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Hatcher, David w., ph.D., The university of Manitoba,Ju1y, 1990. Polvr¡henor oxidase and phenoric Ácids: Their
S

Flours. Advisor: Dr. J"E. Kruger

Five Canadian varieties, representing differenÈ classes
of canadian wheat, srere niLled to 7s, 80, and g58 extraction
yields. fndividual streams were pooled to produce

representat,ive 1st and 2nd patent, 1st and 2nd clear, and

straight grade flours
The level of the enzlme porl4phenor oxidase (ppo) $¡as

deternined in each nill stream and the.poored flours.
Ànalysis of the pooled flours indicated low enzyme levels in
arr variet,ies lst patent frours at 7s and got extraction
rates but increasing rapidly as the flour quatity decreased,

The Hard Red winter (lrRw) wheat Norstar yierded the lowest
enzyme levels in the najority of pool"ed flours at both the
75 and 808 extraction rates.

The poored flours were analyzed by reversed-phase high-
perforrnance J.iquid chronatography (Rp-HpLc) to establish the
endogenous levels of insolubre bound, soluble bound, and

free phenolic acids. only ferulic acid was detected in the
insolubre bound category. The soruble bound phenolic acids
accounted for a maxinun of 1zg of the total phenolic acid
contenÈ s¡ith sinapic acid predoninating" wide variations in
their levels within comparable flours eJere detect,ed across



X1/

the varieties. Ferulic acid was the dominant free phenolic
acid while sinapic acid roras absent in aLl fLours.

Signif icant correlations, p <O"OS, were detect,ed

between insolubLe ferulic, all solubre bound acids, free
feruLic and vanÍIlic acÍds with both ppo and ash cont,ent,.

rniÈial flour paste corors were deternined by Kent-
Jones, Agtron, and Hunter brightness (Lu), redness ("*), and.

yeÌlowness (uo) values. strong, significant correrations
rrtere observed between paste color values with ash, pigment,

PPo total free, total soluble bound, insoruble, and t,otal
phenolic acids. rntroduction of the alkatine Kan sui reagent
had nininal effect on the relationship of paste brightness
or yellowness with these variables.

Each varieties flour pastes were anaryzed for their
changes in Hunter tT af and b*varues as a function of t,ine.
Differences &tere noted betr¡een varieties in their ability to
distÍnguish bety¿een their flour paste corors on the basis of
qualÍty or extraction rate. The variety Norstar consistently
displayed Èhe brightest, pastes undergoing relatively ninirnal
color change.

the effect, of ternperature and free phenolic acid
addit,ion on f lour pastes ' Il ð and b& values was

investigated" No temperature effect was detected while
caffeic acid and sinapic acids were found to inftuence the
flour paste color"



Attenpt,s were

t,otal color change

this study"
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t,o nodel the iniÈial paste coLor and

Èi¡ne using the factors deternined in

nade

over



t.0 Introduct,íon

The desire to establish Canadian wheats in non-

traditional foreign markets has necessitated the need for
infornation on the quafity of Canadian wheats urilled to
higher than convent.ional extraction levels" Achieving these

higher levels culminates in the elevation of bran

cont,amination in the resulting flours. Concurrent with the

increased bran content is the associated increase in
phenolic acid levels, pigrment content, and the amount of

oxidative enz)mes, in particular, polyphenol oxidase.

Consumers throughout the world assess their wheaten

products on a number of criteria, particularly color.
Processing of end-products using the high extraction flours
has the associated problem of undesirable discoloration
knor*n as browning. Use of such flours is therefore subject

to consumer acceptance of the finaÌ product.

Formation of |tbrownr¡ pigrments in wheat products is the

result of two separate reactions" The conmon browning

reaction associated with baking, the Maillard reaction,
consists of the carbonyl group of sugars reacting, via
Schiff base formation, with free amines to produce a colored

polyner. The undesirable discoloration is enzymic in
nature" Pol)æhenol oxidase is believed to be involved in the

oxidatíon of endogenous wheat phenolics resulting in the

production of very labite quinones. The guinones in turn can

react rsith a number of compounds, amines and thiols, or



undergo self polymerization, to produce highly colored

products.

The objective of this work was divided into three

sections. Establish the polyphenol oxidase levels in the

mi]I streams and cornbined flours of five varieties

representative of Canadian wheat classes, under increasing

urill extraction rates" Determine the individual sinpJ,e

phenolic acids contents in the combined flours of each

variety" Subsequent to this, evaluate the role and the

interaction a¡nongst these factors in colbr production

relevant to end-use products.



2"0 Lit,erature Review

2 " 0L Pollphenol Oxidasø (PPO)

The international nomenclature of polyphenol oxidase is

under constant revision and at present consists of three

classes" Monophenol monooxygenase (tyrosinase) is referred

to as 1"14.18.1 while diphenol oxidase (catechol oxidase,

diphenol oxygen oxidoreducÈase) as 1.10.3"2, and laccase as

1"10.3"1 (Mayer 1987)"

Catechol oxidase is often known as; phenolase,

polyphenol oxidase, tyrosinase, catecholase and cresolase.

They refer to the enzymets ability t,o oxidize mono and o-

diphenols.

Laccase however is capable of oxidizing the same

substrates as catechol oxidase but it, is its ability to

oxidize p-diphenols which sets it apart"

Catechol oxidase is a copper containing enzyne which

has been shov¡n to catalyze two separate reactions. The

initial reaction is the addition of nolecular oxygen ortho

to the existing hydroxyl group in a monophenolic and the

subsequent oxidation to quinone. This reaction is often

referred to as cresolase.

The second reaction is the oxidation of an existing o-

diphenolic cornpound to it"s corresponding quinone. Using



this form of substrate the enz)¡me is said to be displaying

catechol-ase activity"

Catechol oxidase has been found to be widespread

throughout, the plant kingdon and does noÈ appear to be

exclusive to any particular organ or tissue. (Mayer .and Harel

]-979) The enzlnme's levels have been shown to change during

plant development (Taneja et a7 7974) and uray be influenced

by environmental conditions (Sharma and Tayal 1983). In

their review of the enzyme, Mayer and Harel-(1979) state that

there is extensive evidence for the nembrane-bound enzyme,

originating in the chloroplasts and mitochondria. They

further report that the strength of this binding varies from

slight to requiring drastic conditions to release the

enzlme.

2.OZ Wheat, Specífies

Polyphenol oxidase has been reported to be isolated

from v¡heat by a number of researchers with varying degrees

of success depending on the purification scherue ernployed.

Tikoo et a7(1973) using a semi-purified extract, from both

taII and dwarf wheats found three to five bands of PPO on

acrylamide gel electrophoresis" They found that the specific

activity of the dwarf variety was distinctly higher than the

tall varieties. Substrate specificity was also shown when

monophenols such as tyrosine and phenol did not serve as

substrates. Diphenolic specificity was also displayed. with



catechol being superior to dopamine and caffeic acid"

Differences in heat stability rdere found between the d.r¿arf

and the tall variety" The enzlme from the dwarf variety rdas

shorsn to retain 83-858 of its activity after t h at 60 C

tøhile that from the taII varieties dropped to 48-53 & under

the same condiÈions" In both cases the najority of loss

occurred within the first 10 nin before levelling off. Marsh

and Galliard (1986) report a 5Ot loss in activity at the

same temperature after 5 nin using a comrnon bread wheat as

the source of the enzlme.

Singh and Sheoran (L972) indicated that the najor

factor determining extensive browning of dough was the high

act,ivity of tyrosínase and the concentration of free

tyrosine and total phenols present in the wheat. Àbrol et

aI (1971) reported that, some wheat varieties are less

acceptable to the consumer due to dough darkening and the

browning of chapattíes" They used a phenol color reaction to
screen for acceptable varieties based on tyrosinase

activity"
Salt stress caused increased pollphenol- oxidase

activity in wheat with different responses between tolerant
and resistant varieties" The satt sensitive varieties showed

the greatest increases (Sharna and Taya1 1983).

Taneja and Sachar (L974) reported the electrophoretic

isolation of a monophenolase and an o-diphenolase activity.
In crude extracts they obtained one band which reacted s¡ith

tyrosine and 6 bands r¿hich reacted with dihydroxy



phenylalanine (DOPA) " The tyrosine react,ive band was not

associated with any of the 6 bands displaying diphenolase

activity. The influence of the development stage was

highlighted as the nonophenolase activity appeared in the

later stages of the maturing grain" There was no indication
of the presence of both catalytic sites on the same enzyme"

Their work supported the view that the two activities of

polyphenol oxidase represent two distinct enzlmes in wheat"

Taneja et aI (L974) showed o-diphenolase activity to be high

in young seeds while monophenolase activity was practically

undetectable throughout the najor period of grain filling.

The induction of monophenolase activity occurred with the

onset of grain ripening while a corresponding 60- fold

reduction was seen Ín o-diphenolase activity. This work was

supported by Kruger (L976) who found sinilar results as well

as discerning the najor amount of activity in the immature

durum kernel resided in the endosperm. Kruger found L2

different isozlmes of the enz)me by polyacrylamide get

electrophoresis, PAGE. The anatomical dissection of the

kernel indicated that different isozynes were present in

different parts of ,the kernel" Kruger (1976) also found that

enz)me activity increased 33 fold by 5 days of gerrnination

and then decreased. Nine to ten isoenzlnnes of o-diphenol-ase

activity, but only one band of nonophenolase activity, s/as

found in the developing grain" Monophenolase activity lras

detect,ed at 35 t,o 39 days reaching a maximum at 42 days

after anthesis followed by a decline at maturity (Taneja and
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Sachar ,1974) " The appearance of tyrosine specific activity
appears to be linked with the onset of maturation. The

authors inplied the change in seed color from green to brown

may indicate that, monophenolase has a possible role in the

formation of pignrents in the grain coat. The lack of

synchronicity between the two activities during grain

development suggested two distinct enzynes rather than the

same enzlme complex"

Sa1uja et, al (1989) found a significant increase in
rnonophenolase activity in deembryonated half seeds of wheat

after a two hour exposure t,o gibberellic acid. This response

however occurred only after lowering the endogenous levels
of phytohormone by leaching. Sinilar stimulation was induced

by the adninistration of phosphate ions (75 nl'f) "

Sirnultaneous addiÈion of gibberellic acid and phosphate ions

had no cumulative affect on the activation of the enzlme"

Gibberellic acid and phosphate ion activated enzlme showed

al-tered molecular propert,ies.. An increased thermostability
and a shift in pH optinum towards pH 9 were observed. The

control pH opt,inum was pH 7 " 0 " GeI perrneation fractionation
indicated a single molecular form of monophenolase (45,OOO)

both in the control and gibberellic acid treated half seeds.

The authors suggested that the monophenolase induction r^ras

due to possible structural nodification of the enzlme

without, its oligonerization" They felt that, the induction of

the enz)me activity by gibberellic acid ,G43, to be a true
primary response t,o the final hornone" Abscisic acid (1OO
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u¡{) exerted a negative control on the gibberellic acid

stimulated monophenolase activity" Cyclohexinide did not

inhibit the GA3 mediated increase in monophenolase activity.

This indicated the hormonal regulation of the enz)rule was

achieved by the activation of the enzlme at the post-

translational level.

Interesse et al, (1981) Purified four isozlmes of o-

diphenolase from yrheat ¡o¡ith pl's of 3"60, 4"95 ' 6"80, and

9.60. The highest specific activity was found at pI 9.60"

Further work by Interesse et a7 (L983) on this fraction

found a molecular weight, (W), of approximately 115 000. o-

Diphenolase (o-DPO) from higher plants is thought to be

aggregates of monomers. The isozyne, PI 9.60, when ex¡losed

t,o SDS- PAGE showed two subunits, one of 30r000 molecular

weight and the other of 23 5OO. the ratio of material in the

two subunits t¡as approxinately 3 to 1 respectively. They

suggested the 3OTOOO MW protein was the basic subunit of the

enzlme. The role of the smaller component is not clear.

fnteresse and co-vùorkers suggested that the 115 
' 

OOO li{I{

protein, PI 9.60, is a tetraner of three 3O,0OO MW subunits

and one 23r5OO MW subunit,. They found the copper content to

be 3.6 atoms of copper per nolecule of enzyme. They

postulated that a small amount of copper was losÈ during

purificat,ion thus iurplying one atom of copper per subunit.

This agrees welt with values found for mushrooms and

bacteria. Amino acid analysis showed the basic and

hydrophobic residue content,s were 11"4t and 27 "7*
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respectively. Glutamic acid was the nost abundant followed

by aspartic acid and glycine" The acid values include

glutarnine and asparagine" Comparison with grape, spinach and

potat,o enzyme composition shows sinilarity. The wheat enzyme

was distinguished by greater glutauric acid and glycine

composition" the authors reported comparison between wheat

and fungal o-diphenolase amino acid compositions to be very

different "

Previous work by fnteresse et aI (1980) indicated the

preferred enzyne substrates to be 4-nethylcatechol(4-MECAT)

and epicatechin, followed by moderate activity towards DOPÀ

and protocatechuic acid" Low activity was seen towards

caffeic, chlorogenic, and p-hydroxycinnanic acids with no

activity when tyrosine was used as the substrate. They also

found when using 4-nethylcatechol as the substrate, a marked.

inhibition at concentrations above 10 nM (Interesse et aJ.

1981)" The Km value was found to be 5.13 nM indicating Èhat

the isoenzlme had a low affinity for this substrate" La¡nkin

and coworkers (1981) using a Clark polarographic electrode

investigated a number of wheat classes using a variety of

substrates" High tyrosinase activity as well as an affinity
for caffeic acid, doparnine, d-caÈechin and catechol was

detect,ed in over 30 different variet,ies. The authors stated

that in nany cases differences in polyphenol oxidase

act,ivit,ies could be used t,o dist,inguish betl*een wheat

cultivars" They also found that hard red spring wheats

tended to have activities close to those obtained for hard
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red ninter wheats although varietal differences did exist.
Durum wheats could be distinguished from any other class

based on pollphenol oxidase activity levels alone"

fnteresse et aJ, (L982) also investigated o-DPO in dururn

wheat and found that it, displayed no creosolase activity"
This lack of activity was at,tributed to structural
nodificatíon takÍng place during the protein purification"
The preferred substrate &¡as 4-MECAT as was the case for the

common v¡heat" The pH activity profile for the durum wheat

also displayed tr¡o pH optiurum peaks at 5.3 and 7.3" The pH

5"3 activity peak, however, showed only 55t of the activity
of the pH 7 "3 peak. Comparison to cornmon wheat indicated an

alkaline shift of 0.4 pH units for the urajor peak as weII as

a broader plateau between pH 7.3 to 7.7" Isoelectric
focussing revealed only 3 active fractions with plrs of 5.4,

6.8, and 9.4. The alkaline fraction exhibited the greatest

specific activity"
During the purificaÈion of both the cornmon (fnteresse

et aI 1980) and durum wheat enzlme latent enzynat,ic activity
was observed after calciun phosphate gel treatment" This

phenomena has been shoçm by this enzlme from a number of

sources" Theories to explain Èhis J-atency include activation
by rearrangement of the enzymets tertiary structure and the

existence of latent form as an enzyme-inhibitor complex

(Mayer and Harel 1979).

lfarsh and Galliard (1986) found that 53t of the totaL

enzyme activity remained in the insoluble residue after
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extensive extraction with various açlueous buffer so]utions.

Their work indicated that even if solutions containing SDS

or Trit,on X-100 srere employed, the bulk of the activity
remained insoluble. They also indicated a relatively broad

pH profile ranging fron pH 6.0 to 7.0. Their work indicated

that the potyphenol oxidase activity in wheat grain was

associated almost entirely with the bran fraction as urini¡naI

activity was found in the flour and none in the wheat gem.

Àn important, point observed was that naterial used by the

oxygen polarograph nethod should be either freshly milled or

stored frozen. This etiminated the interfering peroxidation

of pollrunsaturated fatty acids which accumulated during

storage at ambient temperatures" They found a Km value of

5nl¡f for catechol" It{arsh and Galliard displayed that the

polarograph urethod was linear over the 0-0"409 sanple size

per 4 nl range.

e"03 Ãlpba Ãmylase

Alpha amylases ( 1-4 glucan-4-glucanohydrolases, E"C"

3.2.1.1) are endoenzlmes which hydrolyze the internal

glycosidic linkages of starch yielding smaller glucose

oligoners which have the atpha configuration at the anomeric

carbon of gJ-ucose (Banks and Greenwood 1975) . The primary

role of this enzlme is to ¡nobilize and solubilize the

kernelts starch reserves thus providing an enerçry source for

the gerninating embryo"
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There are two major groups of alpha amylase isozynes

present in wheat. Isoelectric focussing indicates the alpha

I group is acidic in nature with pI's ranging from 4"6-5"0

and is sometimes referred to as the rrgreen¡e form. The alpha

II group, found with the onset of gernination, has a pI of

6.2" Although mainly appearing at germination, the alpha II
group, contributes the bulk of the enzlroratic activity.

Isoelectric focussing (Nishikawa and Nobuhara, L971-,

MacGregor, L978) of each group has shown numerous

electrophoretically distinct species" Marchylo et aJ (1980)

displayed up to 22 separate alpha anylase components in

wheat. The degree of nultiplicity within a group was found

Èo be cultivar dependant"

Investigation of cereal alpha amylase has shown it to

be monomeric in nature with a molecular weight of 40-58r000

(Greenwood and MilnerL968, MacGregor L978, Tkachuk and

Kruger L974 and Silvanovich and Hill L977) " The pH activity

indicat,ed pH 5. 5 to be optirnum although both alpha I and II

groups required calcium in trace quantities to maintain

their tertiary structure and maximum activity. The enzyme

was thermally stable at 70 C for 15 nin, but acid labile,

(Kruger and Lineback 1.987) being inactivated at pH 3.4"

Alpha amylase in irnmature wheat, was found prinarily in

the pericarp, (Kruger 1972) with snall anounts in the seed

coat and aleurone. The enzlme was detected shortly after

anthesis, increasing with development before decreasing aÈ

naturity. Àt naturity trace guantities of germination like
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alpha amylase were detected in the endosperm, (Marchylo et
al ,1980) seed coat, and the scutellum" The amount of enzyme

present in the wheat kernel was dependant on the state of
the seed" The amount of enzlme increased dranatically r¿ith

the degree of gernination" In gerninated wheat the enzyme

was found in the endosperm adjacent to the aleurone and

scutellum" the aleurone was the main tissue in which alpha

amylase was synthesized rlde novor¡ although the scutellum was

inplicated as well. Sound wheat had 5O-6Ot (Kruger and

Tipplesr1980) of it's amylase activity removed during the

nilling process. RemovaL of the final reduction flour
streams to reduce the enzlmets presence (Kruger and

Lineback,L987) was not economically feasible"

2.O1 Pbenolic Compounds

Phenolic compounds encompass a large array of chemical

compounds usually Èhought, to be secondary netabolites" The

common phenolic constituents of plants fall into two broad

groups: the phenolic acids and coumarins, or the flavonoid

compounds including anthocyanidins"

The phenolic acids are subdivided into two classes

based upon their basic backbone; either the benzoic acid

based acids or the cinnamic acid based conpounds. Both

classes are usually found in either a conjugated or

esterified form. The siurple benzoic acid derivatives include

p-hydroxy benzoic acid, protocat,echuic acid, vanillic,
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gall-ic, syringic acids and the o-hydroxy salicylic and

gentistic acids. Caffeic, ferulic, sinapic and p-coumaric

are the simple cinnamic acid based phenolic acids. (Deshpande

et aI 1986)

Phenolic acids are endogenous Èo the wheat plant
(Bose,L972,) and wheat fiour (GallUs and Jenning Lg7L, Maga

and Lorenz,L974, Sosulski et al, L982, Fulcher,L9B2, Cherney

et aLr1989, Pussayanawin et aI 1988, Seitzr1989). Ferulic
acid, the most abundant, has been shown by Fulcher (LggZ) to

be associated with aleurone eell rsalls. Polysaccharide

esters of ferulic and p-coumaric acid have been identified
by Hartley and Jones (L9771. Subsequent release of ferulic
acid bound to bran cell r¡rall carbohydrate through the action

of a ceLlulase by Snith and Hartley(1983) resulÈed in a

single component, FAX, which accounted for aII the ferulic
acid esterified to the walls" RP-HPLC of FÀX consist,ently

gave two peaks in a ratio of 2:1 based upon area. Subsequent

isolation of either peak followed by chromatography yielded

two peaks suggesting a rapid eguilibrium between the two

forns. Analysis revealed FAX to be z-O-t5-O-(trans-

feruloyl) -B-L-arabino-furanosyll D-xyJ.opyranose. The two

forms $rere thought t,o be trans and cis isomers of the

molecule" Gubler et a7(1985) showed the presence of tlso

feruloyl containing compounds which were released into the

incubation nedium when isolated barley aleurone layers were

treated with giberrellic acid" One compound r¡as identified
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as O- [ 5-O-feruloyl-L-arabino- furanosy] I - ( 1-3 ) -O-D-

xylopyranosyl- ( 1-4 ) -D-xylopyranose "

Enzymic cleavage and subsequent alkaline hydrolysis of

maize arabinoxylan fragrments by Nishitani and Nevins (1989)

indicated diferulic acid played an inportant role in the

crossrinking of the oligosaccharides. one fragment resulting
from the enzlme cleavage had 0"5t w/v ferulic acid present.

Using an alkaline hydrolysis of the wheat bran cv.

Flanders, 6"6 mg/g. of ferulic acid, 34 ppn p-hydroxy

benzoic acid, and 38 pp¡tr p-coumaric acid vrere detected

(Snith and Harttey,L983). Values for a second variety
Huntsman yielded 3 "8 mg/g ferulic acid while durum displayed

5.0 mg/g"

Schwartz et aI (L989) characterized lignin from HRS

r¡heat, bran and found both trans ferulic acid and p-coumaric

acids present in a ratio of 2.62L. Further analysis of the

lignin core by alkaline nitrobenzene oxidation revealed the

presence of vanillin, syringaldehyde, p-hydroxybenzaJ.dehyde,

and p-hydroxybenzoic acid.

Seitz (1989) using dissected wheat, kernels quantitated

stanol and sterol esters of ferulic acid" He demonstrated

that these esters krere associated soleLy with the inner

pericarp" Va1ues listed for ground grain stanyl and steryl
ferulates ranged fron 62-64 ppn for white wheats to LZ3 ppn

for the hard red spring wheat Oslo. Seitz reported that the

solvent used for the initial extraction significantly
affected the measured total concentration of Èhe ferulate
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esters" Initial extractíon of wheat, al-eurone with acetone

yielded 73 ppn while methanol extracted only 7 "3 ppm",

hexane removed 13 ppm, and chloroforn 38 ppn for the wheat

sample. Hovrever, for corn, acetone extracted onÌy 32 ppn

compared to hexanets 88 ppn. Seitz reported that, campestanyl

ferulate followed by sitostanyl ferulate were the najor
wheat stanol- esters

Fractionation of solubilized bound niacin from wheat

bran has highlighted a series of phenolic-carbohydrate

componenfs. They were found to consist of a series of mono

and oligosaccharide derivatives of 2-aminophenol (2-hydroxy

aniline). Enzlme studies indicated the sugars were linked to
the phenolic hydroxyl groups.

Maga and Lorenz (L974) showed the presence of 16

different sinple phenolic acids in five different wheat

flours with vanillic acid being the najor conponent in each

case. Ferulic and p-coumaric acids were also present in
significant amounts. Surprisingly, the free acids

contributed the bulk of the phenolic compounds. Total

vanil-Ìic acid values for the wheat ranged from 36 to 41 ppm,

while feruLic acid urent from 25 to 32 ppn. p-Counaric acid

stayed relatively constant at 21 to 25 ppn. Sinilar trends

and values \dere reported for the four triticale flours also

investigaÈed in their paper"

Sosulskí et al, (L982) showed that cis and trans-ferulic
(1"2ppm), vanillic (0.6ppn) and syringÍc(O.sppn) acids rá¡ere

the principal free acid phenolic conpounds in the wheat
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flour" The soluble bound phenolic esters consisted of

ferulic (3.8 ppin), vanillic (3"0 ppn), and syringic(2.3 ppxn)

acids" Àlkaline hydrolysis of the insoluble residue

indicated the najor component to be trans-ferulic acid at

58.6 ppn with 1"4 ppn syringic acid present" Ferulic acid

accounted for 89.18 of the total phenol-ic acids found in
their study. Other phenolic acids such as sinapic, caffeic,

and protocatechuic were said to -o-.e present in trace amounts.

Sosulski and his coworkers also highlight a najor decline by

approximately trr¡o-thirds in the phenolic acids of wheat

flours stored for six months at room temperature

Jackson (1983) found si¡nilar values to Sosulski with
ferulic acid levels of 1.04, 3.8, and 36"1 ppn for the free,
soluble, and insoluble phenolic acids respectively. He

indicated that in overmixed doughs, the free and soluble

forms dropped to one-third of their unmixed value. No other

phenolics r{ere reported except as trace amounts.

Kuninori and Nishiyana (1986) using a single methanol

extract of a Canadian whit,e wheat reported values for both

free and soluble bound ferulic acid levels in the bran, germ

and endosperm" The bran had L4"2 ppn free ferulic acid

compared to 2.80 ppn in the germ. The endosperm showed a

linited quantity as only 0.114 ppm free ferulic acid and

O"2I7 ppm soluble bound ferulic acid was found. The germ

and the bran had significantly higher bound values of 31"3

and 29.4 ppn respectively.
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Pussayanawin et aJ, (1988) using a different extraction
procedure found values considerably higher, ranging from

24"4 Èo 795 ppm for total ferul-ic acid in the nilling

fractions of four different IIRW wheats. The exÈraction

procedure entailed a rapid 30 nin acíd hydrolysis using o"z

N sulfuric acid naintained in a boiling water bath. The

resulting extract was then incubated with alpha anylase

prior to dilution with distilled water" The diluted extract
was utilized directly in subsequent HPLC analysis. Their

HPLC values corresponded weII with relative fluorescent

intensity measurenents of the same nill streans yielding a

correlation coefficient of o.g't.

Fulcher et al (1988) using quantitative fluorescent

microscopy was able to define and inage a single whole

aleurone ceI1 and adjacent nucellar and pericarp walls based

on ferulic acid emissions at 420 nm" They were able to show

that the aleurone cytoplasm and starchy endospern emitted

little to no response.

2,05 BiosyntbesiE

Formation of the various cinnamic based phenolic acids

starts with either phenylalanine or tyrosine which undergo

deamination by their respective ammonia lyases to yield
cinnamic or p-coumaric acids respect,ively" The cinnamic acid

produced from phenylalanine is converted to p-coumaric acid

by the action of cinnanate-4-hydroxylase" The production of



t_9

caffeic acid is accomplished by further hydroxylation by the

microsomal enzyme p-coumarate-3-hydroxylase. AII of the

enzymes to this point are membrane associated, nixed

function oxygenases. Conversion of caffeic acid to ferulic
acid is by catechol O-rnethyltransferase using S-adenosyl-L-

methionine as the nethyl donor. fntroduction of a third

hydroxyl group to form 5-hydroxyferulic acid prior to a

second methylation by cateòhol O-nethyl transferase results
in the formation of sinapic acid.

The most important ¡nechanism for benzoic acid based

phenolic biosynthesis is through side chain degradaÈion, via

acetaÈe removal, to yield the corresponding acids"

Hydroxylation and methylation of benzoic acid itself has

also been shown to occur.

The toxicity of free phenolics may account for the fact
that most of these compounds in living tissue are found as

glycosides" fn vivo synthesis of gtycosides has a dual role,
deactivation of the phenolic nucleus and providing greater

water soì.ubility.

One of the najor biological properties of phenolic

compounds is their ant,imicrobial acÈivity" ft is often

assumed that this is one of their najor roles in plants

(Friend L979) " Methyl esters of ferulic and 3,4-dinethoxy

cinnamic acid inhibit a wide range of rust fungi. In onions,

catechol and protocatechuíc acÍd. act as inhibitors to

certain spores" Chlorogenic acid, widely distributed in the

plant, kingdon has been associated with resistance to fungal



20

attack. The fungrus responsible for brown rot in apples is

inhibited by the oxidat,ion of endogenous phenolics by

polyphenol oxidase" A sirnilar reaction is found in cotton

and red clover (Friend L979')" Hydroxy benzoic acids,

particularly p-hydroxy benzoic, salicylic and vanillic acid

at phytotoxic leve1s have been found in apples and potatoes.

Certain varieties of rice and potatoes resistant to plant

pathogens have shov¡n an increase in phenotic acid

biosynthesis upon infection" Friend and ThrelfaIl (L976)

showed in infected plants that an increase in the production

of polysaccharide bound phenols occurred. This observation

in conjunction with oxidative cross linking of the cel-l- waIl

pectin polymers rendered the cell wall impenetrable to

fungal hyphae"

The role of phenoLic compounds also have been found in

dying plants to acts as reproductive inhibitors to

herbivorous rodents feeding on these plants. Two phenolics

in particular, ferulic and p-coumaric acid have been

iurplicat,ed (Harborne 1979). Harborne also discussed evidence

for the role of free phenols from leaf washings acting as

phytotoxins by acting to inhibit the growth of annual

grasses in the ptant,'s ProxinitY"

Lignin is considered to contribute to the compressive

strength of the cell wall. The cinnanyl alcohols are the

primary buiLding blocks of lignin being derived from

phenylal-anine via the corresponding cinnamic acid pathway.

The various cinnamic acids are then activated to form
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coenzyme Ã, thioester by the enzyme 4-coumarate:CoA ligase.

It has been suggested thaÈ there are two forms of this
enzyme, each specific for either caffeic and p-coumaric

acids, used in flavanol biosynthesis, and a second forn for
ferulic and sinapic acids. It has been observed that the

percentage of syringryl residues in lignin increased v¡ith

plant age" Reduction of the cinnanoyl CoA thioesters to

their corresponding alcohol-s is specific to lignin
biosynthesis. The two step process, involving the formation

of the aldehyde and then the alcohol requires two molecules

on NÂDPH. The enzymes responsible are cinnamoyl-CoÀ:NÀDPH

oxidoreductase, followed by cinnanyl alcohol dehydrogenase.

The resulting nonolignols are then polyrnerized via the

action of peroxidase. The initial reaction is the generation

of mesomeric phenoxy radicals which couple to forn a

dilignol" This process cont,inues yielding the macromolecule

lignin.

Flavanoids consist of six najor subgroups based upon a

C 15 chenical backbone. Other than providing a color
function , the flavanoids have also been suggested to be

protection against UV light and infection by phytopathogenic

organisms. The initial biosynthesis of all the subgroups is
closely related" The carbon skeleton of rings A and C are

derived from three acetate and 1 malonate acids" The third
ring ,8, comes from the cinnamic acid pathway and is usuai-J,y

introduced as a coumaric or caffeic thioester of Coenzyne

A. The internediate in the init,ial stages of biosynthesis is
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the chalcone. The reaction involving the incorporation of

the thioester cinnamate derivative into the initial ring
structure is accomplished by chalcone synthase. This

reaction is considered to be the key step in flavanoid

biosynthesis" It is from the basic chalcone structure that
the other subgroups are synthesized" There are two pathways

in the specific flavanoid biosynthesis" The chalcones lie in
an equilibriu¡a with the fl-avanones Èhrough the action of
chalcone isomerase. From the initial chalcone structure
flavones and isoflavones are produced. If the starting
material is flavanone subsequent ftavanols and

anthocyanidins are for¡red. ^As the C ring of the

anthocyandins undergoes increasing substitution the deeper

the blue color. Às the hydroxyl groups are methylated the

red deepens. (DeMan,L976) Às the pH becomes more alkaline the

color of the anthocyanins lightens" Most flavanoids occur as

glycosides with different conbinations of sugars attached to
their hydroxyl groups" The sugars are often further
substituted by acyl residues such as p-coumarate, caffeate,
and ferulate. The flavones and flavanols are so sinilar in
structure except for the double bond in ring C that the same

enzlmes hydroxylate and nethylate the B ring. Flavanoids

from wheat bran have been identified by Feng et aI (1998)

and Feng and McDonald(1989) to be trøo di-C-glycosyl
flavones. These are 6-C-pentosyl-8-C-hexosyl and 6-C-

hexoxyl-8 -C-pentosyl apigenins "
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The glycosylation of the flavanoids also plays an

important role in protection from oxidation by polyphenol

oxidase. Phenolases fron potato and tea did not oxidize

flavonols glycosylated in the 3 position but did attack

flavonols-7-glycosides. The reason for the protective effect"

of the 3-glycosylation may be due to flavanoid's structure.

In order to be a substrate for the enz)rrne the molecule must

have a planar structure. Substitution of the bulky sugar

forced the flavanol to take a non-planar confirmation

(Harborne L979) 
"

À crit,eria used by breeders in the wheat selection
procedure against sprouting danage is grain coat redness

(Gordon L979) " The role of the red pigrnent and dormancy has

been suggested by Miyamoto and Everson (1958). Flavan-3-o1s

and flavan-3r4-diols have been found to be najor precursors

of phlobaphenes, Bronrn (L964), which have been shos¡n to be

present in the grain coat. Pollmerization of these

precursors to phlobaphene involves the enzlnne polyphenol

oxidase (Taneja and Sachar, L974, Taneja et aI Lg74) "

Gordon, (L979) , suggested that flavanols in vivo were not

associated with enbryo dormancy. However, comparison of the

embryo dormancy development curves of white and red grained

wheats indicated that the point of departure between the

wheats corresponded with the formation of the red pigrment"
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2.05 Phenolic Acid Interaet,ions

Baker et aI (L943) report,ed aqueous extracts of wheat

flour r¡ere capable of forming viscoelastic gels when

treaÈed with small amounts of oxidizing agent" This form of

oxidative gelation occurred without heating or cooling and

only in the presence of an oxidizing agent" Neukom and

Markwalder (1978) stated no other natural polysaccharides

displayed this property and it could not, be explained by

conventional polysaccharide chenistry. Ferulic acid rvas

shown to be released from these polysaccharides upon alkali

treatment,. They were also able to shor¡ the presence of

diferulic acid in the gel fraction" The dimer rsas formed by

oxidative coupling of two adjacent ferulic acid residues

causing crosslinking of the arabinoxylans. Neukom and

Markwalder were able to artificially synthesize diferulic

acid by reacting ferulic containing pentosans" Earlier work

by Markwalder and Neukon(1-976) had shorsn the existence of

diferulic acid as a natural component of insoluble pentosans

and they assumed that oxidative crosslinking took place

sometine duning kernel deve)-opment "

Schroeder and Hoseney(1978) reported that a r¿ater

soluble extract of trrheat flour was responsible for dough

breakdown during over nixing" The resulting gluten/starch

fraction, GS, showed no breakdown during nixing" KIO3 had no

effect on the GS fraction but fumaric acid, a doubLe bond

compound, did" Addition of both KIO3 and fumaric acid
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accelerated the rate of dough breakdown. Similar results
were obtained with either ferulic acid or NEMI, a sulfhydryl
binding agent" Separation of the water soluble extract into
fractions indicated a heat stable component was responsible,

which the authors believed contained ferulic acid. They felt
that the effect of activated double bond compounds on

reducing rnixing tiure and subsequent dough breakdown depended

on some form of interaction between some group or radical
created in the GS fraction of flour. The authors suggested

that the role of the oxidants was to provide a functional
group or radical that would interact with the added or

indigenous activated double bond compounds, particularly

ferulic acid" Support for the involvement of radicals rÀras

confirmed by the reversal of breakdown in the presence of
radical scavengers butylated hydroxy toluene (BHT) and

butylated hydroxy anisole (BHA). Subsequent work by Sidhu et
al (1980b) indicated that both ferulic acid and cinnamic

acid could cause this effect at 25O pprn while other non-

double bond phenols, (4-hydroxylphenyl) -3-propanoic acid and

vanillic acid did not. Ferutic acid was considerably more

active requiring 25O ppn to illicit a response while 2O0O

ppm trere required for fumaric acid" Okada et aI (1987arb)

confirned the effect, of the ferulic acid at this level"
. Using C14 cyst,eine nixed with the water solubLe

extract, and irradiated with IIV light, t,o generate radical
formation, 67t of the radioactivity eluted in the same place

as feruLic acid. A corresponding increase in protèj.n was
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also found at this point. The authors suggested that the

irradiation urinics the formation of thiyl radicals caused by

the rupture of disulfide bonds during nixing. The resulting
radical- combines with ferulic acid or other activated double

bond conpounds esterified to the water soluble pentosans

thus covalently binding sone proteins to pentosans during

nixing" The introduction of the carbohydrate on the gluten

protein would profoundly effect the dough's rheology.

Graveland et a7(L979) had clained to have found carbohydrate

bound to gluten protein.

Kuninori et al, (L976) were able to demonstrate that a

water extract of mushrooms and commercially obtained

nushroom tyrosinase trere found to have an oxidative effect
on unfermented dough" In extensigraph response measureroents

1"5 g of mushroom extract produced a response equivalent to

6 mg of potassium iodate

using c14 funaric acid Sidhu et aI (1980a) found most

of the double bond acid associated with the gluten protein

aft,er dough nixj-ng. Àlthough nost of the free sulfhydryl
groups in flour are found in the water soluble fraction,
only a sma1l amount of c14 fumaric acid reacted with it,.
Hydrolysis of the gtuten protein v¿ith pronase gave a single

radioactive compound, S-succinyl-L-cysteine, the saturated

acid counterpart to fumaric acid, covalently bonded to

cyst,eine"

Jackson and Hoseney (1986a) reported thaÈ during nixing

of wheat flour doughs, free and soluble bound ferulic acid
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was lost fron those fract,ions which initiated breakdown"

They were able to show that free soluble ferulic acid leve1s

declined from 1"0 to 0.3 pprn during nixing while the soluble

bound ferulic acid dropped from 3"8 to 0,9 ppn"

Surprísingty, the insoluble bound ferulic acid remained

unchanged at 36 ppn" Hoerever, they stated that siurple

differences in endogenous concentrat,ion of water solubl-e

ferulic acid was not sufficient to explain poor nixing

tolerances between good and poor flours. This was confirmed

when the water extract from a poor nixing tolerant flour was

substituted for the same extract in a good flour without

conveying its effect" The reverse substitution also did not

iurpart iurproved tolerance upon a poor flour. They felt that

the ferulic acid was necessary for the rapid dough breakdown

process, but facbor/s remaining in the gluten/starch

fraction control the flours tendency to poor nixing

tolerance.

Subsequent work by Jackson and Hoseney (1986b)

artificially synthesized an adduct of ferulic acid and

cysteine. The adduct itself had a negligible effect on dough

rheology" The authors rdere able to indicate, in a pronase

digest of dough, a small peak which eluted at the same

retention tine as the artificial adduct" They $¡ere unable to

isolate this component, due to mininal concentrat,ion, to

confirn its identity"
An alternative rnodel for the involvement of ferulic

acid was proposed involving the oxidized phenolics reacting
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with the thiols of proteins. Brenna et aI (1988) using

artificially synthesized pentosans esterified r*ith ferulic

acid, 3r4-dinethoxy cinnamic acid, and 3-(4-hydroxlphenyl)

propionic acid found that only 3,4-dinethoxy cinnamic acid

did not undergo gelation in the presence of both peroxidase

and polyphenol oxidase. Further vrork with these esterified

pentosans in wheat gluten showed that, development time was

shortened for both ferulic acid and the 3-(4-hydroxlphenyl)

propionic acid esters. The volunes and density of the bread

hras normal and the texture fine and regrular" The authors

stated that this research demonstrated it was the hydroxyl

group which was the determinant.

The number of reactions in which an oxidized

phenol can take place are numerous" Of particular relevance

to the wheat gluten sulfhydryl involvement is an alternative

reaction which has been demonstrated to occur in wine

(Singleton, 1987). The oxidized quinone reacted v¿ith the

sulfhydryl to generate a thioester. The bond was to the

aromatic ring rather than the double bond as proposed by

Jackson and Hoseney (1986b) " This reaction in wine between

caftaric acid (caffeoyl t,artaric acid) and glutathione was

confirned by the isolation of the reaction product (Cheynier

et a7. 1989) " Pierpoint (1969) was also able to demonstrate

a sinilar product forroation using chlorogenic acid and

cyst,eine " This form of the react,ion product, would not

deviate from the reported results of Hoseney over the years

but only with the resulting adduct's structure"
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The influence of polyphenol oxidase on sulfhydryl

involvement had also been shown by Pierpoint (1969) to

generate a disulfide linkage.

ft should be recognized that the quinone may also react

with the amine groups of a protein. These include a Michael

addition of the E-amino group of a lysyl residue to the

quinone ring, confirrned by Kalyanaraman et aI (1988), or by

the formation of a Schiff base by the reaction çrith the keto

group"

The products formed by the crosslinking of proteins

with benzoquinones are brown and have a reduced solubitity

and nuÈritive value"

2"07 Phenolic Color Product,ion

PhenoLs, especially o-diphenols, are well known to
polynerize as the result of oxidation to produce colored

products (Sing1eton, 1987). The mechanism of the

polyneri.zation can be divided into tv¿o categories;

generat,ion of the reactive components and pollnnerization

itself. In auto-oxidation, the presence of oxygen causes the

generation of two semiquinone radicals. These semiquinone

radicals then proceed to form a quinone and the initial
diphenol, or they can combine to generate a shared covalent

bond. Hydrogen movement, across the nolecule by isomerization

results in the regeneration of a linked diner diphenol. The
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production of the initial semiquinone radicals can also be

accomplished by the int,eraction of a source independent

quinone and a diphenol" A quinone can also react trith

nucleophilic centers, such as ¡neta pollphenols, Iike
phlorglucinol t ot the A ring of flavanoids. Such a flavanoid

reaction would incorporate into the pol)mer a phenolic

compound not origipally involved in the oxidation process"

once the initial pollmerization begins the resulting

product usually undergoes further polynerization" The redox

potent,iat of the pollnner is lower than the original phenol

naking it more susceptible to reaction than the initial
compound. The resulting diphenyl quinoid absorbs more

intensely in the visible spectrum and to the eye becomes

browner" Àn example, catechol, displays a maximum nolar

extinction coefficient at 2L4 nn of 6300" The resulting

para-linked diner had a very noticeable color with an

ext,inction coefficient of 69,000 at the visible wavelength

of 400 nm (Singleton 1987). The auto-oxidation Process

appeared to be a cascading effect as each resulting product

fatls down the redox potential 'rhillrr speeding up the ease

of future oxidation (Singleton 1987) " Since the resulting

pollmer is more susceptible to oxidation than its
precursors, the survival of the initial components to some

extent usually occurs.

The roLe of the enzlme pollphenol oxidase vras to

generate the initial quinone at, a rate far faster than in

auto-oxidaÈion. Atl Èhe further reactions resulting in
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¡¡bro&rn pigrmentst¡ and other products were nonenzlmic in

nature (Singleton 1987) "

The quinones produced by either means were found to be

very reactive and interact with a number of different

compounds other than phenols (Singleton et al 1984, 1985,

Singleton 1987). The wine industry has particular interest

in the reaction involving caftaric acid (caffeoyl tartaric

acid), the najor phenol in grape juice. The compound could

be easily oxidized by endogenous polyphenol oxidase.

Extensive study ( Singteton et a-l L984r1985, Singleton L987)

indicated that differences between grape variet,ies' color

production was due not only to the enzrme levels, but also

glutathionine concentration" The resulting quinone did not

pollmerize, but rather reacted with glutathionine to produce

a colorless product" The o-quinone reacted with the

glutathionine through a L,4 addition of the sulfhydryl to

make a thioether Ìink with t,he ring" This nay explain the

inhibition of bror.ming enzynes by sulfhydryl compounds. The

reaction of a o-quinnone with a -SH group yields a colorless

product while reaction involving the E-amino group of amino

acids produces a red or brolsn compound (Pierpoint 1969) "

Taylor and Clydesdale (1987) exarnined colors produced by

reacting a nunber of phenolics in the presence of poly¡phenol

oxidase with both peptides and amino acids" Reactions vrith

proline yielded a bright purple while alanine, glutamine,

arginine, gelation and casein hydrolysate yielded orange-

brown colors.
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2 " 0E Fl,our Color

Other than clear liquids, the color of foods is nainly
a matter of reflection rather than transmission" Reflectance

is the ratio of the amount of light reflected divided by the

amount of incident light applied" White materials reflect
equally over the entire visible wavelength spectrum. Grey

and black materiaLs also reflect equally over the spectrun

but to a lesser extent" Our perception of color is based

upon the degree of reflection at various wavelengths. The

color of a surface can be expressed in terms of reflectance

in each spectral component ranging from 400-700 nm. Objects

appearing red to the human eye reflect light in the higher

wavelengths, 630-700 hE, rrhile absorbing the others. BIue

colored object,s do the exact opposite, reflecting in the low

wavelengths and absorbing in the high region"

The Hunter system of color measurement is based upon

the opponent color theory of hunan color perception" It
assumes there is an intermediate signal switching stage

between light receptors in the retina and the optic nerve

tshich transmits color signals to the brain" In this switch,

red responses are compared with green responses and result
in a red-green dimension, designated ("*). The green

response is compared with the blue to also yield a yellow-

blue color dinension designated (¡u). Brightness, L*, is the

third dinension" The values of the Hunter system can be
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converted to CIE values. The change in color of a material

can be observed and nonitored by utilizing the L*, â*, and

b* values, However, our own perception of color does not

discriminate each of these variables, rather a total color

change is noted. Total color change, Eab, in a substance can

be expressed by the following equation.

Eab= ( L*2 + 
^*2 

+ U*2) 0"5

Quantitat,ion of flour color has generally been based

upon the degree of reflectance of the sarnple flour or

slurried flour paste at 530 nm. The Kent,-Jones and Martin

flour grader are the standard instruments with grade color
figure values (cCF) being assigned on an scale of -5 to +18.

The lower the GCF values the brighter and r¡hiter the sample.

Over the years the GCF had been used by nillers to indicate
the degree of bran contanination in their flour samples.

However, Barnes (L986) using dissected endosperm from

tt¿o different samples of wheat kernels of the variety

Flanders, found the GCF t,o dif fer by 2 . 0 cCF units. The

corresponding flours from the two samples had GCF

differences of 2.4" Variation in greyness of dissected

endosperm pastes were exanined on L2 separates varieties.

The range of values extended from -1"3 to +3.1 cCF units.

Barnes attributed the differences to an intrinsic character

found in the endosperm of the variety and not due to the

bran content," He found that endospern greyness could

account, for three out of four units by which flours varied

leaving only one unit to be accounted for by the difference
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in bran content. Barnes stated this finding contradicts the

original prenise used over the years that the major factor

causing differences in GCF is due to the bran content. It
was al-so of interest that unpigment,ed white wheats had

endosperm with greyness values sinilar to those found in red

wheats. He went further t,o suggest that, the endosperm paste

reflectance was influenced by the endosperm protein content"

Grain grown at the same site but r*ith different fertilizers
levels resulted in varying protein values. Plotting
endosperm reflectance at 540 nm versus protein content for
the variety Copain reveal-ed a linear relationship " Further

evidence for protein involvement was shown by using

dissected endosperrn from mealy endosperm and vitreous

endospern grains of the same variety. Barnes was able to

show a negative relationship between protein content and

endosperm paste reflect,ance"

The other standard measurement of flour color is the

Agtron test for flour (AÀCC Method 14-30,1983) which in the

green mode measures, via reflectance, the presence of non-

carotenoid pigments"

À number of different factors influence the final color

of a flour sample. Ä,side from the key varietal differences,

the degree of rnilling or extraction percentage of the flour
from the inÍtial wheat is very inportant," It has been shown

by numerous authors, ( Yasunaga and Uemura L962 rBarnes 1986 )

that extraction rate influences the color of the product.

Generally, ext,raction of up to 708 has litt1e influence on a
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specific wheat, samplets flour color. However as the

percentage of fiour increases past. this point the GCF

increases rapidly as the higher extract,ion resul-ts in a

perceptible darker flour. Kruger and Reed (1988) reported

that the typical patent flours have GCF values of 0-4"0 and

straight grade flours of up Eo 72 I extraction, 4"5-6.5 ccF"

As the extraction percentage on a straight grade flour
increases to 85* they reported GCF values ranging from 9-

13.5 while at 9Ot extraction the GCF rose to 13.0-15.0.

Yasunaja and Uemura (L962) found the flour color to be

the most, important criterion for assessing r.¡hiteness and

brightness of noodle products" They stated that flour color

rdas affected by grade, extraction rate, and the color

characterist,ics of the endosperm"

Hook (1985) investigated the relationship between GCF

and various Hunterlab values" He found that not only was the

GCF related to the whiteness using the L* scale, but also to

the redness (.n) value. The overall correlation between GCF

and (.*) vaLue were variable but very good correlations were

seen for individual sanples" Using the variety Flanders he

was able to show 3 straight-tine relationships with

correlation coefficient ranging fron 0"93-0"98 for the

variety grown on 3 different sites" The overall correlation

coefficient, however dropped t,o 0.63. Hook (1985) reported

sinilar results for nine other varieties as welI" Miyanoto

and Everson (1958) had found a posit,ive correlation betr*een

kernel color and the quantity of catechin and catechin
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tannj-n present, particularly the reddish brown pigrnent

phlobaphene, in the seed coat" Hook (l-985) utilized this
relationship to confirm that, an increase in GCF is in part

due to bran content. Careful examination of increasing

extraction rate flour showed that they pass Èhrough a

breakpoint were there is a rapid increase in the rate of

change in bran content" Hook (1985) estimated that past this
break-point the bran content, increases on average 15 tirnes

greater than before it. He pointed out that the break-point

differs considerably for different wheats and as suctr the

position of the break-point when assessing the milling value

of a wheat is very irnportant. Conparison of the break-point

for ash values versus extract,ion rates indicated that they

stere not the same as breakpoint between GCF and extraction

rate. In the 18 wheats invest,igated by Hook (1985) the

break-point for ash occurred at a lower extraction rate than

for color and varied by up to 3.58 on the extraction rate

axis. The differences in the break-points nay reflect the

differences in factors responsible. The color component is
thus supplied by the bran while the ash reflects the

influence of the aleurone. Considerable differences were

found in the rate of change of bran content in flours after
break-point as on average approxinately 15 tirne greater than

before it, Hook reflects that one must consider both the

break-point and the rate of incorporation of bran in flour
after this point r,¡hen assessing the nilling value of a

wheat c
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Examination by Hook (1985) of the xanthophyll content of

both wheat and ¡nill streams indicated that the pigrment

content was a varietal characteristic and was site
independent. Furthernore, exanination of a variety's mi11

streams indicated no significant differences in xanthophyll

content as the exÈract,ion rate was increased although large

increases in GCF were found"

Particle size of dry flour affect,s reflectance as

larger particles appear darker due to casting shadows.

Conditioning of wheat prior to nillitg, in particular

conditioning tenperature, influenced the final flour color

(Robinson et a-l 1984) "

Environment can also influence the color of flour as

seen by Shuey (1976) " Wheat plots at four different,

locations over two years ltere investigated. Examination of

two varieties grown both years, Chris and Kitt, indicated

inconsistencies in flour extraction, ash, and color amongst

varieÈies and between stations" Chris, although displaying

essentially the same average flour extraction and ash

between years showed marked differences in flour color as

deternined by Agtron readings. Kitt on the other hand had

crop year averages for ash and flour color in general

agreement, yet, an individual site, Èfinot, had data

inconsist,ent with the averages" Shuey summarized by stating
f¡"..do indicate that the year, location, entry, ot cultivar
and the interact,ion of these factors can influence flour
color as well as flour ash.rl



38

Irvine and Anderson (1952) established the correlation

between flour brightness and crum.b brightness in the final

product using visual scoring. Pomeranz (1960) using the

Kent-Jones and Martin color grader confirmed the good

agreement between flour color grade and the resulting bread

crumb color va1ue"

I{heat yel}owness has an irnportant role in the

production of acceptable white flour and the final end

product,. Researchers have found that wheats under different

environmental conditions contain varying anounts and

conposition of yelIow pigrment. Initial study of the yellow

pigments in wheat were wrongly attribut,ed to carotene and

subsequent study has found that principal pignents in wheat

flour are free and esterified xanthophylt compounds which

have an absorption band at 435.8 nm.

2"09 Noodles

Noodles are a form of pasta made from flour, rather

than semolina or farina, containing salt, ánd water" oriental

noodles, other than won ton, contain no eggs, and account

for 40t of the wheat consumption in Asia (Hoseney 1986).

A variety of noodle tlpes exist depending upon the

ingredients, percent moisture, and the degree of cooking

prior to sale" The Japanese and the Chinese both produce

raw noodles although in some cases, the addition of alkaline

salts in the Chinese (Hokkien Mee) noodle is used to produce
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a distinct yellovr co1or. The Japanese noodles are usually

thicker than the Chinese counterpart but both are sold

either raw or dried. The Japanese Instant noodle has gained

considerable useage in the past 25 years in S"E" Àsia . The

noodle is made in the same manner as the raw noodle but then

steamed for 1-3 nin prior to drying or deep frying.
Yasunaga and Uenura (L962) found that increased

extraction rate was the najor cause of color deterioration

in Japanese noodles. Japanese instant noodle brightness and

yellowness nere also correlated with extraction rate by Moss

(1982). Moss (1971) found that for Japanese noodles the

brightness lras inversely proportional to the flour's
protein" He was abl-e to show that the discoloration was

based upon the degree of darkening developed by gluten

washed fron the respective flour" Subsequent work by Moss

(1971) on flour streans showed that glutens prepared from

different nill streams gave si¡nilar color readings for a

particular variety but, marked differences between glutens

from different varieties. Miskelly (L984) working with

Australian wheats, shoçred that, flour brightness ldas

negativeLy correlated with nineral content, protein content,

and the degree of starch danage. Mineral content, exerted the

greatest influence on flour brightness" Flour paste

brightness was also correlated with both brown and yellow

pigment content. Moss (1989) stated that brightness appears

to be the more significant component, of color over

yellowness in noodle acceptance by the consumer.
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The flour yellowness, as measured by a Hunter Color

Difference Meter sras highly correlated with the yellorø

pigment, (MiskelIy 1984) " Flour carotenoids, especially

Nanthophyll, along with flavones, were responsible for the

yellow color of the flour. Tricin was suggested to be the

najor wheat flavone component," Moss (1967) found significant
varietal differences in the yellow pigment content of flours
nilled from Australian wheat varieties. Although Moss

reported no significant relationships srere found to exist
between the yellow pigrment content and protein or extraction

rate Miskelly (1984) indicat,ed that for Chinese noodles,

both yellowness and brightness, were related to flour
extraction rate over the 60-722 range. Àustralian soft
wheats were found to have more yellow pigrment than the red

wheats (Miskelly 1984). The degree of yellowness nay be

governed by the extent of contamination by the flavone rich
ger¡n (Moss L974) " Miskelly (1984) found that the flour's
brightness nas inversely related to its yellowness. Moss

(l-971) stated that although Australian wheat varieties
differ in their yellow pigment content this influence eras

not apparent in their respect,ive noodles except for highly

pigrnented varieties"

The normal pH of Chinese rast noodles is pH 9-11"

ÀIthough alkaline ingredients toughen the dough and alter
the paste properties, they also serve to inhibit enzyme

activity and suppress enzlmic darkening ( Moss et aI 1986) "

Moss and his coworkers ürere able to show Èhat the color of
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the prepared noodle çras Èhe result of the nature of the

alkaline component. Noodles prepared with only NaCI srere

white to cream, but alkaline salts indi¡ced the yelLow col-or.

The use of potassium salts in the preparaÈion induced a

green hue while sodium salts resulted in a clear yellow

product. Using two different mixtures of NaCO3 and K2CO3 in

the Kan Sui reagent yielded minor differences in the

brightness as well. Addition of NaoH as the alkaline

component at, levels above 1& were found to eliminate the

normal,discoloration of rard noodles on standing. A side

effect of the nontraditional use of NaOH is that although

naking the noodles a brighter yellor*r, NaOH accelerates the

noodles' breakdown after cooking.

Protein content ranked second outside of actual flour

color, âs the nost inportant factor affecting the color of

the fresh Japanese noodle" Flours with lower protein gave

the whitest noodles. Moss (1971) stated that at the same

protein Ievel, some varieties produce a brighter noodle than

others, but, the level of protein has a much greater effect

than varietal differences. The preferred protein level for

Japanese noodles is 9-9 " 5* (l,foss L982) while f or Chinese

noodles 9.5-13.38. Although lower protein levels are

preferred a compromise must be struck as sensory eating

quality decreases with decreasing protein leve1s. Once the

noodle was boiled the color became inversely related to the

yellorà pignnent and the protein correlation was no longer

significant (l.fisketly 1984). Raw Chinese noodlê brightness
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was inversely related Èo the protein and bror¿n piçnent

content as determined by Matsuo and lrvine (L967). Matsuo

and lrvine found that the brown pigment was associated rr¡ith

a water soluble copper containing protein. Boiling removed

the brown pignent as a contributing factor to color as the

material dissolved in the cooking water" The initial flour/s

yellowness and the yellowness derived from the Kan Sui

reaction however remained a fact,or.
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3"0 M.ATERTÃT, å¡TÐ MESEODS

3,01 Wheat, Samples

The wheat varieties selected were chosen t,o represent

five distinct classes of Canadian wheats" The varieties

picked were Katepwa (Hard Red Spring), Glenlea (Canadian

Utility), HY320 (Canadian Prairie Spring), Norstar (Hard Red

Winter) and Fielder (Soft White Spring) " Purity of the

variety was ensured by selecting from certified pedigree

seed. Samples of Fielder and Norstar were purchased from the

Àlberta Wïreat Pool while the remaining varieties lÀIere

supplied by local Manitoba dealers" One tonne of each

variety was purchased from the cert,ified dealers, cleaned,

and thoroughly ¡nixed to ensure a homogeneous stock prior to

rnilling. Specific details characterizing the individual

wheats can be found in Table L.

3.02 Ãlpha Ãmylase åssay

The method eurployed for the determination of alpha

anylase levels in both the fLour and ground grain was the

nephelonetric nethod American Association of Cereal

Chemists, (åÀCC) 22-07 as nodified by Kruger and Tipples

(1980). One gram of sanple was extracted for t h with 5 mls

of 0"2M sodium acetate, 0"001 M CaCI2, pH 5"5, with consLant

agitation. The mixture was cent,rifuged for 20 nin at 15ro0o

G and the resulting supernatant filtered through
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glass wool. A 0.2oo nL sanple of extract, or diluted extract
was mixed with 3 nls of waxy naize B-tinit dextrin,
preincubated at, 37oC, and nonitored on a perkin Elyurer Mode}

191 Alpha Anyrase Anaryzer. Àlpha anylase varues were

calculat,ed against a fungal amylase standard curve and

reported in x:.0-3 ng rnaltose/min /g sanple.

3. 03 Pollpbenol oxLdase åssay Condl"tLons

For the anarysis of polyphenol oxidase the procedure of
Marsh and Galliard (1996) was enployed with minor

nodifications to assay temperature to maximize enzlme

deÈect,ion. A Yerlow springs Model s3oo Biorogical oxygen

nonitor with a standard nenbrane was enployed. The

temperature was maintained at 3zoc by a circurating water

baÈh. The assay medium consisted of 4 nr of air saturat,ed

0"01M Mcrrvaines buffer pH 6.8 (Kruger L976) eguiribriated
at 37oc. The system was arlowed to stabilize with stirring
prior to the introduction of to to 200 ng of ground v¿heat or
flour sarnple. .å, homogeneous sorution was ensured by rapid
stirring of the solution with a dissection pick before

searing with the electrode plunger" Arl trapped air bubbles

etere removed by nanipulation of the electrode prunger. The

suspension was then monitored for 5 ¡nin to establish
endogenous oxygen consumption" A fresh substrate sorution of
0"8 M catechor in 0.01 M Mcrlvaines buffer was prepared for
each L5 assays" A 0.100 nL aliquot of the o.B lf catechol
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solution vras injected into the assay cell and the oxygen

consumption monitored as'a recorder trace for 3 to 5 nin"

Blanks usÍng only the assay nediun and the substrate aJ-iquot

were run at the beginning and end of a sample series to
determine substrate auto-oxidat,ion values. oxygen

consumption was corrected for both endogenous and substrate

auto-oxidation prior to conversion to a per gram basis.

Results were reported on a nmoles 02 consumed / g/ nin

!{here enz}rme levels were extremely high the assay

volume was increased to 8 mls of buffer and 0.200 nl of 0.8

M catechol were injected.

ÀII samples rdere assayed a ninimum of three tines"

3,04 EPLC System anð Condítions

Analysis was carried out on a Waters (Milford, ffi. ) 860

Chromatography Data Systern consisting of two M 510 pumps, a

WISP autoinjector, and a M490 nultiple wavelength detector

all controlled by a Digital (Digitat Equipnent Corporation)

MicroVax 2000 cornputer" The analytícal column was a

reversed-phase Supelco (BellefonterPA") LC-18, (3"3cm x 4"6

nn) preceded by a 2 cm Supelgruard column of the same

naterial. The solvent system was a linear gradient from

10Ot A:Ot B to 82tA:18t B, over 30 nins.. Solvent, A

consisted of 0.1t (v/v) trifluoracetic acid (Pierce,ILL") in

water while B was 0.lt (v/v) trifluoracetic acid in HPLC
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grade acetonitrile (Fisher, Rockford N"J. ). The flow rate

was maint,ained at 1.0 nl/nin and peak detection was carried

out simultaneously at 28O, 254, and 32O nm. The HPLC

analysis was done at room temperature" Calibratíon standards

consisting of protocatechuic, vanillic, caffeic, syringic,

coumaric, ferulic and sinapic acids were run with each

series of sanples" Each acid displayed a linear response, r

occassion "

3.05 Phenolic åclð Extraction

The phenolic acid conposition was deternined through a

nethod similar in nature to that outlined by Krygier et a7

(1982a). The phenolic acids were separated into three forns;

the soluble free phenoJ-ic acids, soluble bound acids, and

the insoluble bound acids.

The initial starting material was 15 g of wholemeal or

flour nixed vrith 100 nI of nitrogen saturated 80t acetone in

a 250 utl centrifuge bottle. A stirring bar ensured constant

agitation and a nitrogen blanket was layered onto the

mixture prior to capping. The saurple vras mixed for 15 min at

room temperature before centrifugation at 15,000 G for 10

min The supernatant was drawn off and placed in a sealed

nitrogen environment" The process hras repeated a second tine
using 75 nl of the 80t acetone and the supernatants were

pooled
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The residual pe1let was then extracted by the same tr¿o

step process using nitrogen saturated 80å rnethanol" The

resul-ting grist was frozen, lyophilized, and stored under

nitrogen in a freezer for later analysis of the insoluble

bound phenolic acids"

The acetone fraction was rotary evaporated under

reduced pressure at, 37oC until all the acetone was removed.

The methanol extract was then added and the process

repeated" The reason for keeping the extracts separate was

to ninimize the evaporation tine as material flocculated out

of the nethanol extract early in the evaporation process.

The resulting aç[ueous solution contained both the free

and soluble bound phenolic acids and was acidified to pH 2.o

with HCl. The aqueous phase was then extracted with four

aliquots of an ethyl ether:ethyl acetate (1:1) nixture of

volumes L00, 75,75, and 50 nl The organic phase drawn off
at, each stage was pooled in a closed flask under a nitrogen,

and dried over sodium sulfate" This extract contained the

free phenolic acids.

The remaining aqueous phase was rotary evaporated to
remove any residual organic solvent before being hydrolyzed

in 2 N NaOH, under nitrogen, for 4 h at room tenperature.

The solution was then brought, to pH 2"0 with HCI and

extracÈed with four volumes of the ethyl ether:ethyl acetate

mixture, stored, and dried as described previously. This

fraction contained the soluble bound phenolic acids"
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The phenolic acid fractíons were filtered to remove the

sodium sulfate and rotary evaporated at 37oC. The phenolic

acids were solubil-ized in 5 nl of 100 & methanol, filtered

through a Mil}ipore 0"45 ultf filter, and a 0.005-0.010 nI

aliquot was injected onto the HPLC column.

The lypholized grÍst containing the insoluble bound

phenolic acids was ground to a fine powder in a coffee

grinder. A 2"00 g sarnple was hydrolyzed, under nitrogen, in

100 mls of 2N NaOH , for 4 hrs., t*rith continuous stirring.

An 80 nl aliquot of water was added to the hydrolyzate and

the solution brought to pH 5.0 with HCI. The solution was

then centrifuged at 15rO00XG for 15 nin and the supernatant

carefully removed" The pell-et was .resuspended in 2O ¡nI of

waÈer and recentrifuged" The supernatants rrere pooled and

made up to 250 nl in a volumetric f1ask" A 100 nl aliguot of

this fractions was adjust,ed to pH 2.0 with HCl. The aliguot

vtas then slowly applied t,o a 1"0 g Supelcoclean (Supelco

Inc" BellefonterPÀ") C-18 solid phase extraction column (Seo

and Morr 1984, Jaworski and Lee L987) previously wetted with

meÈhanol and washed extensively wiÈh 0.05 N HCl" After the

addit,ion of the sample the column was washed with 25 nl of

0"05 N HCL" The phenolic acids *rere then eluted from the

column by rinsing the column with 4 rnl of 100t methanol. The

eluant, was made up to 5 rnl in a volumetric flask and passed

through a Mitlipore 0"45 ull filter prior to HPLC anal-ysis"



50

Â11 flour and wholemeal samples were analyzed in
duplicate. .An example of the standard phenolic acid series

and an experimental chromatogram can be viewed in Fig. 1

3"06 Ãgtron Colore

Flour color, from sources other than carotenoids, \das

determined through the use of an Agtron Color Monitor, Model

5004, utilizing the AÄCC nethod 14-30. .å, ZO g sample,

corrected to a 14t ¡noisture basis, sras mixed with 25 nl of

distilled water in a clean Agtron cup" The nixture was

stirred for 2 nin to ensure a homogeneous slurry before

being allowed to rest for 5 min . The Agtron nonitor was

standardized against a #63 and #85 color disk and at 7 min

fron the initial water addition, readings k¡ere taken at 546

nm"

3 "07 Carotenoid neterminatione

A 8.0 g sanpJ-e of wholemeaÌ or flour was mixed with 40

mls of water saturated butanol in a stoppered flask" The

sample was agitated and left overnight. The sample was

filtered through Whatnan 1 fitter paper and the filtraters
optical density read at 435"8 nm using a 1 cm cuvette. The

opticaJ- density value was converÈed to parts per nitlion by
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Figure 1. Representative RP-HPLC Chronatograms

.å, "

B"

Phenolic Â,cíd St,andards

Katepwa 75* Extraction Straight Grade Flour

Total Soluble Bound Phenolic A,cids

1" Protocatechuic å,cid

2" Vanillic Àcid

3. Caffeic Àcid

4. Syringic Acid

5" p-Counaric Acid

6" Ferulic Acid

7. Sinapic Àcid
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nultiplying by 30.05 and corrected to a constant noisture

basis.

3. oB ProÈein Det,ermånat,íon

Protein contents of flour and wheat samples were

deternined in duplicate by Kjeldahl analysis (wiIIians,1973)

on 1 g sarnples " Moisture content was deter¡nined by AÀCC

nethod 44-19 and protein content was expressed on a 14.08

noisture basis"

3"09 EunferLab Color

Three color components; brightness (L*), redness ("n),

and yellowness (bn), were determined on individual samples

utilizing a Hunterlab LabscanlI Spectrocolorimeter (Hunter

Assoc. Inc. Reston, vA.). The colorimeter r+as equipped with

a 44 mm viewport and a light, source filtered to approximate

the CfE illuninant, D65. the spectrocolorimeter was

standardized every 2 h" Atl tristinulus vaLues &tere based

upon a 31 point spectral reflectance algorithn.

ïn all HunterLab paste analysis 10 g of sample ttere

rnixed with 25 nl of water or Kan Sui reagent adjusted to

volume with respective aliguots of dissolved enz)ruûe or

phenolic compounds. The Kan Sui reagent consisted of 0.1 g

of a 9:1 nixture of sodium carbonate and potassium carbonate

made to 25 ¡nI in a volumetric flask. The flour sanple r+as
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placed in an Agtron measuring cup, the aqueous solution

ad.d.ed, and inmediately stirred u¡ith a rubber tipped rod to

form a homogeneous paste free of lumps" The sample was

positioned on the colorimeter for measurement within 45 sec

of addition of the reagent. A nodified stirring paddle,

suspended above the cuP, was inserted into the paste t'o

ensure a homogeneous solution while measurements were taken.

Four measurements of the paste, each taking approximately 4

Sec, erere done on each sample, and automatically averaged"

The paste was then transferred to a covered beaker

containing a stirring bar. The material was continuously

stirred unt,il the next tímed reading"

3"10 Milling

The various wheats used in this study !,tere mi}led in

the Grain Research Laboratory's Pilot MilI" The niII

consist,ed of 3 break ro}ls, 1 cleanup roLL, 2 sizing rol1s,

one corrugated, one smooth, and 6 reduction rolls. An extra

reduction pass vtas achieved by having the combined overs of

the 8XX sieving from the lst break to 6th middling being

given an extra reduction on a l-Orr Ross miII" The mill was

set up t,o optimize performance based upon the hard red wheat

samples with minor nodifications being made for the soft

white wheat, Fielder. Modifications to tempering and feed

rate hrere done for the respective millings.

In order to achieve higher extraction rates a number of

changes had to be made to the ni]} flow. The differentials
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on all four break rolls vtere changed from the 2zL setting

used in the 752 extraction, to 2"52L for both the 80 and 85

Z extraction runs. Clothing changes lfere also made to the

sieves, as the #tzZ, was replaced by #]-ez Nitrex on M4-6,

and 84 for the 808 runs. Due to insufficient yield the 4B

and 5M shorts, 6M coarse shorts, red dog, and all the rebolt

overs, excluding the bran flour were combined and fed over

the 4th break" The combined overs from the lst break to 6th

rniddling inclusive were given three reductions over the 6rl

Allis-Chalmers rnilI. The short,s duster overs vtere added to

the shorts to be fed to the 4th break rolls.

The highest extraction leve1s, 85t, v¡ere achieved by

changing all fLour sieves to #L83 Nitex on all sifters

except for the 4th Break, 5th Middling, and the 6th Middling

which have the wider #2O2 Nitex" Eliurination of sieves and

changing the top sieve on the 4th break to #560 Nitex yields

material containing some endosperm t¡hich would otherwise be

Iost.

The air to the purifiers was turned off and the last

sieve of each purifiers and deck was removed in order to

send more stock to the sizing roII" The miII flow was

lengthened by using a portable vibratory feeder to resuppty

bran and 5 middling shorts back over the 4th break"

In all millings each mill streams was kept separate and

pootedr âs per Appendix A, to form their respective flours.

ChineEe standard flour was made up as per Dexter et al (1984),
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4.0 Result,s an6 Diseusslon

4.0X pE Ãct,ívity ProffIe anó Afflnlty Conetants

^Although the quantitat,ive amount,s of activity varied

t¡ith variety, the five wheats displayed sinilar pH profiles
as seen in Fig.2. The pH optinun was guite broad extending

from pH 6"5 to 6"9. This value agreed with that reported

by Marsh and Galliard (1986) who indicated a pH optimum of

6.8" The dual optina reported by interesse et aI. (1980)

for purified o-diphenolase was not seen in these wheat

samples" The alkaline optinum reported by Larnkin et al.

(1981) ltas not observed although considerable difficulty
occurred in attempt,ing to obt,ain accurate activity values

above pH 7 "4 due to the extreme rate of substrate auto-

oxidation. The resuÌts of these analysis suggested a pH of

6.8 as the optinun for all further enzyme assays.

Utilizing 5 initial catechol solutions of 0"05, O.L,

O.2, 0"4, and 0.8 M, the maximum enzlnne rate and affinity
constants for individual ground grain sanpJ-es were

deterrnined. The Linevreaver-Burk plot for the individual
varieties can be seen in Fig. e and the calculated results
are displayed in Table 2" It should be noted that analysis

of enzlme kinetics using ground grain wiÌI not truly reflect
the pure enzyne's kinetic nature but is used in this manner
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Figure 2" Pollphenol Oxidase

Selected l,{heats

* Fielder

A Glenlea

tr HY320

o KaÈepwa

Q Norstar

pH ^å,citivity Profile in
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Figure 3. Lineweaver-Burk Plots for Í{heat

This Study ( 0.20 g sanPles)

* Fielder
A clenlea

tr HY320

o Katepwa

Q Norstar

Varieties Used in
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only to compare the varietÍes. The affinity constants agree

with that of less than 5 nM reported by Marsh and Galliard
(1986). À11 5 varieties had similar Km values yet their
maximum reaction rates varied considerably. Glen1ea

displayed a maximum velocity approxinately double that
observed for Fielder. HY32O showed a high reaction rate
which surpassed the other harder q¡heats and was unexpected

due to its softer nature. The extrapolated reaction rate
values were siuriliar to those deternined experimentally.

4.02 Pollpbenol Oxidase Ãnalysis

4.02.1 Assay Liuearity
Due to the expected wide range in enzyme levels

preliroinary work was done to ensure a linear response

between oxygen consumption and the amount of sample" Using

Udy Cyclone ground Neepawa grain, a linear relationship was

observed , îí9"4, between the amount of ground grain added

and resulting oxygen consumption. The relationship renained

Iinear over the 0.010 to O"2OO g sanple size eurployed in
this initial work. Marsh and Galliard (1986) also reported

a sinilar linear response with sample size. Subsequent

analysis. of all of the nill streans for each variety
utilized samples within this range.
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Figure 4" ReIaÈionship Betureen

Consumption Using a

Sample Size and PPO Oxygen

Biological Oxygen Monitor
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&"a2.2 Indivídua1 Híll Streem Analyøís

The lowest PPo levels in aII five varieties under the

three different extraction rates were found in the second

sizings stream. Values extended from 0 for the 80 I Katepwa

component to 31.8 nmoles O2/g/mín for the corresponding 85å

Katepwa stream. Please refer to Appendix B for individual

stream enzlnme leveLs. Atl other varieties did not exceed an

act,ivity level of 20"0 nmoles Oz/g/min at, any of the three

extraction rates"

The maxi¡num activity of an individual nill stream was

found in the 85* extraction shorts duster flour of Glenlea.

This strean's enzyme activity, 7960 nmoles 02 /g/min,
represented a 4"5 fold increase over the ground grain, and

rdas considerably higher than the second highest value, 5L42

nmoles O2/g/min, found in Katepwa's 85t extraction bran

flour. The 85t extraction 9th niddling stream was the most

active for Fielder, Norstar, and HY320 with enzlme levels of

3502, 3662, and 4537 nmoles O2/g/mín respectively. These

activity leve1s r¡ere 3.3 t,o 4 tines greater than the enzlme

levels found in their corresponding ground grain. The gth

middling stream had the second highest activity levels for

both Glenlea and Katepwa at 4378 and 4195 nmoles O2/g/mín

In general terms, the relative order of the streams

based upon enzlme levels, frorn lowesÈ to highest, was; the

break flours, followed by the rernaining uriddting st,reams and
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finally the bran flours and shorts duster fl-ours" On the

highest extraction runs, 85&, the most active stream was

generally observed to be the 9th niddling.

4.0?.3 Enzlmø Irøvele and Aeh ContenË

AII five varieties displayed a high degree of linearity
bet¡*een enzlme activity and ash content, independent of

extraction rate, unÈil approxinately 2.5* ash" The enzyme

levels for each variety then increased not,iceably,

indicative of a curvilinear relationship" The association

between individual nill streams and ash content, is seen in

Figs.5 -9" Under normal nilling conditions the blended

flours produced by a nilL using any of these wheats would

not be expect,ed to exceed 1"20t, representing a Chinese

St,andard Flour. The linear relationship observed between

ash content and polyphenol oxidase would thus allow the

niller and baker to ant,icipate for a wide range of prepared

flours the degree of enzlme activity based upon ash content

alone"

&"02"4 Ãlpha Ãrnylase in Indivíduel Mlll Strenlns

Alpha anylase is prirnarily located in the aleurone-

pericarp layers of the sound wheaÈ kernel. Pollphenol
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Figure 5" Relationship Between PPO Levels and Àsh Content

in Katepwa (HRS)

A. Over the entire ash range

B" Linited to a naxirnum of 2.5* ash content

PPO = 497.L x (ASH) L86"7

* 75t. Extraction Rate

O eot Extraction Rate

+ 85t Extraction Rate
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Figure 6" Relationship Between PPO Levels and Ash Content

in Glenlea (CU)

À" Over the entire ash range

B" Li¡rited to a naximum of 2"52 ash content

PPO = 610"1 x (ASH) -274"9

* 75* Extraction Rat,e

O aot Extraction Rate

+ 85t Extraction Rate
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Figrure 7 " Relationship Between PPO Levels and Ash Content

in Norstar (HRI{)

A. Over the entire ash cont,ent range

B" Liurited to a maximum of 2"5* ash content

PPO: 961" 0 x (ASH) 369 .7

* 75* Extraction Rate

O eot ExÈraction Rate

+ 85t Extraction Rate
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Figure 8" Relationship Between PPO LeveLs and Ash Content

in HY32o (cPs)

^â," Over the entire ash range

B. Limited to a maximum of 2.5* ash content

PPO = 1092"0 x (ASH) 548"1

* 758 Extraction Rate

O 8ot Extraction Rate

+ 85t Extraction Rate
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Figure 9. Relationship Between PPO Levels and Ash Content

in Fiel-der (sI{s)

A. Over the entire ash. rangre

B" Limited to a maxinun of 2"52 ash content

PPO = 729"7 x (ASH) 253.8

* 75\ Extraction Rate

O eot Extraction Rate

+ 85t Extraction Rate
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oxidase is believed to be located in the outer layers of the

kernel, in particular the bran" f{heat and wheat flour are

normally assayed for their amylase content on a routine
basis to assess the degree of sprout damage and the

corresponding enzyme requirements in breadnaking" It would

therefore be highly desirabÌe to determine if there was a

significant relationship between the two enzyme contents in
the sound flour niIl streams such that an assay for one

enzyme would be indicative of the other enzymers level.
Àn assortment of nill streams of 75 and 80t extraction

levels $/ere analyzed for alpha amylase content for each

variety

It was found that in the softer wheats, in particular

Fielder, there was an excellent correlation between the

alpha amylase l-evels and those of polyphenol oxidase. The

correlation coefficient rsas found to be r=0.83 with a

probability of significance in excess of 99t. À reasonab)-y

strong, significant relaÈionship, p ( 0.05, was also found

between the two enzymes for the moderately hard wheat HY320

with r=O.74. Hosreverr âs the wheats becane harder, the

relationship decLined, Katepwa r=O.62t Norstar, r=0.56 and

for the very hard Glen1ea, r=0.50" Àlthough the correlation

had dininished, the probability of a significant

relationship renained above 95t for these three varieties.

Àn observed factor which discouraged a strong

correlation was the nininal alpha anylase content in all

five varieties respect,ive streams. The naxinrg level
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attained in any stream v¡as found to be 14.5 ng.maltose/min

/g as observed in Fig. 11" The strongest correlation v¡as

observed in Fielder nhere there was a significanÈ range of

alpha amylase values. Evidence for this effect was noted in

Figs. 10-14 relating PPO to alpha amylase in the nill

streams" It was observed that, in the harder wheats there uias

an insufficient range in amylase content r¿ithin the streams

to establish a meaningful relationship. In these wheats it
was the single values at higher amylase values which made

the relationship appear to be statistically significant when

the relationship was tenuous at best. A gerninated wheat

sample would yield better amylase values to confirn this

relationship

4.03 " Poly¡pbenol Oxidase Levels in Pooleð Flours

4"03.1 Lst Patent Flourss

The pooled 1st patent flours at both the 75 and 80t

extraction rates, representing the initial 45t of the

cumulative nill yield, displayed nininal amounts of enzyme

activity" Values ranged from L6.7 nmoles O2/g/mín for the

75\ extraction Norstar t,o 44"6 nmoles O2/g/mín in the 80t

extraction Katepwa f1our" These values agreed we1I with

those reported by Marsh and Galliard (1986), of less than 30

nmoles O2/mínlg in a 1st patent flour" The samples also

reflected the linear trend between PPO and ash content as

mininal increases were observed in both components noving to

the higher extraction rate.
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Figure 10" Relationship Between PPO and Alpha Amylase in

Katepwa

Figure 11" Relationship Between PPO and Alpha Àmylase in

Glenlea
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Figure L2 Relationship Between PPO and Alpha Amylase in

Fielder

Figure 13 Relationship Between PPO and Alpha Àmylase in

HY32O
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Figure 14. Relationship Betv¿een PPO and Alpha Amylase in

Norstar
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Analysis of the contribution of individuaL streams to

the pooled flours indicated good agreement between estirnated

values and the experimentally observed activity levels. Ã,

conparison of these levels can be seen in Table 3 It

should be noted that at very Iow enzlme levels the additive

error for individual streams made the estimation of the

degree of agreement extremely difficulÈ"

HY32O displayed the greatest activity in the 75 t
extraction lst patent flours at 43.8 nmoles Oz/g/r'in" This

enzyme content $ras approximately twice that of the four

other varieties. This finding had particular relevance as

HY320 was developed specifically to cater t,o the non-

traditiona1exportmarkets"Therewasnosignificant,p<

0.05, difference between the renaining varieties with an

average activity of 18.1 nmoles O2/g/mín. The greatest

contribution of mass to the 75* lst patent flours was

supplied by the lst niddling strean, accounting for
approxirnately 40* of the ¡naterial" In all varieties but

Fielder, this stream also supplied the largest cornponent and

greatest percentage of the overall enz)rme activity. Fielder

had the ath niddling strean included in the 1st patent flour

" This stream was not present in the other varieties and

although it, accounted for only 10t of the mass, it
contributed 30t of the overall enzyme activity.

In aIl varieties except Norstar and HY320, the

corresponding 808 1st, patent fÌours displayed an approximate

doubling in activity courpared to their 75t extraction
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counterparts. The overall enzrme content however, in al1 the

flours, was extremeLy low and did not exceed 3"7* of the

totaÌ act,ivity found in the ground grain"
4 " 03.2 2nd Pat,ent, Flours

The 752 extraction 2nd patent flours, contributing the

next 22"52 of the flour yield, displayed very large

increases in act,ivity compared to their 1st patent flours.
Each variety with the exception of Hy320 exhibited
'approximately a five fold increase in enzyme activity. The

HY320 2nd patent flour was distinct from its 1st patent

flour although the increase was onry z"s fold" Each variety
showed good agreement between estimated and experimental

activities "

The najor component of the 2nd patent flour was the

4th niddling strean in each variety except Fielder qrhere the

2nd break flour was dominant. Enzyne activity lras evenly

divided amongsÈ the contributing streams arthough as in the

lst patent flour, the largest amount of act,ivity was not

supp)-ied by the najor mass component. The best example of

this phenomena eras seen in Fielder, where due to its softer
nature, milled distinctively different from the hard wheats.

l,filr specifications were estabrished to achieve the desi-red

yields on the basis of the hard wheat Katepwa. Logistical
considerations did not allow for establishing optinun

nilling conditions for each variety" The lack of an extended
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nilling process resulted in the incorporation of the bran

flour in Fielder's 2nd patent flour. The bran flour

contributed approximately 15t of the 2nd patent mass yet

accounted for 43 I of the flourts activity. None of the

renaining varieties had any single stream supply greater

than 25 I of the total activity.

Each variety's 808 extract,ion 2nd patent flour

displayed a statistically significant, p < 0.05, increase

enzyme activity compared with their 75 I flours. OnJ-y

Glenlea and HY320 however, revealed a meaningful increase

almost doubling their respective activity levels. In each

variety the bulk of the activity rdas supplied by the 4th

niddling stream weII in excess of its mass contribution

4"03.3 lst, C1ear Flours

by

The 75\ lst clear flours, while only achieving an

addit,ional 5.58 increase in cumulative yield, showed a large

increase in enzyne activity over their corresponding 2nd

patent flours. The softer wheats, Fielder and HY320, showed

the greatest activities with values of 423 and 440 nmoles

02/glmín respectivety. These enzyne levels represent an

increase approaching four times that found in their 2nd

patent flours. fn Fielder, this elevated leveÌ represented

49t of the total activity in a ground wheat sanple and rsas

considerably higher than the 32* achieved by HY320" The

harder r,rheats, Glenlea and KaÈepwa, increased by 3 f old with

tn
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equivalent enzlme content's of 289 and 282 nmoles O2/g/min

Norstar's response h¡as somewhat muted with only a doubling

in activity to L62 nmoles O2lg/mín Norstar and GIenIea

displayed the lowest percentage of total enzyme content

having only 168 of the total activity within the ground

grain sample" Katepwa, although slight,J-y higher at 22* was

still weII bel-o*¡ the percentages achieved by the softer

wheats.

The varieties revealed clear distinctions within this

flourr âs the softer wheats had the highest activity due in

large part to their nilling character. Unlike the harder

wheats, the bran flour was the rnajor component in both the

softer wheats 1st clear 752 extraction flour" The HY320 and

Fielder bran flours had alnost equal activities while

accounting for 63 and 57 t of their respective pooled

strea¡ns' mass. The experinental values for HY320, Fielder,

and Katepvra were considerably higher than those estinated on

the basis of their stream conponents. In each case the

activity was at, least 100 nmoles greater than anticipated.

The estinated values for both GlenLea and Norstar however

were in good agreement'r¿ith the observed enzlme activities.

OnIy the harder srheats, Glenlea, Katepwa, and NorsÈar,

displayed significant, p ( 0.05, increases in this stream at

the 808 extract,ion level. fn general, these hard wheats had

a 33& increase in enzlme content, yet, the activities

achieved were still lower than those of the softer wheats.

Glenlea and Katepwa reached values of the same magnitude,
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389 and 375 nmoles 02lg/nin and simiLar percentage of total
wheat activity, 22 and 29.62 respectively. This sample of

Norstar clearly showed its distinctive nature having a

significantly, p

o2/glmin Although numerically distinct, Norstar's content on

a percentage of total activity was clearly grouped with the

other hard wheats at 23"6 I . Katepwa and Norstar had over

70* of the 1st clear 80t ext,raction flour supplied by the 4

middling stream, yet the results &¡ere guite different. The

estimated enzyme activity in this 1st clear flour for
Norstar agreed with the experimentatly determined values.

Katepwa, however, continued the trend seen in the

corresponding 75 * flour displaying the experimentally

determined activity values considerably larger than

anticipated based upon individual stream contributions"

é"03"4 2nd Clear Flourg

The 752 extraction 2nd clear flours for all three hard

wheats exhibited noticeable increases over the softer wheat

varieÈies" The greaÈest activity was found in the hardest

wheat, Glenlea, v¿ith 8L2 nmoles 02/g/mín Glenlea and Katepwa

underwent a 2 fold increase in enzlme content from their 1st

clear flours. Norstar, however, presented a very najor 4

fold increase in total activity to fall wíthin the same

range as the other two hard krheat,s " The large increase

observed in the Norstar sample represented 648 of the total
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grain activity which was considerably higher than any other

variety" This increase was very interesting in light of the

fact that the bran flour component in Norstar lras less than

either Katepwa or Glenlea on a mass percentage basis"

Hoç¡ever, the activity found in Norstarts bran flour was the

highest of aLl five varieties and with the exception of

Katepwa, sÍas approxiurately tr¿ice that of the others"

HY32O increased to a lesser extent over its 752

extraction lst clear flour while Fielder remained relatively
unchanged.

The large increases viewed in the 75* 2nd clear hard

wheats from their lst, clear counterparts, with ninimal

change in the softer rsheats, was reversed at the 80*

extraction level" HY320 and Fielder double in enzlme content

while the three harder rr¡heats remained relatively unchanged.

the enzyme content of HY320 represented approximately 8lt of

the toÈal grain activity while Fielder displayed a content

in excess of the ground grain, 106*" This was in part due to

the uill being optinized for the HRS wheat Kat,epwâ, and as

such, the later streams of the softer wheats had a

disproportionate arnount of bran contamination and increased

enzlme levels" This influence was observed in the

corresponding individual Sth niddling streams of Katepwa

versus Fielder and HY320. The enzlme values in the softer

wheaÈs were at least twice that found in Katepwa. The nature

of t,he pooled streams which urade up the 2nd clear flour for
the hard wheats had also changed. At the 75t extraction
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leve1 the shorts duster and bran flour st,reans were the

major conponents. However at 808 extraction, the Sth and 6th

middling streams contributed to this pooled flour. The

shorts duster and bran flour increased only slighÈly in
enzyme activity, but this was diluted by the lov¡er enzyme

level-s supplied by the 5th and 6th niddling streams relative
to the softer wheats.

4,03.5 Straigbt Grade Flours

The straight grade 752 extraction flours from the five
varieties segregated into three statistically significant, p

while Fielder had the lov¡est enzyme level" Glenlea, HY32O

and Katepwa had sinilar activities and were not

stat,isticatly different from each other. Only Norstar had an

experinental value not in good agreement, with the estinated

act,ivity based upon individual stream contributions" In
terms of the percentage of total grain activity, all
varieties except Norstar, fell between 5"6 to 8.5 I of the

total available, rshile Norstar achieved 12"3*"

The greatest increases were observed in the softer
wheats when assaying the 80t extraction straight grade

flours. Fielder displayed the highest activity, followed by

HY320. These values represented a three fold increase in
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activity for Fielder and an approxinat,e two fold increase

for HY320 from their 75* extraction counterparts" All of the

varieties except Norstar had experimental activities in
excess of the predicted levels. The softer nature of Fielder

tras clearly seen in this sample as expressed on a percentage

of total grain activity the 80t straight grade flour has

26"4* of the total activity" This percentage is almost twice

that observed for its nearest neighbor, HY3?O. at 14"4t. The

harder wheats percentage vras even lower, ranging fron 9.9 to
L2"O+ of the total available.

Àt the 85t extraction raÈe, all varieties except

Fielder displayed not,iceably lower than estinated straight
grade enzlme levels. Fielder's experinental value of 238

nmoles O2/g/nin was in excellent agreement with the

predicted value of 242 nnoles O2/g/min However, âs a

percentage of the tot,al activity in the ground grain, this
represented only a slight increase from the 80* extraction

stream, at 27.5t. Glen1ea and KaÈepwa displayed 24"9 and

32"5* of their tot,al activities while both Norstar and HY320

segregated at the lower level of 18t"

d.03.6 Sunmary

Exaninat,ion of the cumulat,ive enz)me versus cumulative

yield can be seen in Figs15-19. The most noticeable feature

observed was that for aL1 varieties at each extraction rate,

75-858, the cumulative amount of enzyne $ras extremely Iow,

less than 60 nmoles 02lg/min, unti] passing a 60t cumulative
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yield" This aspect has particular relevance to the nillers
and their nilling practices of Canadian wheats. This would

al-Iow optinization of their extraction yields to values as

high as 85t yet remaining confident that their initial
patent flours would be free of serious pollphenol oxidase

levels and the subsequent end-products would not suffer
discoloration" It would allow the niller the abitity to
produce flours for two different markets such as noodles,

where whit,eness is criticaL, and steam buns or chapattis,
using the later high extraction streams while still
maximizing rnill efficiency. A,bove 7Ot cunulative yield, the

enzlmets presence however increased rapidly. The rapid

increase was particularly noticeable in the high extraction,
85t, nil)-ings where 400 t increases in total activity
occurred within the remaining 10* yie1d" This rapid

increase in enzlme cont,ent was indicative of the very high

Ievels of enzlme observed earlier in the later individual
nill streans of high extraction runs.



95

Figure 15 Cu¡nulative PPO Levels Versus Cumulative Yield For

the Three Different Extraction Rate Millings of

Katepwa (HRS)

* 752 Extraction Rate

O eo* Extraction Rate

+ 858 Extraction Rate

Figure 16 Cumulative PPO Levels Versus Cumulative Yield For

the Three Different Ext,raction Rate Millings of

Glenlea (cU)

* 75\ Extraction Rate

O 8ot Extraction Rate

+ 85t Extraction Rate
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Figure 1-7 Cumulative PPO Levels Versus CumuÌative Yield For

the Three Different Extraction Rate MIIlings of

Norst,ar (HRW)

* 75* Extract,ion Rate

O 8ot Extraction Rate

+ 858 Extraction Rate
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Figure 18 Cumulative PPo Levels Versus Cunulative Yield For

the Three Different, Extraction Rate MiJ-Iings of

Fielder (SwS)

* 75* Extraction Rate

O 8ot Extraction Rate

+ 85t Extraction Rate

Figure 19 Cumulative PPO Levels Versus Cunulative Yield For

the Three Different Extraction Rate Millings of

HY32O (CPS)

* 75* Extraction Rate

O 8ot Extraction Rate

+ 85t Extraction RaÈe
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4.04 Phenolic Acid Composit,ion of Poo1ed Flours

The analysis of the phenolic acids was divided into
three groups; insoluble bound, soluble bound, and the free
phenolic acids as outlined by Krygier et aI (1982a) "

Measurements on the reproducibility of the analysis for
the individual conponents can be found in lable 4" As the

analysis was confined to dupticate replications the

coefficient of variation was averaged over each acid in its
respective category" It should be noted that average values

in all categories were within acceptable limits. the range

of coefficient of variations lJas included t,o reflect the

problem of Èhe small sample size. It, rdas particularty

noticeable in the higher quatity streams for the occasional

replicate to have a large coefficient of variation as actual

acid content was very low.

4.0{.X fnsolublø Bound Phenolfc åcide

The insoLuble phenolics were the najor component in all
of the five varieties providing over 80t of the total
phenolic cont,ent in every flour exanined. Without exceptÍon,

ferulic acid was the only sinple phenolic component detected

at measurable levels" ft was surprising to observe that the

amount of insoluble ferulic acid was quite similar across

the five varieties exanined as shown in Fig. 20
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Figure 20. fnsoluble Bound Ferulic

PooIed l{heat Flours

Acid Content of the

Katepwa, Glenlea, and Norstar

Fielder and HY 32O

1st Pat,ent Flour 75* Extraction
2nd Patent, Flour 752 Extraction
lst Clear Flour 75t Extraction
2nd Clear FLour 75+ Extraction

Straight Grade Flour 8Ot Extraction
lst Patent Flour 808 Extraction
2nd Patent Flour 80t Extraction
lst Clear Flour 8Ot Extraction
2nd Clear Flour 80* Extraction

Straight Grade Flour 85t Extraction
Chinese Standard Flour BSt Extraction

Ground Whole Wheat Sanple
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4,04,1.I lst, FetenÈ, Floure

The 75t extraction tst, patent flour had, as

anticipated, the lowest concentration of the insoluble bound

ferulic acid" Except for Norstar, which had the roq¡est and

significantly different,, p

ppn., the four remaining varieties' 1st patent flours were

tightty grouped between 34"a to 40"o ppn. The values found

in this study agreed welt with those reported by

Jackson(1983) who found 36"1 ppn ferulic acid in his patent

ilonr.
Examination of the gOt extractÍon lst patent flour

indicated that the concentration of the insoruble ferulic
acid remained unchanged for both Hy32o and Glenrea, Norstar,
KatepwaandFie1derhoweverdidshowsignificant,p<
increases in their insoluble feruric acid content. The

concentration detected in Norstar at the BOt extraction
level, 30.0 ppn., vJas noted to be lower than all other
varieties nilred at the 7s* extraction rate" The ferulic
acid content of this flour extended fron 3o"o ppn to a high

of 48.8 ppn in Fielder" Conversion of these level to a

percentage of the total amount present, in the ground grain
indicated Fielder had the largest component,, L5.2* while
Norstar the smallest at 10"9t. Each of the varieties
displaying an nincrease in this phenolic acid also exhibited
an increase in ash content rerative Èo the 75t 1sÈ patent

flour"
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4 . 04 . L"A and Pat,ønt Floure

Examinat,ion of the 2nd patent flours, nirred at the 7sz

extraction rate, indicated a marked increase in levers for
aLl five varieties. The harder wheats, Glenlea, Katepwa, and

Norstar, doubled their ferutic acid content r¿hiIe the softer
HY320 and Fielder sampres increased by a smaller extent.

Norstar cont,inued to dispJ.ay the lowest content in absorute

terms at 50.0 ppn while Glenlea had the greatest at 76"3

ppn.

Each varieties 80t 2nd patent frour however displayed a

noticeable increase in their level of insoluble ferulic acid

with respect to both the 8ot lst patent flour, and the 752

2nd patent, f1our" Glenlea had the highest concentration at
L22"5Ppm,whichwassignificantlydifferent,,p<
the next closest group of HY320 and Fielder, with 105 ppn.

each. A third group conposed of Katepwa and Norstar nere

arso dístinct from Èhe others ç¡ith sinirar values of 81.3

and 78.8 ppm respectively" Each variety, with the exception

of Katepwâ, showed a two fold increase in this forn of
ferulic acid over their 80& 1st patent values. These 8Ot

2nd patent flour acid levels, expressed on a relative
percentage of the total avairable, extended from z4"r I for
Katepwa to 408 in Glenlea.
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4"04.X.3 lst, Clear Flour8

Àn additional two fold increase was observed in the

analysis of Èhe 754 ext,raction 1st cl-ear flours relative to
their 2nd patent counterparts in each variety" The values

extended from the lowest, 110 ppm, in Norstar, to a high of

153.8 ppm found in Katepwa. The insoluble ferulic acid

content of the hard wheats was found to be statist,ically
distinct, p <0.05, from each other and the softer wheats.

Increases were observed in the Lst clear streans at

the 80 t extraction level" Katepwa underwent a three fold
increase, achÍeving the maximum detected, 268 ppn. This was

equivalent Eo 79"4 * of the total insoluble ferulic acid

available. Norstar, Fie1der, and HY320 all doubled in
content, to achieve values t,ightly grouped between 206-21,7

ppn. No statistical difference could be determined between

these three varieties" Glenlea distingruished itself fron the

other samples by deroonstrating only a modest 50t increase

relative to its 2nd patent, flour and having the minimun

contènt of 190 pprn. Although considerabJ-y lower than the

other varieties, this Ïevel on a relative percentage basis

of total insoluble ferulic acid available, represented

62 "2* r r,*hich was equivalent to that observed for both

Fielder and HY32o.
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4.04o1"4 2nê Clear Floure

The additionar minor increase in yield to forn the 752

2nd cLear flours resulted in large increases in the

insoluble feruric acid content in each variety. Fielder
displayed the largest change rising to 334 ppmr 103"9t of
the total avairabre, and was found to be significantly
distinct, p < 0"05, from all other varieties. The harder

wheats tended to group together with an average vaÌue for
these wheats of 281.1 pprn insoruble bound ferulic acid. The

very different content found in the Fielder sample was

suspected to be due to the composition of this frour. unlike
the harder wheats, Fielder's 7s+ extraction 2nd clear flour
was composed entirely of the high ash shorts duster strean
while in the other sanples this stream did not exceed 3ot of
the pooled flour

Às yras the case i¡ the z5t 2nd crear flours, Fielderrs
449.4 ppn., displayed the highest concentrat,ion at the g0t

extraction level. sinilarly, the softer Hy32o followed

closely at 438.8 ppn. The harder wheats v¡ere noticeabry

l-ower with Glenlea, Èhe highest,, ât just over 4OS ppn.

Katepwa and NorsÈar were even further removed at vaLues of
369"4 and 372.5 ppn respectivety. In each variety the

insoruble ferulic acid content exceeded 1oo& of that found

in the r¿hole wheat sanple.
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4. 04. 1.5 Et,ralgh€ Gradø Flouas

Analysis of each variety's straight grade flour at the

75& extraction level revealed that the insoluble bound

ferulic acid contents were st,atistically indistinguishable,
p

before , G1enlea displayed the highesÈ concentration at 76"3

ppn" while Norstar and Fielder the least. These straight
grade flour insoluble phenolic acid levels rcere in agreement

with those reported by Sosulski et a7.(LgBz) for a Neepawa

wheat flour of 63"6 ppn.

The 80t straight grade flour's insoluble ferulic acid

level in each variety reflected the differences observed in
the ash content relative to their corresponding 2nd patent.

Where the ash content was lower in the straight grade f1our,

there qras a corresponding decrease in the feruric acid leve1

relative to the 2nd patent flour. This was observed in the

varieties Norstar, HY32O, Glenlea and Fielder. The insoluble

ferulic acid contents ranged from a lor¡r of 46.3 ppn for
Norstar to a high of 100.0 ppn in GLenlea. Katepwa and Hy320

had values sinilar to Glenlea and were not found to be

distinguishable from its value.

Considerably higher insoluble ferulic acid levels Þrere

observed for the 85t extraction straight grade flours
ranging from 160.2 -L79"0 ppn" Due to the tinited range no

significanÈ difference, p <0"05, could be detected amongst

the varieties. These values represented a range of 53 5gt
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of the total insoLuble ferulic acid found in the v¿ho1e wheat

sample.

4"04,1.6 Ofher Sanpløa

The chinese standard flours $rere prepared from selected

858 extraction streams to yieJ.d an ash content maximum of
L.2O 8. This elevated ash highlighted the differences
between the varieties" since the criteria for preparing this
flour was based solely on the finat cumulative ash content,

which was controlled by both variety and environment,

direct comparison between varieties was linited due to their
different stream composition" The higher ash hard wheats

displayed the lowest ínsoluble ferulic acid as their stream

composition linited the later stream additions to the pooled

flour" Norstar, the lowest, ash wheat was abLe to ineorporate

higher ash streams into this flour than the other hard

wheats which in turn was reflected in its considerably

higher ferulic cont,ent, 256.6 ppn, than both Katepwa and

Glen1ea. Actual contents extended from 3L2.4 ppn in Hy320 to
161"0 ppn in Glenlea.

The whole wheat samples revealed marked similarities
across varietal lines. Only Norstar, ât 274 ppm, was found

to be significantly different, p < 0.05, than the other 4

variet,ies which averaged 325 ppn"



l1r_

4 " 04 "L"7 Coru[@ntg

The relationship between insolubre bound ferulic acid
and ash content showed a very good linear agreement as can

be seen if Figs " zt zs" The correlation coefficient ranged

from 0.93 for Fielder to a high of o.9B for Glenlea at p

<0. 05.

4"A4"e 8olubl@ Bound phenolíe ÃcLds

The soluble phenolic acids detected in the five wheats

felr into two broad categoriesr" the dominant conponents,

consisting of sinapic, ferulic and vanirric acids , and the
detectable, comprised of syringic, caffeic, and p-coumaric

acids" sinapic acid was the predoninant acid in alr five
varieties" The soluble phenolic acids analyzed represented a

maximum of L7z of the overall total phenolic content of a

prepared flour, reaching a maximum value of 93"9 ppn for
Fielder. Figs 26-3o represent Èhe individuar acids detected

within a flour for each variety.

4"04.?.1 Lst Patent Flour

The1stpatent(75t)f1oursvariedsignificantly,P<
0.05, in their total soruble bound phenoric acid components.

Total content varied greatly with variety extending from a
Ìow of 0"91 ppm for Norstar to a high of 4.ZS ppn. in
Fielder" Coumaric acid was not detecÈed in any of the
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Figr"ure 2L Insoluble Bound Ferulic Acid Content's

Relationship t¡ith ^å,sh in the Variety Norstar

Figrure 22 Insolub1e Bound Ferulic Àcid Contentts

Relationship with Ash in the Variety Glenlea

Figure 23 Insoluble Bound Ferulic Acid ContenÈ's

Relationship with Ash in the Variety Katepwa
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Figure 24 Insoluble Bound Ferulic A,cid Contentrs

Relat,ionship with Ash in the Variety Fielder

Figure 25 Insoluble Bound Ferulic Acid Content,'s

Relatíonship with Ash in the Variety Hy32O
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Figure 26 Major and Secondary Soluble Bound Phenolic. Àcids

in the Variety Katepwa

Sc_75 Straight Grade Flour 752 Extraction

P1_75 lst Patent Flour 75\ Extraction

P2_75 2nd Patent Flour 752 Extraction

CL_75 lst Clear Flour 75t. Extraction

C2_75 2nd Clear Flour 75* Extraction

Sc_80 Straight Grade Flour 80t Extraction

P1_80 1st Patent Flour 80* Extraction

P2_80 2nd Patent Flour 808 Extraction

C1_80 lst Clear Flour 8Ot Extraction

C2_80 2nd Clear Flour 80t Extraction

SG_85 Straight Grade FLour 858 Extraction

CH Chinese Standard Flour 85t Extraction

Ground tr{hole WheaÈ Sample
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Figure 27 Major and Secondary Soluble Bound Phenolic Acids

in the Variety Glenlea

Sc_75 Straight Grade Flour 752 Extraction

P1_75 1st Patent Flour 752 Extraction

P2_75 2nd Patent Flour 75* Extraction

c1_75 lst Clear Flour 752 Extraction

c2_75 2nd Clear Flour 752 Extraction

Sc_80 Straight Grade Flour 80t Extraction

P1_80 1st Patent Flour 8Ot Extraction

P2_80 2nd Patent Flour 80t Extraction

C1_80 lst Clear Flour 80t Extract,ion

C2_8O 2nd Clear Ftour 80t ExÈraction

Sc-85 Straight Grade Flour 85t Extraction

CH Chinese Standard Flour 85t Extraction

WW Ground Whole Wheat SanPle
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I,IÀJOR ACIDS FOR CLENLE{
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Figure 28 Major and Secondary Soluble Bound Phenolic Àcids

in the Variety Norstar

Sc_75 Straight Grade FLour 75* Extraction

P1_75 1st Patent Flour 752 Extraction

P2_75 2nd Patent Flour 75t Extraction

C1_75 lst Clear Flour 75* Extraction

C2*75 2nd Clear Flour 75t Extraction

Sc_80 Straight, Grade Flour 80t Extraction

P1_80 1st Patent Flour 80t Extraction

P2_80 2nd Patent Flour 80t Extraction

C1_80 lst Clear Flour 80* Extraction

C2_80 2nd CLear Flour 80t Extraction

Sc_85 Straight Grade Flour 858 Extraction

CH Chinese Standard Flour 851 Extraction

wW Ground Whole l{heaÈ Saurple
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Figure 29 Major and secondary sotubre Bound phenolic Àcids

in the Variety Hy32O

PL_75 1st Patent Flour 7St Extraction

P2_75 2nd Patent, Flour 7SZ Extraction

C1_75 1st Clear Flour 7S* Extraction

C2_75 2nd Clear Flour 75* Extraction

SG_80 Straight Grade Flour gOt Extraction
P1 80 lst Pat.ent Flour 908 Extraction

P2_80 2nd Patent Flour gOt Extraction

C1_80 lst Clear Flour 8Ot Extraction

C2_80 2nd C1ear Flour gOt Extraction
Sc_85 Straight Grade Flour 858 Extraction
CH Chinese Standard Flour 858 Extraction
WW Ground Who1e l{heat Sample
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Figure 30 Major and Secondary Soluble Bound Phenolic Acids

in the Variety Fielder

PL_75 lst Patent Flour 752 Extraction

P2_75 2nd Patent Flour 75* Extraction

CI_75 lst Clear Flour 75+ Extraction

C2_75 2nd Clear Fl-our 752 Extraction

SG_80 StraighÈ Grade Flour 80å Extraction

P1_80 ]-st Patent Flour 80t Extraction

P2_80 2nd Patent Flour 80t Extraction

C1_80 lst Clear Flour 80* Extraction

C2_80 2nd Clear Flour 80t Extraction

SG_85 Straight Grade Flour 858 Extraction

CH Chinese Standard Flour 85t Extraction

WW Ground Whole Wheat, Sample
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varieties in this flour" Sinapic acid was Èhe najor acid in
the wheat flours, accounting for over 40t of both HY320's

and Fj-e1der's composition. Ferulic acid was a major

contributor to the total soluble bound acids present in each

variety. This flour represented a maximum of 8"5å of the

total soluble bound phenolic acids detected in the whole

wheat sample" Although Fielder did display the naximum

percentâ9ê, the remaining four varieties did not exceed

5. Ot.

In the subsequent 808 extraction flours the soluble

phenol-ic acid cont,ent doubled for each of the three hard

wheats. The softer HY320 and Fielder increased to a lesser

extent although FieLder still contained the largest t,otal

amount at 6"09 ppn. Glenlea was not discernibly different
at 6.O7 ppn. In both Glenlea and Fielder, although sinapic

acid remained the dominant component,o its relative
importance was decreased" The difference çras due to a

noticeable increase in the role of vanillic and syringic
acids. Ferulic acid, the second major component continued to

contribute approximately the same percentage as in the 752

extraction flour for these two varieties. An interesting
observation was that only in HY320 did ferulic acid

contribute 60t of the total, soluble acid content in both

patent flours" Fielder again represented the variety having

the largest percentage of the total available bound acids at

]-2"2*. Norstar and HY320 however cont,inued to remain below

5.0* even at this higher extraction level.
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4"04 "2nZ end Pa,èen€, F¡.oua

l{ajor increases in the soluble bound phenolic acid

content were observed in all varieties moving fron the 1st

patent, to 2nd patent flours at, the 752 extraction level" À11

varieties displayed a minimum tç¡o fold increase with Norstar

reaching a 450 I increase. It was only in Glenlea that
sinapic acid accounted for a disproportionate percentage,

58"8t, of the total. Coumaric acid was st,ill not detected in
either HY320 or Katepva in this flour. The total soluble

bound phenolic acid cont,ent, extended fron 4"SZ ppn in
Norstar to g.73 pprn in Glenlea.

At the 808 extraction level, both Fielder and GÌenlea's

2nd patent flours continued to be distinct, from the other
varieÈies in terms of their total soluble bound acid

content " The respective values of 15 " 3 and 14 " 6 pprn rdere at

approximately twice that found in the remaining varieties.
These acid levels represented 30.6 and 25.18 of the total
soluble bound phenolic acids available in the ground grain.

The other variet,ies relat,ive acid content accounted for a

noticeably lower percentage, 13.1-17.8t. The greatest

increase in acid content on a percentage basis, 3Ot, from

their 8Ot lst patent flours was displayed by both Norstar

and HY32O" Only Fielder doubled its total- content, compared

to its 75* extraction stream. Exarnination of the acid leveLs

detected in the 80t 2nd patent, flour relaÈive to those in
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the 752 flour indicated that Fielder doubled in content

while the other varieties disprayed only an approximate 50*

increase.

4"06"eo3 Xst CLear Floure

The 75 I extraction 1st clear flours represented the

first, flour in which all of the phenolic acids were detected

in each variety. Large increases in the soluble bound

phenolic acids relative to the 2nd patent flour rârere

observed. Fielder continued to display the greatest,

quantity of these acids with feruric and sinapic acids being

found in approxinately equal quantity" The ferulic acid

component of Fielder, 7 "96 ppn., was roughly twice that
found in any of the hard wheat varieties" Hy32o approached

this level with a varue of 6.74 ppn. tne najor difference
between HY320 and Fiel-der was the significantly reduced

contenÈ of sinapic acid, approxinatery harf of that found in
Fielder. The concentration of ferulic acid in the three
hard wheats was essentialry equivalent, ranging from 3.07 to
3"69 ppn " However they did displayed large disparities in
their sinapic acid contents ranging from 1.93 to 8.48 ppn.

Norstarts Èotar solubre acid content was noticeabry lower,

8"49 ppm, than any of the other varieties and this
represented onry 22"2 I of the total availabre. Fielder, ât
the other extreme, 23"4 ppmr had 46.9 I of its total sorubl-e

acid content found in this flour.
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Like their 75* counterparts, the 8Ot extraction 1st
clear fÌours also displayed noticeabl-e increases in all
varieties frorn their 8ot 2nd patent flours. The average

increase in their solubre bound acid content was greater
than three fold. compared to their lst crear 7sz extraction
counterparts, each variety disprayed a najor increase in
acid content. Àlthough the increase for FieLder was not as

great as seen in Glenlea, it st,ill contained the largest
quantity of soIub.le bound phenolics at 40.B ppn whi)-e

Norstar rernained the lowest at, rB"2 ppn. These two varieties
arso refl-ected the extremes in the percentage of total
available, extending from 81.9 to 47.6+ respectively.
sinapic acid accounted for over than 4ot of the total acids

in a}l varieties including Hy320.

4"04.2,& Znd Clear Flours

The 2nd clear pooled flours at the 75* extraction level
represented the second highest concentration of solubre

bound phenorics analyzed for alr varieties except Fielder.
Large increases were observed in the guantity of sinapic
acid in particular" Bound vanirric acid in FieÌder yras

noticeably higher than any of the other wheats. Hy32O,

Kat,epwa, and Glenlea exhibited vanillic acid level_s of
equivalent nagnitude while Norstar was notabty reduced

relative to all others. Ferulic acid displayed najor
increases across all varieties" Syringic acid ç¡as a
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noticeable component, of this flour ranging from 1.6 ppn in
Fielder to 3"2 ppn in Katepwa" The distinct nature of
Norstar was also revealed by its caffeic acid content.

Norstar had a sol-ubre bound caf feic acid content of 3.7s ppn

and except for Fielder at L"7g ppm, all other wheat,s had

less than 1 ppn. The 752 extraction flours displayed a wide

range in relative percentages of available soluble bound

acids" The percentages extended fron 42"5 t in Hy320 to a

high of 67 "3 t for Glenlea"

The 80* extraction 2nd clear flours also had major

increases in their total solubl-e bound content. rn each of

the three hard wheats arl of the doninant phenolic acids

doubLe in concentration from the BOt lst crear flour. Each

variety was distinct in terns of total concentration in this
fIour, ranging from 43"4 to 93"8 ppn. Sinapic acid remained

the doninant component in alt varieties although its
contribution ranged from 37.62 in Norstar to 4g"B t in
Katepwa. The unique nature of Norstarts caffeic acid content

was also naintained at this higher extraction revel. Every

variety displayed a total soluble bound acid content in
excess of that, found in the whore wheat sanpre. This was not

unexpected in tight of the high ash content of this flour.

4.04.eoS Stralght, Grade Flours

The 75t extraction straight grade flours rdere quite

sinilar in terms of their total solubre bound phenolic acids
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with the exception of Glenlea. The levels of the four other

variet,ies ranged from 4.8-5.10 ppn" yet G1enlea recorded a

significantly, p

higher content, was attributed to Èhe doninance of sinapic

acid accounting for 588 of the total anount" The remaining

phenolic acids v/ere of the same nagnitude as found in the

other varieties. The detect,ed phenolic acids represented a

maximun of 13.1 I of the total soluble bound acids available
in the ground grain.

At, the 80t extraction level all varieties' straight
grade flours, except Norstar, exhibited a greater than two

fold increase in soluble bound content compared to their
Ior.¡er extraction nillings. Norstar underwent only a mini¡nal

change in total content mirroring the smallest increase in
ash content of any of the five varieties. A noticeable shift
was observed for Fielder alone in t,erms of the sinapic acid

contribution to the straight grade flour. At the lower 753

extraction rate sinapic acid account,ed for 19* of the t,otal

content. However in the 808 extraction flour it accounted

for 38t of the tot,al. All other varieties had their sinapic

acid content remain relatively constant when increasing the

extraction rat,e.

The corresponding 858 extraction straight grade flours

each displayed significant, p < 0,05, increases in their
total soluble phenolic acid conÈent although the extent of

the increase was variable" Each of the hard wheats revealed

a greater than two fold increase in their totals while both
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HY320 and Fierder $¡ere considerabry less" The soluble bound

acid leve1s varied from L3"L-22"4 ppn" Fielder had the

highest totar content although both Glenlea and Katepwa

values were not, significantly, p( 0"05, different.
Expressed on a percentage basis, these values represented a

range of 22"4 to 45"08 of the totat soluble bound acids

available in a wheat sample.

An interesting observation within the r¿ho1e wheat

sampres was the sinilarity of sinapic acid composition in
four varieties. Except for Norstar, 44 *, arI the varieties
had sinapic acid contributing 5i--52t of the totar soluble
bound acids. This high cont,ribution nay be due t,o the large
invorvement of sinapic acid in the t¡lignin core, of bran

alluded to by Schwartz et a7 (1989) "

4"04.?.6 Comments

The correlation between the various individual soluble
bound phenorics and ash content was very strong for each

acid within its own variety. Figs 31-33 ilrustrate this
relationship in the variety Katepwa. prots for the remaining

varieties may be found in Appendix c" The strength of the
correrat,ions vary from 0"63 to 0"98 and are summarized in
Tabre 5" rt, was found Èhat the percentage of an individual
acid to the totar bound phenolics did not correLate and were

not found to be significant, p < o.05. The reLationship

between the insolubLe feruric acid and the soruble bound
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ferulic acid was O"92 to 0.98" Very significant correlations
Idere observed between the individual soluble phenolic acids

and polyphenol oxidase levels in each variety. The

correlations ranged from r=O"62 to r=0"96 and are summarized

in Table 6" fn general, Fielder's soluble bound phenolic

acids displayed the strongest correlations v¡ith the enzyme

while Glenlea the least" A very significant relationship
between total bound phenolics and pollphenol oxidase was

also observed. The correlat,ion was very strong for four of

the five variet,ies with a minimum value of r:0.'76 for
Glenlea
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Figure 31 Soluble Bound Sinapic and Ferulic .A,cids Versus

A,sh Content in the Variety Katepwa

* Ferulic Àcid

o Sinapic A,cid

Figure 32 Soluble Bound Vanillic and Syringic .å,cids Versus

Ash Content in the Variety Katepwa

* Vanillic Acid

o SyringÍc Acid
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Figure 33 SoIubIe Bound Caffeic and Coumaric Acids Versus

.â,sh Content in the Variety Katepwa

* Caffeic Acid

o p-Coumaric Acid
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4"04.3 Free Phenolie Aeld Composition

The most notable observation in the analysis of the

free phenolic acids was Èhe lack of sinapic acid, the
dominant soluble bound component, in any of the flour
samples shown in Figs"34 38"

4,04.3"1 Lsf Patent Flours

In the 75t extraction lst patent flours the softest
wheat, Fierder, followed by Hy320, had the maxinum content
of free phenolic acids at 2.77 and 1.30 ppm respectively
t*hile the harder wheats each displayed 1ess than 1.0 ppn.

Ferulic acid was the major component found in arr five
varieties. The high levers detected in Fielder represented

the maximum, 25"7*, of any of the varieties total free
phenolic content.

The corresponding g0t extraction flours remained

relatively unchanged in terms of totar free acid content

for each variety. The two ford increase observed in the

soluble bound acids was not, reflected in the free phenolics.

The three hard wheats continued to remain berow 1 ppn yihich

represented 8.0-8.38 of the totar free acids detected in
their respect,ive whole wheat samples.
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Figure 34 Free Phenolic Acids Detected in the Pooled

Flours of Katepwa
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Figure 35 Free Phenolic Äcids Detected in the pooled

Fl-ours of Glenlea
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Figrrre 36 Free Phenolic Àcids Detected in the Poo1ed Flours

of Norstar
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Figure 37 Free Phenolic Àcids Detected in the Pooled Flours

of HY320
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Figure 38 Free Phenolic Àcids

of Fielder

Detected in the PooLed Fl-ours
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4"04.3"2 2nd Patent Flours

The 75t extraction 2nd patent flours did display an

increase in the total free phenolic acid content as both

Fielder and HY320 maintained the highest levels. Fielder's

3.2I ppm accounted for the 29"8& of the total free acids

available. Unlike the soluble bound acids, Norstar had the

highest free phenolic acid level of the hard wheats at 1.50

ppm, distinct from both Katepwa and Glenlea.

Noticeable increases in the free phenolic acid leveIs

detected r+ere observed in aII varieties except, Fielder in

the 8ot extraction flours. A largest, increase, approaching

three fold, rdas noted in the Glenlea sample" " This increase

was due to elevated levels of caffeic and coumaric acids

which $rere not detected in the 75* extraction flour.

Although Fielder's 90å extraction flour free acid content

remained relatively unchanged, it continued to represent the

naximum percent,age of the total avaiÌable, 30"4 t, of any of

the varieties"

4.04"3.3 lst Clear Floure

The 75T^ extraction lst clear flours displayed

noticeable increases in their free acids for each variety.

Fielder continued to have the highest concentration of free

acids at 5.41 ppn representing over 50t of the ground wheat

contents" Ferulic acid renained the dominant acid in each
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variety although its contribut,ion t,o the total free phenolic

acids varied from 35-522. Vanillic and caffeic acids also

contributed a major portion t,o the tot,af composition"

Examination of the corresponding 808 extraction stream

indicated that the softer wheats underwent only slight

increases in total free acids. The harder wheats, in

particular Norstar and Glenlea displayed a two fold

increase. Katepwa had the minimum content of free phenolic

acids with 3"39 ppn while Fielder displayed the maximum at

almost tvrice the value of 6"33 ppm equivalent to 58"7t of

the available free acid.

4.04"3"4 2nd Clear Flours

The 75* 2nd clear flour maintained the same pattern

observed in the 1st clear flours" The softer wheats, Fielder

and HY320 continued to have the highest, free acid content.

Norstar's levels remained the highest, of the hard wheats at

5"95 ppn. This level was statistically distinct, p < 0.001,

from both Katepwa and GIenIea. Ferulic acid remained the

dominant acid in the hard wheats and was tightly grouped at

43t of the total conposítion" Fielder and HY320 differed on

Èhe relative inportance of ferulic acid within this flour"

fn HY320 ferulic acid played a very doninant role accounting

for alnost 5ot of the tot,al content, while in Fielder, the

role vras reversed at, 368. Analysis of the 2nd clear flour

yielded significant guantities of the ninor free acids,



r_5 3

especially syringic and caffeic acids, v¿hich together

accounted for 20-358 of the free phenolics depending upon

variety.

Àt the 80& extraction level the total free phenolic

content of the 2nd clear flour approached a two fold

increase over the lower 752 extraction rate in each of the

five varieties. The free acid levels extended from 7.6 ppn

in Katepwa to L2"6 ppro in Fie1der. There renained the

obvious grouping of the softer wheats maintaining the

highest level of free acids, approxinately 3ot higher than

both Norstar and GIenIea. Unlike the soluble bound acids,

only Fie1der, HY32O, and Glenlea had free acid levels in

excess of Èhat found in their respective ground grain

samples. Katepwa's content however, represented only 63 t of

the total available"

4"04o3oS Stralgbt Grade Flours

Examination of the straight grade flours confirmed

trends seen in the previous flours with Fielder havíng a

significantly higher, p=0.0001, free acid content than the

other varieties" The softer wheats, Fielder and HY320, had

detectable guantiÈies of aII acids except sinapic whereas

none of the hard wheats had detectable ]evels of coumaric

acid and two were nissing caffeic acid" As *¡as the case in

the soluble bound phenolics, the 752 straight grade free
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phenolic acid content was equivalent t'o that found in the

corresponding 2nd patent flour for each variety.

The 8ot extraction flours displayed significant

increases, p < 0"05, in t,otal free phenolic acids over their

75* flours for every variety" Norstar displayed the minimum

tevel detected, L"76 ppm, while Fietder yielded the maximum

of 4.O2 ppn.

A noticeabÌe increase in total free phenolic acids was

also observed upon achieving the 858 extraction Ievel"

Katepwa, Glenlea, and HY320 85* straight grade flours showed

over a 2 fold increase when moving to the elevated

extraction level. Caffeic acid played a najor role in the

increases observed in these three varieties. In all cases

ferulic acid remained the dominant component rising to

values as high as 56* of the t,otal free acids in both

Katepwa and HY320. At this elevated extraction Ievel, the

straight grade fl-ours free phenolic acid content extended

from 29"72 in Norstar, to only 55"7t in HY320, of that

available in their ground wheats"

4.06"3o6 Otber Samples

Examination of the total free phenolic acid contenÈ in

the whole wheat, samples indicated that while Fiel.der had the

highest free acid content, in the flour samples, Katepwa had

a sÍgnificantly, p ( 0"05, higher value in the total grain

sample at I2"2 pp¡n. The suspected cause for this discrepancy
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was due to the nilling behavior of the softer Fielder. In

the flour samples, bran contamination lras much greater in

the soft wheatst flours and thus elevated the free acid

content. Placed in perspect,ive, the free phenolic acids

accounted for only 2-3 "5* of the t,otal phenolic acid content

in the ground Y¡heat, sanple.

4 " 04 .3,7 Conment,s

For each variety there were good correlations between

ash content and both ferulic and vanillic acids. There were

corresponding high correlations between the free ferulic

acid content and both the soluble bound, and insoluble bound

ferulic acid levels.

4 " 05.0 Pígrnent Content

Analysis of Èhe various flours for pigrnent content

indicated the range of values amongst the five varieties was

quite linited. VaLues extended from 1"49 to a maximum of

5"03 ppn. for Fielder's 808 extraqtion 2nd clear flour.
Values for individual pooled flours, by variety, can be

viewed in Figs" 39-40. The pigment content was observed to

increase with increasing bran contaminat,ion for each

variety. A strong relationship was observed beÈween ash and
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pigrment content with correlation coefficients of r:0.80 to
r:O.96, p

Katepwa displayed the highest pigiment content | 4.32

ppm, in the ground grain sample, and was significantly
different, p < 0"05, from the four other varieties which

were tightly grouped between 3"56-3"71 ppn" Although

Katepwa's grain sanple contained the largest pigment

concentration, it was the softer wheat, Fielder, which had

the higher concentration of pigrnent in the poorer qualiÈy

flours "
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Figrure 39 Pigment Content, of the Pooled Flours of the Hard

tr{heats

Figure 40 Pigrnent Content of the Poo1ed Flours of Fielder

and HY320
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4 " a6 Color Evaluat,ion

4.06. å Eunt,er Lab ReproðuelbLl"ity

The reproducibility of the Hunter Lab slurry technique

used in subseguent, anaJ.ysis was determined using two 75 Z

extraction Katepwa flours of divergent character. The flours

chosen were the 1st patent and the 2nd clears. Five

individual replicates were prepared from each flour and

monitored over a 6 h period" The results can be seen in

Table 7 "

The readings for each individual sample r{ere an average

of four readings taken over a 20 sec time period v¡hile the

paste was stirred. Examination of the standard deviations of

both the brightness (Ln) and yelloldness (¡*) values for both

samples indicated excellent reproducibility as the

coefficient of variation (c.v.) achieved a maxinum of 1.13*.

Unfortunately, due to the low red values of the 1st patent

flour, the variation across samples did exert an influence

on a values as the average standard deviation represented a

maximum cv of 14"7t" This high variat,ion was considerably

reduced t,o a naximum of 5.48 in the Znd clear sample due

largely to the higher red scores.
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other sources of error to be noted were the positioning

of the Agtron cup on the colorimeter and the formation of

gluten strands in the paste as a function of nixing tine.

4.06.e Colorimetrie Evaluat,ion ané !{aJor Faetor Correlat,ion

The correlat,ions between the various colorinetrrc
methods and the najor factors in this study; ash,

polyphenol oxidase , pigment, protein, and the phenolic

acids, free, bound, and insoluble are addressed in Tab1es 8-

9. The corresponding relat,ionships utilizing the Kan Sui

reagent are listed in Table 10.

4.06.2.1 Ã9h

All five flour paste color indexes, Hunter L*, ân, b*,

Kent-Jones CcF, and Àgtron values displayed very significant

correlations with the ash content" Graphs showing these

relationships for the Hunter L*, â*, and b* values can be

seen in Figs 4L-46. The Hunter redness index, â*, displayed

the r¿eakest relationship with correlation coefficients

ranging from O.74 to 0.88 depending on variety.

Use of the Kan Sui reagent in the flour paste did not

atter the high correlations between past,e brightness and ash

content. However, the strength of the correlations between

both yellow and red components with ash tras reduced" The red

component was severely affected as 3 of the varieties had

correlations below the 95* probability linit and the
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Figure 41 Relationship Between Water Flour Paste Brightness

and Ash Content in the Hard Wheats

A Norst,ar

B Glenlea

C Katepwa



l 
H

S
Y

\o\or{ 
0¿

'¿
 

08 1 
0¡ I 

00 ¡ 
09'0 

0¿
 0

,t]S
l

0¿
 ¿

 
08't 

0r'l 
00 I 

09 0 
0¿

'0

oo'08 ú40IIZna0t-
00'06 \-/

0¿
¿

 
08 

1

' 
H

S
Y

or't 
00 r 

09 0 
0¿

'0

00'08 üI0T{7Iflt¡{/ì

r
00ffi v

uI6)IIzIfla(/)

r



r67

Figure 42 Relationship Between Water Flour Paste Brightness

and Ash Content in the Softer Wheats Fielder and

HY32O

A" HY32O

B" Fielder
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Figure 43 Relationship Between Water Flour Paste Yellowness

and Ash Content, ín the Hard Wheats

A. Norstar

B" Glenlea

C" Katepwa
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Figure 44 Relationship Betyreen Water Flour Paste Yellowness

and .A,sh Content in Softer T{heats Fielder and

HY32O

A. Fielder

B. HY32O
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Figure 45 Relationship Between llater Flour Paste Redness

and A,sh Content of the Hard t{heats

A" Norstar

B. Glenlea

C" Katepwa
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Figure 46 Relationship Betv¿een Water Flour Paste Redness

and Àsh Content, in the Softer Wheats Fielder and

HY32O

A" Fielder

B" HY32O
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remaining cultivars were noticeably lor¡ered. The yeIlow

component r values underwent a slight decrease but each

remained significant" As the initial brightness values in
the Kan Sui reagent were basically unchanged from the water

flour paste, the subsequent co¡nments r*ith regards to the

brightness wilL apply to both unless indicated otherwise.

4.06 "2.2 Poly¡phenol Oxiðaso

The correlation between the potlphenol oxidase levels
and each of the three Hunter water flour paste color

components was very strong, r >0.86, for each variety as

seen in Tab1e 8. À si¡nilar relationship, r >0.91, hras

observed between the enz)rme levels and the Kent-Jones CGF

values. The Agtron values, although renaining statistically
significant, p <0"05, had the poorest correlations with the

enzyne in each of the various cultivar flours as r values

ranged froru -0.67 to -0.81" The influence of the alkaline
reagent of the Hunter values was almost identical to that
described previousry. Bright,ness renained unaffected whire

the yellow and red component, correlations rdere reduced

6.06o2"3 Plgruent,

Pigment as expected shoç¡ed the highest correlation
with the yellow index of the Hunter lab as seen in TabÌe g.

An unexpected observation was the weaker correlation between

this variable for the variety NorsLar where r:0.80.
Examination of each of the colorimetric nethod
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relationships with pigment was found to be lowest in aII
cases for Norstar. Brightness, Kent-Jones CGF, and Ã,gtron

values each displayed moderately strong relationships with
pigment for each variety" The lowest correlations were

exhibited by the Hunter a* va1ue. The strength of the

relationship appeared to very variet,al dependant ranging

fron r=0.63 for Norstar to r=0.93 for Glenlea"

The Kan Sui solution effect seen previously remained

consistent" The low red component correlations with pigrment

fell below the p=9"95 level in Fielder, HY320 and Norstar as

seen in Tab1e 10.

4.06 "2"1 Protein

Protein had the weakest correlations of any factor with

each of the coloriuretric nethods as disptayed in Tab1e g.

The Hunter lab L*, ên , bu,, values deternined on the q¡ater

flour pastes displayed the poorest correlations, with
redness, âo, having no statistical correlation, p ) 0.05,

with protein for any variety" Brightness had a questionable

relationship with protein as none of the hard wheats

exhibited a significant, relationship" The relationship
between protein and yell"os¡ness, bu, although significant, p

0"56 to 0.79. Only the softer wheaÈs, HY320 and Fi-elder

displayed a significant correlation between protein and

brightness with values of r= -0.66 and -0.63 respectively"
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Àgreement with Moss (1971) and Miskelly (1994) works would

appear to conflict with these findings. However, both

authors were reporting a strong correlation between

brightness and protein for soft Àustralian wheats and in
this study it ç¡as onty the soft wheats which reinforced this
relationship. A similar situation sras observed between

protein content and the Kent-Jones CGF values. The

relationship was strongest in the soft wheats, decreasing in
the hard wheats, with no significant relationship being

detected for KatepÌ{a" The Àgtron correration coefficients
indicated only a moderate relationship with flour protein
content while ranging considerably with variety

The use of the basic Kan Sui solution in the

preparation of the flour paste resulted in only the yellow

componenÈ, bn, exhibiting significant correlation
coefficients, p

correlated weakly ,r=-0.61 and -0.56, for only Fielder and

GIenIea respectively.

4. 06. 2 o 5.Phenolie Components

4.06 n 2.5 o I TotaL Phenolic Cat,egoríes

Examination of the phenolic conponents of the various

flours indicated that they yielded, in generaJ-, high

correrations v¡ith the llunt,er lab indices as shown in Table

8" Yellowness correlated best with the phenolics in a1I 4

total categories; free, soluble bound, insoluble bound and
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overa11t'ota1s,disptayingapositivere]-ationship,r>
0.90, for each variety. A weaker, negative rerationship, r

and corresponding categories of total phenotics. The

relationship between the various totar phenotic groups and

redness varied considerabry with r varues ranging from 0.69

to 0.96. The totar free phenolic acid content of the flours
correlated best with the redness, â*, varue whiLe the total
bound phenolic rerationship showed the greatest variabirity.

fntroduction of the Kan Sui reagent had its nost
profound effect on Èhe rerationship between the red color
component, and each of the total phenoric categories. rn two

of the varieties, Fielder and Norstarr Do significant
relationship was detected for any of Èhe total subgroups.

The influence of the basic sorution on the relationship
between these categories and paste yellowness vras minimal as

each r value declined only slightly. contrary to the
prevalent reduction in correlation coefficient,s between the
najor factors and the arkaline paste, the r values of every

varieties' total phenoric subgroups either increased or
remained constant v¡ith the Hunter brightness varues.

Kent-Jones CGF values displayed a very strong
correLation, E ) 0.83, with each category of the total
phenolics" The affiliat,ion between Agt,ron readings and the
various categories of total phenolics was the lowest of the
cororimetric methods" Àn inverse reraÈionshipr r ) -o.72,
hras observed for each category.
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The total free phenolic acid content was found to
exhibit the strongest subgroup correrations with each of the

coror analysis techniques when using a flour:ç¡ater paste.

4 " 06 .2 "5 "2 Inêividual phenolie Components

Evaluation of the relationships between individual
phenolic acids and the colorÍmetric nethods are summarized

in Tables 11 & L2. The strongest correlations were observed

between flour paste yerlowness and the individuar phenolic

acids for both the free and solubre bound acids. rn genera]-

higher correlations were observed between the soluble bound

naterial and yellowness than the free acids. This difference
was not surprising as a number of free acids could not be

detected in the better flours.
An inverse rerationship was found to exist between each

individual phenolic acid and flour paste briqrhtness. Soluble

bound vanillic acid exhibited the ç¡eakest correlation across

each variety with varues extending from r=-0.69 to r=-0.79.
rndividual free phenolic acids disprayed correrations of
similar nagnitude as the soluble bound acids.

The correlations between individuar phenoric acids and

fLour paste redness, although significant, p <0"05, hrere in
general the lowest observed.

.å'narysis of the relationship of both the Kent-Jones ccF

varues and those taken on the Agtron with the individual
phenolic acidb indicated a stronger correlation with the
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Kent Jones readings. Posit,ive correrations were found to
exist between cGF and the phenolic 

""iä= while an inverse
relationship occurred with the Agtron readings. The

correration coefficient, çrere found to be approximately equal

for both the soluble bound and the free acids with each of
these colorinetric measurements.

4.06 " 3 comparf son of Colorimet,rie Metbods

The assessment of a flour paste slurry is a complex

process as a nunber of factors are interacting
simultaneous)-y. fn order to isolate as nany of these

components, the pooled flour pastes were subjected to an

initial reading on the Hunter Lab colorimeter, within a tine
reference sinilar to that of the traditional Kent-Jones

measurement "

4.06o3"1 Eunter Lab and Kent-.Toneg

Analysis of the initial L*, â*, and b* values revealed

excerlent agreement with the traditionar Kent-Jones coror
values" The results of the correlations are summarized by

variety in Table 13 " The brightness factor , L*, maintained

the highest correlation, by variety, with the Kent-Jones

readings" An inverse relationship with the cGF varues was

observed v¡ith r=-0.97 being the lowest value. The

correlation remained at, this high level r=-0.9g when

varietal considerations &rere removed.
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A strong positive correlation was seen for both the

redness, â=*, and yellowness, b*, values with the Kent-Jones

CGF" The nininum correlation for either of these color
components was t=O.92 for the a* value of Fielder. However,

unlike brightness, yellowness, b*, did show an influence of
variety as the correlation, independent of variety, declined

to r=0.87" The red color component is mininalty affected by

variety, maintaining a very strong relaÈion with the CGF

values as r=0.91"

4.06.3"2 EunterLab and ågtron

The relationship of the three Hunter Lab color
component,s i¿ith those detennined by the Agtron, sunmarized

in TabLe 13, lrere not as strong as those r*ith Kent-Jones

nethod. UnIike Kent-Jones CGF, the Agtron readings

correlat,ed positively with brightness as r values ranged

from o"77 to 0.86. Removal of the varietal fact,or indicated
u* continued strong relationship as r:0.81.

The "n and b* Hunter values displayed an inverse

relationship with their Agtron counterparts" yell-owness

exhibit,ed the strongest correlation of the three Hunter

color components. Although redness maintained a Ievel of
significance, p <0.05, the correlation coefficients were

found t,o be the weakest with r=-.68 to -O.77" yellowness and

redness were both found to mainÈain a significant
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correlation with the Agtron colors independent of the

variety"

The strong relationship between .å,gtron and Kent-Jones

values was evident, within alL five varieties tested with
coefficients tightly grouped between -0"89 to -0.91"

4.06.3.3 Influenee of Kan sui ReagenÈ

fntroduction of the Kan Sui reagent had negligible
effect on the brightness component of the Hunter Lab. The

correlations between water flour paste brightness and the

Kan Sui paste brightness were in excess of r:0.99 for each

variety" The nininal change in the brightness reading in the

alkaline paste resulted in consistent high correlations with
the Kent-Jones CGF readings while those of the Àgtron

irnproved slightly as seen in Table 14. .

Under the alkaline condit,ions the relationship between

yellowness, b*, and the Kent-Jones color, although remaining

significant, decreased considerabty for each variety
investigated" It was observed that, the correlation r¿ith

Àgtron values decreased in the softer wheats but increased

slightty in the hard wheats. This $ras particularly

noticeabLe for Katepwa as the correlation coefficient
increased from -0"83 to -0.94"

Redness, â*, lras found t,o be no longer significantly
correlated wiÈh the Agtron values in the Kan Sui paste for
any variety. À sinilar trend s¡as observed with the KenÈ-
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Jones CGF values and redness for both Norstar and Fie1der.

The rerationship for the remaining varieties vras also found

to be severely dininished"

4.06.4 EunterLab Ire o &@, anð be VaLues over Time

Each variety had thirteen of its najor pooled flours
examined by the Hunter Labscan II flour paste nethod to
monitor the changes which occurred in their respective Ln,
* - -*a-, and b- values as a function of tine" Analysis was

carried out with both a water: flour and Kan Sui

reagent:flour paste systems. Conparison of the individual
pooled flours as well as the influence of extraction rate
hras linited as only t,o duplicate analysis Ì,ras performed"

However, through the use of regression analysis, best fit
lines and 958 confidence intervars were estabrished. These

lrere enployed to note trends and draw comparisons amongst

samples.Representat,ive exanples can be seen in Figs 47-49

with the remaining varietal fl-ours found in Appendix D.

4.06.4.1 Water Flour Pastess

4"06"4"1.1 t'et Patent Flourg

fn all varieties except Katepwa the brightness of this
pooled flour at, the 75* extraction level was

indistinguishable from that observed at the got extraction
rate" A sinilar observation was made when viewing the five



190

Figure 47 Water:Flour paste

Extraction pooled

Brightness of the 752

Flours of Norstar

# lsc Petent Flour

A 2n¿ PatenE Flour

O lst Clear Flour

O 2nd Clear Flour

Q StraighÈ Grade Flour

Figure 48 Water:Flour paste

Extraction pooled

Yellowness of the 752

Flours of Norstar

ff lst PatenË Flour

Â 2na PaEenÈ Flour

E Isc Clear Flour

Q 2nd Clear Flour
I

Q Straighr Grade Flour
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Figure 49 l{ater:Flour Paste Redness of the

Pooled Flours of Norstar

* Isc Patenc Flour

A Zna paÈent Flour

tr lst Clear Flour

Q 2nd Clear Flour.T

Q Straighr Grade Flour

75* Extraction
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varieties' yerlow component as a function of ti¡ne. The

inability to distinguish the frours , based upon extraction
rate was also observed for the red component of the flour
pastes for GIenIea, HY3ZO, and Norstar. OnIy Fielder
displayed an appreciable difference in the red color
component between extraction revers over the 6 h time
perioà"

The evaluation of these three color components would

suggest that the color change produced by a 1st patent frour
over time appeared to be independent of the extraction rate.
This r*ould confirm the earlier findings in which the
polyphenol oxidase levels in this flour, ât either
extraction Ievel, vrere ninirnal. .å, low enzlme rever wourd.

therefore exert a rinited influence on discororation of an

end product utiLizing this flour at even the Bot extraction
Ievel.

& " 06,4 o X..2 Znd Fat,ent, Flour

Examination of all five varieties indicated that the
2nd patent flours were distinct from their 1st patent frours
in terms of brightness at both the 7s and got extraction
leveIs "

Norstar, Glenlea, and Hy320 flours revealed that the

752 extraction 2nd patent fLour was distinct from the higher
nilling rate ç¡hite Katepwa and FieLder required a few hours

before the disparity in the extraction rate manifested

itself in a noticeable color difference.
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The yellon component, b*, of the flour pastes s/ere

however indistinguishable from the 1st patent frours at the

752 extraction lever" A sinilar observation was made at the
8ot extraction lever for each variety except Norstar and

HY320. Each varieties flour sampres rdere also not abLe to be

separated on the basis of extraction rate using this color
index"

The red component exhibited the trend seen ç¡ith

brightness as both the 75 and 808 2nd patent flours were

distinct from their 1st patent counterparts. As was the case

for brightness, Norstar, GIenIea, and Hy32O also revealed a

difference in red color as the nilling rate was increased.

Katepwa and Fielder 80t extraction flours however remained

indistingruishable fro¡n the lower rate.

4"06o4.1"3 lst, Clear Flours

Inspection of the decline in brightness indicated that
with the exception of Glenlea, all varieties exhibited a

distinct difference in brightness from the 2nd patent

frours. onry the 75* Grenlea 1st crear flour overlapped the

values seen in the 809 extraction 2nd patent flour. The

corresponding 80t Glenlea Lst clear flour was noticeably
difierent fron each of these two pooled flours.

fn each variety examined except HY32O, the 75* lst
clear extraction flour was distinct in terms of brightness
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from its 8ot extraction fLour. HY320 was sinilar for both

extraction levels until 4 h at which ti¡ne they diverged"

Theover}appingofthegstconfidenceintervals
d.efining the quadratic decline of yello$rness for both the

2ndpatentfloursandtheT5Slstclearflourh¡asvery
apparentforeachvariety"However,atthesosextraction
level, all varieties, with the exception of Fielder

displayed distinct and separate curves from either of the

2nd patent flours

In terms of separation of the lst clear flours on the

basis of extraction rate, distinguishability stas variety

dependant. only Katepwa, Norstar and Fielder had discrete

yellow color curves"

The red component of the 1st clear flours nirrored the

characteristics displayed by their brightness component"

withtheexceptionoftheGlenleaTs?-flour,eachwas
distinct fron the 2nd patent frours. However, compari'son

within the flour at the two different nilling rates

indicated. that only Norstar and Fielder displayed no overlap

of the color curves.

4 " 06 " 4. 1.4 Znd Clear Fl'ours

Examination of the decline in brightness of this flour

at both extraction levels indicated that alt of the harder

wheats, including HY320 had separate and distinctive values
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from their 1st clear flours. In FieLder, only the BOB

extraction flour did not overlap with the 1st clear flours.
The distinctive nature of this poor quality flour was

noticeable as all varieties but Glenlea had discrete
differences in the brightness curves due to extractíon rate.

Although the flours were distingruishable fron the lst
clear flours on the basis of brightness, this r*as not the

case for the pastes, yellow cornponent" In all varieties,
except Glenlea, only the 80t extraction flour showed a

distinctive t,rend relative to the lst clear f lours.
However, only Norstar and Fielder were able to show separate

curves with increasing extraction rate.
The inability to discrininate was also observed when

assessing the red color component of these flours r.¡ith their
1st clear counterparts" OnIy in Katepwa r¡as it possible to
note a clear distinction betr¿een the two different quality
flours" Furthernore, it was not possible to differentiate
the 2nd clear fl-ours by extraction rate for any of the

varieÈies "

4.A6"4.1uS Straight Grade Flours

Exanination of the three different, extraction rate
flours, 75, 80 and 85t indicated that in atl varieties, each

was distinct in terms of brightness and redness" In terms of
yellowness however, only Norstar and Fielder exhibited three

distinct curves based upon extract,ion level" The renaining
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varieties disprayed the same general increase in yerrowness

with extraction rate, but the 7s and 8ot flours had

overlapping confidence levels" onry in Hy32o r¡as the g5å.

flour not distinguishabre fron the lower extraction frours
in terms of yellowness.

rt was observed in both the polyphenol oxidase revels,
and the phenolic acid contents that the straight grade

flours had very sinilar values with those observed in the
corresponding 2nd patent flours. comparison of these two

flours on the basis of coror indicated again the high degree
of si¡rirarity between the flours. rn all of the varieties,
over both extract.ion levers and each of the three col_or

components, there were only three isolated exampres in which
the two flours were distinguishabre at their respective
extraction rate. rn each case it was the got straight grade
flour which remained distinct.

' 4.06.4,4 Kan gui Flour pastes

Representative exampres of color changes over the 6 h
period utilizing the al-kaline Kan sui reagrent are seen in
Figs 50-52 with the rernaining varietal flours found in
Appendix E.
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Figure 50 Kan Sui:Flour paste Brightness of the 7SZ

Extraction Pooled Flours of Norstar

S Ist PaEenc Flour

A 2n¿ parenE Flour

tr lst Clear Flour

Q 2nd Clear Flour
I

I

Q Scraighc Grade Flour

Figure 51 Kan Sui:Flour Paste yellowness of the 7SZ

Extraction Pooled Flours of Norstar

.S Ist PaÈenÈ Flour

Â Zn¿ PatenË Flour

tr lst Clear Flour

Q 2nd Clear Flour

Q StraighÈ Grade Flour
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Figure 52 Kan sui:Flour paste Redness of the 7s\ Extraction
Pooled Flours of Norstar

d Ist PaËent Flour

A 2n¿ paEenr Flour

tr lsÈ Clear Flour

Q 2nd Clear Flour
t

Q Srraighr Grade Flour
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4.06.4"2"X Xst, Fat,ent, FLours

use of the alkarine Kan sui reagent did infruence the
respective color curves of these poored frours over time.
Although the patt,ern of decline k¡as different for the yerlow
coror component, the inabirity to distinguish between 75 and

80t flours !¡as consistent with that observed for the water
paste. This trend was arso carried over into the red color
range arthough the actuar "* values úrere considerabry
different from the water pastes. rt was only in the
brightness of the pastes were some differences observed on

the basis of extraction for the respective varieties. Unlike
the water past,es where each variety was indistinguishable
Fierder and Katepwa disprayed brightness curves r¿hich

appeared distinct from each other at the 7s and BOt

extraction level

4.06o4.2"A Anê petent Flours

Under the basic conditions, only the brightness

-component of the 2nd patent flours hrere distinct from their
lst, patent frours. Both the yerlow and red coror curves of
this flour overlapped those disprayed by their 1st patent
flours. The only exception to this observation was seen in
the red color components of the Hy32O flours.

with this exception, it was also found that each

variety was unable Èo distingruish between extractj,on lever



204

for both their red and yerlow ti¡ne function curves. However,

extraction rate did exert an infruence on brightness as each

variety displayed distinct curves at the tu¡o different
nilJ.ing levels.

4.06"40?.3 Lst, Clear Fl0urs

Brightness was the only factor which discrininated
between this flour and the 2nd patent flours at either
extraction level for atl varieties. The red component was

unable to separate the different flours while yellowness had

nixed success as the Bot 2nd patent frour tended to overì_ap

the 75* lst clear flour.
Examination of the influence of extraction level showed

that with the exception of Fielder the remaining varieties
had disÈinct brightness curves. Furthermore, the yellow
component functions were also separate for every variety
which had not been seen in the previous flours. The red

component however continued to be unabre to resolve the

flours based upon extracÈion rate.

4 . 06 o êà.2 . & 2nð Clear Floure

The very high ash 2nd clear flours did not clearly
separate themselves in their various coLor components fron
their 1st crear counterparts for most varieties. rn generar,

the values achieved by the Znd clear 7s* extraction frour
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tended to overlap those achieved by the lst clear 8Ot

extraction flour"

With the exception of Norstar, each variety had

distinct brightness curves, and alI had separate yel1ow

curves, based upon extraction rate. As had been the case in
the previous fÌours, rro variety was able to generate non-

overlapping curves for the red color component.
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4"06.4"e.5 Straigbt, Graêø Flours

Exanination of the three straight grade flours under

alkaline conditions indicat,ed that each was distinct in
ter¡ns of its brightness component for every variety. The one

exception to this was observed between the go and 8st
extraction flours from Fielder. The extraction rate t¡as also
able to differentiate the resurting yerlow curves of these
flours in every case except between the 7s and 8ot curves of
Katepwa where there was sright overlap. Katepwars g5å

straight grade flour however was able to be isolated from

the other fl-ours" The pastes' red color component was

distinguishabre for the three different flours in both
Norstar and HY320 but overrap was conmon in the renaining
varieties.

4. 06. 4. 3 Sunnary Connentg

rnspection of each of the color components wourd

suggest that the variety of choice for end products,

especial-ì-y those requiring high brightness, such as

noodl-es, would favor the serection of Norstar. rn alr pooled

flours examined Norstar was consistentry distinct fron the
others while remaining the bright,est. Exa¡rination of the
remaining color influences, red and yerlow, indicated
Norstar arso disprayed nininal change. The decline in
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yerrowness across all streams was smallest in this winter
wheat , being approximately half that observed in the other
four crasses" The red col-or component of the flour paste

also suggests the preference towards the use of Norstar as

the amount of change observed yras ninimal compared to the
other varieties. rn both patent, flours at the 7s and got

extraction level the red color component rernains close to
neutral , O, over the 6 h tirne span. The practical
significance of the linited change in color over tirne,
exhibited by Norstar at both extraction levels, rends itserf
to less restrictive processing tineframe observed in non-

traditional- products

rntroduction of the alkarine Kan sui reagent had a
noticeable effect, on the respective coror curves at the
varying extraction rates. The mosÈ prevalent observation
dealt, wÍth the nininar change in the yellow component of the
various pastes tested" rn arL cases, there was an obvious

rapid dectine in values over the first hour, folrowed by a

general leveÌling off or sloçr increase in the b*

measurement. This Èrend was different from thaÈ observed in
the normal water:flour paste discussed earlier.

There was also a very obvious shift in the pastes, red-
green coror scare. The presence of the high pH solution
caused nost pastes to exhibit an initiar green rather than

red component" However, as seen in the water paste sanpres,

the shift towards a higher red content was clearly observed.
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Brightness as a function of tine displayed the smallest
difference from a regurar water environment. rt was noted

that the harder wheats denonstrated a noticeable influence
of the alkaline environnent" Norstar had the nost pronounced

difference as a1r flours \dere discretely separate and rower

in brightness than their wat,er paste counterparts. This
divergence was also noted for the other two harder

varieties, Katepura and GlenÌea, in both 25 t crear frours
and each of the gOt extraction flours. The softer wheats,

Fielder and HY320 did not distinguish themselves from their
water brightness values at either extraction revel.

4.06.5 rnfluence of Temperature oa color product,ion

rn order to assess the influence of tenperature on the
flour paste color production four flour streams fron the 752

extraction millings of the soft wheat FieLder, and, hard
wheat, Katepwa, were ernproyed. The flours were the lst
patent, lst and 2nd crears, and the corresponding straight
grade flour" These flours sÍere chosen as they r¿ouLd differ
widery in character al,Lowing the tenperature to have a
maximum influence" The additional temperatures selected were

35 and 45oc as they wourd model anbienÈ Èernperatures

attainable in certain parts of the v¡orld. Each sanp]_e was

subject to duplicate analysis r¿ith the average values being

utilized "

Plots of represenÈative individuar coror conponents,

brightness, L*, redness , ã*, and yellowness, bo, as a
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function of tine over the temperatures studied are

represented in Figs 53-55" Exanination of the best fit
lines for each sample's individual color component indicated
temperature had a nininar infruence on color production.

rndividual analysis of brightness, redness, and yerrordness

of the Katepsra frours revealed a high degree of overlap
between each temperaturets respect,ive 95t confidence rinit
curve as the temperature $ras increased. A sinilar
observation was noted for the Fielder sanples. Arthough

overrap of successive curves gras noted, a general trend
towards change was observed with increasing temperature.

Brightness and yellowness of the paste both tended to
decrease whil,e redness increased with higher temperature.

Although the individual coror component change appeared

to be ninor, examination of the overarr. totar color change,

Eab, did identify differences between the two varieties
tested. Total color.change, Eab, represents the sum of the
range in values for each coLor component, from tine o to 6

h. Figs 56-57 show the totar color change observed in the
different flours by variety. Àt zsoc Fierder disprayed a
larger total color change in each stream relative to
Katepwa's sanples" The soft wheat continued to show a

considerably greater total color change than Katepwa at both

elevated teurperatures " However comparison of the averagie

ratio increase of the four streams for each variety, 4soc

versus 25oc, indicat,ed there was no significanÈ difference
beÈween the varieties. The average ratio increase in total
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Figure 53 rnfÌuence of Temperature on !{ater:Frour paste

Brightness of Katepwa 7s* Extraction lst clear
FIour

*zs c

a35o c

o 45oc

Figure 54 rnfluence of Tenperature on tr{ater:Frour paste

Yellowness of Katepwa 7s\ Extract,ion rst clear
Flour

* zs'c

A,35"c

E45"c
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Figure 55 rnfruence of Temperature on water:Ftour paste

Redness of Katepwa 7s?- Extraction 1st clear Frour

* 25oc

A35oc

tr45oc
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Figure 56 The Effect of Temperature on the Totar coror
' Change Observed in Selected 75* Extraction Flours

of the Variety Katepwa

P1_75 lst Patent Flour

SG_75 Straight Grade Flour

C1_75 1st, Clear Flour

C2_75 2nd Cl-ear Flour

Figure 57 The Effect, of Temperature on the Total color
Change Observed in Selected 75* Extraction Flours

of the Variety Fielder

1P_75 1st Patent Flour

SG_75 Straight Grade Flour

C1_75 lst Clear Flour

C2 75 2nd Clear Flour
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color change for each of the flours in Fielder e/as r.4z (+/-
0.14) while Katepwa yietded 1"30 (+/-o.12).

Revier* of Figs 59 & 59 which dispray the refrectance
measurements of the lst patent, and 2nd clear flours of both

FieLder and Katepwa hightighted the differences observed

between varieties. The mininar totar color change observed

for the Katepwa lst patent frour rerative to its Fielder
counterpart is focussed on the region extending from 5oo-7oo

nm. Particular attention was drawn to the 500-560 nrn region
where no difference was visibre in the Katepwa frour at both

erevated temperatures. FurÈhermore, there appeared to be a

reversal in trends in the region of 4oo-5oo nm. beÈween the
two varieties as a funct,ion of t,ine" Fierder disprayed a

decrease in this region, corresponding to the vioret-brue
ends of the spectrum, while Katepwa showed a noticeable
increase. The nagnitude of increase in this region
approaches the decrine observed in the latter yellor+-red
portion of the spectrun"

The 2nd crear flours, Fig 59 also drerv attention to the
differences between the two varieties within the violet-blue
portion of the spectrum. Fielder did display a significant
change in this region while Katepwa did not. Maximum change

in refrectance occurred in both varieties from 5oo to 7oo nm

although the nagnitude of change for Katepwa was

considerably smaller than Fielder.
Examination of the Èotar color change as a function of

tenperature suggests that the factors responsibre are not in
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Figure 58 Temperature Influence on the Reflectance Spectrurn

of the 75* Extraction 1st patent F1ours of
Fielder and Katepwa

E Control Temperature 25oC 0 h
+ Temperature 25oC 6 h

Q fenperature 35oC 6 h

A Temperature 45oC 6 h



2]-8

N
l¡J
oz
s-o
LJJh
l¡l
E

90

85

EO

75

70

65

60

55

50

45

FIEL.DER 1ST PATENT

400 450 550

WAVELENGIH nm

650

N
UJ
o
z
t-
o
l¡J
J
L
l¡J
É.

90

E5

EO

75

70

65

60

55

50

45

KATEPWA ISf PATENT FLOUR



2t9

Figure 59 Temperature Effect, on the Refrectance spectrum of
752 Extraction 2nd Clear Flours of Fielder and

Katepwa

tr Control Temperature 25oC Time = O h

+ Temperature 25oC Time : 6 h

O Temperature 35oC Time = 6 h

A Temperature 45oC Time = 6 h
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a free suspension" rf such were the case, the e10 rure would

be observed whereby the reaction rate doubl-es for each Looc

increase" The factor/s influencing coror change appear to be

consistent for both varieÈies as the average percentage

increase from 25-4soc for each varietyrs flours *år" not

significantly different. The lack of a free suspension of
components is consistent, with the opinion that polyphenol

oxidase is a membrane bound enzlme in wheat (Marsh and

Galliard,1986) . Furthernore, the najority of natural
phenolic acid substrates for the enzrme are arso in a bound

state" Under such conditions, increasing the reaction
temperature wouÌd not alLow the e10 rule to be observed as

physical restraint would dominate.

The concern for auto-oxidation of the phenolic acids

being solely responsibre for the coror change is extremery

small based upon two observations" The change in totar coror

between 25oC and 35oC is considerable in Fielderrs lst
patent flour. However, between 35oc and 45oc the coror does

not change appreciably. rt wourd be suspect,ed that, if auto-
oxidation was occurring, the elo rure would be detected at
tne nigher temperatures. A sinilar observation was noted for
Katepwa's straight grade flour. The second point for
dismissing auto-oxidat,ion as the sole source of coror change

kras encountered when comparing the total color change,

wiÈhin the straight, grade flours, between varieties.
Examination of each varietyts toÈar color change, fron 2s to
45oC, yielded an identical value of L"44 color units.
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Fierder, hovrever, had approximately three times the free
phenolic acid content of Katepwa within this flour. rf auto-
oxidation was sorely responsible for color it would be

anticipated that Fielder's totaÌ coLor change would be

substantially l_arger than Katepwa.

4.06.6 rnfluence of pbenolic ådditioD on coror product,ion

rn order t,o address the invorvement of phenoric acids
in flour paste color production a series of six phenolic
acids, ât 200 ppn, hrere added to Katepwa 1st clear 7sz

extraction flours. Each sanple was anaryzed in duplicate
with the average values being used to establish the best
fitting regression and the 95t confidence linits. The

influence of these acids on the Hunt,erlab color components

eiere nonitored over 4 h and the resurts can be seen in Figs
60-62. The most readiry apparent observation was the
rnagnified effeca :t caffeic acid reLative to the other acids
on arr aspects of color" rn each of the three Hunter lab
color component,s , caffeic acids infruence r¡ras noticeabry
different than the other acids. rn each case these

differences were apparent within t h of nixing.
Flour paste brightness appeared to be the least

influenced by the addition of the 2oo pprn phenoric acids.
only caffeic acid showed an innediate divergence from the
contror flour u¡hile both coumaric and sinapic acids

displayed discrete differences after a 2 h period.
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Figure 60 fnfluence of Phenolic Àcid Addition
(200 ppn) on Water:Flour Paste Brightness of

Katepwa 75* Extraction 1st Clear Flour

A"

* Caffeic Acid

A Ferulic Acid

o Vanillic Acid

O Control

* Sinapic Acid

A Coumaric Àcid

a Syringic Ä,cid

O Control

B"
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Figure 61 fnfluence of phenolic Acid Addition
(200 ppn) on Water:Flour paste yelLowness of
Katepwa 752 Extraction 1st Clear Flour

A"

* Caffeic Acid

A Ferulic Acid

E¡ Vanillic Àcid

O Control

* Sinapic Acid

A Coumaric Àêíd

n Syringic Acid

O Control

B.
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Figure 62 Influence of phenolic Àcid AddÍtion
(200 ppn) on Water:Flour paste Redness of
Katepwa 75* Extraction 1st C1ear Flour

Ã,"

* Caffeic .å,cid

A, Ferulic acid

o Vanillic Acid

O ControL

* Sinapic Àcid

A Coumaric Àcid

tr Syringic Acid

Q Control

B.
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The remainj-ng phenolic acids did not discretery separate

from the control flours.
Paste redness highlighted certain differences between

the various acids. A strong decrease was observed in the
paste redness for caffeic acid r¡ithin the first hour.

sinapic acid aLso decreased in redness, to a lesser extent
than caffeic acid, over tine and was different from the
control fLour which displayed an increase. Ferulic,
syringic, and vanillic acids appeared to have nini¡naI
influence on the red color component in this flour as their
respective lines overlapped those of the control flour.

Flour paste yellowness was affected by aJ.I of the
phenolic acids investigated" In each case, discrete
decreases in past,e yellowness from the control were

observed within 2 h of addition. caffeic acid , forrowed by

sinapic acid had the greatest decrine in this coLor index.

The remaining acids, ferulic, vanillic, syringic and

counaric arl decreased in yellordness by approximately equal

amounts 
"

Examination of selected acids' paste reflectance
spectrums over the tine period highLighted the differences
between the various acids shown in Fig 63" caffeic acid
diverges from the control çrith a generar decrease in
reflectance along the entire length of the spectrun. only
caffeic acid was found to differ from the contror in the
vioret to blue region of the spectrum, 4oo-490 nm. sinapic
acid also noticeabry deviates fron the contror frour over
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Figure 63 rnfLuence of phenolic Àddition (2oo ppn) on the
ReflecÈance spectrum of 7sz Extraction 1st crear
Flours of Katepwa

^å,"

E Control Tine 0 h

+ Control Tine 4 h

O Ferulic Acid 4 h
A sinapic Àcid a h

tr Control Tine

+ Control Tine

O VanilIic Acid

x Caffeic Àcid

B"

0h

4h

4h

4h:
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the 4 h tine period start,ing at the beginning of the green

regi'on, 5oo nm. The largest difference for sinapic acid
versus the control occurs in the portion of 5g0-620 nm.

corresponding to the orange portion of the spectrun. Ferulic
and vanilric acids dispray only stight decrines in
reflectance compared to the controÌ above 550 nn and this
difference remains relativery constant over the renaining
portion of the spectrum

Selected phenolic acids rÊrere also added to both Katepwa

1st patent and 2nd clear 75* extraction flours to determine

their influence on different, frours. rn both cases, the
uniqueness of caffeic acid rerative to the other phenorics

was highLighted" The 1st patent flour's brightness and

redness was only influenced by caffeic acid. Differences in
yellowness, except for caffeic acid, decreased only
ninirnarry from the control. These ninor differences !/ere

crearly seen in the refrectance wavelength spectrums Figs

64-65. rnvestigaÈion of the phenoric acid addition to the
2nd crear flour did highlighÈ the infruence of sinapic acid
on brightness over an extended period. other than caffeic
acid, only sinapic acid produced a noticeabry different
decline in paste brightness by 4 h . sinapic acid and

vanillic acid arso displayed a somewhat divergent infLuence

on paste redness. while caffeic acid caused the 2nd crear
flour's redness to decline relative to the control, both

sinapic and vanillic produced an observable increase in the
red, ân, value after three h " Sinapic



233

Figure 64 Influence of Phenolic .å,cid Addition
(200 ppn) on the Reflectance Spectrum of
752 Extraction Katepwa lst Patent FLour

4,.

tr Control Tine 0 h.

+ Control Tine 4 h.

$ Ferulic Acid 4 h.

À Sinapic Acid 4 h

tr Control Tine 0 h.

+ Control Tine 4 h.

O vanillic Àcid ¿ h

x Caffeic Aqid 4 h

B"
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Figure 65 fnfluence of Phenolic Acid Addition
(200 ppn) on the Reflectance Spectrum of
752 Extraction Katepwa 2nd C1ear Flour

E Control Tine 0 h

+ Control Tine 4 h.

Q Ferulic Acid 4 h

A Sinapic Acid 4 h.

tr Control Tine 0 h

+ Control Tiure 4 h.

O vaniltic Acid 4 h

x Caffeic Àcid 4 h

A.

B.
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acid's increase in red color production from 3 to 4 h was

particularly abrupt" This sharp increase was observed to
corresponded with a sinirar decline in the paste brightness.
onry caffeic acid, however, invoked a response in the 2nd

clear paste yelrowness. This was in contrast to that
observed in the 1st clear flour where all acids caused a
substantial decline in yellordness.

Revier* of the Znd crear flourrs paste refrectance
spectrum in response to the added free phenoric acids did
highright that in this flour sinapic acid as well as caffeic
acid, did diverge from the controL flour over the entire
spectrum. The extent of this difference however was not as

great as that seen for caffeic acid.
carcul-ation of the total color change in the respectj-ve

flours upon addition of the free acids over the 4 h period
can be seen in Table 15. only caffeic acid had a dra¡natic
influence in total coror change in the lst patent frour, a

three ford increase over that seen in the cont,rol. rn the
1st crear flour al] of the phenolic acids disprayed a

greater totar color change than the control. sinapic acid,
forlowed closely by coumaric acid, \dere second to caffeic
acid in terms of totar change. Hosrever, in the 2nd crear
flour, varues for sinapic, caffeic and vanillic acids are
arL rarger than that of the control but ferulic acid was of
eguivalent magnitude.

closer examinaÈion of the relative changes highrighted
an inportanÈ facet" The ratio of total increase from the lst
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patent to 1st clear for both the contror samples and

phenoJ-ic additions were of the same rnagnitude. The control
ratio was 2.26 vrhile the phenolic acid ratios ranged from

2 . o to 3 . o. The same rdas found to be true when moving from

the 1st crear to the 2nd crear samples" The corresponding

2nd crear:1st clear total color ratio for the control flour
vtas L-24 yet the phenoric acids were srightly lower

extending from 1"00 t,o 2.22. This wourd suggest that there
is a factor present in each frour responsible for coror
production which interacts with the phenoric compounds. The

magnitude of the totar color change remains a function of
the particurar phenolic acid as the total coror production

for ferulic acid in the lst clear flour is only 5.76

compared to L5.32 for caffeic acid. However on a ratio basis
to the 1st patent flour, feruricts increase of 2 ford is
equivalent to that, displayed by caffeic, Z.ZZ, and the

control 2"26"

Àuto-oxidation of the phenolic acids being solely
responsibre for the coror change can be erininated based

upon the forlowing grounds. The phenolic acid analysis

indicated that Èhe 200 ppn added to the flours was werl in
excess of the naturarry occurring soruble bound and free
acids" rt wourd therefore be expected that such acids r¡ourd

be the most susceptibre to auto-oxidation. subtraction of
the control value from their respective lst patent and 1st

crear frour phenoric pastes yields varues which were not

equivaJ.ent. caffeic acid yierds a rfcorrected, change of
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4"83 color units in the patent frour versus 10.60 units in
the 1st clear flour" sinapic acid, also has r¡correctedrl

total color changes of 0"69 and 3"60 in its ccirresponding

flours. rf auto-oxidation was solery responsibre for color
production the tccorrected¡r coror change in both flours would

be the same utirizing the same acid. The aspect of
differentiat oxidation of the acids was removed as a factor
on the basis that the ratio between the two acids in the 1st
patent flour was not naintained in the 1st crear frours.
Finally, the concern that an unknown factor was involved as

werl in infruencing color night be ruled out based on the
ratio between flours across the acids being different. The

ratio for totar ¡rcorrectedr¡ color change between the 1st
patent and lst clear for caffeic acid was z"l9 while sinapic
acid had a value of 5.22"

support for the phenolic acid concentration being
invorved in color production s¡as observed when the totar
color change versus phenolic acid concentrat,ion was protted
in Fig" 66 caffeic, sinapic, vanitlic and ferulic acids all
disprayed rinear increases in their respective totar color
production as a function of phenoric acid concentration.
confir¡oation of this rerationship is suggested by three of
the acids having an intercept value sinilar to that observed

for the control flour, 4"72, in Table 15.

The unigue nature of caffeic acid was again noted in this
series of experiments as its intercept, was considerabty
different from that of the control flour.
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Figure 66 Phenolic .å,cid concent,ration Effect on Total color
Change Observed in a Katepwa 7SZ Extraction lst
Clear Flour at 25 C

* Caffeic Acid

A Ferulic Acid

o Sinapic Acid

Q vanillic Acid
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Although the total coror change appeared to be rinearry
related to phenoric concentration, the observed changes in
L*, â*, and b* values on the Hunter Labscanrr cororimeter
did not reftect, a sÍ¡nirar trend. Figs 67-72, highrighting
both sinapic and caffeic acids indicated that the influence
of the free phenoric acids on the three color component,s

varies with the acid" Bright,ness for caffeic acid displ_ayed

considerable differences with the control yet the 50 and 1oo

pprn additions, although revealing decreasing brightness
curves, r,{ere not distinct fro¡n each other. Furthermore, they
did not display a difference between each other equivalent
to half that observed between 100 and 200 ppn. sinapic acid
however, did dispray an approxinate rerative decrease in
brightness proportionaÌ to the amount added. rt should be

noted that the lower concentrations, 50 and 1oo ppn., did
not display a discrete difference fron the control frour. rt
vras onJ-y the zoo ppn sinapic acid concentration which

diverged from the contror flour after 2 hrs.. Exanination of
the infruence of phenolic acid concentration using either
vaniLric or feruric acids revealed that, neiÈher acid at any

concentration was distinct from the contror frourrs
brighÈness.

caffeic acid r âs wel-l as sinapic acid, continued to
display their not,iceably rarger influence of concentration
on both yerlowness and redness than Èhe other two acids
examined. sinapic acidts influence on yerJ.owness was not, as

seen previously, proportional, âs the decrease between 5o
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Figure 67 Observed Changes in Brightness

752 Extraction 1st, Clear Flour

of Caffeic ^Acid Concentration

4, 2oo ppn

A 100 ppn

tr 50 ppn

O Control

Figure 68 Observed Changes in Brightness

75* Extraction lst Clear Flour

of Sinapic Àcid Concentration

* 20o ppn

A 100 ppu

t 50 ppn

O Control

ofa

asa

Katepwa

Function

ofa

asa

Katepwa

Functíon
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Figure 69 Observed Changes in yellordness

75* Extraction lst, Clear Flour

of Caffeic ^A,cid Concentration

* 200 ppn

A 100 ppn

tr 50 ppn

O Control

Figure 70 Observed Changes in yellobrness

75* Extract,ion lst Clear Flour

of Sinapic Àcid Concentration

& 200 ppn

A 1oo ppn

tr 50 ppn

O Control

ofa

asa

Katepwa

Function

ofa

asa

Katepwa

Function
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Fi-grure 7 L Observed Changes in Redness of a Katepwa

75* Extraction lst C1ear Flour as a Function

of Caffeic ^å,cid Concentration

* 200 ppn

^A 100 ppn

tr 50 ppn

O Control

Figure 72 observed changes in Redness of a Katepwa

75t Extraction lst C1ear Flour as a Function

of sinapic Acid Concentration

* 200 ppn

A 100 ppn

tr 50 ppn

O Control
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and 100 ppm nas roughly equivalent to that observed between

l-oo ånd 200 ppn. Although overlap exist,ed a¡nongst the
sinapic acid pastes, each was separate from the contror
flour by Z h. Sinilarly, each caffeic acid paste was

discretery different from the control frour by t h of
nixing" The functions describing this decrine however did
exhibiÈ overlapping 95t confidence linits.

The effect of individuar phenoric acids was observed

to influence the degree of redness produced in the flour
paste. Sinapic acidrs alteration of redness varied
considerably on the basis of concentration. At so ppm, the
time curve mirrored the contror displaying a sright, increase
in red color. However, at, 1OO and 200 ppn, both

concentrations displayed observabre differences with the
contror by 2 h arthough the discrepancy between thenselves
was mininal. Examination of the remaining phenoric acids
indicated that only caffeic acid disprayed an appreciable
difference from the contror flour. Each of the three acid
concentration pastes were distinct from the control after 1

h of incubation"

A ti¡ne function v¡as arso suggested to be present in the
addit,ion experiment,s " rn the both the sinapic acid and

caffeic acid series, a time rapse of 1 to 2 h were required
before a difference could be detecÈed between the addition
curves and the control frour. This tendency wourd suggest

that' the noticeable color producÈion at Ioç¡ concentrations
requires a rag phase in order to develop sufficient
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intensity to distingruish itserf, such a deray night suggest

that a series of secondary reactions are required to
generate the colored compounds in the paste" The concept of
a secondary reaction agrees with the known action of
polyphenor oxidase" The enzlme's oxidation of the substrate
is not, as irnportant as the subsequent guinone reaction color
production.

4"06.7 Predíct,íve Modelling of Color

A predictive equation relating specific flour
components to the corresponding coror of the frour paste

would be a highly desirable tool" utiLizing the various
factors deternined in this study an attempt was made to
evaluate individual factor contribution to the init,iar paste

color. The sÀs statistical package (sAS rnstitute, cary NC)

rrtas utilized to perforn three different, forns of regression
nodelling on each of the Hunter Lab, Kent-Jones, and Agt,ron

assessments of flour color"

The regression modeLs enployed were the stepwise,

forward, and adjusted rsquare methods. The serection process

for the stepwise and forv¿ard nethods was based upon maximum

coefficient of det,ernination, R2. rn the adjust,ed rsquare

analysis, the noder r¿as lirnited to the best 5 factors from

arl present" Due to the linit,ed number of observations per

variety, n=13, the factors involved in the nodels were

required to be liniÈed to 11. The factors included in the
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regression moders werei protein, pigrnent, arl individual
soÌuble bound phenoric acids, insoluble feruric acid,
pollphenol oxidase revels, and the total free phenoric acid
content of the flour. Ash cont,ent was not incruded in these
moders as it was fett that, minerar content was indicat,ive of
the degree of bran contamination. since each of the factors
in this study refrected this phenonena, incrusion of the
minerar content would interfere with the deternination of
the factors influencing color production.

The three regression methods \dere performed on every
variety nodelling each of the Hunter lab color components,

Àgt.ron, and Kent-Jones cGF values. Factors selected by the
three models for each variety were compared across varieties
and tabul-ated. rnclusion of a factor into the final model

was based upon relative occurance and the requirement that
the factor be recognized in at least four of the five
variety models. Once the cornrnon factors had been deternined
regression equations utiLizing these regressor variables
s/ere calculated for the individual variety to evaluate their
ability to predict, their corresponding initiar coror
measurement,"

Utilizing Èhe flour water pastes, pollphenol
oxidase was the onÌy factor found consÍstently throughout
each color nethod. correlation coefficients for all HunÈer

lab and Kent-,Jones individuar variety nodels were in excess

of r=0.93 at a 998 significance revel. The correlation
coefficients for the varietal Agtron models were noticeabry
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Lower with varues of r=0.92 to r=0.93 at a 959 significance
level. The regression equations for individuar varieties
can be found in Tables i-6 & 17 and representative plots of
observed versus predicted values can be seen if Figs 73-g6.

The regression eguations were initialry appried to each

variety as the cultivars represent, five distinct classes of
wheat" Application of a variety independent regression
equations, utirizing the serected factors per dependant

variable, were undertaken to determine their possibre

applicability. The high correlations observed for the
individual color components within a variety were maintained
across varietal lines" The correlation coefficients for the
three HunÈer Lab color indexes and the Kent-Jones method.

remained in excess of r=0.92 at the 99.9t significance
Ieve1. The rower correlations observed for the individual
Agtron readings was again repeated as r= o"g4 at a 99.9t
significance level.

The infruence of the introduction of Èhe Kan sui
reagent in the fornation of the initial flour paste coror
&ras also analyzed in the same r"rrrr"r to determine if a

predictive nodel coul-d be derived. Examination of individual
varietiest paste brightness and yellow color components

indicated that significant models, p

generated" rndividual variety brightness moders showed the
highest, correlations wiÈh r varues greater than o.97 whire
yerlowness also displayed strong correlations with a minimum

varue of 0"91" unfortunately, the paste redness in the



Table 16

RffiRESSIOH E$ßIIOÌ{S FOR WAR:FIfilR PAS:IES

Init.ial Briehtness (L)

Fielder L= 89.02 - 1.11 x 1o-3 (ppo) - 2.34 (cAF) + 3.zg x 1O-2 (vAN) + 0.596 (ToTFREE)
Glenlea = 89.70 - 7.Is x 10-3 (ppo) + 0.506 (cA¡') + 0.365 (vAN) - 1.05 (TOTFREE)
¡IY32o = 87.e0 - s.38 x 10-3 (PPo) - 4.24 (cAF) - 0.213 (vAN) + 0.213 (ToTFREE)
Karepwa = 90.71 - 6.03 x 1o-3 (ppo) + 3.35 (CAr') + 0.632 (VAN) - 2.17 (TOTFREE)
Norsrar = 91.59 - 1.27 x 10-3 (ppo) + 0.956 (CAF) + 0.048 (vAN) - 0.6s6 (TOTFREE)
All lines = 89.90 - 9.96 x 1o-3 (ppo) + 0.46 (CA¡,) + 0.23 (VAN) _ 0.57 (TOïFREE)

Initial Redness lÀ)

Fielder A= 3.23 x 10-3 (ppo) - 0.15 (vAN) + 0.686 (COUM) + O.O2
Glenlea = 2.96 x 10-3 (ppo) - 0.38 (VAN) + r.ó8 (couM) + 0.55
HY32O = 4.12 x 10-3 (ppo) - 0.06 (vAN) - 1.13 (COUM) + O.s8
Katepwa = 4.03 x 10-3 (ppo) - 0.24 (vAN) + z.o5 (coUM) + 0.73
Norsrar = 4.7r x 10-3 (ppo) - 0.34 (vAN) + 1.84 (COLM) + 0.12
All lines = 3.89 x 10-3 (ppo) - o.1o (vAN) - o.o2 (couH) + 0.41

fnitial Yellowness (B)

Fielder B= 10.97 + 5.27 x 10-3 (ppo) - 1.29 (COUM) + 2.04 (pIc) - 0.53 (TOTFREE)
Glenlea = 7.29 + r.52 x 10-3^(ppo) - 2.44 (COUM) + 3.50 (pIc) - 0.72 (TOlTRm)
HY32o = 10.33 + 1.30 x 10-3 (PPo) - 0.98 (cor;M) + 1.e7 (prc) + o.o5 (ToTFREE)
Karepwa = 15.25 + 2.s8 x 10-3 (ppo) - 2.89 (COUM) + 0.25 (prc) - 0.17 (TOT¡REE)
Norstar = 12.36 + 1.07 x t0-3 (ppo) - 1.12 (colJì,r) + 0.46 (prc) + 0.36 (ToïFREE)
All lines = 11.05 + 1.31 x 10-3 (ppo) - 3.06 (couM) + 1.47 (pIG) + 9.72 (TOTFRm)

Agtron Color

Fielder = 6!.72 - 5.52 x 10-3 (ppo) - 0.29 (INSOL) + S.oo (ToT¡REE) + 1.32 (FR)
Glenle¿ = 78.85 - 8.53 x 10-3 (ppo) - 0.66 (TNSOL) - 2e.35 (TOïFREE) + t0.66 (Fm)
HY32o = 52.22 - L.82 x 10-3 (ppo) - 0.36 (TNSOL) + 4.26 (TOTFREE) + 1.80 (FR)
IGtepwa = 68.22 - 4.se x 10-3 (ppo) - 0.27 (rNSoL) - 3.12 (ToTFREE) + o.o2 (Fm)
Norsrar = 78.32 - 4.36 x 1o-3 (ppo) - o.o1 (TNSOL) + 7.93 (TOïFREE) - 13.50 (FR)
All lines = 66.26 - 1.11 x 10-3 (ppo) - 0.25 (TNSOL) + 5.38 (TOTFRm) + 5.27 (FER)

Kent-Jones Color

Fielder = 6.87 x r0-3 (ppo) - 2.40 (cAF) - 0.44 (SyR) + 1.84 (COUM) - 1.s7
Glenlea = 8.41 x 10-3 (ppo) - 1.23 (CA¡',) - 2.76 (SyR) + 13.79 (COLM) + 0.42
lIY3zo = 4.00 x 10-3 (ppo) - 2.68 (cAF) + 3.7s (SyR) - 10.89 (COTJH) + 0.41
Karepwa = 9.07 x 10-3 (ppo) - 0.63 (CAr) + 0.19 (syR) + 9.18 (COUM) - 0.38
Norsrar = 1.96 x 10-3 (ppo) - 1.9s (cAF) + 2.62 (SyR) - 2.65 (COUM) - 3.57
All lines = 9.11 x l0-3 (ppo) - 0.49 (C¡,F) + 0.88 (syn) + 0.96 (COUM) - 0.61

Swnbol Leeend
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SYR = Solubl.e Botrnd Syringic Acid
PIG = Pipent
TûIFRffi = Total Free Phenolic Acids
INSOL = lnsoluble Bound Ferulic Acid

PPO

CAF

VAN

COTJM

= Polyphenol Oxidase
= Soluble Bound Caffeic Acid
= Soluble Botrnd Ferulic Acid
= So1uble Bound Coumaric Acid
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Table L7

Initial Briehtness

Fielder
GIenlea
Hy320

Katepwa

Norstar
All lines

Initial Redness

Fielder
GlenIea
IIY320

Katepwa
Norstar
All lines

Initial Yellor+ness

Fielder
GlenIe¿
HY32O

I(atepwa

Norstar
All lines

Svmbol Leeend

PPO

CAF

SIN
FER

VAN

PIG

= Polphenol Oxidase
= Soluble Bound Caffeic Acid
= Soluble Bound Sinapic Acid
= Soluble Botrnd Ferulic Acid
= Soluble Bound Fenrlic Acid
= Pipent

ffiGRESSIOR qIÆfIO?{S FìOR KAF SII:FLCHJR påS:m g)LORs

94.s0 - 6.46 x 10-3 (ppo) - 1.61 (CaF) + 0.12 (SIN) - 2.18 (prc)
s7.26 - 5.43 x 1O-3 (ppo) + 0.07 (cAF) - 0.03 (srN) - 4.42 (pfc)
93.s3 - 2.55 x rO-3 (ppo) - 4.2s (cAr,) + o.ls (srN) - 3.08 (prc)
91.86 - e.O8 x 1O-3 (ppo) - L.62 (CAF) + O.OO4 (SIN) - 1.41 (prc)
s2.3s - 1.5e x 1O-3 (ppo) + 0.83 (C.qF) - 0.14 (SrN) - 0.68 (prc)
e0.63 - 9.e1 x 1O-3 (ppo) - 0.17 (cAF) - 0.46 (SrN) - 0.74 (prc)

-3.30 - 1.13 x 1o-3 (PPo) + 0.64 (Cer¡'t
-2.43 + 3.47 x 1O-3 (ppo) - 0.78 (Cer¡,t
-2.60 + 5.73 x 1o-3 (ppo) + o.72 (Car¡'t
-2.s7 + 1.09 x 1O-3 (PpO) + O.5O (cer¡*,
-2.73 + 4.64 x 1O-3 (ppo) - o.s7 (car,¡'t
-2.75 + 2.62 x 1O-3 (ppo) - Z.sL (cer)'t

5.s2 + 8.07 (prc) - 0.66 (rltR) + 0.62 (VAN)
11.s3 + 4.8s (PIG) - L.62 (Fm) + 3.96 (VAN

1s.3e + 2.8s (prc) - 0.23 (FER) + 1.10 (vAN)
1s.67 + 1.90 (prc) - 0.78 (FER) + 1.54 (VAN)
1s.s8 + 1.11 (plc) + 0.89 (FER) + 0.33 (VAN)
16.es + 1.46 (prc) + 0.20 (FH) + 0.ó6 (vAN)

>k Not significant at 95% level.
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Figure 73 Àn Atternpt t,o Model The Initial trlater:FLour paste

Brightness for the Variety: KATEpWA

* Observed

o Predicced

' 957" Confidence LimiE

Figure 74 An Àttenpt to Model the fnitial l{at,er:Flour paste

Brightness fndependent of Variety

* 0bserved

o Predic ced

' 957. Confidence LiniE
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Figure 75 An Àtternpt to Model the rnitiar water:F1our paste

Yellowness for the Variety:KÀTEPWA

* Observed

o Predicced

' 957" Confidence Linic

Figure 76 An Attempt to trfoder the rnitial water:Frour paste

Yellowness fndependent of the Variety

* Observed

o Predicced

' 957" Confidence LiniE
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Figure 77 An At,tenpt to Model the rnitial water: Frour paste

Redness for the Variety: FIELDER

* Observed

o Predicted

' 957. Confidence Limit

Figure 78 An Àttenpt to Model the fnitial t{ater:Flour paste

Redness IndependenÈ of Variety

* Observed

o PredicEed

- 957" Confidence Linir
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Figure 79 An Attempt to Model the rnitial water:Fl_our paste

Kent-Jones cGF varue for the variety: NORSTAR

* Observed

o Predicced

' 957. Confidence Linit

Figure 80 Àn Attenpt to Moder the rnitiaL t{ater:Flour paste

Kent-Jones CGF Value fndependent of Variety

* Observed

o PredicEed

- 957" Confidence iinit
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Figure 81 An Attempt to Model the rnitial water:Flour paste

Àgtron VaÌ-ue for the Variety: NORSTAR

* Observed

o Predicted

- 957" Confidence Linir

Figure 82 Àn Àt,tenpt to Model the fnitial l{ater:Flour paste

Àgtron Value fndependent of Variety

:k Observed

o Pred ic ted

' 957" Confidence Limir
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Figure 83 An Àttempt to Model the Initial Kan Sui:F1our

Paste Brightness for the Variety: NORSTAR

* Observed

o Predicted

- 957. Confidence Limic

Figure 84 An Attempt to Mode1 the Initial Kan Sui:Flour

Paste Brightness fndependent of Variety

* Observed

o Predicced

- 957. Conf idence L irni E



267

3
UI
U'
t¡lz
o
e.
rD

J
tn
tJ1
l¡Jzt-ro
É,
fo

T

0.50 0.60 0.70 0.E0 0.90 1.00 Lr0 1.20 l.i0
A.SH CONTENI ¡

t.r0 t.J0 t.50 l.'70
ASH CONTENIs

--o
+.

*
o

0.J0 0.50 0.70 0.90



268

Figure 85 An Attenpt to ModeL the rnitiar Kan sui:Flour
Paste yel_Lowness for the Variety: NORSTAR

* Observed

o Predicted

- 957" ConfÍdence LimiÈ

Figure 86 An Attenpt to Model the rnitial Kan sui:Ftour
Paste yellowness fndependent of Variety

* Observed

o Predicced

- 957. Confidence LimiÈ
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alkarine environrnent did not lend itsetf to a significant, p

<0.05, regression model for any variety using the regressor
variables available"

Application of the selected variables towards nodelling
both brightness and yerlowness, independent of the variety,
vJas also assessed" strong regression eguations, p <o.oool_,

ltere observed for both color components. Brightness
displayed a correlation coef f icient of 0.95 whil-e yelJ-owness

had a value of o. gg. The red col-or component was also
evaluaÈed but did not yield a significant, p< 0.05,
equation.

The ability to generate significant models for the
frour pastes individual color indexes deternined by the
Hunter Lab suggest,ed that the change observed over tine
might be modelled" The practical realization of the change

in color however wourd be confined to the total coror change

observed as the human nind generates a perceived total color
rather than individual color components.

utirizing the three regression methodologies previously
described, selecÈion of regressor variabLes !¡ere deterurined.
However only two variabres, polyphenol oxidase and pigment

content were found to be consistent across four of the five
varieties. rncruding these variabres in the model yierded
significant, p <o.oo2 ,regression moders with correlations
ranging from 0.87 for Fierder to 0.95 in Norstar. pl_ots of
these varietal dependant total color changes are seen in
Figs 87-92"
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Figure 87 An Atte¡npt to Hoder The Total coror change

(6 h) Observed fn Kateprdars pooled Flours

* Observed

o Predic ted

- 952 Confidence Limic

Figure 88 An Àttempt To Model the Total coror change

(6 h) Observed in Glenlea's pooled F1ours

* Observed

o Predicced

' 957. Confidence Linit
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Figrure 89 An Attempt to Moder the Totar color change

(6 h) Observed in Norstarrs pooled F1ours

* 0bserved

o PredicÈed

- 95U Confidence LiniÈ

Figure 90 An Atternpt, to Model the Total color change

(6 h) Observed in Hy32e's pooled Flours

* Observed

o Predicted

- 95?" Confidence LiniÈ
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Figure 91 Ä,n Àtternpt to Bfodel the Totar color change

(6 h) Observed in Fielderrs pooled Flours

* Observed

o Predicted

- 957" Confidence LiniÈ

Figure 92 The Results of Ã,ttenpting to Model Totar
color change (6 h) observed in Àrl varieties

* Observed

o Predicted

- 95U Confidence LluiL
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îhe nodel was arso catcul-ated across varietal lines
using the same two regressor variabres. The signifi_cance
leve1 was found to remain high, p=0.OOOI, but the overall
correlation coefficient declined to 0.91. The lower
correlation was anticipated based upon the varied changes in
individual color components by the varieties over tirne.

5. O GENERå,I, CONCTJUSTONS

The influence of poryphenor oxidase (ppo) on the final_
flour product appearance has been suggesÈed by an nurnber of
authors ( Àbror et ar rg7o, Abror et ar Lg7r, singh and

sheoran L972, Tikoo et ar Lg73). The initial objective of
this research was to estabrish ppo levels within canadian
wheat crasses ¡nirred to varying extraction rates. previous

work by Marsh and GaLriard (1986) on wheat flour has

indicated that the use of a variety of solvents, incruding
detergents, bras unabre to solubilize more than 5og of the
enzlme activity present. They suggested that in order to
obtain an accurate determination of ppo Levels in wheat

flour, the oxygen erectrode system, emproying the sorid
sampre, must be used. At the initiation of this project no

studies had been undertaken to examine the individuar nirr
stream's enzyme contribution to their frours utitizing this
technique 

"

fnvestigation of all five varieties indicated that the
enzyrne content within a stream, regardLess of the nilling
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extraction rate, maintained a linear rerationship with ash
content up to 2"st ash. Examination of the ppo revels within
the pooled flours revealed there was general agreement
between the experimentalry deter¡nined activity reveLs and
those predicted on the basis of stream contribution. The

combination of these two facets of wheat ppo are of
particular relevance to the processing of the fl-our. They

allow the ¡riller the abitity to estinate the enzl,'me tever
present based upon stream composition. rt was observed that
on a cumulative yierd basis, regardress of the extraction
rate' 75-95&, the cumurative ppo rever remained row, Less
than 60 nmoles o2/g/mín for each variety studied, up to a

60t cunulative yieJ.d. This value represented a range from
3*, to a naximum of only 7.o*, of the total enzyme present
in the varieties assayed. These observations are of key
importance to the possible use of canadian wheats in non-
traditionar narkets. rt arlows the niller the abiì.ity to
maxinize his flour yierd on a given wheat, by nilling to an

eLevated revel, yet stiLl providing products which can cater
to different markets. rÈ was found that across all varieties
examined, less than 4s nmores oz/g/nín, were detected in the
80t extraction lst patent frours. The enzyme levels noted
wourd allow the niller to sell one flour to a high quarity
market, such as noodre production, whire producing
sufficient naterial for less stringent products such as

steam buns" The choice of variety however was found to
noticeably influence the ppo revels above the 60& cumulative



279

yie1d. The cumulative activities were shoç¡n to rise guickry
past this point as the contributing streamrs activity
varied. An extreme example was Glenlears 9th rniddling
stream, at the 85t extraction rever, being sog greater than
Katepwats most act,ive stream, and trsice that found in the
remaining varieties" selection of a preferred variety wourd

favor Norstar as the low enzrme levels in a large number of
its strea¡ns resulted in the najority of its poored flours at
both the 75 and B0* extraction leversr âs welr as the g5g

straight grade frour, to display the rowesÈ enz)me levels.
rt was unfortunate that no realistic relationship

could be established between ppo and alpha amylase as most

flours are rouÈinely screened by users to determine anyrase
content" the presence of statisticar correlations suggests
that further invest,igation is warranted in this area.
Howeverr âs the anylase levels in the sound samples were

extremely low, practicar application r¿as ext,remely rinited.
Detection of alpha anylase is a key indicator of problems

with undesirable germination. Kruger (Lg76) indicated that
the PPo leveLs rise dramaticalry, 33 fold, in wheat after
germination is initiated" Krugerrs research invorved riquid
extracts of the grain samples and in light of Marsh and

Galriard's (1986) findings, Dây have underestinated the furl
inpact, of gerrnination on ppo revels. rt nay be possible to
establish a neaningful relationship between the two enzymes,

but only r¡hen there is a sufficient range in alpha anylase
content within the streams"
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The secondary objective of this research was to
estabrish the phenolic acid content with representative
canadian wheat varieties, frours. Analysis of the phenolic
components of various varietal flours yietded levels
generally higher than report,ed in the riterature.
unfortunately there are onry a linited number of references
to wheat flour phenoric revers for comparison. Àgreement was

noted with sosulski et ar (rgg2) and Jackson (1983) for
insoluble acid content. pussayanawin et ar (19gg) did report
total feruLic acid in Hnw wheat, nill streams of sufficient
quantity to açtree in nagnitude with this study's findings.
Howeverr Do simirarity was observed with either sosuÌskirs
group or Jackson in t,erms of soruble bound or free acids.
Their values rrrere considerably lower than detected in the
present study"

Ferulic acid doninated the overall phenolic composition
as it was the onry acid detected in the najor phenolic
constituent, the insolubre bound acids. This gategory

accounted for over Bo* of the t,otal phenorics detected in
any variety's flour. sinapic acid however was found to be

the premier soluble bound component in the najoriÈy of
flours analyzed" Ferulic acid v¡as consistently detected aÈ

the second highest content in all flours. The soruble bound

phenolic acids accounted for a maximum of ]-7* of any flourrs
t'otal phenoric acid composition. Analysis of the free
phenolic acids revealed feruric acid to be the najor
component and Èhe comprete absence of free sinapic acid in
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any frour. comparison of the whore wheats, totaL phenoJ-ic

acid content indicated thaÈ the variety Norstar to be

significantly distinct p

varieties. rt was therefore not surprising to note that in
the various pooled frours anaryzed, Norstar consistently had

the lov¡er phenolic acid content for both insorubre and

soluble bound acids.

The third and final objective of this study was to
investigat,e the interaction between ppo and the endogenous

phenolic acids in color production" rn order for ppo to
participate in the discoloraÈion of a frour paste or dough

there musÈ be sufficient substrate present. The correlat,ions
between PPo and its phenolic substrates vrere quite evident
in each variety" The vast najority of the phenoric acids
meaSureddisp1ayedstroD9,significantcorreIat,ions,p>
0.05, with both ash and ppo. pussayanawin et aI (19gg),

analyzing .American hard red winter wheats, individual ¡nirl
streams, prepared cumurative feruric acid versus cumuÌative
yield curves. Although no phenoJ.ic acid measurements srere

done on individual nill streams in this study, the

relativery low and slowly increasing ferulic acid content
displayed by Pussaywanrsin and coworkers lrras very sinirar to
that observed in this study's cumulative ppo versus yield
figrures. The sinilarly shaped curves supports the concept of
the strong enzlme-substrate interdependence.

Examination of the interaction between ppo and phenoric

acid content was also evident when changes in paste Hunter
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*&L*, âo, and b* values were monitored over tine. rn the 1st
patent flours of each varÍety, where both ppo and phenoric
acids were nininalr Do distinction could be made between any
75 or 80& extraction flour Hunter color component over tine.
Hov¡ever, as Èhe revers of ppo and phenor-ics increased,
brightness was able t,o dif ferentiate betrr¡een pooled f lours,
lst patent versus 2nd patent, and within flours, 75 versus
80t extraction rat,e, for each variety in over 9ot of the
remaining samples. Redness was able to differentiate in
only 72t of the cases whire paste yellowness tended t,o be
unabre to distinguish differences. sapers et ar (1989) also
utiLized changes in Hunter L* values to establish
significant rerationships between brightness and both ppo

activity and totar phenoric content over tine in six
different potato curtivars" use of the individuar cor_or

components distinguished by the Hunter spectrocolorimeter
confirned the interact,ion of ppo and the phenolic acid
constituents. The variety Norstar, seen previously to have

t'he lowest ppo content in the flours and the nininum
phenolic acid components, consistently displayed distinctly
brighter flours than the other varieties . As werl, Norstar
exhibited the smarlest change in bright,ness over t,ine in the
najority of its flours.

A nunber of authors have aÌluded to the comprexity of
color production involving ppo in non-ideal situations.
Pierpoint (1966) discussed the reactions invorving
cholorgenic acid and the wÍde varieÈy of products forned in



283

the presence of various reactive groups. rn particular he
noted the cherry red produced in the reaction with amines.
He noted, as did singreton (19g2) that, the initial
derivatives of Èhe reaction of gyrcine and prorine with the
oxidized quinones underwent further oxidation producing
intense corors. singleton (Lgg7) highrighted the continuous
evol-ution of coror and intensity of a sinpre oxidized
benzoquinone as it underwent further porlmerization. The
flour pastes provided an environment in which the compJ_ex

interactions and subsequent cor-or production could be
monitored. The lack of a noticeable tenperature effect upon
color production remained consistent with the bound nature
of PPo (Marsh and Galriard 19g6). The inherent poor
solubility of Èhe phenolic acids in water may also have had
an influence on the results. The lack of notabre increase in
color production at the teurperatures investigated wourd
appear to be due to no appreciabre increase in the corrision
frequency between components due t,o their rinited nobirity.

The courplexity of the coror production ç¡as apparent in
the phenolic addition studies. rn the present study caffeic
acid addition had a distinctive inpact, or, "otor levers not
exhibited by the remaining phenorics. The addition of
caffeic acid did resurt in a rapid decrease in coror
intensity determined by the Hunter nethod and the paste/s
refrectance specÈrum. rt was noted that unrike the other
phenolics, caffeic acid invoked a rapid greying of the of
the pastes which was evident by the decreased reflectance
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across Èhe entire spect,rum but, most notabl_e in the later
regions corresponding to the orange-red region.
Phlobaphene, suggested by Miyanoto and Everson (1959) to be

a pollmer of catechin, is believed to suppry the red pigrnent
to çrheat kernels" rt nay be possibre that, the reaction of
the caffeic acid is having an influence on this compound.

singreton (L997) discussed the additionar incorporation of
nonoxidized naterial into subsequent po)_rnerization without
the need for direct, enzlmic oxÍdation. such a mechanism

could invoke the incorporation of previously distinct
compounds altering the colored products. Furthermore, each

subsequent product became increasingly reactive. Àn exampre

of such a case was noted for anthocyanin invorvement by

Taylor and clydesdale (1997) " They reported that although
pure anthocyanins will not react with ppo, due to steric
reasons, they observed color production. They attributed
this reaction t,o the indirect oxidation of these compounds

by trace amounts of phenolic conpounds. singleton (19g7)

has suggested that in white wine, flavanoid content nay pray
a significant rore in color production, The large
differences observed for caffeic acid are therefore
suggested to be a conbination of ppo's enhanced affinity for
this phenolic acid in conjunction with possibre involvement
of other, more conprex and indirectJ.y oxidizabre phenolics.

The coror models proposed, arthough revealing strong
correlations at significant confidence revers, are only
intended to confirn the interaction of ppo and phenoric
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acids in color production. Due to the linit,ed sampre size,
they were developed to establish the feasibility of
rnodelling color in the paste environment. The need to
evaluate multiple sanpres from a variety of environmental
conditions will be reguired to confirn these rerationships.

In sumrnation, init,ial pollphenol oxidase activity
levels and the corresponding phenolic acid contents of
flours representative of canadian wheat crasses have been

deternined" subsequent interactions of these components

influencing the flour pasters color have also been

established"
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Appendix A: Pooled Wheat Flours Individual Stream
Composition
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Katepwars pooled Flour Stream Conposition

Kat,epwa 75& Híllíng

1st Patent (45.08Í=

2nd Pat,ent (22 "S*) =

1st C1ear (3.75t)=

2nd C1ear (4"aS*¡=

Katepwa eOt lritling
1sÈ Patent (45"0t):

2nd Patent (22.5*)=

Clear (6.fSt¡=

Clear (6. rSt¡=

b
1r,f (34.48) 2M (2s.88) 15 (13"38)
2s (13 " 6) 3M (12. et)

3M (7 "6*) 4r{ (26 "22) 2B (16. e8) 38(18"7t) 18 (11.lt) 6M (2"2t)
6r.f (58.78) 48 (26.78)BF (14"6t)

BF(86.st) SD (13.s8)

lM (44.2*) 2s (16"7t)18 (7.33t) ls(20.0t) 2t{ (11,8t)

zt{ (1s"6t) 3r{ (23.6t) 28 (24.4*) 38
(23 " lt) 4M (13.3t)

4y[, (71. 58) sM (28. 5t)

5M (L2"2\) 48 (21.1å) 6M (26.0t) sD(4"e2) BF (3s.8r)

1st

2nd

Katepwa 8st Hilling
Chinese Standard= 18 (9"6*) 38 (25"7*)

(ls.4t) 5M (6"3t) 6M
8M (2.8t)

Not,e: At the gO* extraction nilling the 7V[
8M was added to 5M, the 9M added to

3M (22 "8t) 4M
(7.?*) 4B (10.3r)

was added to 4M,
6H, and the 58

added to the 48"

1M= lst Middling
2M: 2nd l.fiddling
3M: 3rd Middling
4M= 4th l,fiddling
5M= sth Middling
6M= 6th tfiddling
7M= 7th Middling
8M= 8th Middling
9M= gth Middling

18= 1st Break
2B= 2nd Break
38= 3rd Break
48= 4th Break
58= 5th Break
15= lst Sizings
25= 2nd Sizings
SD= Shorts Duster
BF= Bran Flour

ct-
b=

t
I

of Cumulative Milting yield
contríbution to poolèd rlour
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Glenleats pooled Flour Stream Conposition

Glenlea ZSt Millíng

Lst Patent,

2nd Patent

CIear

Clear

a
(45 " 0t) =

(22 .52,',) =

(3.20t)=

(3.208) =

1st

2nd

b
1M (42.72) 2M (1e"8t) 1s (12"08) 2s
( r,2 . e8)

3M (6"7t) 4M (32"08) 2B (10"7t) 38(16"48) sM (18"2t) 6M (16"0t)

6r,f (18.8*) 48 (37 " s8) 18 (43 " 8&)

4B (6"3t) Br (65.6t) sD (28.1t)

G1e¡lea BOt t{illing
lst, Patent (45.0t)=

2nd Patent ( 22.s*,¡=

1st Clear (5.ZSt¡=

2nd Clear (5.75t)=

LM (47"6t) 23 (14.0t) 1S
(23.3*)

ls (1.3t) 4M (50"2t) 3M
(13.8t) 3B (6.7t)

38 (38"3*) 18 (27.8*) sM

sM (4.38) 48 (24.3t) 6lr
(s " 2t) BF (26. lt)

Glenlea 8st Mitting
Chinese Standard= 18 (L2 "7t',) 2B (8.2t) 3M (32.e2) 4M(20.8t) sl{ ( 6 " st) 6M (e "2*) 4B (e.8t)

Note: At, the gOt extraction nilling the 7M was added to 4M,
8M was added to 5M, the gtt aàded to 6M, and the 58added to the 48"

1M= lst, Middling 18= 1st Break
2M= znd Middling 2P'= 2nd Break
3M= 3rd l.fiddling 38= 3rd Break
4M= 4th Middling 48= 4th Break
5M= sth l.{iddling 58= 5th Break
6M= 6th Middling 15= lst Sizings
7VÍ: 7th l.fiddling 25= 2nd Sizinls
8M= 8th Middling SD= Shorts puéter
9M= 9th Middling BF= Bran Flour
a= t of Cumulative Milling yield
b= t contribution to pooled F1our

(1s"1t) 21'r

(28 " ot) 28

(33"et)

(40. 0t) sD
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Norstar's Pooled Flour Stream Conposition

Norst,ar ZSt Mlltíng

lst Patent (45"0tÊ

2nd Patent (22 "S*,):

1st Clear (5"00t)=

2nd C1ear (5.00*)=

Norstar BOt !{llling
1st Patent (45"0t)=

2nd Patent (22"5¡=

Clear (6"fOt¡=

Clear (6"30t)=

b
l:M (4O.22) 2M (26.08) 1s (14"28) 2s(13.3t) 3M (6"22)

1M (le"68) 4M (31.18) 18 (s.38) 2B(14.2t) 38 (L7"3t) sM (r2"4*)
6M (20.0t) 18 (80.0S)

48 (20.08) BF (60.0t) sD (20"0å)

1M (46"0*) 2s (13"88) 1s (1s.8r) 2M(24.4t)

2lÍ (s"3t) 3t{ (28"4*) 29 (16.4t) 38(16.8t) 81 (10.7*) 4M (22"2*)

4u (7 6.2+) slt (23 .8t)
5M (e"st) 48 (1s.e8) 6M (31.88) Br(38.lt) sD (4.8t)

1st

2nd

titrorstar 8St MilJ.ing

chinese standard= 28 (2.7*') 18 (13.7*) 3t{ (18.9g) 4M(26.st)-sM (s.et) 48 (7"2*) sB (2"1t)
6M (7"911 7t{ (7.0r) 8M (3.7*) e}i (1.4r)
BF (2.0t) sD (2"1*)

Note: At the got extraction- niLling the 7lf was added to 4M,8ll q¡as added to 5M, the 9M added to 6M, and the 58added to the 48"
1M= lst l.fiddling 18= 1st Break
2Yl: 2nd l{iddling 28= 2nd Break
3M: 3rd l.tiddling 38= 3rd Break4M: 4th t{iddling 48= 4th Break
5M= sth Þfiddling 58= 5Èh Break
6M: 6th ttiddlirg 15= lst Sizings
7M= 7th Hiddling 25= 2nd sizinis
8M: 8th Middling SD= Shorts Ouõter
9M= 9th Uiddling BF= Bran Flour
a: t of Cunulative Ûritling yield
þ= I contribution to pooléd Flour
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Fielderrs Pooled Flour Stream Conposition
FíeLéør 7s& Hlllíng
1st Patent, (4s.sS1= 1M (37.1*i ,* (ls.6E) 1s (e.Bt) 2s(14.0*) 3M (1_2 " st) 4M (10.7t)
2nd Patent, (22"5*,)= 4M (s"B&) 18 (16"0t,) zB (20"9å) 3B(16"4t) 5¡{ (11" lt) 6M (1s" 1&) BF

(14"78)

lst Cl-ear (2 " ro8¡ = 48 (33.3t) BF (57 " 1g) sD (e. sg)

2nd Clear (2.r0*¡= SD (loOt)

Fielder 80* Mílllng
1st Patent (45.0t):

2nd Patent (22 " S*,) =

Clear (5"0S*¡=

Clear (5.OSt¡=

Fielder BSt

Chinese Standard=

1lf (3e.1t)
(2o "2*) 3M

3r,f (30.2t)
32 " ot)

4r{ (37.6t)

5M (41,6*)
(7. et)

2s (le.lt)
(0.2t) 2B

3B (18.7t)

4B (10"et)

48 (14.et)

15 (8.4t) 2M
(L2 "e*)
18 (le.1t) 4M

Br (s1.s8)

6r{ (3s.6t) SD

1st

2nd

18 (1"5t) 38 (r4.7*) 3M (12.8t) 4M

\2e.4t) 5u (7.e2) 6r{ (6.38) 48 (7.8S)
7t{, (8.6t) 8M (3.48) eM (1"3t) BF (2.s*)

Note¡ At the 808 extraction nilling the 7M was added to 4M,
8M was added to 5H, the 9M added t,o 6M, and sB addedthe 48

lM: lst l,fiddling 18= lst Break
ZYl: 2nd Middling 28= 2nd Break
3M= 3rd l.liddling 38= 3rd Break
4M= 4th t{iddling 48= 4th Break
5M= sth Middling 58= 5th Break
6M= 6th Middling 15= lst Sizings
7M: 7th Middling 25= 2nd Sizings
8M= 8th l.fiddting SD= Shorts puster
9M= 9th Hiddting BF= Bran Flour
a= t of CumulaÈive Milling yield
b= t contribut,ion to pooled Flour
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HY 32O, s PooLed Flour Stream Conposition

Er 320 zst Hitlfng

lst Patent, (45. OS)a=

2nd Patent (22.5*)=

blM (38"2t)
( 14 . 88) 3t{

4M (20. st)
(18.78) 5r{

6M (37.3t)

48 (24 " 0*)

1s (14"48)
(1"6r)

38 (2o"42)
(8. er)

2H, (17.18)
(13.8t) 2B

28 (16.8t)
(L4 "2*) 6r{

BF (62 "7*)
BF (38"78) sD (37.38)

2s (L4"7*) 18 (0.4t)
(22"o*) 2B (10.7t)

3M (27"r*) 3B (le.1t)

BF (4s. e*)

48 (ls"8t) 6M (30.68) BF
(s " 4t)

2S

1B

1st,

2nd

Clear

CIear

Er 320 80t

1st Patent

2nd Patent

CIear

Clear

(3"75t)=

(3.758)=

!{i11tng

(4s.0t) =

(22 " 5t) =

(5.ss8¡=

(5"55t)=

lM (3e.3t)
(12.st) 2M

r.B (18.2t)
(35. 6t)

4M (54" 18)

5I.f (41.4t)
(2 "7*) sD

IS

4M

1sÈ

2nd

EY 320 ast Mitting
Chinese Standard= 18 (s. st) 38 ( 13 .4t) 3H ( 1.3 " 7t) 4M

(_21.38) sM (10"7t) 6M (6.6t) 48 (8.3t)
7vr (11"3t) 8M (3"lt) BF (4.0t)

Note: At the 80t extraction milling the 7M was added to 4M,
8M was added to 5M, the 9M added to 6M, and the 58added to the 48

1l{: lst Middling 18= 1st Break
2YI= 2nd Middling 2P'= 2nd Break
3M= 3rd Middling 38= 3rd Break
4M: 4th l.fiddling 48= 4th Break
5M= sth l.fiddling 58= 5th Break
6M= 6th Middling 15= 1st Sizings
7M: 7th tfiddling 25: 2nd Sizinis
8M= 8th Middling SD: Shorts OuÃter
9M= 9th Middling BF= Bran Flour
a= t of Cumulative Milling yield
b: I of Pooled Flour
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Appendix B: poryphenol oxidase Levels in rndividual_Mi]-l Streams
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KATEPWA

Polyphenol Oxidase Leve1s in Mill Streams
of Varying Extraction Rate

(nnoles 02/glmin)
Stream 752 Coeff.

of Var"t
80t Coeff.

of Var"
t

85å Coeff"
of Var.

z

B1
B2
B3
B4
B5
S1
S2
M1
t42
M3
M4
M5
M6
t47
M8
M9
SD
BF

L24"6
75.6
59.7

277 "4

13"1
0.0

11" 9
23 "938. 6
62.5

L32.5
L72 "3

689 "7696.5

2"6 L40"5
4"8 94"3
4.6 98. 3
6" 1 497 "5
3"5 2L"L
0.0 4"0
6.0 29"r
4.2 45.0
4"L 50.5
4 "9 258 "7
3 " 6 441.0
4.2 548.0

7 "4 91-4"6
7 "O 784 "s

3 "2 20L"4
4.t 79.6
3"9 82"O
5 "2 1410.0

3239 . O

4"3 31.8
6"1 L7.L
3.6 25.L
2.2 5r"7
2 "3 336.7
4 "2 195.8
6"6 710"0
7"L 585"0

2754"O
4195"0
3868.0

4.3 3773"O
4.9 5L42.O

2.2
2.6
3.5
4.8
7.L
4"3
4.8
5. l_

4.8
3.0
3.4
4.3
4.6
6"3
8.2
6"4
7.8
8.1
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GLENLEÀ

Polyphenol Oxidase Levels in MiIl Streamsof Varying Extraction Rate

Stream 7SZ

(nmoles O,

Coeff" g0t
of Var"

*

/ s /nín)
Coeff.
of Var"

t
85å Coeff.

of Var.
z

B1
B2
B3
B4
B5
S1
s2
M1
I'12
M3
M,4
M5
M6
M7
M8
M9
SD
BF

298 "5
r_88 " 7r32 "9339"1

25.L
11.9
2L "945"0
54.5
66"1

L27.4
L21"8

1401 " 0
366 "2

5.2 366 "24.8 20L"4
6.2 L37 "73.6 7]-6.4

5.0 3s.8
8"2 11.1
3"5 27.9
3.6 41"0
4"7 76"8
6"1 22"9
4"3 679"8
3"8 7L6"4

7 "6 1328.0
6 "2 1130.0

4.5 398. O

4"2 265"8
5"3 59.7
6.4 ]-L6"2

4060 " 03.2 50.9
6 "2 11.9
4"8 22.3
4 "I 56.9
3 "2 150.0
4 "8 LL6 "26"4 834.0
5"2 627 "O

2786.O
3900. o
4378 . O

6.3 7960.O
5"8 3980"O

3.4
4.9
4.6
3.8
6.6
4.8
5.2
4.7
4.2
3.8
2.8
5.3
3.4
5.2
6.4
7.2
9.2
7.6
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Stream 7SZ

NORSTAR

Pollpheno1 Oxidase Leve1s in MiIl Streamsof Varying Extraction Rate
(nmoles o, /Ulmin)

Coeff" 803 Coeff" g5å
of Var" of Var"tr

Coeff.
of Var"

z

B1
B2
B3
B4
B5
sL
S2
M1
l'Í2
I\Í3
M4
M5
M6
M7
M8
M9
SD
BF

5L "733.2
4L. t

366.0

L4"6
6.6

13"3
13 .9
31.8
54 "7141"3

141"3

445"0
323 "O

3 .2 106. 1
3 .9 18.3
3"8 6L"7
2"8 647 "0
4"6 57 "O5"2 10"6
5.1 30.5
5"0 29"O
4 "9 s0.9
4 " 3 290.5
2"6 1071.0
3 "4 1014.0

5.3 1008"0
4.9 37L"O

2.9 148. 6
4"9 67.7
2"5 92.9
4.8 796.O

L061. o
2.L 38.5
5. 0 L8.7
3.6 33"2
3"4 42.6
2.9 408.6
2 "2 206.9
5 "7 573. 0
4.9 318.0

L273.O
2070.o
3502. O

4.8 1990. 0
5 "2 684.0

4.6
3.4
1.8
4.7
6"2
3.7
4.8
4.2
3.6
4.2
2"9
4.I
3.6
2.8
3.9
5.L
6.L
5.2
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HY32O

Polyphenol oxidase Levels in MiII Streamsof Varying Extraction Rate
(nrnoles / s /nín)o

2Stream 7SZ Coeff.
of Var.

I
80t Coeff.

of Var.
t

858 Coeff.
of Var.

*

B1
B2
B3
B4
B5
S1
s2
M1
t42
M3
vt4
M5
M6
1,47

M8
M9
SD
BF

92 "755.7
62.5

386"0

39.8
15. 9
38.6
45.8
52.9

101. 1
I75.L
204 .6

668"6
359"8

1. 9 115. 4
2.2 54.1
4.7 86.0
5.6 859 "7
3"4 52.9
5.1 L7"9
4.8 2r"L
3.6 9 "22;8 91. s
3 " 8 323.O
2 "9 945. 0
3.3 907 " 0

4 "8 1305.0
3 " 3 662.O

2.8 105. 5
3"1 7L.6
3 "4 L29.O
4 "9 7072. O

1831.0
2"6 33.8
4.6 8.0
3.2 17 .2
5"6 58.4
3 .8 485. 0
2.7 196. 0
4.3 515.0
4.4 724.O

2295 . O

3237 . O

4537.O
4.7 2547 .O
4.6 1604.0

3.9
3.3
3.5
4.8
5.9
4.6
5.8
5.3
4.L
4"8
3.2
3.6
4.8
5. t_

5.8
7.2
5.3
4.9
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FTELDER

Polyphenol Oxidase Levels in MiIl Streamsof Varying Extraction Rate
(nmoles o, /Slmin)

Stream 752 Coeff. 808 Coeff.
of Var. of Var.8t

8st Coeff.
of Var.

t

B1
B2
B3
B4
B5
s1
S2
M1
ylz
M3
M4
M5
M6
M7
M8
M9
SD
BF

!73.9
ILA.2
76.8

348. 1

19.9
11.9
15"9
2T"L
34"6
5L.7

133.3
156.4

689.3
737 "I

4 "3 92.7
3.4 11L"4
5.1 L97.O
4.6 493 " 5

3"6 19"9
4"6 4"0
5.8 19"1
5.6 27"9
5"3 5L.7
4"2 168"3
4 "2 481. 6
4"6 478"8

5"6 1082"6
3.9 716.4

4 .6 19L. 0
3.8 Lt9.O
4.2 55.8
5.7 987.O

L274.O
5. 1 11.9
5.0 8.0
4"6 8"0
3 .2 30.4
2 " 4 245.8
3.9 110 " I4.6 544.O
5 "2 265.O

1963.0
3423 . O

3662 . O

5"4 2896.O
5.1 1393 " 0

3.4
1.9
2.8
3.9
4.6
5.7
5.3
4.8
4.9
1.6
2"2
4"t
3.5
5.2
6.0
5.8
6.1
5.3
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Appendix C: Soluble Bound phenolic Acids,
With Ash Content

Relationship
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Soluble Bound Phenotic Acid vs Ash Content
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Maximum Range in Respective Co1or Component
for a 95t Confidence Linit

Brightness (Ln)

Katepwa Glenlea Norstar HY32O FielderFlour

752
Extraction

1st Patent
2nd Patent
1st Clear
2nd Cl-ear
St. Grade

808
Extraction

1st Patent
2nd Patent
lst Clear
2nd Clear
St. Grade

8så
Extraction

St" Grade
Chinese
Whole Wheat

0. 60
2.04
1. s6
2 "L6
0. 96

1. 01
L,24
2 "2L
3.36
r.92

1. 53
1.45
4.08

1. 82
2. 08
3.78
1. 82
1"30

L"76
1.35
2.57
5"13
0"41

L"28
2 .43
3"84

o. 65
0. 66
0. 39
0.91
0"85

0.87
o"62
0. 60
L"65
o.42

0"98
1.33
2.69

0.39
1. 16
1.36
1. 60
0"54

1. 06
0"40
1" 10
2"88
0"66

3.60
I" 62
I "17

3 " 38
t.25
1.30
1,.64
2.73

L.7 4
2. 03
0. 87
I.7 4
1. 45

0. s3
o.75
0.56



Maximum Range in Respective Color Component
for a 9St Confidence Limit

Yellowness (U*)

1. 09
0"84
0.84
0.90
0.84

1,"L2
0"95
o "77
0.91
0.91

0"56
0.81
0.35

L.52
1. 60
1" 00
1. 00
1. 68

0.81
2.L6
L"62
1. 53
1" 98

1. 60
0.59
L"L2

L"26
0.84
L. L2
L. 02
o "77

L "28
1" 28
L.22
2 "24
o "92

0. 84
1.86
1.58

0. 66
r.20
2.16
1.56
1.50

0"97
1. 16
1" 89
1.38
L.20

L"L2
2 "25L.!2

32L

Fielder

0.35
o.7 0
1, .20
0. 53
o. 55

o.75
0.70
t.22
1.30
0. 60

0"58
1.80
o.75

Flour

752
Extraction

1st Patent
2nd Patent
1st Clear
2nd Clear
St. Grade

808
Extraction

Lst Patent
2nd Patent
1st Clear
2nd Clear
St. Grade

8st
Extraction

St. Grade
Chinese
t{ho1e t{heaÈ

Katepwa Glenlea Norstar HY32O



Maximum Range in Respective Color Component
for a 95t Confidence Linit

Redness (.*)

0.28
0"38
0.28
0. 68
0.20

0"16
o "24
o.22
o"44
0"18

0"45
o "24
L "20

0.80
o .32
o.70
0. 48
0.42

0"40
0.50
0.95
1.30
0"50

1. 14
0.51
1. 38

0. 13
0. 18
0.20
L.32
o.22

o "24
o "24
o "24
0"99
o.27

0"45
1" 00
L.50

o.24
o "24
o.82
o.64
o.24

0"30
0. 16
o"62
0.20
0. 28

0"60
o.52
0. 28
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Fielder
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0.30
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0.38
0.21

0. 34
o.26
o .46
o.7 4
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o.20
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Flour
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1st Patent
2nd Patent
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St. Grade

80å
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St" Grade
Chinese
Whole Wheat
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Appendix E: Kan Sui Flour Paste Hunterlab Values Over
Time
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Maximum Range in Respective Kan Sui Color Component
for a 958 Confidence Linit

Brightness (L*)

Katepwa Glenlea Norstar HY32O FielderFlour

752
Extraction

1st Patent
2nd Patent
lst C1ear
2nd Clear
St" Grade

80t
Extraction

1sÈ Patent
2nd Patent,
1st Clear
2nd Clear
St" Grade

8så
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St. Grade
Chinese
lùhole !{heat

0.58
1.31
0.58
1.90
r_.45

0. 63
0"31
1" 09
L"25
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1. 68

,2"47

o "26
0"17
0"69
1" 38
o.L7

0. 56
0.38
0. 75
2"06
0.38

0"88
r "75
3 "28

o .23
0. 16
0.70
1" 48
0. 16

0"34
0.43
2 "58
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0.43

0.63
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3"33

o .23
0.39
1.60
1. 88
0.48

0.30
2"00
2"00
1. 39
o.79

l_.38
1" 68
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0.39
t. L7
3.28
1.88
0. 63

0. 19
o .47
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0.56
2 .63
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1.88
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Maximum Range in Respective Kan sui color component
for a 958 Confidence Linit

Yellowness (¡*)

Katepwa Glenlea Norstar HY32O FielderFlour
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4 .22
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L "32
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L"44

1. 51
L "77
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0.71
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1". 53
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1.20
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0.70
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1.39
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L.7 5
2"62
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in Respective Kan Sui Color Component
a 958 Confidence Linrit

Flour
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St. Grade
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