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ABSTRACT
i -

A simple, rapid agssay using the fluorogenic substrate 4-methyl-
ushelliferyl heptanoate (MUH) to measure hydrolytic activity was adapted
for use with oats, and compared under varying conditions with a Afy
convcﬁtionnl but lengthier lipase assay in which the free fatty acids
(FFA) relenned from endogenous ttiglycerides by lipolytic uactivity
wore determined. Experiments using methylumbelliferyl est?rs with acyl
chaing of varying length, and results obtained using defatted flour  —
suggested that the two assays were measuring different hydrolytic
nclivities, Thié was conrirmgd by the use of di-isopropyl-
fluorophosphate, which indicated that the MUH assay was measuring
pr{mnrily esterose activity. However, the ease and rapidity of the MUH
asaay prompted further experimentation. High correlations.were
demongtroted between the tno'nssays during moist heat iﬁactivation (r=
.BS}.‘ Significant correlation {r=.83) between the two assays‘was_also
demonstrated in b screening of 21 domestic cultivars of mature oats. A&
4-fold ;;riution in lipase activity, and a 2-fold variation in esterase
nctivily were observed.

The results presented indicate that esterase activity, as measured
by clnnvaqé of MUH, could be 2 useful” indicator of lipase activity in

specific situntions.



1. INTRODUCTION

1.1 General Introduction

-

/

Acyl hydrolases are a group of enzvaes which includes lipases and

- esterases. These enzymes catalyze cleavage of ester‘bonds, releasing an
acyl éhain, or, more specifically, a free fatty acid, from the
substrate,

Lipases play an impartant role in food biochemistry. The impact of
these enzymes 1s felt in agriculture, and particularly in the food and
beverage iﬁdugtries. for example, in brewiné, the monoglycerides
released by lipase acfivity during barley malting tend to improve the
head retention capacity of beer (Narzi and Sekin 1974). The préﬁuctiun
of monoglycerides by lipase in breadmaking improves the resistance of
bread to staling, and microbial and milk lipases aid in the development
of cheese flaQour'(Brockerhoff and Jensen 1974). The breakdown of
stored oil into free fatty acids in rice pran that begins immediately
after milling renders the oil unusable except for soap manufaclure
(Saunders and Heltved 1985).. Lipase ig also an important féctor in the
keeping quality of oat products, where residual enzyme activity has heen
implicated in undesirable colour Chaaqes in oat cakes (Martin 19%6), and
can lead to soapy and bitter off-flavours due to the released free fatty
acids (Hutchinson and Martin 1952, Moran 1952, Kazi and Cahill 1969,
Welch 1977). | |

Polyunsaturated fatty acids released by lipolytic activity in a

semple can be further acted upon by'lipoxygeﬁases and converted to

.



.
hydroperoxides (Galliard 1983) which, depending on the quantity present,
and the food meterial, can produce desirable or undesirable flavours.for
example, in tea, traces of hexanal and Hexenal impart a desirable
flavour, but these flavours in raw .soybeans are considered unpleasantly
"green" and “beany" (Gardner 1980). Lipid hydroperoxides can also lead
to loss of hutritivé values, such as destrﬁction of some vitamins and
protein (Gardner 1980). The most common substrates for lipoxygenases in
foods are the free fstty acids linoleic acid and linolenic acid
(Galliard 1983).
lLiszes are widespread iﬁ nature, hydrolyzing triglycerides to yield
glyceroi and free fatty acids (FFA). For example, they are found as
digestive enzymes in animals, where they afe required for the =
ufllization Sdeietary fat. Lipases are also required for mobilization
of fat reserves in plants and animals. In germinating seeds; lipases
are essential to breask down storage triglycerides, providing energy for
the young plant.. Lipophilic microorganisms secrete extracellular
lipases, allowing them to derive nouriéhment from their envi;onment{
A true lipase, (triacylglyceroi acylhydrolase,EC 3.1.1.3), by

.definition hydrolyses triglycerides at an oil-water interface, and will
not hydrolyse iipids in aqueous solﬁtion (Desnuelle 1951, Brockerhoff
and Jensen 1974, Galliard 1980, 1983, Brockman 1984). An esterase .
catalyzes cfzé}hge of ester bonds of substrates in aqueous solution.a& A
more functional approabhlrequires that an enzyme must be capable of
hydrolyzing esters of long-chain fatty acids such as oleic écid to be
considered a lipase as opposed to an esterase.

For a typical esterase, hydrolysis rates increase with increasing

substrate concentration up to & saturastion level, at which point



continued addition of substrate does not produce an increase in
hydrolysis rate (Galliard 1983). Lip..ses, on the other hand, have
little activity at concentrations below thst at which oil droplets form,
and activity increases as the interfacial area of the oil increases.
One of the first lipolytic enzymes to be recogniséd was pancreatic
lipase. The requirement, in dogs and rabbits, of "pancreatic juicg" for
"the digestion and absorption of dietar% fat was noted by Claude Bernard
in 1849 (Bernard 1849). A more detailed description of pancreatic
lipase was published seven years later (Bernard 1856). The first plant
fg\lipase was observed in oil-bearing seeds when Muntz, in 1871, noted thst
the disappearance of oil in germinating castor besns coincided with the
sppearance of fattyiacid in the seed (cited in Green 1890). In 1890,
Green, working with extracts of germinated castor beans, demonstrated
that there.was a "ferment" in the seeds which developed fatty acid from
the oil (Green 1890). ’
Since those.First early observations, a large body of work has been
published on both plant and animal lipases. As a detailed examinat ion
of this literaturewis beyond the scope of this thesis, for comprehénsive
reviews on lipolytic enzymes the reader is referred to the followiné:

Brockerhoff and Jensen (1974), Galliard (1980,1983), and Birgstrom and

Brockman (1984).

1.2 Literature Review : Oat Lipase -

3

In 1920, Berry noted that the "free acid" cuntent in the oil of
freshly ground oats was quite low, but that as the time elapsing between

grinding and time of extraction in diethyl ether increased, the acidity



increaéeé also (Berry 1920). This was the first indication of
hydrolytic activity in oats, as earlier work by Stellwsag in 1874, and
Konig in 1890 merely reported that oat oil contained a high proportion
of fatty acids (cited in Berry 1920).

In 1951, Hutchinson et al.(1951) reported that under normal storage
cond}tions, sound, undamaged grain underwent very little increase in
‘free fatty acidlcontent, but if the grain was cracked or crushed, or
milled into meal, lipases were activated, and within two or three days
the production of free fatty acids was quite significant., In their
experiments on the location and inactivation of lipase in ocats,
Hutchinson et al. were among the first to note thatdthe température
required to inactiyate lipase was 1nversely proportional tdbthe moisture
content of the dehulled oat kerpels, or groats. Inactivation was also
achieved by sosking the groats in 1.0 N HCl. Hutchinson et al.(1951) -
noted that removal of the outer pericarp of groats reduced their lipsse
activity by 98%, with the pericarp scrapings having a very high
activity.

The methods used to measure lipase activity by Lhese workers wefé
tedious and time consuming. Neutral Fathqu water were added to
defatted oat meal, and the free fatty acidkform;d per gram of meal at
37°C was measured by titration. For comparE%on of the keeping qualities
of several different samples of oatmeal, an incubation period of 3 days

at 12% moisture was required, while suitability for biscuit and catcake

manufacture could be assessed after 3 hours at 36% moisture.

.

This assay method was later refined to incubations of 2 hours or
less, and in some'cases, with the use of natural rather than defatted

meal (Hutchinson and Martin 1952). However, the method still involved

r
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time consuming steps for the extraction and determinstion of the free
Fatty acids released. The incubated material was extracted with light
petroleum, which was then evaparated, and the oil was titrated in
boiling al;ohol—henzene against élcoholic sodium hydroxide using
phgnolphthélein as an indicator.

| Templetoﬁ and Carpenter {1953) used the methods of Hutchinson and
Martin to examine lipase activity in s nunper of cereal products. Their
results showed that lipase activity in oatmeal was thirty to forty times
¢ greater than that in the same amount of wheat whoiemeél flour, wheat
malt flour, or bariey malt flour.

Martin and Peers (1953) were the first to describe ost lipase in
any biochemical defsil. They ﬁartially purified the lipase by removing
the pericarp from groats in 8 wet-brushing technique. The highest
lipase activity was found in an opalescent aqueous extract of the
pericarps. Their only guccessful attempt to precipitate the active
camponent from fhe agueous é;tract consisted of repeated freezing and
thawiné. By this method a 2000-fold purification {on a dry weight
basis) compared with whole greats was obtained. These workers used two
assays to measure lipasse activity: one which used olive oil as a
substrate was essentially the same as that of Hutchinson et al.(1951},
and the second was a manomgtric assay using tributyrin as the
substrate. Although the two substrates were not interchangeable in the
two assays, both wére still considered by Martin and Peers to measure
the same enzyme. K
Using the manometric assay, some of the properties of the semi-

purified lipase were determined: optimum activity occurred at pH 7.4,

the temperature optimum was 37°C, and a Lineweaver-Burke plot yielded a



Michaelis constant of 0.0062M. 'Further eﬁgériments by Martin and Peers
.using tributyrin as a substrate indicated that the'"purified" oat lipase
would specifically split off one butyric acid residue from Eribut&rin
(Martin and Peers 1953, Peers 1953). -

Later experimgﬁts implicated lipase activity, and theffesulting
increase in free fatty-acids, in the occurrence of undesirable colour
changes in ostcakes (Martin 1956). _These.analyses showed a more than
ten-fold increase in lipase activity in "complaint" ostmeal, which
produced oatcakes of a peculiar Bright ofEnge-brdwn colour, rather than
the usual ﬁale‘hrown, as well as a three-fold increase in free fatty
acid content. Expe%imqnts showed that the colour change involved both a
heat-1lsbile component Found'in the pericarp, which could be inactivated
by steaming (the enzyme), and a heat-stable component found in the
endosperm (tﬁe triglyceride substrate),'ﬁhich required  the unsteamed
component Fram thé‘pericarp td produce the colour change. _Totalf
inactivation af fﬁé eniymeslin ocatmeal was achieéed'py heating in.a
gsealed tube for 30 minutes at 100°C. The moisture content of the
samples used was not mentioned, although previoﬁs work by thesé a;thorsﬂ
had shown it to be‘important.

/ ' .
Thermal inactivation of nat lipase has _also Hﬁen studied using dry

heat (Pokorny et 8l.1963). In these experiments, ;amples of cat flour
were spread on filter paper andldried in an electric oven at a specified
temperature for & given period of tfme. The assay used to determine
lipage activity wéa extremely time consuming (requiring a week of

incubation at 3D°C, before extraction and titration of the released free

g
fatty acids). Pokorny et al. found that at temperatures. of 100°C and



lower, the lipase activity'que.initially, and decreased again only
after a prolonged heéting (2 hours or more) at the same temperature.

The effect of moisture on inactivation rate was sfudied, and at 120°C,
only a wetted sample (21% moisture) was effectively inactivated, while
the air-dried (7% moisture) and dessicator-dried samples actually showed
a slighf increase in activity after 2 hours of heating. It was
concluded by these workers that hydfothermic processes are required for
oat lipase ipactivation.

A faster, but non-quan£itative method for detecting residual lipase
in oats was suggested by Kazi and Cahill (1965). In their assay, the
gample was incubated for 30 minutes in the presence of phenol red,
starting with a pink solution at neutrality. A colour change from pink
.tD yellow {indicating a drop in pH) was taken to indicate the production
of fatty acid, and ;;;;; the presencé of residual lipase. Neutrsliza-
tion of the solution with NaOH (to a pink colour), and a further
30-minute incubation confirmed the acg;yity in these samples.

The specificity of oat lipase wasnstudied by Berner and Hammond
(1970) using both natural and randomized cocoa butter and lard. In
randomized fats, the triglycerides have been hydrolyzed and reformed in
such a way that the distribution of Ffatty acids on the various positions
on the molecule is rgndom, thus eliminating any posifional specificity.
These workers used the partial purification and assay method of Martf;
and Peers (1953), which has been. descr ibed abéve. Although chemical
hydrolysis showeé approximately equal amounts of palmitic, stearic, and
oleic acids in cocoa butter (approximately 30% each), enzymatic

hydrolysis yielded B84-95% palmitic and oleic acid after a Z-minute

reaction in the presence of oat lipase. Similar results were obtained



using lard as substrate. The lard was analysed by chemical hydrolysis
to contain spproximately 27% palmitic acid, 15% stearic acid, 46% oleic
acid, and 9% linoleic acid, with tr%Fes of myristic and’palmitoleic
acids. Enzxye hydrolysis of lard and randomized lard yielded 25-30%
palmitic scid, 2-3% stearic acid, 39:;;% oleic acid and 22-23% linoleic
acid:kindicating a preferential release of linoleic acid regardless of
position. These workers also noted that inclusion of 1% mono- and
diglyceride in the substrate did not alter the\\eaction, indicating that
the reaction is not influenced by the éccunulation of hydrolysis
products. However, later work on seeds of a different plant, Nigella
damascena L. indicsated that the released free fatty acids were
inhibitary Ec lipase activity (Ke;ghﬁgina and Rudyuk 1979). Similar
observations were made by Rosgi{schek and Theimer (1980) in their study
of the triglyceride lipastaf-rapeseed (Brassica sp.) cotyledons.

An agsr plate tegﬁifor oat lipase was later developed by Frey and
Hammond (1975) . Grogts were pressed into tributyrin-containing agar,
and lipsse activity was assessed by the diameter of the clear zones
around thé groats, where:thé lipase had diffused into the agar and
solubilized and cleared the dispersien. #lhe tributyrin &est was used to
screen 352 oat species and cultivars, After 24 hours, 58 samples showed
"no lipase activity“, 217 samples showed "a detectable zoﬁe of
clesring”, 65 samples showed "an 06;ious cleq; zone", and 12 samples had
"a large clear zone". |

A more preqféb\mgthod was also used by Frey énd Hammond (1975) to

) o
determine lipase, by bringing the moisture content of the semple to 30%

and incubating for 1 hour at 37°C in the presence of soybean ocil. The

released free fatty acids were detected:uging the method of Novak (1965}



by forming cobalt soaps of free fatty acids, and a subsequent
coloyrimetric reaction with a-nitroso-g-naphthol. Little association
was found between the results of the two tésts. The colourimetric
method revealed a ZD-fold.variation in lipase activity among the

cultivars examined.
(]

In the study by Frey and Hammond (1975), it was found that lipase
activity in oat dough was strongly ipfluenced by the amount of water
inpluded in the dough, with maximum activity at 25-50% of the weight of
the groats, while at 75-100%, the activity was inhibited. Lipase could
not be detected at water levels above 100% of the weight of the groats.
In experiments designed to inactivate lipase, these investigators found —_.
that the most ef%éctive treatment was boiling the groats in water, while
steaming was %ound to be less effective. The second most effective
treatment was'grinding in 95% ethanol. Treatment with acid ta destroy X
lipase, as reported by Hutchinson et al.(1951) w;s found to be
ineffective.

An assay to measure lipase activity in single grains of oats was
developed by Sahasrabudhe (1982}. In this assay, rather than
determining enzyme activity by titratien of released FFA, the released
FFA were detected and quéntified similar to the colourimetric assay of
Frey and Hammond. After incubation of the crushed seed sample at 38°C
for 30 ﬁinutes, using endogenous lipid as substrate, the released free
Fagi; acids were extracted and detected usimg é modification of the
copper soap method of Shipe et al.(1980). Briefly, this method involved
canversion of Ehé free fatty acids to copper spaps by shaking the

solution of the extracted fatty acids with a copper-containing reagent

at alkaline pH, followed by colourimetric detection of the copper soaps
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with diethyldithiocarbamate (DDC). This method is quite sensitive, and
microgram amounts of free fatty acid can be determined.

Sahasragudhe measured lipase activity in individual oat graiﬁs-From
the "dough" stage (about 2 weeks before normal‘harVest) to two years
post-harvest storage. The "dough" stage showed the highest lipase
‘sctivity. Samples of mature grains showed 45-50% decreases in lipase
activity after 2 years storage. Sahasrabudhe reported that lipase
activity was found in "the outer aleurcne layers'" of the kernels.

Mat Lashewski et al.(1982) measured ost lipase in flour suspensions
and aqueous buffer extracts by following the hydrolysis of 14¢_1abelled
triolein. Parallel measurements were made using a colourimetric assay
adapted from that of Sahasrabudhe (1982). A 2-hour Soxhlet lipid
extraction, and subsequent sir-drying of samples before assay added
considerably to the time required for these assays. After incubation in
the presence of 14C-triolein, aliquots of the reaction mixture were
extracted with chloroform-methanol (1:1) and the extracts were
fractionated using tHin layer chromatography. After locating the
separated lipid compdnents with iodine vapour, the fractions were
scraped into separate scintillation vials and radicactivity was
measured. A compariscon of this method with the colourimetric method
using oat flour suspensions showed that the two methods were not
gsignificantly different, producing initial rates of lipase activity that
were almost identical. Lipase activity was found to be significantly
higher in doughs (with approximately 40% water) than in flour
suspensions. —-

Urquhart et al. performed further experiments with oat lipase using

the séme T4c_triolein assay, undertaking both a morphological study to
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localize lipase activity in ost grains (1983), and a developmental
study, to examine lipase éctivify during oat maturation and germination
(1984). Their results indicated that the majority of the lipase in
ungerminated grains is found in the bran, with little or none in the
embryo (Urquhargigg_gk. 1983). Lipase activity was also assaygg in
developiné oats, from 2 to 44 days after flowering (post-anthesis)
{(Urquhart EE.E£'198“)' In the three cultivars examined, activity was
detected throughout kernel development. Total actiQity per 100 kernels
increased to a maximum at 23-30 days post-anthesis, and decreased again
as the graips completed maturation (44 days post-anthesis). During

germination; a 66% increase in activity on a whole kernel basis occurred
in the first 12 hours following the starf_g} imbibition. Activity in
the embryo did not start to increase until more than 24 hours after the
start of imbibition.

Precise localization of lipase activity remains unclear.
Sahasrabudhe (1982) stated that n,..localization of the lipase in the
outer aleurone layers of the grain [citation of Martin and Peers (1953)]
was confirmed by scraping the outer layers of individual grains using a
dentist's drill...". Martin and Peers (1953) stated that "...oat lipase
is located in the outer pericarp layers of the groat...". In fact, in
‘an earlier paper by Hutchinson, Martin and Moran (1951) it was clearly
stated that "...the active lipase in oats lies within the pericarp, that
is, above the testa, and qot in the aleurone layer...". Urquhart et
al. (1983) stated that "...most of the oat lipase in ungerminated grains
occurs in thé outer layers {bran) of the kernels...". The milling term

‘bran' includes both of the botanical tissues in question (see Figure

1), and thus does not shed any further light on the guestion.



Figure 1,

a) Simplified diagram of longitudinal cross section of
f

an oat kernel, showing the starchy endosperm (A), the i

bran (B) and the embryo, or germ (C).

b) Enlsrgement of inset in (a), showing the tissues °
present in the bran (pericarp, testa and aleurone

layer) and beginning of the éfa;thy endosperm ( the

subaleurone layer).
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The use of fluorogenic substrates to messure lipolytic activity was-
first reported in the eerly 1960's (Yagi et al.1961, Guilbasult and
Kromer 1963). Throughnut.thnt decade, a numser of pspers were published
docunent ing the use of a variety of non—rluoresceﬁt substrates which -
vould be cleaved by purified or semitpurified lipase preparations to
give fluorescent products (Guilbault and Kramer 1964, Jacks and Kircher
1967, Guilbault EE_EL.{968, Guilbault and Hieserman 1969)}. Interest in
the use of these substrates has revived in recent years, parﬁicularly
with respect to the detection of hydrolytic asctivities of germinsting
graing of barley, wheat, rye and sorghum (Jensen_and Heltved 1982, ¢
Jensen and Heltved 1983, Heltved 1984, Jensen et 81.1984), and in rice
bran (Saunders and Heltved 1985), and in wheat fractions for baking
{(Galliard 198B6}. In these studies} the enzymes were not extracled and
purified, but were assayed in the seed tissues. In this'thesis. the MUH ;)
assuy of Saunders and Heltved (1985) using the fluorogenic substrate
G-mpthylumbelliferyl heptanocate {MUH) was adgﬁted to assay activity in

out flours.

i.i 0o jectiven of Thesis

From aifood biochemistcy standpoint, lipase activity gives rise to
products which cause undesirable changes in the colour and flavour
of oots ond oat products. This deterioration in quality, }esulting in
unasuitability of the product for marketing, will, in tucrn, be an
economic disadvantage to producers of oat products. Clearly, a rapid

nssay which could detect lipase activity in whole or partially processed

onts bu:ute Lheir‘incorporation into 8 final product would be an asset, \‘/’T’I;_
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allowing treatment to inactivate the'enzyme before final processian
Such an assay would also be useful to oat breeders, allawing convenient
screening of genetic-étock, and the potential of retaining cultivars
exhibit;ng low lipase activify, while those with unacceptihly high'
lipase activities could be discarded.

In the preceding literature review, several conventional assays
which have been used to measure lipase activity in oats are discussed.
Virtually all of these assays require an incubstion period, in which the
enzyme is exposed to endogenous or exogenous substrate, after which the
releagsed free fatty acids are determingd by titrimetr;; or colorimetric
means. While some of these assays are capable of considerable pcecuracy
and sensitivity (eg. Sahasrabudhe 1982, Matlashewski_EE.EL.1983), all
are time consuming to perform.

Cleavage of non-fluorescent esters to yield easily detectable
fluorescent products has been used as an indicator of lipolytic
activity, both in purified plant and animal enzyme preparations {Kramer
and Guilbault 1963, Guilbault and Kramer 1964, Jacks and Kircher'1967,
Guilbault et 2l.1968, Quilbault and Sadér 1969) and in céreal seed |
tissues EJensen and Féltved 1982, Heltved 1984, Saunders and Heltved
1985, Galliard 1986). The most common of these fluorogenic subistrates
are mono-esters of 4-methylumbelliferone (MU), and di-esters of

fluorescein. The general structures of these compounds, and their
i

u

cleavage to fluorescent products, are illustrated in Figure 2. As this
rapid type of assay had not yet been applied-tc oats, the MUH assay of
Saunders and Heltved (1985) was adapted for use with oats.

To evaluate the MUH assay, experiments were:qonducted in which the

FFA assay of Sahasrabudhe (1982) and the adapted MUH assay were



Figure 2.

a) Schematic-representation of the cleavage of a
non-fluorescent 4-methylumbelliferyl ester (MUR) to
releagse a fatty acid (ﬁ-CUDH) and the highly |
fluorescent molecule h-methylunﬁelliferone (MU).

R represents the ecyl chain of a fatty acid.

b)- Schematic representation of the cleavage of a non-
Flourescent fluorescein di-ester {FDR) to release 2
fatty acids (R-COOH) and the fluorescent molecule

fluorescein.
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pecformed in parallel, and the results comﬁared. Preliﬁinary
experiments with methylumbelliferyl esters of varying chain length, and
also experiments using both natural and defetted flours suggested that
the two assays were not measuring the same activity. For this reason,
experiments with the esterase inhibitor di-isopropylfluoraphosphate(DFP)}
(Saunders.and Stacey 1948, Means and Feeney 1971) were performed.
Although the experiments with DFP indicated that the MUH a;say was,
in Fact; measuring esterase activity, because oflits ease and rapidity,
experiments were initiated to aécertain whether the MUH assay could be
used as an indicator of lipase activity under some conditions. With
this in mind, Further experiments were performed in which the FFA and
the MUH assays were performed in parallel on the samé samples. Activity
during germination of oat kernels was examined, as well as a moist heat

inactivation process. Twenty one cultivars of pcats were screened for

lipolytic activity in mature, ungerminated kernels.
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2. MATERIALS AND METHODS

&

K]

2.1 Plant Materials:
Samples of oat (Avena sativa L.) cultivars (ecvs) used in hest

inactivation and germination experiments were obtained from Dr. V.D.
Burrows of the Cereal'Secticn, Ottawa Research Station, Agriculture )
Canada. Oat samples for cultivar screening weré obtained:From Dr. F.H.

Webster of the Qusker Oats Company, Barrington, Illinois, grown at the

University of Wisconsin in 1984).

2.2 Reagents:

Chleroform, heptane, methanol, 0.1 N HCl, the dye Nile Blue A,
sodium diethyldithiocarbamate, triethanolamine and'coppgr nitrate were
obtained from the Fisher Scientific Company QFairlawn,:New Jersey) .
Trizma base, porcine pancreatic lipase, and methylumbelliferyl and
- fluorescein esters (4-methylumbelliferyl butyrate, heptancate,
octanoate, palmitate and stearate, and fluorescein dibutyrate and
diladrate) were obtained from the Sigma Chemical Company (St. Louis,
Missoqri). Triton X-100 was obtained from Calbiochem (San Diego,
California). Di-isopropylfluorophosphate (DFP) was obtained from'the
Aldrich Chemical Company (Milwéukee, Wisconsin). Sodium hypochlorité,
or Javex was obtained at the supermarket, distributed by Bristol-Meyers
Inc. (Toronto, Ontario). The olivévoil ugsed was produced by '

Bertolli-Lucca (Novara, Italy).



-18- _ o

2;3 Enzyme Assays:

Two assays were used in this study. The copper soapfmethod of ‘
Sahasrabudhe (1982) for deteeting free fatty acids (FFA assay) was used
with very little modificatf@p'to monitor the release of free fatty aeids
from endogenous triglfceride by ost lipase. Cleavage of 4-methyl-
umbelliferyl heptanoate (MUH) hds also been reported to indiéate‘lipase
activity (Guilbault et al.1968, Heltved 1984, Saundérs and Heltved
1985). In this thésis, the MUH assay of Saunders and Heltved (1985) was
adapted for use with oat flour: The FFA assay was considered the
"standard“ yetﬁod, with which the results of the much faster MUH assay
were compapéd; A schematic representation comparing the two assays with
respect to number of manipulations, and time required is presented in

-

Figure 3.

2.3.1 Free Fatty Acid (FFA) Method:

A modificstion of the copper éoap method of Sahasrabudhe (1982) was
used to monitor release of free fatty acids by lipases in the oat
flour. dats (2-3 g) at ambient moisture wer; dehulled and ground to
pass throuéh 5 0.5 mm screen using a UDY Cyclone Sample Mill (UD
Corporation, Boulder, Colorado), and the.resulting flour was well mixed
ta ensure uniformitv. Eur-gach test samble,.0.1 ml of 0.5M Tris-HCl
buffer (pH 7.4, with 1% Triton X-100 vol/val) gas addéd to 50.0 mg of
oat flour in a round bottomed tube and mixed well for 30 seconds with a

glass rod. Tubes were then incubated in a 37°C water bath for 15 or 30

; minutes. At the end of the incubation period, the reaction was stopped
. ' -



Figure 3. Flow chart comparing manipulations required

for the FFA and MUH assays.

‘e

L]
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dehull 2-3 g oats

<

grind 'in UDY mill

A g

weigh 50mg/tube

/-'—-ﬁ——ﬂ

For FFA Assay:

add 0.1ml buffer, and
mix with glass rod
far 30 seconds

Q

incubate. (15-30 mins)

d

inactivate (0.2 ml HC1)
(mix again 30 sec)

d

extract FFA with CHM
(3 min/sample)

.

make copper scaps of FFA
(vortex 15 sec/sample)

3

remove 4 ml of CHM layer

d

add.DDC and vortex

d

read absorbance at 440 nm" .

Time for 6 samples:
4 hours

For MUH Assay:

Suspend in 20 ml of
buffer by vigorous
shaking for 30 sec

<

remove 3 ml aligot to
cuvette

d

add MUH ‘
invert 3 times to mix

read increase in

fluorescence at 448 mm
{48 sec)

30 minutes
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by addition of 0.2 ml of 0.1 N HCl, and again mixedﬁwell with a glassl
rod for 30 seconds. For controls, the HCl was added immediately to the
oat flour-buffer mixture. Té extract’ the released free fatty acids, 5.0
ml of chloroform:heptane :mmethanol (CHM 49:49:2) was added to the tube,
d@nd mixed using a Kinematica homogenizer (distributed by Sybron -

- Brinkman, Westbury, Nequork) at setting 7 for 45 seconds tcontinuous).
The mixture was Filtered thraugh Whatman Né. 2V filter sgper into a 50
ml volumetric flask. The incubation tube was rinsed theee times‘with
CHM (20 second bursts with the Kinematica), with the‘rinsihgs also being
filtered into the 50 ml volumetric flask. For the colour reaction, 5.0
ml of the above extract was placed in a conical tube with 2.0 ml of
copper reagent {(0.1M Cu(NO3)7.3H20 and 0.4M triethanolamine in saturated
NaCl, pH 8.3), and vortexed vigouré&sly for 15 seconds. The tube was
then centrifuged at 2000 rpm for 10 minutes. A &4 ml sample of the clear
CHM layer was aspirated of f and mixed with 0.1 ml of 0.5% sodium
diethyldithiocarbamate (DDC) in butanol. The absorbance of the
resulting coloured solution was regd in 1 cm cuvettes at 440 nm psing a
Beckman DU-7 Spectrophotometer. For each assay, duplicate samples were

incubated, arnd duplicate determinations performed on each sample

extract, for a total.of 4 values per enzyme assay.

2.3.2 4-Methylumbelliferyl heptancate (MUH) Assay:

For the adaptéd MUH assay, 20 ml of 0.24 Tris~HCl buffer (pH 8.0)
was added to a.tube containing 50.0 mg of ocat flour and the tube was
shaken vigorously. A portion (3.0 ml) of the ;;sulting suspension was

-Tremoved to a cuvette and 20.0 ul of 0.1M &-hethylumbelliferyl heptanoate

(MUH) was added. The reaction was followed'using a Hitachi Perkin-Elmer
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Fluorescence Spectrophotometer MPF-2A with a Xenon lamp at an excitation
wavelength of 397 nm ana emission-wavelength of 448 nm. Initial scans
which were performed to determine the excitation and eﬁission maxima are
presented in Figure 4. Both excitation and emission slit .widths were
set at 3.5 nm. The sensitivity setting was 3. The spectrophotometer
was connected to a chart recorder.The rate of reaction was calculated
from the slope of the line resulting from the increase in fluorescence
as a functicn of time, as the substrate was cleaved. Other fluorogenic
. substrates used were a methylumbelliferyl butyrate (MUB},
4-methylumbelliferyl octanoate (MU0), 4- methylumbelllferyl palmitate
(MUP), fluorescein dibutyrate (FDB), and fluorescein dilaurate (FDL).

These subgtrates were addedjin the same concentrations as MUH.

2.3.3 Assays Using Porcine Pencreatic lipase:

Ta help clarify which of the MU esters was the most appropriate
substrate for lipase, assays were performed using porcine pancreatic
lipase (PPL), and the following substrates: - MUB, MUH, MUD, MU# and
4-methylumbelliferyl stearate (MUS}. For éach determination, 3 ml of
buffer (.Q5M Tris-HCl, pH 8.0) was piéced in a8 1 cm cuvette, and 10 ul
of a stock solution (.01 mM) of substrate was added. This w;;'the blank
for thé de;érminat{gp. 100 vl of a 1.0 mg/qi solution of enzyme was

then added, and mixed by inversion. Enzyme activity was calculated from

. W, . . *
the increase 'in fluorescence with time as the substrate was cleaved. \\

2.3.4 Preparafion and Assay of Defatted Material:
To determine the maximum potential rate of lipolysis in oat flour,

defatted flour was, prepared, and assayed with known amounts of exogenous



Figure 4. Fluorescence spectra of 4-methylunbelliferone
(MU) in 0.2M Tris buffer at pH 8.0.

a}scan of excitation wavelengths‘with emission
wavelength set at 450 nm.

b)scan of emission wavelengths, with excitatian

wavelengths set at 397 am.
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substrate. Since samples of oat oil were not obtainable, olive oil,
which is approximately B80% triolein (L}ﬁstromberg 1974) was used. 0Oats
have been found to contain 28-41% oleic acid, depending on fhe cultivar

(Youngs 1978, Sahasrabudhe 1979). It was also thought, in the MUH

agsay, that removal of endogenous substrate might make MUH a more

attractive substrate for lipsase.

Defatted material was prepared by stirring oat Flour.in diethyl
ether for 1 hour using é magnetic sticrer, with 2 subsequent washings in
diethyl ether. The resulting extracted flour was air dried, then to
confirm lipid extraction, a small portion was prepared as é wet mount
using 0.01% squeous Nile Blue A and examined using a Zeiss Universal
Research Microscope equipped with a III RS epi-illuminating condenser
for fluorescence analysis. The condenser contained a flunrescence
filter combination with a dichromatic beam splitter'and exciter/barriet
filters with méximum transmission at 450-490 nm/520 nm. |

For assay of éefatted flours with the FFA method, emulsions of
olive oil and the Tris buffer (as above) were prepared using the
Kinematica Homogenizer. The optimum substrate concentration was
determined to be 450 mM triolein. At this concentration, the optimum
sample quantity for defatted flours was found to be 50 mg flour per

agsay. For the MUH method, the assay conditions were the same as those

outlined in section 2.3.2 except that 30 ul of substrate (0.1M) was

‘ added for these determinations.

2.3.5 Inhibitor Studies:,
To further characterize the enzyme activities measured by the two

assays, experiments were performed using di-isopropyl-
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f luorophosphate {(DFP), a known esterase inhibitor (Saunders and Stacey
1948). 8oth the FFA and MUH assays were performed as described, with

OFP added to the assay buffer at 2 mg/fOD ml.

‘2.4 Gcfmination Studies: ’ T

fExperiments were condﬁcted_to observe changes in lipase activity in
the initial stages of plant development, ie. during germination. For
germinat ion tests, the hull-less cultivar Tibor was used, as no tedious
dissection of Hulls by hand was required. The oats were visually
exomined to engsure that no damaged seeds were used. Seeds were first

surface sterilized by the following procedure: immersion in 70% ethanol

——

(with sheking) for‘a minutes, rinsed with distilled water, then two
10-minute immersions in 1.2% sodium hypochloFite (3. frégeau, personal
communication). In thé second hypochlorite immersion,.the Sample.was
placed under vacuum for 5 minutes to aid penetration into the crease
aren of the kernels.’ fhe seeds were rinsed with distilled water and
allowed to dry in a laminar flow cabinet. The seeds were then placed
crease down on 2 layers of filter paper in a petri dish (50 seeds per
plﬁ%é) mpistened with 5 ml of distilled water. The filter paper was
chﬁnqed daily, and fresh distilled water added. The plates were
incubated at 12°C or 20°C in the dark. At the end of the germination
pcrﬁod, the seeds were frozen rapidly by mixing with crushed dry ice,
and stored at -10°C. For freeze drying, the stored samples were
homogenized in a small amount of cold (4°C) distilled water and
shell-frozen in large round-bottomed tubes before freeze-drying

overnight. Because of depletion of endogenous triglyceride reserves

during germination, the resulting flour was assayed using.olive oil .
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emulsified in Tris-HCl buffer (to'qive approximately 450 mM triclein).

2.5 Inactivation Studies:

Studies were performed to examine the behavior of lipase during
heat treatment, as encountered in an industrial setting. Prior to heat
inactivation, the moisture content of the greoats was determined, and
enough distilled water added to bring the moisture content to 20% (D.
Paton, personal communication) . The container o% groats wag then
sealed, and allowed to equilibrate ai 4°C overnight. Equal amounts
(2.0 g) of the equilibrated groats were then mb33ureg into vials, and
the vials sealed and placed in heated water baths at vérying
temperatures, .for varying periods of time. At the end of the heat
treatment, the groasts were mixed immediately with crushed er ice, and
ground in the UDY Cyclone Mill. Ffor both the FFA and the MUH methods,

60 mg of the material was used per tube due to the increased waler

content of the groats.
2.6 Proximate Analyses:

-2.6.1 Moisture Determinations:
¢ Moisture content of the oats was determined using the standard
American Association of Cereal Chemists (AACC) meihod nuaber 44-165.
ariefly: a 2.0 g sample of oat flour was dried in an oven at 130°C in a
moisture dish for oné-hour, then allowed to cool in the moisture dish
vith lid in a dessicator over NaOH/silica gel before weighing. The

resulting dry weight was used to calculate the % moisture of the oats.



\

2.6.2 Crude Fat Determinations:

Crude fat was determined using'an automated Soxhlet apparaﬁus
' (Soxtec, Tecator AB, Higanas, Sweden). Briefly: 1.0 g samples of oat
flour were soaked in Skellysolve B for 30 mfnutes, then distilled for 1

hour. The solvent was then evaporated, and dried in an 85°C aoven for 30

minutes, before cooling, and weighing the extracted oil.

2.6.3 Total Nitrogea Determinations:

Topal nitrogen was determined using an automated Kjeldahl system
(Kjeltec, Tecator AB, Hdganss, Sweden). Briefly: 0.5 g samples.of.oat
flour were digested with concenfrated HpS04 for 55 minutes, which
converted protein nitrogen iﬁto ammonium sulphate. A}te?\cooling, 79 ml
of distilled water was added. 40 ml of 35% NaOH was then added to

liberate the smmonia, which was then distilled into a soluti of boric

acid. The ammonia in this solution was then titrated with 0.1 N
to an orange endpoint using Methyl Red/Bromcresol Green as an indicator.
The nitrogen value obtained was multiplied by 6.25 to give % protein of

the gample.

2.7 Statistical Analyses:

Throughout this thesis, data (both in numerical and graphicaf form)
are presented asxﬁhe méans of 2-4 determinations (n is indicated on each
figure or table) * the standard d;viation (SD). on all figures, where

' bars are shown for SD,.the value is either zero, or too small to extend
beyond the symbol on the qraph. Variation between samples was assumed

to be independent of environmentsl influenge, as all cve were grown in a

single location in the same year. These samples were assumed to be
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totally random and representative of the whole population.  for each
experiment, the samples were thoroughly mixed, and random subsamples of
about 100 oats were taken. The*éubsamples were groﬁhd, anamgﬁ mg
portions were used for each.determination in both assays. %or the
germinétion, inactivation, aﬁd cultivdr screening experiments, thé data
were analyzed using either Duncan's Multiple Range test, or the Student-
Newman—Kéy;fs Multiple Range test, both of which compare means within

groups, and determine whether the differences between them are

significant. d

'
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3. RESULTS '

"
R

3.1 Standard Curve for FFA Assay:

To determine the amount of EFA released in the lipase assays, a
standard curve was constructed using Lhree long=chain fatty acids:
palmitic (16:05, sfeéric (18:0), and vaccenic (18:1;trans) (Figure 5).
Determinations were performed in duplicate, and the resulting lines were
gimilar, with fhe caicui;ted parameférs Fér linear regression being very
cloge. The line for stearic acid was arbiﬁrarily-chosen as the one from -
which to make further calculations. The units of Iipase activity are
expressed as nmoles FFA released/mg oat flour/minute.

3.2 Development of MUH Assay:'.

Although cleavage of MUH has been used as an indicator of lipolytic
éctivity :n a number of systems (Guilbaultiqu Kramer 1964, Jacks and
Kircher 1967, Guilbault et al.1968, Gdilbault and Sadar 1969, Heltved
1984, Saunders and Heltved 1985, Gauiard'was), the‘ method has not yet
been applied to oats. A review of the literafﬁre reQeals sevéral |
conventional assays wihich have been uéed to measure oat lipase (see
Literature Review). Without exception, these methods are time
consuming, and sometimcs complicated to perform. With this in mind, the
simple, rapid method used by Saunders and Heltved (1985} to detect
Iipﬁlytic activity in rice bran by monitoring cleaQage of MUH has been

s
the same activity in oats.

+

developed in this thesis for measuring



Figure 5., Determination of free \fatty acids (FFA)

\\1;I3hr reagent

to detect copper soaps of FFA. The absorbance of the

using diethyldithiocarbamate (DDC) as

-resulting coloured complex was read at 440 nm.
Standard curves for 3 fatty acids: a)palmitic acid (a),
slope=.029, intercept:-.1a,ré.9§; b) s£earic acid'(o),
slope=.030, intercept=-.13, r=.99; c)vaccenic acid (O),
slope=.025, intefcept:—.1a, r=.99. For each data’

point, n=3.
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3.2.1 Effect of pH on MU release:

Since pH is known to affect the fluorescence of MU (Jacks snd
Kircher 1967), & preliminary experiment to determine the optlmum pH for
enzyme activity was conducted before detergining the standard curve.
Enzyme activity as measured by release of MU increased with increasing
pH from pH 7.0 to 8.0, and remained the same from pH 8.0 to 8.5 (Figure
6). Thus, SH 8.0 was chosen for alf subsequent experiments, as beyond
that, some hydrolysis of MUH in the"buffgr was observed,-as well as a
noticeable ianease in turbidity of the sample. A similar pH curve waa
obfained when turbidity was eliminated by boiliﬁ% and centrifuging the

»
D

assay material (data not shown).

3.2.2 Standard Curve for MU:

A standard curve for detection_of MU in a 2.5 mg/ml (ﬁrh&}rary A

concentration) oat flour suspension was constructed at pH 8.0 by adding

increasing amounts of MU to the suspension, and measuring the relative
. it .

Fluorescehce intensity (RFI) that resulted (figure 7). Each point is

" the average of three determinations. MU released by cleavage of MUH in

the oat flour suspension was calculated using this standard curve.
Enzyme activity was expressed as nmoles of MU released/mg. oat

Flouq/ﬁinute. For ;eproducibility, in further experiments with MU or
MUH, at the start of each day's experiments, a sample containing 339 uM
MU in an oat flour-buffer suspension was placed in the
sbéetrofluorometer, and the fluorescence intensity adjusted to 20 units,

as determined from the standard curve. In this way, inconsistencies in

the light source, shch as fluctuations in intensity, were eliminated.

¥

€



e

Figure 6. EffectAoF,pH on MUH assay. Rate QF MU
release és measured by increase in RFI units at 448 nm
was recorded in the first 60 seconds after formation of
the oat flour suspension (2.5 mg flour/ml of 0.2M
Trig-HC1 buffer) and addition of substrate (.67uM).

For each point, n=3.
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Figure 7. Standard curve for detection of
ll—-methylunbell.fferone‘ (MU) by RFI in 0.2M Tris buffer-
at pH 8.0. Excitation Navelengtgh: 397 nm. Emission
wavelength: 448 nm. Fluorescence intensity was
measured in_" an oat flour suspension (2.5 mg flour/ml
buffer), as for the enzyme assay. The blank value was

obtained using the oat flour suspension with ro added

fluorochrome. For each point, n=3.
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3.2.3 Effect of 0Oat flour Concentration on MUH Assay:

_ fhe effect of oat flour concentration on enzyme activity is shown
in Figure 8. The increase Fn rate of en;yme actizf&z-giph’fﬁEbeasing
oat flour,concentration was linear (r=0.98) from 1.75 to 3.0 ﬁb/ml oat
flour. At concentrations greater than 3.0 mg/ml, the turbidity of the
suspension greatly increased the probability of inaccuracies due to
light scattering and fluorescence quenching. A flour concentration of
i.? mg/ml was arﬁitrarily chosen from the middle of this range as a
reasanable compromise between gctivity and turbidity.

~

3.2.4 Effect of Substrate Concentration on MUH Assay:

the effect of substraté’;;ncentretion on enzyme activity is shown
in Figure 9. Ihe.rate of MUH cleavage increased with increasing
substrate concentration %S’E’gggiﬁnmr1ﬁnLLﬁl_uM4’E?EEF'Wﬁ“ch further
increases in substrate concentration did not produce inqrea ed rates of
hydrolysis. Thus, a concentration of 0.67 uM MUH was used iﬁ\FUrther

N,

'experiments using natural oat flour.

3.2.5 Effect™of Triton X-100 on MUH Assay:

It was thought that the‘detergent Triton Xh&ﬂﬁ,miﬁé; enhance rates
of hydrolysis by solubilisiné the enzyme, and making it more accessible
to the MUH. The effects of Triton X;1UO, and preincubation of oat flour
in buffer, are shawn in figure 10. Both concentrations of Triton used
(0.5% and 1.0%) resulted in e decreased rate of MUH cleavage by the
suspension. Preincubation of the oat floutﬁguspension also décreased
rates of cleavage, both in the presénce and absence of Triton X-100.

The rate of MUH cleavage is at a maximum immediétely after formation of



Figure 8. Effect of oat flour concentration on MUH
agsay. Rate was caléulated by measuring the slope of
the increasing fluorescence intensity produced after
the addition of MUH (to 0.67 uM) to the oat flour
suspension'(in Trif—HCl, 0.2M, pH 8.0}. Foar each

point, n=3.

Figure 9. Effect of substrate (MUH) concentration on
rate of MU release by cat flour suspensions (2.5
mg/m}l in Tris-HCl buffer, 0.2M, pH 8.0). For each

point, n=3.
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Figufe 10. Effect of Triton X-100, and preincubation
on MU release by oaf flour suspensions, using 2.5 mg/ml
vat flour, and 0.67 uM MUH. 0% Triton added (w}, 0.5%
Triton added (a), and 1.0% Triton added {®). for each
level of Triton (U,U.é% snd 1.0%), flour was suspendéd'
in buffer (Tris-HCl,-0.2M, pH 8.0} and preincLbated at
23°C varying’ lengths of time before addition of MUH.

for each point, n=3.

Figure 11. Effect of short term preincubatioﬁ on

MU release in the absence"of Triton X-100. Oat flouT

was suspended in buffer (2.5mg/ml in 0.2M Tris-HCl, pH
8.0 ) and preincubated at 23°C for Larying lengths of

time before addition of MUH (.67uM). For each point,

n=3.
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the‘oat flour suspension. After 30 minutes preincubation, hydrolysis
'rates had decreased by approximately 25%, with and without f}iton.
Furth;r preincubation of the suspension did not lead_}; any further
significant decrease in enzyme activity. A second experiment; shown in
Figure 11, shows the 25% reduction in activify in the absence of Triton

occurted in the first 10 minutes of preincubation.  The decrease in

activity sppears to begin immediately after formation of the suspension.

3.2.6 Experiments using Other Fluorogenic Substrates:

Experiments were conducted to exé%ine the suitability of other
methylunbelliferyl esters, as well as fluorescein esters, a; substrates
for 'lipolysis'. Priar to the experiments using Fluor§séein esters,

'sca;s were performed to determine the optimum excitation and emission
wavelengths for detection of fluorescein (data not shown). A major
excitation peak was observed at 490 nm. This was, however, too close to
the emission maximum at 510 nm, forming a scatter peak‘found as a
shoulder on the emission peak. To avoid interference by this scatter
peak, a secondary excitation maximum, at 323 nm was used with emission
at 510 nm. For quantitation oé assays using fluorescein esters, a
standard curve for fluorescein was constructed by adding
increasing amounts of fluorescein to am oat flour suspension, and
measuring the RFI (Figure 12). Enzyme activity was expressed as nmol.
fluorescein released/mg oat flour/minute. Since it was assumed that all
of the fluorimetric substrates were being acted on by the same
enzyme(s), fhe substrate and flour concentrations were used. as

determined for the MUH assay.

’

The hydrolysis of several fluorometric substrates of varying chain



Figure 12. Standard curve for fluorescein. Excitstion
wavelength: 323 nm. Emission wavelength: 513 nm.
Fluorescence intensity waslmeasured in oat flour
suspension (2.5 mg oat flour/ml of 0.2M Tris-HCl
buffer, pH B.0) as for the enzyme .assay. for each

paint, n=3.
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length by oat flour suspensions is shown in Table I.- MUH was considered
to be the 'reference’ substrate for this experiment. Ffor the
methylumbelliferyl esters, it can be seen that as the length of the
fatty écyl chain inbreased; the rate of hydrolysis decreased. 0Only
methylumbelliferyl butyrate (MUB) -was hydrolyzed at a rate rivalling,
and in fact exceeding, that of MUH. As palmitic acid is one of the
major fatty acids found in oat triglyceride (Youngs 1978, Sshasrabudhe
1979), it -would not have been unreasonshle to éxpeet.that the
methylumbelliferyl pglmitate (MUP) ester would be a good substrate'Fof
hydrolysis. Lin et al.{1986) have found in a survey of several seed
types that, in general, the lipase from a given species has the highest
activity ﬁn tringcerides of the seme fatty acid compositiS;-as their
own storage triglycerides., Of the fluorescéin-esters examined, only the
fluorescein dibutyrate (FDB) showed any activity. No hydrolysis of
fluorescein dilsurate (FDL) was observed.

Further assays were performed to assess which would be the best
substrate for hydrolysis. A comparison of the rates of?activity
achieved using MUH, MUB, and FDB in several oat cultivars is presented
in Table II. MUB yielded consistently higher enzyme activities than MUH

or FDB, but less varistion among oat cultivars. The rates achieved with

FDB were very low, asnd also showed little variébility.

3.2.7 Activity of Porcine Pancreatic Lipase on MU Esters:

The results obtained using MUH and MUB as substrates for lipolysis
in oat fléur did not indicate which would be the better substraté'of the
two. To clarify this, the activity of a commercial porcine pancreatic

lipage (PPL) preparation on 5 MU esters, including MUB and MUH, was
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Table I

4

Initial comparison of different fluorimetric substrates using natural

-

pat flour (substrate concentration 0.67 uM, cv Preston, n=3).

Substrgzag\\ Chain Length Rate +SD
(acyl group) * (nmol/mg/min)
MUB Cy 1.05& .05
MUH c; 0.82+ .05
MUD €g 0.13% .02
MUP | C1g | 0.08% .05
FDB Ca 0.09¢ .002 *

FDL C12 ' 0
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Table II ’
Comparison of the rates of activity achieved with the substrates MUH,

MUB and FDB over several cultivars (substrate concentration 0.&7 uM,

n=3),

Cultivar © MUH* MuB* FDB*
Pierce 1.39:.03 1.40%.09 0.090
Lyon 0.81x0 1.32+.03 0.09+ .002
Dunont 1.264%.03 1.59+.10 0.17£.01
Centennial  0.97+.05 1.37£.03 0.08£0

Dal - 0.81£.03 1.34x.17 0.10¢ .002
‘Ogle 0.90+.03 1.344.03 0.08+ .002
Stout 1.09%.05 1.13%.17 0.08+0
Steele  1.12+.03 1.22+.07 0.09: .002

| //"\ Marathon 0.99+.03 1.43.17 |
—~ .
" Webster 1.32+.03 T.21%.14 —

* Rate of fluorochrome release (nmol/mg/min) %SD



examined. The rates of MU release from the 5 MU esters by PPL are
presented in_Table.III. The rate of cleavage of MUH was more than 6 .
times greater than the rate of cleavage of MUB. MUH also gave much
higher rates of cleavage than MUO, MUP éngU5: MUH was thus the

substrate of choice for lipolysis.
3.3 Experiments using Defatted Flour

3.3.1 Microscopic Detection of Lipid in Oats:

Samples of natural and defatted flour were examined with the
fluorescence microgcope using Nile Blue A. The dye'produces bright
vellow fluorescence in the fat deposits as reported by hargin et sl.
(1980). In the natu§?l flour preparation in Figure 13a, many fat
deposits were evident. The absence of detectable fluorescence in the
defatfed flours was taken as an indication of thorough removal of
triglycerides (data not shown). Figures 13b and 13c show the
distribution of lipid in the intact kernel. The most intense
fluorescence was seen in the embryo, or germ, indicating that the

) highest concentration of lipid wasg in this tissue; Slightly less
fluorescence was seen in the bran, and only faint fluorescence was
detectable in the endosperm, indicating the lowest concentration'of
lipid in that tissue.

The distribution of lipids in the ovat kernels was in agreement with
Hammond (1983}, who reported that in the embryo axis, or germ, lipid
constituted 10.6-12.6% of the dry weight of the tissue. In the bran,
the lipid content was 6.4-9.5%, and in the endosperm, 5.2-6.8%.

-7‘”\A1though_these distinctions could not be made quantitatively in the
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Table II;. Activity of porcine pancreatic lipase on méthylumbelliferyi
esters of varying chain length. " Rates are_given'as nmoles of MU——

released/mg enzyme/minute & SD (n=3).

Suﬁstrate Ratg
‘MUB 0.98+,10
MUH . 6.25+.43
MUP 1.64¢,31
MUO 0.94£.09

MUS 0.37+.07




Figure 13. Fluorescence microscopic detection of lipid

using the dye Nile Blue A.

a) Fluorescénce microgreph of oat flour stained with

Nile Blue A. Yellow fluorescence indicates presence of

lipid; In some areas,'discret; 0il droplets can be seen N 4

(arrow) .

. T 5
b) Fluorescence micrograph of a plastic section of oat
stained with Nile Blue A. Bright yellow fFluorescence

shows lipid deposits in the bran (B). Fainter yellow

fluorescence shows lipid distribution-in the endasperm

().

c) Fluorescence micrograph of a plastic section of oat
stained with Nile Blue A. Yellow fluocescence shows

lipid deposits in the germ (G), or embryo.
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fluorescence micrographs, the differing fluorescence intensities in the
various tissues certainly reflect the distributions reported by Hammond,
as determined by separation of the tissues, extraction of lipids in

¥ -
diethyl ether, and quantitation of the extracted lipids.

3.3.2 Parameters for FFA and MUH Assays in Defatted Flours:

For ass;;.of FFA release in defatted flours, emulsioﬁs of olive oil
and Tris buffer (és in section 2.3.1) corresponding to increasing
concentrations of triolein were prepared using the Kinematica
Homogenizer. GAS shown in Figure 14, the optimum substrate concentration
was determined to be 450 mM triolein. At this concentrstion, the
optimum sample quantity of defatted Flour'was found to be 50 mg of oat
flour per assay, both for 15 and 30 minutes of incubstion (Figure 15).

For the MUH assay of defatted flour, 2.5 mg/ml of flour was used,

, as in section 3.Z.3. Variation in the rate of MU release with substrate
concentration showed a different profile (Figure 16) than that seen in
natural flour (Figure B),‘with a maximum ab 1.0 mM MUH.- On the basis of
these results, 1.0 mM MUH was used in assays of defatted flour.

—
3.3.3 ﬁ A and MU Release in Defatted Flours:

Samhles of six oat cultivars were defatted and assayed using added
. Substrate for the purpose of determining maximum potential rates of
lipplysis yhén substrate was not limiting. A summary of the activities
méasurgg using both the FFA and MUH assays is presented in Table LV,
with éctivitiés«in‘hatunal {or whole) flour using only endogenous

substfatefincluded for comparison.

o~ When the defatted oat flours were asgayed for FFA release with

-



Fiqurc 1&.- Determinatien of optimum substrate
concentration for FFA Felease’using 50 mg défatted’
flour per sample. dOlive oil was used as the source, of
triolein, with concentrations of triolein calculated on
the baais of 80% triéﬁein.in olive oil. Copper soaps'
were detected culourimetrically using DOC as in Figure

1. Samples wére incubated at 37°C in 0.5M Tris-HCl

buffer (pH 7.4, with 1% Triton X-100) for 15(@) or

=

J0(®)minutes before inactivation, and assay of FFA,

for ecach point, n=4,
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Figure 15. Determination of optimum amount of defatted
flour for FFA release. Semples were incubated at
37°C,with 450 mM triolein in 0.05M Tris-HC1 buffer (pH
7.4, wifh 1% Triton X-100) for 15(®) and 30(m) minutes
before lnactivation. Copper soaps of FFA were detected
colouriﬁetrically usiﬁg pbc, and me55uring absorbance

at 440 nm. For each point, n=4.
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Figure 16. Effect of substrate concentration on MUH
assay of defatted flour. 2.5 mg/ml of defatted flour
in 0.2M Tris-HCl buffer, pH 8.0, were used per assay.

For each point, n=3. ‘ .
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450 mM triolein added For.subsp{ste, the increases in activity over
activities measured in natural flour ranged From 4-fold (in the lowest
case) to 9-fold (in the highest case). The ranking of the culti;ars
(from highest to lowest rates of lipolysis) alsc changed. When the
rates of lipase activity in natural flours {using endogenous substrate)
and defatted flours (using added substrate) were compared at 15 minutes
of incubation, a correlation coefficient of 0.15 was qbtained. A
similar comparison at 30 minutes of incubation yieldgh a correlation
coefficient of 0.66. These correlations suggested that although the
maximum potential rate was considerably higher than that achieved with
endogenous substrate for both incubation times, an\?asay of nstural
flour at 30 minutes incubation using only endogenous substrate would
provide a more realistic prediction of the maximum potential rate.

When MUH cleavage was assayed in the defatted flour a different
trend was observed. A comparison of the activities obtained with
defatted nat flours with those obtained using .natural flours sho;s a
decrease in activity fanging from 35-45% in the defatted flours., The
decrease in rates of MUH cleavage in defatted flours, when compared with
the large increase in rates of FFA release, suggested that the two

assays were, in fact, measuring 2 different enzyme activities.

3.4 Experiments using Inhibitor:

Because the experiments with defatted ocat flours suggested that the
FFA ana MUH assays were measuring different hydrolytic activities, it
was decided to conduct further studies using the esterase inhibitor
di—iSOpropylfluorophdéphate {DFP) to further characterize the two

activities.



Initial experiments with DFP using cvs Lyon and Pierce showed only
a glight inﬁibitinn_of activity (10-15%) as measufea by the FFA aséay,
using natural flours (Fig. 17a). In & similar determinatiﬁn using
defstted flour, no inhibition was observed in the presence of DFP (data
—__not shown). In the fluorometric assay, however, MUH cleavage was
iphibited from 65%-80% in natural.flours (Figure 17b). Similar
inhibition was seen in defatted flours as well (data not shown).
Because of the significant inhibition of ﬁUH‘cleéyage observed in
the presence of DFP, further studies were conducted to examine the
effect of DFP on the MUH assay over a range of eighteen cultivars.
Because of the alkali-lability of DFP (Saunders and Stacey 1948), MUH
agsays weré performed at bath pH 8.0 and pH 7.4 (Table V). In the

&

absence of DFP, the rates of MUH cleavage were 45-50% lower at pH 7.4

than rates at pH 8.0 over the range of eighteen cultivars. At both '

pH's, gg}or inhibition of MUH cleavage (50-80%) was found in the
presence of DFP. These results indicate that the MUH assay is actually
measuring primarily esterase activity, rather than true lipase
activity. However, because of the ease and rapidity of the MUH assay,
it was decided to ascertain whether the MUH assay could be used aé an
indicator of lipase activity under some c;nditions, wheh the more
time-consuming FFA assay would be inconvenient.
“

3.5 Inactivation of Oat Hydrolases:

Inactivation experiments were conducted to examine the behavior of
lipase dufing industrial processing. In preliminary inactivation

experiments, the MUH assay was used to establish approximate times of



]

Figure 17. Effect of the inhibitor DFP (2.0 mg/ml) on

enzyme activity in oats (cvs Lyon and Pierce).

a) FFA assay.- In Lyon, the activity decreased by 10%,
and in Pierce, the activity dropped by 15% with

addition of DFP. n=4.

b)MUH assay. In Lyon, a 65% drop in activity was
observed, and in Pierce, activity decreased by 81% with

addition of DFP. n=3.
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Table V.
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LhieY

Effect of DFP on MUH activity at pH 8.0 and pH 7.4 over a range 6f 1ﬁ

cultivars (MUH and MUH+DFP (2mg/ml) represent rate (nmol/mg/min) *SD,

substrate concentration 0.67 uM, n=2)

pH 8.0

0.41+.01%

0.75+.01

pH 7.4
 CULTIVAR MUH MUH+DFP  %Drop MUH MUH+DFP  %Drop
Dal 1.185.03  0.385.01  68% 0.60£.05  0.21% 0 65%
Kelly 1.91%£.08.  0.71%.01  63% 0.86% 0 0.36+.01  58%
Lyon 1.22+ 0 0.43+ 0 65% 0.75¢.07  0.23%.01  70%
Ogle 1.33+.04 . 0.56+.01  58% 0.71% 0 0.32+.06  55%
Centennial 1.41:.06  0.29+.01  79% 0.70% O 0.19% 0 73%
Stout 1.59£.07  0.32£.01  80%  0.67+.01 0.20¢.21 70% .
Steele +  1.61x.04  0.55%.01 C66%°  0.70% 0 0.19£.03  60%
Webster 1.76.03 0.81£.06  54%  0.87% 0 0.41+.01 o 52%
Pierce 1.99+.04  0.38% O 81% 0.86£.03  0.24% 0 73%
Weight  © 1.46%.01  0.33£.03  77% 0.61x 0 0.264¢.07  60%
Dumont 1.62¢.01  0.86:.01  47% 0.77£.01  0.48: 0. 38%
Clintland  1.48+.07  0.31%£.03  79% 0.71* 0 0.19¢ 0 73%
Lang 1.87+.04  0.78+.01  58% 0.86+.06  0.42+.03  51%
Clintford 1.50+.03  0.32:£.06  79% 0.73+.03  0.17% O 77%
Froker 1.65+.03 ° 0.31 0 81% 0.76£.01  0.18:.01  76%
P;igton 0.94%.01  0.32x.06  66% 0.69%.01 ‘0,17¢'n 76%
Marathon  1.31£.03  0.39¢.01  73% 0.73£.01  0.18£.01  75%
Lodi 1.43%.04 72% 0.24% 0 69%

e,

"".“.?'
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‘-inactivation at different temperatu}es (Fig. 18). The initial
experiment, at 97°C, using 2.5 mg/ml of flour, showed complete
inactivation aft;f 4 minutes. In subsequent inactivation expériments,
flour-concentration was increased to 3.0 mg/ml for both assays, due to
the increased moisture content of the flour (20%)}. At 80°C, the rate
dropped to a very low level after 5 minutes, and‘was_essentially zera
after 10 minutes. At 56°C, the drop in activitf was much more gradusl,
with signiﬁicant activity remaining after 50 minutes incubation at this
temperature. | AN

FQFEEEr inactivahion stﬁdies were carried out withegoth the FFA_
snd the MUH gssays being performed in parallel on each sample. Figure
19 shows the heat inactivation of hydrolases in Lamar oats at 95°C. The
curves for inactivation of both énzyme activities were very close, with
approximately 75% inactivation achieved in the first three minutes of
héating. When these results were analyiﬁﬂ using DuncanigﬂMqltiple Range
Test (P<.D5) there was no significant difference in Hﬂ réieage from 3
minutes to 10 minutes. FFA release did not change significantly between
5 and 10 minutes. A comparison of the two assays during inactivation at
this temperature gives a correlatioq coefficient of 0.864. N

The inactivation of Lamar osts at 72°C is shown in.Figure 20.

The inactivation curves as determined using both the FFA and MUH assayé
were again very simiiar. At this lower temperqﬁure, both enzyme
activities underwent an initial increase, or activation, in the first
minute of heating. Activity dropped rapidly as heating continued, and
analysis of the data using Duncan's Multiple Range Test (P<.05) showed

no significant change in activity as messured by the FFA assay after 5

minutes, and no significant change’ in the MUH assay after 10 minutes of

o
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Figure 18. -Effect of heal on MU release with time (cv

Lamar, 20% moisture).- 2.0 gram aliquots of groats were
held in sealed vials for varying times at 97°C(8),

" 80°C(Q), and 56°C(a), and fast frozen in crushed dry
ice before grinding and assay in 0.2M Tris-HCl buffer,
pH 8.0. MUH concentration was 0.67uM. At 97°C, 2.5
mg/ml oat Flour was used, and at 80° and 56°C, 3.0

. mg/ml oat flour was used. (note separate axis for

I
97°C inactivation). For each point, n=3.
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Figure 19. Inactivation of Lamar oats at 95°C,
“measured with FFA assay using 60 mg oat Flour/assag
(-@-)(n=4), and MUH assay using 3.0 mg/ml oat flour,

and 0.67 uM MUH(-.@--)}(n=3).

Figure 20. Inactivation ®f Lamar oals at 72°C,

measured with FFA assay (-e-){(n=z4), and MUH assay
(n=3) (--m--).

Conditions as in Figure 19
Ny ' «
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P
hegting. Correlation between the two assays was quite significant, with
a coefficient of 0.94 being obtained.

At 60°C (Figure 21), the inactivation curves of the hydrolases as
measured by both the FFA and MUH agsays were again.yery.similar. Two
sépabate'inactivation experiments at 60°C were performed. In both
experiments, cleavage of HUH showed & small initial rise before
decreasing on continued heating. Lipase aétivity as'me;sufed FF
release did not show an initial activation at 60°C. For both assays,
data analysis using Duncan's Multlple Range Test (P<.05) showed, for the
most part, no significant changeb in activity after 10 minutes of
- heating. Act1v1ty as measured by both assays stabilized at a fairly
high level, indicating that even after 2 hours of heating at 60°C,
complete inactivation of the enzymes was not achiéved. When the two
assays were compared in both experimgpts, correlation coefficients of

0.87 and 0.89 were obtained.

s
-

To ensure that the close correlations obtained between the MUH and
FFA assays were not restricted to one cultivar, a different cultivar,
Donald, was tested Foé inactivation at 80°C (Fiqure 22). The values for
the assay of MU cleavage in Lamar at the same temperature were included
For_comparison, At this temperatuce, a slight initial activation of FFA
release was seen. NJ’increase in MU reLFase was observed in:eiLher'
cultivar.- Analysis of the data using Duﬁcan's Multiple Range Test
Q(P<}05) showed that no significent change in MUH cleavage nccurred after
5 winutes at 80°C for both Donald and Lamar. No significant change in
FFA releasé occurred in Donald after 10 minutes. At this temperature,

rates of FFA release dropped to a much lower level (essentially zero)

than the rate of MU release, which stabilized st a somewhat higher level



Figure 21, Inactivation of Lamar oats at 60°C,.
measured with FFA assay t-.—,ﬂj—)(nza).and MUH assay
6—~l——, --0--)(n=3). Closed circles and squarés refer
£o experimént 1, and open.circles and squares-réfer to
experiment 2. Experimgnté'1 aﬁd 2 refer to the same
expeQiTiif repeated on different days. Conditions as

in Fiqure 19:

Figure 22, Inactivation of Donald ocats at 80°C,

measured with FFA gésay(43—f(n=4), and MUH assay {nz3)

(--0--). MUH assay of Lamar at the same temperature is
s

shown for comparison (--m--)(n=3). Conditions as in

-Figure 19. "
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for both Donald and Lamar. 1In a comparison of the FFA and MUH assays of

e

Donald oats at this.temperature, a correlation coefficient of (.85 was .

obteined. iy . | j.

3.6 Germination experiments:

lFor the germination experiments, aésays were performed on eéa{
sample using bbth the FFA and the MUH methods. In the first germingbdon
experiment, groats were incubated at both 12°C and 20°C ?pr;a days. Thk\
lower temperéture, 12°C, more closely -approximates the EEmQ§rature found
uﬁder Field conditions. - At 20°E,_gerhination was much more‘;;Bid,;and,//
consequently incresses in hydrolysis rates were more rapid as well.

Dats germlnated at 12°C and 20°C for’ varying lengths of time are ShOWn
in Figure 23.

At 20°C, there was a consistent increase in both enzyme‘activities
with time (data not shown). Theéé samples were veryldifficult to grind
and assay due to their extremely high level of hydration. ‘The oats
‘germinated at 12°C were freeze-dried before assay, and because of the
expected depletion of triglyceridé reserves during germination, assayed
using the olive oil-buffer emulsion (giving 450 mM*triolein) described
previously. At 12°C, the increase in rate of FFA release waé very
slow, with only a small increase over the initial value after 97 hours
(Fig 24). Analysis of the data using Duncan's Multiple Range Test
(P<.01) indicsted that the increase in FFA release did not reach
‘significance, even after 97 hours of germination. Rates of MUH cleavage
started to increase significantly after 48 hours,

The gurface sterilization procedure, performed to preven£ fungal

. growth (and hence inadvertant assay of fungal lipabes), appesred to have



Figure 23 Photographs showing stages in the

germination of Tibor oats with time st 12° and 20°C.

Oats.were germinated crease down on wet filter

the dark. *

paper im

8

Ca
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e f
Figure 24. Germination of Tibor oats at 12°C. _Osts

i

were germinated crease down on wet filter paper in the
dark. At the end of the germination time, samples were |
freeze-dried, and'enzyme activity measured using the
FFA assay {(with 450 mM triolein in 0.05M Tris-HCl
buffer, pH 7.4, with 1% Triton X-100, 50 mg

flour/assay, nz4), and the MUM assay (0.67 uM MUH in

2 .

_0.2M Tris-HCl, pH.8.0, 2.5 mg/ml ost flour, n=3).
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completely inactivéted‘the‘lipase initially péesent in the oat kefnels.
MUH cleavage, or esterase activity, appeared réiatively unaffected by
thé surface sterilization procedure. This suégested that esterase was
located in fhe interior of the oat kernel, and was protected from the
action ofathe surface sterilizing agents, while the lipase, being
located in the exterior portion of thé kernel (as cdntrovers}ally.
reported by Hutchinson et al. 1951, Sahasrabudhe 1982, Urqﬁhart_gg_gl.

1983: see Literature Review) was vulnerable to the surface-sterilizing

-

agents.

Germination at 20°C was repeated, and the samples freeze-dried
before assay. At 20°C (Fig.25), there was a lag period, as at 12°C, as
well as a difference-in time of activation between MUH cleavage and FFA
release. A significaht change in FFA release was detectable only after
36 hours of germination, before which lipase activity was essentially
zero. MU release, which exhibited sigﬁificant aétivity from the start
of germination, increased gignificantly after 24 hours of éermination
(as analyzed bz Duncan‘s Multiple Range Test, P<.01). After 48 hours,
lipase activity, or FFA release, rose dramaéically achieving a 100-fold
increase after 96 hours of germinafion. The increase in MUH cleavage,
or esteraée activity was much mofe gradﬁal, achieving only'a 3~fold
nincrease at the end of 96 hours of gefminaﬁion.
3.7 Cultivar Screening: -+ -—— -

In view of tﬁe significant correlations between the FFA and the
MUH assays during inactgvation and germinatioq of groats, experiments
were performed to exzmine the possibility that the MUH assay could‘be

used as a method for screening for lipase activity in a breeding
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Nt , .
Figure 25. Germination of Tibor oats at 20°C.
Oats were germinated crease down on wet filter paper in

the dark. Hydrolytic activity measured using FFA éssay

;(«3—)(n=4), and MUH assay (=0--)(n=3). Conditions as

in Figure 20.

L
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program. Twenty one cultivars were assayed using the two methods, With
incubatién periods of 15 and 30 minutes for the FFA assay (Table VI).

A visual inspection of Table V shows that st 15 minutes incubation,
there was a 4-fold va;iation in lipase activity, or FFA release, between
the lowest (Donald) and the highest (Pierce) cultivars. At 30 minutes
incubation, the-waristion was slightly greater, almost 5;fold over the
same range oé cultivars. Variation in MUH cleavage, or esterase

activity, was not as great, héving only a 2-fold increase from the
lowest to the highest cultivar. -

Analysis of the cultivar screening data using the Student-Newman-
Keuls Multiple Range Tests (P<.05) expands these observations. Table
VII shows the differences between means for FFA release in the 21
cultivars after 15 minutes incqbation. The size of the blank area under
the line shows that%there are a number of cultivars for which the rale
of FFA release was not significantly different from each other. Tab%e
VIII shows the differences between means for FFA release after 30
minutes incubétion. The smaller area below the line in Table VIII than
that in Table VII indicates that, at 30 minutes incubstion, more
cultivars bad significantly different activity than at 15 minutes
incubation. For a screening program then, the 30-minute incubation .
would be most appropriate, as it was more sensitive to differences in
rates than was the 15 minute incubation. It showed a greater range of
activ@ty, and a greater variation in activity throughout that range,
than was observed for thex15-m1nute incubation.,

Table IX shews the differences between means for MUH cleavage .

Although the range from the lowest to the highest values was only

2-fold, the variability within that range was relatively high, as shown
»



Table VI.

Comparison of rates of activity (nmol/mg/min) for FFAq5 and FFA3g (n=4)

’ and MJH (n=3, *n=2) assays fresults given as mean % SD)
CULTIVAR FFAs FFA3q. ——  MUH
Pal 1.76%.08 1.41%.06 | 1.194.03*
Kelly 2.29+.66 2.20%.14 1.91£.10
Lyon 1.52+.10 1.55¢.08 . e 1.22¢ 0
Ogle 1.46%.14 ‘ 1.27+.06 - 1.33¢.05

— Centennial 1.72+.12 1.57*.02 1.41+.07
Stout 1.79+.08 1.88+.04 1.59+.09
Steele 2.20%.16 2.15£.08 1.61%.05
Webster 2.40%.06 2.05¢.14 : 1.76%.03

4 Pierce 2.97x.12 3.14%,08 1.99+.05

Wright 2.53+.04 2.05¢.10 1.044+.02
Dumont 2.42+.06 2.25+.06 1.80%.02%
Clintland 1.98%.14 C1.57+.02 1.48+.09
Lang 2.10%.16 1.70+.06 1.87+.05
Clintford 2.94+.16 2.28%.30 1.50+.03
Froker 1.78£.12 1.36£.02 1.65£.03
Preston 1.94+.08 1,27+, 14 0.94%.02
Marathon 1.61%.20 1.40.04 1.45+.03 ~
Lodi 2.06%.12 2.00£.06 1.43%.05
Lamar 1.26£.16 0.95+.04 1.37% o%
Donald 0.67+.44 0.64%.01 0.98+.06%
Tibor 2.385.04 1.70+.06 1.04% 0%

MUH vs FFAqs r=0.54,. MUH vs FFA3g p=0.71- —,

/
o
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Table VII. Student-Newman-Keuls table of differences between méans for

FFA activity at 15 minutes incubation., Cultivar means move from.left to
right and from top to bottom in ascending order. (For actual values of

means, see Table VI) * indicates significance at P<.(QS. ‘

\

DN LR 0G LM MR CH FR DL ST P CL SE LO LG KY T8 B DM WR CF PR

DN

LR *

06 *

Ll *

MR *

cto* » -

FRo*

DL * % H
ST * .

PM * * * %
CL* * % *

SE * % *

L) * * +* % %

LG * * * & &

KY *® * % % % % % % %

TB"* * * * * * * * * *

MB * % % % * * K« x Kk K *

D * % % % % * * *x * *x *

IR * * % % * % * * * % * % % %

CF =* * * * * +* * % * * * & * * * * * * *

PR *

*
%
*
*
*
*
*
*
*
*
*
*
*
*
s+
*
*
*

Abbreviations: CF=Clintford; CL=Clintland; CN=Centennial; DOL=Dal;

" 7 DM=Dumont ; DN=Donald; FR=Fraker; KY=Kelly; LG=z=Lang; LN=Lyon; LO=L0di;
LR=Lamar; MR=Marathon; 0G=0gle; PN=Prestan; Pr=Pierce; SE=Steele;
ST=Stout; TB=Tibor; WB=Webster; WR=Wright
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Table VIII. Student-Newman-Keuls table of differences between means for
FFA activity at 30 minutes incubation. Cultivar means mave from left to
right and from top to bottom in ascending order. (For actual values of
means, see Table VI) * indicates significance at P<.0S.

Dft LR OG PN FR MR DL LM CL CN LG TG ST LO WB WR SE KY DM CF PR

ON

LR *

og * *

PH * *

FR * *

MR * *

L * *

LN * * * % * *

CL* * % % *
CH* * * * x

IG* * * * * * *

TR * * * % % * %

ST* * * % % % * % % * * *

L * * * * * % * * * * * %

ME * % * *x % % * % % * * % %

HR * *‘*.*********

SE* * % % * & % % % * * * K
KY****'**********

OM * * * * *x % * * % * * % % % % %
CF* * * % * % * % % % * % % % % %

PR* * * % * % * % * % * % % * * *x * * *x *

Abbreviations as in Table VII. (

~
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Table IX. Student-Newman-Keuls table of differences between means for
MUH activity. Cultivar means move from left to right and from top to
bottom in ascending order. (For actual values of means, see Table VI)
* indicates significance at P<.0S.

" PN DN TB DL LN OG LR CN LO R MR CL- CF ST SE FR WE DM LG KY PR
| PH
DN

DL* * %

LN L * %

LR * * * *x *
Cll* * * * %
Lo * * % % %
HR * * * * % =

MR * * X * * %

ST * % % +* % * * %
SE * F % % k. k% * %
FR & * * % % * % * %

KY-"’*‘*********

PR * * * % * * * * L

Abbreviations as in Table VII.



by the relatively small blank area beneath the lihe.

When the FFA assays were compared with the MUH assay in the 21
cultivars, a correlation ccefficient of 0.54 was Fodnd for the FFA
incubation at 15 minutes, and 0.71 for the FFA incubation st 30
minutes. When these rates were mathemstically adjusted to equivalent
fat and protein contents using the values obtained from the Soxtec and
Kjeltec analyses (See Appepdix I), the correlation coefficent increased
to 0.84. A plot of MUH versus FFA at 30 minutes incubation (adjusted
values for both) is presented in Figure 26, with the calculated

regression line.



Figure 26. Plot of hydrolgq}s rates for MUH vs FFA(30
mins) assays for 21 cultivars adjusted to 18% protein,
8% fat, dry weight basis, with calculated regr;;;ion

line(r=.84). For actualcvalues, see Appendix I, Table

IT. Sample sizes for each cultivar are given in Table

VI. ’
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4. DISCUSSION

Cereal grains exhibit a wide range of lipase activities. High
activity has been reported in oats and rice compared with wheat and
maize, while millet and sorghum appesr to have intermediate levels of
activity (Galliard 1983). In oats, this highrlipase activity has been
implicatfd in the production of undesirable colour changés (Martin 1956)
and Fla;ours (Hutchinson and Martin 1952, Moran 1952, Kazi and Cahill
1969, Welch 1977) in oat produets which are then considered unpalatable
by the consﬁmer. Virtually all of the traditionsl assays for measuring
lipase activity (such as measurements of free fatty acid release) are
time-consuming to perform, and are impractical for routine use in sn
industrial setting. Rapid detection_of residual lipase activity in oats
before processing is comhlete would therefore be an economic advantage
in the éat industry. A rapid method of screening for high and law
lipase activities would also be useful to oat breéders, enabling them to
make more inFormeq~§?oices in brgeding programs, which often include
several thousand cultivars, and to assess the heritability of lipage,

#1uorometric assays which monitor cleavage of MUH have been
consistently and frequently réported as measuring lipase activity in”
agricultural products (Jacks and Kircher 1967, Guilbault et al. 1968,
Heltved 1984, Saunders and Heltved 1985). In order to evaluate the
validity of this premise in a food.processing and/or genetic screening
context, for this thesis, the MUH assay of Saunders and Heltved (1985{

was adapted and-tested for its potential use with oats. It was compared
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under varying conditions with the more traditional'lipése.;ésay of
Sahasrabudhe (1982), whicé measures free fatty acids released from
endogenous triglyceridea during lipolysis. Although results indicated
that the MUH assay was, in fact, measuring priﬁénily esterase sctivity

* rather than Lrueslipase activity, further ekperiments showed that the
lMUH assay might provide a rapid method.for screening for lipase
activity, in selected situstions (eg. monitoring of lipase during oat
processing) where an absolute value was not required?

In any study involving cereal grasins, one must be aware of the
inherent veriability of the sample. Oats are particularly ill-defined
biophemically, and components of variation within a single cultivgr can
be seen on several levels. Ffor example, on a single head of a plant,
different éhys;cal‘and biochemical characteristics can be observed.
Differential growth at different positions on the head, and within‘

" different florets at the same position, have been reported (Rawson and

Evans 1970, Scott and Langer 1977, Bangerth et al. 1985, Feucht and

Hofner 1985). Becauce of this differential growth, the primary kernels
are invarisbly larger than the secondary and tertiarngernels, and the
ratios of primary, secondary and tertiary kernils vafy.considerably '
among cultivars. The size differences in these kernels are accompanied
by differences in surface-to-velume ratios. For an enzyﬁe like lipase,
which is found primarily in the bran, such considerations become -
importanty and will contribute to the variations observed. Smaller

i

kernels will have a greater preportion of bramn per unit volume, and thus
higher lipase activity would be measured in these kernels, aor in a cv
with a high proportion of these kernels, than. in a cv with a greater

J

proportion of large kernels. Ratios of/grimary, gecondary and tertiary .
-~

—_—



kernels weee not available for the cultivar; used in this ihesis.
DiFF;rences have alsp been reported in phytohormaone concentrationa
{Michael and Seller—Kelbltsch 1977, Bangerth et al, 1985), ass1mllation
of lac From flag leaves (Rawson and Evans 1970) and protein content
(V.D. Burrows, personsl communication),

On another level, at any given locsation, diffepential shading of
plants leads to differences in fertilit& of florets (and hence,
-differeénces in yieid), rates of dry matter accumulation, and in levels
of water-soluble carbohydrates (Fischer and Stockman 1980). Between
locations, differences in soil composition, d}ainage, or fertilizer
application also lead to variations in several kernel characteristics.
On still another level, climatic factors such as tempersture and
moisture also affect the assimilation of storage materjals in grainsj—_
Low tehperatures inérease the lipid concentration of oats (Youngs 1978),
and drought strgss leads to higher beta-glucan contéqt in barley i
(Aastrup 1979, Coles 1979, Bourne and Wheeler 1984) .

Consequently,’ in view of these several levels and sources of

2
variation, samples were used which were grown in the same year, at the
~

same location, to facilitate observation of genetic dffrerenceé, and
minimize environmental effects.

Once harvested, biochemicallchanges in greins continue during
storqge. For example, lipase levels will decline in oats aver as short
a peribd as one or two months, even at freezer temperatures
{Sahasrabudhe 1982). Because facilities to store seeds at liquid
‘nitrogen temperatures to p;;vent this decline were not available, the

rates of activity reported for the same cultivars in different

experimeﬁts throughout the thesis vary, depending on the time elapsed
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between experiments.

Mature, harvested grains also show differences in kernel. hardness’
(de Erancisco-gg‘gl. 1582, Sampson.g&ngl.1983, Yamazaki snd Qopelson
H9B3).. In osts, particle-aizes can affect the hydrqutic acéi%ities of
both the assays used.in Ehis thesig, with smaller partidles (prdducedlby
finer grinding of the sample) exhibiting higher rates of hydrolysis (S.
Miller, unpublished results). Becausg‘hardness is not routimely tested
in oats (indeed, there are no accepted methods for measuring hardness in
. oats), it was not possible to assess this possible.source of vsriatioﬁ.

Ultimétely; the vgriation in kernel si;f amang popﬁlatians,
differential effects of grinding (leading to varying particle size °
distributions), and continual éegeneratiqzﬂgfgfctivity during storage
_ combine to prov}de'highly heterggeneous,samples. In spite of these

difficulties:\TiQ?se activity has been measured in food products
(Hutchinsaon énd Martin 1952, Moran 1952, Kazi and Cahill 1969) and for
-genetic screening purposes (Frey and Hammond 1975), using the
traditicnal, time-consuming methods. For these purposes, the results
pregsented in this thesis suggest-that thé MUH assay coﬁld be employed as
a crude indicstor of lipase activity, in a fraction of the time required
for the mare conventional assags, despite the fact that it is apparenE
that the MUH procedure is indicative of esterase activityl_ahd not that
of true lipase.
] L4

In the preliminary studies to' determine optimum conditions for MUH

tleavage, it was thought that Ehe addition of a detergent to the sample
buffer would help to solubilize the enzyme, enabling easier access to

the substrate. As Triton X-100 was already an ingredient in the FFA

-~

assay of Sahasrabudhe (1982), the 'reference’ assay for this thesis,

4
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buffer used by Sahasrabudhe (1982).

N 7 .

this deteggent was the l;giﬁal'ghpice. '

The addition ;f Triﬁop X-100 to the assay buffer in the MUH method
caused increasing inhibition of MUH cleavage as the amount of Iritdn was
increased (Figure 10). Similar inhibition of the lipase of rapeseéd
cotyledons by Triton X-100, as well as by EDTA, digitenin, Tween 8%, and
SDS has been reported by previous workens‘(E;;nitschek and Theimer
1980). ~ Adams and Brawley (1981) reported Sheat resistant lipase of
Pséﬁdomonas Spp. to be sensitive to the emulsifiers Tween 20, Tween 80
and Durfax 60, while others skch as sodium deoxycholate, lecithin and
Santone-8-10 enhanced lipase activity. In light of these results, these
investigators suggested that the use of apprcpriéte‘emulsifie;s in the
food industry could be effective in retarding lipase activity in food
products. The resultg of Rosnitwchek. and Theimer (1980) were confirmed
by Lin and Huang (1983), who observed inhibition of the lipase acfivity
in lipid bodies of cofyledons of rape and mustasrd seedlings by EDTA,
Triton X-100 and SDS, as well as desoxycholate and Na3PQy. Cleavéée of
the fluorogenic substrate N-methylindoxylmyristate by the alkaline .
glyoxysomal lipase of geFminated castor beans was also inhibited by
Triton X-100 (Haeshimg and Beevers 1985). But Matlashewski et 81.(1982)
found that Triton X-100 enhanced lipase activity in 2 soluble lipase
fraction froﬁ oat flour, as did SDS and sodium desoxychnlate. Contrary

T N _
to the observations of Adams and Brawley (1981), Abigor et al.{1985),
working with the lipase of o0il palm mesocarp, found lecithin to be a
strong inhibitor of lipase activity. The effect of Triton on FFA

release in pats was not investigated in the present work, although

preaumably it has a beneficial effect, as it is included in the agsay

»

~



REFLUa e

One of the effects of déf;fgents and emulsifiers is tu'cause a
decresse in the_interfaciél surface tension of an emulsion. Some
proteins (eg. melittin, qyoglobin, serum albumin and ovalbumin) have ~
also been reported to ﬁave this effect (Gargouri et al. 1964). In the
same study, these proéeins were also shown to inhibit hydrolysis of
tribu?yrin and triclein by pencrestic lipase, These results led
Gargouri et al. (1984) to speculate E;at the inhibition is the result of

desorption of lipase from its subskrate due to modification of the

physicochemical properties of the cil-water interface.

In some of the early studics investigating fluorometric substrates
for lipolysis, MUH was indicated as the most appropr;ate of the methyl-
umbelliferyl esters. Jacks and Kircher (1967) found maximal rates
of catalysis with esterified acids of medium chain length (Cy, Cg, Cg).
0f the enzymes they tested, wheat germ lipase, steapsin and peanut
lipase all exhibited the highest rates af activity using MUH as
substrate. The nonanoyl ester of 4-methylumbelliferone was the best
substrate fFar pqﬁ%&ne lipase, and the octanoyl ester was the best
substrate for castor bean lipase. Guilbault et al.(1968) found MUH to
be the best substrate for borcine lipase. These authors claim that the
disagreement between their results and those 57 Jacks and Kircher arose
because Jacks snd Kircher "did not have the optimum conditions far the
precige analysis of lipase".

_ The exploration of fluorogenic substrates in this thesis included

examination of fluorescein esters, which are less expensive and more

-readily available than methylumbelliferyl esters, and methylumbelliferyl

esters of varying chain length (Tables I and II),
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Of the fluorescein esters, only FDB showed any activity at all, but
this was much lower than that shown with MUH (Table I). The lower rate
of fluorescein release is due mainly tb‘the presence of two ester bonds
which must be cleaved to release the fluorescent product, as opboaed to
Just one in the methylumbelliferyl esters. However, some of the
inefficiency of the assay using'FDB can be attributed to the use of the
excitatipf peak at 323 nm rather than the ;gjor excitation maximum at
490 nm, e smaller, secondary excitation aéximum was chogen to avoid
the interfering scatter péak found as a shDUIAérxat_39D nm on the -
emission pesk at 510 nm, resulting in decreased sensiﬁivity. Previous
work in other systems has also shown FDB to lack the éequéred

sensitivity (Henry and Mclean 1986), and/or to yield much lower rates of

hydrolysis than MUH (Jacks and Kircher 1967, Guilbsult and Hieserman

1969, Heltved 1984).

Of the methylumbelliferyl esters, only a—methyluﬁﬁelliferyl
butyrate (MUB) showed hydrolytic suscéptibility exceeding that of MUH,
However, MUH exhibited slightly greater variability between cultivars
(Table II). The octanoyl ester (MUO) with an acyl chain only one carbon
longer than that of MUH, was cleaved at a much lower rate (15% of MUH
cleavage). MUP, the only ertifi;ial substrate tested containing a.
natural oat fatty acid (palmitic), was cleaved at Ehe‘lowest rate of all
(only 10% of MUH activity). Since Lin et al.(1986) recently
demonstrated that.lipases from specific plant species had higher
activities on triglycerides containing the major fatty acids of the seed

storage triglycerides of the same species, and since methylumbelliferyl

esters are not natt:al substrates of lipase, it aeemed unlikely that



cleavage of the methylumbelliferyl esters was accomplished by a lipase.
To help elucidate which of the MU esters would be the most
sppropriate substrate in further investigations of lipolysis, in the
present work a commercial preparation of porcine pancreatic lipase (éPL)
was used (Table III). This enzyme exhibited the highest activity when
MUH was added as substrate, with MUP a distant second. MUB, MUO and MUS

produced very low rates of hydrolysis with PPL in comparison with MUH.

Experiments to determine Michaelis-Menten kinetics using defatted
flour were not performed for two reasons. Firstly, the enzymes had not
been purified, and the possibility of interfeéence by other enzymes
could not be.ruled out. For example, Guiibaultig&_gi.(1968) showed that
MUH could slsa be cleaved at a lowef rate by esterase and pfbtease. .
Also, in measurement of FFA release, the activities of esterases on,
for instance, the monoélycerides produced during lipolysis, could
artificislly elevate the calculated lipase activity. Secondly, to
derive meaningful Michaelis-Menten kineties for lipolytic enzymes,
subst}ate concentrations must be measured in units of interfacial area
per unit volume (ie. surface concentration) in the substrate emulsian
(Benzanona and Desnielle 1965, Brockerhoff and Jensen 1974, Brockman
1984), for which the laboratory was not equipped.

Studies comparing the hydrolytic activitiés of defatted and nstural
flours suggested that the MUH assay was not measuring frue fipase
activity (Table IV). When defstted flours.were assayed for lipase

activity with added triolein, the rates of FFA release increased
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dramatically when compared to the rates obtained in natural flours using
endogenous substraste. MUH cleavage, on the other hand, showed 'a less
dramatic, but consistent decrease in‘activity in defatted flours when

compared to natural flours.

The experiments with methylumbelliferyl esters of varying chain
length gnd defatted oat flours reﬁorted in this thesis suggested that
the MUH assay was not,‘in fact, measuring true lipase agtivify.
Cailiard {1986) reported similar discrepancies in a comparison of the
MUH gssay with-e\ lipase assay using [14¢]triolein in studies on wheat
fractions. Galliard found that the relative distribution of hydrolytic
-activity towards MUH between germ and braﬁ was very different from that
of [14C]triglyceriderlipase activity, suggesting that a different enzyme
was involved in MUH hydrolysis than that responsible for triglyceride
hydrolysis.

To clarify the situation; in this work both assays were performed
in the presence of di-isopropyl?luorophosphate (DFP). DFP is a
well-known inhibitor of many esterases and proteases (Saunders and
Stacey ﬁ948, Means and Feeney 1971), but not lipase. In fact, DFP is
often used to 'stabilize' lipase preparations. The enzymes which are
sensitive to DFP are inactiQated through its reaction with a serine
hydroxyl group in the active site (Means and Feeney 1971).

Initial experiments showed very little inhibition of FFA release by
DFP (Figure 17). Inhibition of MU release by the same quantity of DFP
is much more pronounced, indicating that esterase activity is
Tesponsible for a large part of MUH cleavage, although the possibility

of protease activity existed also (Guilbault g&_gl.(1968). A range of
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cultivars was assayed. using the MUH method, with and without DFP, at pH
8.0, the optimun fFor MUH activity, and at pr7.4, both to avoid the
alkaline lebility ﬁf DFP (Saunders and Stacey 1548), and to pravide more
favorable conditions for "true" lipase activity (Table V). Even in the
absence of DFP, the MUH activity at pH 7.4 was 45-50% lower than at pH
B.0. This is undoubtedlf due in part to the pH sensitivity aof the MU
which increases in’fluorescence intensity with increasing pH (Jacks‘and
Kircher 1967) as well as that of the enzymes present. Over the range of
18 cultivars, inhibition by DFP was significant at bath pH's, rangiﬁg
from 40-80%. The residuai activity in the presence of DFP is presumably
lipase, although it did not show significant correlation with lipase
activify as measured by FFA release. The lack of correlation between
this residual activity snd that of FFA release is, in all likelihood,
due ta the use of a highly aqueous assay me&ium, which has been shown to

give poor results for lipase activity in oats (Frey and Hammond 1975).

Although the daté clearly indicated that the MUH, or esterase
agsaywas not measuring the same activity as the FFA, or lipase assay,
the ease, sensitivity and rapidity of the fluorometric assay invited
further studies. IF a significant corre;ation could be aEﬁ%eved between
the two assays, the MUH method could then be used as én.indikgtor of
lipase activity under various conditioﬁs, for example during
inactivation processes, or during germination. Fof-gﬂig reason
inactivatlon and germinstion experiments were conducted, and the samples

obtained assayed using both methods. A screening of 21 cultivars using

mature, ungerminated groats was also performed.
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The importance of-moisture content of groats in the thermal
inactivation of ocat lipase was recognised esrly by some investigators,
Hutchinsdn et al.(1951) reported that at 6% moisture, a temperature of
120°C was required to inactivate 98% of the lipase in one hour. At 12%

moisture, equivalent inactivation was achieved in one hour at ‘83°C.

When the moisture was increased to 20%, 98% inactivation was achieved by

holding the groats at 64°C for one hour. These workers did not indicate
the scale of their inactivation experiments (ie. kilogram quantities or

gram quantities of grosts?), a parameter which would in all likelihood

‘have a bearing on the time course of inactivation at.a particular

temperature, as the heat would require more time to penetrate a larger
sample, |

.Thermal inactivation of oat lipase by dry heat has also been
studied. Pokorny et al.(1968) reported that at temperatures of 100°C
and lower, lipase activity rose initially, and decreased only after
prolonged heating. Only at temperatures higher than 120°C did the rate
of inactivation become rapid.

Pokorny et al.(1968) also examined the effect of moisture on
inactivation rate, using a broader range but fewer increments in
moisture content than Hutchinson et al.(1951). Using a wetted sample
containing 21% moisture, an air-dried sample containing 7% moisture, and
a'dessicatbr—dried sample (for which the actual moisture content is not
reported, but can be assumed to be essentially 0%), Pokorny et al.(1968)
found that only the wetted sample was effectively inactivated by heating
for 2 hours at 120°C. The activity of the 7% sample a&tually increased:
by the end of two hours, and the dessiﬁator dried-sample showed activity

that was significantly higher still.
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In the work presented in this thesis, groats were brought to 20%

‘moisture before heat inactivation to mimic industrial conditions (D.

Paton, personal communication). Preliminary experiments using the MUH
aséay ohly (Figure 18) indicated that inactivation of the enzyme in
2.0 g of oats was essentially complete in 10 minutes at 97°C. At 80°C,
a small amount of activit; remained after 60 minutes heating, and st
56°C, a substantial amount of activity remasined after 50 minutes.
Subsequent experiments were performed using both the MUH and FFA
a8ssays to monitor inaétivation at yarying temperaturéé. At 95°C (Figure
19)., lipase activity dropped by moré than 90% after 5 minutes as
measured by the FFA assay. The corresponding drop as measured by thef
MUH method was 75%. Although there was some residual esterase activity
remaining at the end of 10 minutes, while lipase had been cbmpletely
inactivated, the correlation between the two assays was high (r=0.86).
At 72°C (Figure 20), while lipase activity was essentially gone
after 20 minutes, a small amount of esterase remained. Again the
correlation between the two assays was very high (r=0.94). At 60°C
(Figure 21), inactivation was less completg, requiring a full 2 hours
for lipase activity to drop to a very low level.. As at other
temperatures, esterase activity was higher at the ena of the
inactivation period than lipase. Correlation between the two assays,
however, was still high, with correlation coefficients of 0.87 and 0.89
for 2 separate experiments at 60°C. Barley lipases, assayed by
measuring cleavege of triacetin in defatted flours, have also been shown
to reta}n a significant amount of activity in the 50-65°C temperature
range (Narzi and Sekin 1968). Ty

Although to be consistent, most of the inactivation studies were



gonducted using the cultivar Lamar, Donald was uged in addition at 80°C
to ensure that the patterns of lipase énd esterase inactivation were not
peculiar to one cultivar (Figure 22). Activity dropped to a low level
after 10 minutes at B80°C in both cultivars. The esterase activity
stabilized 'at a higher rate than lipase, as was seen throughout the
inactivation study. Hith Donald, as with Lamar at ather temperatures,
the two assays showed a high degree of correlation {r=0.85). Not
surprisingly, there is a very high correlation between the two cultivars
during inactivation. Compa}ing the rates of MU release for both
cultivars'at times.ﬂ, 2y 10, 20 and 30 minutes gives a correlation
coefficient of 0.99. A high correlation between FFA and MU release is
also seen in the work of Saunders and Heltved (1985) an heat
stabilisation of rice bran . Comparison of "lipase" activity as
measured by the MUH method (ie. probably esterase activity, as noted
earlier in this thesis),‘and lipsse activity as measured by a
titrimetric determination of released FFA yielded & correlation
coefficient of 0.94.

The consistently high correlation coefficients obtained between the
MUH and FFA assays during inactivation at various temperatures
suggested that, under industrial processing conditions, the esterase
assay could be used as an indicator of lipase activity in oat ﬁroducts.
The ease and rapidity of this assay would more than compensate for its
lack of absolute biochemical specificity.

As reported by Pokorny et 81.(1968), in some cases there was an
initial rise in enzyme activity during heating, before inactivation
occurred (see Figs. 19-21). This was ﬁeitheﬁ as dramatic, nor as

consistent as reported by Pokorny et al., possibly because inactivation
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in the present work was accomplished using moist heat rather than the
dry heat used in their studies. The "activation" with heating can be

geen in both the FFA (Figs 19,21) and MUH (Figs 19,20) pasays. S

Oat lipase is not only important in food biochemistry, it has
physiological significance as well. The activity of this enzyme is
essential for the utilization of storege triglycerides in the .
germinating oat kernel, providing energy for the young seedling th;h
cannot yEE-Ehotosynthesize its own.

In a8 previous study of germipating oats, a 60% increase in lipase
activity was reported during the first 12 hours following imbibition,
with.s subsequent slow decreasse up—to 96 hours (Matlashewski et al.
1984). The germination temperature in these experiments was 25°C.
Drapron et al.(1969) found activity increases in wheat to take a little
longer, although their reporting.of results according to plumule length
rather than germination time makes comparison difficult. These warkers
noted that lipolytic activity of wheat grains first underwent a slight
decresse, then increaséd during germination. Both germination .-
tempersture and light were found te affect development of lipase

activity. Much greater activity was seen in wheat germinated at 30°C

than at 15°C, and decreased lipase activity resulted when wheat grains

" were germinated in the light. Tavener and Laidman (1972), measuring

triglyceride‘levgls rather than lipase activity in germinating wheat,
repﬁfged decreases within 12 hours of the start of germination at 25°C.
Heltved (1984) and Jensen et al.(1984) have used fluorometric methods to
monitor lipolytic activity in germinating wheat. At an incubation

temperature of 15°C, us'ng fluorescein dibutyrate (FDB) as a substrate,
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activity was first detected at 24 hours germination (Heltged 1984). MUH
proved to be a more sensitive substrate, showing an iné}eased activity
at 12 hours germination. Jensen et 8l1.(1984), also using FDB, reported
the first noticeablelépcrease in actiﬁity at 24 hours germination as
well, in spite of a higher incubation temperature (19°C). Results
obtained with barley seem to follow the same pattern. .Narzi and Sekin
(1968) reported that lipase activity increased slightly up to the first.
day of germination (ie. during the soaking process), and then increaéed
steadily up to the seventh day.  Both temperatﬁfe and moisture content
were found to be important: lipase activity increased with increasing
moisture content (40-48%) and increasing temperature (from 12-18°C).

In the experiments rgported here, lipolytic activity was found to
be similarly dependent'on germination tempe}ature (Figures 24 and 25).
Activity increased much more rapidly-at 20°C than at 12°C. This
difference was predictable simply from examination of the germinating
seeds (Figure 23). After approximately 48 hours at 20°C, the seedlings
had reached a stage which required 96 hours to achieve at 12°C.

The initial lipase activity was zero in the germination experiments
at both temperétures. This was in direct contrast with the lipolytic
activities measured in maturé, ungerminated kernels which had not been
subjeéted‘to surface sterilization. vIn all probability the absgence of
activity in the groats at the start of the germination experiments was

due to the destruction of existing lipase by treatment with 70% ethanol

during surface sterilization of the groats. Frey and Hammond (1975)

" reported that ethancl was second only to boiling of groats in water in

efficacy of lipase inactivation. Esterase activity appeared to be much

less gensitive to alcohol treatment.

o



R

«85-

The ipitial inerease in hydrolytic activity durng germinstion was
faster for esterase than for lipase at 12°C (Figure 24) and at 20°C
(Figure 25), and remained so eaen after 96 hours at 12°C. At
20°C, however, the lipase activity had caught up with the esterase

activity by 60 hours of germination, after which it rapidly outstripped

the more gradual increase in esterase activity.

The Finaf study conducted for this thesis was an examination of
liplolytic activity in mature, ungerminated groats aover a range of 21
cultivars. Frey and Hammond (1975) found a 20-fold variation over a
range of more than 400 cultivars énd collections using a colourimetric
assay sihilar‘to the FFA asssy. This wide variation is due not only to
tﬁeir large number of ssmples assayed, but slso to the inclusion of

several different species of Avena (A.brevis, A.ludoviciana, A.pilosa,

A.strigosa, A.wiestei, A.barbsta, A.Fafﬁa, and A.sterilis) in addition

to A.sativa. Even in the domestic cultivars used in the present study,
significant variation was found between cultivars, as meq9ured by both
FFA (4- to 5-fold variation) and MUH (2-fold variati;;S ;ctivities. A
much broader variation would be expected between species, than between -
cultivars within a single species. Pokorny et al.(1268) also noted.
varietal differences within A.sativé. Thegse workers used only a few
cultivars, and hence did not observe the same magnitude of variation as

in the present study. Narzi and Sekin (1974) reported varietal

‘differences in lipase in barley, again on a small sample size, and hence

on 8 small scale.

When the results of the two assays were compared (Teble VI), there
wag a positive correlation between esterase activity and lipase activity

at 15 minutes of incubation {r=0.59). When the lipase assay was
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incubated for 30 minutes, the correlation improved considerably
(r=0.715, although it was still not as high as the correlations achieved
during inactivation and germination. This is because the lipase
exhibited a broader range of activity (4- to_S-fold) than esterase
(2-fold) in the 21 cultivars. The variability within the rsnge is also
somewhat higher for lipase activity at 30 minutes incubation than for -
the esterase activity (Student-Newman-Keuls Multiple Range Test, P .05),
(Tables VIII, IX).

The rates of hydrolysis reported in Table VI represent enzyme
activity on a dry weight basis for each cultivar. When these rates were
mathematically adjusted to bring all the cultivars to equivalent fat and
protein contents as well (see Appendix I, Table II), the correlation
coefficient increased to 0.84 (Figure 26), although due to the variation
in endogfgpus lipid and protein contenté, the ranking of the cultivars
shifted slightly. These results indicate that the esterase assay could
be a useful tool in a breeding program, where a reasonable estimate of
activity could allow the breeder to eliminate the high cultivars, and

select those with lower activity.

5. CONCLUSION

The results presented in this thesis show thst the FFA method and
the MUH method are measuring two separate hydfolytic activities in
oats. The fFA assay measures liﬁase-actiyity, while the MUH_gésay
measures esterase activity. Hdﬁever, under some conditions, a high
correlation has been demonstrated between the two enzyme activities. In __

view of these high correlations, it is suggested that the MUH assay

N
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could be a rapid indicator of lipplytic activity in oats, in
circumstences where an absolute measurement of lipase is not required.

For example, in the oat industry, the MUH method could be used tphf_,

determine if lipase in a grain or flour sample was sufficiently
\ inactivated, before that sample was incorporatéd in further prncésses.
'"fﬁe MUH assay would also be useful in a breeding program, allowing rapid

estimation of the high and low activity cultivars for selection.

O3
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APPENDIX I - - -

Table 1. Proximate analysis of groats of 21 cultivars, determined using
the Kjeltec (for protein) and Soxtec (for fat) automated systems, and
moisture contents determined using the AACC oven method.

Cultivar % Protein % Fat % Mpisture
Dal 6.0 5.1 6.5
Kelly 16.5 3.7 7.8
Lyan 15.4 7.1 8.9
Ogle 14.3 3.3 8.8
Centennisl 14.9 3.5 7.8
Stout - 16.2 2.7 8.6
Steele 15.9 3.7 7.6
Webster 16.4 4.5 8.3
Pierce 16.1 7.5 8.3
Wright 15.5 5.0 8.2
Dumont 13.2 3.9 8.7
Clintland 16.2 4.7 8.7
Lang 15.2 , 3.5 8.4
Clintford 15.7 3.0 8.7
Froker 15.3 4.9 8.8
Preston 14.7 4.5 8.2
Marathon 16.2 4.6 7.6
Lodi 14.2 7.8 7.5
Lamar 16.4 4.2 9.3
Donald 16.7 3.5 9.5
Tibor . 17.9 3.6 9,3
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APPENDIX I

+ Table II. Rates of hydrolysis measured using the FFA iafter 30 minutes
incubation) and MUH assays, reported on a dry weight basis, and adjusted
to equal protein (18%) and fat (8%) contents

Cultivar FFA3g MUH
Dal . 2.49 2.10
Kelly 5.20 4.52
Lyon 2.04 1.61
Ogle 3.89 4.07 T
Centennial 4,29 3.85
Stout 6.19 5.23.
Steele 5.33 3.99
Webster 3.96 3.40
Pierce 3.75 2.38
Wright J3.79 2.66
Dumont 6.23 = 4,98
Clintland - 2.94 2.78
Lang 4.60 5.06
Clintford 6.92 4,56
Froker 2.6? 3.18
Preston 2.7 2.06
Marathon 2.72 2.81
Lodi 2.60 1.86
Lamar 2.01 2.89
Donald 1.60 2.-45
Tibor 3.82 2.34

O





