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EFFECTS OF PROCESSING AND COOKING ON 
THE STRUCTURAL AND MICROCHEMICAL COMPOSITION OF OATS 

S.H. Yiu 

Food Research Centre, Research Branch, Agriculture Canada, 
Ottawa, Ontario, Canada KIA OC6 

Fluorescence microscopy was used to analyze 
the structural and microchemical organization of 
oat constituents in cooked and uncooked products 
of whole grain and three commercial ly available 
rolled oats. Results of the microscopic examina­
tion indicated that proteins and lipids in the 
endosperm tissue were most susceptible to process­
ing. Instead of being individually packaged in 
distinct structural units like those found in 
unprocessed groats, both proteins and lipids 
appeared as aggregated masses after processing. 
Cooking induced further aggregation. Starch 
grains in the uncooked rolled oat samples still 
retained their granular. polygonal structures. 
although some compound grains were broken up into 
individual starch granules in quick rolled oats 
Partial gelatinization of starch was observed in 
instant rolled oat samples. Cooking resulted in 
many starch granules losing their original struc ­
tural organization and their anisotropic charac ­
teristics Most endospermic cell walls in the 
rolled oat samples were fractured due to the 
impact of mechanical processing; cooking releas­
ed some of the 6 - glucans Not all the 6-glucans 
in rolled oats were dispersed by cooking; most of 
them remained associated with the fragmented cell 
walls. The aleurone and sub- aleurone walls were 
relatively resistant to processing and cooking 
Phytin and phenolic compounds were abundant in 
the sturdy aleurone layer of old fashioned rolled 
oats. Additional flaking, as in the production 
of quick and instant rolled oats, induced more 
cell wall breakage in the aleurone layer, leading 
to the exposure of its cell contents Cooking 
reduced the detectable number of phytin globoids 
in rolled oat samples whereas phenolic compounds 
remained strongly bound to the aleurone wall. 

Initial paper received March 27, 1986 
Manuscript received September 22, 1986 
Direct inquiries to S.H. Yiu 
Telephone number: 617 995 9428 
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Oats are used mainly as a livestock feed and 
only a small portion of the crop (about 8%) is 
used for human consumption {Thomas, 1978). Recent 
observations that rolled oats and oat bran have 
hypocholesterolemic effects on humans (Anderson 
et al., 1983) have renewed interest in oats as an 
important food source Oats are a good source of 
proteins of high biological value, complex carbo ­
hydrates, polyunsaturated fats, minerals and 
vi tam ins (Weaver et a l., 1981). Furthermore, the 
crop requires minimum labor in handling and pro­
ducing and is most suitable to grow in the North 
American climate (Stanton, 1953). I n the past, 
most oat research was focussed on the technolo ­
gical aspects of processing, such as extraction 
and characterization of oat constituents (starch. 
proteins and gums) and determination of their 
functionalities (Paton. 1977; Wood et al. 1978) 
Apart from a few published data (Lockhart et aJ. 
1986), relatively few studies have examined the 
effects of processing and cooking on the struc­
tural organization of oats. 

Oats have been implicated in regulating cer­
tain physiological functions, such as cholesterol 
reduction. It is believed that at least one of 
the constituents in oats. the oat gum, is respon­
sible for the hypocholesterolemic effect (Chen et 
al 1981). Hence, the retention of constituents 
in oats and their products after commercial pro­
cessing and cooking may indirectly determine the 
extent of their physiological action. Many fac­
tors govern the availability of constituents in 
oats and other cereal products: some of these 
include intrinsic factors, such as the structural 
and chemical organization of their storage re­
serves as well as extrinsic factors, such as 
processing and cooking. The present study aims 
at studyi ng the effects of these factors on the 
composition of constituents in oat products. 

Fluorescence microscopy is a useful tool for 
studying the structural and chemical composition 
of seed constituents in cereals (Fulcher and 
Wong, 1980; Earp et al. 1983) and oil seeds (Yiu 
et al. 1982). It is also an analytical tool for 
revealing the effects of processing on food con­
stituents (Yiu et al. 1983 and Yiu, 1985). The 
specificities of some fluorochromes, such as 
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Congo Red and Calcofluor Whi t e f or B - g J ucans 
(Wood et al., 1983) , Acriflavine HCI for phytin 
(Viu e t al., 1982 and Fulcher, 1982). a nd Nile 
Blue A for cereal lipids (Hargin et al . 1960) as 
well as fluoresceinated lectins for cereal starch 
(Miller et al . , 1984) are well established . Many 
of these fluorescent reagents can be used as 
specific microscopic markers Furthermore , the 
relatively rapid and simple techniques of fluor ­
escence microscopy allow rapid screening of a 
large number of samples to be conducted. These 
tec hniques can also be used in conjunction with 
brigh t - field and polarizing mi croscopy . 

Oat_~les 

Three kinds of rolled oat products were 
examined: old fashioned (or regular) , quick (or 
one- minute), and instant rolled oats. All three 
products were purchased comr~~e rcially. Techni c al 
details for the production of these products are 
not available. In general, old fashioned rolled 
oats are produced by steaming and rolling whole, 
dehulled grains (groats). Quic k rolled oats are 
produced by rolling previously cut groats (3 - 4 
pieces cut fro m a whol e groat) after steaming 
The production of instant rolled oats is similar 
to that of qui c k rolled oats except that a higher 
te mperature is used during steaming. 

Rol1led oats were soaked or cooked in boiling 
water according to methods recommended by the 
manufacturers. Cooked oat flakes (about 20 
pieces) were removed immediately from t he rest of 
the mixture and were rinsed in cold water . 

Mature kernels of oats (Avena sativa L. 
cultivars: Scott and Hinoat) we~tained-from 
Plant Gene Resources of Canada. (Agriculture 
Canada, Ottawa, Ont.) and were cut transversely 
into 1- 2 mm thick pieces 

All cooked and uncooked oat samples were 
separately fixed in 5% glutaraldehyde in 0.01 M 
sodium phosphate buffe r, pH 7.0 , at 4°C for 24 - 46 
hours 
Frozen sections 

Frozen sections were used for lipid and some 
starch studi es Fixed oat samp les were embedded 
.in a support medium for frozen section ing (llisto 
Prep. Fisher Scientific Co Fair Lawn. N.J . ), 
mounted on cold object dhcs and frozen immedi ­
ately. Sections were cut 6- 8 11 m thick using a 
cryo- microtome (Reichert - Jung Scientific Instru­
ments, Belleville, Ont.) and affixed to glass 
slides for subsequent microscopi c examination. 
Ql:(col methacry~i.Q~b.!!lQ~~ed sect!~ 

Fixed samples were dehyd rated through a 
se ri es of changes of alcohol, from methyl cello­
solve, e thanol , n - propanol t o n-butanol according 
t o t he method -descr ibed by - Fulcher and Wong 
(1980). The sampl es were then infiltrated with 
GMA mono11er for 3-5 days prior to polymerization 
at 60 °C or at room temperature under ultraviolet 
light . Sections 2-4 11 m thick were c ut usi ng g l ass 
knives in an ultramicrotome (Sorvall Inc., New­
town, CT.) and were mounted on glass slides for 
subsequent microscopic examination. 
Microscopi c e xamination 

Sections were examined using a Zeiss Un iver -

sal Research Photomicroscope (Carl Ze iss Ltd . 
Montreal, Quebec) equipped with both a c onven­
tional brigh t - field illuminating s ystem and a III 
RS epi -il luminating c ondenser combined with an 
HHO 100 W mercury- arc burner for bright - field or 
fluorescence analysis The I I I RS condenser 
contains three fluorescence filter systems with a 
dichromatic beam splitter a nd an exciter / barrier 
filter set for maximum transmission at 365 nm/ 
>418 nm (FC I), 450 - 490 nm /> 520 nm (FC II) and 
546 nm/>590 nm { FC 11 I). Photomicrographs were 
obtained using 35 mm Kodak Ektachrome 400 Day­
light film. Sections were photographed after 
stai ning usi ng one or mo1·e of the following 
procedures 
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Proteins GMA- embedded sections were stained 
with ~-;;:~~us solution of 0 . 01% (w/ v) 1- anilin ­
o- 8- naphthalene sulfonic acid (ANS ) (Sigma Chern. 
Co . St. Louis, MO . ) or 0.1 % (w/ v) Ac id Fuchsin 
(Fisher Scientific Co Fair Lawn , N.J . } accord­
ing to the method by Ful c her and Wong ( 1980) 
Stained sections were rinsed with distilled 
water, air - dried and mounted in non - fluorescent 
immersion oil unde r a coversUp. These sections 
were then examined microscopically using filters 
FC I for sections stained with ANS and FC 11 for 
those with Acid Fuchsin . 

Starch The method described by Miller et 
al. (1984) wa s used with slight modifications. 
Sections were incubated with 1. 2 mg/ ml of fluor ­
escein- labelled Lens culi naris agglutini n (F-LCA) 
or Concanavalin A- (P- Cc;-;;:- A)- (Cedarlane Lab. Ltd 
Hornby, Ont.) in 0.01M sodium phosphate buffer, 
pH 7, at room temperature for 1- 2 min . Stai ned 
sect ions were rinsed thoroughly with distilled 
water, air-dried, mounted in oil and examined 
under the microscope using f 11 ter FC I I Stained 
or unstained sections were al s o e xami ned under 
po l ar ized light (through two c rosse d polarizers) 
to observe birefringence i n sta r c h . 

!J..D.!Q.~ Frozen sec tions were stained with 
0 . 01% (w/ v) aqueous Nile Blue A ( CI 51180 , East ­
man Kodak Co Ro c heste r. N.Y.) for 1 minute. 
Stained sections were rinsed and mounted in water 
under a coverslip and examined microscopically 
using filter FC II . 

!!~~=-~~§. GMA - embedded sections were 
stai ned with aq ueous 0.01% (w/ v) Calcofl uor . 
(Po lysciences. Inc. Warrington, PA.) or 0.01% 
(w/v) Congo Red (Cl 22120 , Fisher Scientifi c Co. 
Fa ir Lawn, N.J.) for 1- 2 mi n . After rinsing and 
drying, mounted sections were examined under the 
microscope using filters PC I for Ca l cof luor and 
FC II or FC Ill f or Congo Red. 

~!..!!:! GMA- e mb edded section s were stained 
with 0.01% (w/ v) a queous Acriflavine HCl (BDH 
Chern . Ltd. Poole. England) for 1- 2 min, accord ­
ing to the meth od described by Viu et al. 
( 1982). After rinsing and drying, sections were 
11oun ted in imn~ersion oil and exam in ed microscop­
ically using the FC I or FC I ll system. 

~hengll..£_£QID.J:!QUnds Many phenolic compounds 
emit autofl uo r escence under s hort wavelength 
excitat ion (Fulcher and Wong, 1980). Sections 
were mounted in non - fluor escence immersion oil 
and exami ned microscopically using filter FC I . 

To detect simultaneously t he presence of 
more than one of the above components, some sec-
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tions were stained with two fluoroc h romes. This 
was done by allowing the sections to 1·eact se­
quent ia 11 y with the appropriate reagent, with 
thorough rinsing between each staining . Stained 
sections were then examined microscopically using 
filter system FC I for the combined staining of 
Acid Fuchsin and Ca1cofluor, FC II for F- LCA and 
Congo Red, and F'C I for Acriflavine HCl and 
Calcofluor 

The structure of the groat has been describ­
ed in detail by Fulcher and Wong (1980), and only 
a brief description is presented here. Most 
r o 11 ed oat products are produced from whole 
groats which contain three fractions t hat differ 
in milling properties. cell structures. and c hem­
ical contents. They are the bran, the starchy 
endosperm, and the germ. Co mme rcial bran is com­
posed of several outer layers of fibrous tissues. 
These include the aleurone and the sub - aleurone 
layers which are part of the starchy endosperm. 
They tend to separate from the rest of the tissue 
dur ing most mechanical processi ng . Oat bran is 
rich in proteins, lipids, s-glucans, llinerals, 
and vitamins (Weave r et al., 1981). It is also 
rich in pheno lie compounds. mast of whi ch are 
associated with the primary cell wall of t he 
aleurone layer. The starchy endosperm, which 
occupies a major part of the groat, is wh ere most 
of the storage reserves of oats are l ocated. 
These include proteins, starch, lipids and gums. 
The germ occupies only 2-3% of the total groat 
area. It comprises several distinct tissues, 
including the scutellar parenchyma where high 
concentrations of protei ns, lipids, minerals, and 
phenolic com pound s are located (Fulcher and Wong, 
1980) 
Er_Qtei!!§. 

Oat storage proteins occur primarily as pro­
tein bodies within various tissues of the g roat 
Their presence can be easily demonstrated using 
appropriate fluorescence markers such as Acid 
Fuchsin or ANS (Fulcher and Wong, 1980). Most 
oat protein bodies are spher i cal in shape and 
their size ranges from 0.2 to 6.0 1.1 111 in diameter 
(Fig. 1). In comparison with protein bodies of 
the groat, those present in rolled oats were no 
longer recognizable as individual structures. 
Instead, they appeared as amorphous aggregates, 
some of which still remained confined, even after 
processing, with in structurally well defined cell 
walls (Fig. 2) Cooking and boiling in wa ter 
caused more aggregation of the protein bodies 
wh ich remained detectable using the above fluor­
escence markers (Pig. 3). These findings indi c ­
ate that processing and cooki ng have altered the 
structural organization o f oat storage proteins 
but have little impact on changing t heir affi nity 
for Acid Fuchsin or ANS. 
§t ar£!! 

Oat starch occurs mostly as compound or 
aggregated grains, eac h of which is composed of 
two to several pol ygonal granules. These starch 
grains range from 20 to 100 1.1 m in diameter while 
individual granules are 4- 8 JJ m in diameter. 
Using F-Con A and F- LCA as markers (see Materi a l s 
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and Methods for details), microscopic examination 
of GMA - e mb edded sect ions obtained from the 
uncooked rolled oat varieties revealed the 
presence of many intact as well as broken starch 
granules (Fig. 4). The structura l integrity of 
t he COilpo und starch grain was affected by the 
extent of processing: there were 11ore broken 
starch grains in quick rolled oats than in ol d 
fashioned rolled oats. However, man y of these 
broken starch granules still retained their 
characteristic birefringence when the samples 
were examined under polarized light, indicating 
that processing did not greatly induce 
gelatinization of the oat starch. On the other 
hand, most starch granules found in instant 
rolled oats had partially lost their birefrin ­
gence, indicating t ha t the related processing 
method resulted in partial gelatinization of the 
oat starch. Hot water soaking, a recommended 
method for preparing instant rolled oats, did not 
drastically change the structural composition of 
the starch granules. Cooking rolled oats in 
water {3 min) not only completely e limina ted the 
birefrigence of the starch but also altered its 
basi c structure. The cooked and completely 
gelatinized oat starch was no longer granular in 
structure but appeared as convoluted folds (Fig . 
5), much different fro111 that observed in uncooked 
rolled oats (Fig. 4). The longer the rolled oats 
were cooked, the less recognizable their starch 
became and detection of the amorphous starch 
matrix in well cooked (20 min) rolled oat sampl es 
(Fig. 6) depended mainl y on the specificity of 
the fluoresce nt marker. In general, the struc ­
tural change of star ch in the cooked old fashion ­
ed rolled oat samples was not as drastic as that 
observed in the quick or instant rolled oat sam­
ples, even though all were cooked under the same 
conditions, for t he same duration of time. This 
finding indicates that the thickness of the oat 
flake probably contributes to a slower rate of 
water penetration, and consequently, a slower 
rate of starc h gelatinization. 

~.!1!1~!.~ 
The lipid content of oats ranges from 5 to 

9% depending on the variety . Most of the groat 
lipid is stored in the endosperm in the form of 
oil droplets whi c h can be detected by simple 
staining using Nile Blue A (Fulcher and Wong, 
1980). Frozen sections were used for examining 
oat lipid reserves in rolled oat samples to avoid 
using organic solvents whi ch were used as dehy­
drating reagents for the GMA - embedding procedure. 
Sections from cooked or uncooked rolled oats were 
stained with Nile Blue A and were examined under 
the fluo r escence aicroscope. Most of the lipid 
content still remained within the cells that had 
intact cell wall s even after cooking but individ ­
ual lipid bodies were no longer detected. 
Instead, large pools of coalesced oi 1 droplets 
were observed throughout the entire groat struc ­
ture (Fig . 7). This finding indicates that the 
loss of lipi ds in rolled oats due to processing 
and cooking is insigni ficant. 
Beta- glucans 

The majority of oat fibre is water soluble, 
ma inly in t he form of a g um . A large portion of 
the oat gum is mostly (1-+3)(1-+4) - S- D- g lucan 
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( 8-gJucans) (Wood et aJ . . 1978) . The presence of 
B - glucans in the oat kernel ca n be detected 
mi croscopically using specific markers. such as 
Co ngo Red, and Calcofluor White (Wood et al. 
1983). Most oat 8-glucans occur in the cell wall 
of the endosperm, along the inner wall of the 
aleurone layer, and are particularly concentrated 
in the sub- aleurone endosperm cell walls {Fig. 
B). Microscopic examination of cooked and un­
cooked rolled oat samples revealed that most 
endospermic cell walls were altered by processi ng 
(Fig. 9). Old fashioned rolled oats had rela ­
tively less and instant rolled oats had more 
endospermic cell wall breakdown than quick rolled 
oats. On the other hand, cell walls of the sub­
aleurone and the aleurone layers were less 
affected by processing as many of them remained 
relatively intact. They still reacted with Cal ­
cof luo r even after cooking (Fig. 9) The above 
findings show that the loss or di spersion of 
6-glucans due to processing and cooki ng was mini ­
mized by the strong, structural association 
between 6-glucans and the two cell walls which 
we re relatively resistant to mechanical forces 
and heat . 
Phytat~-~~no1i£_£Q_~@Q2_ 

Most oat phytate and phenolic compounds are 
localized within structures t hat are in close 
proximity to each other, and both have adverse 
effects on the bioavailability of minerals and 
proteins in cerea l foods Due to their relative 
abundance in cereal grains and oi I seeds, both 
phytate and phenolic compounds are of maj or 
concern to food processing technologists and 
nutritionists . 

Some phenolic compounds are naturally fluor ­
escent (autofluorescent); they occur in cell 
wall s of many tissues and are readily detectable 
under short wavelength excitation (Fulcher et 
al. 1972). On the other hand . the detection of 
phytin - contai ning structures, mostly in the for11 
of protein i nclusions , depends on appropriate 
staining and related microscopic methods (Viu et 
al., 1982; Fulcher, 1982). The fluorescence 
mi c roscopic technique, using Acriflavine HCl as 
the staining reagent, was used in this study to 
simultaneously examine phytate and phenolic 
compounds. 

In oats, most phytin and phenolic co mpounds 
are stored in the aleurone and the scutellar 
tissues The structura l organization of these 
tissues can be revealed by viewing a section of 
the groat under short wavelength illumination (FC 
I). Both tissues have autofluorescent cell walls 
surrounding numerous protein bodies wi thin which 
dark, spherical inclusions are visible (Fig. 
10). The presence of phenolic acids. although 
their exact identities are not esta bli shed, 
accounts for the blue au tof 1 uorescence emit ted by 
the aleurone and the scutellar wall s (Fulcher et 
al 1972). Using Acriflavine HCl as a marker 
and FC I for appropriate f 1 uorescence excitat ion . 
the presence of phytin globoids can be demon ­
strated among other protein inclusions. The 
above method facilitated the rapid screening of 
ce llular contents in both aleurone and scutellar 
tissues of various rolled oat samples. Most cell 
walls of these tissues in old fashioned rolled 
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oa ts were structurally intact. many remained 
autofluorescen t, and orange - red fluorescent in­
clusions were visible, indicating the presence of 
phytin- containing globoids (Fig. 11). There was 
slightly more cell wall breakdown in the aleurone 
and the scutellar tissues of the quick and the 
instant rolled oat samples due to increased pro­
cessing. Many of the fragmented cell walls still 
retained their autof 1 uor escence after cooking. 
The broken cell walls l ed to the exposure of 
their cellular contents where some protein in ­
clusions remained visible. but only a few reacted 
with Acriflavine HC1 (Fig. 12). The above find­
ings indicate that t here is a potential loss of 
phytin due to processing and cooking. Phenolic 
compounds, on the other hand, are less affected 
due to their strong structural association with 
the cell wall 

The present study demonstrated that certain 
oat structures were most strongly affected by the 
processing of rolled oats. These included the 
protein and the lipid bodies: both appeared in 
aggregated forms after processing (Figs. 2, 3 and 
7) However , since the two could still be de ­
tected in cooked and uncooked rolled oats by 
specific microscopi c markers , their values as 
food constituents are retained They were made 
more available as nut rient sources by the break­
down of the endospermic cell wall which encloses 
most of the oat storage reserves including 
starch. The basic structure of starch granules 
was not affected by processing, although increas ­
ed milling, e.g., mor e flaking during the pro­
duction of quick rolled oats, induced more break­
age of compound starch grai ns (Fig. 4) Cooking 
completely altered the starch st ructure (Figs. 5 
and 6) and its birefringent c hara cteristic In­
creased milling a l so induced more cell wall 
breakage inc I ud i ng those of the resi 1 i e n t a 1 eu­
rone and sub- aleurone layers . Beta - g lucans and 
some phenolic compounds are st ructurally bou nd to 
the ce 11 wa 11 tissues. Processing, cooking, and 
their combined im pa ct did not compl etely r emove 
these two groups of compound s from the oat cell 
walls (Figs. 3, 6, 9 and 12). The phytin - contain­
ing globoids, however, were more affected as they 
were less distinct i n t he cooked rolled oats 
(Fig. 12) 

Processing and cooking improve the digesti­
bility of plant (cereal) cel l walls and related 
materials which are known to be digested with 
difficulty. The present study demonstrates such 
a case: the oat constituents are made more avail­
able as nutrient s, since process ing induces cell 
wall breakage , reduces particle size, induces the 
release of cell contents, and increases the sur ­
face area subjected to cooking and subsequent 
enzy11atic digestion . 

The author thanks Nancy Dolson and Lisa 
Fooks for their technical assistance This 
publication Contribution 678 from Food 
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Discussion with Reviewers 

Lf.:..~J2 : You stated that t he large pools o f 
coa l esced oil droplets we r e obse r ved throughout 
the entire groat s tructure. Was this an even 
distribution throughout t he endosperm or did so me 
areas appear to have mo re lipi ds than others? 
Au t hor: The distribu tion was not even: the 
;1e~One l ayer had mo re aggregated oi 1 droplets 
per ce ll than the rest o f the endosperm. 

Y..:.-~Q.!!!~!:~!!! : The vari ous oat products s hould be 
defined as to processing (size, te mperatu re, 
length of heat treatment) 
Author : Details of the processing procedures 
were not available because the oat products were 
obtained commercially Although t he manufactur ­
ers we re contacted for more information. their 
company policy prevented them from revealing 
technica l d etails. 

Reviewer III: Heat l ability of proteins: are both 
aleurone and sub- aleurone proteins equally sus ­
ceptib le or did you see any diff e rences in their 
damage / susceptibi 1 i ty to heat? 
Author : Results of the microscopic examina tion 
i ndiC;ted that protein bodies in the sub- aleurone 
layer were more s uscepti ble to commercla l proces ­
si ng tha n t he aleurone l ayer. However, mor e 
studi es would be required in order to determine 
their degree of susceptibility to heat. 

Reviewer III: Did you find differences in the 
71;:;-t;;;-~it~ the stained B - g luca n in processed 
and unpr ocessed sect ions? If so,could they be due 
to some c hanges in e-glucan molecu l es? 
~.!.h.Q!: · The fluorescence intensity emitted by 
t he stained cell wall s of unprocessed oats was 
g r eate r than that o f the processed products. The 
difference cou ld be du e to raa ny factors including 
changes in the binding property between the 
fluorescence marker and B-glucan. 

Reviewer III: In the fil ter combination of FC I, 
~~-,t-the B- glucan deposits appear 'red' 
(Fig. 10), as they should, with t h e Co ngo Red 
stain? 
~y.!_h o r : The above filter combination facilita t es 
the simultaneous observation of phe noli c com­
pounds and 6-gl ucans. However, the absorption 
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and e11ission spectra of 6 - glucan - bound- Co ngo Red 
are no t at their maximum at such wa ve l e ngths 
(365nm/ >418nm). The maximum trans missi on for 
bound Congo Red is at 470nm/ 588nm (Wood et al. 
1983). 

Reviewer III : Have you looked for " f lavonoid " 
'type --~unds in the endosperm? 
Author· No, flavonoid compounds in oats were not 
inve;tigated in the present study. 
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Unless otherwise stated, all f l uorescence 
micrographs show GMA - embedded sections of whol e 
grain or rolled oats. Sca le bars are in iJm. 
Abbreviations: al = aleurone layer, end = starchy 
endosperm, F- Con A = fluores cei nated -Concanavalin 
A, F- LCA = fluoresceinated 1.~!!~ !';,~l.i~Il.§. agglu ­
tinin. sub = sub - aleurone layer 

!:.!~ __ .!· A section of t h e oat (~Y~!!~ satiy!!_ L. 
cv. Hinoat) endosperm stained with Acid Fuchsin 
and Calcofluor showing individual protein bodies 
(arrows) . Photographed using FC II . 
~--~- A section of uncooked rolled oats 
stained with Ac id Fuc hsi n and Calcofluor 
demonstrating aggregated protein structures (*) 
surrounded by the intact cell wall where 
6-glucans were detected . Photographed using FC I. 
fig~ . A section of cooked rolled oats stained 
as in Fig. 2 showing a 111ixture of aggregated 
protein structures (*) a nd ce ll wall fragments 
(arrows). Photographed using FC I. 
f_ig.!,. __ ~. A section of uncooked rolled oats 
reacted with F- Co n A reveali ng the presence of 
both intact (*) and broken (arrows) starch grains 
in the endosperm tissue. Photographed using FC 
II 

f__ig.!,.__§_. An F- Con A stained sect ion of cooked 
rolled oats showing gelatinized starch in the 
endos perm tissue. Photogra phed using FC II . 
f__ig~. A section of cooked rolled oats stained 
with F- LCA and Co ngo Red demonstrating the mix ­
t ure of gelatinized starch (*) and broken cell 
wall fragments (arrows) . Photographed using FC 
II. 

!"...!_g..:.___l - A fro ze n sect i on of cooked rolled oats 
stained with Nil e Blue A s howin g large poo l s of 
lipids {ye l low fluorescence) within aleurone and 
endosperm cells. Photogr aphed using FC II 
fi&..:.._!l:- A section of t he bra n r egion of oats 
{Avena sativa L cv. Hinoat) stained with F- LCA 
a~OngOR;;j revea ling the presence of 8-glucans 
in the inner a l eurone layer (arrows) and the 
thick sub- aleurone cell walls (*) . Photographed 
using FC II. 
fig..:.-.2 A section of cooked rolled oats stained 
with Calcofluor showing t he extent of ce ll wall 
breakdown in the endosperm. Photographed using FC 
I. 
U~L:.._!Q. A Co ngo Red - stained section of the oat 
(Avena sativa L. cv. Scott) aleurone layer show­
i-;;g-"the pres~ce of phenolic compounds on its 
unstained but autofluorescent cell walls encom­
passing v isible protein globoids (arrows) and the 
adjacent stained s ub - aleu rone ce ll wall (*) 
Photographed using FC I. 

f~- A section of c ooked o ld fashioned roll ­
ed oats stained with Acriflavine HCl revealing 
phytin containing globoids ( a rrows) in the aleu­
rone layer. Photographed using FC I . 
ill~~ - A section of cooked qui ck rolled oats 
stained with Acriflavine HC1 and Calcofluor show­
ing t he extrusion of aleurone cell conten ts ( * ) 
Photographed using FC I. 
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