oven.
wi th

procedure
When one

as soon
set is

as one
baked,
set.

I"1i x i ng
Break egg into 750 mL plastic
fork. Adjust weight by adding
Add milk weight to egg weight,
and milk weight. Blend Iiquid
fork.

container, beat lightly with a
or removing egg with a pipette.
then add oil weight to egg
ingredients together with a

Combine flours, salt and baking powder in mixing
bowl, stir. Stir in brown sugar a smaLl_ amount at
use a creaming motion against the side of the bowlno lumps remain. Make a well in the center of theingredients.

a
SO

dry

time.
that
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Figure 5. Continued.

Pour J-iquid ingredients into dry ingredients.
the ingred ients us ing a wooden spoon to f ol_dtogether L0 times (t5 seconds). Scrape bowlscraper. Stir mixture l0 times (25 seconds)ients are just blended.

Baking

Moisten
ingredients
with rubber
so that ingred-

Spoon batter into muffin
poss ible , us i ng al_ I the
muffin tins.

cups. Pill cups as
batter in the bowl.

evenly as
weigh filled

Prace tins on centre rack of oven. Bake 20 minutes.

CooI ing
Remove muffins from tins and place
to cool t hour. place muffins back
Remove muffins and lay in a single
freezer bags. Freeze (-24.C) until

on cooling racks. Allow
into tins and weigh.

Iayer in polyetheyì.ene
further testing.



Source:

Formul a

Formula adapted from recipe found in Triticale,
New Harvest Recipes (198I), Tritirich products Ltd.
Cinnamon topping was omitted. (Additional
Specifications in Appendix C2).

Metric
Measureme nt

Vùeight
(s)

s9

Figure 6 Recipe source, formuJ-a and procedure for
sour cream coffee cakes.

Margarine
Sugar
Eggs
VaniIla
Triticale or whole-wheat flour
Baking powder
SaI t
Baking soda
Sour cream

Mixing
Break eggs into a 250 mL plastic
a fork. Adjust weight by adding
pipette. Combine flour, baking
soda in a 1.5 L bowl, stir.

I25 mL
250 mL

mL
mL
mL
mL
mL
mL

1I1.0
207.0
102.0

3.0
2I9 .0

6.2
1.3
4.0

256.0

2
5

425
7
I
5

250

Procedure:

The da before baki
We g out our s nto tightly covered, numbered containers.
Weigh out sugar, vanilla, baking powder, salt, baking soda
and sour cream into covered containers. Refrigerate sour
cream (4"C).

Mclqing of baking
Arlow margarine, eggs and sour cream to come to room temper-ature (21'c). Turn on oven. Line cake pans with waxedpaper cut to fit the bottom. Lightly grease bottom and sidesof pans with shortening. Weigh cake pans. Break 2 eggs
into a bowl (250 mL), mix lightly with a fork. Use this
container to add or remove weight of egg in the formul-a.

Þekif4 gchedule
Begin the preparation of each cake 25 minutes after theprevious cake has been in the oven. when one cake is baked,
remove from oven and replace with the next prepared cake.

container, beat
or removing egg

powder, salt and

tightly with
\,ùi th a
bak i ng
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Figure 6. Continued.

Place margarine in a 2 L bowl. cream margarine untilsoft, abouL 20 strokes (30 seconds). Add suqar, creamtiqht ancl fluffy, 50 strokes (45 seconds). Add'r/z of
ecJq mixture at a time, beating welr afLer each adciition
( 50 times , 20 seconds each ). Stir in vanilla.

until
the

stir in fl-our and sour cream arternately into creamecl mix-tyfg, , startinq and endinq with flour. This requires 3aclditions of frour ancl 2 aclditions of sour cream. Beatwerl after each addition, 25 strokes for flour and 10strokes for sour cream. scrape bowl periodicalry with rubberscraper.

Bakin
Sprea batter in prepared bakinq pan. ScaÌe batter to a

of 875 q.constant weight

Place bakinq pan on center rack of oven. Bake for 45 minutes.
Cool i ng
Remove baking pan from oven and place on coolingAllow to cool for 2 hours and weigh cake in pun.
cake from pan with metal spatula, peel off waxedIlraR cake in polyethylene fiIm. Freeze (-24"C)
further testing.

rack.
Remove

paper.
until
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Figure 7 Recipe source, formuLa and procedure used foryeast bread. (aO0itional Specifications in
Appendix C3 ) .

Formul- a
Metric
Measurement

We ight
(q)

Sugar
Warm water (30"C)
Active dry yeast
All-purpose flour
Triticale or whole wheat flour
MiIK
Sugar
Sal t
Shorten i ng
CoId water

Procedure:
The da before bakin
I¡üe gh flours

5
I25

15
655
655
250

50
10
30

I25

mL
mL
mL
mL
mL
mL
mL
mL
mL
mL

3.4
I25 .0
1l.B

328.3
328.3
257.0

44 .8
t0.0
24 .0

I25 .0

We igh
We igh
a jug'
(4oC).
at tach

tn tot ghtly covered, numbered containers.out sugars, yeast and salt into covered containers.
shortening onto smal-t pieces of waxed paper. place
filled with distilled water (1.5 L) i; iefrigeratorFill enough Errenmeyer flasks to hold 1.5 L water,
them to a water bath (35.C).

Morning of baking
Turn on oven, fermentation cabinet and water bath.grease 4 L mixing bowls with shortening. weigh loaf
Bak i schedul e
Ivl x rst 3 treatments 30 minutes apart;

Lighrl y
pans.

mÍx 3 more treatments 30 minutes apart.
baking schedule is complete. The extra
is necessary to handle and form loaves.

Mixing
Weigh r¡/arm water into 250 mL pyrex measuring
5 mL sugar. Sprinkle yeast over top. Wraptowel and let stand 10 minutes; stir.

wait I hour, then
Proceed until

time between mixes

cup. Stir in
cup with dry

During the 10 minuçe fermentation period, weigh mitk into
pr ast ic mixer bowL' . Heat mi r k in mi cro\^¡ave oven on f ul lpower for 3 minutes. Stir in 50 mL sugar, salt andshortening. stir to melt shortening. At 6 minutes ofyeast fermentation, add cold water and stir. stir inyeast mixture after the 10 minute period.

1 Braun Kitchen Machine
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Fiqure 7. Continued.

Add aJ-l-purpose flour. Mix in electric mixer for I minuteon speed r. Add treatment flour and mix I minute on speed r.Mix dough for 2 minutes on speed rr. Turn douqh onto liqhtlyfloured board and knead for 5 minutes. Knead couqh bypushinq away with palms of hancrs, then turn douqh r/4 of aturn, repeatinq every 3 seconds.

Fermentation
Round up dough
greased side.
and let rise 1

and place in qreased 4L bowl.
Pface in fermentation cabinet
hour.

Turn dough to
(85% rh, 35"C)

Punch douqh down with 5 blows of the fist. Turn ontoliqhtl-y greased surface. Divide dough into 2 porLions eachweiqhinç¡ 600 q. VJith a rol_ling Þin, roll out dough to auniform thickness, stretchinq by hand to form a rectangle,23 X 30 cm. From short edge, rôll douqh upr sealing withheaL of hands after each ròrr of douqh. s"ul ends of loafby using the side of hand to get a thin sealed strip.Ford seal-ed ends of loaf under, using fingers. place shapedJ-oaves, seam-s ide down in loaf pans.

Proof i ng

Formin l-oaves

l-oaves in fermentation cabinet
45 minutes.

(85å rh, 35oC) andPl- ace
proof

Bakin
Trans er proofed doughs to oven. Bake 35 minutes.
Cool ing
Remove loaves from pans and place on cooring racks.to cool- 2 hours, then weiqh l-oaves. place loaves inethylene freezer bags. Freeze at -24"C until further
Time Schedule for Consumer Yeast Bread Method.

Al low
poly-
testing.

Loa f
No. Mix ing Ferment

Punch
& Form Proof

Oven
In

Oven
Out

I
2
3

4
5
6

800
830
900

1000
1030
1100

830
900
930

10 30
1100
1130

930
1000
1030
1130
1200
1230

940
1010
1040
tt40
1,210
r240

1025
10s5
1125
I225
1255

I25

1100
r130
1200

100
130
200
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random from

minations.

ducts after

the twel,ve muffins available, for

Vol-ume determinations \dere carried

t.hey hacl been f rozen and thawed for

volume <ieter-

out

I2

on pro-

hours at

room temperature.

Sour cream coffee cakes ancl yeast l:reads were cut

in half and volume determined for both hafves, because the

vol"urne of the whol-e products exceeded the capac ity of the

vol-umeter. Vol"umes of the halves were combined to qive the

totaf volume of the products. All vorumes were determined

in duplicate.

b ) Sensor Evaluation. The sensory characteristics of

each product were evaluated by a seven-member trained panel

usinq a semi-structured line scale (Stone et af, I974) for

scoring the products. The ballots used for muffins, sour

cream coffee cakes and yeast breads are presented in

Appendices Dl, D2, D3, respectively. Descriptions of an

"idea1" product were given where applicable. Line scafes

\,ùere anchored with appropriate verb,af descriptors and judges

indicated the appropriate value for each characteristic in

relation to a whol-e-wheat reference. The control scores

were permanently positioned on the line scale, havinq been

predetermined during panel training by taking the mean of

panelists scores for two training sessions. In order to

obtain numerical values, a grid was superimposed over the

scal-e and a number from 0 to 60 was assiqned to the scores.
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The ballots were constructed and tesLed during
three formal training sessions which occurred just prior to
the baking trials. Training was based on the evaluation
of a whole-wheat contror, and products baked from formulated
fl-ours containing the lowest and highest range of arpha-

amylase activity. Judges discussed particular quatity char-
actistics, and diagrams of crumb guarity characteristics,
(ce11 size, celt distribution, ceII wall thickness) were

used as aicls. Definitions of "ideal" characteristics that
were used on the ballots were decided upon during training.
The handling technique used by panelists was also discussed,

It was established during training that nine

treatments for one product (control plus eight treatment
products) were too many to evaluate in one session. Therefore

the triticale flour treatments v¡ere evaluated in two sessions

on one particular day (morning and afternoon sessions). For

each session, panelists received a control (reference) and

four randomly serected triticale treatments. A1r panelists
received the same four treatments at any one session, how-

ever the random selection of sessíon treatments differed
for each product and replication. Reference samples v/ere

taken from cl and c2 of each product for the morning and

afternoon sessions respectively.

Sampling procedures for
each product are shown in Figures

sensory evaluation of
9a and 10a. Each

the

Ba,
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Figure B(a-c)

(a)

(b)
(c)

Sampling procedures used for muffins.
sampling from one dozen muffins (selected
at random)
sample f or sensory eval-uat ion (one hal f )
sample for instrumental texture evaluation(bottom portion).

S = sensory evaluation, f = instrumental texture
measurement, C = sensory evaluation of color,IC = instrumental color measurement, M = percent
moisture content determination.
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Figure 9(a-c). sampling procedures used for sour creamcoffee cake.

a
b
c

sampling from whole cake
sample for sensory evaluation (a
sample for instrumental texture
( a piece )

p iece )

evaluat i on

S = sensory evaluation, f = instrumental texturemeasurement, C = sensory evaluation of color,IC = instrumentaL col_or measurement, M = percentmoisture content determination
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( a )

( b )

c

S s

S S

S S

c S

IC

M I
I
I
I
I
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Figure 10(a-C). Sampling procedures used for yeast breads.

a
b
c

) samplinq from whole loaves
) sample for sensory evaluation (a slice)
) sample for instrumental texture measurement

(a slice)
S = sensory evaluation, f = instrumental texlure
measurement, C = sensory evaluation of color,
IC = instrumental color measurement, M = percent
moisture content determination.
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(a)

--c
-

M
S I

Loaf 1 Loaf 2

(b)

t
(c)

i +

I



7t

panerists received sampre from the same position in the baked

product throughout each session. sampre sizes were one half
(cut vertically) of a muff in, a 5 x 5 cm piece of cake, and

a 1.5 cm slice of bread (Figures Bb,9br IOb). To ensure

adequate testing material- for all sensory sessions, two

whoLe-wheat controls r^rere baked. Ref erence samples were

taken from c1 and c2 following the sampling procedures shown

in figures Ba, 9ã, 10a. Baked products had been frozen
prior to sampling.

samples were served wrapped in poryethylene firm,
and placed on a tray with a utensil (fork for cake, knife for
muffins and bread). Samples \¡rere coded with 3-digit random

numbers and served in a random order. Distilled water and

unsarted crackers were provided for rinsing and crearing
the mouth between samples. Evaluation took place in a sen-

sory analysis unit with partitioned booths; fluorescent right-
ing was used.

For the interior and exterior coÌor evaluations,
samples were pJ-aced in a lvlacBeth controlled right cabinet

under examolite dayJ-ight. panelists evaluated these two

characteristics before going into the sensory analysis unit
to compJ.ete the barlot. Arl panelists evaluated the same

sample.

c) Instrumental Texture Measurement. A physical evalu-
ation of the crumb characteristics was made using the General
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Foods Texturometer. The testinq v¡as carried out on the

products which had been frozen, then thawed for 1B hours.

Testing was carried out on the same day as sensory analysis.

I'leasurements were taken on f ive samples, which vJere taken

from each product as shown in Figures Ba, 9a, 10a. Sample

sizes urere 2.5 cm height (top removed) for muff ins, 4 X 4 X

1.5 cm (top removed) for cake, and 2 cm thick slice (side

crusts removed) for bread (Figures Bc, 9c, 10c). Test

conditions for each product are presented in Table 7.

The parameters of hardness, cohesivenessr âñd

gumminess were determined for each sampJ-e as outlined in

Figure 11. The areas, Al and A2 were estimated by tracing

the area v/ith a compensating polar planimeter.

d) CoLor l4easurement of Crumb. The color of the crurnb

of the baked products v/as assessed using the Hunter Color

Difference Meter, model D25'2. The machine was calibrated

using Lhe white standard (L = 92,4, a = -L.2t b = 0.5) and

vaLues for lightness (L), red=green (a), blue-ye11ow (b)

\¡¡ere obtained. The total color change (AE ) f rom the white

standard was calculated where AE = *uu2n AbL

Muffins and bread samplqs which

instrumental texture measurement served as

were used for

crumb color

as shown in

evaluat ion.

Figure 9a.

samples for the

Samples hrere taken f rom the cake

All samples were trimmed of upper
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Table 7. Test Condit ions for the C,eneral Foods Texturcnreter

Baked Product

Muffin
Sour Cream

Cake
Yeast
Bread

Volts

Chart Speed

Plunqer

Sample Cup

lJashers

Chewing sfreed

2

750 ¡ru"nzmin

22 tnn leucite

Al-urninum plate

3

750 nrn/min.

22 wn leucite

Alt¡ninum pl-ate

3 nrn

IÐ\^J

2

750 nun/min

50 nrn nickel

Ah¡ninunn plate

Iow LovJ



A2 A1

Fìgure'lì . Classical texturometer curve
= area Z/area 1, gurnrniness =

(hardness = height of first peak/volts input, cohesiveness
hardness x cohesi veness ) .

\¡À
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and lower crusts, then processed in a food proce""orT

fitted with a steel knife, until fine crumbs brere formed.

One 250 mL measure of crumbs was placed in a 10 X 10 cm

plexiglass sampJ-e holder for the color readings. Duplicate

readings were taken on each sample.

e) Percent Moisture Content and Percent Baking Loss. Per-

cent moisture content was determined by freeze-drying weighed

samples of baked products. Samples were taken from standard-

ized positions of the muffins, cakes and yeast breads (Figures

Ba, 9a, lOa). Samples were placed in covered 250 mL plastic

conLainers and frozen (-24"C) for at IeasL 24 hours. Con-

tainers with samples vrere uncovered and placed in a freeze
o

dryer', then freeze-dried for 24 hours. The moisture content

of the freeze-dried material was assumed to be 0å. Percent

moisture content i¡¡as cal-culated as the percent difference

between the weight of the baked sample and the dried product

we ight.

Percent baking loss hras cal-culated as the percent

difference between raw batter weight and the cooked weight.

Baking loss for cakes and muffins was considered as the loss

during baking and cool-ing, while in the case of yeast breads

the Loss was calcul-ated from the beginning of proofing to

coo j- ing .

7

B

Cuisinart model

Virtis Gardiner

DLC-l 08.

Model # 10-145 l"1R-BA.
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J. Standardized Pup Loaf Baking TriaIs

1. Preparation of Pup Loaves

Formul-ated f Lours (Table 6 , p. 53 ) were baked into
pup loaves using three water level_s for each treatment

flour. Vüater leveIs selected were 58, 63 and 6Bå. The pup

loaves were prepared using 509 formulated triticare frour
and 50t bread flour. A 50/50 whole-wheat and bread frour
combination served as a control. AlL roaves were prepared

in duplicate and three replications of the experiment were

carried out.

Preliminary experiments showed that 638 absorption

was optimum for dough handJ-ing ability. Arbitrary levels
of 58 and 6Bt were selected to represent doughs that wourd

be too dry or wet respective]-y. The 632 whole wheat contror

v/as considered to be optimum and was used as the standard,

against which all other treatments, including the 5B and

6Bg controls were compared.

water levels within one

cation. fn one day, breads from one water 1evel for one

Yeast was purchased

yeast was used for all three

replication were baked (a

duplicates = ÌB l-oaves).

days. Baking performance

and volume measurements.

in three lots; each lot of

repl i-

formuLated flours plus a control X

Total baking time required nine

\¡tas assessed by subjective scoring
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A no-time sheeting method was used to prepare the

pup loves (Figure 12). This method has a short mixing

time, dough is developed by sheeting roIls and a no-time

baking formula, and the bul-k fermentation step is eliminated.

This met.hod proved to be an effective tool in investigating

the baking potential of triticale and wheat ffours ( Pena, 1984 ) .

rnqredients and equipment used for each product are shown

in Appendix E1. Sol-ution preparation for the bake test are

presented in Appendix 82.

2. Evaluation.of Pup Loaves

a) Volume. Volume (cc) of the loaves was measured by

rapeseed displacement in a vol-umeter. vol-ume cletermin-

ations were carried out on fresh loaves after they had

cool-ed. Vol-ume determinat ions v/ere carried out in dupl i-
cate.

b ) Subiective Product Scor i ng . A subjective quality
evaluation of the loaves was carríed out by four experienced

judges using the score card developed for the product (Fiqure

13).

The score card (pigure 13) was developed to

the three characteristics which \,rere considered to be

important to product quality. A scaLe of l to 10 was

where 10 represented the ideal or maximum

i nc lude

mos t

used,

characteristics. Descriptions accompaniecl

score for

the scal-e

the

and



Me thod : No t ime,/sheet i ng me thod
(Adapted from Pena, 1984 )

Formu I a

Flour ( 14.0? moisture basis )

Yeas t
Salt
Suc rose
Potassium bromate
Ammonium phosphate
Ascorbic acid
Skim milk powder
Shorteninq
Dough water

Set. the bakinq schedufe. Mixes are
fore subsequent operations such as
transf er of l-oaves to and f rom the
apart.

Amount

70 ppm
4q
3q

va r iabL e

10 minutes apart, there-
sheeting, moldinq and
oven are al-so l0 minutes

10 0q
4 .02
1.03
2 .52

60 ppm
0.1?

Procedure:

The day before bakinq:
Prepare salt-suqar and bromate-phosphate solution (Appendíx
E2). lJeigh flour (calculated on a I4Z moisture basis),
skim milk powder and shortening into tiqhtly covered, numbered
containers. Determine baking absorption and dough water.

Calculation of Dough !üater
The calcuLation of dough water takes into account the flour
moisture and the displacement of ingredients added in the
form of solutions. Example of dough water calcul-ation:

Given flour moisture = 13.5?
Then f l-our weight = 99.4 g
If absorption = 63.0å
Then c,ross dough water = 100 + 63 99.4 = 63.4 mL
lJater contained in sol-utions = 44 mL
Net dough water = 63.4 44 = I9.4, where

= bromate-phosphate
= ascorbic acid

I7 mL

bak i nq

sol-ut ion

Turn on oven (22O"C-)-Þroofer (35'C, B5% rh), sofution
bath (30oC) and water jacketed mixing bowl (30'C). Check
temperatures and humidities. Make up ascorbic acid and yeast
suspensions (Appendix E2). Grease pans and fermentation
bowls with shortening.

Bak ing schedule

lmL
lmL

¡ use

Morning of test

78

Figure 12, Formula, ancl Þrocedure usecj f or pup l-oaves
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Figure 12.

Mixing and

Continued.

shee t i ng
Add flour, skim milk powder and shortenincl to mixer bowl
about 3 minutes before scheduled mix time. Pipette all
liquid suspensions into bowl. Start the mixer immecliatety
and continue mixinq for I rninut-e. Rernove douqh immerliately
'after mixing and pass it 15 times throuqh sheeting rolls
set I/B inch apart. Round the rìough up and place it in
fermentation bowl. continue mixinq, maintaining time schedule
for remaining samples.

Rest time
Allow the dough to rest for 20 minutes in the proofer.

Sheet i n and Moldin
Remove douc¡h from fermentation bowl and wipe it Iightly
with f lour. Pass it throuç¡h sheeting rol-1s three times,
once each at 7/32 inch,5/32 inch, then f/B inch. pface the
leading edqe of the sheeted douc¡h on the rollers. Lower the
top roller and run the mol-der for 30 seconds. Remove dough
and pinch together ends and seam. Place ciouqh back in
rollers and run mol-der a few seconds to smooth the seam.
Place dough in a baking pan containing a numbered slip of
paper to identify the sampì-e. The seam is placed on the
bottom of the pan and ends are pushed downwards with finger-
tips. PIace pan in fermentation cabinet.

Proof i ng
Proof for I hour.

Bak ing
Transfer proofed doughs
oven at scheduled times.

Cool ing
Rernove loaves f rom
mine the vol-ume of
baqs and freeze at

from fermentation cabinet to the
Bake 25 minutes.

pans and place on cooling racks. Deter-
the loaves, then place in polyethylene
-24oC until further testing.

Time Schedul-e f or No-time Sheet inq Method

Loaf
No.

Mix &

Sheet
Sheet &

Mold
Oven
In

Oven
Out

l
2
3

4
5
6
7
B

9

800
10
20
30

900
IO
20
30

1000

920
30
40
50

1020
30
40
50

1120

945
955

1005
1015
1045
1055
1105
11 15
I145

820
30
40
50

920
30
40
50

1020
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Fiqure 13. Pup loaf evaluation score card

Relative crumb alit score
(a ) l.lo

9
7
5
3

I

stness use f ngertips to touch the crumb.
wet or dryt0

B

6
4
2

ideal, moist but not
slightly wet or dry
moderately wet or dry
very wet or dry
extremely wet or dry

(b) Ce 11
9-
7-

s1 ze
l0

B

5

3
I

6

4

2

ideal, large percentage of medium sized cells
larqe percentage of sliqhtly larger or

smaller ce1ls
large percentage of moderately larger or

smaller cells
large percentage of very larqe or smaLl cells
Iarge percentage of extremely large or small ce11s.

(c) Cell d istribution
9 - l0 ideal, relatively even, uniform cell distribution
7 - B sliqhtly even or uneven
5 - 6 moderately even or uneven
I - 2 extremely even or uneven
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the appropriate

total score for the characteristics was calculated.

The loaves were thawed at room temperature (21"C)

'for 12 hours. Each product was cut in harf lengthwise and

praced in order, on a table for observation. ArL roaves

including the 58s and 68g controls were compared to the 63g

control. The 638 control- was considered ideal and h¡as

assigned a score of l0 (Figure I3) and alI other treatments

were given a relative score, keeping in mind the scales and

their descriptors.

tvloistness was eval-uated by separating the halves

of the loaves and touching the crumb to feer the moistness.

one l-oaf was opened at a timer so that the crumb did not dry
out. After moistness was evaluated, all loaves were opened,

crumb-faced up. cerl size and cel1 distribution r¡/ere evar-
uated. Because there \47ere dupJ- icate Loaves for each treat*
ment, judges subjectively averaged their scores to produce

one score. The three replications of l_oaf evaluation were

carried out consecutively in one day.

K. Statistical Analyses

AJ.pha-amylase activities found in Canada No, 1 and

No. 2 grades of triticare grain brere compared with percent

word(s) were verified during scoring. A
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sprouted kernels and linear reqression ancl correlation co-

efficients were calculated usinq the GLM procedures of

sAS (1983).

Mean square values for one way and factorial

analysis of variance for farinograph characteristics and

farlinq numbers, muffin characteristics, sour cream coffee

cake characteristics, yeast bread characteristics, and pup

loaf characteristics are qiven in Appendices G (Ir2),

H (I,2 t3) | I (1 ,2 t3) | J (I,2,3) and K (I,2) respectiveJ_y.

Data for farinograph characteristics, fallinq

numbers, volume, sensory analyses and instrumental measure-

ments were analyzed by both one-\^¡ay and factorial_ analysis

of variance usincl the GLM and ANovA procedures of sAS ( 1983 ) .

Siqnificant differences were accepted at D=0.05 or less, and

differences among treatment means were determined by Duncan's

Multiple Range Test (p<0.05). For the factoriar analysis of
variance, the main effects examined were protein content,

aJ-pha-amyl-ase range, repl ication, judqe (f or sensory analyses )

and water level ( for pup loaf bake test ) . The error source

of variation consisted of all three, four or five way inter-

actions, as well as the two-way interactions includinq a

judge effect.
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IV RESULTS AND DISCUSSION

A. Relationship of AJ-pha-Amylase Activity to

Sprout Damaqe in triticale lr,liIlinq SampIes.

In order to satisfy the first objective of this
study, which was to determine the relationship between

sprout damage and alpha-amylase activity in triticale grain,

and in order to determine the levels of alpha-amylase activity
that would be characteristic of grades I and 2 Lriticale,
alpha-amylase activity was determined for 26 samples of
grade I and 18 samples of grade 2 Lríticale which had

previously been assessed visuaJ-ly for percent sprout damage

(Appendix F). As shown in Figure 14, the Iinear coefficient
of correLation (r) betwen percent sprouted kernels and

alpha-amylase activity for al1 44 samples was low, r = 0.39.

When grade I samples $rere considered separately, the corretation
coef f ic ient vras even l-ower, (r = 0.29 ) while f or the grade

2 sampJ-es the correlation coefficient was the same as that

for the total group (Table B). Vtithin both grades there

vvas a wide range of alpha-amylase activities, from 0.13 to
9.99 IDC units/mg for grade I and from 0.50 to 19.04 IDC

units/mg for grade 2 samples. Mean activities hrere

2.38 + 2.60 and 4.37 + 5.27 IDC units/mg for grades 1 and

2 respectively. Standard deviations \^rere greater than the

means in both cases, an indication of the extent of variation
present Ín the graded samples.
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Figure 14" Relationship between percent sprouted kernels
and alpha-amylase activity (Ograde l,
agrade 2).



Table B. ReÌationships Between Fercent Spror,rted Kernels and Alpha-ÀmyJ-ase Activity
for Grades of TÏitical-e MiIIirq Sanples

Grade 1 Grade 2 frades I & 2

Línear nelationshipl
Correlation Coefficient (r)

Y = 1.75 + 4.23 X
0.29

Y = -0.77 + 4.19 X
0.39

Y = 1.70 + 2.46 X
0.39

!Íean Activity (IE units/ng)
Variance
Stardard Deviation

2.38
6.48
2.60

4.37
26.2I
5.27

3.20
15. 49
3.98

Mean Sprout (g)
Variance
Standard Þviation

0.1s
0.03
O. IB

r.23
0.23
0.49

0.60
0. 38
0. 63

I lrihere Y = ALpha-amylase activity and X = ¡rercent sprout damage.

æ
qtl
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The poor correlation between visible sprout damage

and level of alpha-amylase activity in triticare was expected,

since similar resurts have been reported for both wheat and

rye. Ibrahim and D'Appolonia (I979) and McCrate et al
( t9Bl ) concluded that the extent of sprouting in wheat as

measured by visual examination was not necessarily an indication
of alpha-amylase activity IeveIs. Kruger and Tipples (I982)

found it difficult to assess the extent of sprout damage

present in 82 rye samples, and they reported a correration
coefficient of 0.49 between percent sprouted kerneLs and

arpha-amylase activity; a varue very crose to that determined

for the tritical-e samples in this study. Because the sampJ_es

used in this study may not have been a singre variety, this
may have partiarry contributed Lo the lack of correration
between sprout damage and alpha-amytase activity. Results

of this initial study therefore confirmed that for triticale
as for wheat and ryê r percent sprout damage does not provide

an accurate measure of alpha-amylase activity.

B. Measurement of Flour QuaI ity

I Alpha-Amylase and Protease Activitv
Table 9 presents the alpha-amylase activities of the

formulated triticale and of the wheat flours. The four

ranges of aJ.pha-amylase activity serected for the formulated

fLours were based on the activities determined for the

mirling sampres. rnitiarry (range 1), both lots of triticare
grain were relatively low in alpha-amylase activity. The



Table 9. Alpha-ê,rnylase Activities of Formulated Flours

Alpha-Arnylase
Activity
Range

Alpha-Àrnylase ActivityI
Protein
Level

(rrc uni )
Rep Rep Ivlean

Low I

2

3

4

0.39 + 0.02 0.36

3. 00

5.03

6.10

+ 0.05

j 0.00

+ 0.26

+ 0.01

0.35 + 0.05 0.37

2.94

4.93

6.25

3.00 + 0.00 2.82 + 0.62

4.73 + O.25

6.lt + 0.00

5.03 + 0.26

6.51 + 0.35

High I

2

3

4

1.13 + 0.12

3.32 + 0.33

4.82 + O.46

6.92 + 0.93

1.07 + 0.23

3.22 + 0.38

5.47 + 0.51

1.04 + 0.06

3.s5 - 0.51

5.48 + 0.25

l_.07

3.37

5.26

7.13 + 0.93 7.13 + 0.35 7.05

AIl-purpose

I{hoIe-wtreat

Bread

0.07 + 0.01

0.12 + 0.0I

0.03 + 0.00

0.07 + 0.0I 0. 07 + 0. 0l 0.07

0.L2

0.03

0.12 + 0.01

0.03 + 0.00

0.12 + 0.01

0.03 + 0.00

1

æ{

l"lean of triplicate determinations.
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high protein content grain was somewhat higher in alpha-
amylase activity (1.07 IDC units/mg ) than the l_ow protein
content grain (0.37 IDC units/mg); but both had much l_ower

revels of arpha-amylase activity than the mean of the grade

I milling samples (2.38 IDC units/mg).

Alpha-amylase activities in the formulated triticale
frours were adjusted by adding sprouted material to achieve

the selected alpha-amylase activity ranges. Range I (<1.5

rDC units/mg) was the activity of the originar frours, range

2 (2.5 3.5 rDC units/mg) represented the activity present

in grade r milling samples, range 3 (4.5 5.5 rDC units/mg)

represented the activity present in grade 2 milring samples

and range 4 (6.5 7.5 IDC units/mg) represented an extremely

high alphaamylase activity (Table 9).

The three wheat flours were extremely low in
alpha-amylase activity by comparison with the triticale
flours. The whoLe-wheat flour had slightl-y higher activity
(0.12 IDC units/mg) than the all-purpose and bread fLours

(0.07 and 0.03 IDC units/mg respectively), because of the

inclusion of the bran in which alpha-amylase enzyme is
abundantly found (Dedio et al, r975). All-purpose frour had

malted barrey flour added to it and therefore was slightty
higher in activity than the untreated bread flour (Table 9).

The fact that the initial triticale flours were much higher

in alpha-amyì-ase activity than the wheat flours is consistent
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with the work of several researchers (Berry et âI, I97t¡
Krassen and Hirl, 1971) who found lower amylograph peak

viscosities for triticale ffours. Measured aJ-pha-amylase

activity varues fell within the selected aJ_pha-amyrase

activity ranges, except for the J-ow protein content frour
with the highest alpha-amytase range which fell slightry
below the desired range. As well, arpha-amyrase activity
was consistent across repj_ications.

Data for protease activiLy of formul_ated flours
were variable and no consistent increase in proteolytic
activity courd be seen as the revel of sprouted material in
the formurated fLour increased. protease levels were approx-
imatel-y 58.8 to 64.6 HUT/g while activity of wheat f lour
averaged I0.2 HUT/9.

2. Proximate Data and Color Measurements

Table 10 presents the proximate data for the for-
mu]ated triticale and wheat fl-ours. The mean protein con-

tents of the low protein and high protein frours were 11.2å

and r4.4å respectively. protein determinations for the high
protein triticale and the bread fl-ours were similar (>14.0g)"

The protein content of the whole-wheat and all-purpose
flours ranged from 12 to r4z, vaÌues typical of wheat fl_ours.

rn triticale fl-ours protein content did not change over

increasing levels of aJ.pha-amylase activity, and protein
determinations were consistent across the replications.



Table 10. Proximate Data I for Formul-ated Flours

Protein
Ievel

Alpha-
Àrtylase
Range Rep I

Protein (l4t m.b.)

Rep 2 Rep 3 Mean Rep I

Ash (l4t m.b.)

Rep 2 Rep 3 Mean Rep I

Moisture (as is)

Rep 2 Rep 3 Èlean

f¡¡rl I

2

3

4

11.45+0.12

1I.76+0.60

1t.20+0.i.6

ll. l4+0.00

I1.05+0.08

11.00+0.04

1.0.96+0.08

Il.ll+0.06

l-t.18+0.19

I1.09+0.02

11.35+0.11

I t. 09+0 . 22

1T.22

lr.28

11. tl
11.10

l.65tO.0l

I.65+0.0f

I . 62+0. 00

l. 6l+0.00

l. 63+0. 02

L. 62+0. 0l

1. 63+0.0I

I. 66{{. 00

r. 65+0. 00

r . 6?10. 00

1.64+0.01

t.65+0.00

l. 64

l. 63

1.63

1. 64

I . 86+0. 06

B. 88+0 . 01

8 . 89+0. 00

8. 78+O . 00

8.97{{.00

8. 85+0. I 1

8.92{{.0t

8. 66+0.01

9. l9+0.01

8.91€.02

8.75+O.00

8.48+O.03

9.00

8. 88

8. 8s

8. 6l

Mean
Lcp Proteln

11. t9 I. 63 8. 84

High I

2

3

4

14.55+0.t5

14 . 04+0. 06

14.51+O.13

14.38+0.01

14.15+0.03

14.31+0.03

14.63{{.04

14.4ì+n.19

14.64+0.12

r4.4?10. r0

14.44+0.06

14.45+0.2I

14.44

t4.26

L4.s2

14.41

1.58+0.04

r.6310.0r

I . 66+0. 06

1.61+0.00

I . 62+0. 00

1.62+0.0I

I.62+0.02

1.64+0.01

1.63+0.01

I . 64+0. 00

I.6sj0.0r

l. 62+0.02

1.61

1.63

l. 64

t.62

I . 69+0. 04

8. 85+O . 08

8.89+0.02

8.97]{.04

9.24+0.06

8. 84+0. 0t

9.081{.04

9. 24+O.00

9. 38+0. 00

9.22+O.02

8.80+O.03

8. 52+O . 04

9. t0

8.97

8.92

8.91

l¡bân
tligh koteln

14.4t I.62 8. 98

À11-Purpose

l.ttrole filtreat

Bread

11 . 80€. 03

14.56+0.0t

13. 97+0. 07

I1.88-+O.08

13.74+0.14

14. t5+0. t2

It.93+0.01

13.64+0.06

14.0810.13

11.87

13.98

14.06

0 . 40+0. 00

1. 24+0. 03

0.56+0.00

0.41+0.01

1.29+0.0I

0. 57{{. 0t

0 . 39+0. 00

1 . 30+0. 00

0. 56.m. 00

0.40 t2.2t+0.06

1.28 8.45+O.00

0.56 13.75+{.01

tI.63€.0t

1.2.06ì0.07

14.23+0.00

t2.55-fO.03

tt. 88+0. 08

14. t4+0.01

t2. t3

10.80

I4.04

I
I'tean of dupJ.icate samples.

(o
o
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Àsh contents (table L0) of the formulated triticale
fLours were similar, but were greater than those found for
the wheat flours. The higher ash content of the triticale
flours ( 1.639 ) as compared to the ash content of the whole-

wheat flour (I.288) was probably indicative of the greater

degree of kernel shrivelling in triticale grain as compared

to wheat (Ktassen and HiII, I97I¡ Kaltsikes and Larter,

1970). Who1e-wheat flour had a higher ash content than the

all-purpose and bread flours because the bran was present in

this fIour. Ash content determinations were consistent

across replications.

l'loisture contents (Tab1e 10 )

triticale flours were similar, but the

drier than the wheat flours. Because

milled in a consumer-type flour mill,

some moisture loss from the flours.

milled at a commercial- mill.

of the formulated

triticale

triticale

this may

flours were

flours were

have caused

Wheat flours were

Table 1l presents the color values for the for-

mulated and wheat flours as determined by the Hunter Color

Difference l"leter. Values for Iightness (L)r red-green (a),

blue-yellow (b) and total change in color from the white

standard (^E) were quite similar for the formulated flours,

although the high protein flours had slightly lower L values,

indicating darker flour; Iower b values, indicating less

yellowness; and higher AE values, indicating a greater



Table 11. Hunter Color Dif f erence t'leter Values 1 for Formulated Flours
AfÈu-
thylæ
Àctlvlty
Rango

L Valæ â vâLw b Vâlue AE

Prdoln
tcwl RÊp I Rsp 2 Èp3 ¡þil Rep I Fep 2 Þp3 tþm Rep I Rep 2 Þp3 lbü ÞP I bo2 þp3 ¡bm

Í.ù I
2

3

a

80.3+O.28 80

80

80

79

3i9
7+0

7N0

?{O

01

07

o7

78

80.6{0. 2 t 80.1

80.6

80.4

80. t

l. 7{O. l¡¡

l. 54O.00

¡.6ì0.07
1.5{o.07

7f0.00
1+0.07

{{{.07
6+0. L{

l. 5{o.07

1.3{o.07
r.510.07
¡.5{O.07

1.6

l.t
¡.5
I.5

9.540. l4
e.t9.oo
9.6+0.00

9.7+O.00

9.7+O.00

9.8€.00
9.7r{).01

9.6+0. tt

9.8+O.00

9.¡O.00
9.6{0.00
9.8r{.00

9.7
9.8

9.6
9.6

I 5. 610.07

15.5J{.OO

15,5rO. la
15.4{O.07

15.5{O.00

rs. ¡o.07
l5.l{{. ta
15.5+O.07

¡5. 3l{). ta

15. l+o,2l
15.8+O. la
15.7iO,07

15.5

15.3

t5.5
15.5

80. 4{O.00

80.1J{. tr
8{¡.4+o.07

80. 8+O. 2 I
80.4lo.1{
80. ¡{o.07

¡bân
¡d k€Êsln

80.3 1.5 9.7 15.5

Hfgùr I
7

3

a

80. &o.07
80.4rO.00

80.21p.00

79.9{O.07

79.840,07

79.9+O.0?

79.2{{. ¡t
79. l{O.07

80. l{o.00
?9. 5lO. 07

79. ft{.1{
79. E+O.00

80. I
79.9

79.7

79.6

1.5+o.0?

I.3+0.0?
l. a{O.00

¡.5{O.07

l.5r{).0?
l.&{.0?
1.710.07

l. 7{o.00

l.a{{).00
1.6+0.07

r.6+0.07
l. 5{o.07

1.5

l.l
t.6
1.6

e. {30.0o

9.4+0.0o

9,3*0.07
9.2{{.la

e.t0.0o
9.5{0.00
9.5{O.l{
9.5{O.00

9. {ì{.lt
9. {+O.00

9.&{.00
9.4{¡.07

9.{
9.1

9.4

9.3

I 5. 2r{).07

15. l{o.00
15.8rO,00

15.8{{ - 35

t5. ?i{t.07
15.¡o.07
16.2rO.07

16.a-ro.07

15. {io,0?
16.0rO.07

15. {{O. lt

t5. a

15.6

15.8

15,615.6{0.0O

fbån
Blgh Hrctoln

?9.8 1.5 9.t t5.6

À1l-hrrpcae
¡ldc+fpat
Brud

89.6l{. t{
81.8+0.35

87.7{O.0?

89.&{.21
81.0+o.28

8?.610. t{

89. {+O.07 89. {
8r. 3

87 -2

0.03{o.07 0.3{{. l{
0.210. 11

-0. 3+o.00

0.2+0.00

0.9{o. l{
-0.3-ro.07

0.3 6.7rO.l{
0.7 8.3{O.07

0.3 t0.3{{. {2

6.6+0.07

e. !9.00
r0. {{O.0O

6.510.00

8.81p.0o

10.5{O.07

6.6
8.7

l0. a

?. l+O.07

1 3, sio. 57

10.9+o.00

7.0O+O.07

14. {{o.28
6.9a{.07

la.2iO.2l
10.9{o. 2¡

7.0

tt.0
10.9

8r. l+o. 28

66. t+O. lt
r.0+0. r{

-o. t+o. 28 10, 8:p

I toan of a\¡pltqtå FçleB
L
a
b

ôE

. llshtms valE utFG 0 - blðck, 100 - vhlte

. reôAEn valw, rtnre - irdlcatea gæn, + Indlcatea r€d

. blFaolld vålæ, rrtÞre - irdicåt€s blw, + lndlcät€B l¡slld- r-,t------t-------,- oldlàÈed æ/Ât't ,f a- + 
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change in color when compared to the white standard. As

expected, extracted wheat flours h¡ere much lighter in color
than the whole-grain flours. The bread flour $ras a yellow

color (higher b value) when compared to the all-purpose

flour, because it v/as unbleached and had a slightly higher

ash content (Table 10). Whole-wheat flour v/as lighter than

the triticale flours, most tikely due to the greater amount

of white endosperm present in milled wheat flour.

3. Farinograph Characteristics and Fallinq Numbers

Most researchers have reported lower absorptions for
triticale flours than for their respective wheat controls
(Tab1e 3). Table 12 and Figure 17a demonstrate that absorption

for the high protein triticale flour was similar to that of

the whole-wheat flour, both were approximately 69.58. Low

protein triticale, all-purpose and bread flours all had

absorptions close to 64.22 (Table 12). Farinograph absorption

was signif j.cantly greater for the high protein flours (tabte

13) at all alpha-amylase ranges, than for the low protein

flours. The mean absorptions were 69.68 for the high protein

triticales and 64.58 for the low protein flours. Alpha-

amylase activity significantty reduced farinograph absorption,

with the change especially evident from l-evels I to 2l

however this effect was largely due to the low protein

flours (Figure 17a).

Formulated triticale flours had weak f ar i nog raph

shortermixing curves with shorter development times,



ITable 12. Mean Values For Effect of Flour on Farinograph Characterist ics
stability
( Minutes )

and Falling Numbers
Prote i n
Level

Low

Mean
Low Protein

H igh

Ilean
High Proteln

À1 l-Purpose
Whole-Wheat
Bread

abcdef
I
t

Àlpha-
Àmylase
Àctivity
Range

Àbsorpt ion
(14t m.b. )

Peak Tlme
(Minutes )

Mixing
Tol e ra nce
Index (M.T.I. )

Falling
Number*

+

+

I
+

I
2

3

4

65.23b
64.33cd
64.23td'
64. o3de

64. 46

69.774
69. 5oa

69 .474
69 .474

69. 56

64.46c
69. 604

64. 00e

+0. 14

+0. L2

+0.06
+0.21

+0.25
+0.15
+0. 2l
+0.06

+0. I2
+0. 36

+0. 00

3.33ef
3.42def
3 .25f
3.42def

3.35

3.75cde
3.83cd
3.z5cde
3.92c

3.8t

+0.14
+0. 29

+0.25
+0. 14

+0. 25

+0. 29

+0. 25

+0.14

+0. 00

2.10

1.73

l. 75cd

t.67d
1.75cd
r.75cd

+0.14
+0.29
+0. l4
+0.29

+0. 00

+0.14
+0. 00

+0. 00

+0. 66

52

1o7b

tt2b
tlTab
r27a

lt5

I27

I 66d

I 12e

96e
g8e

1r6

503b
7 424

363

45

+43.66
+68. 53

+10. 07

r.83cd
2. I 7cd
2. 08cd

2.33c

2l 8c

1o8e

93e

87e

50cd

45de

55cd

58c

s. 00

0.00

0. 58

+10. I 2

+ 2.52

317.32 +l
+

+

1

2 .89
l. 53

2.89

+

+

+

I

1

2

3

4

+

1
+ 2 .89

.58

.29
1o
+0

7 .64
2. 89

2. 89

2.89

+ 4.02
+ 1.73

3. 00f
5. 674

5. 00b

'Ì.75b

7.83b
8.674

33f
35ef
37ef

2.89
0.00

Values ln the same column bearing t,he same
Mean of 3 replications.
Statistical analysis did not include bread

+0. 58

+0.00

superscrlpt are not signlficantly different (p<0.05).

flour because it was tested under different conditions.

(O
À
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Figure 15. Farínograph curves for
f l-ours.

L = 1ow protein, H =

I-4 represents lowest

alpha-amylase ranges.

formulated triticale

hiqh protein.

to hiqhest
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Figure L6. Farinograph curves

,AP = all-purpose,

B = bread flours.

for wheat flours. ,

V'IVrl = whole-wheat,

11



9B

WW



99

(a) (b)

ò-es

c

P
o_
L
(n
-ô

70

69

6B

67

66

65

64

A c

=
q)
E
F
P
E
c)
Eoô
(u

(J
Õ

6. 00

5. 50

5. 00

A

x

o
X

4.s

4,0

3.5

3. 00 o

r234 1234

Alpha-Amylase Activ'ity Range Alpha-Amyrase Activity Range

(c ) (d)

c

=
p

-Õrõp
U)

10

9

B

7

6

5

4

3

2

I

X

ô

150

õ r40
E r3o

120
3 1r0
E 100

be0
õ80F70
360
i50
=4030 ð

234
Alpha-Amylase Actjvìty Range

1234

Alpha-Amylase Activity Range

Farinograph absorption (a), development time(b), stability (c) anO mixing tolerance index
(d) for flours ( O low protein, tl high
protein, O all-purpose flour, ¿ wholè-lvheatflour, X bread flour).

Figure l7 (a-d).
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stabilities and Iower mixing tolerances (represented by a

higher mixing tolerance index value) than the wheat flours
(Table 12, Figures 15, 16). These results agree with

those of Singh (1976), Ahmed and McDonald (7974), Rooney et

al (1969), Tsen et a1 (1973), Haber et aI (1976) and Lorenz

and VteIsh (I977 ) who compared farinographs of triticale

flour with those for wheat flour. High protein triticale

fl-ours had significantly longer development times, but

significantly shorter stabilities and lower mixing toler-

ances than the 1ow protein flours (Table 13, Figures I7b,

I7c, 17d). For stability, the dif ferences hrere small and

trends were not consistent across protein levels, therefore

it is questionable whelher protein content had a real effect

on stability. Formulated triticale flours were affected by

alpha-amylase activity in that stabilities increased slightly

from range 3 to 4 and mixing tolerances decreased from

ranges 2 to 3 (Table 14, Figures 17c,17d). Lorenz (f981)

also found shorter peak times and reduced mixing tolerances

when sprouted wheat, which has high alpha-amylase activiLy,

þJas compared to sound wheat.

Farinograph peak time, stability and mixing toler-

ance are associated with mixing requirements, and are inter-

related with factors associated with baking quality. For

any flour, higher farinograph absorption, longer peak time,

longer stability and greater mixing tol-erance generally

indicate greater mixing time and/or tolerance to mixing.

These factors reflect the flour strength and the gluten
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Table 13.
'l

Mean Values* for Main Effect of
on Farinograph Characteristics

Protein Content
and FaIling Numbers

Farinograph
Charac ter i st ic

Protein Content
Low High

Absorpt ion

Peak Time

Stabil ity

Mixing Tolerance fndex

FalIing Number

64.46b

3.3sb

2.104

52b

r27a

69.554

3. Bta

br.73

1 154

115b

ab

1

Values in the same row bearing the same
not significantly different (p<0.05).

supersc r ipt are

Mean of 4 alpha-amylase ranges X 3 replications.



Table L4. l'lean Valuesl for Main Ef fect of Alpha-Amylase Range on Farinograph
Characteristics and FaIIing Numbers.

Farinograph

Charac ter ist ic
Alpha-Amylase Range

t 2 3 4

Absorpt ion

Peak Time

Stabil ity

Mixing Tolerance fndex

Falling Number

67. 504 66 . g2b

3.624

L. g2b

78.33b

rt0.00b

66.85 b 66.75 b

3.544

1.79b

3. 504 3.67 a

r. g2b 2.04 a

78.33 b B5.B3a 92.504

19t. B3a 94.33c 87.83 d

abcd values in the same row bearing the same superscript are not
signif icantl-y dif f erent ( p<0.05 ) .

Mean of 2 protein contents X 3 replications.t

a
l..J
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proteÍn content and quarity of a flour. High gluten protein
content is beneficial to the bread-making guality of a flour
(Haber et â1, r976; Tsen et al, 1973). rn this study, high
protein triticale frours had absorptions similar to those of
whole-wheat flours, but had shorter peak times, stabilities
and mixing tol-erances. This wouLd indicate that triticale
f rours probabJ-y had l-ess gluten protein for dough development

than wheat flours. The fact that high protein triticale
flours had higher absorptions, but rower mixing tolerances
than the Low protein floursr mây indicate a difference in
gluten quality between the two protein flours.

Falling numbers, which are an indirect measure of
alpha-amyrase activity, indicated that there was much higher
arpha-amylase activity in triticare frours as compared to
the wheat flours (TabIe 12, Figure IB). Falling numbers

ranged from values of 100 to 200 for triticale flours as

compared to 500 to 700 for all-purpose and whoLe-wheat

fl"ours. The low protein content flours had slightry Lower

faJ.ling numbers than the high protein flours (Table 13),
which is in agreement with the values found for measured

alpha-amylase activity (Tabre 3). Farling numbers decreased

linearly with increasing alpha-amylase range (Tabl-e I4,
Figure 1B ) .
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C. Effects of Protein Content and Alpha-

Amyl ase Activity on Consumer Stvle Bakecl Products

Consumer products tested to examine Lhe effects of

protein content and al-Þha-amylase activity ranqes on the

baking quality of triticale flours included muffins, sour

cream coffee cakes and yeast breads. In the followinq

discussion the results of the sensory and physical testing

will be presented for one product at a time in the folrowinq

order: vol-ume, crumb guality, tenderness, moistness,

co1or, flavor anci overall- quality.

1 Muffins

Data for volume, sensory and instrumentaf texture

analysesr nìoisture content and moÍsture loss have been tabu-

lated in Table 15. Main effects of protein content and

alpha-amylase actívity of flour on muffin quality are pre-

sented in Tables 16 and r7 respectively. Table 1B presents

the Hunter col-or Difference meter vafues for the color of

muffin crumb. Illustrations of the effects of protein

content and alpha-amylase activity on muffin quality are

shown in Figures 19, 20 and 2I, and a photograph of the

internal- structure of the bakeci muf f ins is presenteci in

Figure 22.

the specific volumes of muffins

specificflours produced greater

A comparison of

indicated that whole-wheat
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Table 16 . Mean val-ues f or Ma in Ef f ect of prote i n content
on Muffin Quality.

Protein Content

Low High

Specific Volume (cc/q) 1 b 2. O4a2.00

sensory scores2
Exterior CoIor
Interior Color
Crumb Quality
Moistness
Tenderness
Flavor Intensity
Flavor Acceptability
Overall Quality

33.

35.

36.

32.
3r.
31.

45.
41.

354

Bsb

75b

1ga

62a

Bga

2ga

10b

33.
36.

38.

32.
31.

31.

45.
43.

574

B2a

314
ã

36"
gra

7oa

524

234

Instrumental Readings 3

Firmness (cm/volt)
Cohes iveness
Gumminess

Moisture Contentl
trfoisture LossI

2.7 5a

0. 534

r.454

33.104
11.484

2.

0.
1.

33.

lr.

724

524

434

104

4r"

ab Va1ues in the same row bearing the same superscript are
not signif icantJ-y dif ferent (p<0.05).
Mean of 4 aÌpha-amylase ranges X 3 repl icat ions.
Mean of 7 panelists x 4 alpha-amylase ranges X 3 replications.
Mean of 5 readings X 4 alpha-amylase ranges X 3 replications.

I
2

3
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Table 17. Mean values for Main Effect of Alpha-Amylase Range on
I'tuffin Q¡ality

Alpha-Amylase Range

l 2 3 4

Specif ic Volume (cc/q¡I
)

Sensory Scores-

Exte.rior Color
Interior Color
Crumb Quality
Moistness

Tenderness

Flavor Intensity
Fl_avor Acceptability
Overall Ouality

Instrurnental Readinc¡s3

Firmness (cmrlvo]t)

Cohesiveness

Gunrniness

2.054 2,04a 2.Ozab I 99b

33.364

35. BBa

38. B3a

33.934

31. 644

3l-. 644

45.4r4

42.644

34.244

36. 194

38.454

32.644

31. B3a

3 1. 694

45.144

41. 7ta

33. 574

36.284
^L

37.260D

33. 004

3l-. 574

3 1. 604

45.t74

42.2g4

32,61a.

36. 954

35.57b

29.52b

31. Bra

32.264

45.914

42.OOa

2.644

0.534

1. 404

2.774

0.534

1. 494

2.734

0. 524
-r.42"

2. B0

0.52

1. 4s

a

a

a

l{oisture Content
lloisture Ioss

4
33. 433
11. 32D

a
33. ooa 33.04a.
rr. ssa ii:;i.b

32.93
11. 50

ab

ab values in the same row bearing the same superscript are notsisnificantly different (p<0.05).

Mean of 4 muffins X 2 protein contents X 3 replications.
Mean of 7 panelists X 2 protein contents X 3 reptications.
l'lean of 5 readinqs X 2 protein contents X 3 reptications.

I
2

3
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Figure 19 (a-d). Volume (a) and sensory exterior color (b),
crumb color (c), and crumb quality (d) for
muffins ( O tow protein, ü high-proiein,
A control ).
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Figure 20 (a-d). Sensory moistness (a), tenderness (b), flavor
intensity (c) and flavor acceptability (d)
for muffins ( O low protein, n high protein,
A control ).
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Figure 2l (a-d). Sensory overatl quality (a), and instrumental
firmness (b), cohesiveness (c ) and gumminess
(d) for muffins ( O low protein, ú high protein,
a control ).
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Figure 22. Cross-sections of muffins baked from triticale
and whole-wheat flours.

L = low protein, H = hiqh protein.

1-4 represent lowesL to highest alpha-amylase

ranges.

Control = whole-wheat.
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volumes than most triticale muffins (tabte 16, Figure l9a).
specific volume for the whole-wheat contror was 2.07 cc/g,
whire the low protein, row aJ-pha-amyrase triticale flour and

the high protein at the second arpha-amylase range produced

specific volumes of 2,06 and 2.07 cc/g respectively. High

protein triticale flours produced significantly higher

specif ic vol-umes than the low protein f l_ours (Table 16,

Figure 19a). rncreases in alpha-amylase range significantly
reduced specific volumes, especially from range 3 to 4

(Table 77, Figure 19a), although there was a slight increase

in volume for the high protein flour at alpha-amyrase revel
2.

l"lean varues for sensory crumb quality evaluations

indicated that the crumb quality of the whole-wheat

contror was significantly better than the crumb quality of
all triticale muffins (Table 15, Figure l9d). For the

tritical-e muffins, the high protein flours produced signi-
ficantly better crumb quality than the low protein ffours
(Table 16, Figure 19d). For both protein contents, deterior-
ation of crumb quarity occurred with increasing alpha-amylase

activity (Table 17, Figure l9d). Sensory crumb quality
scores reflected volume changes, since low protein flours and

higher alpha-amylase activities caused decreased vorumes

and poorer crumb structure. The deterioration of crumb

structure can be seen in the photographs of the internal
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sections of muffins (Figure 22),

coarse with open cells, with Low

amylase flours.

where the crumb became

alpha-protein and high

PaneLists could not detect tenderness differences
among the triticale muffins, due to protein content nor

alpha-amyJ.ase activity (Tables 16, 17). Although there

was no significant difference in tenderness between triticale
and wheat muffins, there was a trend for the wheat muffins

to be more tender than the triticale muffins (Table 15).

Instrumentally determined firmness and cohesiveness measure-

ments þ/ere also not affected by protein content and alpha-

amyJ-ase activity (Tables 16, 17 ¡ Figures 2b , 2c) . There

was a trend however, for the tritical_e muffins to become

firmer with increasing alpha-amylase leve1, and the wheat

muffins to be more tender than the triticale muffins.

Sensory moistness scores indicated that the moist-

ness of the wheat control was similar to the low alpha-

amylase triticale muffins. Protein content of the fl_our

did not affect the sensory moistness of the triticale
muffins (Table 16). Higher alpha-amylase activity resulted

in triticale muffins that were significantty gummier; the

deterioration occurred largely from alpha-amylase range

3 to 4. Sensory moistness scores (Figure 20a) were not

confirmed by instrumental gumminess measurementsr âs there

hrere no differences among triticare muffins due to protein
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content (table 16) nor alpha-amylase activity (Table I?).

Althouqh there \,\¡ere no differences among the triticale

muffins for instrumental <lumminess (Figure 2rd), the muffins

baked from the low protein flours at the second alpha-amylase

range appeared to be qummier. This may be explainecj as

variability ar¡onq the samples. Althouqh hiqher alpha-amyl_ase

activity produceci actual sensory moistness effects, they

\dere not due to change in moisture content and moisture loss

of the muffins, since there were no significant differences

found for these parameters.

Exterior col-or and interior cof or (Fiqures 19b,

19c)r ãs determined by sensory analysis (Table l5) of al1

triticale muffins were significantly darker than the whole-

wheat muffins. Hiqh protein fl-ours produced a siqnificantly

darker crumb (Table 16, Fiqure l9c), and alpha-amylase

activity had no effect on exterior or interior color as

evaluated by the sensory pane1. V'lhen crumb color of the

muf f ins \,/as determined instrumentally (Table 1B ) , the hiqh

protein muffins had stightly lower L values, signifying the

higher protein muffin crumb was detectably darker.

For f f avor intensity (Fiç¡ure 20c) ancl f lavor
acceptability (Figure 20d), the whofe-wheat control_ had

l-ess intense flavor which was less acceptabre than the

flavor of triticale muffins (Table l5). Flavor intensity

and flavor acceptability vafues indicated that there were
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no signÍficant differences due to either protein content
(Tab1e 16) or alpha-amylase activity (tabte 17) among

triticale muffins.

Scores for sensory overaLl quality (Table 15, Figure

2ra) indicated that the triticale muf f ins \dere equalJ-y as

acceptable as the wheat control- muffins, and alr muffins

could be considered to be of good quaLity as they alr had

scores of approximateJ-y 40. High prote in f rours produced

significantly better products than did the Ìow protein
fl-ours. Alpha-amylase activity did not affect the sensory

overall quality of the muffins (fable L7, Figure 2Ia).
Panerists may have used vorume and crumb quality evaluations

in their determination of overarr quality of muffins, because

these scores reflected overall quality, especiarry for the

high protein muffins.

To summarize, protein content had a definite
effect on the specific vol-ume, and crumb quality of muffj.ns

at all ranges of aJ-pha-amyrase activity, but arpha-amyrase

activity was of more importance in determining internar
crumb guality characteristics than the protein content.

These findings reflect effects of arpha-amylase on starch
granule integrity and starch gelatinization, even in a

product which has a rel-ativery short preparation and baking

time. Alpha-amyrase affected the crumb structure and volume

of this product, and while higher protein content did to
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some extent, mitigate the effects of hiqh alpha-amy1ase, as

arpha-amyì- ase activity increased, qual ity cjecreased. Flavor

and overall quality ratings \,{ere not affected however, even

in muffins containinq the hiqhest range of alpha-amylase.

2. Sour Cream Coffee Cakes

Data for volume, sensory anci instrumental texture
anal-yses r nìoisture content and moisture loss have been tabu-
lated in Table 19. Main effects of protein content and

alpha-amylase activity of flour on cake qual_ity are presented

in Tables 20 and 2r respectively. Table 22 presents the

Hunter color Difference meter values for the color of cake

crumb. r1l-ustrations of the effects of protein content and

alpha-amylase on cake quarity are shown in Figures 23, 24

and 25 and a photograph of the internal structure of the

baked cakes is presented in Figure 26.

All sour cream coffee cakes were made with 100U

triticale fÌour and all had voLumes significantly rower than

the vol-ume of the whole-wheat contror cakes (Table 19,

Figure 23a). For the cakes macle with triticare, mean

volumes for the l"ow ancj hiqh protein cakes \^/ere almost the

same I rB79.B cc and r875.2 cc respectiveJ-y. tJhile cake

volumes were not affected by the proteín content of the

flours, the arpha-amylase content had a marked effect, with
increases in alpha-amylase producinq a consistent decrease
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Table 20. Mean Values for Main Effect of Protein Content
on Sour Cream Coffee Cake Qualitv

Protein Content
L,or.¡ Hiqh

Volune (cc) I
1879. 8a 1875.24

)
Sensory Scores-

Surface coÌor

Cnmb color

Crumb quality

Moistness

Tenderness

Flavor Intensity

Flavor Acceptability

Overall Quality

rnstrunrental Read i ngs3

Firmness (cm,/volt )

Cohesiveness

Gu¡mniness

Moisture Contentl
l

Moisture loss-

33. 20b

36.714

36.794

28. O8a

37.274

34. 054

46.054

42.764

35. 554

37. 1l-a

37. 074

27.874

36. 02b

34.20a.

46.464

43.014

2.294

0.65b

r.47b

26.294

7.824

2.334

0. 6Ba

1. 5Ba

26. 3Ba

5
7.69"

ab val-ues in the same rovü bearinq the same superscript are not
significantly different (p<0.05).

Mean of 4 alpha-amylase ranges X 3 replications.
Mean of 7 panelists X 4 alpha-amylase ranges X 3 replications.

Mean of 5 readinqs x 4 alpha-amylase ranges X 3 replications"

I
2

3
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Alpha-Ànq/lase Range

I 2 3 4
lVolune (cc)'

sensory 
""or"=2

Surface color

Crlnnb coÌor

Crunb quality

Moistness

Tenderness

Flavor intensity

Fl_avor acceptability

Overall quality

rnstrumental readings3

Firmness (cm,/volt)

Cohesiveness

Guruniness

Moisture Contentl
Moisture loss1

1883.3b IB62.gc 1860.Bc
1902.94

32.79c

36.504

39.484

28.574

37.244

33. B3a

46.074

43.314

34. 57b

36. gLa

36.93b

28.624

36. 644

33. gga

46.164

43. 714

2.314b

0. 664

L. 52ab

26.024
7. g8a

33.36c

37.004

35.67b

27.554

36. 004

34.504

46. 504

4I,7ga

2.334b

0.674

1.564

36. 794

37.244

35.64b

27.r74

36.714

34. 194

46.314

42.74a-

2.rgb

0. 664

r.44b

26.574
7.784

26. 354
7.7r4

2.384

0.674

1. 584

26.404
7.66a
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Table 21. Mean Va1ues for Main Ef fect ofon Sour Cream Coffee .Àlpha-èmyJ-ase Range
ity

abc

1

2

3

Values in the s?me rCI¡/ bearing.the sanre superscript are notsignif icanrly dif ferenr f plO.'õs I .
Mean of 2 protein contents X 3 replications.
Mean of 7 panelists x 2 protein contents x 3 replications.
Mean of 5 readings X 2 protein contents X 3 replications.



TabIe 22. Hunter Color Di f f erence }leter Valuesl for Sour Cream Coffee Cake Crumb
ÀfpÞ-
Arylâro
Acttvity
RarEe

L Valw a Valæ b VaIw Ae
Proteln
I€wl nep I Reo 2 3 l,þan Reo I Ren 2 Ren 3 lban Reô I Ren 2 Reo 3 ml hn2 3 lþån
ln {5. 7{o.07

45.3{O.07

{5.2{{).1{

15. 3{O. 00

{4.6i{.07

t{.7+o.07

4t.5{O. la

45, 6{0.00

45. ¡t+0.07

45.5

15. ¡

{5. I

l¡1.6

5. 6r{.00

5. 7+O.07

5.9{O.00

5. 7{O. 00 5.7{0.07

5. ro.00

5.810.0o

5.7{O.00

5.7

5.1

5.8

5.7

17.0+0.00

16.9+O.0?

I ?. 0{O.07

t6.7{o.07

t6.9+0.21

t6. ?+o.0?

17.0{o.00

16.9€.07

I7.0

t6.8

t7.0

16.8

2 t0 oo

50. l{o.07

50. a{o.07

50. lr0.07

51.0{O.07

50.9+O. l{
50.0{O. l|

50. l{O,0O

50.3.rO.0?

l).l+O.07

5r.0+o.0?

50.2

50.6

50.6

50.6

3 /¡5. 3+O.00 5.8{O.07 17.0{{). t{ 17.0+0.07

16.8+O.07

50.5.iO.07

50.9+0.
{ at.6{0.00 4t. 6{0.0? 5.7ì{.00 5.7{O.2l 16.8{{.07

Ëean
le hoÈâtn

{5. I 5.7 t6.9 50.5

Hlch I 45.2+O.07

15.3rO.00

{{.7{o.07

41.6$.00

{5.0{O.07 15, 2+0.0?

{5.3+{).07

t{.7{o,07

{1.6iO.00

{5. I

{5.3

11.7

{{,6

5.5rO.07 5.7{{).00 5.5ìO.0? 5.6

5.6

5.5

5.7

t6.7+O.00

16.7{o.00

16.¡o.07

16. 7{o.07

16.6+0.00 16.7{o.00

16.7+0.00

16. ?+o.07

16.?{o.00

t6.7

16.6

16. ?

t6.7

50. ¡t-to.07

50.2!0.0O

50.8lp.0o

50.9rO.0O

50.6{0.07

5r.3+0.07

50.9{O.07

50.9rO.07

50.4ìo,0?

50. 34{. 07

so.8:9.æ

50.9+{}.0O

50.5

50.6

50.8

50,9

4r. 2{{.0? 5.6{0.07

5.1+0. 28

5.7{o. r{

5.7{O.07 5.6{0.07

5.5+O.07

5.7rO.07

16. ¡lìO.00

t6.7{o.07

16.8rO.00

3 {{.?{o.07 5,6{0.07

a {{. ?ro.07 5. 6+0. 0O

t.bet
Htgh kdotn

{{.9 5.6 16.7 50.7

ct¡¿lnl a9.{ro.0? 50. l+o.21 49.9{.1{ {9.8 a.O{O.00 3.9ì0.0? 3.8{O.OO 3.9 16.8{0.00 ¡6.9{0.07 16.9+O.07 16.9 {6.3{O.OO {5.7+0.2I {5.8{O.21 t5.9
tbrn of òpllcrte sarpl€s.
L . ¡lghtrEÀs valu vtnre 0 . blæk, IOO - Hhtte.
t . r+-grson vâ¡.tæ, rtnE - ir¡dlcat€s gæn, + lrdicât€B r€d,b . blurarlld va!¡q¿_úa&_:_l¡rllcaceã blæ, + frdtcaÈ€B }€llo.

ÂE ¡ c¡lcr¡l¡tod ¡AJ ,Ao2 +Ab2 vtpæ rñlto etärìatård tfl6 L - 92.4, a.-1.2,b.0.5.

È*)



124

1970
I 960
I 950
I 940
I 930
1920
l9l0
I 900
I 890
I BBO

I 870
I 860
I 850

(a)
4t
40
39
3B

37
36
35
34
JJ
32
3t
30

(b)

A q)
L
C)
U)

Lo
o(J
q)
o
rú

(+-
L
=(,/)

(J
()

c)
E
=
o

A

1,234
Alpha-Amylase Activity Range

1234
Alpha-Amylase Activity Range

40
39
38
37
36
35
34
33
32
31
30
29
28

(c ) (d)

Lo
U)

L
o
o(J
o
E
:J
s-(J

c)
s-o
(J
(n

rõ
:Jq
-o
E
=L(-)

45
44
43
42
4l
40
39
3B
37
36
35
34

^

^

1234
Alpha-Amylase Activity Range

1234
Alpha-Amylase Activity Range

Figure 23(a-d). Volume (a),
crumb color
cream cake
control ).

and sensory surface color
(c) and crumb quality (d)
O low protein, E high pro

(b),
for
tein

sour
,a



t2s

(a) (b)
4I

CJ
L
(J
t/)
U)
tn
e)c
P(n
ot

31

30

c)
L
(J
(n

LN
tn
qJ
cL
c)-(f
c
(u
F

4

J

3

J

3

9

I
7

2

2

2

2

2

^
B

7

6

A

J¿+r234 r234

Alpha-Amylase Activity Range Alpha-Amylase Activity Range

37r (c) CJ
Lo
(J
(n

P

c
rõ
P
o_
o
(J

L()
fõ

Lr-

(d)
c)
L
o
O(n

l-J
(n
c
c)
lJ
C

L

rú

lJ-

36

35

34

50

49

4B

3

3

3

3

2

2

I

47

46

45

44

¿+J

42

4T

A Â

1234 1234

AIpha-Amylase Activity Range Alpha-Amyl ase Activity Range

Figure 24 (a-d) Sensory moistness (a), tenderness (b), flavor
intensity (c) and flavor acceptability (d) for
sour cream coffee cake (Olow protein,Ehigh
protein, A control ).



t26

qJ
Lo
(J
v)

-l-J

ru

=O

fU
l-
q)

O

47

46

45

44

43

42

4L

40

A

(a)

Range

(c)

P
o

E
O

(n
tn
CJc
EL
U-

rú
{Jc
c)
E
fL
P
tn
E

2.60
2. 50

2.40

2.30

2.20
2.LO
2.00
1. 90

1. B0

A

^

(b)

(d)

L234 1234

Alpha-Amylase Activity

0.74

0.73

0.72

0 .71

0.70

0. 69

0.68

0.67

0. 66

0.65

0.64

0 .63

0.62

Alpha-Amylase Activity Range

tn
(n
c)c
c

E
=C'

rÚ
{Jc
o)
E
:f
L
rJ
tnc

(h
U''
oc
c)

(n
q.)

-co(J

ro
Pc
qJ

E
=!
-P
LOc

I .80

r.75

1.70

I .65

I .60

I .55

I .50

I .45

I .40

I .35
1234 1234

Alpha-Amylase Activity Range AIpha-Amylase Activity Range

Figure 25 (a-d). Sensory overalt quatity (a) ano instrumental
firmness (b), cohesiveness (c) and gumminess
(d) for sour cream coffee cake (Olów protein,
Dhigh protein, Âcontrol ).



127

Figure 26. Cross-sections of sour cream coffee cakes

baked from triticale and whole-wheat flours.
L = low protein, H = hiqh protein.

1-4 represent lowest to highest alpha-amylase

ranges.

Control = whole'wheat.
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in cake volumes for both protein categories (Tables

2L). Cakes wj-th the highest levels of aJ-pha-amylase

20 and

averaged

lowe s tapproximately 50 cc lower in volume than cakes in the

range of alpha-amylase activity.

, Sensory scores for crumb quality of the triticale
cakes followed patterns similar to those shown by the cake

volumes (Figure 23d). Protein content of the flours had no

effect on crumb quality scores (TabIe 20), but scores

decreased as IeveIs of alpha-amylase increased. The mean

crumb quality score for the cakes with the lowest level of

alpha-amylase v/as significantly higher than the scores for
cakes with the three higher Ievels of alpha-amylase (tabl_e

2I) . The more uneven cell size, and ceLl distribution that
characterize poor crumb quality \^/ere evident in the cakes

made from the higher amylase flours, as shown in the photo-

graph of cake cross-sections ( Figure 26) .

Low protein cakes scored sì_ightly higher for
tenderness than high protein cakes, and the control cakes

received an intermediate tenderness score (Table 19,

Figure 24d). Instrumental readings also indicated that

Low protein cakes were less firm than high protein cakes,

although differences lvere too sma11 to be significant
(Figure 25b). None of the triticale cakes was as soft in

texture as the control cakes, which had a significantty
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lower mean f irmness read ings. Firmness read ings hrere

generally higher for cakes of lower volume, probably re-

flecting the greater density of crumb structure.

Sensory panel scores for moistness varied by less

than 2 points for aII of the cakes tested, and there were no

significant effects of either protein or alpha-amylase on

these characteristics, although cakes higher in alpha-amylase

v/ere consistently scored as being slightly moister than the

low alpha-amylase cakes (Tables 19, 20, 2I and Figure 24a).

Instrumental-1y determined values for gumminess (Figure 25d)

were also higher with higher levels of alpha-amylase, which

confirmed Lhe sensory moistness results. Differences in

actual moisture contents of the cakes (TabIe 19) were minimal

and the cakes with the lowest, and highest gumminess readings

made with the low protein, alpha-amylase range I flour and

the high protein with alpha-amylase in range 4, had almost

identical moisture contents.

The exterior or surface color of the high protein

cakes was significantly darker than that of the low protein

cakes (Tables 19 and 20, Figure 23b). Cakes with alpha-

amylase in the highest activity range also appeared to have

darker exterior surfaces than cakes wÍth alpha-amylase

activities in the lowest range. Surface color of the

control cakes was similar to that of the lighter triticale
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cakes. There were no significant differences amonq interior
crumb col-or scores f or the triticale cakes, but the control-

cake crumb appeared much righter (Figure 2c). !{hen crumb

color vaì-ues, Hunte y L, a and b, were determined instru-
mentalJ-y (Table 22) hiqh protein cakes had sliqhtly ]ower L

values than the l_ow protein cakes, signifyinq that the

higher protein cake crumb was detectably darker. HicJh

protein cakes arso hacl sliqhtry lower b values, indicating
l-ess yeì-lowness in the crumb color. Hunter L and aE values

confirmed that hiqher levels of alpha-amylase tended to
darken the crumb cofor.

Flavor intensity (Fiqure 24c) and flavor accept-

ability (Figure 24d) scores indicated that there \,vere no

differences in flavor, due to protein content (Table 20) nor

alpha-amylase activity (Table 2I) among the triticale

cakes. The contror cakes however, had significantly less

intense fLavor which was l-ess acceptable than the fl_avor of
the triticale cakes (Table 19, Figure 24c, 24d).

Triticale coffee cakes were of overall quality

egual to or better than the wheat controf (Tabte l9).
Neither protein content (Table 20), nor al-r;ha-amylase range

(Table 2r ) siqnificantì.y affected the overarl quality of the

cakes. Factors that determined triticale frour guality,

such as vol-ume, crumb quality apparently did not affect the

cakes enough to cause a decline in overal-l_ quality.
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To summarize the results of the evaluation of
coffee cakes made with 100t triticale flour, alpha-amyJ_ase

activity was definitely a more important factor in deter-
mining the crumb qual ity or visibl-e structure of the cakes,

than was the protein content of the flours. Because atpha-

amylase affects starch qranule structure and gelatinization
behavior, as alpha-amylase activity increased, l-ess of the

free riquid was absorbed by the starch, producing cakes with
lower volumes and firmer, moister and a more dense crumb.

Because higher protein flour probabry contains a larger
proportion of gJ-uten forming proteins, this had a toughening

effect on the cakes. Thus, cakes baked from low protein
f lours r¡¡ere judqed more tender, less cohesíve and less
gummy than those baked from hiqh protein flours. Ftavor of
the tritical-e cakes however, remained good and overal_I

quality was not lowered signíficantly, even for cakes con-

taining the highest level_ of alpha-amy1ase.

Results of this study sholing the simirar effects
of alpha-amylase activity on cake quality were reported by

Thompson and Vaisey (1971). Triticale flours, which had

been subjected to chlorination treatments resulting in
lowered pH and arpha-amylase activity of the flours, produced

cakes baked from these flours that had better voLume, better
crumb structure, and were softer and less gummy when measured

instrumentally by the Texturometer, than had cakes made with
unchlorinated ftour. Although there vras no chlorination
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i nvolved

amy I ase

crumb

mented

in this s tudy ,

cake sproduced

quality, and were

f l-ours.

cream in the cake recipe, lowered the pH and negated

of the effects of the alpha-amylase activity. On the

hand, because 100å whole-grain fÌour was used, the

of alpha-amylase may have been so high that the

increasing increments of atpha-

wi th lower vol-umes , they had worse

firmer and gummier than unsupple-

In the present study, it was expected that the

effects of alpha-amylase l-evel-s on cake quality would be

more apparent than the effects on muffin quarity, because

flour used was 100? whole-grain, while flour used for muffins
vvas a blend of trit icale and aJ-l-purpose f tour. The amount

of actuar alpha-amyJ.ase present was double that found in
equar amounts of flour used for muffins and yeast bread.

The total effects of alpha-amylase thouqh, were intermediate

between muffins and yeast bread. rt is possible that the

sour

some

other

levels

e ffects of alpha-amylase \dere difficult to define as dif-
fe rences .

3. Yeast Breads

Data for volume' sensory and instrumentar texture
analysis, moísture content and moisture l-oss have been

tabulated in Table 23. Main effects of protein content and

alpha-amylase activity of flour on yeast bread quality are

presented in Tables 24 and 25 respectively. Table 26



Table 23. Mean Values for Effect of Flour on Yeast Bread Ouality
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Tabre 24. l4ean varues for Main Effect of protein content on
Yeast Bread Qlali ty

Protein Content

Iow Hiqh
l

Volune (cc)*
2ænsory scores

Crust Color

Crwnb Color

Crunb Olality

Itloistness

FLavor Intensity

Flavor Acceptability

Overall Q:ality

Instrurnental nead irgs3

Firmness (crn/volt)

Cohesiveness

G¡runiness

Ir4oistwe Contentl

Moisture Lossl

7776.2b r}g4.2a

40.52b

37.szb

32.704

2g.33b

33.2g4

41.694

37. B3a

44.454

38.794

33. o8a

29.6ra

32.744

42.g}a

38.634

3. B7a

0.55b

2.154

37.164

rr.77a

3.41b

0.584

2.004

37.204

rr.gza

ab VaLues in the same rord bearirg the sane superscript are not
significantly different (p<0.05).

It4ean of 4 alpha-amylase rarges X 3 replications.
Mean of 7 panelists X 4 al-pha-amyrase ranges X 3 replications.
Þlean of 5 readings X 4 alpha-amyrase rarqes X 3 reprications.

l
2

3
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Table 25. ltþan Values for
Yeast Bread Oual

lvhin Effect of Alpha-Anylase Rarge on
itv

Alpha-AnyLase Rarqe

1 2 3 4

I' Volr.¡ne (cc) 1816.3b tg55.oa 1846.6ab rIz2,gb
')

Sensory Scores-

Crust Color

Cnnnb CoLor

Crunb Orality

l.4oistness

Flavor Intensity

Flavor Acceptability

Overall Quality

Instn¡nental Read irgs3

Firmness (crn/volt)

Cohesiveness

Gt¡nuniness

l4cisture Contentl

l,trcisture Lossl

0.574

39.69b

38.244

34. 7ta

29.ABa

33. 214

4r.264

36.764

43.004

38.6ga

33.07ab

29.8r4

32.794

42.714

38.674

43.644

38.104

32.4+

28.4f

33.004

43. 604

38.744

43.624

38.3Ba

31.33b

28.194

33.054

4r.624

36. 764

3 58b4.404

0.584

2.564

37.234

12.114b

3.32c

0.554

1. 85b

37.074

12.164

3. 2Bc

0. 564

1. B6b

37.204

11. s4b

37.2r4

11. 56ab

2 04b

abc val-ues in the same ro\'{ bearirg the sane su¡nrscript are not
significantly different (p(0. 05) .

1 M"un of 2 protein contents X 3 replications.
2 *un of 7 panelists X 2 protein contents X 3 replications.
3 M"un of 5 panelists X 2 protein contents X 3 repJ.ications.



Table 26. Hunter Col-or Difference Meter Valuesl for Yeast Bread Crumb
Àlpf¡r--
Arylaâe
Actlvlty
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{.3
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17.0{o.00
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5?, ¡tì{.07
39. lì{t.07

39.8{O. l{56. 2+O.28 56.610. 2l {.2+0.07 16.8{O.00 16.8{O. lt
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1.3

t.{
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{.{
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r6.610. l{
16.6{{).07

t6.6{{).07

16.7{O.00

16.7+O.00 t6.7

16.7

I6.8

16.7

38.9{O.0?

3e. ?!0.07

39. r{O.07

39.7lO.07

19.{-rO.2l

39.9+O. t{
39.8*0. l{
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l8.qf .2r
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Figure 33. Cross-sections of yeast breads baked from

triticale and whote-wheat flours.
L = low protein, H = hiqh protein,

I-4 represent lowest to hiqhest alpha-amylase

ranges.

Control = whole-wheat.
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presents the Hunter color Difference meter val-ues for the

color of yeast breacl crumb. rltustrations of the effects
of protein content and alpha-amyl_ase on bread quality are

shown in Figures 27 to 32, and a photoqraph of the internal
structure of the baked cakes is presented in Figure 33.

Vol-umes for yeast breads macle with 508 triticale
flour and 50å all-purpose frour v,rere significantJ-y affected

by both protein and alpha-amylase 1eve1s, and arl triticale
breads had volumes significantly rower than the vol,umes of

the whole wheat control breads (Table 33, Figure 27a).

volumes for triticale breads ranç¡ed from approximately 436

to 600 cc less than vol-umes for the control breads. Hiqh

protein trit-icale flours produced significantly hiqher bread

vol-umes than low protein flours (Table 24)¡ the mean volume

for the hiclh protein breads \das 1894.2 cc which was signi-
ficantly greater than the mean value of r776.2 cc for the

low protein breads. vol-umes for the hiqh protein breads

did not chanqe appreciabry with hiqher alpha-amyrase levers,
while low protein bread vorumes were improved bv 70 to B0 cc

at alpha-amylase ranges 2 and 3.

Sensory assessment of crumb quality of triticale
breads v/as not siqnificantly affected by protein content of
the ffours (Table 24), but crumb quality siqnificantly
decreased as Levels of alpha-amylase increased. Crumb

quality deteriorated, even in the low protein breads that
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\'rere improved in vorume at alpha-amyrase ranges 2 and 3. Alt
triticale breads ha,l significantly poorer crumb structure

than the whole-wheat breads. The vorume effects of protein
and alpha-amylase levels, and the deterioration in crumb

quarity over increasing arpha-amylase ranges in triticale
fLours are evident in the photograph of bread cross-sections
( Figure 33 ) .

Instrumental texture evaLuations reflected in
part, the volume and crumb characteristics of the breads.

Generally the breads were softer (Figure 3Ia) at alpha-

amylase ranges 2 and 3, and became significantly firmer at

ranges I and 4. Low protein breads \.rere significantly
firmer than the high protein breads. The effects of protein
and alpha-amylase on instrumental firmness paraltel the

changes in volume. cohesiveness (Figure 3lb) was affected

by protein content (Table 24), the high protein breads being

more cohesive. Possibly the protein content or gluten

protein content contributed to the cohesiveness character-

istic in some way. The wheat control breads were relativery
soft, but significantly more cohesive than the triticale
breads (Table 23). Firmness readings were generalry rower

for breads of higher vorume, probably reflecting the resser

density or compactness of crumb structure. The wheat breads

being more cohesive than the triticale breads, and the

high protein triticale breads being more cohesive than the

low protein triticale breads, suggests that the cohesiveness

characteristic may have reflected the amount of gl-uten
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protein present in the total protein content of the flours.

sensory panel scores for moistness varied signifi-
cantly between protein 1eve1s, with breads baked from 1ow

,protein flours being moister than the hiqher proteín breads.

Breads baked with higher alpha-amyJ-ase flours $/ere scored as

being sliqhtly moister than the low arpha-amylase flours,
but there was no significant effect of alpha-amylase activity.
overall, triticale breads were similar in sensory moistness

to the wheat contror (Table 23). rnstrumentarJ_y determined

vafues for qumminess reflected the vol,ume chanqes shown with
increasing alpha-amylase activity. The measure of instrumental-
gumminess probably did not measure gumminess in the same

manner as the sensory panel eval-uated moistness, because

instrumental gumminess reflected volume and crumb density.
Differences in actual- moisture contents and moisture ross

were minimal, althouqh there may have been sliqhtly more

moisture loss with the low protein, second alpha-am1'J_ase

level breads which had improved volume.

Crust color as determined by the sensory panel,

became significantly darker (Fiqure 27b) as protein content
(Table 24) and alpha-amyJ-ase activity increased (TabLe 2s).

sensory crumb color (Figure 2Ba) was darker for high protein
breads (Table 24), but was not affected by alpha-amylase

activity (Table 25). All triticale breads appeared signi-
ficantly darker in crumb col-or than the control breacjs
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(rable 23). When crumb color values were determined instru-
mentally, high protein bread crumb had slightly lower L

values and si ightly higher E val-ues as compared to low

protein bread crumb, signifying that the higher protein

bread crumb was detectably darker. High protein breads

also had slightly lower b values, indicating l-ess yellow-

ness in the crumb. Hunter L and E values confirmed that

higher levels of alpha-amylase tended to darken the crumb

col-or.

Breads baked from whole-wheat had Iess intense

fLavor than the triticale breads, but were similar in flavor
acceptabifity to the triticale breads (TabIe 23, Figures

29b, 30a). Neither protein content or alpha-amylase activity
had a significant effect on flavor intensity and accept-

ability (tables 24, 25).

Triticale yeast breads were considered to be of

inferior overall quality when compared to wheat yeast breads.

Volume and crumb quality may have been the most important

factors in the determination of overall quality, since

fl-avor acceptability and other textural parameters were not

affected by fl-our quality to a large extent. Protein content

and alpha-amylase activity did not affect the overall quality

of the triticale yeast breads (Tables 24, 25).
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The effects of higher l_evels of alpha-amylase r¡¡ere

generally to reduce bread volumes, although there was a

slight improving effect of alpha-amylase at ranges 2 and 3

for breads baked from fLour with low protein content.

Breads with greater vorume also had a softer and less gummy

crumb than did breads with lesser volume. At higher alpha-

amylase ranges howeverr the crumb structure became more

fragile and open. The abitity of higher protein to produce

greater volumes \"ras particularly apparent in yeast breads,

which depend primarily on gluten for their structure.
Breads baked from low protein flours had lower volumes, and

a moister, firmer crumb, which resulted in a ress acceptable

product when compared to the control.

In this study, it was expected that Lhe effects of
alpha-amylase on bread quality would be very apparent,

hecause preparation and baking procedures were relatively
long thereby allowing more time for the action of alpha-

amylase, as compared to a quick bread or cake.

Farinograph development times (peak times) reported

in Tabre 12 virere able to predict the breadmaking quality
(volume) of the formulated and wheat flours welI. peak

times, stabilitíes and mixing tolerances hrere an indication
of flour strength and baking potentiat. Triticare flours
had shorter dough development and lower mixing tolerance

than wheat flours, which suggest that they had ress gtuten
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for dough development. Thus, smaller volumes for triticale
breads resulted because the triticale flours had less gfuten

to hold and entrap gases durinq fermentation and bakinq.

Hiqh protein triticale ffours showed shorter stabilities and

lower mixincl tolerances than the 1ow protein flours. However,

breads bakeci from hiqh protein triticale flours \,vere equal

to or superior in qual-ity to the low protein breads; most

l ikeì-y because the doughs \,vere not sub jected to heavy mani-

pulation and fermentation, thus avoiding injury of the
q l-u ten.

Resul-ts of the consumer-styre yeast bread study

confirmed previous research, where triticale which has been

bfended with wheat flour or where sprouted wheat was used.

substitution of up to 30 to 40s triticale for wheat flour
d id not rnarkedly decrease loaf vol-ume or scores f or internaÌ
characteristics. unrau and Jenkins (1964) reported that
vol-ume actually increased when 2oe" triticale was incor-
porated, while Lorenz (r974a) was abte to replace 30? of
the wheat flour with triticale meal without decreasing

bread volume. Rooney et a1 (1969) found that substitution
of tritical-e for 303 of the wheat flour was not detrimental
to bread quaì.ity. Ranhotra et al (rgii ) aLso reported

improved loaf vorume when 5% sprouted wheat flour was in-
corporated into sound wheat f1our, and baked into bread.

Vol-umes for low protein triticale bread in the present study
were greatest at alpha-amylase ranges 2 and 3. Apparently
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the added alpha-amylase gave a dough

and gluten strength were optimum, at
alpha-amylaser gassing power was too

voLumes resulted.

in which gas pressure

higher levels of

strong, and smaller

D. Effects of protein Content and AIpha-Am yl ase

Activity on Pup Loaves

Data for volume and pup loaf quarity scoring have

been tabulated in Table 27, Main effects of protein content,
alpha-amyrase activity and water rever on pup l_oaf quality
are presented in Tables 28, 29 and 30 respectively. Illus_
trations of the effects of protein content, alpha-amylase

activity and water lever on pup loaf quality are shown in
Figures 34, 35 and 36, and photographs showing the internal
structure of baked l-oaves are presented in Figures 37 to 42.

rn Figures 37 to 42, dupl icate loaves from each treatment
were cut vertical-ly, thereby showing four harves. rt also
should be noted that the separation of the crust from crumb

in these loaves was due to freezlng.

The pup loaf test was deveroped and carried out
firstry in order to determine if it couLd provide a reliable
method to predict the bread-making quarity of sprouted

fl-ours or frours of unknown alpha-amylase activity. secondly,
it was carried out to determine if the test could produce

the same results as the consumer-styJ.e yeast bread test.
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Table 28. l4ean varues for tvhin Effect of pnotein content on
Ptlp Loaf Oralitv

Protein Content

Vol¡nel
2SCOrrrç

CeIl Size

Cell Distribution

I',lcistness

Tbtal Score

Low

646.38b

7.66b

7.76b

7 .46b

22.Bgb

677,034

7.g74

8.174

7. B6a

24.024

ab

1

2

varues in the same row bearirg the sar¡e superscript are notsignificantly different (p<0.05).
l'lean of 4 arpha-amylase rarges x 3 water levels X 3 replications.
{ean of 4 judges X 4 atpha-ænylase rarges X 3 water levels x
3 replications.

,.)

::a.
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Tab1e 29. I'lean Values for Ì,{ain Effect of Alpha-Any1ase Rarçe
on RrÞ Ioaf Q:alitv

3

Vol-une I

Scorirg

658.54b 67r.g4a 668.434 647.Bgc
2

Cell Size

CeIl Distribution

I,lcistness

Tbtal Score

9.174

8.934

9.034

27.r34

7,8

7.9

7.9

n.Bf

7.32c

7.52c

7.r7c

2r.g7c

6. B9d

7.43c

6.47d

20. B3d

9b

f
6b

ab

I
2

values in the same row bearirg the sane superscript are not
significantly different (p<0.05) .

l"lean of 2 protein contents X 3 water rq¡ers X 3 replications.
ltlean of 4 judges X 2 protein contents X 3 water 1evels
X 3 replications.
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Table 30. l4ean Vah.¡es for l,{ain Effect of ttater t-evel
on Rrp loaf O.lalitv

l{ater Level
58 63 68

VoÌr¡ne I

Scoring

624.92
c

8. 344

B. 354

g. 204

24.g04

648.89b 7rr.3oa
2

CelI Size

Cell Distribution

I'4cistness

Tbtal Score

g. 174

8,264

7,7f
24.rgb

6.gLb

7.26b

7.01-c

2r.27c

ab

1

2

:.,

,:':.

Values in the same rov¡ bearirg the sane su¡ærscript are not
signif icantly dif ferent.

I',lean of 2 protein contents X 4 alpha-amylase ranges X 3 replications.
Mean of 4 judges X 2 protein contents X 4 alpha-amylase rarrges
X 3 replications.

ì:l

.:.

',].i
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Figure 37. Cross-sections of pup

protein triticale and

588 water leve1.

L-4 represent lowest

ranges.

Control = whole-wheat.

loaves baked from tow

whole-wheat flours at

to highest alpha-amylase
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Figure 38. Cross-sections of pup

protein triticale and

588 water level.
I-4 represent lowest

loaves baked from high

whole-wheat flours at

to highest alpha-amylase

ranges.

Control = whole-wheat.
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Figure 39. Cross-sections of pup loaves baked from low

protein triticale and whole-wheat flours at
638 water level.
1-4 represent lowest to highest alpha-amylase

ranges.

Control = whole-wheat.
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Figure 40. Cross-sections of pup

protein triticale and

638 water level.
1-4 represent lowest

loaves baked from high

whole-wheat flours at

to highest alpha-amylase

l

t:

il
ìi

ii

)

l

ranges.

Control = whole-wheat.
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Figure 4I. Cross-section of pup

protein triticale and

68t water 1evel.

1-4 represent lowest

ranges.

Control = whole-wheat.

to highest atpha-amylase

loaves baked

whole-wheat

from low

flours at
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Fiqure 42. Cross-section of pup loaves baked from high

protein triticale and whole-wheat flours at
6Bt water level.
I'4 represent lowest to highest alpha-amylase

ranges.

Control = whole-wheat.
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Thirdly, it was decided to demonstrate the effects of various water levels on

yeast bread quality using a standard pup loaf bake test. The amount of water

was of interest because consumers experience problems with triticale f lour,

probably because home preparation results in more variation in ingredient

ratios and preparation procedures than would occur in a commercial bakery.
' Variations in the ratio of water to flour is likely to occur when liquid

amounts, flour moisture or amount of flour are not optimized.

Pup loaf breads made with 50o/o whole-grain flour and S0o/o bread

f lour showed significant volume ef fects when protein content, alpha-amylase

activity and water levels were varied. Volumes for the wheat control breads

were significantly greater than volumes for triticale breads (Table 27). Wheat

bread volumes averaged 831 cc and exceeded high and low protein breads by

approximately 130 and 170 cc respecrively (Table 2g). Volumes for borh high

and low protein breads at all three water levels, initially increased with an

increase in alpha-amylase activity (range 2'), then they remained stable, and

finally they decreased with the highest range of alpha-amylase acriviry (Table

27, Table 29, Figure 34), Higher water levels produced significanrly higher

volumes in pup loaves at both protein levels and at all alpha-amylase ranges.

Wheat pup loaf crumb structure was characterized by uniform cell

size and cell distribution. The crumb structure of triticale breads was

generally of poorer quality than the whole-wheat pup loaves (Table 27). The



173

subjective evaluation of cell size showed that celL size in
the crumb was significantly rarqer and more open (Figure
34b) for low than for hiqh protein breacìs (Table 28) and

the trend to larqer, more open cells pararleted increases in
alpha-amylase activities (Table 29) and increased water
l-evels. simirarry, cerl distribution became more uneven,
non-uniform (Figure 35a) with row protein, and became pro-
qressively worse at hiç¡her alpha-amyJ-ase ranges (Table 29)
and hiqher water l_evels (Table 30 ). Cetl size and cell
distribution of the bread crumb deteriorated even in breads
where vol-ume was improved. The more uneven cerl size, and

ce11 distribution that characterize poor crumb quality were
evident in the pup roaves made from the higher alpha-amyrase
ffours at the hiqher water 1evels (riqures 37 to 42).

Variations in protein level (Table 28), alpha_
amyrase activity (Table 29) and water r-ever (Tabre 30) pro-
duced significant moistness effects in pup roaf crumb
(Figure 35b). pup loaf bread crumb became significantry
moister and gummier with row protein frour, and moistness
increased at hiqher arpha-amylase ranges and hiqher water
levefs (TabIes 29 and 30). The moistness of the control_
breads was similar to the Lriticale breads at the rowest
alpha-amylase level (Table 27, Figure 35b).

Total scores for pup roaf characteristics
the three crumb characterisLics studíed. The wheat

reflected

con t ro1

..:
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pup roaves had better overall quality than all triticare
breads (Table 27, Figure 36), and onì-y deteriorated by 2

points when the water level was not optimurn. Total- scores

were hiqher when hiqh protein and l-ow alpha-amylase flour
, \¡/as used (TabIes 2B , 29) ín combinat ion \,vith l-ow to moderate

water levels in pup loaf formulations.

To summarize, both protein content and aJ_pha-

amylase activity had an effect on pup loaf quality, and

results were similar to those found for the consumer-sty1e

yeast bread test. 'The effects of hiqher level_s of aJ.pha-

amylase activity was to improve bread volume at alpha-amylase

ranges 2 and 3 for both protein content flours and to reduce

vol-umes at the highest aJ-pha-amylase activity range. This

improving effect was not seen with the hiqh protein frours
in the consumer yeast bread study. The consumer yeast bread

bake test may have been more riqorous in mixing and fermentat-
ion than the pup loaf test which resulted in optimal douqh

deveJ-opment of the hiqh protein flours but underdevelopment

of the low protein flours. Additional, but not excessive

alpha-amy1ase, therefore, improved the volume of breads

baked from 1ow protein fr-ours. rn addition , farinograph
data indicated that the mixing tolerances of the low protein
flours \¡/ere hiqher than those for hiqh protein flours.

Hiqh protein flours
vol-ume and crumb quality than

produced breads of better

did the l-ow protein fl_ours
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tested. It would seem Iikely that high protein flour
contributed more glute'n for dough development and this
helped to mitigate somê of the effects of alpha-amylase

activity and excess water leveIs.

Pup Ioaf crumb structure became worse with increas-

ing alpha-amylase activity. CetI size became larger, celI
distribution became more uneven and the crumb became gummier,

when additional alpha-amylase affected the starch gelatini-

zation and water absorption. The effects on a product such

as yeast bread $ras very drastic because of the relatively

long mixing and baking process in yeast bread production.

Increased amounts of water increased the volume

of pup loaves, however crumb quality suffered when the

water leve1 was not opLimum. The effects on crumb quality

$¡ere multipJ-ied when a high alpha-amylase, low protein flour

was used. Although the optimum water level (638) showed the

same differences in product quality as did 58S or 6BE water

levels, the use of a higher water leve1 in pup loaf bake

tests, may be desirable because this amplifies differences

among treatments. This test may be applied to flours
when the extent of sprouting or of alpha-amylase activity

are to be determined.

The pup loaf test itself, showed

qual-ity parameters than did

larger significant

differences in the consumer
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yeast bread test. There are several- possible reasons for

this finding. Firstly, in the pup loaf test, sound bread

flour containing no additives was used as the blendinq

flour; whereas a1J--purpose flour containing malted barley

flour as an aclditive was used as the bì-ending flour for the

consumer-style yeast bread test. Therefore differences due

to al-pha-amylase should have been more apparent in the pup

loaf test because there were no confounding effects of

other al-pha-amyl-ase sources. Secondly, the pup loaf test

was probably less strenuous in dough manipulation than the

consumer bake test. Doughs coul-d have been developed to

near their maximum in the consumer-style bake test due to

the long kneadinq, fermentation, proofing and bakinç¡ process,

thereby leaving 1ittle room to show the effects of fl_our

treatments. In contrast, the pup loaf test had a very short

processinq timer so that the dough may have not been developed

to the maximum, thereby exaqqeratinq the flour treatments.

Thirdly, the evaluation of pup loaf quality was probably

more controlled in the pup loaf bake test than in the consumer

yeast bread test. The number of j udqes \,vas less in the pup

loaf test, therefore variability among judqes may have been

reduced. Judges al-so evaluated the same pup loaf surfaces,

whereas each judge in the consumer-style yeast bread test

received a different slice of bread to evaluate. The judges

evaluat ion \.{as an average of 4 surf aces ( i. e. ) 2 loaves cut

in half, in the pup loaf test. In the consumer-style test,

each judge evaluated only one slice of bread, each judqe
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received a separate sIice. For the moistness characteristic
in pup loaves, judges evaruated moistness immediately after
cutting the roaves; whereas consumer-styre breads r/ùere cut

into thin slices and wrapped, then evaluated within the

hour. It is possible Lhat the breads became stightly dry

during this process. Fourthly, the pup loaf test required

evaluations on onry three characteristics, therefore may

have been less fatiguing on the judges. In contrast, judges

had to evaluate eight characteristics for the consumer-style

yeast breads.

As a test to predict the bread-making quality of

sprouted flours or frours of unknown arpha-amyrase activity,
the pup loaf test is recommended over the consumer yeast

bread testr âs it was faster, easier, and required less

flour. rn addition, differences due to flour treatment were

just as apparent, if not more, than they were in the consumer-

style yeast bread test.

E. General Discussion of the Effects of protein

Content and Alpha-Amylase Activity on the

Qual i t of Baked Products

In

better baked

cause higher

general, higher protein wheat fl-ours produce

product volumes than low protein flours, be-

protein flours contain a larger percentage of
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gluten-forming proteins (ninney and Barmore, 1948). This

r{tas probably true f or the protein leveIs in triticale f lours,
because high protein flours had the ability to produce

greater volumes in all of the baked products, and it had the

ability to mitigate the effects of alpha-amylase on crumb

quality characteristics, especially in muffins and yeast

breads. The hígh protein f J.ours, though, flìây have been of

poorer gluten quality. They had less farinograph mixing

tol-erance than J.ow protein f lours, and yeast bread volume

was not improved with an initial increase in alpha-amylase

activity as it was with the low protein flours.

In all of the baked products, the main effects of
increased alpha-amylase were to reduce volume and inpair
crumb structure. Alpha-amylase activity leve1s $/ere pro-

duced by adding laboratory sprouted triticale material to

flours that were initially Iow in alpha-amylase activity.
Grain is sprouted much faster in the l-aboratory than in the

field because conditions for sprouting in the laboratory

are optimum. Therefore the effects of alpha-amylase from

laboratory sprouted grain on the baking quality of triticale
flour may be slightly different than the effects from

naturally or field sprouted grain. It would be interesting
to bake products from triticale that had different levels

of naturally occurring sprout damage, for example, milling
samples, to determine the effects of both directly measured

alpha-amylase and sprout damage on baking quality. To
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supplement this information, a number of commercialì.y

available triticaLe frours shourd be tested for alpha-
amyrase activity and evaruated for their baking performance

to determine how much variabirity exists among lots of flour
and what effect this has on quality.

For aIl products tested, the consumer_styte

muffins, sour cream coffee cakes and yeast breads and the
standard bake test, voJ-ume and sensory evaÌuation of crumb

qual ity characteristics tr¡ere the most important indicators
of the effects of alpha-amyrase activity and protein contenL
on triticare baking quality. protein content and alpha-
amylase activity produced more drastic effects in yeast
breads, than in muffins or cakes, because yeast breads

depend to a greater extent on both gluten content and

optimum alpha-amylase activity for structure.
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V. SUMMARY AND CONCLUSIONS

Selection of triticale for milling is usually made

on the basis of grade alone and this criterion may not be

sufficient to ensure good baking performance of triticale
flour. This study was undertaken to determine whether

additional criteria, such as protein content, atpha-amylase

activity or percent sprouted kernels would provide more

assurance that triticale flours marketed for home baking

would have good and consistent baking qual_ity.

In the first part of the study, the relationship
of percent sprouted kernels to alpha-amylase activity for
44 mitling samples of Canada No. I and No. 2 grade triticale
was investigated. Grade I samples, which may contain up to

0.58 sprout damaged kernels, had a mean activity of 2.38 IDC

units/mg, while grade 2 which may contain up to 2.0t

sprout damaged kernels had a mean activity of 4.37 IDC

units/mg. Although mean activity was higher for the

grade 2 sampJ.es, the correlation of percent sprouted kernels

with alpha-amylase activity was weak (r = 0.39). Some

samples with low sprout damage had relatively high Levels of

alpha-amylase activity and conversely, some samples with

higher sprout damage had relatively low level-s of alpha-

amylase activity. Neither grade nor percent sprouting

therefore can be used to predict the alpha-amyJ_ase activity
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of the grain samples. Measuring atpha-amyrase activity
directly would be useful to ensure that the flour produced

has acceptable baking quality.

fn the second part of the study, two lots of
triticale grain, line 6TA-419, one with a low protein con-

tent (11.28) and one with a hiqh protein content (14.4g)

were milled ínto whole-grain fl_ours. Each lot of flour was

divided and supplemented with sprouted triticare grain to
produce hiqh and low protein fl-ours with four ranges of
alpha-amylase activity. t"fuffins, coffee cakes, yeast breads,
and pup Loaves (standarct bake test) baked from these eight
flours were evaluated by physical, instrumental and sensory

methods for a range of quality characteristics.

ïn all of the baked products, the main effects of
alpha-amylase were to reduce volume and impair crurnb struc-
ture. Because alpha-amylase affects starch granule structure
and gelatínization behavior, as alpha-amylase activity in-
creased, less free liquid was absorbed which generally pro-
duced products wiLh lower volume and a firmer, moister and

more dense crumb. There was a sliqht volume improving

effect of alpha-amyJ-ase ranges 2 and 3 for consumer-style
yeast breads baked from flours with row protein content, and

for pup loaves baked from both protein content fl_ours. The

crumb structure, however, became more fragile and open as

alpha-amylase activity increased.
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rn qeneral-, hiqher protein flours contain a larger
proportion of qluten formincl proteins than l_ower protein
ffours. This apparentty was true for the protein l_evels in
triticale flours. Protein leve1 significantly affected
several characteristics of the baked products. The ability
of the higher protein to produce greater volumes was evident
in the muffins and was particularly apparent in the yeast

breads and pup loaves which depend primariLy on qluten for
their structure. on the other hand, coffee cakes baked from

low protein flour were judqed more tender than those baked

from hiqh protein flour.

Methods used by consumers in home food prepar-

ation resuÌt in more variation in ínqredient ratios and

preparation procedures than woul_d occur when baked products

are preparecì commercially. Besides the effects of alpha-
amylase activity and protein content on triticare baked

products, water level is one factor which courcl compound or
exaggerate these effects. other factors such as mixing or
kneading time, and fermenLation time may cause similar
baking probJ-ems to the consumer. Tritical-e fl-our marketed

for home bakinq shourd provide a measure of tolerance to
these variables. From this study, it was concludetl that
triticale with 1ow to moderate level-s of alpha-amylase

activity and retatively hiqh protein content will ensure

better products and supply a greater degree of torerance to
recipe variations than triticale with hiqh alpha-amylase
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activity and low protein content. Triticale alpha-amyrase

levels and protein content shourd be monitored to ensure

that grain used for fLour wirl meet acceptable performance

standards. rt is aLso possible that standards for alpha-
amylase activity and protein content of triticale grain and

flour could be developed.
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Àppendix A Solution preparation for determination of
alpha-amylase activity by the iodine dextrin
color ( fOC) method.

Dextrin Pre arat ion
I Suspend 2 g of Amioca Pearl Starch

dimethyl sulfoxide.
2. Stir for 24 hours at room temperature

I

starch dissolves.
3. Dilute by adding 4.96 L of distilted

of 0.5 M acetate buffer (pH 4.6)(3.28 g Na Acetate 3'H^o and 1.56 mL
acid tãken to 100 mt).2

4. Add 0.2 mL of Sweet potato B-Amylase
24 hours at room temperature (2loC).

5. Repeat 14.
6. Dialyze' ugainst distilled water for

0 - 4oC. Change water frequently.
7. Boil for 5 minutes and freeze-dry.

container. yield 9 to 12 grams.

inlLofgOt
(21oC) until

water and 40 mL

glacial acetic

and stir for

4 to 5 days at

Store in air-tight

Dextrin stock soLution
Di sso VE 0.75 g of dextrin

Storeat0-4oC
in 100 mL distilled water byboil ing.

Dextrin worki solut ion
D I L ute mLo e stoc solution tot
Acetate Buffer (pH 5.5) 0.001 M CaCl,

I-KI stock solution
DÍssol-ve 2 g Potassium
First add the KI to as
solution; then add the
Take to I00 mL. Store

Iodide and 0.2 g iodine in wat,er.
Ìittle water as possible to form a
iodine and allow it to dissolve.
in brown bottle at O - 4oC.

I00 mL using
Store at 0

0.2 M

40 c.

I-KI workin solut ion
Ta e25mLo stock I-KI sol-ution and l0 mL of 5 N HCIto I L with distilred water. store in a brown bottle.
0.2 M Na Acetate Buffer H 5.5) containin 0.00I ¡4 CaCl2:
Comb ne 11.95 g Na Acetate 3H

2
.72 gJ-ac al acetate acidand I mL CaCI. stock (0.5 M)

water). Take¿to 500 mL.
(7.36 s CaCl .2H O in l-00 mL

2 2

Maize Product Co.

tubing, Thomas Lab Specialties I 7/g inch.

I
2

American
Di alys i s
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Appendix B Weiohts of common measures

Triticale flour spooned into 250 mL, level-Iecl with spatula
ttB.t2, IL7.26, LI4.73,
ILA,I7, 116.23,117.59

250 mL, levelted with spatula
126.39 , I25.72, I25.48,

protein-116. 16, 118. I0,
protein-lL2.54, II2.09,

11s.70 G 116.00 q

A.lllurpose f Iour spooned into
I24.BI I L25.59 | I27 .50, I27.30,
126.9I, I27 ,48 t I27 .26

125.44 @ I 25. 00 s

I,Ihole wheat f lour - spooned into
W27.r6, 125.22,
126 .92 , L24 .7 3 , I27 .09

250 nrl, Ievelled with spatula
I25.1 2, 126.66 , I 25. 83,

Granulated sugar

126.I7 @ 126.00 q

250 mL dipped into sugar, levelled spatula
206.02, 204.9I, 206.22
206 .5I , 209 .53 , 210 .77

208.08,
204.94,

206.23 ,
207.34,

pqking soda
3.85,
3.7 2,

207.00 @ 207.00 g

5mL
3.70, 3.70,
3.75, 3.31,

3.67 G 3.70 s
Bqking powder 5

3. 68,
3. 65,

3.66
3.65

3.16
3.36

5 .22
4.96

9.73
9. 4B

3.09,
3. 55,

mL
3.30,
3.23,

Sa 1t
4.92, 4
5.01, 5

Brown sugar

3.23 @ 3.20 q

5mL
.77 , 5. 05 , 4.84,
.18, 4.9I , 5.34,

3.2r, 3. 35,
3.02, 2.99,

84.33,
83.44 ,

5.02 G 5.00 g

Yeast - 15 mL
9.44, 9.44, 9.60, 9.4I,
9.81, 9.7I, 9.73, 9.37 ¡

9.57 q @ 9.60 q

83. 53,
81.95,

125 mL f irmJ-y
81.68, 93.93,
83.37, 84.86,

packed
83.05
83.01

83.32 e 83.30 s
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Appenclix B. Continued.

BXI25
725

mL=
mL=

Oil 75 mL
6- x 75 mL =

75 mL =

Marga r i ne

463.50
s7.94 @

q

125 mL -
890 q
111.2s

mL
29 .05
2.9 q

58.00 q

spread into 125 mL and levelled

@ 1II.00 cr

250 mL and levelled off

@ 256.00 q

Vanilla
t0 x 5 m

m5

Sour cream spread in
2557.5
255.75 q

5
.L
t_t-

g
@ 3.0 s

10 x 250
250

mL
mL

Ql¡or ten i n.q 30 mL
I92.00 q
24.0 q

B X 30
30

mL
ML

Eqq
4X

I large
f = 204.44
1 eqg = 51.11 G 51.00 q

Suqar -
3.47 , 3
3. 36, 3

Sugar -
44.76,

3.25
3.34

5mL
.36 , 3. 38 , 3.4r I
.31,3.23,3.49,
= 3.36 G 3.4 s

44 .84 1

50 mL
45.09,
44.40 ,

44.7 6

44.77 ,
44.64 ,
g

44.90,
44 .69 ,
G 44.8

44.70
44.85
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Àooend i x C1. Inored i en ts and eouioment used for muffins
In red ients:
All-purpose f1our, enrichecl, pre-siftedr conìirìêrcial
Triticale flour, formulated
llhole wheat flour, commercial qrade
Salt, iodized, free running table salt
Baking powder, single action (monocalciurl phosphate )

q rade

Brown sugar, golden yeLlow
Milk, whole, homoqenized,
Oil, veqetable
Eqg, large

pas teur i zed

E t ment:
M IX ng bowl, pyrex 1.5 L capacity

cup aluminum, volume 75 mLMuff in t ins, 2 6 each,
clrìr verticalinsicle dimensions: bottom 5 cm, top 6

heiqht 2.3 cm.
Paper liners, 4.45 cm base, 2.54 cm hiqhElectric oven, controlled at 200oC (¡loifat_
Cool ing racks, af uminurn 2I X 26 cmPlastic container, 750 mL caDacity
Bowl, 250 mL capacity

7

Maitre'D l4oclel # 24R65 )
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Appendix C2, Ingredients
sour cream

and equipment used for
coffee cake s

Inqredients:
Margarine, regular, brick
Sugar, granulated
Eggs, large
Vani 1l-a, pure extract
Triticale flour, formulated
WhoIe wheat flour, commercial grade
Baking powder, single acting (monocalcium
Salt, iodized, free-running table salt
Baking soda, sodium bicarbonate U.S.p.
Sour creamt I4Z m.g.

phosphate )

E 1 ent:
Mixínq bowl, pyrex 2 L capacity
Baking pans, aluminum sguare, 2.5 L
Electric oven, controlled at lB0oC
Cooling racks, aluminum 2I X 26 cm
Plastic container, 250 mL capacity

capac i ty
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Append ix C3 fnsredients and equipment used for veast bread

In red Íents :
Sugar, granu ated
Water, distilled
Yeast, active dry
All-purpose flourr êDrichedr pr€sifted
Triticale, formulated
Whole-wheat flour, commercial grade
MiIk, who1e, homogenized,, pasteurized
Salt, iodized, free-running table salt
Shortening, hydrogenated vegetabte

Equipment:
Measuring cup, pyrex 250 mL capacity
Thermometer, oC

Stopwatch
Þticrowave oven
Braun Kitchen Machine, model # 72950, 4 L plastic bowl and

dough hook
Fermentation cabinet controlled to maintain a temperature of

35oC and a relative humidity of B5E
Pastry board, wooden | 44.5 X 39.5 cm
Loaf pans, non-stick aluminum, I.5 L capacity
Baking oven, controlled at 190oC
Cooling racks, aluminum 2L X 26 cm
vrlater bath, maintained at 30oc f or tempering of water.
Erlenmeyer flasks, enough to hold 1.5 L water.
Plastic containerr or jug, 1.5 L capacity
Mixing bowls, pyrex, 4 L capacity
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Append ix D1. BaIlot used for sensory evaluation of muffins

Exterior Color To
Ideal: go den brownt not too pale or dark

R

Sample Codes 3 ---_
Evaluate the samples in the order presented. Place a

vert ical l ine u"-ro=s the hor izontal- l ine at the point that
best describes that property in the sample. Identify the

="or"s by writing the sãmpfè code near the vertical Iine'
'Compare åf f =u*pÍ."" to thê ref erence ( R) r which has been
po=itioned on tñe 1ine. For samples that are scored
äifferently from (R), give a reason (where reasons are
required). Also note lfre descriptions of an ideal product'
Evaluate alt samples for one chaiacteristic before moving
on to the next characteristic.

Evaluate samples for EXTERIOR COLOR (Top) and CRUMB COLOR

in the Ì4acBeth booth.

golden

ht beige, not too Pale or dark
R

darkpale

Crumb Color
IdeaI : I iq

pale

Overall Crumb QuaIit
Ideal: cells a rly uniformlY

medium thickness' not
few marked tunnels

Iight beÍge moderate beige

distributed, celI walls of
compact and not too open '

R,

idealpoor

Reasons:
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Àppendix Dl.

For MOISTNESS

Cont i nued .

and TENDERNESS, use the top part of the muffin.

Mo i s tness
Ideal-: moist, not too gummy or dry

R

qummy moist

Te nde rne ss
Ideal : tender and sof t r rìot tough

(

dry

tough

Flavor Intensity

tender very tender

R

bland

Reasons:

moderate i ntense

Fl.avor Acceptabil ity
R.

unacceptable

Reasons:

hiqhly acceptable

Q_verall Quality
Keep in mind all of the characteristics above.

R

poor

Comments:

clood excellent
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cof fee

used for
cake s

r98

sensory evaluation of sour cream

Sample Codes:

Evaluate the samples in the order presented. Pface a
vertical line across the horizontal- line at the point that
best describes that property in the sample. Identify the
scores by writing the sample code near the vertical line.
Compare all samples to the reference (R), which has been
positioned on the line. For samples that are scored
differently from (R), give a reason (where reasons are
required). Also note the descriptions of an icleal product.
Eval-uate aII samples for one characteristic before movinq
on to the next characteristic.

Evaluate samples for SURFACE COLOR and CRUMB COLOR in
the MacBeth booth.

Exterior Color
Ideal: qol en rown, not too pale or dark

R

pa 1e

Crumb Color

golden dark

Ideal: Iiqht beige, not too pale or dark

R

liqht beige

Overall Crumb

moderate beige

0uality (cut sides)
cells uniformly distributed,
compact and not too open¡ ño

dark beige

thin cell wa11s, not too
large spaces.

R

ideal

Ideal:

poor

Reasons:

Moistness
Ideal: moist, not too gummy or dry

R

gummy moist dry
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Appendix D2. Continued.

Tende rne ss
fdeal: tender and soft, not tough

R,

touqh

Flavor Intensity
tende r very tencier

R

and

Reasons:

mode ra t e i ntense

Flavor Acceptabil itv
(

unacceptable

Reasons:

qhly accepta e

Overall Qual ity
Keep in mind all of the characteristics above.

R

poor

Comments:

good exce I I ent
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Af;penclix D3. Ballot used for sensory evaluation of yeast breads

Sample Codes:

Eval-uate the samples in the order presented. Pface a
vertical line across the horizontal line at the point that
best describes that property in the sample. Identify the'scores by writing the sample code near the vertical line.
Compare all samples to the reference (R), which has been
positioned on the line. For samples that are scored
differently from (R), give a reason (where reasons are
reguired). Also note the descriptions of an ideal product.
Evaluate all samples for one characteristic before rnoving
on to the next characteristic.
Evaluate samples for CRUST COLOR and CRU¡íB COLOR in the
MacBeth booth.

Crust CoLor ( top only)
Ideal : dark clolden-brov,rn, not too l ictht or dark

R.

Iiqhtty browned

Crumb Color

qolden brown very dark

Ideal: a light beige, not too pal_e or dark

R

pa 1e

Overall Crumb Qualitv
Ideaf: ce11s uniformly

too compact and

liqht beige

distributed,
not too open,

moderate beiqe

walÌs, not
spaces.

ideal

thin cell
no large

R.

poor

Reasons:

Moistness
Ideal- : moist, not too çf ummy or dry

R

gummy

Reasons:

r¡oist dry
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Appenciix D3. Continued.

Fl-avor Intensity
R

bland

Reasons:

moderate i ntense

Fl-avor Acceptabilitv

unacceptabl e

Reasons:

R

iqhly acceptable

Overall Qualitv
Keep i n mlnd all of the characteristics above.

A

poor

Comments:

qood exce 1 lent
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Àppendix E1. Ingredients and equipment used for sLandard
pup loaf bake test

fng red ients :

Flour composite flours consisting of 50t (by weightr orì
an as is moisture basis) bread flour and 508 of
formulated f lour.

Yeast compressed yeast. One lot (l lb.) was purchased
for each baking replication

Salt non-iodized sodium chloride, commercial grade
Sucrose granulated r cornrlt€rc ial grade
Potassium bromate reagent grade
Ammonium phosphate (monobasic) reagent grade
L-Ascorbic acid reagent grade
Skim milk powder commercial grade
Shortening all vegetable, commercial grade
Itater distilled for all solutions and dough water.

EquiÞment and Apparatus

l'lixer, GRL having a speed of L32 rpmr with an open bowl.

ThermostaticaLly controlled bath, used to control the
temperature of the water-jacketed mixing bowt to produce a
dough temperature of 30 + 0.2oC at the end of mixing (30"C)
( Haake c)

SoLution bath¡ rnâintained at
yeast suspension, solutions
Sc ient i f ic , Model- # B5 )

for tempering of the
(Thelco, Precision

30 + 10c
and ñater

Fermentation cabinet controlled
of 35oC and a relative humidity
co. )

to maintain a temperature
of 85E. (¡¡ational Manuf acturing

Fermentation bowls, enough sequentially numbered
bowls to accommodate baking schedule (4 or more).
Dimensions: volume 750 mL, inside diameter (top)

vertical height 8.3 cm.

pyrex

13,5 cftr

sheeting rolrs, one pair of motor-driven sheeting rorls with
the distance between roll_s being instantly adjustable(7/32, 5/32, L/B in). (National Manufacturing Co. )

Molder, ro11s up sheeted dough between three rol_1ers.
Pressure under which the dough is motded is constant as the
top rol-Ler can only be lower as far as the stop (6.3 cm).
Dough is molded to a fixed length between guides spaced
12 cm apart. (National Manufacturing Co.)
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Appendix El. Continued.

Baking oven, control-led at 220oc, with vapor outlet that can
be cfosed. lrloisture is provided by containers of water,
in which the water is boirinq when bakinq starts (Nationar
Manufacturinq Co. )

Bak inq
Ins ide

pans, tin plate, 0.8 mm burnt in; volume 345
crimensions: 

3::i?:,i'i"iri;'uTä'"::o rt'7 x
cc.
6 .9 ctrl r
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Appendix E.2. Solution preparation for standard pup loaf
bake test

Ingredient Solutions:

Yeast suspension
Weigh 80 g of yeast, place it into a beaker and use a
spatula to chop it into small pieces. Add 100 mL of the
total water required. Stir with a spatula until no lumps
remain. Pour into a 500 mL volumetric f1ask. Rinse the
beaker with remaining water and make up to volume. Shake
well and pour suspension into a 500 mL erlenmeyer flask.
Attach flask to solution bath. Shake vigorously before
pouring and use 25 mL yeast suspension per 100 g flour.

SaIt-sugar solution
Weigh out 20 g salt and 50 g sugar into a 500 mL volumetric
flask. f'lake up to volume with water. Shake well until
particles are dissolved. Pour solution into a 500 mL
erlenmeyer flask. Attach flask to solution bath. Prepare
fresh daily. Use 25 mL of solution per 100 g flour.

Bromate-phosphate solut ion
Combj-ne 3 g of potássium bromate and 50 g of ammonium
phosphate in a 500 mL volumetric flask and make up to
volume with water. Store in a stoppered bottle at room
temperature. Use I mL (equivalent to 60 ppm potassium
bromate and 0.lt ammonium phosphate based on flour weight)
per I00 g flour, and consider that as I mL for dough water
cal cuI at ions.

Ascorbic acid solution
Place 0.35 g of L-ascorbic acid in a 50 mL volumetric
flask and make up to volume with water, Pour solution into
a 50 mL erlenmeyer flask. Attach flask to solution bath.
Prepare fresh daily. Use I mL (equivalent to 70 ppm based
on flour weight) per I00 g flour and consider that as 1 mL
for dough water calculations.

Dough water
Amount of dough water is dependent on the handling properties
of the dough at the time of panning. Place distilled water
in a 500 mL erlenmeyer flask and attach to solution bath.
(From preliminary experiments, a baking absorption of 63å
was determined to be optimum for handling ability. Absorptions
of 58, 63 and 68? were used in this experiment) (See
further calculation of dough water).
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þpendix F. Alpha-amylase activity and percent sprouted kernels
in triticale mill irg samples.

Grade I
(0 - 0.5t Sprouted)

frade 2
(0.5 - 2.0t Sprouted)

I Sprouted IE tlnits/ns t Sprouted Irc Units,/Irll

0.90
0. 6r
1.03
2.69
s.33
1. 19
2.46

10.03
0.68
4.36
0.50
2.26
0. 70
3.66

19. 04
3.17
4.76

15.37

0.6
0.7
0.8
0.8
0.8
1.0
r.2
L.2
1.3
1.4
1.5
1.5
1.6
1.6
1.6
L.7
1.8
l.B

0.13
0.22
0.31
0.42
0.57
0.92
L.26
1. 28
l. 80
1. 86
2.04
2.38
2.46
5. t4
0. 85
1. 00
1. 85
2.4r
5. r4
9.99
0.44
l. 59
2.19
8.33
0.71
4,L6

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1
0.2
0.2
0.2
0.2
0.2
0.2
0.4
0.4
0.4
0.4
0.5
0.5

r.23
]B

4.372,38Mean 0. 15
n26
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Appendix c1. Mean sguare
f ar i noq raph

val-ues for one-way
characteristics and

ana lys i s
fallincJ

of
numbe r s

Source of Variation

d.f. Fl-our Error

Absorption ( 148 )
Peak time
Stability
Mixing Tolerance Index

Fallinq Number

0. 03
0.07
0. 10

39.39

9/22 148694.99** 692.27

r0/22 22.25* *
l.lg**

25.17**
4060.15**

* ** denotes a significant difference at p<0.05 and p(0.01
re spec t ive 1y.

,
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Appendix G2. Mean square values for factorial anal-ysis of variance
of farinoqraph characteristics and fallinq numbers

1Source of
Variation d.f.

Absorption
(148 m.b. )

Stability M.T.I.Peak
Tinre

Fal1 ing
Nunber

Protein
Amylase
Rep
PXA
PXR

AXR
Error

155.55**
0. 68**
0. 07
0.23*
0. 005
0. 02
0. 03

24066.67**
279.17**
59. 3B
4r.67
7.29

92.7I
23.96

7 48,I7**
13899.00**

74.63*
1131.61**

r0.79
71.96**
6.24

I
0
0
0
0
0
0

I
3
2
3
2
6
6

26
42
OB

00
I3
03
04

.02

.01

B4**
06*
OB

07*
07*

**

3

0
0
0
0
0
0
0

* ** Denotes a significant clifference at p(0.05 anci p<0.01
respectively.

Does not include breacl flour in the analysis.

,

t
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Appendix Hl. Mean square
variance of

for one-\,Jay analysis of
characteristics

va lue s
muffin

Source of Variation

d.f Flour Error

Volume

Sensory Characteristics
Exterior cofor
Interior color
Crumb quality
Moistness
Te nde rne s s
Flavor intensity
Flavor acceptability
Overall gual ity

fnstrumental
Firmness
Cohes iveness
Gumminess

Moisture Content

l{oisture Loss

0.06
0.001
0.01

0.0s
0.0009
0.02

B /2r
B /21

B/2r

B /2r

0.005*

84.14**
102.04**
l4B.B7**
79.63**
13.25
35.9t*
l_7.08
28.34

0.33

0.002

12 .52
12.53
36.41
24 .98
1s.50
74.47
11.43
36.56

0. 46

* **Denotes a siqnificant difference at p<0.05 and p<0.01
re spec t ive ly.
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Appendix H2. Mean square values for
characteristics

factorial analysis of variance of sensory muffin

Source of
Variation df

Exter ior
CoIor

Crumb
Color

Crumb
Quality

Mo i stness Tendernesg Flavor
Intensity

Fl avor Overa I I
ÀcceoÈabl llty Qualitv

Prote i n

Àmylase

Judge

Rep

PXÀ

JXR

PXR

ÀXR

Error

I

3

6

2

3

T2

2

6

t32

2. t5

17.6r

85.99**

47.19**

20 ,66

26.27**

I9.47

t8.93

I .92

41.01**

8. 55

189.9I**

95.03**

0. 78

22 .99* '
tI.03
6.95

4.60

l02.l5r
90. 40*

353. 34r*

67.37

12.04

38. 70

97. 58r

47.59

25. 4I

1.1?

153.50**

152. l5**
145.79**

39. 91

67.01*r

r5.61

22.36

17.59

1. s2

0.29

165. 2gi*

r.63

l. 63

22.84*

33.87*

L7.76

10.20

1.52

4.09

190. 99i*

13.44

1.43

29,96it

0.94

8.78

'7 .71

2.38

5.25

124.64tt

27.Lstt

3. 5l

64. l4rr

2.51

4 .07

3. d6

188.60rr

6. 33

260. l4.r
7't .60r

2.O"1

l05.l9r*
80. 3l r

40. 95

24 ,22

*, tt Denotes a significant difference at p<0.05 and p<0.01 respectiveJ.y.

¡.o
O(0



Appendix H3.

Source of

Mean
and

square values for factorial
instrumental tests

analysis of variance of muffin objective

t lon
Volume

0.0073*

0.0045

0.00r1

0.0025

0. 0012

0. 00 r8

0.0011

Moisture
Con tent

0. 000 I

0.3030

0.808I

0. I 528

1. r152

0.3842

o.2692

Molsture
Loss

0. 0 260

0. 0628

l. r925**

0. 0325

0.0439

0.0217

0.0205

Firmness

0.005

0.028

0. 106

0.001

0.066

0.0r3

0.039

Cohes iveness Gummlness

df

Prote in

tunylase

Rep

PXÀ

PXR

AXR

Error

3

2

3

2

6

6

0.0001

0. 000 2

0.0056*

0. 0008

0. 000 I

0. 0007

0.0005

0.002

0.010

0.046

0.013

0.025

0. 012

0.024

t, tù Denotes a significant difference at p<0.05 and p(0.01 respectively'

Èo

o



Appendix I1. square val-ues
of sour cream

for one way
coffee cake

211

analysis of vari-
characterist ics

Mean
ance

Source of Variation

d.f Flour Error

Vol-ume

Sensory Characteristics
Surface color
Crumb color
Crumb quality
Ivloistness
Te nde rne s s
Flavor intensity
Flavor acceptability
Overall quality

I ns trumen t a I
F i rmnes s
Cohes iveness
Gumminess

B/2r

B /rB0

B/2r

B /2r

85.51**
148.46**
63.31*
11.s0
I4.7 4
42 .33* *
44.13**
2I .35

4084.20** 348.65

7 .86
15.69
2s.11
2r .52
10.03
r4.70
T4.78
30. B0

Moisture
Moisture

Content
Loss

0.12**
0.004**
0.03**

0. s4
0.03**

0. 01
0.000s
0.007

0.58
0.007

* ** Denotes a significant difference at p<0.05 and p<0.01
respectively.



Appendix 12. l'lean square values for factorial analysis of variance of sensory sour
cream coffee cake characteristics

Source of
Variation

Surface
Color

Crumb
Co Ior

Crumb
Oualitv

Moistness Tenderness F I avor
Intens i tv

Flavor Overa I I
ÀcceotabiLitv QuaLitvdf

Prote i n

Àmyl ase

Judge

Rep

PXÀ

JXR

PXR

ÀXR

Error

t

3

6

a

3

t2

2

6

23I.0lr*
131.77**

12. 38

61.41**

7.50

8. 37

4g .26* *

22 .05* *

6.73

6.48

3.97

203 .49, *

53.09**

0. 39

61.05*r

4. B8

9. 89

5.27

3.42

136. 3lrr
223.04**

10.79

4. 68_

50. 65r*

3. 50

9.40

18. 86

r.92

22.49

300.15**

23 .24

1.02

26 ,2"1*

t. 36

t7.87

I2. I3

65.63r*

t0.8t
54. 00**

5.47

5.85

40.08r*

3 .27

14.26

6.79

t.0t
3. 53

230.llrr
6 .27

3.15

43.75**

6. 0l

4.08

5 .23

7 .29

t.53

22'l .66rr
I5. 04

r.02

32 . 40r,

8.26

7. 88

6. Ì5

2.63

29 .31

525.64rr

9.74

4.55

4. 54

23 .20

0.93

t6.60r32

* rr Denotes a significant difference at p<0.05 and p<0.0I respectively.

F.J

r.c



Appendix 13.

Source of

square val_ues
objective and

Mean
ca ke

for factorial anarysis of variance of sour cream coffeeinstrumental tests

Volume Mo i s ture
Con tent

F i rmne ss Cohesiveness GummlnessVariati df
Moisture
Loss

Prote in

Ànylase

Rep

PXÀ

PXR

ÀxR

Error

*, !t* Denotes a significant difference at p(0.05 and p<0.01 respectively.

130. 67

2344 .gO* *

360. 20

5.53

192. 14

297.56

I96.83

0.05

0.32

3.65*r

0.22

0. 30

0. l8

0.r8

0. tt
0.05

0.63**

0. 01

0.03

0.02

0.03

0.0t

0.03

0. 04

0.0t

0.003

0. 0l

0. 0l

0.08r

0. 02

0. 01

0. 01

0.002

0. 008

0. 007

I

3

2

3

2

6

6

0.006r*

0. 000 3

0.00I6

0. 000 3

0. 000 5

0. 0006

0.0003

ò'0

(^)
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Appendix J1. Mean square
variance of

values for one-way analysis of
yeast bread characteristics

Source of Variation

d.f. Flour Error

Vol-ume

Sensory CharacteristÍcs
Crust color
Crumb color
Crumb quality
l"loistness
Fl-avor intens i ty
Flavor acceptability
Overall qual ity

I ns trumental
Firmness
Cohesiveness
Gummi nes s

B /2r
B /rB0

B /2r

B /2r

l57.0Bt'*
256.58**
325.07**

26 .39
297.16**

29 .20
165.30*

1.17**
0.02**
0.40**

1.25**
0.31

18. s6
13.54
38.27
29 .9I
42.94
42. 82
'7I.45

162614.16** 1133.90

0.08
0.001
0.05

Moisture
Moisture

Content
Los s

0.12
0.19

* *t( Denotes a significant difference at p<0.05 and p<0.0J.
respec t i ve 1y .



Appendix J2. l"lean square values for
characteristics

factorial analysis of variance of sensory yeast bread

Source of
Variation

Prote i n

Ànylase

Judge

Rep

PXÀ

JXR

PXR

ÀxR

Error

Crus t
CoLor

648.21*r

149.82r*

108.30**

I22 .89ù *

13.75

56.69r*

42,65*

I0. 84

12.23

Crumb
or

Crumb
Qua

Moistness Flavor
Intens i tv

t2.s9

r..31

883.71ri

21.08

32.39

35.18*r

2. 90

13.20

14.23

Flavor
AcceD

Overall
Oualitv

L35.72

52.75

ll06.7lrr
106. 93

14.13

98. 5g*r

3.52

24.5t

35. 37

tability
1

3

6

2

3

12

2

6

r32

3r .'7 2*,

2.72

2I3.76t,*

r08. 33r*

4 .23

2r.87ù*

16.?9

8. 3s

4.49

6. 09

83.66*

530. 2g*r

26.27

13.54

36.78

t5.0I
10.83

23 .62

68. I 5*

26.43

433. l5rr
74.12*'

14 .62

44.30**

t8.97

38. 76 r

13.91

6r ,92

47 .47

792. 16* t

43.88

7 .47

14.89

2.'',|9

13.90

19. 68

* *r Denotes a significant difference at p<0.05 and p<0.01 respectively.

N)
(Jl
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Appendix J3. Mean sguare values for factorial analysis of variance of yeast bread
objective and instrumental tests

Vo I ume Cohes iveness Gummi ne s sSource of
Variation

Prote i n

Àmylase

Rep

PXÀ

PXR

ÀxR

Error

*

df
Mo i sture
Content

Moisture
Loss

Fi rmness

I

3

2

3

2

6

6

83485.01*r

2063.20

36t3.34*

2445. t5

33r. 58

667 .58

562 .7 5

0. 012

0.034

0. 457r

0.077

0.057

0.12r

0.061

0.135

0.684

0. 176

0.082

0.lsI
0. 098

0. t53

L,27*ù

I.6l**
0.25ù

o.72r*

0.07

0.13*

0.02

0. 006 r

0. 0008

0.0002

0. 00 28

0.0008

0. 0021

0. 0007

0. l3

0.67rr

0.I0

0.29ir

0. 06

0.09

o.02

** Denotes a significant difference at p(0.05 and p<0.01 respectively.

¡'\)

O)
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Appendix K1. Mean square
variance of

values for one-vJay analysis of
u loaf characteristic c

Source of Variation

d.f Flour Error

Vol-ume

Scoring
Cell size
CeIl distribution
Moistness
Total score

B/72

B /315

31618.68** 1 7BB. 06

42 .33* *
26.57**
49 .29* *

340.99**

1.13
1.10
1.01
5.72

* ** Denotes a significant difference
respect ively.

at p<0.05 and p<0.01



Appendix R2. Mean square values for factorial anaJ-ysis of variance of pup loaf
characterist ics

Source of
Variation df

Volume

16912 .61 * *

6317.48r*

95462 .25* *

I349.67**

347 .86

304.72

67.12

3006. 7 3* *

299.93

129'19. l7 * *

99.03

Ce 1l
Size

7.03*t

70.46*r

3.32r*

56.32**

9.85**

1.32*

0. 20

3 .29' *

3.17*r

l. 97rr

11.I6*r

0.83

99. 03

0.48

Cell
Distribution

0. 56

Moistness Total Score

0.54 2.26

Prote in

ÀmyLase

Judge

Wate r

ReÞ

PXA

PXW

PXR

Àxf"¡

ÀxR

WXR

JXR

E.rorI

Error2

I

3

3

2

2

3

2

2

6

6

4

6

40

247

12. 50r*

33.82r*

2.64* *

33. 90r *

26.59r,*

2.99* *

2.0 r*

l. 53

4.93**

0. 59

6 .52t t

0. 58

1r.68*i

85. 95*r

5.06*r

34.74*r

r7.82rr

0. 99

t. ts
7.36*t

3.25**

r .29*

0. 34

0. 56

93.39r*

545. 2rrr

25. l3r*
354.39rr

9.38r

7. 86r

6.68

29 . 49*,

28.00*r

2.98

30.74*r

2.89

Volume

Scor i ng

, ** Denotes a significant difference at p<0.05 and p<0.01 respectively.

2
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