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ABSTRACT O

Effects of wet Steam‘treetnent of whole'andizrushed
*canola oilseeds vwere etudied "with respect ‘to oil yield
compos1tlon \and fatty ac1d pattern of the oxl fract1ons,
phosphorus, sulfur, chlorophyll and caroteno1d concentra-
tions in the 0oil, and volatile, and nonvolatlle (hydroxyl

?

group-containing) glucosinolate breekdeun products in the
meal. o | |
, thle the ,0il y1e1d and composxt1on, as well as the
< -fatty acid patterns of lipid fractions in the oil did not
differ significantly between steam- and dry heatedeamples:
increases in phosphorus, Sulfur, chlorophyll and carotenoid
contents in both pressed and extracted ozls from steam-
‘treated seed were highly significant. The concentrat1ons of
volatile and nonvolatile isothiocyanates were 0.22 mg/q and
- 0.14 mg/g, respectiveiy, in canole'heal from steam-treated
¥ seed, whlle the corresponding concentratxons for dry heat
treatment were 1.64 mg/g and 1.42 mg/g, respectzvly. The
vconcentratibn of intact glucosxnolates, however, was
significantly higher in meals from steam-treated seeds as
coﬁpared to the-Sagﬂﬁes from dry heated seeds. -
Lipaée,(z:osphollpase and lapoxygenase act1v1t1es vere
not evident crushed seed held g! to 30 min at room’
temperature since the composition of lipid- frathons, and
their fatty acid pattetns remained unchanged.

‘As found by transmission electron microscopy, the size

distribution of lipid bodies within cells of outer and inner

- ——



4 cotyleapns and‘central me;istem was rather uniqugf over 90%
of 1ibid bodies. were between 0.3 and 0.7 um in diameter,
which was the size rangf of 86-100% of globoids embedded in
alehrone §raiﬁs. The size:of'thé latter spécies was most

,fiéhriable, ranqing‘between 1 um and 7 um in somehparts of the

\ inner cotyldﬁqn.

The assay of bleaching ¢ 7{1

and naturally-active clay proved the'fprmer to b

to the latter in a concentration range of 0.03 to 2%.

/' - vi
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1. INTRODUCTION
In the industrial processing of canola oilseeds, dry
heat is applied in the'éookihg step. Thf%ﬁépproadﬁ‘had first
been uséd in the processing of rapeseed cultivérs,hiéh in
erucic 'acid and‘in giucosinolates. In the crushing'éteﬁf&f
rapeseed processing, endogenous .myrdsinase (thiOgIUCOSide
glucohydrolase) enzymé is brought into-contact'with~gluco-
Psinolateéjﬂ resul;ing 'in répid hydfolysis if ‘the seed
moisfurg is 58.5% and toxic.isothiocjénateé, nitriles and
elemental. sulfur are produced, thus‘seriously degradiné the
quality of .the oil and meal. . | ‘
The introduction of commercial "déuble zero" cultivars
" (low both in erucic acid and in glucosinblétes$rin 1974 vas
- followed by a number. of new_cultivars of simiiar quality. .
These w§ré designated in. Canada in' 19791 as "cahola“
(Canadian 0il). Despite the rapid take-over ofAthevmarkefqby
canola cultivars, ﬁhe 'design of stack cookers. temained
. adjusted for the processing - of rgpeseed” high in §lucof
sinoléteé, i.e. for the dry heat process;' 4

Fae

-The idea of steam éookiﬁg of oil;eedsd%s not thJ bﬁt

s application in processing of rapeseed had “been limited
for the pfeviously discussed possibility of glucosinolate
hydrolysis; The princi;al. object of heat treatment is to
coééulate the pfpteins iﬁ the walls of lipid-containing
cells and thus ‘make the walls permeable to the flow of oil.
The flow‘ 6fu oil-‘ffbm the oil-bearing material 1is also

aésisted3‘by the lowered viscosity of the oil at elevated

1
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~temperatures."‘Water must be present for prdt in cd&Qulation

to take place. Anhydrous proteins do not readily coagulate
or . exhibxt other evidence of heat denaturathon. In' some
cases, water also assists in the d1splacement‘of the oil
vfrom the surfaces of solid materials due to khé superior
physicochemical affinity of water for these materials.

In- the c;se’of high glucosiﬁolate rapeseed zultivars,

moisture content of the seed has to be kept between 6 and 8%
. T

because at moisture contents <6% myrosinase resists heat

inactivation, while moisture contengs >8.5% promote rapid.

hydrolysxs of glucosinolates upon seed crushing.
Myrosxnase mlght be active at ‘the initial stages of
treatment, but since glucosinolates in canola are low, their

par hydrolysis by the enzyme :would not preseht a

pfo lem. More importantly, in the presence of increased

g

lipids (triacylglycerols) could be expeéted.iﬁowever, steam
treatment could also cause an increased concentrafion of
polar lipids (phosphatides)‘and pigments, both of which are
complexed with the proteins, in prepressed/extracted 0115.-
The design of stack cookers in most crushing plants in

Western Canada consists of 5-8 closed, cyl1ndr1cal kettles

which are jacketed for the indirect heating with steam. A

conversion from indirect heating to direct steam or combined

T ~ . e
ctivation of‘énzymes, would take place and an increase 1n°

oil yield due to the increased extractability of neutral

mojsture conggﬁt,’ heat ‘coagulation of protein, including

direct-indirect steam treatment would require only minor
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3

‘modifications in the design., Steam could be injected

)

directly‘through spray jets in the fop kettle(s) and removed
through exhaust pipés in the- lower kettles. Since the
moisture!content of the cooked seed must bevbetween 4 and 8%
to efisure adequate handling properties and the efficiency of
prepressing/scolvent extraction, the ébmbination of direct
and'indirect steam treatment appeared to-be the basis for

further investigation.

it

In the first part of this project, the gffects of
éndogenous lipase, phospholipase and ‘lipoxygenase were
studied in seeds after crushing, with holding times of 0-30
min at room temperature. Subsequently, the composition of
lipid fractions - and tﬁeir’ respective fatty' acid patterné
were analysed. ’

In the secohd part of this project, a éombarative

analysis of steam and dry heat‘"treatments of whole and

crushed canola seeds was carried out to determine the total

‘0il’'yield, composition of oil fractions and their_fatty acid

patterns, and concentrations. of phosphorus, sulfur, cliloro-
phyll and carotenoids in the oil. Finally, the levels of
intact and autolysed glucosiholates in residual meal were

investigated.

Scanning and transmission electron microscopy were.

applied to obtain additional understanding of the seed
0 ' O n

-

‘structure, the anatomy of individual cells and the

~morphology of lipiavand aleurone grains in the célls.

|
|



2, LITERATURE REVIEW

i.1Acpncra1.A3pccts

Rapeseed' is ~one ;f the major bﬁources of edible
vegetable oils., It ranks fourth in the wbrld production of
vegetable oils, being in front of such sources as peanut and
cottonééed oils. High o0il content of the seeds and
pfotein-rich meal with an amino acid pattern comparable to
that of soybean meal (Clandinin, 1981), coupled with.wide
"adaptability to different climatic regions of the world,

make this crop attractive to many developed and developing
' ‘ ¥ N A N w
countries. .,__1: :

Canada has achieved a ‘distingu‘ished role in rapeseed

production for at least two reasons: it is the largest

producer of- rapeseed in the weorld, and it pioneered the

commercial production of canola cultivars low in both erucic

acid ficzz:,) and in glucosinolate content. This signifi-

cantly improved,fﬁé‘quality of edible rapeseed o0il and of
meal used.as anigai feed. By 1983, practjcall; all Canadian
cultivars wvere ofldﬁnola quality. |

Over the past‘ﬁive years, production of canola-crushpd
seed, oil and meal have increased by 22%, 19% and 25%,
reépectively (fablé 2.1). During this time fhe soybean
indgstry recorded a stagnating period.

with approximately 35% of total Canadian production in
1985, Alberta is the country's second largest producer after

Saskatchewan (Statistics Canada).

4 -
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Table 2.1 Oilseed crushing in Canada'.

- L“
Soybean{ Canola
(tonneg){ (tonnes)
Quant ity
Crushed
1980-81 1,003,281
1981-82 945,354
1982-83 904,096
1983-84 . 1,159,322
1984-85 1,290,442
- 0il
- Produced
1980-81 158,931 418,159
1981=82 164,297 382,127
- 1982-83 ‘ 179,316 366,181
1983-84 : ¢ 166,256 456,441
1984-85 169,789 514,446
Meal
Produced
1980-81 / 731,702 573,572
1981-82 ' 757,470 551,066
1982-83 ' 832,574 521,712
1983-84 735,953 688,058
1984-85 721,520

767,828

' Statistics Canada, 1985. Cat. No. 22-007.

&



Summer forms of rape (B. napus) and of t f” rape'(B.
campestris) predominate in Canad;. Sowing taﬁfs place‘ in
late April and early‘ May and the crop is h&rves;ed in
September, r#sulting in a growing season of about\105 days.

Regent, #ltex,_Westar (8. napusf, Candle and Tobin (B.
.campestﬁls), all "double ze:o!{cultivars, are among the most

commonly grown cultivars in Canada.
2.2 Chemical Composition of Canola Seeds

2.2.1 Gross composition

| Conversion to "double zero" cﬁlﬁivars affected
primarily total fatty acid‘pattern of rapeseed lipids and
thg :

ucosinolate content of the meal (Downey, 1983).
However, the absolute content and composition of such major
constituents as 1lipids and proteins :Lmained relatively
unchanged. The composition of rapeseed is outlined in Table
2.2. |
" Moisture content of naturally dry rapeéseed ranges from
6 to 8% (Persmark, 1972). This moisture conténfg.is ,
csnsidered to be relatively low and was attributed to the
high oil content in rapeéeed as_cmeared with, . for éxample;
soybeans. |
ApﬁelQuist (1972) claSsified major rapeseed components
into lipids, proteins, éarbahyd;ates and glucosiholates. The
lipid content of mgture“rapeseed, as determinned by

. . " . ' . ’
extraction with nonpdlar hydrocarbon solvent, varies over a



Table 2,2 Major chemical constituents of rape (Brassica

napus) and turhip rape (Brassica campestris)'.

8. napus . B. campestris,

~ Westar Regent Andor Candle Tobin

P Y

1982 43.8 42.1 43.4 42.2 42.9
0il® 1983  43.4 43.2 42.9  41.4 41.7
~ o ?
1984 42.4 42.0, 42.2 41.0 41.2
1982 44.5 47.3 46.4 43.0 42.6
Protein® 983  45.4  47.3  47.0  42)6 - 42.2
1984 45.6 47.0 46.2 42.5 ' 42.8
- T982  10.6 10,2 10,2 1.7 8.1
Fiber? 1983 10.4 . 10.4 10. 1 7.9 8.0
1984 106.6 10.4 10.4 8.1 8.1

'Y i

' Agriculture é;;;ah(\faskatoon, annual report.

* Moisture-free basis.

> Moisture-free, oil-free basis.

~
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wide ranéi depending on cultivar, gtowing conditions, etc.
(Schuster, 1967).

Analysis of winter*and' summer rapes gave 42-50% and
37—47% 0il, respectively, while 40~48i vas foundwin winter
turnip rape and 36-46% in swmper turnip rape (Sallans,
-1964) . -

Protein iqntent is usually' reported ’onK a lipid-{vce
rapeseed meal basis, and, being subject. to interspecies

différences, varies between 33j47.9% (Flax and Rapeseed,

Can. Crop Bull., 1969). S - SR
, Rapeseedw carbbhydrates are present mainly<i:;§

'éonstituénts'of cell walls in cotyledons and in the fibrous
~seed .coat. The main polysaccharide éonstifuents are
cellulose, hemicellulose and pectic substances, accounting
in total for approximately 15% of defatted rapééeed, meal
~ (Sosulski and Bakal, 1969). This is high compared to other
xbil;gedﬁ and is related to‘the small size of ﬁhe seed (1-1,5
" mm) ;;£h a lérgerproportion of seed coat. Some cultivars
(candle, Tobin) have lower fibre content (io:iix), .are
lighter in color and have higher ocontent of oil in seed
(42.2%, on a dry matter basis) and of protein in defatted,
‘moisture-free meal (42.23)‘(Dovnéy,:1983{f These cultiQars
_a;é of;en_referréé tb as "triple low". . | -
.A Since the ihtroduc;}on of "double zero" cuitivar;é
dgluco;@nolateé'can ha;dlycbe Ca}led,a‘umj§r»component of
rapeseed. Mény>}§searchers are,ﬁhoweyer,istili,attraqteé‘to
_this fieldisincq somg'nonyolatile hydrélysis.produéts may

CRY

[



have adverse effects on nutritional quality of the meal,
even when preseqi‘in minute concentrations (McGregor, 1978).

% -
K

2.2.2 Lgbids-

2.2.2.1 Neutral lipids

About 95-96% of total canola lipids are represented by

.neutral lipids (é;dernowskx et al. 197&) The major

component of this class is tr1acylgfycerols (96", 5%)
folloved by diacylglfcerols (1.25%), sterol esters i1.131),
sterols (0.63%) and free fatty acids (O.Sxi. |

McKillican (1966) found that neutral lipid composition
varies significantly with the maturity of thg seeds. While
neutral lipids from 10 DAF (days after fertilization)
rapesee? samples conté{ﬁéd 23% triacylgrycerolgt 12.3% mono-
and diacylglycerols, 15.8% free fatty,aéids and 9.7% free

' sterois, the éomposition of these constituents in mature
seeds chaqgeé to»94.§%, 1.7%, 0.1%, andx1.1x, respectively.

,v,;\_ "As @& régult of _brgediné towards iow erucic acid

. chltivars( C,g fatty acid; became predominant in triacyl-

glycerols with Cg., accounting for m60% (Table 2.3). Cqy is

the predbmlnant trxacylglycerol type in low erucic acid‘
‘lrapeseed (LEAR) o1ls (combination of 3 ; C,g fatty acids).

‘Amqng high erucic acid rapeseed (HEAR) oils, dominant tri-
acylglycerol constituent was Cgs (from 2 x Cpp *+ 1 x C,p)

s (Ackman, . 1983). Jaky and Kurnick (1981) suggested that in

tr1acylglycerols of LEAR o1ls, reduced. frequency of C,g.,

n-6 at C-2 (54%), as compared with 95% in HEAR oils, can be
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.Table 2.3 Comp051t1on (%) of major fatty ac1ds in oils from

| A

high erucic ac1d rapegbed (HEAR), low erucic acid rapeseed’

(LEAR)' sunflower and soybean.

Plant seed
. ,
Fatty | ~ Sun- Soy- White
-acids HEAR LEAR flower - bean lupin
. V; . .
16:0 ! 3 6 10T
‘ '18:0 ' 1 1 4 4 3
L @ : ' i -
1811 15 60 18 24 55
18:2 N-6 14 20 . 68 51 T
18:3°n-3 9 13 ° S 10 9
20:0° 1 1 1 1 1
20:1 ° 10 1 - - h 5
2210 <ty < 1 <1 3
st : s 3 ‘ p
L2231 45 oy <1 -- - 2.
' S v ' v g
, - (taken ffom‘Ackman, 1983)
.
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expla1ned by thewlncreased proport1on of Cig.2 N6 in LEAR
oils (=20% as companed with. 14% in- HEAR o1ls) and its redxs~

trlbutlon at p051t10ns 1 and %.
i ﬂ,:é
QHPLC methods have been successfully applied in trlacyl—
I

‘glycerol analys1s. Peterson et al. (1981) achieved complete

e . . .
separation of lobra oil (Swedish rapeseed cultivar low in

' Cy5.,), triacylglycerols based on equivalent carbon number

[

(ECN) using a reverse phase HPLC system with a 100. cm
Nﬁélgosil 5 C,g column and acetonit- | e/acetone, (60:40,
v/v) as mobile phase.

/. -
Earlier métﬂods for triacylglycersa analys1s usually

. employed two-step techniques such 6 as Ag- TLC/CN GLC or

Ag-TLC/RPHPLC. Reverse phase‘C18&cplumns have been, however,
successfully applied in'one-step'separations. El-Hamdy and
Perk;ns (i981) accomplished separation of triacylglycerol
critical .pairs (those having the same ECN), dncluding
cis-trans geometrical isomers, us}ng a 25'cm column packed
fcommerc1ally with 5 ﬁm‘ silica bonded "with octadecyl
stat1onary phase and a mobile phase of acetone/aceton1tr1le

(63.6:36.4, v/v) as a moblle phase. Plattner (1981) reported

an improved method for separation of tripalmitin ftom

tr101e1n and paim1toole1n u51ng an m- Bondapak’ Cig column

‘w1th 0.2 N silver nltrate present in the moblle phase.

Free fatty ac1d (FFA) content in LEAR oils was found to
f ¥
be 0.5% (Zadernowski and Sosulsk1,’1981). The, same authors
found the compositian of FFA to be different from that of

triacylglycerols., Palmitic acid - (Cyq,o) was 5.2% in the
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triacylglycerol fraction, while it was 19.7% in the FFA .

fraction. AISO, proportfons of‘linoleic'(7.8%) and Linolenic‘~
(4.8%) acids in FFA were found to be significantly lower
than in trlacylglycerols (20 4% of Cyg,, and 10.8% of Cyg,3).

| Free sterols are a minor component  of canola lipids.
Kovach et al. (1978) reported '0.45-0.975% of total sterols
~in 14 samples of crude and refined LEAR oils. ﬂ—sitostefol
was ﬁhe‘ydominant‘ component, ranging from 47.6 to 59.8%,
followed by campesterol, 3f,5f37.6%,_ and brassicastero]l,
6.4-11.5%. Thg latter component is’a dist}gct cohstituent of
rapeseed oil, a fact which is ofteh uti‘.l‘ized to identif'y
rapeseed 011 1n oil mixtures (Spencer et ai ~1976). 1t was
suggested by Seher (1976) that TLC should not .be applled for
ﬂisterol ana1y51s 1Q_rapeseed oil since campesserol oxidation
artifacté might mimic choles;erbl, leading to erroneous

\ ‘

v conclusion about the content of the latter in the oils.

/.

2.2.2.2 Polar lipids
-

Phosphélipids ,

Phosphoiipids_(Table 2.4) agg‘essential components of.
cytoplasmic membranes (plasmalemma, tonéplastéf of vegeta-
tive and ;eproductive tissues. Due to théir ampHiphi1§c
natgre; they have an important role’in_the tfansport of
uncharged and charged molecules, in control' of enzyme
a;tgvities, and in bioéynthesis of triacylglycerols

(Cherry et al., 1981). o C o

- The phospholipid bilayer in cell membranes is bound .

%
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Table 2.4 Chemical structures of major hydratable and non-
]

* hydratable phospholipids in rapeseed.

STRUCTURE,

" -FORM - B-FORM '
’cuvz_o_p PHOSPHATIDYL  CH,-0-R
| CHOLINE q |
CH-0-R' (LECITYI)™  CH-0-P-0-(CH,),-N*(CH,)

0 | 2°2 33
l [] + ' o-l
CH,-0-P-0-(CH,),-N*(CH,), CH,-0-R

| 2

o- o ~ .
CH.-0-R PHOSPHATIDYL  CH_-0-R -
12 ~ ETHANOLAMINE | 27 g \
CH-0- R(; (CEPHALIN®  CH-0-P-0-(CH,),~NH},
I il : s -0

+ 1

CH,,-0- g -0-(CH,),-NH CH,-0-R

CH,-0-R LYSOPHOSPHATIDYL
l ETHANOL AMINE

CH-OH (LYSOCEPHALIN)* ’
0 | : NA.
: f : . N
CH,-0-P-0-(CH,),-NHy
-0
1 cH_-0-R HOSPHATIDYL . CH_-0-R *
1.2 WositoL - | 2 0
CH-0-R' (CEPHALIN) CH-0-P-0-C.H_(OH)
|0 o ow, o E
1 ; : 1
cuz-o-g;o-csﬂﬁ(oms CH,-0-R .
. 0 . .

X ¢

¥ "Trivial” name given in parentheses. . ‘ ~§ .



14

to protein through its outer (hydrophébic) side. Zahler
and‘ Wibel (1970) ‘reported that protein occupied only
one-half of the external layers, thé other ’pért being
occupied maiﬂly by‘water.‘ |

The ynteraction between phospholipids and proteins in
food s}stéms is determined. by the status of the ng;eins.
K&nseila'(1979)‘repbrteq that soybean proteins‘%% thgir
native form had not interacted well with phoépholipidsf
Héweverf,dissociated proteihé (polypeptides) formed lipo-
proteiq compie;es.J

Canola pﬁospholfpid content Qecreésesvvwith seed
maturation. A study by‘McKillican (1966) showed that ﬁhé
content of polar lipids (glyco- and pho§bholipids)
decreased from 32.2% ig 10 DAF zéro~wrﬁkic rapeseed to
1;8% in mature seeds. |
5 Sosulski‘(1981) separated total canola lipids on an
activated éioz.coluhn into neutral (NL), glyco- (GL) and
phosphoiipids (PL), and found the latter component to.be
3.3% of. ;otai ‘lipids, He analyzed by .TLC/GLC the
oébmposition of caﬁola phospholipids and tﬁe ‘fatty ;eid_,
pattérn in. its constituents. The' major ,cémponents were
phosphatidylcholiné (PC){ pﬁosphatidylinositolt (P1) - and
phbsphatidylethanoiamine (PE); ;¢counting for 48.,1%, 19.5%
and B8.9%, respectively, with approx. 25% of unidentified
A phospholipids. O;éic ahd\lindleic acids were &he principal
acidé in all three fractions: 55.8% and 30.9% in PC, 33.6%-

and 38.1% in PI, 47.7%-and 27.3% in PE, respettively.
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Chapman and Robéftson (1977) found that phospholipid’
content ofldoybean oil increased with storage timg (0-23
days) at highef temperature (35°C) and_relatiye:humidity
(85%). The authors concluded .that this.iﬁévéaséhéduld not
have been attributed to mold growth. Sessa et al. (1974)
found that soybean PC. oxidized.in an agueous suspenéioh
developed bitter taste. 'TheL bitter taste in répeseed
phosphoiipids can be  due ;o- hydrolytic cleavage and
formation of melanophosphatides during 0il extracéion ahd
refining processes (Newiadomski, }970)4 The samé authors
fféc;ionated commercial and benzine (petroleum gthcr)
extracted phosphoiipids into leéithin (PC) and cephalin
(PE) by liquié-liquid and'éolidfliqhid extraction with 95%
ethanol -énd methanol, respectively. TLC 'seﬁaration
f’rgVealeh‘}that PC accounted for 48.8% of the lecithin
fgactgonr;hile lyso-PE,.47.7%, wés the major component of
the.ceéhalin; This}might be of interest in the.processing
.-indust;y since cephalin .forms “water-in-oil ~type. (W/0)
emﬁlsioqs, whereés 1éqithin is used for” oil-in-water (O/W)
emu}sions.

The type of emulsion 'proauced and its stability
" depend largely on the rélative a§ility of the two phases.
to'wet the solid pafticles. Thevphase'fhat preferéntiélly‘
wets the solid partic}gé tends to become the continuous
phase. If the interfacial tension between solid and oil is
greéter ﬁhan that between solid and water, then the major

portion of solid particles resides in the water phase,
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thus favoring an O/W emulsion. The converse takes placé if
the interfacial{tension between solid and water ié grgater
than that between solid and oil. Conseqguently, if solid
particles remain exclusively in either of the two phases,
they have no stabilizing effect. The most stablé emulsion
‘ ié formed when the solid particlé surface is ‘equally
distributed Between liquid and solid phases. The type of
| emulsion produced can be predicted on the basis of the
relative hydrophilic-lipophilic  properties of  the
emulsifier, Accqrdiné ~to the hydrophilic-lipﬁgbilic
baiance (HLBi Ebncept, each surfaéé—active agent‘can bé
assigned -a numerical valué representing its hydrophilic-
lipophilic balance. | o
Phospholipids such as PC, PE ‘and PI are‘hydratable
since they,cdntain‘polar groups (choline, ethanolamine and
inositol) and can be remo&ed by‘mixing thefcrude 0il with
~ water (2%) and supsequent centrifugation. However, there
is a considerable amount of phospholipids which are not
hydratable. These are mainly undissociatedm_phosphaiidic
and lysophosphatidic acids and Mg/Ca phosphatides (Hvolby,
1970) . b ' | |
Phdsphoiipids can. exist in a- and f-form (Figure
2.15. The a-form has the estgrifiéd ,thsphoric “radical

bound to C-3 (or C-1), while in the f-form the radical is

bound to C-2. The B-form is considered nonhydratéble

‘(Carr, 1978) and cannot be removed from the oil by a

water-degumming process. No data were found on the exact

M
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R-COOH Several R-CH,~NH,;
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4 D-glucose
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»

A9’
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7
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\

R-CN

"Figure 2.1 Nonenzymatic degradation of glucosinolates.
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concentratjoh ‘of B-phospholipids, undissociated phospha-
tidic acid, and its Mg- and Ca-salts 'in rapeseed/canola’
oils. However, Pérsmark (1972) reported . that the total
.amount of nonhydratable phospholipids in rapeseed 0il can

be as high as 50%.

2,2.3 Glucosinolates

2.2.3.1 Occurrence and chemistry(

Glucosinolates are often found in the literature'under
such names as thioglucosides ,of must;rd 0il glucosides
(Appélquist, 1572). These compounds are commohly referred as
" toxic components of fapeseed meal. The exact cytologicél
distribution of glucosinolates in rapeseed is still subject
to‘ -investigation (von Hofsten, 1970). The term
"glucosinolates"” encompagses over 70 ind{viduall compounds
varyihg onlf in the-chanacter of the side chain (R). The
chemical gtructures and major types of glucpsiﬁolates are
shown in Table 2.5. %;

Acid-catalyzed hydrolysis of a glucosinolate may yield
hyéroxglaminé, sulphate, a sugar moiety and a carboxylic
acid (Fiqure 2.2). In basic solutions, glucosinolates are
transformed into several products. Compounds "containing
Eétivated hydrogen at C-1, i.g. allylj and benzyl gluco-
siﬂolateé, form the corresponding a-amino acids and thio-
glucose. Some R-groups, e.é. phenols, are also unstable in

basic . solutions (Olsen et al., 1980). Gronowitz et al.

(1978) found that 3-butenylglucosinolate (gluconapin) and .
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Glucose
+ -
HSO,
+
- _S5-CeHy 105 ‘ H,0 R sT
R-CS ———— R-C
YN-0S0, - Myrosinase N-
. 1 \ N
T« Isothiocyanate R-N=C=S S
' : <
. Oxazolidinethione O-C\*NH
(goitrin) o

cu /-
, CH,=CH “CH,
—Nitrile R-C=N

L_.Thiocyanate R-S-C=N

Y]

Figure 2.2 Enzymatic hydrolysis:of glucosinolates.
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2-hydroxy-3-butonyllglucosino'late (pz"ogoitrkn) were unstable
ipn both "acidic .and basic solutions. The greatest is‘tab’i‘lity
was found in neutral s'olut‘i«ibné but it w;s evident that‘”
glucosinolates - were .not v_ery's'tabl'e in agueous solutions,
Solutions.‘cén;a“ining mércury or silver ions. resulted in the
fo;ﬁ\ation of D-glgcoée and the metal derivative of the
aglucone (Figure 2.2). The metal derivative can be further
degraded under controlledh_cpnditions to the corresponding
~nitrile or isothiocyanate, de!pe‘n”aing on pH of the so‘lution.

Glucosinolates can be also reduced to primary amines
using Raney-Nickel catalyses in adueous solution at room
temperature (Ettlinger, 1956). “The position of the amino
group is at the carbon atom corresponding to C-0 in the
glucosinolates; t{us, these amines are different from the
ami'nés proposed .as catabolic products of glucosinolates
(Olsen et al., 1980; Sorensen, 1970; Dalgaard, 1977). The
amino. group in theée compounds‘iis at the carbon atiom
corresponding to C-1 in glucosinolates. _

. Enzymatic hydro}ysis, howvever, cétalyzed by a group of
Qén.z'yl.nes with the common name "myrosinase"” (thioglucoside
glucohydrolase) has B different pattern (Figure 2.25. In
this case, glucosinolates décom;'abse to D-glucose and
aglucone (thiohydroxamate-0-sulfonate).followed. by molecular
rearrangement of the latter and loss of sulfate to produce
an isothigzyanate as a stable end-product (Kjaer, 1970).

Another- possible pathway in enzymatic hydrolysis is

fragmentation of aglucone into elemental sulfur and nitrile,

~

Ay
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vhich depends on the concentration of H* or on the\proscnce
of other éznstituents, e.g. Fe?* (Kaoulla et al., 1980). .

Isdﬁhiocyanates pré ass:éiatéd wit:.tﬁeigharact;rbstic
odor and taste of species$ within the genus Braésici. There
is,' héqever, great variation ip terms of stability,
volatility anév,pungency of these compoundg .(Appelquést.
1972),

Isothiocyanates that are hydroxy-substituted irm the'?-
or 3-position of their side ch@ins spontaneously cyclize.
into stable nonvoiatile'oxazolidinethipnés (see Figure 2.,2).

According to Olsen et al. (1980), glucosinolates have
near planarity around the double bond, i.e. the oxygen atoq,
- nitrdgen ath,.C-O, thioglucosidic sulfur %:6m and C-1, are
“almost copf nar. The sulfate group strongly imparts acidic
proper;ieSJZO*the'glucosinolates. The very low pKa value of
this group (1.99) - implies that glucosiholates occur in
nature as anions and, because of the instability of
glucosinolates in strongly acidic solutions, it is necessary
to handle these commpounds as salts.:

The sulfate group and tﬁe thioglucose moiety impart
nonvolatile a&ﬁ hquophilic properties to all glucosino-
lates. The"R-gFOUp,‘ although perhaps always derived fgom
amino acids{\\fariés in its properties from 1lipdphilic to .
mérked}y'hydroﬁgilic. This is of importance in‘chOOSin;}&
proper method for analysis» of glucosinolate degradation

products (Olsen, 1980).

A
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ﬁolat1on of . 1ntact glucos1nolates requires that some
‘metals and strong—y acidic and’ ba51c cohd1t1ong be av01ded
'Olsen et al (1980) described fa techn1que in which "a
strongly acidic ion- exchange column - 'was connected in serles
bto a weaklg basic Ecteola anion- exchange column. The latter

has - tertxary amino groups - (pKa' ‘ca. 7 5) as( functlonal

‘groups, which permits the elution of the total pool of

' glucosinolates by? removal of _the 'positive charge of the’

Yy

Ecteola column when 1M pyridine is used  as eluant.*Tﬁis

o v : L .
eluant is volatile and the glucosinolates are isolated. as

pyr1dln1um salts. L -

Intact gluc051nolates have a uv absorptlon maxlmum at
"235 nm due.to the gluc051nolate group This absorptlon can

be used for their detectlon by HPLC (Olsen et al., 1980).

s

Furthermore, some glucosxnolates may have UV absorptlon at

e

other wavelengths due' to the other R-groups. Talmethyl—

)(

4511ylat10n of gluc051nolates 1so£ated as pyr1d1n1um salts’ by
ion- exchange chromatography results in volatlle derlvatlves
‘of desulfoglucos1nolates whlch can’ be ea51ly separated and
quantltated by GLC. Accordlng to Olsen et al. (1980), ‘this
method allows quantltatlve analy51s of even small amounts of

glucosinolates .in leaves or other plant parts.

.
Al
v

2.2.3.2 Biosynthesis o AP

w

From the experimental work of Ettlinger and Kjaer

(1968) and Larsen (1973), .it was established that a-amino
acids . (Figure 2.3) are subjected to. several oxidation

reactions, accompanied by decarboxylation and followed by

" 24
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incbrp&ration of sulfur, glucose and, finally,'Sulfate to
yield glucosinolaﬁe, | ‘

g\ Tﬁe‘ structqres of the side chains of glﬁcosinblates‘
from natural sources éuggeststthdt‘SOﬁe of these chains are
' similar to the common protgin short ‘éhaiﬁ amino acids,
whereas ophers,‘ the majoritf; resemble the naturally-

occurring a-amino acids with elongated chains. ' v

Glucosinol#tes derived from common p:étein amino acids
Aliphat ic side chains v

Glycine;derived glﬁcosinolate (R=H, Fi§Ure‘2.3) has
not been found, possibly due . to its instability. .
Mefhylglud05inolate (R=CH3), the alanine derivative,\_is_
absent in Cruciferae as fwell .(Kjaer, 1970). Isopropyl-
gfuchinolatg and bﬁtylglucosinolate, o;iginatiné from
“valine and L?isolepcine :espectively, are frequentlf fouhd
in Cruciferae. The léuczge ‘counterpart, isobutylgluco- -
‘sinolate, has been found in some‘genera (Underhill and’
Kirkland,'1972). G&ucosinolates correspondlng to glycine,
serine, threonine, cysteine, methionine, lysine, arginine,.

aspartid acid and'glutam%? acid have not yet been.found in

natufal form. @ -

€

Aromat ic and hétenocyﬁlic-side chains
Benzyl- and n-hydrbxybenzylglucosfnolqte; which are
derived f%pm tyr551ne .and phenyla;anlne, have been
identified in Cruc1ferae (Ettl1nger and Kjaer, 1968).
~L"I‘he ~trmp§9phan counte;part, 3- 1ndolylmethylgluc051-'

‘nolate, is limited in its occurrence to seedlings and:

€ .
B
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young vegetative tiSSU% of numerous families, including
Cruciferae, within which the Brassica genus is known as a

useful source .(Eliott and Stowe, 1971).

Glucosindlates'defived from a-amino acids

A characteristic feéture of giucosinolate side cha%ns
is the abunéance'of moieties re?resenting higher homologs.
[R-(CH;)-] of those arising directly from protein amifio
acids, as discussed above. The initial .step in bio-
synthegis of glucosinolates can therefore be, amino acid
elongatioﬁ; as shown in Figuré 2.4 (Kjaer, 1973), followed
by a reaction sequence'(Figﬁre 2.3). 5"

In addition to linear elongation, oxidé;ion‘of side
chains arising from several protein ;mino acids (e.g.
valine, leucine, isoléuéine, ionine, phenylalanine and
tyrésine) must'ﬁiéqibe'considé;éd in accounting for the
complete list of gf%ébsinolates.(xjaer, 1973).

6 - . . .
2.2.3.3 Nutritional value of rapeseed meal with respect to
its glucosinolate content *

The major concern in usin% rapeseed meal as é partiai
or sole source of animal feed has beén the High éontent of
enzymatically-~- or chemiégily-hydrolyzed glUcosinolétes.

-Glﬁcosinolatgé remain unchanged in intact segd, but
upon crushing add' cell disintegration, the ?yrosinase
“present in the seed splits the glycésidic’linkage,;giving

rise to agluéone,isugar‘and sulfate (Josefsson, 1972). The

molecular rearrangement of aglucone is dependent on
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conditions of storage and treatment of the seed (Van Etten,
1966). This author fqund thet;_ if the} seed had not been
stored or heat treated, or if the hydrolysis took place'aﬁ
. pH 5 with relatively 'small. amounts of moisture, nitrile
formation predominatea.‘The formation of oxazolidinethiones
wes favored when the seed was stored for a longer time, heat
treated (100-120°C) 'er when hydrolysis was carried at
increased temperature, with higher meieture content and at
pH>5.

' An;inutritional properties”of fapeeeed meal have been
extensively ﬂstudied..'Kennedyl aed Purves (1941)~ reporﬁed
enlardged thyroids in rats fed rapeseed. The conclusion drawn
from this and other studies (Matsumoto, 1969; Nordfelt,

‘1954) was fﬁat feeding rapeseed causes thyroid enlargement
by§interferring witﬁ the synthesis of thyroxine in such a
‘way . that the anteriof pituieery'&s stimulated to produce
,thyréid-stimule;ing hormone (TSH), which causes‘hypertrophy
and hyperplasia of the thyroid éiand. ;//f.

Astwood (1949) isolated a goitrogenic substance from

[

rapeseed which was shown to be b5-vinyloxazolidinethione

(5-voT).

~ 'Poor palatability of rapeSeed meal has been associated
with volatile isothiocyenates, namely 3fbuteeyl, 4-penteﬁ;i
and phenyiethyl—isothieéyanéte“(Josefsson, 1972)., Van Egten

et al. (1969) found that rats fed meals with a higher

content of  nitriles showed thyroid enlargement and

microscopic lesions in the liver and kidneys.

“%
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Different approaches .in counteracting toxicity of
rapeseed—meals (Appelquist and Josefsson, 1972; Bell and
Belzile, 1965; Sosulski et al., 1972; van Megen, 1983) gave

results of limited success. The ultimate choice was 1in

t
4

breeding for rapeseed cultivars low in glucosinolates
(Stegapsson and Kondraﬁv1975). New:pultivars witﬁ only 10%
_of. the glucosinolate content of "normal” rapeéeed éigni-
ficantly improved palétability and nutritional value of
rapeseed meal. Clandinin et al. (1983) concluded that up to
"15% .canolé, meal can be used as partial replacement of
soybean‘lmeal in .isoéaloric, isonitrogenous rations for
laying chickens witﬂout adverse veffects on 'gég qual@ty,
mortality of animals and thyroid gland function. Hawrysh et
al. (1983) reported that inclusion of‘20% ganolé mealvfnfo
the éhicken diet did not have any effect on the palétability
of cooked chicken meat. L | ‘

Campbell and Canstield (1983) -indicated that ‘feeding
roosters with rapeseed .meal con;aining intact glucosinolafes
(IG) resulted in excretion of only- 1/3 of the laﬁter.
Apparent bfeakdown‘oﬁlingested 1G was only partly attributed
to microorganisms in thg intestinal tract.

Cansfield and Campbell (1983) reported that reduced
capability of liver for detoxification of fore{gn compounds
can be related to the‘formation of cobrdination complexes of
5-vOT .with metals, yhich in turn inhibit the oxiégffgn
processes of liver.mixed-fﬁnction oxidaée enzymes. ’./
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Bell et al. (1980) proposed that a slight. decrease in
performancg of p{gsﬁfgd 15% canola meal was due to redhch
energy digestibility, but not éo glucosinolates. Similar
results were obtained from experiments on dairy cattle
(Sharma et al., 1980; Chase et al., 1980).

Alfhough goi%rogenicity of canola meal is very much
less. for meals produced from older rapeSggg cultivafs,
increased thyroid weighk bhas still beeﬁ observed (McGrégor,
1978). According to the author, this can be related to
thiocyanate ion (SCN'),' which' is 'known to be a breakdown
product of the indole glﬁcpsinolates,’ glucob;a§§icin and
; neoglucébraésicin. These relétively | unstable compounds
cannot be detected by " gas chromatographic or spectro-
- photometric analytical methods. Thus, while the overall

.

reduction of éiucosinolates in double zero cultivars may be
over 90%, tﬁe level of thiocyanate ion precursor remains
effectively unchanged.

McGregor (1980) repbrted that gluco- and neogluco-
brassicin comprise 6-13% of the total gluéosidolate c?ntent
*in high glucosinolate rapeseed and over 40% in certain
canola meals. Fenwick (1986).éoncluded that canola meals,
with their'improvedlpalatability and nutritignfi effects,
can be fed at levels approaching double that of'-highA
glucosinolate rapeseed meal without adver;e effects. :

The finding of McGregor (1978) necessitated the

dévelopment of amalytical technique(s) in whigh éldco-“

sinolates are monitored in their intact form. “This was
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accomplished by Helboe et al. (1980), ‘using a reverse phase,
ion pair HPLC system withla Nucleosil 5 C18 column and 0.01
M phosphate buffer (pH 7):methanol (3:7, v/v), cbntaining
0.05 M tetraheptylammonium bromide, as ,ak mobile phase.
Glucosinblates were isolated on an ion-exchange column by‘
the method of Olsen and Sorensen (1979) as pyridiniﬁm salts
and injected é%on the HPLC column as 0.01-0.04% aqQueous
solutions. Different K' values for iG‘when using an appro- .
priate counter ion provided satisfactory separations.

Mullin (1978) reported that methanol was not an
appropriate solvent ‘in gas chromatoéraphic analysis of
organic isothiocyanates due to formation of addition
,compounds‘with methanol. This was confirﬁed by mass spectral‘
analysis in which compounds with molecular‘ ion spécies
corresponding to each siandard isothiocyanate molecular
weight + 32 Qere detected. & |

©2.2.4 Other seed constituents

2.2.4.1 Enzymes

According to Appelquist (1972), l1pasi 11poxygenase
"and thioglucoside glucohydrolase (myros1nase) are the most
important enzymes in rapeseed. Other enzymes found  in
dormant sekd are choline kinase, glyceric-acid kinase and
glutamic acid ' decarboxylase. Lipase ‘activity is lowi in
dormant seed but increases rapidly at the onset of.germi-
nation and is 100 times that of dormant seeds (Wetter,

1957). During the germination, lipase activity of B.
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' campestris extracts was 5 times greater after 5 andf? days

than B. napus extracts, a fact which may be of technological

significance. 1
/
Tookey and Wolff (1964) studied the specificity of

lipase in Crambe abyssinica. 1t was shown that the enzymic
~attack was essentially random, with some preference for
palmitic acid and nonpreference for erucic acid.

1

Little work has been done .on rapeseed lipoxygenase.
Appelqu}st (1972Y‘sug;ested that the lack of lipoxygenase
attivity in dormant seed could be due to tpe presence of
inhfbitots. St. Angelo and Ory (1984) inveﬁtigated the .
activity of -lipoxygenase in four —rapeseed cultivars
differing in the content of erucic acid (0.2-54%). They
concluded that even minute concentrations of erucic acid
v

(0.2%) had an inhibitory effect on lipoxygenase activity.

. Y » <
Myrosinase (thioglucoside glucohydrolase)

"Myrosinase" is the collective name for sgverél
isoénzymes_ présent in .rapeseed. Bjorkman and Lénnerdal
'(19i3) achieved the separation of four. isoenzymes,
designated RA, RB, RC and RD, by the precedure described
by Lonnerdal and Janson -(1973). Furthermore, the major
componeht, RC, could be‘separated into three homogenous
-components: designated as RC&, RC2, and RC3. The authors
asSayed'the'éCtivity of these isoenzymes in terms of pH

. optima, éémperature maxima and stability at various-pH's
and tehpepatures. The pH optimum interval was found to be-

between PH 4 and 5. A temperature of 60°C was reported to
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be optimal for all four isoenzymes. Maximal stability for

34

the‘ enzymes was at pH 6 and 4°C., After six months of
stérage, the enzyme activity was wunchanged. When the
purified isoenzymes and the crude rapeseed extract were
exposed to different températures at pH 6, it was found o
that the activity fell rapidly at 37°C as well as at 25°C
'during'the'fi:st two weeks, It was noticed however, that -
the purified‘ enzymes were more stable than the crude
preparations. B Freezing, contrary to expectations,
~ . .completely destrpyed the activity of the purified enzymes,
ébut did not sign&ﬁitantly affect the activity of the crude
extract. After the observation that imidazole buffer at pH
6 was preferred to citrate buffer at pH 5.5, the authors
-reéommgnded'that the best Qay of storing myrosinase was in
ihidazole buffer at pH 6 and 4°C. v
In analyses of 'the‘ effects of ascorbic acid on
hyrosinase acfivity, it was'found that the rate of sini-
grin (used as a substrate) hydrolysis increased (Bjorkman
and' Lonnérdal, 1973). The maximum activity was found at‘an
ascorbic acid concentration -of 3x1073 M. At higher .
' 4§jﬁx

concentrations, ascorbic acid functioned as an inhibitor{

¢
4‘\.

Experiments on interspecies differences in myrosinagkkjj
activity revealed that the average activity in B. napus
vas higher than that in B. campestris, but the activation
yith' ascorbic acid behaved in the bppoSite manner,

(Bjorkman and Lonnerdal, 1873).
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Ohtsuru and Hata (1978) found that L-ascorbic acid

activated plant myrosin&li, vhereas ascorbic acid analogs
" (such as D-araboascorbate, glucoascorbat;, etc.) d4id not. —

.
L-ascorbic acid also affected the opgimum temperature for

P

is
the enzyme activity so that in its presence the optimum

temperature was 35°C, *while in the absence of p-dscorbic
acid, the optimum temperature was 55°C. In addition, it
was found that the~ activation mechanism oflmyrosinase by
_L-ascotbicd;cid depended on a conformational change in the
énzyme protein moiety induced by L-ascorbic acid, and not
on the dissociation and association; mechanism of
myrosinase. In the mechanism of action of the enzyme, the
authors postulated the presenqe"oftone active site for the
substrate and two sites for ascorbic acid. The substrate
site has two loci, one for the glycon and one for the.
aglycon part of glucosinolate. The conformation of the
binding loci for the agiycon moiety is altered when the
corbic acid site is occupiged. Since,myrosinase activity
as strongly inhibited by Na-p-chloromercuribenzoate
‘(specific inhibitor of Sulfhydryl roups), with or without
ascorbic acid, sulfhydryl grodps were found ﬁo be
essential for the catalytic .action of myrosinase.
I;éctivation of myrosinase with an amino group
inhibitor (2-methoxy-5-nitrotropone) was effective without
addition of ascorbic acid, but in its presence enzyme

activity was not affected. Based on these facts, it was

concluded that the amino residues were situated in the

.



\ | - | 36

region altered by the addition of L-ascorbic acid (close
to ;glycon moiety) and thexr locations were changed to
accelerate the enz}me action by the binding of ascorbic
(jacid to the eftector,sité. | |

Kozlowska e{ al. (1983) émphasized the unsuitability
of Schwimmer's (1961) method 'for isolation bdf rapeseed
myrosinhse, because only abou; 50% of the enzyme “could
have been extracted with 30% acetone. Complete extraction
was achieved thh 0.9% NaCl in 0, 05 M phosphate buffer&pﬂ
7.0.

' The same authors obtained two fractions of rapeseed
myrosinase by precipitation with ammon{hm sulfate (40% and
70% saturation) of the supernatané of dialysed and
centrifﬁged solution of Hfrude’ extract in the salt
phosphate buffer, pH 7;?'These two fractions exerted
different responses t0'§he addi;ion of ascorgic‘acid. In
experiments with rapeseeq’ meal, fraction 'II (obtained
after-40-70x saturation with ammonium sulfate) responded
much more to the presence of ascorbic acid than did
ftaction 1 (after 40% saturation). “ |

In the above study, separation o£ two molecﬂ“!g forms
of enzyme (MI and MII) wag achieved after seven purifica-"'
tion steps of crude extr&, on a QAE‘; A-50 Sephadex gel

column (H = 30 cm, i.d.= 2.5 cm) with linear gradient/of&
0.05-0.3 M K-phosphate buffer. of pH 6.7. Forms MI and MI1

differed in isoelectric points (6.2 and 5.7) and K, using

sinigrin as substrate hydrolysis (0,093 mmole and 0.053
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mmole). Aléc, they differed »in miximal vactivation with
ascorbic acid (0,28 mmol and 0.56 mmol) &nd optimal PH
stgbility (4i0—7.5 and 5.5-8.0), while the optimuﬁd
temperature was 55°C for both molecular forms.

In assessment of the activity of the cfude enzyme
extract at  elevated temperatures combined with high
relative humidity, Kozlowska et al. (1983) found that, in
the intagt and flaked seeds, myrosinase inactivation began
aftq;/ﬁgf;in of incubation at 90-100°C and at a relative-

humidity of

-100%. At lower temperature and lowdr

humidity, ;ym& vas more easily inactivated in the

flaked thar e intact seeds. However, in the whole
seed, there wés‘no evidence of quantitative changes of
glucosinolate leve}s._On the contrary, in the flaked seed
some. hydrolysis of glucosinolates occurred. This was
explained by the fact thgt in flaked seeds ?yfosinase was
already in contac; with its substrate, glgcosinolates, and

before its inactivation it hydrolyzed a substantial amount

of glucosinolates. -

2.2.4;2 Pigments { 4 |

The natural color of rapeseed oil oriéinates from the
presence of lipochrémes, i.e. carotenoids and pigméngs such
as chlorophylls and their degradation/products, pheéphytins
(Persmark, 1972). Structural properties of these compounds
make their presence 'easily measurable by various
spectrophotometric methods. Box et al. (1967) 1isolated

/ )
carotenoids from rapeseed” by solvent extraction after



.38

L
s . ‘ ,
saponification and subsequent partitioning betweern petroleum

ether and 90% methanol followed by on-cdlumn and thin-layer
cnromatography. The anthors reported‘neo-lutein"A'an&iB,-23
ppm, as the major caroteno1ds, while carotene was 1.8 ppm.
ﬂPheophytln ‘A wvas the_ major component of the chlorophylls at
7.6 ppm, whileﬂchlorophylls A‘and‘B only amounted to 0.3 and

A

O 4 ppm, respect1vely

L
N

Niewiadomski et al (1965) analfzed the content of
chlorophylls A and B and pheophyt1ns A and B in rapeseed
oils at four dlfferent.wavelengths, i;e. 663.8, 645, 668 and
655.8 nm, respectlvely.kThe main component found was pheo-
phyt1nAA at 18- 26 ppm. The caroteno1ds, 1solated on alumina
coiumns, were measured at 450 nm. f-carotene was used as a
reference s1nce 1t‘was found to .be the majorlc;mponent of

‘the oil. Benk et al. (1965) reported 2. 1 2. 9 ppm caroten01d_&.‘

content in rapeseed oil, 70 -75% of whlch was ﬁ carotene.
A Y .

:2 2, 4 3 Protexns and am1no acrds

oo
.- 2 ;

Rapeseed prote1ns, accord1ng to Appelqu1st (19727,,§£§‘
character1zed by a- structural function (membrane compo- B
nents), a catalytlc functlon (membrdfe-bound or free) ”and/gs
or 2 storage funct1on. In rapeseed the storad%vproteln is

1ocated 1n specific organelles, so-called protein bodies or::..

_~o
g
Sl

faleurone gralns (von Hofsten, 1970). o o 1 | %ﬁ
Amounts of free amino acids anﬁg@eéﬁ%des are very low517~
ih mature . rapeseed (F;nlayson, 1967) Some enzymes 'are,

'tmembrane bound, but"the,_majorlty; are frée within*}the

} cytoplasm., - .
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The contents in canola meal of protein, and ite'amino;

acid comoosition are comparéple to those of soybean meal -
(Clandinin, 1981). Canola‘meafiis'somewhat lower in lysine

but substantially higher in methionine content than soybean
>, Sl .

o

meal (Table 2.6).

-

Numerous researchers have analyzed the rapeseed protein

o

obtained by extractijon with differert solvents. Keodagoda et

—

al. (J973) applied a three stage ‘extraction consisting of
water, dilute acid and dilute alkali and obtéined extracts
with,11 13 and 42% protein yield, respecgéveiy..The authors

reported hlgher 'levels of lysine, histidine and arginine

LR

' from aqueous and acid extracts. Finlayson et al. (1976)

'
freported the extractlon rate with dilute alkali (0.1 M NaOH)

~

to be 85-90% of the meal nitrogen. This study also dealt

"fwlth the effect of dlfferent solvents used for extraction on
]

'the,stru;ture of 12 S globu11n, which is the major protein

N ’f.u

‘:of aleurone grains, and on the i‘7 S protein frattiono.

JRelatlwg stabllltx of 12 S globulln was observed in the pH

| range 8. 0-12 .0, an@ the intermolecular disulfide bonds were

'found_nqt to have a major effeco on the ;eqovery of the

“Vglobulin from the meal. h

| The high content of 12 S globulin in the rapeseed
exolaihs, .according to ‘Goding"ef al. (1970), 1increased

extractable nitrogen v(N)< above pH 8, since the former

4 3 , ._' . K . ' lb
protein species is soluble in alkaline, but not in neutral.> -

aquepus. solut1ons; SDS electrophoresis, howevép“ showed %a“

»

ev1dence of the presence of hlgh molecular we1ght proye1ns.J



Table 2.6 Protein contents and amino acid compositions of

. canola and soybean meals?.,

i
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e
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3
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Soybean meal

Canola meal-
As fed in protein As fed in protein
4 o (%) (%) (%) (%) -
Pro;im}te composition .
N [#]
Moisture 7.49 . ’ 11.00
Crude fiber 11.09 7.3
Ether extract 3.78 0.8 '
Protein (Nx6.25) 37.96 45.01
Amino acid composition
Alanine 1.73 4.56 - 1.89 4790
“@rginine 2.32 6.11 2.90 . bla4
Aspartic acid 3.05 8.03 5.04 “11.20
Cystine ' 0.47° 1.23 - 0.29 0.65
Glutamic acid 6.34 16.69 8.10 18.00
Glycine . 1.88 - 4.96, 2.07 '4.60
Histidine 1.07 2.81 'ﬁx 1.08 2.40
Isoleucine 1.51 0398 2.1 4.69
\Leucine 2.65 g e.zz . 3.37 7.49
Lysine ) g 2.27, - 5.98 2.80 6.22
Methionine .- . 0.68 1.78 0.63 1.40
Phenylalanine " 1.52 4.01 2.16 4.80
Proline . ) 2,66 7.00 2.20 4:89
Serine ‘ 167 4.39 .2.25 5.00
Threonine ‘L 4.50 1.7 3.80
. Tryptophan L U 116 054 1.20
sire SR 0.93 2.46 1.26 21.80
@Vafine AR 1.94 5.1 2.25 5.00
2 - 4 - -

.

*"From Clandini (1981).
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»

Incubation conditions of 4 M urea and 1% SDS dissociated the
12 S protein into subfractions 'which were not noticeably
: \ § \ -

different in molecular weight from the proteins extracted by

water alone at neutral pH. The same conclusion was reached

by Quinn.et al. (1976) who resolved over 30 different:

. on

protelns ffom ~1”¢ﬁmpestrls cv. Echo by gel electrofocu51ng

They also s ”‘“, _EMe 1mpact of different solvents (5% NaCl

and 5% CaCl ) on N- extractab111ty over the pH range of 2.5
to 11.0. While' both  ionic env1ronments increased the

. ] ‘ o . ¥ °
solubility of the protein over the wide pH range, neither

method ‘suggested practical possibilities for :protein
. A ‘ ; \ .

AR
'y

~enrichment. . : . ' T JS'
" Kodagoda et al. (1973) analyzed functional propenties
of protein isolates.and concentrates, optained by successive

water, HC1l and NaOH extractions,in baking, emulsification

and wh1pp1ng tests. Addition of proteln isolate from agueous. .

and HClJextractaon at a'level of 5% led to 10- 14% larger
loaf volume,‘whereas addition of concentrates gave poorer
results. Whipping’ tests with 3% replacement of egg white
protein' by 1solates or concentrates resulted in decre sed
specific volume compared to all-egg white control, with the
exception of HCl-extracted isolate, which had a 10% larger
specific volume than the control. The highest emulsification
capacity was observed with water extracts.fThompson et al.
(1982) confirmeé tnese findﬁngs, but reported poor water
absorption . and gelling properties for canola protein

-

concentrate.

N
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Accordiﬁg to Goh et al. (1980), canola protein
solubility in dilute alkali should not be wused as ° a
crife;ion for thevpfotein'quality.vResults of feeding;triels
with chicken did not correlate well with the data from the

formerQChemical test.

2.3 ggfects of Processing on Canola Oil and Meal ‘Quality.

2.3.1 Flaking . > )
The general outline of canola 011 and meal productlon

is given on F1gure 2. 5 The e?n\ of flaklng, according to
Beach (1983) 1s“to obtain an opt1mum surface/volume ratio
of crushed S%qu in order to maximize the o0il yield ffom
subsequent -péeeeing aed/or solvent extraction. Work of‘
Othmer and Ag&rwal (1955) on countercurrent batch extractxon
eluc1dated the relationship befeeen the extra%?1on rate on
one 51de and the flake th1ckness~and residual oil on the
_ other. The extraction ratebwas found to be inversely propor-
tional to the flake thickness (-3,97 power) and directly
proportienal to the concentration of the residual oil (3.5
power). In the case of canola, the best results were
obtained with flakes of 0.2-0.3 mm size} P;oduction of»
flakes of uniform thickness is greatly affected by thev
preadjuetment Lof} seed 'temperature and m01sture. ‘content-
(Beach, 1983)? | | ‘
" An additional reason for moisture adjustment (6-9%) is
tﬁat, upon crushing,;myroeinase would promotefglueosinolate



CANOLA
. (4Z% 011)

.’

CRUSHING
ROLLS

1

" ' COOKER .eeeune

1

. SCREW-PRESS

A 4

EXPRESSED
OIL (~28%)

SOLVENT
EXTRACTOR

\J

EXTRACTED

‘0IL(~14%)

)

DEGUMMING

\J

- DEGUMMED
" CRUDE
CANOLA 0OIL

F;igure 2.'5 Outline of the primary procgésing of canola.
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‘ —~
hydrolysis if the moisture of the seed z?s too high (Anjou,

1972; Weinberg, 1972).

2.3.2 Cooking | o C 1
Heét;treated oilseeds release their oil more readily
than uncooked seeds, although the .exact reason and compleﬁe
explanation of this fact are obscufe (Norris, 1979; Beach,
1983). Bgrnagdini (19825 ‘explained this phenomenon as
1.follpws:‘ ’ ;

® increase in temperature causes coalescence of ultra-
: G ~£v‘ ‘
from the

‘microscopic oi4 droplets and thei‘ﬁflow out
cells is thus facilitated. )

“é, . e heat denaturation‘-of proteins breaks down the
oil-protein emulsion and the recovery of tﬁe oii is
more readily achieved in pressing and extraction.

Aniou _(19f2) {?ded insolubilization of phosphétides,
cémplétion of the bagzﬁgown of o0il cells, reduction of the
affinity of the oil ié;}the solid surfaces, inactivation of
eﬁzymés, &rying the seeds to a suitable moisture'content for.
‘efﬁicientvsqlvent extraction, and destruction of molds and

?
bacteria as major objectives of rapeseed cooking.

The process is usually carried in stack cookers (Beach,.
1983) which}consiSt of a series of\closed cylindrical steel,
kettles (5-8) stacked one on top ofbthe'other. Each.kettlev
is "equipped with a s#@!p~type‘ s;irrer for égitating’ the

crushed seeds ‘during cooking. The kettles are-jacketed for

indirect steam heating. Automatic gates provide a continuous

+ .
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gravity flow of the seed down through the kéttles.

Anjou (1972) claséified major operation parameéers of
rapeseed cooking into residénqe time, temperature and
moisture, Dry heating was an obvious choice for rapeseed
cultivars high in glucosinolateé in order to prevent their
enzymatic hydrolysis.

Weinberg (1972) reported. that, depending. on plant
design, steam preséurei‘seed temperaturé etc., temperaturés
as low as 30°C have been observed in the .first kettle
(tray), although it is feasible for seed to reach at leaét
55-60°C. . =

As suggested by Beach (1983), fapid heating of rapeseed
flakes through 50-80°C would minimizq. giucosinolate
hydrolysis by myrosinape. The activity of\‘thisz ?n;ymé,
according tq_B??}kééb:and]Lonnerdal“(1973), rises fépiéiy at .
temperatures’;30°c, reaéhdng maximum activity at 50-60°C,

‘while inactivation of the enzyﬁe occurs- at 80—85°C.’Ho§eveg,‘
tﬁese aat;“do not apply if the seed moisture is €6%,]and,_:
evéa ;hough the myrosinase activity is miﬁimal under this
condition, the equﬁe resists - heat inactivation at
‘temperatures of 88-93°C (Beach, 1983). Another disadvantage °
‘of low seed moisture is- that the seed shatters _duriné
Elaking.-Tﬁe optimum.temperature for lipase is 37-40°C and
inact{vatién with ﬁ;at depends most‘IwOn the moisture levels
in the seeds (Anjou, 1972). Commercial processing lafgely

depends on the moisture levels in the seeds (Anjou, 1972).

Commercial processing therefore employs rapid temperature -
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rise of .the' flakesﬁ’contgining mdequate moisture content
(6-8%) beyond deactivation temperature(s) (Beach, 1983).

 Eapen (1968) performed yarious laboratory heat treat-
ments in order to evaluate their effect on myroéinase sta-
bility. Dry heat treatment (30 min, 105°C) proved unsatis-
factory,“ﬁut steam bianﬁhing (5 min), microwave heating (3 -
min) or immersion of ‘the seed in boiling water (1.5 min)
were effective.

'If the moisture content of the seed material is high
and the temperature rise is not rapid enbugh, glucosinolates
may be hydrolysed béfore the myrosinase is inactivated
(Reynol@s et al., 1964). Heat treatment.'may also have
- negative effects on o0il and meal quality. If céokingb
temperatures above 110°C are applied, the extfacted 0il may
be difficult tov hydrogenate. This, has been attributed to
chemical breakdown of glu?oginolates to give oil—soluble
sulfur-containing compounds (de Man et al., lgngfheynolds
et al., 1964). o ‘ | /

The aforementioned éiperiments by -Eapen\\ 196?) with
microwavé heating and steam blanching gave dj2¥ éolored
oils, -while dry heat treatment .and immersing into. the
boiling water gave Yighter colored 6115. A lowering of
oxidation stability may take place during heat tfeatment of
the seeds, leading to an increased peroxide Qalue of the oil
(Appelquist, 1967). \ /f“
According to-ﬂorris (1979), the content and tﬁe degree

of activation in oilseeds of surface-active substances,
o ] _
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namely free fatty acids and phdsphatides, influences the
tendency of the seed to absorb and retain the oil. This is
supported by the fact thét damaged seeds give lower o0il
yields, probably due to their higher content of free fatty
acids or some other surface-active agents.

ﬁernardini (1983) emphasized the relationship between
tempe;aturé and moisture content during cooking, stressing
th§€  the optimum conditions for moisture and temperature
must be found for each seed species in order to obtain
ma#@mum,ﬂyield of aé;gptable g;ade oil duriﬁg mechanical
aﬁd/orxksolvent extr;ctiop. Norris (1979) theorized that
héatiné of the sekd with sufficient moisture content
produces a film of water on the seed surface, which! favors
the diffu;ion of the o0il out of the seed. The o%}-bearing
cells are made permeable to the oil only'by the action.of
heat ard moisture and yiéld the oil upon the treatment with
solvents, which would not be obtaiﬁed even after ' the most
careful reduction of the seed size because many of;the cells
still remain intact. In addition, the author proposed that-
the 'water maj be in a more nearly bound staﬁe, and its
presence in this condition 'may serve to make the seed
surface relativel& lipophobic. Beach (1333} found that, on
completion of cooking of canola flakes, the moisture levels
of‘ '2.75-3.5% provided for satisfactory pressing and

contributed to a press cake of good qQuality.
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2.3.3 Screw pressing

Extraction of rapeseed oil by means of screw presses
can be done as straight pressing or prepressing for
subsequent solvent extraction. Yéungs (1965) repofted that, /
in. the former case, oil content of the cake was 4-7% and in
the latter 12-20%.

The process of straight pressing, as stated by Anjou
(1972), has the advantages over ;olvent extraction of beug
Slmple and .requiriﬁg Iower investment cost. Disadvantages
ére, however, high powerAconsumption and wear and tear on
the machinery. Another major drawb#ck, as reported by
Dunning (1956), is that it is only possible to press to a

residual oil content of 4-7%, resulting in high losses in

‘'yield. Poor oil and meal quality from the straight pressing

. method lead most plants to adopt the prepress-solvent

extraction method for oil recovery (Anjou, 1972). After
pressing, the o0il contains fine meal particleé. Before
further treatmeng, the oil‘has to be §ett1ed in a tank and
filtefed in filter presses with added filter aids (Youngs,
1965) . The amount of fines, and thus the filtration rate, is

v

highly dependent upon the cooking process (Anjou, 1972).

2.3.4 Solvent extrhcfion _

Extraction studies by Karnofsky (1949) bro%ght up the
conclusion that the bulk of the o0il is extracted rapidly, in
conﬁrast to the slow"extraction of the remaiﬁder of the oil.

Two different mechanisms have been proposed to explain the
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extraction phenomenon (Becker, 1964). These are the theory

of molecular diffusion and the theory &f functionalyg’’
. . “

dependence ?f extraction rate on the rate of solubilization

of undissolved oil.

: Cdy ;-
Counter-current extraction. is accepted today as ‘the
most efficient way of oil extraction. The most widely used
solvent is n-hexane, & petroleum fraction with b.p. 63-§6'C,
refined for use in the vegetable oil extraction industry.
Aithough elevated iémpératures reduce the o0il viscosity
and enhanssr I¥fusion, hexane vapor pressure limits the
practical . ;;j::j§¥g temperature of extraction to about

I

&

55-60°C. ‘Higher temperature and, conseguently, higher vapor

pressure increases the volume of the'vapor, thus imp

sy

higher recovery and solvent costs. An advantage of

zero cultivars is the possibility of applying lower cooking’
temperatures,. which, in addit;on to the reduced energy
consumption fqr cooking, eliminates the necessity of cake
coolingAprior to solvent extractien, (Beach, 1983).

Aqueous extraction of ' rapeseed o0il on a laborafory
- scale was attempted by Embong‘et al. (1977). Compared to
Soxhlet-extracted oil, aqueous extracts were lover in free
- fatty acid and phospholipid content, but had higher sulfur
concéntration and “increased peﬁbxidé- value. The overall
disadvantage of the me thod was in its poor oil yield, which, y

at maximum, was just slightly over 90%.



2.3.5 0il oogumning

The crude solvent-extracted.oil cqgtaxns about 2% polar
lipids, often referred to as "gums" or "lecithxn ‘hxch
have to be removed in the prooess of degumming if diffi-
culties in handling of gpe oil and high refining losses are
to be avoided. | |

The 0il is treated with a small amount (1-4%) of water
or with dilute aqueous solutions of phosphoric or citrics
acid, which allows insolubilization of hydratable phospho-~
lipids- and their sobseduent removal via centrifogation
(Norris, 1979). Nonhydratable ‘pﬂosphqtides "or B-iipoidg
(Carr, 1978), however, cannot " be removed by the
water-degumming process. Since rapeéeed phoSpholipids have
been found to be 1nfgrlor emuls1fxefs in terms of color and

taste, as compared to soybean lecxthxn,v they are mlxed

3o T

after centr1fugat1on, with the de- oxIed meabﬁ;

(Beach, 1983).

- In some 1nstances in the d

are added to the reaction mixture YL"

the ﬁhosphatldé

'n

to facilitate centrlfugal sepatat1

*

phase. Dahlen ‘et al. .(1980) appre

uhe pnoblem of

. i;,‘ W
achieving better “degumming by ,Qggp 3 h1gher seed
.cond1t1on1ng temperature of 100°C, iénedd o£ 85°C 1n the’}
Ry
stack cooker to inactivate phospholu QQSL These enzymes ane

;4
respons1ble for the format1on of t ‘ﬁhydratable phospha-

‘tide breakdown products (Ong, 1981}@
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The oil extracteé“from seed conditioned at the hggher
temperature is- higher in phosphatides, but Qater degumming
removes these to the very low levels achieved otherwise only
in écid degumming. Disadvantages are tﬁ;t the concentraﬁion
of sulfur compounds in the oil is raised and the residual

0il content of the meal tends to bé higher.

" 2.3.6 Meal desolventizing

In the deéolﬁentizing process the hexane is removed

K . N
from the meal. 1In addition, protein denaturation and '

» .
reduction in’' volatile glucosinolates breakdown products

takes place. Most of the heat reqguired in the desolventizing

process is sypplied ‘by the condensing steam, which saturates

it

the meal with moisture in place of the displaced hexane.

Steam, in addition to that wh1cn condenses, prov1des a
partial pressure effect $ﬁ the evaporating hexane, lowerxég
1ts effect1ve boiling point and enhancing its removal from
the meal (Beach, 1979). A supplemental toasting process
produces well-flavored @ark-colored mealswdue to noneﬁzy-
matic browning reactiéns (Norris, 1979),.

Anjou (1975) described a flash desolventizing system
which minimizés protein losses and produces a meal of
lighter color by empl¢ying mild heating . conditions with

minimum retention time.
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o~ (60:40, w/w) _of two vAlberta érown cultivars, Tobin (8.

v

AN
3. MATERIALS AND METHOD‘S

3.1 Seeds

Canola seeds used in all experiments were a mixture

v

' campestris, L. ) ‘and Westar - (B. napuss, L.). Seeds were

supplled by -Alberta Food Products (AFP), Fort Saskatchewan.

~The use of the mlxture'of two cultlvars, one being,high in
. ' N B ey . W “

Coil end?protein and low in fiber contents (Tobin) and the

. AFP for the 6ptimum“§plance betﬁeen high '0il and protein“

-Mallinckrodt (Montreal Que') Silica gel type G, 10-40 um’

yield and,_handling characteristics of the seeds during

processirg.

3.2 Chemxcals

4 .
2

Silicic ac1d 100Imesh, chromatography grade, was from

particle siae, and lipid standards were supplled by slgma

Chemici} Co.'(St. Lou1s, MO). Glutaraldehyde (10%), formal-

»dehyde ang- osmlum tetrox1de were from Stevens Metallurg1cal

(New ‘York, NY). ‘ NMA (nadlc methyl anhydr1de) DDSA

‘(dédecenyl succ*nxc anhydrlde) and DMP-30 (dlmethyl amlno-

“methyl phenol) uranyl{acetate and lead citrate were from

~Ladd Research Industries, Inc. (Burlingon, VT).,ﬁll other

éhem1éals were of reagent grade and were supplled by Flsher

:Sc1ent1f1c Co. (Fa1r Lawn, NJ) or: by BDH Chem1cals (Toronto,

Ont.).,‘ * ,F\“ .. -
,v‘\ - | S - ‘, ) ,.‘. ».

second being high in fiber content (Westar) is'preferred by -

I
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3;3 Equipment o

Corp., Kansas City, MO)

Oxygen bomb from Parr Instruments Co., (Moline, IL).

Spectrophotometeré: Variér‘ model DMS 90 with Varian
Cary batch sampler‘(varian, Walnut Creek, CA); Beckman- DU-8
Uvaiéible‘ compuriﬁg/scanning spéctrophotomeﬁer~ (#eckman
‘Scientific Instr., Irvine, CA); Spectrohic 20 (Bausch and-
VLomb, Inc., Rochestef, NY). | N

~THermolyne— Dri-bath from Thermolyne Corp. .(Dubuquer

. /
Iowa). : o ‘ /
- /.

Fisher Isotemp foréed draft %ven from Fisher Scientific

A

(Fair Lawn, NJ).. ‘ ) .

Vacuum oven from GCA Corp.. (Ch1cago, IL). e

Steam bath from Gallenkamp Co. (England);

Vacuum‘rotary'evaporatof, odel Rotavapor-R, from Bichi
% . o - o
Glasapparate Fabrik (Flawil, ﬁwitzerland) with Thermolift

- water bath (Buchlerrlnstr‘, Fort Lee, NJ).

P . | ‘ )

’ ‘Cahn Electrobalance from,bentron Instr. CO.»(Paramount;
o ¥ | o ‘

cA). . ’
o B TLC - spreadlng unit and glass plates from ‘9953954~A

‘(He1delberg, W. Germany).

2

Hoefer transm1ttance/reflectance scannlng den51tometer,
.model GS- 300 from Hoefer Sc1ent1f1c Iqstr. (San Franc1sco,
«* .

CA) w1th Cole Palmer chart recorder from Linear Instr. Co.

: (Irv1nem ca). ' . ”d: ;"f
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Incubator, model 1000FAN%R, from Cleland International

Inc. (Rogers, MN),

. Laboratory ‘mill, model 4E, from Straub Co. (Phila-

delphia, PA). - {

Hydraulislpress from Fred S. Carver Inc. (Su mit, NJ).
’ Centrifuges: beckm&n J-21B,with JA-20 retor- (Beckman
Instr., Spinco piv., Palo Alta,v CA); Damon IEC, model

HN-SII, from Damon/IEC Div. (Needham Hts., MA); Janetzki TS

|
J

(Janetzki, Leipzig, E. Germany).

Scanning - electron .miéroségpe, Cambridge 'Sfereoscan
model 250 (Cambr1dge InstrUments, Inc., Cambrldge, England)

Transmlss1on electron mlcroscope, model EM 300, from
Ph111ps (Elndhoven, Holland). |

¥
%

3. 4 Llpase and Llpoxygenase Activity in Canola Seeds Upon

Crushlng | |
- . - X ’
e » ‘1‘ . . &% n | 1 ‘, N . R "[;.?_M‘
3.4. Pﬁaoxsture content of canola seeds 5 .

M01sture content was determlned by the method used by

\

Madsen (1975). Cryshed seeds (5 g) were ‘transferred to a
_ _ , 3 v .

preweighed aluminumrbish and dried in an oven at 105°C for
~16-18 hr. Aftef cooling in “a desiccator, the dish was

rewe1ghed and the ﬂ01sture content was calculated from the
I

~weight 16ss. | f ) ‘ ,
, . .

wat



3.4.2 Sample treatment and lipid extraction

Seed samples (5-10 g) were crueﬁed in a. mortar and
- exposed to holding times‘of*for d, 5, 10, 15 and 30 min at
room temperatore, then boilind methanol was added to
1nact1vate the enzymes (Flgure 3 1). |

E*tract1on 11p1ds was achleved by refluxing the
‘saﬁples with chloroform:methanol (2:1, v/v) for 5 min,
foliowed by “filtration and reextraction with the same ,
solvent. Filtrates were ‘coMbined and the solvent was '
'ﬂevaporered 1n ‘a yacuum: rotary evaporator at 40°C 'under
nitrogen._Samples were pur1f1ed from nonlipid contamlnants
using the method of Folch-et al. ,(1957), as follows: Crude
11p1d re51due was redlssolved in. 150 ml of ch;oroform:
methanol (2:1, v/v), and shakén.inla separatory fonnel Qith
one-fifth its wo lume of'O.SB% aqueous sodium‘ch;oride for 2
mie. Eqdilibrium was allowed to eetéblieh overnight‘at 4°C
and the upper phase was removed. Remalnlng 1mpur1tbes at the
interface were rinsed several t1mes with small amounts ‘of
the upper phase solvent. The lower phase, containlng lzplds,
was evaporated to dryness . under vacuum at‘ 40 c under, a
stream of nltrogen. Pur1f1ed 11p1d sampIes wé;; dissolved in,

ethanol-free'ch{orofdr@wa%g;stored in the dark at -18°C.

'3.4.3 Lipid fractionetion'oﬁ $i0, column
Glass columns 250 mm x+8 mm i. d., with Sealed,-COarse'
fritted disc support were ué'e@ 5111c1c acid (3 g; 190 mesh)

actlyated a; 120°C for 2 hr and 1 g of Ce11te were slurr1ed

)
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Figure 3.1 Sample;prepafation for the analysis of}lipase and
lipoxygenase activity in the seed after crushing.
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in. diethyl ether and packed into the column. Slurry was

added in small portions, allowing the adsorbent to settle

v uniformly after each addition, until forming a bed with a

¥

_yln diethyl. ether ben

v/v) followed by a~ sefj

"height:diameter ratio of 10-12:1

Aliquots of 150-200 mg total lipids were dried under

' nitrogen and redissolved in 1-1.5 ml diethyl ether. Each

sample was carefully applied on the column with Pasteur

pipette so that the adsorbent surface was not disturbed. The.-

stopcock was opened to allow the sample to drain into the

adsorbent bed, and the walls of the column just above’ the

bed surface were rinsed with small amounts of pure solvent.

Elution of 1lipid fractions was carried out with

-'solvents of increasing polarity. Neutral lipids were eluted

with 80 ml of diethyl ether, glycolipids with 70 ml acetone,
and phospholipids with 50 mlmchlorofqrm.methanol (1:1 ,:v/v)

followed by 40 ml'methenol;;Each_fracfion was evaporated to
dryness under nitrogen, reéissolved in 'chlofoform and

determined gravimetrically on a Cahn electrobalance.

3.4.4 TLC separation of lipié fragments

3}4 4.1 Qualitative analysis

For identification of lipid classes, glass plates 20 cm

x 20 cm, coated wzth 0. 3 ‘mm Silica Gel G, were uggﬁg Lipids

(50-200 ug per spot) were applied and the plates were

/

developed in the folrow@ng solveng systems' neutral lxpxds

“ac1d (40:50:2:0. 2q

- - v vs'

nty in 'drethyl ether: .
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hexane(6:94 v/v); phospholipids in chloroform:methanol:
N aiggﬂck acid: water (170-30:20:5,- v/v); and glycolipids in

&

chloroform: acetone water (30:60:2, v/v), Plates vere dried
,under vacuum at 60°C for 30,nin, fol}owed‘by:spraying with -
50% sulfuric acid and charring at 170°C for 20jmin. Bands;
were identified bY,eomparin§‘the Rf values wirh literature

data and with standdrds.

3 4.4.2 Preparatnve TLC separation of lxpxd ‘classes for
£atty acid analysxs ' | ‘ .

‘ Glass plates coated w1th 0.5 mm Silica Gel G were used,
apply1ng on: each plate 15-20 mg neutral 11p1ds and 5-6 mg
| phospholipids. Glycolipids were esterified directly, Markerﬂ
lanes onlbbth sides were spotted as‘well, and the plates:
were developed in solvent systems as'descrined above. Aft;r
drying, marker lanes were sprayed with 50% sulfuric acid and
neaeed in an ov:% at 80°C until the bands,became Qiséble.
Free fatrf' acids and trlacxlglycerols were identified
(neutral lipid fract1on) as well as phosphat1dylchollne[
phosphatldylethanolamlne and phosphatldy11n051tol (phospho-
11p1d fraction). In order to remove the 11p1ds from adsor-
bent, correspondlng bands vere scraped ‘with a razar blade
' and transferred to 150 mm x 8 mm 1 d. glass columns wzth,d

'0,

frrtted d1selgaﬁfport Neutral lipid fractlons were then,f"

feluted “with é'hthyl ether wvhile methanol was |

'eihtien ofs sphosphol1pxd constlﬁUents.

"'."J

evaporated to dryness 1%* vacuum ‘Eotary“‘e.‘
under n%trogenydand frac ‘§n5ﬁco;1ected were
AR " “i" : e .-1 Lo
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1 ml chloroform and gravimet:ically determined on a Cahn
electrobalance. Esterifying dolution . (2 ml; methanol:
benzene:acetyl chloride, 20:4:1, v/vf was added to the dried
W triacy1g1ycerol fraction in’ﬁO ml round bottom flasks ahd
“Rk&ir condensers wg&e‘attached. Esterification was carried out
for 1 hr o?,a‘éayd bath at 110°C. Fatty acid methyl ESterg
»(F}ME) were evagporated to aryhess under nitrogen and re-
dissolved in v1 ml HPLC-grade n-hexane. FAME analysis was
‘done on a Va;ian 3700 gas éhromatog:aph‘ equipped with a

, i

flame ionization detector. Aliquots of 1.0-3.2 ul were
PO '

injected and ‘fhe FAME were separated on a. DB Wax, fused
silica capil{ary'colbmn, 10 m x 0,25 mm i.d., with Qi25 pum
'liquag film thickﬁess. Operating cohditions were: column
temperature; . 200°C; injector temperature 230°C; detecto;
temperature, 240°C; and carrier gas hydrogenA at 10 psi.
Individual peaks were 1identified Py comparing retentibn

times with standard FAME. Peak areas were integrated -and

o expressed as percentage of total FAME.

3.5 Yield and Composition of the Oil as Affected by Steam

and/or Dry Heat Treatment

3,5.1 FAME analysis
f ;ﬁholg and crushed .seed samples were treated with dry
'»héat-k3q,min’atf100°c)'or with steam in the autoclave unit
k15 .éhd 30 min at 100°C), followed by 15 min drying at

‘100°t; as shown on Eiguré 3.2, Lipid extraction was achieved



60

. SEED
, | ,
I , é .
WHOLE CRUSHED
SEIED . SEED
DRY | STEAM  DRY o STEAM
HEAT pRYING  HEAT DRYING
CRUSHING |
HEXANE | HEXANE
EXTRACTION EXTRACTION.
©olL | |
t | . si0, o
) : SEPARATION D .
I e _ 1
NL PL GL
TLC al »
r ]
TG FFA
\[ESTERIFICATION AN
FAME — > GLC
o 5
;?&@f
]

; : . & ~
Figure 3.2 Sample preparation for gpe analysis of effects of

dry heat and ' steam treatmentféf .on oil &ield and

composition. ’ o | o f%ﬂ@?,‘_
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by the Goldfish method, using n-hexane (b.p. 63-66°C) as a
1 !’ . N "4

'solvent. Extraction was carried out for 6 hr. The solvent

)

was removed from the oil extract under nitrogen, and the oil

residue was determined gravimet%:cally, then redissolved in

chloroform and stored.in the dark at -18°C. Subsequent lipid

i
1

f;a;tionat%on on sioQ column,' preparative TLC separation,
: ahd’iﬁ;eresterificaffon of lipids and GLC analysis of FAME
w;re S%r;ormed as dqscribed above. Phospho4 and glycolipid,
fréctiéns‘ were este}ified‘ directiy by preparati?e TLC,

without further separation into individual constituents.

3.5.2 Quantitative determination of phosphorus, sulfur,
\ .

chlorophyll and carotenoids

@

3.5.2.1 Sample preparation

~ an attempt was made to simulate the actual processing
conditions. Oil from heat-t:eafed samples (Figure 3.3) was
obtained by expelling with a laboratory hydraulic press at
_20,000 psi and by éxtrécting the résidual céke with n-hexane
as aescribéd‘ above. Both expelled and extracted lipid
samples were centrifuged at 18,000 rpm for 15 min, and the

supernatant was evaporated to dryness under vacuum to obtain

pure lipid residues for subsequent analysis.

3.5.2.2 Phosphorus anélysis
The combustion method under compressed oxygen)
described by Yuen and Kelly (1980), was applied. A lipid

sample of 0.4 g was weighed into a capsule containing



62

‘%
'CRUSHED
SEED .
STEAM ' DRY HEAT
DRYING
PRESSING | PRESSING
o 1 — 1
CAKE ‘OH_ CAKE‘ olL i
‘EXTRACTION ' E*TRACTION
S
P
OIL
,. PIGMENTS

r

Figure 3.3 Sample preparation for the analysis of effects of
dry heat and steam treatment(s) on sulfur (S), phosphorus
(P), chlorophyll and carotenoid concentration in prepressed

and extracted o’ils.“ s
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E |
' 0.03-0.04 g 2n0O, and heated\on hot plate to disperse the

catalyst in the oil. The capsule was then mounted on a loop
holder and the nickel alloy fuse wire was fastened to the
electrodeé o) thét the loop was barely touching the surface
of the sample in the capsule. The homb was closed ana filled |,
with oxfgen‘to.zs atm. The apparatus was transferred to a
waster coolant, ignition wires were attached and the samgaes
were combusted upon .ign;tion. Agtef 30 séc,A to allow
completion of the reaction, the pressure in the bomb was
carefully released and the capsule was removed. The inner
walls of the bomb, as well as the out§r walls of the
capsule, Qere rinsed with small portions bf distilled H,;0
ﬁinto a 25 ml volumetric flask. The ashed sample in the.
capsule was dissolved in dilute nitric acid (HNO,:H,0, 1:10,
v/v) and tranbdferred to the same volumetric flask. The
volume was'mgae up“to,25,ml with d@stillea H,0. The content
waé filtered through a 0.45 um pore size nylon filter.f
Aliquots of 10 ml of clear filtrate were transferred to a.
clean 25 ml vcélumetric flask and 5 ml of molybdo-vanadate
coloring feagent was é§ded. After 5 min to allow completion‘
of the complexing reactioh,btbe absorbance was read at 400
nﬁ using a | Beckman DU-8 scanning spectrophotometer.
Phosphorus concentration was determined from a standérd

curve.



3.5.2.3 Sulfur analysis ‘ o .',
The modified Johnson Nishita (1952) metHod desgrxbed b‘

Tabatabal and Bremner (1970) was applied. Dry 11p1d‘h@mple~

(1 ml) was transferred into a microKjeldahl digestion flask
and 3 ml sodium hypobromite solution was added. Flasks were
occasionally swirléd, then transferred after 5 min to the

L
dxgestxon rack at 250 C. After the content had evaporated,

heatxng was contxnued for an addltlonal 30 min, then the

sampleS“'were ‘cooled, The dry residue was resuspended by
heating with 2 ml distilled H,0. Then 4 ml reducing agent
énd 5 ml 1 N NaOH wvere added and the flasks were quickly
attached to the digestion-distillétion apparatué. Disfilla-
tion was cohtinued for 30 min, after which ;he distillate
was reacted with 2.5 ml bismuth reagent. Absorbance readings
were taken at 350 nm using a Bausch and Lomb Spectronic 20
spectrophotometer, and the Eulfuf_concentration in ppm was
calculafed»using a standard curve prepared under‘identical

conditions,

3.5.2.4 Chlorophyll and carotenocid analysis

Lipid samples ((1 ml) were\dissolved i; 10 ml dichloro-
methane and scanned from 350 to 750 nm using a Béckman DU-8
spectrophotometer. Peaks at 670 nm (chlorophyll) and 450 nm
(B-carotene) were identified and the absorbance values were

- compared with standards. Chlorophyll confént in ppm was read

from the standard curve, while carotenoids were expressed as

percentage of the,largést observed peak for B-carotene.
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Initial results sugges*ed further experxmentatxon vith
=respectd§o the“steamrng txme, as well as the temperature of
tiee dry heat post-treatment. Rteaming t:me was extended to

| 40 min, and the temperature ' subsequent drying vere 105°C

and 120°C (Table 3.1). -

3.6 Glucosinolates' in Canola ‘Meal as Affd%ted by Steam |

and/or Dry Heat Treatment ¢
Standard thiourea UV assay (Wetter and Youngs, 1976)
fwag”applxed for analys1s of gitc051nolates Crushed seed
'?sampiesc(o 5 g) in 4 m}] v1als were steam or dry heated, or -
efreft at room temperature for 5-30 min (Figure 3.4). Lipids

*were extracted by f1111ng the v1als with n-pentane and

W

+

i

n 1eav1ng them capped at room temperature After discardingl
1;‘the supernatant semples were repeatedly rinsed Vlth pure
' solvemt ito enSUre that the meal was 11p1d free. Samples were
gip d:Zedi!at 50 C under vacuum,~ cooled and the wexght Uhs~'
¢ ad]usted to less than, but close to 100 mg. ,
ryf V{ i Phosphate citrate butfer of pH 7 (0 5 ml) was added to
’each vial and the samples were heated in a Thermolyne block
dlgestor for 5 min at 100°C to prevent formation of n1tr11es
__upon' gluc051nolate hydrolysis (McGregor, 1983) After .
'ﬁ\ cool1ng, 0.5 ml myros1nase solut1on (prepared by dxssolvxng
400 mg of myrqsxnase,1n 90 ml phosphate-c1trate buffer) end‘
2.5 ml of dichloromethane,were added> One hour was allowed

\

for phase separation and extraction of breakdown.products.

A 100 ul aliquot of the clear dichloromethane layer was
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transferred via.s§ringe to a screw-capped 10 ml glass tube
"dontaining & -ml 20% ammonia-95% ethanol (1:4, v/v) for
conversion of alkenyl glucosinolates to their thiourea

. derivatives. Fpr the, analysis of hfdrony-alkenyl " gluco-
‘dsin01ates, 100 ul ofA'the same‘ sample was transfefred 'tpﬂ
L A

tdbes with 6 ml of 95% ethanol. , .

‘Absorbance readlngs were taken at 235, 245 and 255 ﬁ‘

L]

and the corrected opt1ca1 density was calculated from the

fovmula. _ . e ‘ T I

» - A v, . B
. ° . 3 . P

. fif‘? Acorr = 524%@' »~(A235‘ + A~2.55)/2 .

Concentrat1on in mg/g was determined u51ng the factors
Q.
from the regress1on l1nes of "the Standard curves (Wetter and

— l

{.\ngs, 1976) and expressed as 3- butenyhsothmcyanate and

v1nyloxazolld1neth1one, representlng alkenyl and nydroxy-
L 1

lkenyl gluc051nolates,.respectlvely. Y
3.7 Efficiency of Chlorophyll and Carotenoid Removal'Froﬁ"
Canola 011 as Afiected _by Bleaching Agent Type and
Concentrat:on

!

-Two- . different bleaching agents, nafurally-activfzx/

i

;.Braziiian.clay and Tonsil (Na*aCtivated clay), were - tested

for * their bleacn1ng eff1c1ency on commerc1al canola oil
_ samples..Water degummed 011 samples;were dr1ed over sodxum
_sulfate, followed by heatlng at 100°C for 5 m1n. Bleaahlng

‘tagent at concentrat1ons of 100 ppm -'2% was then addé@ .and.

v

ré .
. B - . . . e

the heat1ng wlth sglrrlng was continued fof%1%agln. After
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cooling, samples were filtered tﬁrough a Whatman Noi 1

\

filter 'paper and the oil was anéiyzed for chloropb&ll and

\ ' P

" carotenoids as described above. ' | o ¢ e

)
L]

3.8‘E1ectron Microscopy

>
3.8.1 Scanning electron mxcroscopy ‘
Air-d ied ‘seed samples were cut 1n/halves and quarters'

(tfansverse.spctlon1pg) with ‘a razor blade and treated- for
.10 min w1th a 1% solution of osmium tetrox?ﬁe Sampkgs were

aqueous,ethanol of gtadually 1ncreasxng

nm layer 'Q. gold before the examlnatlon df hull cross-

. 'Stereqsdéﬁ 'modelw 250 SEjmicrOSCQpé operq;gﬁ at 20 kv
Aac;elétating qblt;ge. : ‘4“ |
“~_ . -
3;8,2 Transmission electron microscopy '&»
o gWholéadcéhola  " seed sampleQ. were fragmented and
transferred binto' a vial containing 3% glutﬁraldehyde 3%_
formaldehyde (1:1, v/Q) invphosphate buffer (pH 6.8, 0.025
‘M). Sémples “’ive;e ‘left_m}e?hight under vacuum at 4°C. Thé' .

fixative was theh discarded and -the seeds wére” washed

ci*séﬁeral times with pure, phésphate ‘buffer, followed by :,”

treatment with 1% osmlum teggoxlde in p¥osphabe buffer fdr 4
“hr at 0°C (ice bath) .

Samples were washed WIth cold water for 6 hr and lgft

in 0 5% aqueous uranyl’ acetate at, ¢° C overn1ght. Agueous~

° .
‘ o
-
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Y ‘ , . | | |
 ethanol gradient (50%, 70%, 90% and 100%) W MFused for
drying, repeating the washing three times wit® absolute

ethanol to ensure complete’ dehydrat1on.

Embedding med1um was prepared as follows: mixture A,
containing 36.4 g NMA (Nadic methyl anhydride; essentially a
methylated maleic addgcg of phthalic anhydridé) wag added'to
mixture‘ B, consisting of_ 17.3 g NMA and 22.7 g DDSA

. ‘s‘g. “'. . . ».
(dodecenyl succinic anhydrl‘l' wlth constant st1rr1ng and 3

-

mli trkdlmethylam1noethy1 phenol (DMP- 30) catalystﬁ.wpre
grapually added. Z - '

‘ *Specfﬁ%w; were treated twice for 30 m1n 2@Fh p;opylene
oxxde befdre'éhbedd1ng medium: propylene oxide (1:4, v/v) was

added, and tH! samples qﬁ&e left - overnight to allow :
8 :
evaporat1on of pr0pylene‘px1de”~ - ) r '.
v .

Samples were .then transferred to- ﬁp rubbﬂr moldﬁand a 5‘ ‘
m .

4

fresh embedd1ng medium- was added Polymer1zat10n was carrzed e

3

at 60°C for 16 hr, Sectidéns of 60-90 nm were cum us1ng g K

Reichert-Jung_ Ultracut - microtome equ1pped."w1th ~a glaésg '

“knife.

Stahning‘ gas performed 5% uranyl acetaté"inf.
ﬁ/thanol for 10,mrn and in 5% lead tltrate in 0 01 N NaOH

for 5 min, before examlnlng the cross- secthns of cotyledon -
(

~and 'mer1stemat1c tissue. A Ph111ps .EM 300 electronf

microscope operated at 60 kV accelerat1ng voltage was used.
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) ., 4. RESULTS AND.DISCUSSION - »

N . Lo
4,1 SEM and TEM analysis of candla seeds
i

4.1.1 SE& analys1s ’

The long1tud1na1 cross=-section f capola seed is shown

on Figure 4. 11? Central mer1st-'

contra&t to. a condupllcate coty e - and it appears

_be separated from the latter 0 ! pace. ;his may be
P

the resulf of di‘ *on and consequent shrlnkage of both

cocyledon arid fer1stem. Such shr1nkage can also be
seen on Figuré | *whlch dlsplays a partly- dehulled seed
: Vs i

with the ‘exposeg -rdee of the ‘olter cotyledon layer and

1nclus;on of mer1stemat1c tlssue.

%=

The Cross- sectlonal structure of the seed ,coat (hull)

is shown in Figure 4, 1d * comparable to the graph;cal

"'representat1on of t deﬂalled rapeseed 'm1crostructure

presented on Figyre 1*2 sEa511y gpcognlzed are the 119n1f1ed

' cell walls in the pallsade layer covered by less obvxous,

2

” §§Su¢ st111 v151b;e epidermis and subepldermls layers. Seed

L

~endosperm con51sts only of aleurone and’ crushed parenchymav

a

.

monolayer cells, proteln bodles can be seen embedded in the ’

. aleurone layer.

L R - : ‘
° TheASE mxcrograph on’ F1gure 4 1c reveals the structure

3 ‘ * .
‘ of;.a'-szngle cell from:athe ‘cotyledon tissue. While

[

Wischnitzer (1981) regarded osmium tetrox1de (0s0,) as’

unlversal f{katlng agent, Arnott and’ Webb (1983) suggested

-that aqueous f1xat1on of - the o1lseed mater1a1 should include

2 N ) ’ ~I‘ 2
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both glytaraldehyde and 0sOs treatments for proper fixation

of proteins and lipid bodies, respectively.

i

‘bUffered % 0sOa  solution which, nevertheless, . gave

(Figure 4.3), the shape and size of protein' bodies are

.

Satlsfacton results. However. in some parts of cond0p11cate
},i

cotyledon (not shown here), the bgll m?crostructure was not

f!??gnlzabie. probably due toO insufficient protein fixation.

@3 While the SEM method does not reveal the preqiée
v .

+ ~distrijpytion of 1lipid bodies within the cell, as does”TEM‘

better breSgNtedvby'SEM. small, round bodies embedded in the

aleurone 9fains are globoids (also referred to as phytin’
crystals) which,consist mainly of Ca- and Mg-salts of phytic
acid, petailed study of globoids would be of intqrest since
von Hofsten (1970) proposed, after analy21ng 1076 magnifica-
tions ¢f a rapeseed cell, that globo1ds “re -surrounded by a

double membrane of unknown structure.

4.1.2 TEM analysis

\

TE—mlctOgraphs o cell aggregates from the outermost.

C°tY1edonr inner COtYledon and central meristem are ShOH‘lOﬂL

}E.

outer cotyledon were relatively poor in lipid bodies asd had

Figure'\x.3- Tbe deformgd, almost collapsed cells"fr‘u\m

SOmewhat thlnner cell waliﬁ as compared to neighboring cells
of the inner cotyledon with thick cell walls, clearly seen

middle lamellée~and a large number of intercellular Spaces.:

‘The cells from the central meristem were more rectangular in

Shabe, most with a clearly Seen nucleus in the middle; the

”

-
-

In our experiment, sémples were treated only with



35 Ny

' Figure 4.3 TE-micrographs of embryonal tissue ¢ells., a) and
b) cotyledon cells; c) and d) cells from central meristem.

- (ag - aleurone gréins; cw - cell wall; L - lip_lid bodies; S -,

. £
. osmium artefacts). * | , o
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3 spaces. In some cells of the central meristem, nor

grains could beé- found. .This might be a sign 1

»

- germinétion process in the seed.‘ Durxng germ ni '

replaced by, vacuoles which may fuse into one 1'vacuole
(Lott et'al., 1973).

I
'

F

"Lipid bodies are not equally distributed betweenwthe/
cells. It.appears‘that the cells from the inner cotyledon

were‘on the average richest 1in lipid‘bodies Data onh cell

¥

oy
‘Eleurone graxns and globoxds are presented in Table 4.1. The -

vall thxcknesses, as well as on the sizes of lipid bod1es,

smallest varxat1on was observed ‘in the d1ameters (D) of
"lxp»d bodies: >90% of lipid®*bodies were in tne range 0.3-0.7
fﬁose‘globuies with .D»1.4 um probably arosaﬁfrom ‘the

' coalescence of two or more smaller l1pld bod1es. It appears

that the l1p4d ‘hodies dist, fbutéd more denSely along the

p!‘smaléﬂma and around the aleﬁrone grains than in the rest.

of the cytoplasm.

%. N
The, proteln bodles were the most varxable in size.,

. .
Stanley et al. (1976), i their study of rapeseed‘mlcro-L

structure‘by light microscopy, éttempted,to locate a maJOr‘
ﬂ,'alkalifsoluble rapeseeﬁ prote1n,':i:e. 12 S glycoprotein,

{ “;‘ lm-

s Thxs _—wa possahngn becausek 12 :‘S glycoprote1ns are

SChxff posatwve and can be vxsualxzed unde% the m1croscope.
' Althbugh the‘ authors found that certaxn cells appearedi
r1cher in Schlff react1ve prote1n, these lwere randomly

dxstrxbuted throughout the seed

E Al
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Table 4.1 Size‘distributiéhlyf lipid bodies, aleﬁrone;grains

and%globoidﬁ&in cells from rapeseed‘embryonal’tissue'.
© Outer ¢ j? Inner : . .
- .Cotyledon Cotyledon Merist;h\i
Lipid bodies . - .
0.3-0.7 um 92 9% -+ 90
‘007-1.4 “m 7.5 ' 7 ‘ ' 9
51,4 um '3 9.5 3 1
Aleurone B , ' .
. grains : i ‘ : .
4 . 4 .
o 1-2 um y 98 ‘ 64 ’ I
2-3 um 2 17 o =70
>& um ‘ » -- 19 ' "v’, 30
Globoids - | ~ o, P *
_— - ; .
0.3-0.7 um 100 91 ot B6
>1.4 um i -— . . -- : 1
Cell wall S /
thickness ' 0.26 o 0.47 *0.15° /
um . : /
- —l
! Diémetric measutgments‘of at least 50 cell cdnstituéntaq/'
. ‘ Q{ o :‘ ‘ . ““ . ' v . : I[,’
i ‘ o o /
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- Artefacts resembllng aleurone gra1ns (Fagure 4 38) are

- the remains of. OsO., the excess of wh1ch had mot been ‘
properly removed by wash1ng The posztlon of these datk
"spots‘also proves the preference of Oso. for Interedtlon x
w1th l1p1ds rather than with prote1n bodles.. hevdxfferxng ‘o
contrasts’ of 1lipid bodies is also a sxgn fof )nequal}
-osmiophily of the lipid mater1al ‘ *51ncé //9osm1um'
ﬂpneferentdally ‘reacts .with tAe, unsaturated lxpxds l(Esau,§

1977). S RIS SR -

-

‘As can be seen from Figure 4. 3a,b and c, glob01ds (dark
spots . embedded in . aleurone gralns) are _ldlstrrbuted ;',‘
irregularlj; their sizes,hhowever, were quite-unltorm and”
ranged between O¢3 and 0.7 um., Whlte spots on proteln bod1es .
are "holes" ﬂ‘from which the globozds were dlsplaced upon'
sect1on1ng the sample on the m1crotome cutter o :

The appearance and the . thlcknesses of - cell walls ‘of'; y{
cgtyledon and merlstematlc cells are characterlstlc and can |
be used 1n d15t1ngu1sh1ng the two tlssues. Cell-wallS'ﬁrop‘

the 1nner cotyledon are. thick (about 5 uhl 4nd’ not_;as_ ;F{
‘electron»dense as the cell walls from the. central meristem* |
the latter cell wvalls are also relatively. th1n (0. 15 um) diie «
tO'the uncompleted cell. dxfferéntlatlon. The shape and the R

denszty of merlstemat1c cells obv1ously permxts ‘a smaller -

. y
number of 1ntercellular spaces as compared to the cotyledon

cells. These ‘in cellular ’spaces are’ cons1dereh to be

impo?tant"for /tran§location of nutrients and metabolxc“‘\
products wit ed (Esau, 1977). Most ‘commonlyg_

'r”intercellular spaces develop by separation of contrgUous B



“ .
S U

I L1

/

. R ‘ : SN o L,
cell wvalls through the middlellamellaa The‘process starts in

,;he corner vhere more “than ‘two cells are jo1ned and spreads

to<other vall' parts. Thy% type of 1ntercellular space. i5 |
"known as schlzogenous./ Another type results from‘.the '

breakdown of‘entlre cells an

‘A,

ﬂicav1t1es between ‘the cells.

Vo

/ )

1977) However, electron microstopic sfﬁdies by Fager11nd et.

. f
(1974) undlcated that the formation of intercellular

o

spaces ‘is a complex phenomenon, since an accumulatxon of

membraneous“ structures may precede- the development of

. .
i

It appears "that in’ some of the cells a. dmslocatlon of

K

~ the protoplasp1c mater1al had occurred wh14e the_cell”yall

5 P T LT : |
—— S e -

remained phys1cally unchanged . \ N
/

ngher magn1f1cat1on of 11p1d bddles would be requ1red.

)

in - order/ to establlsh prec;sely the1r stabus‘ tn ‘the

cytoprasm. von Hofsten (1970) found that some of these

‘bodxes vere - surrounded by a membrane, wh1ch matches the‘

_descr1pt1on of spheroéomes; However,iEsau (1977) advocated

/is called lfsigenous (Esau,'

‘the/combxned v1ew of the form of lipid bod1es, according to”v'

r

‘ L structures. L

—

‘-wh1ch they exist' in ‘the . form of both spherosomes,

membrane bound organelles«xn which hydrolases are assoc1ated

-/
\ww1th tr1acylglycerols ¢Mat1le, 11974), and membrane free

droplets. The latter form suggests that these droplets,

'\bexng syrrounded by cytoplasm biofluid, that .is an.aqueous

ystem, exist in the form of semlsolld mesomorphlc hexagonal‘

w

|
4

adueous ethancl prlor to £1xat10n with 0s04 resulted in the

3 - +

\ Treatment of seeds w1th /1ncrea51ng concentratlons of
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extractxon bf 11p1d bod1es (Fxgure 4 4). The rema1n1ng 11p1d

,globules were concentrated between“the aleugone graxns and

3

were retalned probably due to the physxcal 1nab111ty of the

solvent- t°~ penetrate ;nto ’the 'spages, between ‘densely

concentrated aleurone gra1ns., 4ﬁ,~_".~ -

. . e
> : s .-

.34{; : Y1u et al., (1983) exam1ned the bffects of processxng on

,seed tlssue and on cell structure by us1ng a fluorescence

v

m1croscopac tedhn1que. They found that mechanmcal crushlng

had eaused tranébersal separat1on of cell: walls. C09&1ng and
) expeller press1ng affected both prot&tns and 11p1ds, as the i
former 1 fused to - form large aggregates ) encompa551ng

"phyt1n conta1n;ng globo1ds, thle the latter coalesced 1nto

- \ .y .
irregularly- shaped large droplets. The structural’ and m1cro—

\

vorganlzat1on ‘of h " hull - was not affeqﬁed -by
- processing. Soludnt extract1on .removedi accordlng to theA‘;’

authors, most of the l1p1ds 51nce the

¥

_were absent from the»

cotyledon cells after desolvent1 tlon. .The_ cotyledon"
fragments of the re51dua1 meal’were composed of amorphous
protein matrlx fllled 1rregularly wzth globoxd 1nc1u51ons

‘.

\\\ahd supported by a network of broken cell Walls.}» s
G e

4.2 Lipase and.L1poxygenase Act1v1ty uf Crushed Canola Seeds

Effects of llpase and llpoxygenase (LOX) activity in
the crushed seeds as ‘a functlon of time were monltored
through&-grav1metr1c determ1natlons “of 11p1d fractxons
separated on silicic acid column and expressed as percentage T
of _the seed total ‘11p1ds (“able 4.1). Eurthermore,

. variations in fatty acid compds1t1on in free fatty acids

.8
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agueous

1% 0s0a. .






T a——

- holding time (maximum 30 min).

[

(FFA), ‘triacylglycerols (TG), Qlycolipidéw (GL), phospha-
tidlehoiine (PC), phosphatidylethénélémingé(RE) and phos-
phhtidyiinositél”(PI) were used as an indié;tor of enzymat:‘ic‘~
activiif. Since the lipase and LOX enzymes come'igto contact
with lipids from'ruptured cells upon crushing of éﬁe éeed,
{ipol§sis. and voxidétive. degradation of fatty a¢ids"pay

'océqr% resulting in the increase in NL fraction (TG + FFA)

coupled with a decrease_in the PL and GL fractions, changing\

thefgﬁpty 8¢id composition in al{'fraétions;
However, as seen from the Tables 4.2 and 4.3, there was
no sigﬁificant differgnce in oil coﬁposition'as éffected b}
the HKolding tige of 5-30 min. Thevsame was true for the
fatty' acid_ péttérns in six -lipid  fractions (Figu;es
4.5-4.10); ~the greatest stability -was found in
ttiacylglyéetols_(Figure 4.6).. | .
o Consequently, no significant correlation could be
established between holdjng time and lipase and .LOX
activities in caaola'seeds_during c;bshfng. The.abspnce of

‘lipolytic activity in this case might be related to é_lod

moisture dontent of the seeds (5.2%) and tO'insﬁfficient

~. : _ ‘
Cuendet et al. (1954) observed lipolysis in wheat.flour

‘at moisture levels as low as .3%, but only after 10 weeks of

. storage., Furthermore, neutral bH, at which the experiment

L]

had bgén carried out, could also contribute Eq}fhe absence

/

6f lipolytic activity. Wetter (1956) found /rapéseed"(B.

o

"campestFisl lipase to have a Sharp pH optimum at B8.5. At pH

—

5 enzyme -activity was not evident at all, and fell rapidly
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A

Table 4.2 Effect of holding time on the lipid composition in

A

the seed.
. .  Time after crushing' (min)
o , ., 5 10 15 % 30
o, Amount applied« (mg)
152.0 158.3 148.5 138.8 153.8
Z ) i -

Neutral

lipids? . . Sy : : i

(mg) . 134.0 - 147.0 133.4 ~ 125.5 132.6
Neutral )

lipids ' } . . ‘ :

(% total) 95.2:0.4 94.7+0.6 -~ 94.7:0.1 95.2:0.7 94.610.6
Glyco-

lipids’ s S

(mg) 1.7 . 1.7 S 2,97 1.6 2.0

. . e/

Glyco- .

lipids : ' Co .

(% total) 1.2+0.1 1.1+0.0 2.1#0.9 1.2£0.3 1.420.2
. Phospho-

lipids? .

(mg) 5.0 6.5 4.5 . 4.7 5.6
Phospho- g .

lipids : /}/ ) .

(% total) 3.520.1 4,2+0.3 3.2$0.3 = 3.620.5 4.0:0.7

' At room temperature. o L

! Average of 5 replicates. | R
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. Table 4.3 Shmmary of variance analysis,

Level of Difference

.
| .
o &
A .
¥ Lk
. O i 4

> 5%

Factor 0il 'yield

Treatment . .
(A, B Or ’NOSO N.Sn
‘D'), .

Seed
condition
whole/crushed N.S. "~ N.S. N.S. N.S.

Hoiding” ,
time - = ' - . N.S. - N.S. .

}(Qe;)Jlicétion N.S. N.S. N.S. 'N.S.
ts : :

QSee_Table 3.1 for code explanation.
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Table 4.4 Summary of Duncan's Mult&ple Rarige Analysis.
Level of Difference
Factor . * _ - 0i1 7 5% , C%
, ‘ Pressed ABCDGEF ABCDGETF
Phosphorus ' o ,
- Extracted ABDGFCE ABDGTFCE
o ‘Pressed ABCDFEG ABCDF.EG
Sulfur ‘o
Extracted’ ABDCFEG ABDCFEG
Pressed GAFECBD G A)? E'C B D

Chlorophyll A

(@]

e}

o

>

(]

o, =
o 4]

o |
e |

o

‘ Extracted ABGBZC
Pressed - AGC.BEFD AGCBETFD
Carotenoids ¢
: D ACGBETFD

Extracted ACGBETF

Letters A-G correspond to treatment codes in Table 3.1 and
represent means of 5 replicates. A line typed under any
sequence of means indicates no 51gn1f1cant difference at the
given percent level, L
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fraction.
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! o
at'highgrﬂélkaline pH. |
- An explanation for, the absence of LOX actiQity- in
':rapéSéed ‘was \proposed ‘by- St. Angelo et a[;*'(J984). They
-showed that, in cultiQars%Q!th éruéic acid concentration asﬁ
floy as 0.2%, LOX acti§ity wasﬁcompletély inhibited.
| ‘,The;fatty acidvpattern in triacylglycerols, as found in
, our experiment (Figure 4.6), cloSelx’resembles the tota:
rfatty acid compositfon in canola oil (Ackman; 1983) .
_ Somewhat h1gher proportions of C16 0 “and sz 1 in the

free fatty acxd fracdton are. probably duerto the preference

of lipase for palmltlc and e;uczcx”

'"urlng the increased

enzymat1c activity 1n the germlnat

1964)

‘eédchookey et al.[

4.3 Effects of Heat Treatment on;bﬁéiitjio£7Can61a'Oil'and
Meal - . g ’ ’ - .

4
AN

4.3.1 0il yield, composition and fatty acfé pattern of oil

‘ . i o p ,

frgcé\ions ,. ‘ ‘ “ ‘ - W
An towards an increase in yield of phospholipids was
.- observed in samples freated 15-and-50 min with ;team;'as

compared with the resultév for dry heat Freétment (Table
4.5). The steam 1s involved in 'splitting lipoprotein
‘11nkages,,wh1ch results in a higher y1eld of phdsphollplds

upon seed pressing and solvent extractlon (Ansell, 1969) .
The ‘proportion 6£ neutral lipids_ and glycolipids
»remained unchanged. N; sighificaﬁ£ difference arqSé in the

X

éqmﬁosition of lipids fgem‘whole and crushed seeds; the oil
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yield, however, was slightly higher in the crdshed seeds.
Fatty acid comp051t10n did not. appear to be affected by the
dlfferent heat treatments (Tables_4 6-4. 9)

4.3.2 Phosphorus, suifu{, chlorophyll and carotenoids

‘ Analysee were performed on the oil obtained by

'prepressing aod solvent extractiop‘(Figure 3.3) and varying

steam1ng times werevcomb1ned w1th different dry1ng times and

temperatures (Table 3. 1) y '
Phosphorus concentratlon 1n ‘both prepressed and solvent

}extracted oils from dry heated was h1ghly

:significantly lower than thé corresponding concentratlons
for the rest of the treatments (Tables 4 9 and 4.10). Among

" the steam treatments, the one with 30 min steaming followed

by 30 min drying at 100°C gave the highest phosphorus
N

concentration. In all cases, hexane-extracted oils were ™.

highly significantly h1gher in phosphorus as compared to the -
samples obtained by prepre551ng at 20, 000 psi, wh1ch is in
agreement with the data from the literature (Persmark,
1972). |

A pattern similar to that for phosphorus‘ﬁae found for_
sulfur (S) concentration in“the oil. This supports the
finding of Gronowitz et al. (1978) that the glucosxnolates
‘_are unstable in aqueous med;\m\ In addition,, higher drying
temperatures (>110°C) may cause chemical breakdown of.

glucosinolates,  giving *' ri to” - sulfur-containing,

oil-soluble products (Anjou,[ 1972). This"may explain the

highest sulfur concentrations in oils obtained by treatment



Table 4.6 Fatty acid percent compbsition'.of the fr

acid f#action as affected by heat“treafment of theiseed;

-

Treatment. o

L 1

Steam (100°C)-

-~ - - Dry heat ., ) .
100°C, 30 min 15 min « 30 min
- Fatty . ' 4 o ) .
Acid? - Wwe o ce W ¢ 0w e
16:0 7.1 7 1.2 7.0 8.9 . 7.6 8.2 o
' . . - ' ,

162 1 0.5 1.0 0.8 0.8° 0.9 0.7
18:0 4.8 5.5 5.17 6.2 5.-3%., 6.3
181 1 49.3  44.6 47.6  48.7 , 46.5 - 44.8B
1812 15.7 15.6 3.2 13.4  16.5.- 17.4
18:3 5.9 5.6 4.9 * 4.7 6.2 6.4
20:0 1.1 1.2 1.0 1.2 O T I Y
2051 2.1 1.9 .7 18 2.2 2 1.8
22:0 0.9 1.1 2 1 oe . 1o T
22:1 2.2 1.7 . 2.5.° ‘1.9 1.6 - 1.8

\.‘ . s t e )

' Concentrations given in this and following 3 blep
represent means of 3 replicates not varylng more tha 2%
from the mean value. - \ . ‘
% In this and the folloﬁing tables, given as ‘number of -
carbon atoms:number of double bond§. - ) .

* Whole seed. | Qj ST .
4 Crushed seed. - J



Tasle 4.7 Fatty acid percent <composition of the

. \ .
~triacylglycerol fraction as affected by.hea¥ treatmefit of

)

the seed. /
Treatment
t | Steam (400°C;
"Dry heat ° .
100°C, 30 min 15 min : 30 min
Fatty | | '
Acid W ¢ W pre W c
. ’ S : : '
1610 . 3.1« 3.1 3.2 3.3 2.7 3.4
t6:1  ,0.2 0.2 0.2 0.2 0.2 0.2
1830 1.2 1,1 1.4 1.3 1.1 1.4
1851 7 60.5 59.1 58.9  60.0 58.9 59.0
1812 19.7  20.4  20.6 ~ 19.8 19.5  20.5
D183 10,34 105 10.9 10,3 9.7 11.0
20:0 0.5 0.5 0.5 0.5 0.5 0.5
20:1 1.8 1.7 1.7, 1.7 1.5 1.7
22:0 0.3 0.3 0.4 0.3 0.3 0.3

22:1 1.0 1.0 1.1 1.0 1.0 1.1
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Table 4.8 Fatty acid percent composition of the phospholipid

fraction as affected by heat treatment of the se&d.

Treatment

Steam (100°C)

0.6

Dry heat
100°C, 30 min 15 min 30 min
Fatty o ‘
Acid W C W c W c
16:0 11,4 © 10.8 10,4 9.5 8.7 8.6
16 1 1.2 0.9 0.8 0.9 0.6 0.8
18:0 1.6 1.5 1.7 1.5 1.4 1.6
1831 40.0 378 39.5 40.4 38.3 42.1
1832 30.4 34.3 29.4 30.3 30.5' 29.6
1823 6.5 6.0 6.4 6.3 5.8 6.8
20:0 0.5 0.9 0.5 0.7 0.7 0.4
12081 0.4 0.7 0.4 0.5 0.4 0.5
2210 0.3 0.6 0.3 0.4 0.5 0.2
22:1 0.4 0.4 0.5 0.3 0.5
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\
i

fTable 4.9 Fatty acid percent composition of the glycoiipid

/ fraction as affected'bf heat treatment of the seed.

Treatment
| — Steam (100°C)
Dry heat
100°C, 30 min 15 min . 30 min

Fatty | . .
Acid W c W c W
1610 5.4 4.5 4.3 4.5 5.0 4.2
1611 0.8 0.5 o5 0.6 0.6 0.6

1810 3.3 2.2 2.2 2.1« 2.0 2.0 |

= _ . ”~
18:1  48.7 51,9 52.0 ' 51.7 52.8 54.3
;1812 15.2  15.6 - 18.6  16.2  18.6 . 17.4
18:3. 8.3 7.4 9.5 8.7 9.6 10. 1
20:0 0.7 1,9 0.9 0.8 . 1.1 0.8
20:7 J10 2.0 2.0 2.1 ,2.2 2.0
22:0 0.7 1.0° 1.0 1.1 0.8 1.1
22:1 1.2 1.2 2.1 . 1.8 2.0 1.1
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Table 4.10 Phosphorus (P) and sulfuf (s)§

otz g -

oncentrations' in

+,
i9

prepressed (PR) and extracted (E) oiisQ rom dfyihedt and

. steaaltreated seed.““

Drying
Text
code .
" desig- Treat~ Time Time ¥ ) :
¢ nation ment (min)  (min) i Pom) S (ppm)
A Dry 30 - - PR 30.241,2 1.4$0,2
heat ’ ' '
100°C , : E 68.4:t1.6 / 2.3:0.3
B Steam 15 15 - 100 PR 104.3:2.3  3,830.3
100°c = E 153.942.7 5.8:0.5
c, " 15 7 30 100 PR 115.0£2.2 4.00.1
E 205.113.1 8.210.4
D " 30 15 100 PR 126.3£1.7 5.4£0.5
E 187.6+2.2  6.240.6
E " 30 30 - 100 PR 146.012.3  7.8%0.3
E 205.9:3.1  10.6%0.7
F " a0! 30 100 PR 152.6+1.7  6.420.3
E  200.0%3.1 9,7:0.3
- 40 30 120 PR ~+ 137.2%41.5  10.6%0.5

E 189.5+2.1 12.210.6

! Avefage of 3 replicates.
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PH&SPHORUS (ppm)

¢

o,

Figure 4.11.Calibratign jcurve for phosphorus determination.
d o o Q
Phosphorus was determined spectrophotometrically as a yellow

molybdo-vanadate complek, after ashing samples in an oiygen

bomb (Yuen and Kelly, 1980).
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10 — ]’
o 71 2 3 4 5 .6
SULFUR ppm

. ——

Figure 4.12 Caliyfat{on curve for sulfur determination.
, / ‘ _ ;

Sulfur'was detegﬁined spectrophotometrically as a methylene

blue complex yfth bismuth reagent, after wet digestion of

/ v
samples in Na-hypobromite (Tabatabai. and Bremner, 1970).

-
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o 10 20 30.
CHLOROPHYLL (ppm)

-

Figure 4.13 Calibration curve for chlorophyll determination,

Chlorophyll was detgrmined spectrophotometrically, after

—_——

diluting 1 ml oil saméiéé with 9 ml methylené chloride (AOCS

method) . . HJ/ | o

/
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"

G. On an}.industrial level, this would require higher
retin1ng costs 1f low ef£1c1ency of hydrogenatxon is to be
avoxded (de Man, 1983; Klimmek, 1984). vlgorous cond1txons
of oil expelling on an industrial® scale..cannot be vell
simulated on the laboratory press. There@ore, all of the
pressed Qoils were lower in phosphorus and in sulfur
concentration as compared to the solvent extracted oxls.
Goss (1947) reported that 30-40% ;} ‘the crude,
nonrefined phospholipid“fraction.from industriul~procelling
was triacylglycerols. The inclusion of neutral lipids in the
prec1p1tated lecithin sludge was explained by Desnuelle et
al. (1952L “They assumed ‘that so- called m1xed~double layers
were formed on the surface of the water droplets in contact
with the crude oxl TheseAdouble layers consist of neutral
acylglycerols and phosphatides with the maximal stability of
mixed double-layers at armolar ratio 1:2 betWween the neutral

-

%cylglyceroks and phosphatides.. This may explain the
- : 1]
inclusion of about one-third neutral oil into the lecithin

sludge. LT . ‘

L Increased levels of pnospholipids in~oils fromzcrushed
steamed seeds would then lead to.’higher /losses ~in ‘the
neutral l1p1ds. This loss, however, could be compensated for
by the:appllcatzon of phosphplxpxds as emuls1£y1ng agents,
whxch at the present 1s.not in pract%ce in the food industry

~

in'North America. —

k4

The 1nfluence of solvent polarity on the extractabxllty
of phosphollp1ds wa demonstrated by McKillican et al.

(1970). The’ chloro;orm:methanol - (2:1, wv/v) extract of

“‘ N

.
{
3
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rapeseed 011 contalned ten times the phosphorus content of

oil extragted w1th n- hexane calculated on a total 011 y1eld«

”ba51s Even though the d1fference in phospholzp1d y1eld was

also ev1dent from our experiments (Tables 4.2 and47), this

ratio could not - be established due - to the unequal treatment

‘of the samples subjected to extractlon.

‘The h1ghest concentrat1ons of chlorophyll were in the

‘0ils from treatment D (30 min steamlng, followed by 15 min,
‘drying a%, 100;C; dTable .4.15). Chlorophyll molecules1
iembedded--ih the"lamellae of thev chloroplast grana, are
,closely assoc1ated w1th l1p1ds, prote1ns and llpoprote1ns.

| ~ They are held together by mutual attractlon and Aby the

the affinity of each molecule's hydrophobic planar porphyrin

ring~fbr‘proteins Chlorophyll moleculeS'may therefore be

»v1suallzed as embedded between the proteln and 11p1d layers
_wlth the caroten01d poaltloned alon951de the phytg} chain of

’the chlorophyll (Francis, 1985) This may : explaln the h1gh

correlatzon in ur experiments between chlorophyll and
carotenoid concentrations in the oil. R -

'Vigorous processin§¥ conditions,’ such as prolonged
heating ~at ' high | temperatures,- might causeﬂ ‘chemical

transformatlon of chlorophyll i.e. replacementIOf a central

ng atom in “the porphyrin’ -ring‘ by a vproton, forming

' solxve -brown. pheophyt1ns. Chlorophyll levels in oils from

treatment G are the lowest of all steam treatments, which
may - be due to the high ‘posts treatment temperature (1209C)
and, consquently, to: breakdown _;3 .chlorophylls to

]

- affirity of each-molecule s phytolwcha1n for l1pids and by'
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Table 4.11 Chlorophyll and‘carotenoid concentrations' in

: . S . . : .
prepressed = and ~extracted oils from dry heat and

t”.

steam-treated seeds.

r".’j ‘Y
D i .
gx‘.‘." s ‘ N

~Dryihd

Text -
code .
desig- Treat-  Time Time & Temp., . : Chloro- Carote-
nation  ment (min) (min)©  (°C) . oil phyll’ noids
: ‘ ' {ppm) (ppm)
) " L4 ) .
A - 30 -- =, PR 7.0£0.3  56.0%1.1
' E 10.430.2  64.0%1.2
B 15 15 100 PR . ..00.3  90.9:1.4
‘ . E e caD20.3 76.1+0.9
c 15 30 100 PR 10.510.1 - 89.4%1.1
E 13.520.2  74.2+£1.0
"D "o 30 15 100 PR 15.0£0.2 100
h y E 17.2¢0.3  84.611.2
E " 30« 30 100 PR 10.4£0.1  91.1£1.2
' E 11,5+0.2 80.821.1
F " 40 30 100 PR 8.0+0.4 ~ 97.7+1.3
- : E « 14,5%0,2 83.321,1
"6 " 40 30 120 PR 8.0:0.2  BB.9:1.1

- B 12.0£0.3 75.2¢1.1

' Average of 3 replicates.

* Highest' concentration was found in prepressed oil from
treatment D and the carotenoid concentration in oils from
other treatments was expressed as % of this concentration.
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pheophytins, . | o . .

Steam ﬁreétment releases chlorophylls together Qith |
carotenoids from their bound form, thus ‘1ncreasing the
zxtractability‘of the pigments (Anjou, 1972), Carétenzids,
however, appeat‘,to be ;ore heat resistant than ‘the
chlorophylls, as thelr concentratlon in the o0il had not been
affected by seed drying ‘at 120°C .for 30" min (treatment G)

Accqrding’ to Francis (1985), carotenoids are suscep-
tible to oxidative degradation; The reactions are beliéved'
to be caused by free-radical formation in :tbree distinctf
steps. Carotenoids are usuélly more stéble‘%n systems with
high 'degrees of unsaturation, possibly because the 1lipid
sys%ém iiseif'accepts‘the'free radicals more easiiy than
carotenoids. In canola oil, where tOtalAgnsaturateé exceed
30%( carotenoids are. believed to be relatiyely stable, as

suggested by the results listed in Table 4.171.
A}
) 4
4.3.3 Glucosinolates in canola meal as affected by the

" holding time and by the heat treafment of the crushed

seeds ¥

N

The following objectives were considered in desighing

)
3

the experiment for gluc051nolate analy51s~
e 'to measure the concentration of gluc051nolates in the
‘meal obtained from the seeds exposed to‘holding time of
0 to 30 min holding time after crushing.
® to examine the influence of dry he;t and steam

treatments, both applied for 5-30 min, on myrosinase

activity and on respective concentrations of intact and
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hydrolysed.glucosinolages}in the meal.
In the standard thfﬁurea-uv assay for total
glucosinoiateg in fapesééd xmeai,‘ expressed as 3-butenyl-

-sothiocyanate {3-BITC and 5-vinyloxazolidinethione (5-VOT),

myrosinase enzyme isolated from yéllow mustard and dissplved
in phésphate~citrate buffer at pH 7 is added to moisture-
Eree; lipid-free meal in order to induce controlled hydrol-‘
‘ySis of glucosinolates, Thé breakdown products, volatilég
isothiocyanétes and nonvolatilé hydroxyl-group—containihg
isothiocyanates, are then converted into corrésponding
thioureas and gi%zclidinethfones, respedtively,, * and
quantitated-byAUV-spectrqscopy.‘McGregér (1983) sumqarized
the method as follows: L '
(1) Preparation of oil-free meal;_
(2) Inactivation of factors that give rise to nitrilé
formation upan enzymatic hydrolysis of élucosinolatés.“
(3)'Hydrolysis of glucosinolates by the addition of
supplementary myrosinase activity of a yellow mustard
myrosinase isolate and simultaneous extraction of the
isothiocyanates into‘methyiene chloride.
(4) «Formation of, thiourea’ derivatives of the
isothiocyanates £§% cyclizafion' of nohvolatile
isothiocyanates into oxazolidinethiones. ' ) |
(5) Quantitative measurement of the thiourea
derivatives and/or oxazolidinethiongs by UV-spectros-
copy. | )
Volatile alkenyl-isothiocyanates are convérted to their

substituted thiourea derivatives by reaction with ammonia in
18
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ethanol. Those isothiocyanates, which contain a hydroxyl
group in their side chain, cyclize in 95% ethanol to tbrm'
6xézolﬁdinethiones. Both thiourea‘dérivétives'and oxazoli-
dinethiones absdrb in ‘the UV-region at 245 mm, Théy afé
quantitatively determined by measuring this abébrbance and
-subtractiﬁg-backgrbund absorbance using measurements taken_
at 235 nm and 255 nm., .. o |
"In  the ~standard method, seeds are saturated vith

_moisture in order to maximize the efficiency of subsequent
inaétivatiop of myrosinase by heating the seed§ at 100°C for
10 min, In our experiqgnt, however, onl& control samples
were analyzéd in this way (treatment D). In all other caSes;
this step was omitted in order to evaluate the function of
the seed's nafuralimoi§ture’jn enzyme inacti!ation ﬁbon;the
heat treatment (Figure 3.4). | | ; | ‘
Both’drg\heated and steémed_samples wefe_énalyzed for

glucosinolate content, with and without addition of the

!
myrosinase. This was done for two reasons: Firstly, as
ment ioned above,»to'observe the extent to which different
heat treatments, carried out for different amounts of time,

contribute to the indigenous myrosinase inactivation and to

measure the ‘levels of isothiocyanates and vinyloxaESTif o

Binethiones in. the meal without prior addition of “the
enzyme; secondly, to assess the effect'of heat treatments on
the total content gf glucosinolates in the meal. In this
case, mustard myrosinase solution was édded, enguring that

'ﬁcomplete glucosinolate hydrolfsis had téken place.

Since no significant correlation was found .between
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duration of seed holding time and of both dry heat and steam
treatment (Tables 4. 12-4.14) with the concentrat:on of total
and autolyzed gluc051nolates, the results were averagedoout
for better -clarity in comparing. the control on one side
(treatment ‘D), and holding~time exposed, dry heated and
Steemed samples (treatments C, A ang'B,.respecti;ely) on the
other! in terms of total and autolyzed glucosinolates .in the
mea} (Table 4.15). | | ‘

The difference in concentration of 3-BITC petweeﬁ the
meals from treatments C and control (D) is higher‘than th%
differencé in the corresponding concentrat1ons of 5-VOT.
This means that the seed's natural moisture was suf£1c1ent
for 1nd1genous ;yros1nhse to initiate the hydrolysis of
glucos1nolates, although at a very low rate. The difference
in 3 BITC content between treatments C and D suggests that
the hydrolysas had taken place before the enzyme was added
and %hat the‘loss in alkenyl isothiocyanates occurred due to
their wvolatility. The dlfference in .concentration between
the nonvolatile oxazolzd1neth1ones is less rnoticable, but
enough to suggest that the seed's moisture (5.2%) was not
sufficient to release the glucosinolates from their bound
form upon-heat treatmeﬁt. This can'also partly explain the
aforemenﬁioned difference in 3-BIQC‘concentretions.

Addition of myrosinase to the dry heated samples
(treatment A)Vresﬁlted in ;3-BITC and 5-VOT concentrations -
similar® to those from treatment. C. This supports the
hypothesis | that - glucosinolares ~splitting from their

complexes with proteins and/or polar lipids. occurs at low
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Table 4.12 Effect‘ of

concentration of 3~ butenyl1soth1ocyanate'

5~ vxnyTbxazolld1nethxone‘ (5- VOT) in the meal’.

crushed

” holding

time

o /
(3-BI1TC)

‘Holding
Time (min)

’

3-BITC (mg/g)

5-VOT (mg/q)

0 2.0740.19 1.7840, 14
5 1.9810.15 1.62+0.01
10 1.38;0;25 ,1‘74i02i90
15 2.00£0. 14 1.58£0.19
20 1.86+0.11 1.76£0,11
25' 2.0410.07 1.5510.17
30 ~——  1.82:0.07 1:44:0.65
' In this and in following as determined

spectrophotometrxcally at 245 nm as thlourea derivatives.

* In this .and in following

spectrophotometr1cally at

* Correlation coe££1c1ents between hold1ng time and 3-BITC

concent tatzons were:

holding time with 3- BITC

level.
holdzng time wzth 5= VvoT,
. level,

245 nm.

r=-0,57,
'r=-0.01,

as

not significant at 5%

not significant at 5%

Py

determined
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Table 4.13 Effect of dry .-heat treatment of crushed seed on
concentration of 3-butenylisothiocyanate (3-BITC) and

5-vinyloxazolidinethione (5-voT){ in the meal’,

X4

3-BITC (mg/g) 5-VOT (mg/g)
) Myrosinase K
‘ o
Time ‘
(min) - o+ - +
5 1.37:0.01  2.0420.17  1.170.00 , 1.73:0.08
[} - i
10 1.83#0.17  2.01+0.31  1.50%0.13  1.67+0.30
15 1.56£0.06  1.92:0.34  1.34+0.14  1.42$0.30
20 - - 1,60t0.12  1.63#0.18  1.3740.07 1.600.05
25 1.7940.08  2.1940.03  1.52%0.07 1.56%0.08
© 30 1,70+0.06  2.30%0.13 1.61£0.06  1.49%0.48

the glucosinolate concentrations were as follows:

Time with 3-BITC (no enzyme added): -0.50, not LG A

at 5% level.

Time with 3-BITC (enzyme added) -0.51, not sig- ¢ .ant at
5% level. Co :

Time with 5-VOT (no enzyme added). -0.43, not sign.ficans 5«
. 5% level. '

Time with 5-VOT (enzyme added): -0.53, not significant ac¢ 5%
level, ' -

Correlation coeff1c1ents between the treatment the  and
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Table 4.14 Effect of stéamA treatment of crushed seed on
concentration of  3-butenylisothiocyanate (3-BITC) and

S-vinyloxazolidinethione (5-VOT) in the meal'.

3-BITC (mg/g) ' 5-VOT (mg/g)
Myrosinase
.,  Time 4
(min) -, + > - +
/
5 © 0.24:0.05  2.85:0.00  0.17£0.00  1.8210.18
10 ' 0.20£0.00  2.70$0.49  0.15£0.00 1.800.17
W
15 0.22:0.00  2.26+0.49 0.15¢0.03  1.84:0.07
20 0.20£0.03  2,72#0.00 0.13+0.01  1.48:0.08 "
25 0.22:0.03  2.55£0.08  0.13:0.01  1.89+0.06
¢
30 0.2240.04- 2.53:0.63  0.12:0.01  2.08%0.15

"' Correlation coefficients between the treatment time and
- the glucosinolate cqencentrations were as follows:

Time with 3-BITC (no enzyme added): -0.63, not significant
at 5% level,. o

Time with 3-BITC (enzyme added): -0.66, not significant at
5% level, :

Time with 5-VOT (no enzyme added): -0.51, not significant at
5% level. ' . ‘

Time with 5-VOT (enzyme added): -0.47, not significant at 5%
level. '

%
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"Table 4.15 Average concentrations of 3-buteny1isothioc}angx;

(3-BITC) and 5-vinyloxazolidinethione (5-VOT) in meals from

¢

holding-time exposed', dry heat’ and steam-freated’® seeds.

Text
Code
Desig- Treat- Myros- 3-BITC 5-voT
nations ment inase (mg/q) (mg/g)
A Dry heat . 2.012£0.23  1.5840.11
5-30 min - 1.64+0.17 1.4210.16
"B Steam + 2.6010.20 1.821+0.19
5-30 min - 0.22+0.01 0.14£0.02
C “Holding
time
0-30 min + 1.95+0. 10, 1.63+0.13
D. Control + 1.9120.07

3.1320.15

' See Table 4.9.
. ! See Table 4.10. -

? See Table 4.11,



7114

\ Al

rate during the dry hoat' treatment due to insufficient
moistyre content of the seed. Low moistdre, in addition,
prevents‘inaftivation of‘indigenous myrosinase. Results for
treatment (A)“whefe 6yrosinase was not added as well as for
those where the enzyme was added suggest that, after heat
treatment, myﬁpsinase, ﬁot being idéctivated, causes a
pa;tial hydrolyéis of glucosinolates.

In the case of the steam treatment (B), addition. of
myrosinase gave concentrations for 3-BITC and 5-VOT that
were closest to 't;é"contro;. ,The same treatment without
addition of myrosinase resulted in the lowest levels both of
3-BITC and 5-VOT. Steam was much more efficient in releasing
gluéosinolaté%?%han‘was dfy heat. The low level of autolysed
glucosinoiates in the meals from steam treated‘seeds can be
ag;ributed partly to a sFeam distillation of wvolatile.
isothiocyanates dccurring under the - conditions of
c;}culatingv steam, but also to more eff}cient myrosinase
inactivation in the presence of the higher moistg:e contents
of the. séeds, which corréiates with. the findings of
Kozlowska et al. (1963) and Ochetim et al. (1980).

There was a discrepancy between the low concentration
of autolyzed glucosinolates in the meal from the steamed
seeds and the high concentration of sulfur in the oil from
the same treatment. The .explanation for this phenomenon
could be in a possiblelnonenzymatic, thermal degradation of
glucosinolates upon steam treatment of fhe seed, giving rise
to lipid-soluble, sulfur-containing compounds. This is

supported by earlier observations, summarized by Olsen
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(198@), that glucosxnolates ate not very stable in aqueoua

solutxons.

-~

"

" Bleaching of Commercial 0il with . N\Fural and
| Acid-activated Clay i ,
““Graphs (Figures 4.14 and 4.15) illustrate the bleachfng
performance of three di?’%rent adsorbents, , Activated
Na-neutralized clay (Tonsil béand) appeared to‘b; the best
agent, although the bleachi g-effect was notiéable only at
concentrations->560 ppm.uBra'ilian'naturally—éctive clay was
less effective Tonsil; chlor phyll was reduced from 20.8 ppm
to 16.3 ppm with 1% added natural clay, while Ton511, at the
same concentration, caused a decrease in chlorophyll
concentration from 21.1 ppm to é.z ppm. A similar patterﬁ4
was observed in removal of carotenoids from the oil (Figure
4.15),
;7 The green color in vegetable oils, due to chlorophyll,
fs much more responsive to a slightly acidic earth than to
one of the ordinary type, because the pigment ﬁs unstable
under acidic conditions (Norris, 1979). Thf§ pfgbably
explains the differences among the result% of our

experiment.

4.5 Suggestions for Future Research

At the maximum allowed holding time (30 min) in bur
egperiments; no lipolytic'activity was observed. This'can be -
due to insufficient holding time and to the low moisture-

content of the seed. It would be of interest to evaluate

-
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this actiVity more preCiseiy‘as a function of holding time
ané the mqisture of‘the'seeds. i ‘§
o Increased levels_ﬂof phosphorus ih' the;'oilv frohh
steam-treated»seeds'ceftainiy ﬁroged the ability of steam to
enhance the y1e1d of compounds with polar groups, such as’
lphosphol1p1ds ~and glucos1nolates, “upon ‘pre551ng and/or

‘solvent- extractlon. Qualltatlve and*quantitative analysis of

¢

' phosphol1p1ds obta1ned from. sSteam treatment. would reveal

1nformat10n on the - proportlon 0 hydratable versus
. ° * . i E .

- £

' nonhydratable fphosphatldes, which 15 of ihtereét to gtge

processing industry. Furthermore, it would give valﬁaple;
- oc€ HRe 'y ‘ , - gl HERY

data on the relative composition of PC, PE and PI,

" particularly with r@spect to -their different emulsifying

propertles.
Rabeseed phosphollp1ds 1n general had not found thelr
.place on the emulsxfler market.fmalnly because of the1rr

inferior quallty to“ SOybean ‘phospholipids and their

uneconomxcal groduct1on.

o

The palatabllzty probfem that was partly assoc1ated
with the h1g§ content of gluc051nolates,1n earlier cultivars
has been overcome through breedlng. It appears, however,

that steam  treatment, would furtherg‘improve phospholipid

quality through its efficient inactivation ot myrosindse.

Other'organblepti: problems,-associatedawﬁth'the formation

" of melanophosphatides, could also be ﬁonitored ‘in -the
v N s ' .

steam- treated samples. B
¢ |

Electron m1croscop1c study of the effects of steam

treatment 'as COmpared to the dry heating would reveal.

© .

‘ -y Y
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exactly how efficient steam  is “in rupturing oi}*bearing
‘kalls .and in facilitating lipid‘~extréction. Tfeatment of
ﬂw@eeds’ with solvents lof'rdiffering polarity * would enable
location of the exact‘position of pqlar and nonpolar lipids

A

in canola seed.
i Increased sulfur and chlorophyll concentrations'in the
oi%h"ére definitely among the strongest "contras" égainst
steam treatment. Therefore, additional ‘expevrimentatio.ould
be required in order to find which combination of steahing
time, postreatment time énd-temperature would yield an 0il
of optimum composition. | W

From the po{nt of‘vieu_pf glucosinolate content in the
meal, steam treatment would'probably be a suitable replace-
ment for the traditional process because it eliminates the’
nééd to control the minimum moistu;é in the seed and the
Mcontent of“ autolyzed glucosinolétes in the meél becomesi'
negligible. |
| However, since the amount of intact glucosinolates in

the meal'increases; qualitative and quantitative analysis.

-

would present more information on their status in the seed.
The HPLC method used by Olsen and Sorensen (1980) woﬁlé be
mést‘ abpropriate due ﬁo its nondesﬁructiveness- of the
samples. _ .

Furthermore, nitriles broduced from glucosinolate
'hydrdlysis” are not de;ectablé by the tﬂigmrea+uv method. .
.Toxicity of niériles in very low ‘qdncentrations, 4coupled4

with the fact that myro%inase at low seed moistures resists

inactivation, - would require the use of different methods
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(e.g. gas chromatography) for nitrile quantification, as
would a comparison betwge; dry heét ana steaﬁ treatments.
One of the most valuable contributions to this work
would be the analys1s of canola meal’ protexn as affected by
‘steam treatment. The favorable amino ac1d pattern in canola
'meal allows 1ts use as a supﬁiement to soybean meal in
animal feed. How steam treatment would alter canola protein
and ' its amino acids (pa;tlcularly lysine and meth10n1ne)

remains t% be énalysed.



5‘. CONCLUSION , ‘

Lipase and llpoxygenase act1v1t1es were not gvident in
seed exposed to 0 30 min holding time at room temperature.
The compos1txon of llpad fractions and of their fatty ac;ds
did not vary 51gn1f1cant1y w1th the duratlon of holding
time. Yield of neutral lipids (tr1acylglycerols) as well'as
the fatty acid pattern in all lipid fract1ons did not vary
s1gn1f1cantly between the dry heat and steam treated seed
There was a highly significant increase in concentrations of.
phosphorus, sulfur, chlorophyll and carotenoids in both
prepressed and aolvent extracted 0ils from steam treated
seed. Extended steaming time was' found to cause i# further
increase in phosphorus content, while the same’ treatment,
combined with higher temperature of drying, reau;ted in oil
vwith significantly higher sul’fur c_‘tration.

There was no s1gag£1cant correMtion between the time
of dry heat or steam traﬁgment of the seed and the corres-

pondlng o concentrat1ons of- 3- butenyl1soth1ocyanate and
5-vinyloxazolidinethione in the meal. However, meals from
steam treated seed were on average significantly 1ower in
autolyzed glucosinolates, but at the same t1me significantly
h1gher in total gluc051nolates, suggestlng that steam was
more efficient than dry heat in myrosxnase 1nact1vat1on and
also in relea51ng glucosinolates from their bound form.
Application of steam treatment instead of conventional
dry cooking would probably result in oil withh increased
concentration of phosphorus, sulfur, chlorophyll and

carotenoids,_‘which would 'reQUire‘ higher refining and

- 121
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bleéching costs. This ‘would be partly compensated. for
through the 1mproved palat1b111ty and nutr1t1onal qual1ty of
the megal, and through seeking ways of making canola 1ec1th1n
a marletable product. While final conclusions can be drawn
only after a detailed feas1b111ty*study, results of thisl
study suggest that, at present, steam treatment of canola
seeds would not be an appropriatg alternative to the

traditional process.
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