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c«:nventional. nethods of rapesea, oi.l axtraqtiom e
expeller proces ng, preprsss solvsnt extraction, and sol- '~
‘vent extraction, although eérf!ient in extracting the oﬁl
'are cdhsing damage to meal protein. ;n addition, the last
. two processes are prdﬁe to a constant danger of explosion

1~and fire hazard. c:nada has become the world's largest |

' exporter of. rapeseeu.,llt is now-known that rapeseed pro-'
.tein is one of the mqgt balanced vegetable proteins, com-;_f
'_'parable to or even bettet than soybean. However, its: '? o
' utilization even for animal feeds. is limited due mainly to |
: the presence of to C. substances. The purpose of the 7‘-

"_aqueous rapeseﬁg oil extracﬁ;on 19 hOpefully to overcome :

[ 4
- ‘ . . . o

'A'these roblems F : T N S _“‘,‘;'..}.

. '*. The general objective of this‘study was to examine ""'

' the fea81bility of aqueous extraction of rapeseed oil with
.particular emphasis on the yield and the. quality of the a
| oil extracted.r The rapeseed was ground, b011ed and reground
‘ \to a.fine slurry'which was then blended and stirred. The‘.\
. slurry was cenerifuged into sOlid liquid and oil fractions.'

- The oil fraction was, partly‘in the form of an emulsion and

‘

-partly in the form of free 011. The emulsion was recentri-f

D

fuged, frozen and thawed*to obtain the free oil. The

_'solid residue was dried to a constant weight ‘and analysed.
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The yiald of oil ‘was deternined !rom the amount of. residual

.

oil in the dried meal. _ B
Pine grinding was essential to get a maximum oil

giel'd'. Boiling for 5 ’1 was nacessary to inactivate tha
1

myrosinase and hence ower the sulfur levels in oil.;‘

Blending for lj min was’ needed to break down’ the cells ;-
further and increase oil|y1eld. The . optimum stirring con- -
ditions were' temperature, 70 + 2 C; solid-to-water ratio, -t
‘ca. 1: 3, PH, 6. 6 0.1; and stirring time, 1 hi\ “
' Bythese laboratory batch‘conditions more than 90%
: of rapeseed oil could be extracted, compared with indus- -
trial crude ozl, the aqueous extracted orude oil contained

| lcwer amounts of sulfur (4-6 ppm), ph 'pholipids 5\ )
—and peroxide value 4"p'

(o 03-0 05%), free fatty acids (o'
(1 1l to 1.4 mequiv/kg of oil) The meals from{the aqueous
process contained about the same amounts of pro;!in, fiber,

ahd ash as soxhlet extracted meals. However, the aqueous

extracted meals contained 4 to 7% residual oil undeE a singled,"

€

/ extraction cycle.' However, multiple aqueous extraction

thatshouldreduce the amount\of the residual oil in the :

i
AY

"meal was ‘not employed. The protein in the meal was less
soluble in water; and salt solution, ‘but was more soluble 1n
alkaline solution and aqueous ethanol.' The mrnimum solu-
bility of the protein was at pH 5 0., The amino acid ‘

g analyses did not show any szgnificant effect.oﬂdyrdcessing
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‘process, 58 to 79% of glucosinolates ‘was ' removed from the

. peal; This process also yielded a whey containing ca.

h 0 5% true proteins of which ca. 65% could be precipitated“

‘by adjusting to pH 4-4.5 an@ heating at 85°c for 10 min. -
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A. Aqueous Extraction of Vegetable Oil\\\\‘f ‘ ‘
1. Introduction" o < ~'»nﬁmwwu,.h‘,.fff\\\\

C0nventlonal extraction technology, which emp ys

elther hydraullc press, screw prest (expeller), solvent

3
W«

éktractlon, ‘or - prepress solvent extractlon, is prlmllarlyﬂ

\dlrected towards the production of edlble 0il. As.a3

result little attention 1s glven-to the quallty of the

' protein residue. ‘In recent years, however, helghtened

\

awareness of the 1mportance of. protelns ‘in human nutrltlon :

has prov1ded motiyation for p0551b1e changes in exlstlng .
oil ex“‘actlon ;iZEESses and practices..‘These changes fali.
1nto two broad‘categorles with the flrst'arising from the
fact that the quallty requlrements for food-grade products

are dlfferent from those for feed—grade. This’ is ba31cally

a matter of sanltatlon and- concern for the presence of end

E by—products, such as f;ber and.other 1ndlgest1b1e matter.

.The second catego}y is concerned w1th more - fully exp101t-

’ \

ing- ‘the potentlal nutritive value Of'Qll seed prote1ns.

Of importance here is the avoiding of damage to the pro-

\

factors present in some 011 seeds whach can reduce the

nutrltlve value of the proteln or- can be’ tox1c to humans

l“ s

-

(Cater et al., 1974),

teins and _the inactivation or removal of'thedantinutritional 3

-



.1975a b).-ThlS aqueous

-process results 1n fewer steps belng needed for protein

Ny Op, 193 and Robledano and Luzuriaga, 1948), it was

tracting ag quality protein ffom the oil seed by the

aqueous method has been realized (e.g. Sugarman, 1956:

Rhee et al., l972a'and 1973, HagenMaier et al., 1972 and

1973; Cater et>al‘, 974- Hagenmaxer, 1974 and Mieth et al.,
xtractlon method has been used to

ext:ract oils from many vegetabl materia]s (Table 1), 'rwo o

"processes,CFTRI (Bhatia et .1., 1966) and CHAYEN (Chayen,

1960), have been utillzed fo‘ commerc1al production, and

"even these are of limlted use today (Cater et al., 1974).

Thls could very well be due to a lower recovery of the oil

"‘ methods, 51nce ‘oil yleld is 1mp6rtant\£rom the p01nt of

view of the economlcs of the. total\process.
Some advantages of aqueous extracthn over: conven—
tlonal solvent extractlon are. 1ess init1a1 capltal 1nvest-

ment, 'safer - operatlon due to the fact that no flammable

“

' solvent 1s pelng used, 1ess operatlonal danger and no- alr:m :

pollutlon from solvent losses. Furthermore, 51mu1taneous f

separatlon of Oll and proteln during the aqueous extraction

- ‘\
'
L

'
Vet

by these aqueous, processes when coﬁpared w1th conventional _g,"'



' 'Oleaginous material

in general:

ol

:}Instltute (1960)

_van Deurs (1928), Hocker (193@),
- Ludecke : (1938);. Chayen and Ash-
. worth (1953), Kao (1956); ‘Sugarman

(1956) , -Georgia Technlcal Research

Y S

-

"

. < ' L/‘[’/\"\f"a
- - - : P S . s _.,;.;,,, -‘-—-J_'__ .‘;_...__A._... _':,,..i,_ — ‘ DTS .___.T..,;...-
'Taéizﬁl. Aqueoﬁs pxtrgction‘ofingetable dil: 5f. -
3 01e§gindu§”ﬂifériil - ;Refefénée S - f
A-C9éba'beah:4_‘ ‘ Hocker (1930) e
Palm fruit - " “Couche. (1967)
"' Olive Couche (1967), Vallee (1971),
e . Montedoro' and Petruccioli (1973)
Soybean k . Sugarman (1956) Lo ’.;
Peanut - , Sugarman (1956), Dangoumau (1958)
A - ' ‘Subrahmanyan e@yal. (1959),
. 'Eapen et al. (1966), al.
© (1972a and '1973a,b,: and c),ca er
r e . et.al. (1974) = .. _
;\Suhflower seed ’ 'Splnove and Gekker 1968),.5 SRR
e o .- Haganmaier (1974), 1eth et al._'
.o - (1975a) . .
Coconut " 'Beckman (1930) ,, Moore - (1948),.
' S - Robledano and Luzurlaga (1948), -
) Bhati (1963), Bousser and Bermier -
R (1969) , Pedrp -and Carlos (1969),
a Puertollano et al. (1970), - -~ =~
'Hagenmaier et al, (1972 and 1973), |
3 i ‘Cater. et al, . (1974) _— ‘




‘-,;is the possibility of utilizing certain chemic

- aflatoxins in pea ﬁt (Rhee et al., pl 72b).”

Cater et al.,,

-7sodium hypochlo ite are effective

S L T R T

isolate production. Another advntageofaque;?s processing

s to remove ‘

hydrogen peroxide and
&

r the destruction ofq a

'974), ?or example,

-~

The disadvantages of aqﬁeous' xtraction include;\ e

nlower efficiency of 011 extraction and)recoVery, with the ,

"tjprocess yielding only about 95% as-mu *h 011 as conVentional

‘..separation, centrifugation, demuISification and drying of

methods, the necessity of demuls%{;cation to recover the
oil if an emuls;on should be forme and an increased ‘_.‘

‘potential for microbial contamination resulting from wetting

of the materials during proceSSing. Also, the resulting 'l'

l..higher ‘0il- content of the meal may cause off flavor and

'Chence storage stability problems (Cater et al., 1974)._

Yoo T e e L
o Coen S e L s

2 Unit Operatibns

]

Ql974)gE’Th1s process con51sts of grinding, solid-liquid

s

.

- Removal of o:.l !nd protein from o:.l seeds can be ..

;achieved by aqueous extraction of comminuted seed followed‘

by centrifugal separation of the slurry 1nto 011 and/or an

-011 em&ls1on, ‘and SOlld and aqueous phases (Cater et al.,'

_‘\.n_

| products.:,n e Lu“ 1"”.<l L



. ", Grinding is: the first critical step in aqueous ' o
t.

W& . : .
v: N 3.

extraction of 011 and protein from oil hearing materials. e

o

The seed cells must be ruptured to release ‘thair contents “l,
iciency of extraction (Cater et al.,'

Y o

v-and to increaseothe ef
1974). Insufficient grinding results in" 1osses of oil in |
.,the residue. "This was~ohserved during.the aqueous extrdction)”*’.
_ of peanut‘(Suhrahmanyan et al.i;1939- Rhee et'altf:l§72a);:
sunflower (Hagenmaier, 1974; Mieth et al., 1975a) and. |
"coconut (Puertollano et al., 1970; Hagenmaier et al., 1972
_‘and 1973* Dendy and Timmins, 1974) Also, there is an
'. accumulation of fat contQining cell particles in thelemul-
,.‘jSIOn during centrifugation (Mieth et al., 1975a). 'Exces-- -
- sive grinding can produce finer oiI globules qhichiareldif-
"fic:lt to demulSify (Hagenmaier etlal., léil;“Cater et'al.,
:1974 ‘Mieth et al., 1975a). ln,addition, there wouid be
) more nonprotein compounds such as polysaccharides and lipids
:QZnAthe protein isolates (Mieth et al., 1975a).' These com-i
‘;‘pounds lower the quality of the isolate by reduCing the pro-
"..tein content and solubility, and storage stability. Within-
{ N certain limits Rhee et al. (1972a) obcerv a that the degree‘
_rotein extraction,.

of grinding of peanut has little effect PR

CS Griﬁding can be done either vet o‘,dry depending
;2.the\chemica1

‘mainly upon the initial mOisture content,_

v Y.,



"Coconut, with an initial moisture content near -50%, is’
'ground wet to avoid a costly drying step (Cater et al.,
1974). Wet grinding is generally considered superior to .
R dry grinding in ruptu;ing~cells, because the moisture
‘softens the cell walls (Subrahmanyan et al., 1959, and
[sCater et al., 1974) : However, wet grindidg of peanut pro-

' duces a more 5t 1e emulsion (Rbee et al., 1973a, Cater

T et al., 1974) ' Since peanut and sunflower have low mois-

. ture contents they are best ground dry (Rhee et al., l972a;
‘;Cater et al., 1974- and Hagenmaier, 1974) The amount of
protein recovered as~a concentrate after dry grinding is
Z"ihigher than that after wet grinding (Rhee et al., 1973a).
'By wet grinding more | protein remains in the whey.

K The method of . grindlng has marked effect on the
‘ subsequent reCOVery of free oil. When grinding was'dOne
vv1gorously 1n a Waring Blendor in the presence of aqueous-
media prior to extractlon, a. very stable emulsion, rather
EH-H a free orl, was obtained. However, when an Urschel mill
was used, there was a maxrmum recovery of free 011 (Rhee
:et al., 1972a). B R

' Durlng grindin@f coconut, varlation of the water .
:to coconut ratio from 1:1. to 20 1, temperature from 30-85°C,
;and PH from 5.8 to~7 0 dld not’ prove to have - any signifi- :
;cant effect ‘on the overall yields of 011 and protein (Dendy

and Timmins, 1973) A However, alkaline grinding cOnditions



- could result in some saponification of the oil. Sison
et al. (1968) observed that maximum extraction of protein

-

'occurred'when'grinding of coconut was done at pH 6.6. .

-h): Extraction

. | .
Basically, extraction is achieved by dispersing the

'.comminuted oil bearing material.in water - and then agitating the

dispersion to facilitate the extraction of the constituents.

For maximum extraction of oil and other constituents this

‘*process can be varied to take into account the ease of oil
release from the cells. This depends on the physical

A structure of the oil bearing materials. Rac (1967) shdwed"
that the size of the cells and the thickness of cell walls

e a—

'1nf1uences the extraction of»Oil with hexane. Due towthe
softness of the coconut's internal physical structure, its
-011 is: effectively extracted from the comminuted meat by

| 'washing and press1ng the slurry (Hagenmaier et al.,~1972:\d“
Hagenmaier et al.} 1973, Cater. et al., l974).} However._;

in the’ case of peanut and sunflower, maximum extraction

’ could only be obtained by stirring the dispersion (Rhee

. et al., 1972a; Hagenmaier, 1974)_, Chayen and.Ashworth B

"(1953) developed a shock wave process for extraction of"

. oil’ from oleaginous materials, with the aim of producing

" a good quality protein. This wet.rendering process was \ .



&

_employed by Eapen et al. (1966) for the ex €tion of peanut_ .

oil. However, their recoVery of oil was low.
. . . ’ . ’/' ) '

o Sdlid—liguid Separatidn-and Centrifugation.

Removal of the major portion of the.undissolved
solids, which are mainly fibrous material; undissolved
‘ carbohydrates and proteins, has been found to be necessary
with coconut and. peanuts in order to obtain efficient
' recovery of oil by centrifugation.. This-separation could
be achieved by hand by squeezing the ground coconut with
water through cheese cloth (Hagenmaier et al., 1972; /C:’p
‘Gunefﬁleke and Laurentius,l974h by filtering thnough vib-
ration or pressing-type screens (Hagenmaier et al.. 1973;
Cater et al., 1974 Rhee et al., l973a,c,‘Dendy and Timmins,
1973; Subrahmanyan et al., 1959 Eapen et al., 1966), or by
l_clarifying or basket centrifuges (Cater et al.; 1274;

-tHagenmaier, 1974; Dendy and Timmins, 1973, Eapen e al.t'

.1966). The selection of a particular method depends on the =~

physical nature of the material in the dispersion, and

"also on. the operating costs (Cater et al., 19f§). -

.?

During the extraction of peanut oil, Eapen et ale.

(1966) and Rhee et al. (l973c) observed-that regoval of

l‘:;

'suspended solids by a 3—way centrifuge could not be used

~

efficiently because of the large volume of solids in peanut

slurry. The self-opening type 3-phase centrifuge had to be -



“ oy

MOpened at very short intervals o discharﬁf/the solids. |
'This reduces ‘the oil separation efficiency. centrifugalf
sedimentation of the suspended solids caused em sification f
'and resulted in inefficient separation of the cil (Bapen

‘et al., 1966).. - Removal by filtration vas too slow and .in-
complete, since fine particles tended to block the screen. :
The efficiency of the. separation of sclids and oil depended

on the careful conditioning of the seed. When'the-moisture.g o
_content of the seeds was between 8. 4-14p3%, ‘the rate of f_"
filtration was fast, but when the moisture content o&'the
seed was below 8% the filtration rate was slow. The £ii-
tration rate also’ depends on roasting temperaturgi With
roasting temperatures abOVe 140’C, the filtration rate was- ‘;,.;
. slow. Rhee et al. (l973c) observed that a continuous clar-. ,“‘
‘ifying centrifugation of peanut dispersion through a
'Westfalia disc-type centrifuge was as- effective as aqpom-
bination of prefiltration and pressing steps for removing |

the majority ‘of "the, solids. This method was less laborious

vand minimized the loss of materiaI

g In the SOlld-quuld separation of sunflower slurry.

’

oHagenmaier (1974) found that basket centrifugatiOn gave a .

7

" far superior separation of 011 and reSidue than batch
centrifugation, ‘although there was no difference in protein )
extraction between the two separation techniques. However, 4
ADendy and Timmins (1973) obtained‘higher yields of coconut o‘

S . 5

,Oll.with a s1eve-press operation than with a basket-
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B centrituge separation. , - _
In the equeous process, three phase centrituqation ) ¥
s an importanﬁ»step in which  the liquid or slurry contain~ %

\

' "‘“ing both disgglved and undissolved matter is separetod ¢f’\‘

“into oil or an emulsion and solid and aqueous phales (Cater -

(]
LI |

_l. et al., 1974) In this centrifugation the oil can be R 'Q@j‘f
’l'ﬁ recovered as free*oil (e g. Eapen et al., 1966: Rhee et al.,

—~1977a) or as. an’ oiI-iﬁ—water emulsion (6.g. Subrahnanyan o
- '- ;t \. _

A (

et al., 1959 Hagenmaieq et al., l972 and 1973: Sugarman,'
fﬂ depending on the conditions of the procees. When |
2 gtion was done at the isoe\].ec ic pH of“ peanut
protein,. greater amount of free oiliéould be obtained w/;;
B than under alkaline conditions, which gave stable emulsions lglpr

'(Rhee et al., 1972a) Free 011 could be separated frOm -
o peanut by - centrifugation when the seed was conditioned to
‘prrevent the breakdown of its fiber (Bapen et al., 1966).

Heating before centfifugation cOuld also yield free oil |
'_-during the centrifugation (Pedro and.Carloe 1969, Vallee, '

xf-‘“‘Vn“- o
v

‘j1971)..‘ . W’f‘”r‘"j ng-~,m_
: centrifugation brings about concentration and pack—

-4

1ng of the oil-in-water emulsion in the continuous hase

(Gunetileke -and Laurentius, 1974), and :T 1s a fa or in

'~demulsification of 011 by cooling (to be discuss

‘ Certrifugation in the\isolectric pH rang of
B . . L s ) ’ ; Do
' ’ N A ! 3

B )
T r
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cocon\e protuin (1.«.. m&r pa 4.a>. hwx- mr"oﬂ.}l to protein

. /

[

’ e Kb
,:4,000'x g.fgr 30 mln‘than}a ,v”

Y

than centrifugetion at,am 80 (Hagtnnaleg-et al., 19721 A |
M'?““ wum«»m ‘ftcr_rlgboratoxi \oantxuugauoﬂ u‘ e

oo [

at 7, 800 rpm for 45 dec was due

ation ot oii from other constituehta (Rhee é&zalx, 19730),

' B ¢
.. . . L . . . N .

a) n?mu‘lsi;fic'ation' ST o . |

dn aqueous extraatlon of oil from,oleaqinous materials.

' “. bonding is oﬁ mxnor signlfioance, althbugh it is indireotly

‘

F
x o

Various metho; of demulsitication have been used

‘The nature of the proteln forming'the envelope around oil:
droplets and, hence,,the nature and . strehgth of the bonds‘g‘
between the qil ahd prOtein is:the most 1mportant faotor
“in determining tQp stabillty of the emulslon. 00va1ent
bonding be%ween Lipids ‘and proteins is rare, and hydroqen

. important only when the ;nteracting grOups are near. - o

Hydrophoblc bondlng 1s ‘the most 1mportant factor in a ;.
llpid-proteln comple§: Other factors in the seed, such as
phospholfplds, also affgct the stabllity of the emulsiOn i
(K&rel, 1973; Dendy and &umms, 1974).._ Karel (1973) e

' establlshed an equatlén fo the rate of coalescenoe of

' droplets in the demulsxflcatz n prooess. ':";.f. S, |

'



dj =’ K _:2_ e-El/RT
dtv Mw = & * .
@

‘ . . b

with v, average droplet volume; ¢, volufte fraction 3f'oilh
! . , " o ' IR I ‘ g
Ny+ Viscosity of aqueols phase; E, enerdy barrier; t, time;

T, absolute'temperiture; and K, R. constants.

I h.

i) = Elevated Temperature-

In/hqueous processes, heat %reatment is used by many
- workers in the extfaction'step. During this extraction,
demulsification takes place. In the traditibnal method, -

‘as discussed by. Anddya et al. (1961), :péconut crpam was:

« ~

W12

[}

. boiled in order to get the oil. Rajasekﬁrqn and Sreenivasan

(1967) separated coconut oil ané&protein from an aqueous

| extraction of kernel by heating and centrifugation. Récent—.

I}, during the demulsification of-cocdnu; ¢ream, the emul-
sion was heated to 80-90°C before it was subjected to shear

force'(Hagenﬁaier'gE il" 1972, 1973).

ii) Low Temperature

Demulsification at"loﬁ temperatures was employed' -
iﬁ the aqueoquextractioﬁvof 0oil from cdconut'(Roblgdano )
and>Luzﬁriaga, 1948; Peters, 1960; Roxas, 1263}'Gune£ileke
... ‘and Laurentius, 1974f and peanut (Subrahményan'ggbgl;,1959).

<m



T

In their work, Robledano and‘Luzuriaga (1946) subjected
' the cream obtained by centrifugation to enzyme action,
freezing, and thawing to break the emul;ion.‘ Peters .
(1960) reported breakingbthe cogénut milk emulsion by
~freetfff} and thawing. Roxas (1963} was able to demulsify
cocanut mllk by freeZLng it th-4°C, followed by thawing.
Recently, it was shown that cooling at or below 17°C was suf-
f1c1ent to break coconut milk emu181on (Gunetileke and |
Laurentius, 1974) ‘ In this_process, adequate packing'ofA
che 0il glebules by centrifugation was a prerequisite for
breaking the emuISion under chilled conditions. Fu;ther—
mgre, it was observed that the lower the temperature of ‘
the cream, the shorter the time required forvcomplete re-
~lease of oil. 0il was not released if the temperature of‘
the cream was above 17°cC. Subrahmanyan et al.,(l959) ob-
tained peanut oil by freezing and thawing the emu1310n.
When the water phase of an emu151on freezes into
ice crystals, thé~01l droplets are. forced 1nto narrow
channels of unfrozen fluid between 1ce crystals (Young,
'1934) The 1ncreaslng concentration of electrolytes in
.this unfrozen water results in supercooling and reduction
in electrical charge (Bor051kh1no et al. 1961) The 011
droplets are compressed and dlstorted by the grow1ng ice
" crystals ° (Pospelova et al. 1962).» Only those globules

of a size bigger than the VOids between ice crystals are

<
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.g#§%bjected to;this‘pressure. . Coalescence occurs at the part
e ' S : ~

o the'globule surface which is not protected by emulsi- B

fier or'proteins;<'In'practice, both freezing and thawing
rates affect the stability . of the emulsion (Slngleton et alu
u1960). Rapld free21ng and a mogerate rate of thaw1ng
causes'greater instablllty.{- |
. Freezing ‘could rupture the proteln envelope
(Robledano and Luzurlaga?'1948- Roxas, 1963) and could des-'
“troy or reduce the emu131fylng power of protelns due to
their 1rrever51ble aggregatlon (Bor051kh1no et al., 1961;. -
WRoxas, 1963) . As’ observed under the mlcroscope,_coollng
of coconut cream to 17°C or below resulted 1n crystalllz-
;tlon of 011 (Gunetlleke and Laurentius, 1974). On- thaw1ng,
‘ larger droplets were formed due to the coalescence of '
. these crystals. Crystallzatlon of 011 may rupture the

protein envelope.

iii) Shear Force
Demu151f1cat10n by shear force was employed by
-Sugarman (1956) to break the emu151on o§~oleaglnous mater—
1als.(e g. peanut and soybean) Th1s technlque requlres,
fcontrol of the emu151on pH at 4,.and reductlon of the
.m01sture content below aacr1t1ca1 level (i. e. 28%) above

- which. the emu151on cannot be broken. ThlS‘method was later

. used. at the‘Georgia_Technfcal Research inStitute'(IQGQ)



SRS DR
\.' N . . ‘7
for sxmultaneous extractlon of 011 and proteln frOm olea~

ginous materlal and, recently, the group worklng at Food

 Protein Re%earch and Development Center, Texas A & M

'University used it for the extraction of oil and protein

from péanut, and sunflower (Hagenmaier‘gt'gl., 1972, 1973;

/

- Hagenmaler, 1974 Cater et al.,-1974) Shear force could

1

be achieved by. stlrrlng (Rhee et al 1972a, 1973), COIloid
mill (Georgia Techn1cal Research Instltute, 1960) and

‘hlgh velocity centr1fuga1 pump (Hagenmaler et al., 1972,

1973; cater et al., 1974; Hagenma1er,fl974)

When shear fonce is applred to‘the emulsion, there
o -

15

will’be SOme‘denaturation‘of prot&ins. W1th the air trap— o

ped in the emulsxon, the surface ten51on Created around

' the trapped a1r tends to stretch the proteins and 'SO cause

'denaturatlon. The proteln envelope w111 be disrupted by

the shear force thus relea51ng the 011 droplet. Stlrrlng

and pumping causes. forced convectlons and a greater rate of _

4coalescence._ Durlng stlrrlng, small and 1arge droplets

¢ »

“move at dlfferent rates, resultlng in more- coalescence.; .

' Thls process 'is called "Orthoklnetlc flocculatlon . How—

_of coconut proved to be qulte 01ly and the 0il content of :

ever, at ‘a hlgh rate of shear, larger droplets are elong—

ated and sub—d1v1ded (Kltchener and Mussellwhlte, 1968)

A dlsadvantage of . thls method was’ shown by Hagenmaler et al

2

'(1972) when the proteln prec1p1tated from aqueous extract



ey

this protein could only be reduced to 40% even with quite
severe' agitation.' However, the protein recovered was,not-

irreverSibly»denatured.'. S L s ‘ ..

iv) -Centrifugation
) " N ' \' . . 7,'“ s, o N .)’
Centrifugation is used for Solld-llqu1d separation,

phase separation, concentration "of emulsion: into cream,
and demulsification. In comparing the demuISification of.

peanut Oll emulsmon by heating, acidification, or. centri—

' 'fugatiOn, Dangoumau (1958) observed that only centrifuga-~

" tion vas satisfactory.‘ Dendy and Timmins (1974)vand

Hagenmaier et al.,-(1972)'reported'that coconut o0il emul- .

1510n8<xn1d be completely broken by centrifugation. During L

centrifugation, Oil droplets are assembled and compressed

against each other, thus resulting in- cOalescence.

;16

Kitchener and Mussellwhite (1968) suggested that compressedf .

droplets take the form of a polyhedron which has a 1arger

surface area than that of spherical droplets\bf\equal

,volume. ThlS 1ncrease in surface area stretches the pro-.*'

tein envelope, and, so causes it to rupture. The smaller‘

oil globules, because of their relatlvely high surface

‘ tenSion, Wlll require more work -to be done on them to

. . .
rupture the enc1031ng protein membrane than w1ll the

larger globules (Dendy and Timmins, 1974).' They need a



i

: S \

-longer period‘of centrifugation, approximatgfy 30 minutes,- '

in order to appear in- the oil phase.

v) Hydrogen Ion Concentrat}on -

It was observed that most oil-in-water emulsions

' are least stable at~isoelectric points'of the proteins in

the system (Rhee et al., 1972a) Van Deurs (1928) brought .

‘the pH of the emu181on bedow 5 by addltlon of acid or

lactic acid bacteria to obtaln.a continuous phase of thew

0il ¢ or fat" Lava et al (1941) ‘puplished a semlcommerclalﬂ"

. method of extractlng coconut oil in- hich the emulsion was

"broken by adjusting the pH in the ran of 3 to 6. Dur-

. . “ .

17

1ng the demulslflcatlon of coconut oil mu151on by coollng,Phj

the pH of the cream was 6.1-6.4 (Gunetlle e and Laurentius,_

'1974) Hagenmaier et al..(1972) adjusted

same PH value .was used by Rhee et al. (l972a) in the demul-

)

‘v 51f1catlon of peanut 011&emu131on by stirring. -

f vi)*-cherdMethods;of”Deﬁulsificatﬂh

Addlthn of surfactants to o 1ve oil emulsxon was .

'reported 1n a series of publlcatlons by Martinez et al.

pH 'f coconut '

f“cream to 4. 0 before it was demu151f1ed by . shear.force._ The_f

(1961,‘1962, 1966). Sodium dllsobutyl naphtalene sulfonate

and sodium isooctylsulfo-succinate were usedwto.break the
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"emulsion. Several workers (Alexander, 1921, Beckman, 1930:..;{i

s

: Horovitz - Vlasova and Novetelnov, 1935- Soliven and Leon,
~»1938) observed that, if the e;ulsion was allowed to ferment,
‘the oil and protein fractions separated. Recently, |
Puertollano et al. (1970) patented a method for separation
of oil and protein from coconut milk by fermentation using

Lactobacillus plantarum and L. delereckii . The °P'

ftimum conditions for rapid fermentatation were: 1: 1 to 1:2
"(w/v) of coconut meat/water, a microaerophilic condition,_,
‘;temperature of 40° to 50°C, .PH between 4.7 to S, 5. . Never=- - :
l'theless, even under controlled conditions Only 60% of theAQ
milk produced from 1ndiv1dual coconuts was Separated into
]011 and-protein. At least two factors were con31dered to
be resp0n31ble for the demuISification of coconut milk
;during fermentation. The first was the removal of fermented
sugars which may serve as’ emulsiflers, while the secOnd was
" the precipitation of soluble protein due to acid being

'prOduced during fermentation..

e) Drying' o o - 3 .
e A . _ : _
Removal of water from the- solid/reSidues from
aqueous oil extraction processes can be a problem. In“

:drying of the wet carbohydrate meal and protein using

-tray drier, Subrahmanyan et al. (1959) observed that the

Q
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outer surface of the lumps became dlscolored during the
process. The 1nside of the lumps of carbohydrate meal

, i

remalned whlte, in contrastxto the inside of proteln lumps
wh1ch became darker than the outslde. To reduce the dis- i\f
coloratlon of - protein meal 1t was necessary to spread wet
Aproteln more flnely than was the case for wet\carbghydrate
o meal.' Accordlng to Cater et al..(l974),‘spray drying\of\
—\‘\hrgh\prgteln products,'such as peanut concentrates and |
1solates:\presénts\no major techn1cal problems,,51nce the'
protelns are . relatlvely heat stable and the products are"
not hygtoscoplc.' However, spray-drylng of the whey—type

coconut products has been dlfflcult because of the lower

protein: ‘content and the hygroscoplc nature of the sugars'

"t

" and salts present. PN ‘-;_. o S _{.‘

-_3."Factors'Affecting the:Yield,oflExtraction-\ LT
o »\ . . | ‘ ‘
Factors whlch 1nf1uence the eff1c1ency of extrac-

tion include solld-to-water ratmo, degree of grlnding (al—

‘ready dlscussed), klnds of salts and thelr concentratlons,

'pH of the dlspers;on, extractlon tlme, and temperature and

;degree of agztatlon (Cater et al., 1974 ‘Mieth et al., 1975b).
ii.Some other factors ‘are the morpholog1ca1 structure and |

'comp051tlon of seed, espec1a11y the amount of seed coat,

size. and r1g1d1ty of the cells, the storage conditions and

19



a) Solid-toewater“Ratio ~

~ b) .Temperature and Time

)' ‘ o . .

phy51olog1cal pr0pert1es of seed materlal, yhe tQmperature

©of pretreatment of the seed, and ‘the’ numbe;y"f e)qtraction

\

dcycles (Mleth et al., 1975b)

A

This factor is not important when - ea“5°“& extraction'

is carrled out by washlng and pre331ng, as fﬂ th% extraCtion»

~ of coconut (Hagenmaler et al., 1972 and 197j/ Catgr et al.,

1974). However, it is critical when. the 01@ ig thracted

. fby stlrrlng or agltation, as in the case of y&anut and
‘:sunflower (Rhee et al., 1972a, Sugarman, 19%6' s%rahmanyan
et al., 1959 ‘Bhatia et al., '1966; HagenmaxQM' 13v%4).

Optimum extractlon of oil and proteln from Qal bequng mat~

erial depend on the solld-to—water ratio.. e °P§1mum

solld-to-water ratio recommended by differexw ‘Vorke’rs ‘are

shown 1n Table 2

AN . ’ 14

a2

v

Temperature is an 1mportant factor fvf makimum .

nextractlon of 011 and proteln. Various workvfS amploylng

aqueous extractlon process have used temperayvres ranglng

from room temperature to 90°C (Table 3) : Thw cholce of

extractlon temperature depends on the. emphas%v Plaeed on
the two ma;n objectlves of the process. They 2¥¢i firstly,

[
Lo

.20
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‘Table 2. The Reported Optlmum SOllQJQO*WQter :
e ' Ratios in Aqueous 0il Exfraction‘
Solld-to—water . Oleaginous Material g - Reference
Ratio b L S
. K . ‘ o . = . . . £
1:10 Sunflower seed Hagénmaler (1974)
1:5 to 1:12 - Peanut .  spdarman (1956)
S 1:7 "~ Peanut .‘.f\' ;Subrahmanyan et al
- : Co (1959), Bhatia et al.
(1965)
1:6 o Peanut- . - Rhee 3t al (1972&,
: . ' : 1973 @.b and, c)
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) Table 3. The Recommended Temperature For _
- , 3 . Aqueous 0il Extraction ‘ L
- ™ ~— - - — —
Tempérafgfi/////ﬁig;éiggus‘Material‘ - Reference -
" Room temperatufe - Coconut o Pedro and Carlos (1969)
. ' . Bousser and Bermier
) | - (1969) |
- Bo°C | o . Coconut © " Roxas (1963); Hagehé',
o - s ‘ . maier et al. 1972
and 1973
90°c . coconut - ' _rBhati (1963)
Rooﬁ_temperdture.‘ . Peanut " . Dangoumau '(1958)
60—65°C'.. : ~Peariut S Subrahmanyan‘et al. -
. ' L (1959), Rhee et al. .

- (1972a and 1975&,-b 4
. and c) :

Room temperature - §ﬁnf16wer seed Hagenmaler (1974).

©
. . - .
[}
B \ . .
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to prevent irreversible denaturation of protein and to
‘recover a good quality oil, ana, secondly, to recover at
. least 95% of the oil (Hagenmaier et al., 1972). The '
first objective requires the use of lower temperatures,
while the ' second is best achieved with the use of higher
temperatures. IR I : . |
‘ Rhee et al. (1972a) observed that the extraction .
'fof oil and protein increased with temperature. However,»
“a temperature of 40°-44°c was found to be satisfacfory for
"protein ertraction, while a temperature of 60°—64°c wes |
needed for optimum oil extraction., In an experiment with
aqueous processing of full-fat sunflower seeds, Hagenmaier
(1974) observed that there was no change in free fatty
acid during extraction\over the range of S° to 65°C.u :
| Time of‘extraction is .only critical when stirring
is. required during the process. The extraction of oil and ,
\ protein from peanut increased with the time with a max--

iimum after 30 min (Rhee et al., 1972a). In other studies

In the case of sunflower, the extraction time ‘was 43 min

_(Hagenmaier, 1974) ’r

- 23

R 'by Rhee et al (1973a b,c), extraction was done for 1 hour."p



P

..e) pH:ofHExtradtiOn~»~—.q; ~”}" TRy -
o ‘ | . .\<“' B |
Different pH values for aqueous extraction of. ole~ .
aginous materials were recommendedrby different workers
(Table 4). Rhee et al. (1972a) obtained the maximum ex-'
‘traction of peanut oil when protein solubility was at a
minimum. As the pH of the dispersion departed from the
point of minimum protein solubility,‘i e. pH 4.00 & 0,25,
the amount of oil extracted decreased uhile the amount ' of
:protein released 1ncreased Maximum protein extraction
was obtained at pH 8 However, Rhee et al. (1973b) later
1 found that maximum reco‘eries of both protein _ and 011 from |
Peanut were obtained at PH 8.0, Extraction at PH values |
‘higher than 8.0 cons1derably reduced the solubility of \

,=protein in the 1solates, with no sxgnificant increase in

the recovery- of the protein, and increased the. loss of

011 through saponification.' The protein content of the

lisolates increased, while their oil content decreased, as

the extraction PH was- raised from 7 to 10., In the case of . |

'--;;sunflower, the optimum extraction‘of oil was achieved at

) pH 10, although minimum solubility of protein occurred 7

-

" near pH 5. 0 (Hagenmaier, 1974).
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Tablé 4. ,ﬁhe RedOmmended-pH‘of Aquéoqs'

. 0il q§tra¢tipn

K‘ .

~

-
(o

. pPH of Extraétion Oléaginou;-ﬁaﬁeriai- ~'-\; Reference

<

~

Neutral pH'
(water) -

‘ ‘;///

)} .
- Coconut -
.

-‘Peanut -

Peanut .-

Peanut"
. B
- ‘Peanut’

1w
5

Sunflower seed

" Bousser- and Bermier
(1969) =~ ' .-

B -D&ngbumauyti%SG)y '
Subralmanyfn et al.
: ~ (1959) . ’

Rhee et al. (1972a°

vand 197372 and c) -
" ‘Rhee et al. (1973b)
~ Eapen_et al.' (1966)

"Hagenmdier(i971)-‘i



26

d)-lAdditives

Addition , chemlcals other than ac1ds and alkalles
were employed by some workers durlng the extraction pro-
cess. The use of’surfac nts to demulslfy the ollve 0il

*\.

from ollve pastes resulted in a greater yield of oil
(Martinez et al., 19663 Montedoro and Petrucc1011 (1973)
’obtalned an 1ncrease in’ the yleld of olive 011 when six
different hydrolases were.added, e1ther~1nd1v1dua%ly or in
combination, during the extraction proceSs.. In another
study Lanzani’et‘al (1975), ud;ng four enzymes,obtalned
‘an increase 1n 011 yield of sunflower from 30 to 52%, and
peanut from 72 to 78%. . In the case of rapeseed,01l recov-
eries were 44, 49 and 75% using polygalacturonase, cellu-

\

lase and pectlnase, respectlvely However, the maximum

A}

ﬁrecovery of rapeseed oil was. 78% u51ng 1.5% pectlnase and-

'l 5% polygalacturonase. The addltlon of NaCl to water was J‘
found to 1ncrease the extractlon of proteln and of good
'quallty oil (Linow et al.)3l97l- Mleth et al., 1975a)

Rhee et al” (1972a) observed that, w1th each of four salts
used (KCl, NaC1l, CaClz, and MgCl ), the peanut proteln
:_extractablllty at all the concentratlons tested was sup-
pressed under neutral and alkallne condltlons, but wasv
enhanced in the range of pH 3.5 - 5 5. Sodium sulfite was = '
- added durlng ‘the aqueous extractlon of sunflower in order o
to prevent dr;coloration of the proteln re31due (Hagenmaler,

1974).



e) ExtractiongCycle

The amount of oil'extracted lncreases with. the -
number of extraction cycles. Mieth et al. (l975h) suggest- -’
ed that the~residue of the first extraction cycle should’
»be reextracted in order to obtain more oil. Hagenmaler
g£~__ (1972) found that two washes were adequate to remove

L 4
all the oil globules clinging to the coconut re51due.

.Similarly, washlngfof_the resldue'retained in the-perforatedu
bowl of a basket centrifuge was carried out during'the
extraction of sunflower oil (Hagenmaier, 1974).. In another
bstudy, Hagenmaier et al. (l973)>extracted ground coconut

_ three tlmes w1th hot water prlor to pre351ng. In order to
reduce the 011 content of the peanut proteln concentrate
and to 1ncrease the recovery of free 011, the solids- were
waghed sexeral times (Rhee et al., l973c) The washlng
step reducéﬁ;ihe 011 content of the concentrate from ca. _
30% for the unwashed product to ca. 10% fbr the three-fold
washed prodd@t and 1ncreased the amount of free 011 from -
83% w1thout washlng tof:bout 89% w1th three washlngs._‘

' Washlng more than-three tlmqg dld not result in any siée

‘l nificant 1ncrease in oil or proteln recovery In thelrmﬂw
ﬂ,'experlment on aq&bous extracthn of sunflower, Mleth et al. h'
- (1975a) reextracted the re51due(from the emulsion, and B
.the washlngs from the residue of the flrst centrlfugatlon

‘1n order to obtain a 95% extractlon of 011



011 extract1 n. The.varlatlon in the results reported by

I3 Qf > -

various workers for the yield of. 011 and proteln was, as

was already discussed, attrlbuted to the degree of grlnd— T
1ng (Mleth et al., 1975b) " The amount of oil remalnlng

in the re51due of peanut ;é reported by Chayen ‘and Ashyorth
(1953), Sugarman (1956)f_Subrahmanyan et al. (1959), and-

Eapen et ‘al. (l966);‘was 9‘tb 108. Dangoumau (1958) re-

)
4

/
/

ported a 98% recovery of peanut oil after aqueous extrac— .

tlon., While preparlng peanut proteln lsolate Bhatla et al
(1966) produced proteln 1solates of relatlvely low fat
'content 14%), and obtalned an 011 recovery in the order of
91 - 94%. Recently, Rhee et al. (1972a) reported a high
‘recovery of - peanut oil, (approxlmately 96%) and dhe amount :
‘ of res1dua1 011 present in proteln concentrates and isol-
~“yates was ca. 2.5% and 3. Q%, respectlvely. ‘At the maximum
PH (1 e. pH 8) for’ extractlon of proteln and 011, Rhee

et al. (1973b) obtalned a proteln 1solate which contalned
ca. 6% oil. In summlng up the recent work of Rhee et al.

. on peanut-; Cater et al. (1974) reported the 011 extracted
;were 89% and 86%, respectlvely, for preparatlon of protein
concentrate and 1solate. The proteln concentrate contained
8% oil, whilé'the,proteln isolate contained'Sg oil.

G *
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" the Krauss-Maffe1 process, Samson et al. (197

.29
. wc' , ‘
7 In the aqueous extractlon of coconut oil, RobledanO'
and Luzurlaga (1948)- obtalned a yield 1% lower than that of
the copra method, however, because refining was riot neces-'

sary, the overall oil recovery rate,lln te of fresh meat,

. was ca. 10 2% hlgher than that of the copra me od. sting

reported

-about 14% of the: coconut 011 remalned w1th the residue,

and 7% with the(proteln. The data obtained by Timmins

(1972 unpublished) at the Tropical Products Institute in

'London 1nd1cate that thelr reszdue and proteln contain ca.‘

‘%? and 5 = 10% of the Oll, respectlvely (Hagenmaler et al.,

‘e

o 1972) . Recently, at the Food Proteln Research and Develop—

“ment Center, Texas A &. M UanGISlty, Hagenmaier et al.. N

(1973) deve10ped a process in- whlch the 0il remalning

was 5. 8% in the re31due. . In thelr report on aqueous extrac-

. tlon of coconut, Cater et al.,(1974) obtalned a 93% recov-

ery of the 1n1t1al 011 content. The soluble fraction,.

' sklm mllk, contalned 5 l%voil. 3

Aqueous proce331ng of full—fat sunflower seeds,'

ylelded 86% of the oil (Hagenmaler, 1974).. The drled res—

fldue contalned 14 2% of the total 011 A hlgher yleld

.(95%) was reported by Mieth et al. (1975a)._

The quallty of oils processed by aqueous me thods

of extraction 1s~h1gher than that obtalned by standard

"extractlon procedures. The 011 ls a water—washed product

whlch requlres 11tt1e, if any,,further treatment, except,



x
poasibly, removal of water, either by recentrifugation or
h vacuum drying (Cater et al., 1974).‘\A good quality cocbnut‘
'oil is‘obtained by aqueous extraction methods'(Robledano'_
and Luzurﬂaga, 1948' Thieme, 1968, Hagenmaier et al., 1973;
pCater gt g;,, 1974). The coconut 011 obtained by this pro-
'cess'does not have'to-undergo a_further‘refining process
(Robiedano and Luzuriaga, 1949);v According to Hagenmaier v
Aet al. (1973 and 1975), coconut 011 obtained by this pro- .
cess contained 0 2 to 0.4 free fatty acids w1th an iodine
number of 7.5. Hence, ‘it is ‘'superior to theﬁcrude'coconut.
oil obtained by Crushinglcopra which had ca. 5% free |
:_'fatty’acids; | | | | o
In their studies on 1ntegrated proces51ng of‘peanut o
for the separation of major. constituents, Subrahamanyan
_g gl,_(1959) obtained two types'of,011'W1th different
quality.h Skipin 011, which forms ca.‘70% of the total
011, has a free fatty acid value of 0, 17%. Its m01sture'
'Icontent of 0. 04% gives a slight turbidity appearance.
Separator 011, which comprises less than 30% of the oil
. yield, is low in free fatty acids (0 04%) and mOisture
(0. 01%) Rhee et al.‘(1973b) conducted a study on the
effect of procesFing pH on the prOpertles of peanut protein_
isolates and 011, and observed that the free fatty ac1d

."value increased-slightly.from 1.2 = 0.5 to 1.5_1 0,2
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.'while:increésihg theiextfaééioh pPH froﬁ 7‘t0‘10 Under
~the same conditions, ‘a 31m11ar increase was observed for‘
saponlflcatlon number (191.0 1 2 to 194.0 % 1. 0) and
'unsaponlficable matter (0 2 O 3 to 0 5+ 0, 2%) The’
reflnlng loss 1ncreased substantlally with e4traction pH,

fv1 e.,’ from l 8% at pH 7. 0 to .ca. 4% at pH 10 0.



. B. ‘Rapeseed
1. 'Introduction

Among the edlble vegetable oils, rapeseed ranks N
flfth in the world productlon and 1s exceeded only by soy-
bean, peanut, cottonseed and §unflower seed oils (Downey,

- 1965; Ohlson, 1972) . Canada has become the world'
largest exporter of rapeseed., Rapeseed oil has been

nshown to be an excellent edlble 011 for varlous uses (Tape

et al. 1970) Rapeseed meal is used exten31ve1y in live—

tock and poultry feedings.,_ |
‘,J There is a general world w1de shorthge and increas-
1ng demand for proteln. Rapeseed proteln, the best vege-
table proteln known so far (Sosulsk1 and Sarwar, 1973,
Ohlson and Tear, 1974) is an ldeal potentlal source of
'proteln. However, 1ts utlllzatlon 1n human foods is. llm-

'1ted due malnly to the presence of tox1c substanCes, glu-‘

. c051nolates and hlgh fiber content._ The present technology o

of rapeseed 011‘extractlon ‘does not 1nclude a sultable
jvpr0tedure to leave the proteln in meal 1n a. dlgestable o
’ form, free from those deleterlous matter (Radwan and Lu,

1976) .

32
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:2.. dil'Extraction,;

The 011 extraction of rapeseed is s;milar to that
employed for other hlgh oil content seeds. Currently,

. three meﬁpods of extractlon are belng employed in Canada;

b expeller proce551ng, prepress ‘solvent extraction and

'1stra1ght solvent’ extractlon.. The prepress solvent extrac-

'tlon xs the most w1dely used (Youngs et al. 1972).

‘a)_'Expeller‘pressinq -

_ In this process, the 011 is mechanlcally squeezed

from‘the seedi\\fhe\ﬁaﬁer steps of expeller pressing in-
A .

 clude crushlng, cooklng faf“_‘ ‘min at temp—

ierature up to 105-110°C followed by screw—press 011 ex-

~tract10n. ' The objectlve of crushlng is the reductlon of

° drylng and fac111tates\the\r\te of extractlon. __The cooking;ff

of the crushed seed completes the breakdown of_o;lpgells,.gﬁk
\

’.coagulates the cell wall protelns maklng 1t permeable to et

—a

flow of: 011, 1ncreases the\fluldlty of the 011 due to the

'coalesce of small droplets 1nto larger\ones, causes

» ublllzatlon of phosphatldlc mater1a1 in order to reduce re~-

.flnlng 1oss, and decreases theaffinlty of the 011 to—the~:~~—5

- solid surfaces of the meal., Cooklng also deactlva'

5



34

nllpases resulting 1n lower free fatty ac1d value and hence
lower refinlng loss, glves a proper plastlcity for effic-
_1ent presslng, xncreases the quallty of oil cake by des-
tructlon of myr051nase and llpoxldase; dries the material

to a sultan&e'moisture content since there'is'iess affinity '
;of 011 to the meal when the moxsture is low, and destroys
molds~and bacterla. For an eff101ent extractlon the
m01sture of the material enterlng the press should be 3%
or_less. Durlng the preSSLng,_extremely h1gh pressure .

‘(lS,OOO—ZO,QOQ lb/1n._ and temperatures'(ca. 150°C) aref

developed. Althouéh 'e 0il content of the cake can be
.reduced to 4% by thlS process, it may be necessary to
leave 6% to 7% to av 1d damage to the‘cake. The cake
comlng out from the expeller is both hot and dry and water

may ‘be added to ¢ duce: the temperature and 1ncrease the

moisture. The £ake is then ground into meal, (YoungS‘gE‘gl.* \ﬂ?

14

-1972;tNorr‘ 1964; Youngs,_iSSS).

- b) 3P:ePressA501vent Extraction" ; ,

In thls process, ly 70% to 80% of the oil is

t

removed in the exPeller,,less pressure 1s requlred and

o consequently less heat is generated and hence, less heat

damage is lmparted to the proteun The cake contalning 15%
*to 20% oil is reground and extracted with hexane in a .con-

tlnuous countercurrent extraction to remove as much’ oiluas

o~
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possible.. The solvent in the meal 1s stripped in desolvent-

\

lzers. The meal obtg!hed contains ca. 2% fat (Youngs et al.,
1972 Clandlnln and Tajcnar, 1961).-

'¢) Direct Solvent Ektraction .
. . . . ! .. RS

Normally, high 011 content seeds, such as rapeseed
are not dlrectly solvent extracted because the crushed
‘seed tendS)to dlslntegrate into fine partlcles mhen placed
in the solvent. This causes the counter-current movement

of the meal and mlscella to become 1mpract1ca1. A process

known as'"Flltratlon-Extractlon has been developed to )

. overcome thlS problem and has been employed in rapeseed

‘extractlon (D* Aquln et al - 1953) . The crushed, cooked

seed is fed contlnuously into a horlzontal cyllnder counter—_"
current to ‘the stream of solvent, w1th slow agltatlon to

© 'give maxlmum extractlon of 011 and mlnlmum dlSlntegration -
of the meal.. The slurry is dep051ted on a flltratlon bed

O

" and washed w1th a decre\slng strength of-mlscella and fln—‘
As in prepress solvent extractlon,

ally w1th pure solvent
the. solvent is removed in desolventlzers,and the resultlng

o

meal contalns only ca. 1% 011 (Youngs et al 1972) _
‘ ‘ﬁﬂﬁsgfollow1ng steps are suggested by Youngs g_ al

a972) in oqﬁer to produce hlgh quallty rapeseed meal-

1) Wkgg, the seed ;s crushed, the enzyme is brought :Lnto

contact w1th the‘glu0051nolates._ The molsture COntent of

A/,

/



,the seed at this point should be between'seloa. Above -

~1og moisture, hydrolysis of glucosinolates will proceed

| in the form of water or steam, should not be added during

“cooking since it tends. to result in local high moisture

rapidly. On the - other hand, below 6% moisture, the en-

?zyme is only slowly 1nact1vated by heat.' Moisture either

areas favoring hydrolysis of the gluCosinolates.’ 2)A The
temperature of the seed as soon as it, enters the cooker,

should be raised to 80-90°c as rapidly as possible. Slow

~ rate of heating favors hydroly315 since the rate of the

: hydroly91s 1ncreases ‘with 1ncrea51ng temperature until in—

»activation occurs. 3) The temperature in. the cooker and .

. the desolventizers should not exceed 105°C, as there is a

»

‘.danger of damaglng protein quality at- high temperature.

) Expeller temperatures are difficult to determine but these
¢ - :

:should be as low as practicable.

- BA. Rapeseed 0il

el

A few years ago the utilization of rapeseed oil in

human foods was questionable due to. the “high content of

-erucic aCLd in the oil. However, w1th ‘the production of
low erucic aC1d rapeseed oxl,lthis Oll 1s now being used

_in the food 1ndustry for products such as salad oils and

dre531ng, mayonnaise, cooking oxls, margarlne, and short-

. enings. Numerous reviews on the uses and nutritional



aSpects of rapeseed 011 have been reported (e g. Rocquelin
vet al., 1971; Runer and Ohlson, 1971; Downey et al., 1974;
‘Beare, 1975; Vles,_1974; Runer ggd Honkanen, 1972; Jorgen—
sen; 1972). : | fi o ! o v. .';»44; '

a) Sulfur-Content'of Rapeseed 0il

Rapeseed 011 is unique in that lt contains high
amounts of sulfur in comparison with other vegetable oils.
During the extraction of the oil, ‘a small amount of glu-

‘-cosinolates is hydrolyzed into 1sothiocyanates, oxazoli—-

) -dinethione and other sulfur compounds which are soluble in

:011 and can po;son the catalyst during hydrogenation pro-

‘ cess (Persmark, 1972a* Sosulski, 1974) The presence of
5 ppm of sulfur reduced the catalytic aotiv1ty by ca. 50%
V(B&buchOWSkL and Rutkowski, 1969).' Sulfur content of

12 ppm was assoc1ated with marked decrease in ‘the- hydro— .
ey
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‘genation value for rapeseed oil (Bhatty and Sosulski, 1972).‘ .

~ Ay

Oihscontaining over 20 ppm of sulfur are difficult to
. hydrogenate (Sosulski. 1974). | o R
| Seven sulfur compounds were found in 1ndustria1
~extracted rapeseed oils (Daun, 1975) Four of these were

1dent1f1ed as phenyhﬂhyl 1sothiocyanate, 3 - butenyl iso—
'thiocyanate 4 - ‘pentenyl isothiocyanate and 5 = vinyl |

.2 - oxazolidinethione. The main constituents are 3 - butenyl '

. isothiocyanate and 4 - pentenyl 1sothiocyante (Franzke et alq

L
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| 1975. The ratio of 3 - butenyl isothiocyanate to ‘-
pentenyl isothiocyanate in oils was reported _to be approx—
‘imately ‘the same ratio present in the meal (Daun, 1975)._
;Daun (1975) observed that approximately the same amounts of
3 - butenyl isothiocyanate were in- expelled, solvent ex~
:tracted and prepress*solvent extracted crude oils and there
was no. substantial difference in oils from B. napus L. and _

: B. campestris L.. Franzke et al..(1975) reported that

~Visothiocyanate content was higher in solvent extracted oils

‘than in pressed oils. According to Daun (1975) the Oxa—

'zolidinethione content in.expelled, solvent extracted, and N~

!crude oils ranged from 2.0 to 26 1 ppm of sulfur. HoweVer,
Franzke et al.\(1975) observed that oxazolidinethione was
ﬁonly found in solvent extracted oils., The highest contentsV
- of oxazolidinethione were found in oils which contained large
amounts of gum (Daun, 1975) The unidentified compounds v_ B
were present in much - larger quantities in oils fram B.

. campestrile. than in sils from B. n g_ L.jand-in.expelled-

oils.than in solvent extratted oils.

-~ Various amounts of sulfur in crude oils were . re-”

“»

, ported by different workers, 500 ppm (Kucera nd Hejtmanek,
“j1957), 9 -~ 45 ppm (Franzke et al., 1972), 12 - 43 ppm (Kuruczf
'gand Peredi, 1974), 5 - 15 ppm (Persmark, 1972a) and 16 -..°
. 57 ppm (Teasdale, 1975). The amount of»sulfur is higher
Cine solvent extracted oil than in expelled oil (Von Fellen-.

ﬂ'berg, 1945 Zeman\and Zemanova, 1967, Daun and Hougen, 1976).
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This is due to an: association of sulfur compounds with gum

S ——

,and colored material which are preferentially extracted

with’ the solvent (Daun and Hougen, 1976). Sulfur content

k'of sulfurp

by ‘subsequent processing;gf oil : Industrial degumming,

in oil is also affected by the glucosinolate content in

the'’ seed. a lower Ievel of sulfur was obtained from low-

kglucoslnolate seeqd’ than high~glucosinolate seed. Crude

Oll extracted from B, ggggg L. cultivar Bronowski contained

traces of eachwﬁ&lfur compound. Sosulski (1974) suggested

that a high quality rapeseed 011 should contain 2 to 7 ppm
A ‘gﬂ_‘ :

The amounts of sulfur in rapeseed oil are affected

:,refining, bleachlng and especially deodorizing removed

’"almost all the sulfur compounds (Kucera and Hejtmanek,

-'1957,_Franzke et al., 1972; Kurucz and’ Peredi,' 1974; .

Vifrom 8 ppm to 1 ppm (Daun and Hougen. 1376).

Drozdowski et al., 1975 Daun and Hougen,.lS?G).‘ Hydro-

genation of a- refined oil also reduced its sulfur content ;

. The effects of seed cond:.tj.ons such as moisture con-

tent, heat treatment, and the quality-of seed wezq.also

C.-studied _ Theré was a gradual increase 1n sulfur content
¢

1 lof the oil wrth‘lncrea31ng mozsture content of th@ seed

. '39 '

(Daun and Hbugen, 1976)f However, the rate of iqcrease was o

‘higher for high-glucosinolate seed than low-glucosinolate‘\

~vseed 'Dry heatinggpf high-glucosinolate seed resulted in

‘";anreasing amounts of sulfur in the' o6il. " However, with



! ‘ ‘ : ‘ .
o o e | 40

a . :
;lou-glucosinolate seed, dry heating did not produce any _
sulfunfin the oil. Prolonged heating of hfgh-glucosinolate
seed further increased the sulfur content of the o0il which
could be due to partial pyrolysls of glﬂ5031nolates yield-
‘1ng 01l - soluble compounds. The sulfur levels of ‘oils
from green, frost - damaged, and b1n - heated seed were
~h1gher than that of sound seed The hlghest sulfur content
| kwas.observed in 011 extracted from 75§bgreen séeds.

The sulfur ‘content of laboratory extracted oil from
dry ground seed ranged 2 to 5 ppm (Sosulsk1 et al., 1972;
Bhatty and Sosulskl, 11972). 30111ng of rapeseed before
d1ffuszon extractlon of gluc051nolates reduced the sulfur'_
content to less than 10 ppm (Sosulsk1 et‘gl,, l972; Bhattyhf-:.u;
and Sosulskl, 1972; Kozlowska et al., 1572a5:,f1n'diffusion‘: -
'extractlon of gluc051nolates,alka11ne solutlons were more
lheffectlve 1n reduc1ng the sulfur content of oil than
;ac1d1c solutlons (Sosulskl, et al., 1972) The amount of
sulfur in the oil decreasedlw1th increasing temperature of
'the NaOH solutions (Kozlowska et al 1974) . ~ The sulfur
level lncreased durlng 1 h of extrﬁctlon and then decreased
with further extractlon.: With- the alkallne solutions and |
.b0111ng, sulfur level in oils ranged between 12 and 38”ppm ;
(Bhatty and Sosulskl, 1972 Kozlowskaét al., 1972a). By '-~.-H
, uslng 50% ethanol in NaOH solutlon, no “sulfur in the oil " |
' was detected by Kozlowska et al. (1972a) however, 2 to 5 ppm;'
" was obtaLned by Bhatty and Sosulski (1972) |

. ‘ -~



N Iy

- 4, Effect of Processinguon_ouality of Rapeseed Meal

- Industrial processing couditions can cause positive
or negatlve changes in the natural properties of the seeds
(Rutkowskl, 1970) During the processlng of‘rapeseed,
exténsive‘denaturation of'protein‘OCcurs. However, this
is generally con31dered deslrable for . feedino purposes
’since 1t makes.’ ‘the proteln nore readlly assimilable by

‘the animals. On the other hand exce581ve‘heat can result :

in losses of certain amino acids e.g. Iyslne'(Youngs gt"él.,

1972). . : S B

| vProtein_damage‘can occur ln various processing

: steps; in the cooker and the expeller intthe expeller‘pro-

cess, in the cooker, expeller and desolventizer: 1n prepressc

solvent extractlon, and in the cooker and desolventizer in-
~straight solvent extractlon. The extent of the damage in

| - these operations w1ll d end on temperature, time, m01sture
:content, mechanical factors (Rutkowskl, 1970), reduclng

sugar content and possxbly on the content of other constit:

'uents in the seed (Youngs et al 1972) Thermal processes

~are the most. important factors 1nf1uenc1ng the quallty of

humldlty and solvent '

| the products, whlle mechanlcal fac
are the less 1mportant factors (Rutkowskl, 1970) —— S

The proteln damage due to heat’ was reported in the o .

P *

T—
processxng of many 011 sEeds, including cotton seed
\\\‘_______,.,.,

(Conkerton et al., 1957), sesame (Carter et al.,1961),

‘ N
i

4

1

- - : i



:mustard seed (Mustakas et al., 1962; McGhee et g;{,'195§),
sunflower (Renner et al., 1953a), peanut (Bensabat '

et al., 1958), ‘soy . n (tvansand'Butts;dl948, Llener,*

1958), and rapeseed%ndinln et al., 1959, Clandinin
‘and Tajcnar, 1961). These findlngs revealed that the
amino acids affected 1nclude basac amino ac1ds (lysfne,

" arginiee, and hlstldlne) as well as cystine, serine and
trytophan. Lysinevis‘reported to be tne.most sensitive.'
The solubility . and dlgestlblllty of rapeseed protelns are -

'a also’ affected by heat durlng the proces51ng (Rutkowski,

om0y, o _. -

| \fhe,prOtein damage_isbgenerally proportional to-the_

' extent of heat i.eé. time and temperature bey0nd a certain

'critical tenoerature‘(Bender, 1972l 3 Extensi&e spontanh

- eous blneheatrng of clean rapeseed (B. campestrls L )

tcaused substantlal losses 'in tryptophan, lyslne, hlstidine,

arg;nlne and threonlne (Bell and Glovannettl, 1973) , Heat~-
1ng the rapeseed (B ‘napus b cultlvar Bronowskl) at 110,
1115 and~15b°c for l or 2 h resulted in a reduced content

-

of avallable 1y31ne whlch was correlated w1th a decrease
\

in total ly51ne contentfiggsefsso ~~l9753)’A\Aatgglav1ng

rapeseed meal ‘at 121°C for 2,‘4 and 6 h reduced the liber-'

ation of 1y31ne durlng hydroly51s by ca. 20, 50 and 60% res-

42

;pectlvely, while autoclaving at 4 and 6 h in addltlon des- .

\troyed arglnxne, pheﬂ!lalaine and, tyr051ne (Sarwar et al.,,



.~ 1975). The lOss'of arginine:(45%r for 6 h autoclaving was

almpstfdouble'that observed for d h treatment, Autoclaving
ffor 2, 4 and 6 h increased feacal excretlon of lyslne by
lO, 50 and 70% respectlvely. Autoclav1ng for 2 h had
little or no effect on the avallablllty of N and amino .'.
acidsAexcept lysxne which was sllghtly reduced -However,
'autoclaV1ng 4 and 6 h reduced the avallablllty of N and r

s\«

| most of amlno acids by ca. 20 and 50% and lys1ne by 50

/
/

and'70% respectlvely.

v The moisture content of the proteln contalnlng
hmaterlaL is a crltlcal factor in. determlnlng the extent of
damage durlng heatlng. Lea ‘and Hannan (1949) establlshed

that protein damage is most exten51ve at 10-14% moisture.

'Carpenter et al (1962) observed that . the loss of avallable'

1y51ne is greatest at 4-14% m01sture.. However, the dry

.'materlals are relatlvely re51stant to heat (Mlller, 1956)

and b0111ng in excess water usually glves no damage (Bender,

1972 Renner et al., 1953b- Talra et al., 1965) -In case
of rapeseed, the losses of amino ac1ds due . to extensive
“‘spontaneous b1n heatlng was observed when the rapeseed was
stored at 9 or 10% m01sture content. In his experlment,
JOSefsson (l975a) observed that the damage of ly31ne |
occurred when low - gluCOS1nolate rapeseed meal was heated
at 12% m01sture content. | ‘ | ‘

Some few years ago, ‘most. of the rapeseed meal

43



lc_gag.broaﬁced in Canada bv the expeller method - Currently
_the meals -are produced malnly by the prepress - solvent
or stralght solvent process (Youngs, 1965) The " present
meals are subjected to less heat durlng processing: as a
'result they are nutrltlonally superlor (c1andin1n, 1967)
In . the expeller processlng, Clandlnin and @ajcnar (1961)
demonstrated_that a decrease_ln the temperature of both-

- thelcooker.and conditioner‘resnlted in an increase in

~1ysine content in the meal; the lysine content of the

meal-correlated directly with the final 0il content of the .

meal (Clandlnln et al., 1959, ‘Clandinin and: Tajcnar, 1961)

A marked reductlon in the. ly51ne c0ntent was observed ing_

(!’A

the meal w1th less’ than 6% 011.. When the meal contalned
6% or more residual. 011, the average lys1ne content was
4. 8% of the protq.. ‘When the oil was removed by a pet—
roleum ether solvent (Clandlnln and Bayly, 1963) and the.
resultlng meal ‘had not been heated, the average lyslne._
: content of six varletles of rapeseed tested was 5. 3% of -
the proteln (Clandinln and Tajcnar, 1961). , L ‘ \l
' The proteln SOlubllltleS of expeller prbc’ssed .
..meal were lower than those of prepress—solvent and soljent
" processed rapeseed meals (Anwar and CIandlnln, 1971, \]
| 'Donefer,_l974). Sosulskiand Bakal (1969) and Glrault (197?)
. e al%noted that the solublllty of n1trogenous mater:l.al 1n‘ _

rapeseed is lower for the 1ndustr1a1 processed meal than

44
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'_Alaboratory defatted meal.“

_ A cooperative study carried out by Giovannetti and .\‘
hBell (1971) 1nd1cated that there is no undue destruction }
of lyslne in the three processlng.methods which yield

.meals of 31m11ar 1y51ne content correspondlng to those in

"the raw seed . ‘

‘ Besides proteins, other constltuents of the meal .

.-may undergo changes during the. processlng.‘ It was observed

by Zeman et al. (l964)that the mlneral matter .in the meal is °
unaffected by the productlon process.» SLmllarly all v1t—

amins, except for tocopherol undergo little changes in the
process (Butkowskl, 1970).. 'Thetcontents of crude[fiber,

' starch and pentosans in rapeseed meal remain unchanged

whlle the monosaccharldes content changes con31derably

due to the non-enzymatlc brownlng reactmon (Hrdllcka et al.,

3 1964 19653) Greater losses were observed with the more dras— )
t1c processz.ng cond1%pns. -The darker color of the meal is
valso th? result of the complete decomp051t10n of pigments,,
such as carotenozds and chlorophylls at 115°c (Rutkowski,»
'1970). Glucose liberated from gluc031nolates‘by enzymatlc
‘ hydrOIYSIS can react w1th amlno ac;ds producxng dark com- /=
‘pounds (Rutkowsk:. and Kozlowska, 1969) . |
Durlng the proce581ng gluc031nolate content may be'

altered 1n two ways, flrst by enzymatlc hydroly51s and

'Second by chem1ca1 modlflcatlon on heatlng in the presence'

.
,



of moisture and other constituents of the seed (Youngs, : —f~h
11965) Reynolds and Youngs (1964) found that if no water -

-was added durlng cooking, virtually all glu0031nolates

"remained in the meal, whereas cooking with the addition

. -of m01sture resqlted in a substant1a1 drop of these com-
-'bounds in the»meai ,,Josefsson (1975a) observed that there

:was generally a reduced glucosinolate content in the meals

-when the seed had been heated for 2 h at 105, 110, 115 and .

U

min at 115 or 1zo°c. o
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5. Rapeseedlueal
a)n'COmponents
i) 'Protein

Protein 1s the most 1mportant constituent of the

| rapeseed meal; its amount and-amino acid pattern determine o
;the value of the meal. The protein content of rapeseed .
meal varies from 30 - 48% depending on such factors as |
variety (Clandinin and Bayly, 1963), environmental con-
ditions (Wetter et al., 1970) ard’ to a limited extent on
processing technoloqy (Rutkowski, 1970) . Of the total nit—
trogen about 9% was reported to: be nonprotein nitrogen
(Quinn and Jones, 1976) Based on amino ac1d analysis,w
Sosulsk1 and Sarwar (1973) suggested a- factor of 5 50 in- -
stead of 6. 25 for calculating the rapeseed protein content.
N Varietal difference ‘was observed by Clandinin et al.
;(1959) and Clandinin and Bayly (1963) who found that the 3'
protein content of B. napus L. 1s higher than that: of B.

' campestris L.. Higher protein content in B. napus -Ls

meals compared to B. campestris L. meals is due to the fact

'that the seeds of B. campestris L. ‘are smaller ‘than those

Jof B napus L. resulting in higher fiber and lower; protein

‘ “.contents (JOSefsson, 1972,~Sarwar and. Sosulski, 1973).

The protein content of rapeseed meal could be

2



1ncreased through plant breedxng.- It'was'reported that

’there was a negatlve correlation between the percentage of

-oil and protein (Stolle, 1954 .Sosulski, 1973). The in- ,
.troductlon of yellow - seeded rapeseed with thinner seed
coats, has resulted in an 1ncrease ‘in 011 as’ well as pro-
" tein (Str;ngam and Harvey, 1973, Strlngam et al., 1974)
'Numerous workers have reported the 1ncrease 1n protein
:content 1n rapeseed concentrates prepared by remOVLng the

hull and in rapeseed lsolates prepared by dlssolv1ng and

precxpltatlng thevprotelnS‘(e g, Ohlson, 1973,‘Anjou;and L

_Fecske, 1974 Thompson et al., 1976)

‘The nltrogen content of rapeseed usually 1ncreased

7_'1n reSponse to the. addltlon of fertlllzers (Wetter et al.,

'l970;,Josefsson,(l970- Josefsson and Appelqv1st, 1968) .
Numerous workers have reported the extraction,
lsolatlon and. characterlzat}on of rapeseed protein._ A

“number of solvents were be:mg used by varlous workers for

'\the extractlon and 1solatlon, these 1nclude, water,.dllute'

NaQH and HCl, aqueous NaCl and aqueous ethanol. In their

‘_work Shalkh et al. (1968) extracted defatted rapeseed meal -
‘w1th aqueous NaOH at pH 8 to 11 and prec1p1tated the yro— B

.teln at pH from 4 to 6 and observed that the extractlon at.

.pH 10 and the prec1p1tatlon at pH 4 gave the most satls-

I

“factOry result. h . I Al L -”\fps-s

NI
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Studles on the isolation of protelns from rapeseed,
.soybean, flax apd sunflower successively by water and |
.‘aqueous NaCl, ethanol and NaOH revealed that the. proteins in
’rape and turnlp rape were less water-soluble than that of
.Soybean but correspondrngly more soluble in salt solutions '
V(Sosulskl and Bakal 1969) Gheyasuddln and Adi (1975) ob—l ;
served that water .80luble’ and salt soluble protelns repre- ,‘ ,
sented ca.. 32 and. 44% respectlvely of the total proteins.' o

B ,1971 ‘Korolczuk and Rutkowski obtained the “high-
est extractablllty of nitrogenous compound (more than 80%
:'of total N) at pH 9.5-10. 0 and 30— 5°c and the lowest
» extractablllty (20—25% of total N) at pH 6. .5-8. 0 and 80~100°C.
'Uslng NaOH solutlon, Glrault (1973) was able to extract 89%
" of the total rapeseed flour N. Wlth aqueous NaCl, 67-70%
(Flnlayson et al., 1969), less than 44% (Owen et al., 1971),
~75% ‘(Lo and Hill, 1971), and 70% (Glrault, 1973) of the
total N of the rapeseed meal were extracted Kodagoda
et al. (1973a) extracted protelns from rapeseed .meal -
sequentlally by water, HC1 solutxon at PH 2 and NaOH sqution
at PH 10 and also by dlrect 0 01N NaOH solution. vAfter;thé
7..max1mum preC1p1tatlon, they obtalned 11, 13 and'42fvand'61t
proteln respect1vely.~‘ | T - | .

Durlng 1solatlon;of rapeseed proteln usxng sodium

hexametaphosphate Thompson et al. (1976) obtalned highest

yleld_of nltrogen (97%) when rapeseed flour was. double
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extracted with\2§ sodium hexametaphospnate'at pH 7.0:first

with a rapeseed flour F-HSleent ratio 1:10 and seoond'witn _

a ratio of '1:6 at 25°C for 30 min. Chamnanwej (1971) ob-
served that NaOH SOIution was"the most'effective solvent
‘for the extractlon of rapeseed protein but it appears to

cause an alteratlon of “the protelns. Two salt solutions

-,(NaCl and sodlum pyrophosphate) yielded a comparable amount -

of protein, however, they have dlfferent efflciency in
thelr extractlng power on the various classesrof proteins.

'rhe studies (o 13 characteristios of rapeseed meal pro-,

4 tepﬁ-showed two' major proteln fractlons from salt extrac-

, tlon, a neutral prpteln (12s proteln) and a basic protein

50

(1.7s proteln) (Bhatty et al.,1968 Flnlayson et alq 1969). ;,'

-The 125 proteln acts as a 51ngle molecule at pH values of

'7 5 to 9.0 but dlssoc1ates 1nto 7S components at pH 3 6 and

3 component;.at pH 2.2 (FlnlaYSOn et al.,1969).

Rapeseed was reported to contaln over 30 protein
stpec;es and the majorlty of these protemns have Lsoelectric
:p01nts in the neutral pH ‘region (Quinn and Jones, 1976).

In .another study Janson et al. (1971) observed that the

A:rapeseed protelns were composed of ca. 20 weakly acidic

. prote1ns, ca. 20 neutral protelns and 4-6 basic ones. The

: water extract c0nta1ns malnly ac1d1c and neutral proteins B

whereas the HCl aolution (pH 2) extract is made up of malnly

‘ba81c protelns (Kodagoda et al.; 1973a). The,basicuproteins
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acoount for ca. 20% of the total soluble protein and have
'molecular ‘weights in the range of 15, 000-20,000 (Janson

| et al., 1971) and ca. 5% of the soluble protein has M. W.

" of 50, 000—75 000 and the bulk of the protein has M.W. from
ca. 120,000 to. 150,000 (Janson, 1971; Janson et al., 1971).
leferent molecular weights of proteln species were re-

' .ported by other workers (Chamnanwej, 1971, Kodagoda et al.,

1973a; Ohlson and Tear, 1974- Qulnn
Reallzlng theolmportance df“uw“
nutrltlon, exten31ve studles on~the, f;_ gtomposition .

of rapeseed proteln have been carr;ed cu“.‘

.f'oQ

Several workers reported dlfferlng amino ac éycompositions

gof rapeseed proteln. Rapeseed meal has been reported to .

_ 'be nutrltlonally 1nferlor due to 1ts low lyslne content |

: .(e g. K‘htzer et al., 1954* Klain et al.,l1956). However,,.

" lt q\s establlshed that high temperature of processlng was”
.'respon31ble for the low lysine &ontent 1n the meal

(Clandlnin et al., '1959; Clandlnln and Tajcnar, 1961-

| Clandlnln, 1967) _: S N N -

%\ 'I'he result obtalned by Tape et al. (1970) 1ndicated ’
that essentlal amlno acrds of rapeseed meal and flour, wrth“
the exceptlon of arglnlne, methionine: and cystlne, were‘ ]
°un1formly betWeen 40 to 60% of that in casein, - suggestrng

a balanced characterlstlc of the amlno ac1d pattern. Rape-

”seed meal proteln was reported to be deflclent; 1n valine

?f‘f



. Work by Ballester et al. (1970a) and Ohlson (1972 and

"-of 1ysine, comparable to that of soybean. Ohlson (1972

52 .

and. isoleucine (Tape et al., 1970), in methionine (Ballester-?

et al., l970a) / in lysine and methionine (Hrdlicka- et al.,
-r 1965b), in valine, isoleucine and histidine (Gheyasuddin

' and Ali, 1975), and in methionine and cysteine (Thompson ’
‘et al., 1976). | y e
} _ In 1972. Clandinin et al.(a)mentioned that rapeseed
meal contained ca. 92% of lysine found in soybean meal

1

'1973) showed that rapeseed pﬁ‘Eein contained a high amount

L

| 'and 1973) also reported that rapeseed protein contained a

| considerably higher level of methiOnine than\soypean pros_f

tein. ‘i‘n their study,}Sarwar et al. (1975) observed that .

ycompared to the soybean meal, the rapeseed meal contained ‘7‘-

highe; amounts of histidine, threonine, valine, methionine, ,

“cystine, glycine and proline but lower amount of arginine,
’1soleuc1ne, leuclne. phenylalanine, aspartic acid and
glutamic acid.. - \ |

work by SOSulski and Sarwar (1973) showed that
"soybean and rapeseed proteins contained high proportion
of essential amino ac1ds as compared ‘with flax, sunflower
‘and safflower protelnsi RapeSeed proteins also contained

"hiqh level of methiOnine + cystine and proline while _ )
‘4spybean proteins had a higher level of phenylalanine. ’High

(.

ratings were glven to soybean and rapeseed meal and’ isolates-“‘

0



‘

)

‘”howevgr,'goybean was deficrent in S-containing ‘amino acidl

7wh11e the rapeseed meals were low in isoleucine. Since iso—

leucine deficiency is uncommon in normal diet, they eon=~ -

cluded thet the rapeseed products appeared to have the. best

protein for thelsupplementation of human diet.v:

S

RYE
'<ii):!Crude Piber~f'

The crude fiber of a meal is mainly composed of

:1xgn1n and lnsoluble carbohydrates, cellulose and: hemic:e].--~

"'lulose. In all cases, the contents ofcrude fiber of rape~”y~

seed meal are reported to be hlgh" .g. 12 6 - 16. 7% f

(Sosulsk1 and Bakal, 1969) and 13.2 —;}ﬂ 7%, (Ballester et aln :

1970a) The crude fiber content of o peseed meal 1s con- SR

s;derably hlgher than soybean {e.g. Ohlson, }972) and
'Reanut meals (Rosen, 1958) but is similar to that of'sun-\

Viflower (Klein et al.} 1956; Morrison et al.; 1953) and

“cottonseed meals (Altschul et al., 1958). The hlgh crude:,p'

"::flber content in rapeseed meal is due to the small size

\

of the ‘seed and large proportion of seed coat, rich in N

“ fiber (Wetter, 1955. Ohlson, 1972); e
| o

: *e The utlllzatlon of commercial rapeseed meal would o

’be enhanced 1f the crude fxber content could be reduced.\f'

'Thzs is done by déhulling the seed and by plant breeding.‘

"pThe hull can: be removed by dry dehulllng before oil

' Qextractlon (Ohlson, 1973), wet dehulllng after diffusion

G .

O
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extraction (Sosulski, 1974) and air-classlfication of the
meal (Tape et al., 1970) Sigﬁlflcant reduction of crude
fiber could be achieved through the introductlon of yellow-

seeded cultlvars (Strlngam and HarVey, 1973, Stringam et’ al

1974).. - = R
o ' '
) e . . o o .

iii)’ ﬁipid
5 T :f The amount of residualoil in rapeseed meals depends /f“

"5

-on the‘method of 011 extract1on.; The meal from prepress;f
solvent and stralght solvent extractlon may ontain 1 to’ 4t;‘
of oil . (e g. Clandlnln et al.,«l959, Bayleyy 1974) With

#: S expeller 011 extractlon7~6 to 7% of oil is left in the

T “"uo & ,
#—“_.ﬁf ls. The amount of ether extract of rapeseed meal tendié

iﬁb hhgher than that of soybean meal due to the add—back T

. of, gumsyto the rapeseed meal (Clandiniﬁ*ghug_., 1972b;

s/

" asons: 1972). - | S

:“ ) ! P P -,'- /

v
'

VEQE of the other acids than are~,'
213&1. Presumably due to its low .;;w

,”rasence incé.iSes the digestlble energy, ',« ]
ol . P . u' “‘/ Co

y .
oL s =



Ka

| I‘" . ,. » | . ) ‘. -6
e metabolizable energy and total digestible nutrient values |

of the meal (Clandinin et al., 1972)

- iv) iCarbohydiates ' S 'b'n S
.‘ In'their‘study Hatet‘et al._(l949) observed that
] the carbohydrate content of European rapeseed neai was
similar to that of linseed meal but was slightiy higher . | .
_than that of sunflower meal, and it vaﬁéed from 20 to 25%.
‘bifferent values weré‘reported by other workers; ca. 38%
e gHrdiicka et al. 1964) and less than 2&?’(Theander and Aman,

u':’."f. 1974) . This carbohydrate consisted o?iﬁainly polysaccharides,

I

o3

Wlth small amount of mono-, di- and tri-saccharides. "Dif-
&

ferent workers reported different constituents and amounts‘\

/

of ollgosaccharide fractions of the carbohydrates. . The
constituents reported were, sucrose, stadhyose, raffinose, X
i, glucose, fructose, galactinol, digalactosyl glycerol,

fo myo-unositolJand'traces qf arablnose, ga&aqtose, ribose,\
. T’

¥

1n031tol (Mizunb, 1958, Hrdlicka et a1., 1964' Siddiqui

xylose, rhamnose, galacturonic acid and digalactosyl

‘i et al., 1973;. Theander and Aman, 1974) The predomznant E
| omponents werﬁ rdp0rted to be sucrose and fructose‘by '

aﬂd glucose by Hrdlicka et al.

i

?Mizune (195§Yf:§u

o a964), sucgaﬁeggmw st?chyosé by Siddiqui et al.. (1973)” o QW§§i
‘ : \_}.-'1,_..1' . Lo S e § .
and~Theander and \ n (3974i.-_ FEEE Y B> L

LY P . ) Ce Ao . L - ST
Ce o : ’, "’-v-,.“‘-.-" . o7 E "3': KP
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v) Ash, Minerals and Vitamins

The ash content of the rapeseed meals was reported
to range frolh .6 to 7% for the meals from Western Canada
,.(Klain _e_g‘gg., 1956), 5. 8 to 6.6%. for the meals from Chile
(Ballesteg et. al., 1970a), 7 to 8% for th’ meals from Swden

- Ao
(Ohlsoy &72) ,d 7.0, to 7.3% for. ﬂeal a*"from.,Poiand

| ,(Rutqug‘lﬂ' ,. -rhe variatlowod _sﬁble‘? appears‘ ? B

" to be r‘;&%j ’small (thson ,,1—9’72)& g* S | e
'ﬁ' The h!neraldcontent oit ggeed meal is relatively .

high;? thaﬁ'that of, peanhtﬁknt”is cohparable with cotton—-‘

B P &
- seed and’ soybean m&als.‘ 'L‘he a&?&lysis of ‘the ash shows that

- there is considerable vaq,at;.on in ‘the content of. ea, ?, ©
e Yo

; :‘;_f-Cu, Fe, .Ng,,vﬂn Zn, and Se amOng the rapeseed meals (Bragg,

A1974) Published data 1nd1cate that rapeseed meal is comr
‘paratively richer in Ca, P, Mn, Se, Zn and Mg than other
oid meals (Bell et all, 1967; Ballegter et al., 1970a; |
‘Clandlnln et al., 1972). B Recently, ﬁragg (1974) showed

y that WIth the exceptlon of Cu, the cantents of other min—’
A‘erals we}e hlgher 1n rapeseed meal than corresponding d
values normally cited for: soybean meal. and the authogugon-
.dﬂuded that the rapeseed meal appeartd to be‘a better h i
, -source of Ca,’P, Zn, Fe, Mg, Mn, and S Unpubllshed data
f‘by Motzok showed that 70% of phosphoru;iin rape ﬂ‘%@l .

o was in / the form of 1norga°n1c compounds as compared to only .

oz
-

Uk '.



32% in soybean mealJ.fSince phosphorus is an expensive .

ingredient in feed rations,,the\rapeseedvmeal is considered

.ég&have this advantage over soybean meal (Clandinin'gg‘gl{,

o7

. 1972).

. Like other oil seed'meals, rabéseed meal contains

_azhigh}proportion of.“.roup.vitamins. There - < no signifé

icant differences'in vitamin Contents‘between rape~and -’

‘turnip rape varieties (Klain et al., 1956). In comparison
with other oil seed meals, rapeseed meal contains higher |
amounts of choline and niacin, similar in riboflavin and

_.lower in thiamine and pantothenid acid ' The tocopherol ’ ;'
: content of rapeseed meal is about 45mg/kg including 12mg

of the alpha form (Ames, 1956, Hjard@ et al., 1962). -

.

- vi) #Other Constituents

-

dthergninor but also importan‘tconstituents‘ofwf~
L 4 R ! ' : ) . ;

. rapeseed meallare' tannin and phytic acid. Both the &;gs'

.prepress -.solvent and solVent grocessed raoeseed meals
_contained 2.6% (Fenvick and Hoggan, 1576} to 3.0% tannin
;(Clandinin and- Heard, 1968)._ The feeding of tannic acid” .
caus;; a reduction in growth (Vohra et al., 1966, Glick

" and Joslyn, 1970a, Peaslee and Eintellig, 1973) and an :

.incréase in the level of. excreted nitrogen (Vbhra et al.,

P Il

'57

“—19685 Glick and Joslyn, 1970b) in rats, mice and chickens.

>

v ,
e



N A
" o~

-
.

It also resulted in the formation of yellow-green mottling
‘egg yolks (Potter et al., 1967; Fry et al., 1972) and in
' lowering the metabolizable energy content of the diets

- there would be 11tt1e metabolic . 4

(Vohra et al., 1966- Yapar and Cl ndinin, 1972). However,
gsorders affecting the

k chlcken 1f the rapeseed meal is kept: below the 10% leVel -
,(Fenwick and Hoggan, 1976) ‘ - | ‘
‘ The rapeseed proteln concentrate contalned ca. 50-

* phzgwc ac1d (Hermansson et al., (1974).' Inspzte of t?e

)
s “-‘;.J e

- ™ absorption of Ca, Zn, and Fe in rats fed on.a diet '

¢contalnlng rapeseed protein concentrate (Eklund and Agren,

1974).

)
3

aeid content, there was no reductﬁpp in the intest--

58



b) Biological Value
The nutritive'value of rapeseed meal is dependent
,on protein content, amino acid composition and contents of

'fcrude fiber, minerals and vitamins, and the presence ot

(

tOch substances(Josefsson, 1972) The biological valua
of’ rapeseed meal .was inferior to ‘that of soybean meal and
»casein due to the gOitrogenic factor, high fiber content,

~and unfavorable amino acid balance (Drouliscos andeowland,
v : o
,1969), The voluntary intakes ‘of diets containing;-apeseed

_ meal were depressed by the presence of gluoosinolates

e e
A -

Q‘pecially at high levels (Bell et al., 1971- Sarwar et al.,

&
ey T AT
o

McDonald, l974~ Josefsson, 1975b) This palatability

; j".‘"':r‘
pfb§lem 1s due to isothiocyanates, which have pungent
e

4‘:$

fsds ¥ vgg," . '
- and odour and, in high concentrations, .can damage

skin,;the mucous membrane and the surface of the alimentary
y vcanal (Josefsson, 1972) . ﬁ ‘ - |
& . A number of workers reported that the digestibility
‘ of rapeseed meal and protein was less favorable than soyb'
bean and sunflower meals, casein, heat-damaged casein, -

‘soybean protein isolate, and zein (e g. Rutkawski, 1971:

]

g aayley, 1973~ McDona-ld rnd Gregoiife, 1973) . In a more de-
*tailed study, Sarwar -Fﬁ," (1973) ﬁeported that the appar-‘
o 1ent digestibility of rlﬂaséigrmeal wae lower than casein.A |

l soybean meai and turqu zapeseed metisgrhqwever, it was -

,"\}1.'- d\
ey , f"

9

“'
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y _
o lysine in rapeseed meal. being comparable to that of soybean

-

g actzvation of myrosinase (Josefsson, 1975b) and removal of

. glucosxnolates (e g. Bock, 1967, Tape et al., l&?O;

-t . "‘ . . - . .
.o A N . . -

. I o :f »lf L e T .50
comparable to sunflower, and was higher ‘than flax and R
R

safflower meals._ In the case o? rapeseed protein isolate.
-the apparent digestibility was similar to that of soybean .
_meal, but lower than flax, s\mflower, safflower and turnip

=rapeseed meals, and casein. Th% digestiﬁility of the meal

7.increased when its glucosinolate content was low (Ballester‘

’ et al., 1970b; Bell, 1975).-

T

The apparent digestibility coefficient of the
'1ndividual amino acids was low for. rapeseed protein o

:(McDonald and. Gregoire, 1973, Bayley, 1973 Sarwar et al.,

"1975) -However, there were two notable exceptidns, with

‘ ‘meal, ‘while methionine was superior to that in the soybean ‘

*meal. : ‘.' L "7- ' o
“The protean effrcienc& ratio (PER) values of rape-
seed meal and turnip rap seed’ meal Were similar to thosﬂ@g

of sunflower, safflower and flax meal, ‘but lowel" skhan sof-

’ bean.m@al and casein (Sarwar et al., 1973)._ The PEvaalue

“8-

of rapeseed-meal 1ncreased substantially{after heat in- o

./J

’ Ballester et al., 1973, Eklund and. Agren, 1974) The PER

values of rapeseed flour (Tape-et al., 1970) rapeseed

protein concentrates (Gorrell et al., 1974,(0hlson, 1973)

"or rapeseed protein isolates {Sarwqr et al., 1973, Thompson

w.- AR \



et gl < 1976) were'higher‘than thatiof“casein.' Further~ -
more,'the rapeseed isolate prepared by extraction with :
_fsodiun:;exameﬂaphosphate and precipitation at pH 2.5 .

was réported to be equal in PER to cheese whey’protein .
,concentrate (Thompson et al., 1976) Ohlson and Tear (1974)
stated that the nutritive value of rapeseed protein con-

centrate was higher than that of -any other vegetable pro~ | f,“
, /

ftein known

A'c)‘"Functional ?roperties and Uses~in,Foodsi | .
| S - | i —
jResearch in theﬂ&rea of the functional properties L c
of rapeseed protein is a relatively recent development.f In
iﬂorder for it to be an acceptabéi food ingredi%g§§ rapeseed
protein must have good functional properties. The water_; M%
abso:ption capaCity of rapeseed protein concentrate—was

500 - 790%, compared to 400% for texturized soybean flour,

' '-and 4ts water binding Capacity was 300 - 400%, compared to

y o
\

200% for texturized soybean flour (Ohlson, 1973)_,

The emulsifying capacity and emuISion stability of

Vhrapeseed‘protein concentrate were comparable to those of

soybean products (Ohlson, 1973). When protein concentrates
and isolates were prepared by a sequential extraction with

water and acidic and alkaline solutions, it was observed

_that the watef extracted isolate had a higher emuISifying

t capacity than the other asolates (Kodaqoda'ég al., 1973b)',:

N



The emulSifying capacity of concentrates was lower than
that of c%;responding isolat?s. ‘The emulsions containing

isolate and concentrate extracted by water were the most

"astable. Foaming prOperties of rapeseed protein concentrate

‘were also comparable to‘tpose of soybean products (Ohlson,
1973). The specific voﬁipe of whipped egg-albumin in- f
creased when aCidic extracted isolate wab added, but de-
creased upon additiqp of other isolates (Kodagoda et/al
31973b)' however, all concentrates decreaSed the specific
:»vvolumes. The water extracted isolate shoWed the. greatest

”-foaming stability. TAll modified products obtained from

'solubiltzation of rapeseed protein concentrate with alkali,

aCld, or the enzymes, pepsin and papain had higher sol—-
ubility, emulsifying, and foaming properties, and three of
\:seven modified preparations had a better swelling ability
’than did the original rapeseed protein concentrate |
'memansson et al.,"1974). .
During baking, replacement of 5% of the wheat flour

-ngith rapeseed protein isolates or concentrates decreased
the loaf volume by 10 - 15%, and 20%, respectively. How-
| ever, the addition of 0 5% emulSifier restored the loaf |
- volume in most breads (Kodagoda et al., 1973b). It has
'been shown that rapeseed protein concentrate can be used
_in different foods, e. g., meat balls and.hamburgers,.at

. a 273 times Higher concentration than.soybean protein |

o

]
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| without any detectable off-flavor development (Ohlson,

‘ 1973, Ohlson and Tear, '1974) . Rapeseed flour has been

© incorporated into meat and bakery products where it was

“found to.be organoleptically acceptable (Sims, 1971) . The‘

_ weight—gain of calves fed with rapeseed concentrate as a
substitute for cow s milk was the same as that of calves
given fish protein concentrate, and was even greater than .
-_that of those given skimmed milk (Ohlson and Tear, 1974)

" . There was no off-flavo!For odor development, or deteriora—

_'tion in protein quality when rapeseed protein concentrate

\‘ was stored in ? moisture-vapor-proof packaging material

for six months . at 40°C (dhlson, 1973). 7_ SR i g N

Work on spinnability of alkaline solutions of

'rapeseed globulin and casein, and of rapeseed albumin starch 4

f,sulfate and casein has shown that the spinnability depends

on such factors as protein concentration, NaOH concéntration‘

I

- of the. spinning soluélln, ‘and. . the HCl content and temper-

ature coagulating bath (Schmandke et al., 1976)
3f~ﬁ' ? . 6 L .'d. 2$}'v
d) Tox1cxty of Rapeseed Meal L
| '“‘-"‘-,- ' ‘ o ; . . -
The'main factor which limits the use of rapeseed i
. meal and protein for human consumption and animal feed isv'
the presence of glucosinolates. Numerous reports have

demonstrated that feeding rapeseed meals caused a,'

. -~
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deoressionlin growth andfin uan?tchses enlargements‘of the,thy-‘d

roid in‘poultr§f(e;g, Clandinin gg g;,,'1959;_Jackson;.1569; 8
| Clandinin and sayiy,-ise%) ‘rats (e.g. ee11,~1957a;fse11;.'.
Baker, 1957._Belzile et al.,1963. Manns et‘gi;,'ISGE),~

v

and swlne (e. g. Manns and Bowland, 1963a bs Mannsngshga;;
'1963, Bayley et al., 1969, Bell, 1965) Feeding*experie

ments have also. shown that the goitrogenxc substancés in

rapeseed meal have negative effects on the egg production
eof mature hens (e g. Clandlnin et al., 1959, Clandinin

and Bayly, 1960, Clandinln and TaJcnar, 1961, Marangos

et al., 1974 01mu et al., 1975 ,‘as well as/oh the mort-'
\alxty of hens (e. g. Marangos et alu, 1974, Olmu et al.p,'

1975), and on the rate of maturatlon, reproductivity and
1élactat10n of sw1ne ({e.g. Robblee, 1965, Rutkowski, 1971). |
'; Glucos;gilates also affect the adrenal cortex, pituitary f4@

kldneys and 11ver, especially in non~ruminant animals'

%

(Van Etten, 1969). - o
Rum;nants have the hlghest resistance to the glu—
.c051nolates of rapeseed meal and generally shﬁﬂ@no marked
‘.:goitrogenl effect and no adVerse effects on ‘the retes of
‘weight gain- or reproduction (e g. Bunger et al., 1964, \
. Virtanen et al.,, 1963, Bell and. Devlln, 1972). Robbleel.h
(1965) 1nd1cated that both the y1e1d and flaVOr of milk are
unaffected by the lnclusion of solvent-extracted rdﬁeseed

meal in the ratlon. However, in another experiment, f

BN . LI . . PN



v

.fingails‘et al. (1970) observed that high levelsf f rapeseed

‘meal in grain rations resulted in somewhat lower milk yield

'and fat content. Feeding of sheep with a ration containinq
rapeseed meal had no detrimental effect on ‘the wool - S
.'(Rutkcwski, 197 ).' It was suggested that glucosinolates ._"
.yare effectively destroyed or altered during ruminant ” |

' digestion (Virtanen et al., 1953 Bell and Devlin, 1972)
ﬂPalatability of rapeseed meal has been indicated as a . u‘]_ l_;

&

-factor limiting the amount of rapeseed meal used in rations

' for. ruminants 1Be11 and Devlin, 1972; Ingalls and walden, g

';1972)‘ o R 1\ - o
' Despite the unfaworable effects of glucosinolates,
) rapeseed meal has heen recommended for use in feeding o
i rataons of poultky, swine and ruminé‘ts (e.g. Robblee,‘
f"isss, Clandinin gt al.,1972a: ‘Bowland and“Bell,»1972; Bell S
_tfﬂ and Devllh 1972- Meyer, 1975) Depending on the type | '
k3 stage or. condition of the animaig, 3 to’ 20% of q;peseed E

-

.meal were used in the feeding rations.'." ,' 4," oF 'f_ﬁ_ o

e);fGincosinolates
o e i PR ,

Lo The chemical nature of glucosinolates has long been L
jthe subject of thq investigations of many workers, but
‘significant progress'only began subsequent to the studies by
“Kjaer etad.in 1951.Using paper chromatography, Kjaer and

4 . L - R . .
- o . : . : . B . . Coe
. . . L T E ti . . . )
. : LA . . . e . . N R S
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’ Jensen (1956),detected ‘8ix glucosinolstes in B. naE' h;é"

o progoitrin (major), gluconepin (major), gluoobrassiconapin

7(msjor),'sina1bin (minor), and both tentatively identified

glucocoiberin (minor), and quconasturitium (minor). ‘f\,

'3These constituents, when hydrolysed bymmyrosinase

‘";(thioglucosidase). gave risg, respectively, to (L)-5-2-

. 66 '.:

- vinyl-oxazolidinethione (non,volatile), 3-buteny1 isothio-~ ﬁj.f

 cyanate (volatile), 4-pentenyl isothioeyanate (voletile), ‘
i“\i‘p-OH*benzyl isothiocyanate (volatile), 3—methyl sulfinyl

-pr pyl isothiocyanate (non volatile), and 2-pheny1 ethyl

is thiocyanate (volatile) f CTo o L

The isothiocyanates have a conszderebly lower e

s , e |
-goitrogenic activ1ty than oxazolidinethione (Fertman and

- Curjtis,’ 1951; Gmelin and Virtanen. 1950), and they can be

sformed 1nto thiocyanates (Ettlinger end Lunden, 1957),

g thcﬁ*are also characterized by weaker goitrogenic activity
.

_,(F rtman and:Curtis, 1951, Gmelin snd Virtanen, 1960).;-‘M‘*

_ Other reébarchers {(Bell, 1957a; Bell and Baker, 1957;
'-Be zile et al., 1963) reported ‘that both isothiocyanates

and oxazolidinethione have roughly equal effects on growth
' . ‘ "

&‘rate, however, males were affected more severely tﬂhn

I

"ifemales. Bell anduBelgile (1965) suggested that the only
iebthiocyanates yhizh Ihve significant antithyroxd activity
‘are those capable of cyclizinq to form oxezolidinethicne.~

[4

'/‘:',‘Tv ‘

-



oo grncqslnolates. progoitrin or . epi-progoitrin, which. on'

. . . e o e s . 7, ’
. . | ) . . 7 \ . - .
B

R similar. whey prevent the uptake of iodine by the thzxoidf '

gland and release lts accumulated iodine. In'this manner
| they'block ‘the finst phasefof ﬁhe biosyntheses of thyroid

.
mechanismsQ The go;troqenic effect of these compounds can

. ho#poneﬂr hOWever, they do pofeaffect the thyroid giand

be overcome by the addition of ibdine to 7he ration
(Rutkowski, 7. .fa“' S

Oxazolidinethione and nitriles are formed from /:'1

hydrolysis by myrosinase (thioglucosidase) gives rise to

'f67j5

The action of isothiocyanates and thiocyanates is -

‘‘‘‘‘‘‘

2—hydroxy-3-butenyl~1sothiocyanate.; This Ln turn cyclized o

to L-5-viny1~2—oxazolidinethione, a compound of. high
"'(Klger et al., 1959 Astwcod g_ﬁal
}en et al (1966 1969a) shcwed

antithyroidal activif

+

1949).5 necently. vnnv )

that, when rapéseed meals were allqwed~to autclyze, the 7'”

hydxolysis products 1nc1uded.nitrilesh" Earlier studies
v S

: have shown that nitxiles have toxic effect on memmals --u

(Virtanen, 19657 Tookey et al., 1965). rhis toxic etfect,"_

was greater than that of the oxazolidinethlone (Vag Bttenfiﬁes

et al., 196$b)..

3 The mechanism,of 90itr1n 1nf1uence ‘on the thyroid»?f~

9 gland is not fu11y understood, howeverQ it is known that

it blocks the irteversible mechanism conneoted with the vf“ffl'*f;ﬂ'

”inding of iodlne in the thyroid, and. thus,:]




"‘N

i (Rutxowhki, 1971) The decrﬁhse of tiroksine in blood,

AWQFCh r sults frqn;}his partisl suppression, stimulates

R
g,
‘u ot
’ ¢

~partial suppression of tiroksine synthesis

{

¢ . .
the hy physis to secrete excessive amount of - thyrotropine

~whiéh af fects the thyroid gland by stimulating its grbwth
.,f(Clapdinin and Tajcnar, 1961).“ﬁghe goiter caused by these

. U . . ~
. compounds

caﬂlot be alleviatod by increasing the iodine

”:'feeding.of nOn-ruminants (Rutkowski, 1971).

. chymal-tissuee of the seed“(Gulgnard 1890). Myrosinase,'

P

, ’Giucosinolates are diffusely*distributed in~paren—'

or thiogtucosidase glycqhydrase (Ec 3. 2. 3. l), is located

'.in speci

L

}’1960) @he destrdction of the cellular structure allows

n”logically

\‘z

.bf the gl

flided 1ntI

vtorganic

'xthe gluc 31nolates tb came into contact w1th myrosinase.
With sufficient m01sture, thls eniyme hydrolxzes thej

wglucOSLnolates, 1ibe‘at1ng glucose, bisulphate and bio~'

actiVe c

e B

.,19717 qocefsson, 1972),w . ‘W*"

three g;O=‘s. goitrin and related nitriles;

sothiocyanaves, inorganic thiocyanate (Rutkowski,

'

17 After the establishment of the general structure

and Lund

SO

hya lysiT

(1957) revxsed the prOposed,mechanism of the
_éf glucosinolates (Fig. 1); As'found in

1 cells called 1dioﬁlasts (Guignard, 1890, Kjaer, :

"'ounds XS mustard oil') which are’ div-'

/" e,

ucOSinolates,and particularly 51nigrin, Ettlinger fll

68

K intake, |so’ damage can gccur when rapeseed meal is used An . ”ﬁgl

p_,_
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. é ushed' musta‘ed, mo;sture, temperatur%and time heve

- ates. Hydro%ysis proceeds rapidly abm@ a moigture _ " o,
. "* -4 ntent . Of"'13%, and at ‘empel;atures rom 40 - 72°c. At.a - B .

&~

llnoisture level of 15, wi\*'&na tem__ . ‘“'e“ of 55°Q:, hydLrolysig o
P . \4_’,_# AN FYURDY _ .‘

”'.*'j!;f‘" ;w:; over 90% comp'le mhié'l . 994 complete after
‘:‘.‘J{/ R . ; v.'. g : ', o . . ] . i -
. | mn Mu kas e . 162. P o ‘
in «( sﬁaas tg&’o 9 )‘ R . o
. The content of glt‘; 1ates in. rapeseed meal : ,
. H Q ’ N
prlmarily varies with yarlety, and environmental and’prd- N ‘

Wetter and Craig, 1959, Kppelqvist, l962° - You

1§72) In.a niore extensive ﬁdy on, theg g~“"cbsinole&
"'ntnt Of rageseed mealg derlved from somle varieties o,f v. o S

a, d. turan r* grown at varlous 1ocalities in vy [a k
Eurepé. Appleqvist and Josefsson (1967) ,-md JosefgsOn s a ,,/
Appleqvist (1959@ Ohtained the' results shown in m 3 e

éovns;degable ditferencﬁ'@ere obsemh in, the amo ’ ‘
glmcosinolete betweexﬂpec;le‘s, and between ﬁinter and.’ R S @
Summer types qf the sahs species, with summer types con-’ :

taining less ,glucosinolates ".' '\; ot \’ e
°'.l'he isothiocyanate content was similar fozj both . 4_ g

- _j B..n_a_gus L. and B. cn_;_mggsﬁi‘is L. /, but the oxazolidinethione
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. Nt N ‘ - # . R
'f.‘o} . Youngs et &Q.., _}4}72). Within the B. ‘napus L. species, Lo
| plants of c&ﬁivhr Bronowski cOntained %he lowest amounts\{ o

h

% ‘h.‘ PR .
gr.w;»f. *qlutosinolatg:, (0. 18 - 0.64% of dry matter’) (d'asofssgn o

& and Appelgvist, 1s68; DowneY et ‘1” 1969;" Josefason gae 4 o

. Munek, 1973).. However, this” miety 1s not Buita"’l‘ ‘.

"‘v&"-‘conunercial production in Canada due to its 1on9 ngin ) » -

) season and ! ver yields of, seed and oil (FinlﬂY“n | :
.et al., 1973) a new variety 9f B. 2222 L.. “11“" BRI

R )
. "'rov/er", which coptains ca.. 0. 15% glucosino‘lates, is sat—~

AR isfnctofy for the prodpction iun some areas of -ghe prairies -

‘lv‘ -
CEE A

vhich have a* long growing season (Radwan and Lu, 1976; C

. e - ‘

o Clahdiqin and?Rébblee, 1976). !%Selection within V£riet:[n£ &
Fch 'and Arlo oi B. campestris@L. resulted in i‘blatf'on a‘f

vw EEE

o

pla ts with u?ds free of OH-pentenyl isothiocyanate, B:; »- _’

b TR oo ,
. ﬂ‘tzoxasojlidine ne; or: bo(? (-Downey ﬁt g]b., 1969).g o
RN a-_‘.“‘ 'rhe environmentai conditiond' under which the plants
are, grown can influenceﬁ; .q\lucosinoldte contents of the SR B

SRR o v BN o
‘A seed - The addition of suifw' fertilizers caused an in-

" . cre@se in. *the‘ amounfs of glucosinolates in the sesd

5 T
., (Do[wney and Wetter, 1964R Josefsson and Appelqv;s!:, 1965’ Cet
-\ : \Howpver, the addition of large gmounts of. nitrogenous P A

o

,rtilizers caused' a decréa,se i_n‘he gluoosinolabe content. \




S

o £) Detoxification of Rapeseed Heal S '.,g
a ’ ' - ' . - . . .
After the extraction of rapeseed 011, the. bulk of

the,glucosinolates remain in the meal (Younqs, 1965).

mhough glucosinolates are harmless (Belzile g;_al., 1963),
th4§ can be hydrolized to toxic products in the digestive \f .
; tract~by myrosinase or other enzymes whiqh are in the- food o '

N ‘Or are produced by intestina%ébacteria, especially E. coli

| and A. aeroggnes (Greer, 19;' Bell ‘and Belzile, 1965),6; I

.....

Paracolobactrum Spp. (Oginsv et al., 1965) TH&s, it istjwr _
3 - ) ¢

jf,' important fhat t e glucosinolates And their hydrolytic

ﬁﬁ@‘ products be removed. Studies on. the redoval of glucosino- i' A
" lates Were carriea ogn»on both the rapeseed as we%%raa the |

o £ -
o crambe seed (e.g.\ das ¢ et al., 1976, Sosuifki, ) 8t aL.,:_ R

1972) N L

B R S N & E R
RN “‘w-»ﬁt.,f;hf““fi ?.:n L L e g
~iJ Heat Treatments.gnd Reactions with’Salts and Other ' ;..’}j;,

o Compounds " . | T SRRt
: o . . . v S e, . '."‘!' R ' o ' Lo .‘. d ca '::" ‘.-:'é‘..:"‘

S Different methods have been tried with varg&hg de—" f;
o gree of snccess, to %, ve.the glucosinolates from the

4

ﬁifﬁneal.f These include- dry heating oF toigting, a olysis ..luashd

-

: and distillation, autoclaving and steam strrpgsng, s

M

_treatments With chezical-compounds pﬁhs heatihg.
1y

f,)nolates and their drolytic p&oducts are removed d'xinq =~"7,

-r, ~o—‘.

"thermal dest;ub;ion.‘,?,h‘



ﬁ‘;’ o

of glucosinolates (Rutkowski et al., l966° \Rutkowski and

Kozlowska, 1969), but refl.\ced the protein solubility S

(Rutkowski and Kozlowska, 19,69), and available lysine

“ o N ' N .
(Josefsson, 1974) . ‘* N ' = : 4"

‘ Rutolysis and distillation improved ﬁe quality e B
of rapeseed meal, espe&cially of’ a. camEstris L. (Goering o
et al., 1969) Different amounts of glucosinolates were - '

- wr)'
reported to have been removed by autoclaving‘ and steam- .

| stripping (Belzile and'Bell, 1963; Belzile et al., 1963«; ‘;v;
. N ',,.
bauester etal., 1970b; Bock et al.,. 1974).' T.his pro- A

. cedure caused a gradual 'deteri.%ratioﬁihf protein qun}.ity :
. A . . ¥ . "'.'l'.' . .
oo w1th the time qu, treatment. _In addition,. the nitg.'ile R
LN ’ y . ol - .
contents of crambe seed meal ‘was increased' (Mustakas
L v :{ &, . e Fy w4 o . - Y
. st al., ﬁ976) o ' Rg\, REEE *w- o
'« Treatment of crambe seed nteal With ﬁmmonia an W DS
/D

h‘ ...'.'-

heat, or sodiumiarbonate Lnder preﬁsure effectively » ,""
destroyed glucos:.nolates, however, the resulting meal “
caused/ alatability problems (Kirk et 2_., 1965‘ Mustakas

. et al., 1968) . C!ertain metallic salts, especially ferrous

/

sulfate, ,when added to rapeseed and crambe seed meals. ; . B -

. caused decompositiox%%{glucosknolates to nitriles, which i

Y .
R

could then be removed by séeam stripp ng (Youngs, 1967;
' Sallans et al.,s 1967; Youngs and Perlin, 1967- Austin et al__f - -~ )

1968), HoWever, a decOmPOs;,tion prod’uct of oxazblidine- o
Xano-*z-hydroxy-?butéhe%ewpilh . |

,b thione, a h}rdroxynitrile (lfp




e is toxic to animals, ‘was only slightly steamuyolatile and

it remained in the,meals. mer:f .;'.ﬂ e - ;

, Glucosinolates in rapeseed flour can be eliminated L
by héﬁ%ing 1n the presence oﬁ sodium metabisulfite a8 a.‘
y.catalyst (‘@nzant et al., 1§74).‘ Treatment with uioz low-
f*f ered the glucosinolate content of the f;Bur but was not &

V - ‘d R N B

i&~ .as effective as water extraction (Anderson et af'g 1975),w‘ nf'\#il

A Also,(the H202 tre tment 4'5sed the oxidation&of methionine L
. K . Y ‘e ! )
‘Tf-to *its sulfoxidewin R T
' 'vacid. Jomby
Q . ’ “ .
-8 .‘ ‘.. ..."L nk"'
v ..-‘. M *\
S ‘._-’»9-'. A
gropnd or intact rapeseed before oil%éxtraction, or frOm
" the: meals.. The extraction procedure is based on ﬁhe prin—f_ RN
Ciple'that gluCOSinolates and their hydrolytiﬁ prOducts, f,'i_. 'fi
g ap - K " . . N ~§I
1sotpiocyanates and oxazolfﬂ?ﬁéthione; are soluble in R
Cew y‘" . ’ . R
B polar golvénts “mookey et a1., 1.965; Soéulski et al., 1972)._. v
..;However, glucosinolates are more sofuble in water thﬁh 'ﬂ*;-p
‘ . . L - e
. 3isothiocyanates or oxazplidinethione (Belzrléugnd Bell, -
s . A » . .- | : . : ‘-
- -1966) SR e R e e
Various extracting solvents haVe been used, such :“ﬂilifté

.'.vas 1sopropanol, ethanoi, or'?cetoﬁe, or their acueous mdx-i?

tures, ether, buffer solptions, or water. Us;%% organic

‘ va“..‘_. R




et al., 1963; Ballester et al 1970b and ows}
et ai., 1972a; Eklund and_Agren, 1974, Mustakas geal., ¢ '

:'~results§§n high losses of dry mattef, soluble carbohydrates

- and meal'nltrogen.‘ The loss of dry matter can besﬁeduce‘. -
- » " AOV o y m:fv'

' enzyme-deactivated meal, however, there was cansiderggle

Mﬁkherjee, 1975) ' Aqueous acetone was’ thé»

et al., 1374)‘\~Increasing thé water content enhanced the

f

extraction of’ glucosinolates. . When. buffer solutions were_

'uged mgst of the glucoslnolates were extracted from

"jlysine destructiod'(SZewczuk et al. 1969). *‘

The extraction of glucoslnolates from the meal by

'u

,h water also occurred w1th varylng degrees of success (Belg

1950b, Grussendorf, 1953 Allén and Dow, 19‘Jfbhelzile

, °
91976).; The most recent work‘showeq,that practlcally all

-«,r'_

“glucosinolates dould be remdbed..

Extractlon of the glucos;nolates from‘the megl
&

B gby adjusting the pH to 3 5-4. 5 or 8-9 during aqueous i

”, tractlon methods are the-longrextrdﬂtlon perlod (15 h)

methanol or aqueous acetone extrai ffm

\’1965). or by lowering the molsture content of acetone

" ctive for removal of glucosinolates (Afzalpurkar '

(Van Etten et al.,».fn

(Tookey et al., 1974), other dlsadvnntages of‘meal ex-f“f.

o,
R4

-




-

' ‘ ‘
o Cy-

(BaIlester et al.,f@9§0b, Kozlows adet al., 1972) slox

drying of the meal slurry, and the dark appearanoe of
the pnoduct (Kozlowska et al., l972a) However, the time
8 of extraction could be shortened to 2 h for aqueous NaCl

l.-.

_ | extraction (0wen et al., 1971) and continuous water ex—l 3"f
' tractidn (Ballester et al., 1973). ‘;Y U
x ‘\Rapeseed‘protein isolates, which were prepare by
extracting the proteins from the meals with aqueous NaOH
'% Aﬁ' or salt solutions and precipitating theq At isoelectric A,«g[°
o ) poznts, contained at‘most traces of glucosinolates (e. g. |

Shai*h et al., 1968, ‘Sarwar et al., 1973; Thompson et al.,".

1976) ‘A‘gi. lz » ¢ 1. ’ : R N o ’ ‘
. . 7“‘ v e ' : ' ' .
. ,/, e GlchSinolatppccan be extracted from ground or in-
tact rapeseed"béfﬁrﬂ the extraction of oil ' Extractions ", f‘i?

by water of glfasi-nolates from enzyme-deactivated ground ‘ o -3
: rapeseed were carried out by Eapen et al., (1969), Tape |

K3 SN
$

ﬁgviet al (1970), Kozlowska et al (l972a), Ohlson (1973)'”f‘ '
Anjou and Fecske (1974) and Mukherjee (1975) _ Practically'ej.
» all the glucos}nolates could be removed from_the"grbund;ﬁ
rapeseed._ In &eneral, the extraction of glucosiﬁblﬁtéé
;- 'E from ground rapeseed also resulted in high lqsses of dry -
| matter, carhohydrates,_nitrogen and o;l; In~addition, 15".7\'
d:Y1ng of the wet slurry and recovery cf extracted solidsx f;}fﬁfx*

would Increase~the costs of the process. ifg,,,g;,,a' i‘ﬂ«;,f,'- i
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Work on extraction of glucosinolates from intact

Sosun‘ii,'1974),r Boilin@ the seed before diffusion ex- ,....ii f»
i-ction,.or the use d!:high temperatures or~high1y a1k~s' 4

v‘-vnivity*and‘sulfur.leﬁels in oils}' The extraction of |
| glucosinolates was ew/.ﬁced by fnequent use of fresh sol~ :j”ni'
vent, high temperature, high water-to—seed ratio,.

neutral to alkaline aqueous medium, and by dehulling of

the seed Practically all glucosinolates could beyex-”

txacted from the seed using this method.. The disadvant—td”
age§ ogi;he diffusxon extraction method:wete thf long

extraction ‘times - and the large volumevof water

-

for the progess.:;fﬁe use of ethanol in: the sol,

4

addition to increasing cost, reduced the protein solubility.'-
S fn o S _'5,-* # SRR L o "/
E. :iii) Eiological Detoxification and Removal of Glucosin—
S olates by Plant Breeding. ARG j.;, S SRR

‘.a.‘

R SRR Biologicai methods of detoxification of rapeseed *@ e

'l.meal by Geotrichum candidum (Staron,'1970 and 1974) and : ;"7;’§t‘
.lactic acid bactéfia (kozlowska et al.;’1972b) have been “¢~ . '.

. i;reﬁbrted., Glucosinolate contents were effectiveIY reduced Dl
| andduiingvfermentation The removai df‘glu‘?sinolates bY , B |
",h" plant breeding was . previously mentioned 1 Seétion‘ﬁA\ "ufﬂfiél

%




‘.damage to the quality %gvrapeseed proteln which is one of

R

é., Statement of Obfee 4ve

of explosion ahd tire hazand, loss of solvent, and caueing

the best vegetable proteins. Further, ~\§re is no prov~ '~v¢”.35
| s , ¥
ision in the prgcessing steps fo: the removal of glucosin-Q

olates and thq‘r hydrol%tic products, isothiocyanatee and

.-..h "

'\,oxazoiidinethione.‘ In #ddition, the rapeseed oil extracted s

'.by these methods conteined a. high level of sulfur which -

‘f‘MBst of these problems could be solved if the rapeseed

“ oil is extractﬁp by aqueous method.y;utff,;fy 1!’_"“‘?4

-;¢under laboratory conditions.' In particplar the obfpct%ves' _ féh_
AR

;;‘ of thlS studyvare vi;““'iV/'.

. / ;
‘can p01son the nickel catalyst during the hydrogenationt
sprocess; tau51ng ep ﬁncre%;e,in the qost of thi§ o3

: the feasibilﬁtg~of‘aqueous extraction of rapeseed omf"

S L
LA
v veaih S
g C 2N :
A 5
'

‘h The'g:

o i \

-

ttl): to establxsh the Stegs and the‘parame!!tsvo theé i;_.tns;;

~ , A' process for the optimunﬁsil yield




‘\ .

. Ito minimize the problema of . whay (aqueous traction)
| "which are &ssociated with this prcvcen.

: . L
. . a P " . L . - . L "
PR RS - NS . . . . . ;
N . . " - < B . ~ . R : ‘ - Y
. - : DS ' :

‘rms. it is mécesaary to define, them here.

_‘ . . .;’ % X .
.,“ . E "~‘§ / "I? T . " . ) N .
Bal crude 011 :Ls the crude oil obtaine om canhra
Co. Lethbridge, Alherta. ' -me oil vas. extralmed
i . “_
R b ﬁrepress‘—solvent method from B. c&t_ngestrig L.

Aqueous’extracted crude oil refers to the ail wh:lcﬁ waa

e 'eitracted.,at optimmn conditions by the aqueous extrac-u

éh procéss establ.iphed in thi study

/,-,_

‘ Resid“al@“ rﬁférSfto tlge_oil which

‘4olates extracted simultqneously during the pxocu- ,\,,,.'



T ¢he bottom ot‘ thq tnbd after the -mwifugu@r ai‘:'épﬁ:‘ S
"'.. : Co = ‘ : .‘.‘.' '/ ‘ ‘




IT. MATERI&LS AND METHODS
o

h
‘

1. Materials

The rapeseed, ‘Brassica campestris L. var. Echo,-

was obtained from the Alberta Wheat Pool and was stored

in a cold room at 5°C for 5 years. The seed contained

5.6% moisture, 20.0% proteinf:and_42.é%,oil. The viabil-.
tiy of the seed’aefermined by a germination test was 45%.
This rapeseed was the major‘sourCe of Mmaterial for tﬁis
study. It was used las@ely in the study Qf the process
parameters ;Qr aqueous extfactiénAof rapeseed oil, and '
effect of the’probess on the quality of thé’aqqéaké
extrac;ed crude oil and the quality of the protEIﬁ in the
aquéousvextrécted meal. Although this‘rapesegd sample had
been stored'for,éometime, it was used for this stgdy be-
cause it was readif§ avai le. The long étorage conditions
may not affect the aqueous’extractibn process, however,
they did influence the quality of the oil.

: Although most of the study was done with the
rapeseed variety Echo, it was considered~appropriate to
employ a fresh rapeseéd variety which was curfently used
'in the industrial pfocess. Twp rapeseed varieties,Span‘
and Torch, as weli as industrial crude o0il and industrial
extracEed meal were obtained from Canbra Food Co. Leth-

bridge, Alberta. Span seed contained 9.5% moisture, 18.6%

82
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protein, and' 46.2% oil. Torch seed Fontained 6.4% mois--
ture, 18.9% protein, and 46.3% oil. The viabilities of
both Span and Torch seeds werL ca. 99%. The agueous ex-
traction process.sfeps established with variety Echo were
applied to the two fresh rapeseedusamples..lThese two |
rapeseed varieties were also used to study the effect

of dry heating o% rapeseed before ‘the oil extractibn, on
the quali'ty of the aqueous extracted crude oil. The
quality of the meals from these two varieties, was also
studied. The indust;ial cr;de 0il and industrial ex-
tracteé meal were used for quality comparison with the
crude oils ana meals obtainéd by the aqueous'extraétion
method. .

It is necessary to explain the situation relatihg
to the supply of the fresh rapeseéd s&mples. The first’
shipment of rapeseed from Cénbra Food Co. was the variety
Span. However, when a second shipment of the same rape-
seed variety was requested from the company, the rapeseed
from this shipment was tﬂe variety Torch. Hence, the two

varieties were used in conjunction with each other in the

study on the quality of the oil.

-



2. Aqueous Extraction Procedure

The general laboratory prqcedure for the agqueous
extraction of rapeseed oil is schematically shown in
-Fig. 2. This procedure was the result of preliminary

studies using g.'campeétris L. var. Echo on various pro-

cess parameters with the aim of maximizing of the oil

yie;d.

a) Grinding

-

The'répeseed was first groﬁnd dry in a rotating-
disc type‘Quaker City Mill (Model 4 - 5, Straub Co.,
2hiladelphia, Pa.). Grinding was the f;éét step in break-
ihg up the cells for the release of oil. It was observed
that the finer this initial grinding,‘the better the oil
yield. Howéver, the rapeséed became mere sticky, more
heat was generated in.the'grinder and the overall oper- -
ation was slow. Iﬁ was also fqapd‘that the gniqding opér-
‘ation was faster aﬂ@ the rapeseed particles wére less
sticky, if the moisture content of the rapeseéd was low.
b) Boiling

The finely 'ground rapeseed wasiadded.slowly with
'stirfing to boiling water énd boiled for 5 min. ‘Unlike

in the aqueous extract&on of cocohpt,'peanut and sunflower



Fig.

2.

‘Grinding
I~
2 Boiling

}

‘pH Adjustmen
Regrinding and Blending

}

Stirring and Centrifugation — Solid Fraction

0il Fraction ~l _
‘ Demulsification —4»ggzza\grastion

}

~ oil e :

General Flow Diagram of the Aqueous
Rapeseed 0il Extraction

-



'
seed oils recently carried out“aérfﬁxas A &M Uniyersity
(e.g. Hagenmaier et gl., 1972; Rhee gs al., 1972; Hagen-
maier, 1974), poiling was a decessary step in aqueous
e#traction of rapeseed oil for deact%vation of myrosinase
(to be discussed). Furthermore,-boiling helps the break-
ing down of the : cells (to be dlscussed) The ground repef
seed was added slowly w1th stlrrlng in order to avoid
\locallzed spots of low temperature which could cause. a
»hlgh activit f myrosinase and so result in a hlgh sul-
fur content in the %}l...It is important that the amount
of water used in boiling be meesured so that the solld—to-.“
water (s/w) ratio is optimum. Dwuring these proceésing
steps, especially boiiing and blending, some water was
lost via evaporation. When possible, the container was
covered with alumidum foii to minimize this loss. .Under
these conditions, 160 - 180 ml of water was 1ost before the
materiai was stirred. -Thus, that amount of water hed to
ye'added in addition to the 1:3  's/w raeio (fornEcho var-
‘iety) in order‘to’obtain the optimum s/w ratio during
stirring (to’be discussed).

-

c) pH Adjustment

After cooling, the slurrydwas adjusted with NaOH

up to pH 7.3 * 0.1 from its original pH of 5.2 + 0.1. The o

RN
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4
‘.'\

a

' adjustment of p!‘as made at this stage in order to -
| -
counteract the buffering capacity of rapeseed slurry, thus_a‘;“.

- minimizing the time for fﬁnal pH adjustment, and glvrng a

more stable pH, a crltlcal factor in obtaining maximum

-

yield (to be discussed). Furthermore, it gave a better

LpH env1ronment for the extraction of o0il during the second

! ’

grinding and blendlng operatlons. fhe pH after blendlng

was normall?“G.S + 0.3.

. d) Regrinding and Blending o ~\\\\> '

: ‘ , — .
The slurry was reground four times into a very fine

~

slurry in the mill meﬁt}dned above, and then blended in a
Waring blegder at very high speed. These two steps were
-necessary-to eause\further breakdown .of the cells; This
. second grlndlng operatlon was not requlred if the rapeseed
was 1n1t1ally ground to very fine partlcles.

.

-

e) Stirring and Centrifugation

After biending, 100 ml of tﬁe slurry was stirred
in a 500 ml conical flask fitted.with a4cohdensor, and
held in-a ;ater bath, The condensor was né%ﬁed to maintain
the s/w ratio during stirring. The stirred slurry was |

centrifuged for 10 min in a SerVallsuperspeed Centrifuge

(Ivan Servall, Inc. Conn.).

.



f) Demulsification

. The oil fraction obtained 'from centrifugation was
recentrifuged at 9,000 rpm for-10 min. The free oil was
pipetted out ané the compact mass of emulsion was frozen,
then thawed in an oven at 90‘C, and centrifuged into‘
0il, liquid and solid fractions. This freeze - thaw step,
essentially according to Gunetileke and Laurentius (1974), ’
was included as a convenient way of-breqking the emulsion |
under our conditions. Alternative emulsion breaking
steps such as the use of a high velocity puﬁp for phase

inversion by shear (Hagenmaier et al., 19721 were not

investigaﬁed.

,9) The Yield

The solid'fraction from the first céﬁtrifugation
step was ariedbin the oven at 105°C, ground_and_redried to
a constant weighﬁ. The oil coﬁtent of the aéueous ex- F
tracted meal was ‘determined by the Soxhlet extraction
method and used in calculating the oil yield by a simple

mass balance.

Calculation: \

""Total oil in meal = X x Y/100-Y = A% of oil

‘Percent oil extracted =_(Z-A)zx 100

st s+

e ———



‘e T
percent oil in rapeseed (on a dry basig)

where; 2

X = 100 - Z, percent non fat solid

Y = percent residual o0il in the meal

The yield obtained from this laboratory process
was not equal to the overall. theoretical yield because

some of the rapeseed material left on ‘the grinder,

| blender, b0111ng contalner and flask and some 11p1d

(0 2%) in the 11qu1d fractlon were not taken into account.

Also, the small amount of_solld fraction after the demulsi-

-fication step was not added to the aqueous_extractedfmeal

for soxhlet extraction. However, all of these losses

might be reeovered, if desired.

3. Analyses of Crude Oils

a) Determination of Sulfur

The sulfur content of ‘the oil was determined uging

~ the method of Sosulski . (1975) modified as follows: 0.5 to

5 ml (depending on sulfur content) of rapeseed oil was

reacted with 25 ml '‘glacial acetic acid and 1.2 g magnesium

~ turnings in a-250 ml flat-bottom flask fitted with a

condenser. A dry lead acetate paper was placed on the top

of the condenser with the help of a rubber ring and steel

- rim before.the reaction took place. The flask was fitted
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with a speeial tube te bubble nitrogen through the react-
ing mixture. The reaction was stopped after 30 min.

Akter rinsing with distilled water the lead acetate paper
‘ was dried in a darkrroom.‘ The sulfur content was deter-
mlned by comparlng the 1ntensity of the dark color w1th
standards (0 to 12 ppm) prepared by identical procedure
using 5 ml Qf standard solutions of Nazs in 0.1 N Naoﬂ

The leadlacetate paper was made from Whatnan student grade
filter paper dipped in saturated lead acetate solution

and dried.

» ‘

b) Determination of Phospholipids

The phospholipids werevobtained by microdetermina-

tion of phosphorus (Morrison, 1964) and md}tiplyﬁng by a
factor of 25 (Persmark, 1972b). A drop of rapeseed oil
wasrweighedv(0.0lo - 0.015 gqg) and heated Qith 0.3 ml of
conc. stb4 in a graduated tube contalnlng a glass bead
for 30 min. Three drops of hydrogen peroxldelwere added
to the tube which was then reheated until the solution
turned clear. The tube was boiledzfor another 1 min~and
allowed to cool. The wall of the tube wae washed and the
solution was diluted to ca. 4 ml with distilled water.

0.1 ml of 33% (w/v sodium sulfite, 1.0 ml of 2% (w/v) am-

monium molybdate solution and 0.01 g ascorbic acid were
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e ‘
added sequentially to the tube. After each addition, the - P
| i A

tube was shaken to facilitate mixing. The tube was heat&d#?:

in boiling water for;lo min and cooled. The volug¢¢gﬁgtpe }X;
solution was adjusted to 8.3 ml with distilled waté;j§§é
the optical densitf was read at 822 mu against waiér;f;%”e
average pptiéal density of several blanks was subtracted
from that of the soluéion and the amount of.phosphorus

was determined from a standard curve prepared from stand-

o.

ard phosphorus solution using Na;;;bq-zﬂz

c) Determination of Free Fatty Acids

‘ The free fatty acid contents were'determined as
deécribed in A.0.A.C. (1975). The oil (7.05 g)yiﬁ neut-
ralized alcohol (50 ml) was titrated with 0.25 N NaOH
while vigorously. shaking the flask until a permanent
faint pink coiof of phenolphthalein indicator persisted

for 1 min. The volume'of 0.25 NaOH used corresponds’to

percent frée'fatty acids expressed as oleic acid.

d) Determination of Peroxide V&lués

The peroxide values of the oils were determined
. / . . - ! .
according to A.0.A.C. (1975). The I2 liberated from the
reaction of saturated KI solutiod (0.5 .ml) and the oil

(5.00 + 0.05 g) in 3:2 v/v acetic acid - chloroform
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solution was titrated with 0.01V N Nazszo3 sélution while
vigorously shaking the flask, until the blue color of .

starch indicator just disappeared.
: .

Peroxlde value (milliequivalent perox1de/kg sample)
=S x N x lOO/gt sample. . ) o A ,,

Where, S = ml of Na25203 (blank corrected)

N = normality of Nazs 3 -

™

,

e) Determination of Unsaponifiable Matter

<P

[+

The unsaponifiable matter was determined accord;
ing to A.0.C.s. (1974). The unsaponlflable compounds re-
maining after the saponlflcatlon of oil (2.0q) by 50%

aqueous KOH solutlon (L.5 ml) in alcohol (25 ml), were

1

extracted with ethyl ether. After washlng, drying and

welghlng, the re51due .was tltrated with 0. 02 N NaOH.

AN
Unsaponifiable matter (%)

- 100(wt. of residue-wt. of fatty acid-wt. of blank)
' wt, of sample
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f) Detérmination pf Moisture and dq&a;}le Matter

N .

The amounts of moisture and volatile matter of.the

0il were determined according to A.0.A.C. ¢1975). The oil .

(5 + 0.2 g) Mas dried to a constant weight at room temper-
< 4’_/' ' , - . .

ature and a pressure of less than 100 mm Hg in a vacuum

oven. The loss in weight was reported as weight of mois-,

ture and volatile matter.

a

4. Analyses of'Meal

.;' i -
a) Determination of Nitrogen

.
The N cOnggnts of the meals -were determined by two
| methods, the microkjeldahl,land'thé ipqpnium‘élec£rode.

Thg ammonium electrode method wag used ﬁo determine theJN
in thé solutjion obtained;from the éxperimehts which were
conducted on the extractability of meal protein in ¥elation
to pH and temperature. Since there were many samples from
these experiments, the ammonium electrode methodd was usedr
as‘it is f;stor than.ithe microkjeldahl. "Analyses of the
two procedures showeqythat‘thé results were comparable. "¢
ATT other'N determinations were éonducted by Fhe microk- . -
jeldaﬁl procedure.' The percentage of crude protein was
calculated by usiﬁg a factor of 6.25. ., X

L4

Ao



‘The microkjeldahl method was according to the ¢

A.0.A.C. (1975). The sampie was_di@estedfto a\slear sol-
) "’ . .‘- o ‘ ) ' . ) ’
ution by coPcentrated stO 2.0 ml), with potassium

“‘ﬁglfépe andbhercﬁrie oxide as catalysts. A modified
Parnhs¥Wagner distillat onkapgaratus was used foristeam
Jgenergrion and>distillation. The titration of distillate

| wes made with 0.02 N HC1 untii_the first'appearanCe of

the'violet color of the;methyl red - methylene blue

N
B .
N ¥
M3 ”

B In the ammonium electrode method  the digestion of

indicator.

xtthe sample.was qond@cte& in a similar manner to the
‘:6microkjeidahl wetgodg, After the'digestion ‘step, the cooled
"",'content of the ﬁlask and 5" 6 washings with distilled
weter were tréhsfered to a 250 ml volumetric flask. A

[

soletion of 10 M NaOH and 2 M NaI (6.3 m}y_ was added,
both to brlng the pH to the range of 11 to 13, and to‘

# comple: mergggy. gThe solutlon was brought up to volume
w1th dlstllled water and aflowed to cool to room temper-
ature 100~ ml of the solutlon was - %ransferred to a .
beaker, stlrred ‘gently Wlth a magnetlc stirrer to avoid
vortexlng and the ammonlum'electrode tip was immersed in

the solution. When eqyilibrium;had been, reached “(ca. 3

mif), the &eading was taken on the expended scale of the

o B

st

millivolt range of a Fisher Accumet pH Mete{ (Research

Model 320). Then 10'ml of standard ammonium chloride

-

2R
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{

solution (1 to 10 ppm depending on ammonia codcentrgtion J

of the solution) was added to the solutioé\\ After equil-
! . NG
ibrium was reacMed the npew reading was noted.

the
difference in the two readings the concentration of can

be calculated using tables provided by Orion Research Inc.
-

L

b) Determination of Crude Fiber

The determination of érude fibe? of the *meal waé
conducted according to the A.0.C.S. (1974). The meal
sample (2g).t9gether with ca. lg of agid washed asbestos
was digested with boiling 1.25% \i,50 (2oof ml) and then
boiling 1.25% .NaOH. TE? difference in weight of the dried

- residue before-and aﬂlér incineration, at 600 * 15°C for

¥ 30 min gave the amount of crude fiber | ) v
% crude fiber in meal = 2 -~ 3) ‘00
where, .A = the loss in weight fror incineration
B = the loss in.weight from .sbestos blank
W = weight of sample
c) Déterminatiég of Total Ash : ' . -
) ~— N ‘ .

T~ - :

The amount of total ash in the meal was determined oo
| , .

according to the A.0.C.S. (1974) . Thé\sample (5g) was’

senCinerated at 600 * 15°C to a coﬁstant weight.



d) Determination of 0il .Content

The o0il content of the meal was determined by
extracting the meal in a soxhlet apparatus using petroleum
ether (b.p. 30° - 60°C) for 8.h,or overnight.

7

| | | L 4
e) The Determination of Solubility Characteristics of Meal

Protein

The solubility qharacteristics of the meal protein
were determined according to Lund and Sandstrom (1943f.
The meal (2.0q) Qas successively extracted with‘distilled
water, 5% sodium chloride, 70% ethanol and 0.2% sodium
hydroxide. All the extractions were carried out at room
temperaturé except the ethanol extraction which was conQ
ducted in a water bath at 65°C. The sample was extracted
in 25 ml of the solvent for 20 min, cgntrifugéd at 1,200
‘x g for lS'min,-and the supernatant was decanted. Three

~ successive extractions were made with each solvent, then
the supernatant was‘combined and weighed. The residﬁe was

dried and weighed. Nitrogen determinations were conducted
on the super;atants and the dried residue. The proportion

of nitrogen extracfed by each solvent was then calculated .

on the basis of.the total nitrogen recovered. 3

.
-~
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. , 4 .
f) The extraction of Meal Protein in Relation to pH and

[

The extraction of N compounds of the meal in

Temperature

aqueous solutions was determined according to Korolczuk

4

~and Rutkowski (1971F. The freeze-dried meal (5.0g) was

mixed with 100 ml of distilled water and the mixture was
adjusted to various pH with concentrated NaOH or Hci.

It was then transferred to a flat bottom flask, which was
fitted wiéh é reflux condenser and placed in é water bath.-
The N of the meal was extracted with'contiﬁuous stirring
for»30 min‘at 24, 60; 76 and 80°C. After cooling under_

tap water the‘mixture wés céntrifuged at 2,000 rpm.(48b xlg)

-

for 20 min. The N in the Supernatant was determined.

53?lg) Detgrmination of Amino Acids

N

The chromatographic analysis of amino acids was

RS

carried out in the Department of Biochemistry on a Durrum

500 Amino Acid Analyser (Durrum Instrument Corporation,

. Palo Alto, Ca.) using a column 50 cm long and 1.75 mm in

diameter packed with 8 * 2 micron Durrum type 6A.5Fesin;
which was 8% cro;s—linked. The anglytical procedure was'
conducted as follows: The column was operated under a
back pressure of 2,500 p.s.i., with a buffer flow rate of

10 ml/h. The sodium acetate - sodium chloride buffer

r
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systems were at pH 3.25, 4.25 and 7.90 and were run’
for 51.37, 16.39 and 45. 44 min respectlvely Ninhydrin

reagent for the\color development with amino acids was

prepared by dissolving 40.0g ninhydrin and 1.25g hydrindan- °

tin in 2 liters of a solvent consisting of 75% dimethyl
sulfoxide and 25% 4M sodium acetate‘(pH'S.Z).

The sémples.for chromatographiq analysis of amino
acids wére‘prepared.in the following mannef; The rapeseed
meal (1.5 to- 3.0 mg), of the liquid fraction (0.1 ml) was
hydrolyzed with 1 ml of 6N HCL.at 105°C for 22 h in an
evacuated sealed glass tube. ‘The hydrolyséte was evap- :
orated to dryness in‘a vacuum dgssicatOr in the presence
of NaOH pellets. The dried hydrolysate was dissolved in
0.5 to 2.5 ml of sodlum citrate buffer of pH 2 2, and

0.04 ml of this solutlon was used for the determlnatlon.

h) Determination of Isothiocyanates‘and.Oxazolidinethione

. The determination of 1soth10cyanates and oxazoll-
dlnethlone was carried out»at the Department of Plant
Science using a procedure whlch was essentlally that
described by Youngs and Wetter (1967) Myrosinase solu-
tion (100 pl) was added tq\a vial containing 10 to. 15 mg

dried rapeseed meal which became thoroughly wetted after

99
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l - ? min. Myrosinase soLutioﬁ was made up of 3 mg
myrosinase/ﬁl of distilied water at pH 7.0 or citrate
buffer at pH 7.0. One glass bead and 2.0 ml of internal
standard solution were added into the vial which was then
capped and shaked for 1 h. The_interﬁai standard solution
was made ﬁp of_g ul n-butyl ifothiocyanate and 4 pl‘ I
.-=hyl myristate/100 ml methylene chloride.

In determininé isotﬁiocyanates;3 ulbportiOns of
solution wér&»iﬁjectéd into two gas-liquid chromatographs,
one at léwer température and the other at higher_teﬁpera- ]-'

4
‘ture. The low-temperature chromatography conducted was

for determiniﬁg’butenylvisothiocyanatg and pentenyl

isothiocyanate while the high—temperature chromatograph

run was for methylthiobutyl isothiocyénate, phenylethyl
isothiocyanate, and meﬁhythiopéntyl iéothiocyapate. The
lower-temperaﬁure run was performed on a Varian.Aerogfaph,
Series 1200, at ;hese éonditions: injection port temp- . .
erature 140°C; oven temperature 110°b; detector temperature
160°C; column, 4% Carbowax 400 on'ckrbmasorb G 60/70 in

: \
3/16 in. x 4 ft. stainless steel tubing; gas flow rates:

. \_ . . .
air 100 ml/min, H, 60 ml/min and N, 60 ml/min. The high-

2 2
temperature run was carried out on a Hewlett Packard,
57500Research Chromatograph at these conditions: injec-
tion port temperatufe 230°C; bvenltempe%ature 210°C;

detector temperature 260°C; column, 10% FFAP on chromasorb
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. \‘\
W 60/70 in 3/16 in. x 4 ft. gtainless steel tubing; and
".gas flow Yates were‘as above. The run\was coﬁpleted in
3 min. - ‘ | \ . | :}
- To Aetermine oxazolidinethione, Sd ml of the
methylene chloride solution from the vial was added to_
a test' tube containing 3 ml of 95% alcohoh The tube‘was
stoppered with a "Nalgene" stopper and allowed to stand
overnight (or a'minimum of 4 h). The optical»deﬁsit;es -
at ?35( 2}5 and 255 mu were obtained on a Unicam SP 1800,
Ultraviolet Spectfophotometer. The blank consisted of

3 ml of 95% alcohol and 50 ul of methylene chloride.

Calculation

N

- Low Temperature Isothiocyanates , o
- ’ ‘ _.// : v
.The peak areas of internal standard (Ma) , butenyl \\\

isothiocyanate (Ba) and pentenyl 1soth10dyanate (Pa) were
determined. The areas were corrected by molecular weight
correction factors: |

Ma»x 1.13 = Mac

Ba'x 1.11 = Bac

Pa x 1.00 = Pac

The amount of standard used was 80.0 Hg. Thenw

80

Mac - F (Mg isothiocyanate/unit area)

T
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Kl

e.g. F x Bac = ug butenyl isothiocyanate

. 1rg butenyl isdthiocyanate = . . _
Then: sample wt in mg mg butenyl isothiocyan

ate/g of meal

' n

Similar steps were used to calculate high temper-

ature isothiocyanates, however, the molegular weight cor-
rection factors were as follows: internal standard, 1.00;

methylthiobutyl isothiocyanate,/l.BG; phenylethyl isothio-

cyanate, 1.19; and methylthiopentyl isothiocyanate, 1.69.
v J :

Oxazolidinethipﬁé
OoD- + O-D- F } '
- 235 = "255, _ :
0.D.,4s ( 5 —~)= C.0.D. (Corrected 0.D.)
C.0.D. x 1764.0  _ mg 0zT. /g of meal.

wt. of sample in mg

This was corrected for the interference of isothiocyanates

mg O2T./g of meal - (total isothiocyanatés in mg/g

of meal x 0.1) = Actual my 0z27T./g of meal.

S

Extraction of myrosinase.

The preparation of myrosinase sol'tion was made
with yellow mustard (B. hirta) seed becatise :this seed

contains a high concentration of myrosinase. The mustard

\



seed (1009) was defatted w1th acetone, drled, and ex-
»tra%ted twice with 300 ml of water. The mixture was
centrifuged\and the supernatant was_mFde up to a 30% ace-
tone‘solutiOn which was then centrifuged. The supernatant
was brought up further to a 70% ;cetone solutlon, which

was recentrifuged. The precipitate (myrosinase) was d1s—

solved in étetone and freeze dried.

i) Determinatioﬁ‘of,Total Lipid in the Aqueous Fraction

; ) .
The total lipid content in the aqueous fraction

was, detéermined according to Blighlénd Dyer (1959). The
sam q5(40g)~was shaken with a chloroform:methanol
(47 ;f114 v/v) mixture in a separatory funnel. The bottom

layé& (chloroform) was trénsfenred to a weighed flat

boﬁtom‘flask; When all chloroform was evaporated on a

hot plate, the f%éfk was heated in an oven at 105°C to a
: \
~ constant weight. The différenCe in weight was taken as

~
!

’fthe amount of total lipid ih-khe aqueous fraction.
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III. RESULTS AND DISCUSSION

-

1. Preliminary Studies

In the initial stages of this study, the work
priﬁarily involved the eetablishing'of general'processing
steps for the aqueous extraction‘of rapeseed oil (shown

Qin Fig. 2). Some of the results of the prellmlnary
stadies ha;% alpeady been.mentioned in "Aqueous Extraction
Procedure", while the rest willi be discussed here.

The effect of boiling time was examined, and it

was found thatmihere was no difference in the
amount of oil e§tracted when the ground rapeseedywas boiled
for either 5 or 60 mln.q Stﬁdies on the effect of blending
and stirring showed that they do influence the 011 yleld.

An experiment was carrled out ogp the effect of the volume
of materlal stirred in the 500 ml flask upon the oil
extractLOn. The results shoyed that volumes from 50 to
250 ml had no significant effect on the amount of oil
extracted. | |

In one experiment, tge temperature of the slurry
was adjusted to various temperatures from 12 to 77°C be-.

f fore it was centrifuged and it was qund that there N

-

was no difference in the amount of oil extracted.
However, in another experimept, the;e was slightly more

oil remaining in the solid fraction when the initial

104
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~

temperature of the slurry was at 87 t 1°C than thére was
at 5 + 1°C. This was probably due té éoagulaﬁion of
protein’at high temperature, thus causing greater
adsorption of oil on the solid particles.

It was also observed that the volume of material
centrifuged had no effect on the yield of oil, However,
if the slurry was diluted before céntrifugation} slightly'
'less/oil was extracted, and the gfeater the dilution, the
lower the 0il yeiid. In one Study,:insﬁéad of the init-
ial steps of grin@ing,‘poiLing and regrinding before.
blénding, whole rapeseed was.boiled and then ground to a

fine slurry. Only ca. 65 to 80% of oil could be extracted

A
\

with this procedure. This indicated that boiling of
ground rapeseed was necessary for further brealg down of
| the cells. Other lprocess parameters, that were found to

affect the oil yield were the subject of more detailed

studyL

»

2. Optimization of Process Parameters , -

After estaﬁlishing the genéfal processing stéps
for the aquéoqs extraction method, the next step was to
{study the oétimization of the process. Thg ihvestigation
included the effect of blending, stirring, and centrifu-

gation. The effect of the degfee of grinding was not

studied because there was no provision in the grinder for
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the control of the particle size. Initially a series of
experiments were performed to obtain the approximate«optimqp
‘Eondition of each parameter., Durihg each expériment, one
parameter was varied, while thé remaining parameters were
held at constant arbitrarily selected values. Consequently,
the yields were generally ;og but these experiménts did

provide the basis for further optimization studies.

a) The Effect of Blending

The effect of blending time upon thé extraction
of 0il and free oil formation ié shown in Fig. 4. 1In this
experiment, the rapeseed material from a second grinding
'was blended for, 0, 3, 5, 10, 15, 20 and 35 min in a Waring
blendor at a‘very high speed. The material‘was'subsequently
'stirred and centrifugedyat 9,000 rpm. The conditions of
Stirripg were: temperaturé, 70 + °C; time, 1 h; solid-to-
water ratio (s/w), 1:3, and pH, 6.6 ¥ 0.1. The results in-
dicate that the oil yie}d improved from ca. 65% without
blending to ca. 90% at 35 min of blending. A significant
increase in oil extracted was obtained from 0 (ca. 65%) to
5 min (ca. 82%) of blending. vHoweVer, the optimum time of
blending seemed to be‘about 15 min when ca. 88% of the oil
was extracted. Further blending from 15 to ,35 min only.
increased the amount of oil extracted by ca. 2%. In this

experiment, the blending step caused an increase of ca.

25% in the o0il yield compared to that without blending.
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. &he amount oflfree oil dbtained after the Subseduent
stirring and centrlfugatlon decreased from ca. 91% without |
blending to ca. 71% after 35 min of blendi g (Fig. 4). The
results also indicate that the decrease in the amount of
free oil was greatey within 10 min of blending. The de-
crease was-due .to the fact that blending causég small oil
droplets to form hence stabilizing the emulsiun., Similarly,
Rhee et al. (1972a) observed that. blending peanut in the
presence ofskqueous medi? prior'to extractién resulted in a
very stable emulsion. Blending was not uséa in aqﬁqoﬁs
extractions of coconut, peanut and sunflower‘seed oils

(Hagenmaier et al., 1972; Rhee et al., 1972a; Hagenmaier,

1974) . Although blendlng did give a more stable emu151on,

7

it was a necessary pfoce551ng step in this laboratory

procedure. It is probable that blending caused a fur#hér
d1s1ntegratlon of ‘the 1nd1v1dual cells. The necessity of
blendlng in aqueous extraction of rapeseed o0il could be due
to the hlgh‘amount of flber in the seed and the rigidity oﬁ_

the cells, or to inadequate grinding process.

b) The Effect of Stirring

Stirring;is an imﬂo;tant processing sﬁep for %m~
provip§ the oil yield. During stirring, three forces,
"centrifugal, shear and frictional, are probably involved
ih,both“the'extractioﬁ and the demuls;ficatiqp of the oil.

[\

A riumber of parameters of the stirring procedure were

investigated. These were the effects of solid-to-water
- .
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} “
ratio (s/w), time and vigorousness of stirring, temper-
"ature, and pH of rapeseed material. Experiments in these
studies were conducted at the approximate optimum conditions
4 ) |

determined in the preliminary studies, except for the

parameter under investigation which was varied.

i) The Effect of the Solid-to-Water Ratio (s/w)

The effect, during stirring, of the solid—tofwafer
ratio (s/w) of the slurry on the amount of oil extracted
is shown in Fig. 5. With B. camgestr&s .. var. Echo, a
broad optimum was obtained‘with an aéparent maximum of
0il extracted at an s/w.ratio of ca. 1:3.35. With two
other rapeseed varieties, Span and Torch, shérper optima
were observed with both having an apparent maximum of oil
extraction at an s/w of 1:2.5. In this experiment, the
maximum amounts of oil extracted were ca. 95, 93, and 93%
for Echo, Span and Torch varieties, respectively. The
difference in maximum s/w ratios between varieties Spén‘
and Torch,dﬂ.oné hand and Echo on the other might be due
to the oil contents of the seed which were 46.2 and 46.3%

(wet basis) for Span and Torch, respectively, and 42.6%

for Echo. The difference might also be due to the prolonged

storage of the Echo seed. The s/w ratios obtained in this

»
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'study were higher than tQS s/w ratios recommended in the
1§;erature. Hagenméier (1974) used an s/w of 1:10 for
sunflower seed oil extraction. Ratiéé varying from 1:5
to 1:12 were reported for aqueous extraction of peanut
0il (Sugarman, 1956; Subrahmanyan et al., 1959; Bhatia
et al., 1966;-Rhee et al., 1972a). A high s/w ratio is
'desira$le for further\procéssing of the solid and liquid
f:actioné;\éhd for miniﬁizing‘protein loss from the solid
fraction. Howéver, with a high s/w ratio, lower amounts
of glucosinolates could be extracted from the sPIid fraé—-
tion. |

The amount of oil extracted in relation to s/w

ratio seems to correlate with the degree of demulsification

duringvstirring. With- the three varieties stgdied, the'

| amounté of free oi1 formation in relationfto s/w ratios
agreed ver? clozely with thée amounts of o0il extracted
(Fig. 6). The ma&fﬁﬁm amounts Qf'free 0il formation, ca..
69, 69, and 65%, were obtained/at‘s/w ratid@ of aboﬁt
1:3.35, 1:2.75, and 1:2.5, respectively, for rapeseed

of variety Echo, Span and Torch. 0il droplets coalesce
Qith each other during stirring. With a low s/w ratio,
the,vélume fraction of oil is also low,.thus the rate of
‘"coalescence is low (Karel, 1973), leaving'small oil drop-
lets which could be easily adsorbedrby the solid residue

'during centrifugation. However, with a greater s/w ratio,
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elthough the volume fraction of oil is high, the volume
fraction of solid is also high, thus reduciﬁg the coalesc-

ence of the oil droplets.

ii) The Effect of Time

The effects of stirring time upon the extraction
of 0il, and on the amount-of free oii.are shown in Fig. 7.
In this experiment the rapeseed slurry was stirred atl
70 + 2°C for 0, 15, and 30 min, and 1, 2, 3, 4,-and 5 h,
and then centrifuged. The results indicated. that the
amount of oil extracted 1ncreased w1th the time of stlrrlng,
from near 75% with no stirring to about 92% after 5 h of
stirring. However, the increase was 51gplf1cant only ]
within 1 h of stirriﬁg, i.e., from ca. 75% to ce.'Q}%; o
After i h, the additional increase was only about 1§; |
Hence, the optimum stirring time'for rapeseed oil extrac;
tion was taken as l.h. ‘Thislﬁés comparable.to data rep@rt—
ed in‘the iiterature. The maximumuamount of peanut oil.was'
extracted between 30 min (Rhee et 31;, 1972a) and 1 i»
(Rhee et al., 1973a, b,¢) ; while the maximum amount of
sunflower oil was obtained.at 45 min (Hagenmaier, l974).

In this study the amount ef;free oil was 0%
when the rapeseed slurry was not stirred, but this was
increased to ca. 63% after 15 min of stirring. Contlnued

»stlrrlng increased the amount of free oil to ca. 78%
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after 4 h, indicating that the rate of coalescence of oil’
droplets was greatest during the first'1l5 min of stirring.

This Qas probably due to the size distributron of  the oil
droplets. Bigger oil droplets were easily demuleified‘,
within 15 min of stirrrﬁg, whileivery smal;.oil droplets
were stable and could not~be demulsified easily by
étirring.' Hence, the stirring step helped both to
,extract and to demulsify the emulsion. .

The vigorousnees of stirring also influenced

the amounté of oil extracted. In a preliminary'stady, it
yaé fooad that ca. 71% o% the oil was extracted at slow
speed (stirred at speed 3 of the heavy duty Bell stirrer)
and 84% at high speed (stirred at speed 5). 3This could be
due to the fact that, at,the,high speed, a)greater energy#
was imparted to tﬁe rapeseed material causing a greater
release of oil from the cells. It was also found.that
higher speed of stlrrlng resulted 1n a higher amount of
freem01l (ca. 80%) as compared to slow speed (ca. 13%).
These results'indlcate that a greater rate of collision
and coa;escence occured during etirring at 'higher speed
‘that at the lower speed Furthermore, it is possible .
'that with a greater force of stlrrlng the ‘protein envelope

L

around the oil- droplets could be more ea31ly dlsrupted.
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iii)_ The Effect of Temperatﬁre

iy

The effect of teméerature during‘stirring_upon
the extractioh of oil isbshown in Fig. 8. 1In this exper-
iment thefiemperature pf the\water bath was adjﬁsted,to‘
24, 41, 68 and 80°C during stirriﬁg. It can be seen that
the extraction of dil improved with the increase in temp-
erature. The amdﬁnt of oil extracted increased from |
ca. 78% at 24 iv1°C to ca. 92% (average of three readingsf
at 80 ¢ l°é. Tﬁe results also indicate that the rate
Qf increase in.oil yield‘became less at high.temperatures;
The'increase in oil ertractedtat high temperatures’coﬁld.

be due to an increase in the permeability of the cell .

. } v
-walls and to increased fluidity of the oil globules

within the cells. The optlmum temperature of stlrrlng
seemed to be 70;C, 51nce, with a further increase of»
temperature to 80°C, only an- additional 1% of oil could
be extracted. | - | . /

It was observed that the amount of free oil also

_increased with the. increase in temperature. Hence, at

high stirring temperatures, a greater degree of coalescence
among the small oil droplets occurred, glVlng rise to.a
higher amount of free oil. ThlS greater degree of coales-
cence at high temperature could be due to the loosening

of the protein envelope and other surfactants, e.g;.
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- v
phosphélipids, around the small oil droplets. . Similar ob-
servations.were mentiohed,by Karel (1973) and Lissant (1974),
who suggested that at high temperatures the surface fil@
material becomes more sdiuﬁle in the‘continuous phase and
tends to migrgte éﬁgy from the' interface, thus allowing

the droplets to éoalesce,

iv) The Effect of pH

3
G

The effects dufing stirfing of pH of the rapeseéd :
slurry on the extraction of 0il and on the amount of free
oil are shown in Fig. 9. - Ih this experiment thé pH of’ the
rapeseed slurry wais adjustedito 2.9, 3.9, 5.0, 5.4, 5.9,
6.1, 6.2, 6.5, 7.3,78.1, and 8.8 with concentrated HCl or
NaOH, as neceésary, before it was élirfed a&d centrifuéed,.
The results indicate ‘that the optimum pH for the oil
extraction was 6.6 t 0.1, while thé lo&est yiéld of P
0il extracted was. in the region of pH 4 to 5. There was
a élight increase in oili;ield at pH values ldwer than
4.0. At the optimum pH of 6.6>t,b.1, about 92% of oil
" was éxtracted, wheréés}only about .82% was extracted at
PH 5. The;results alsq‘ihdicate that more oil could be.
extracted at pH values aﬁove 6.6 *+ 0.1 than below. ﬁence,
ddring the rapeseed oil extraction; it is imperative |

that the pH of the slurry should not be much lower.than
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6.6. Other pH optima reppréed in literature varied from
4 to 10 for peanut oil extraction (Rhee et al., 1972a and
1973 a,b,c; Subrahmanyan et al., 1959; Eapen et al., 1966).
and 10.0 for sunflower oil extraction (Hagenmaier, 1974).

The rapeseed proteins, 1iKe other seed proteins, are
comprised of structural, catalyéic and‘storage proteins; ‘
of which the last two seem to play a major role in the T
 aqueous extréction of the oil. 1In general, the lowest “*’///ﬂ
solubilities of catalytic and storage proteins are in the
region of pH 4.5 and 7.0, respectively.' Two minimum
solubilities of raéeseed proteins were reported between

’

pH 3.0 to 4.0 énd bétween 5.7 and 8.0 (Korolczuk and
Rutkbwski, 1971; Kodagoda et al., 1973; ElNockrashy et al.,
1975; Quinﬁ and Jones, 1976). 1In this\sgudy, fﬁe;max_
imum and minimum yield of oil extracted correspond
closely to those reported minimum solubilites of stérage
and catalytic proteins respectively. h

The rapeseed 0il emulsion was foqnd to be least
stable at minimum solubility of catalytic_proteihs (i.e.
pH 4 to 5) as showq by the ma#imuﬁ formation of free oil
' aftef centrifugation (Fig..9). - In their work on aqueous
extraction of peanut o0il, Rhee et al (1912a) oﬁgerved |
that the emulsion was least §table at iso?lectric pH of the
proteirr present in the system. In this study the ma#imum free

'0il (ca. 78%) was obtained at pH of minimum o0il extraction

(i.e. pH 4-5), whereas only ca. 65% of the total il yield was

—



free o0il at the pH of maxi?um oil extraction (pH 6.6 t 0.1).
The peréentage of free oil_dropped drasti;ally from pH‘ﬁ.S
to 8.0. Above pH 8, all oil extracted was in the form of:
an emulsion. This great reduction,ih the amount éfffree

0il at pH values higher than 6.5 was probably due tb'thé
incre;se in the solubility of the proteins and to the
“changes in the emﬁlsifying capacity of proteihs and other
emulsifying agents eug.phospholipigs, and mono- and
diglycefiaes in the solution. An inééease in amount of

protein dissolved in the aqueous fgac;ions at pH values

. lower or higher than 4 to 5 was observed during the

~

experiment. With pH valhe;.of tapeseed slursy between
4 to 5, the aqueous fractions were clear, iowever, at
pH values lower or higher'than 4 to 5, the aqueous fr;é-~.A
tions yere cloudy and turbid. This turbidity incréasea
as the pH valué departed. from 4 to 5. | Thé amount of ’
free fatty acids (FFA);increased,§1fghtly with increasing
PH during equeous e¥traction_oflpeanut‘oil from 7 to;lo a
(Rhee et al., 1973b). The increase in FFA would likely
result in é;‘inqrease in fhe amoﬁnts of mono- and digly-
cerides. |

At pH of minimum solubility Oflcatalytic proteiné
(éH 4 to 5) less'oiibwasfeleasedfrom rapeseed'maferial
giving the minimum yiela at this ﬁH range. Thig was

- also observed by Ha%anaier'gg al. (1972) in aqueous
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-extractigﬁ of coconut oily/ At the isoelectrie boint of
rapegeed étorage proteins (pH 5.7 to 8.0) more oil.was
released during stirring and centfifugation. Hence,
the ca;alytic proteins may be involved more with emulsi-
fication of oiifdropletnghereas the storage proteins

may be involved with the adsorption of the oil.
‘ . “—

c) The Effect of Centriéugation
(V)

The effects of centriﬁugatioﬁ parameters on the
oil yield were studied in considerable detail since
centrifugation was found!to be a 'major facgft in€luencing
the oil yield in this aqueous extraction process. The
influence of centrifugation, as carrieq\out with a Servall
Superspeed Centrifuge, on the\extraction of'oil 18 shown
in Fig. 10. In this experiment, the rapéseed'material,
after stirring, was centrifuged at 3,400 (1,397 x g},
4,;25,'5,100, 6,100, 7,400, 8,500, 9,000 xpm (%,550 x g).
Siﬁce the Servall Superspeed Centrifuge had only a speéd
control setting, the time réquiréd to reach the various
final speeds (or accelerations) was variable. For
‘instance, the times to- reach final speeds of 3,400;and
9,000 rpm were 6 min and 20 sgs, and 2 min and 13 sec,

respectively. When centrifggat&on was started, the speed

;ontrol was immedi%}ely set to the desired final speed

7
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and the centrifugation was stopped as soon as it réached
that speed. The results shown by the lower graph in

Flg 10 1ndlcate that the oil yleld improved with the
fiqal speed (or acc;leration) from ca. 65% at 3,400 rpm
(1,397 x g) to ca. 90% at 9,000 rpm (9,750 x g). A
significant increase in oil yieid was obtained when the
final speeds were between 3,400 and 7,006 rpm. Only ca.
3% more ©0il was released when the final speea was in-
creased from 7,000 to 9,000 rpm. In a preliminary exper-
iment: it was found that no o0il was extracted when the
rapeseéd material was centrifuged at éinal speéd of 2,200
rpm, These results indicate that the maximum amount of

0il extracted u51ng this centrlfuge was at a final speed

of 9, 000 rpm.

al’ oY

k The plotjof the “final centrlfugal acceleratlons
against thelr required times (Fig. 11) shows that the
rate: of change of acceleration was variable. The“rate
of change is low when the final centrdfugal accelefé-
tion is alsé low, and thIB rate of change increases
with an increase in the flnal centrifugal acceleration.

In another experiment, the rapeseed material was
centrifuged with the final speed cohtrol set at 9,000 rph.
The centrifugatién'was immediately stopped when the speéd

reached those speeds corresponding to the values in the

previous experiment. The times to reach these speeds  are
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given in Table 6. The results of this experiment are given

by the upper graph in Fig. 10.

Table 6. The Time to Reach Various Speeds with
the Final Speed Control Set at 9,000 rpm

"
e

S?eed,in'rém - Time in Sec
3,400 (1,397xg) 16
4,125 (2,063xqg) - 24
5,100 (3,144xg) : 31
6,100 (4,470xg) B " 40
7,4001?6,604xg) - © 62

.These two_grabhs show that with the highest agceleration'
used (9,000 rpm setting) to reach the particular speed,
the amount pf 0il released was greater -even théughvthe

- final speed (or acceleration) was the same. For instance,
at a finai speed of 3,400 rpm, ca. 65% of oil was released
with the 3,40011mlspeéd setting, whereas the amount of oil
extracted was ca. 78% with the 9,000 rpm speed setting.
with the 9,000 rpm spged.setginé,‘the oil yieid was inde-
pendent of‘fhe final speeds greater thap. ca. 5,000 rpm.

The results show that under these conditiéns it took only

126



127
ca. 31 sec for the maximum release &f O0i¥® droplets from
the solid particles. The results of these two egperiments
indicate that the o0il yield was more dependent on the
- come—-up time (time reéuired to reach the final speed
or the rate of change oﬁ\acceleration) than on the final
speea or final acceleration.

yThe effect of centriquation time was also studied
‘using the same centrifuge. It was observed that at the |
final céntrifugal speed of 7,400 rpm tﬁe time of centrif-
ugation between 0 and 60 min had little effecﬁ‘on the oil
yield, indicating that the release of oil from solid‘
particles took'pléce before the fihal\speed was reached.

The effect of centrifugation was also studied
with a Beckman model J-21 Centrifuge‘(Beékmén Inst., Inc.
Palo Alto, Cal.). In one experimené,fthe rapeseed mater-
ial was centrifuéed at various final spéeds ranging from
2,500 (ca. 840 x g) to 17,000 fpm (ca. 35,000 x g). With
: \

this centrifuge the rate of change of aéceleration (or
come—up cbhditions), was constant. Under this constant
rate of change of acceleration (or come-up conditions), no
significant difference in oil yield was observed betwgen
the final centrifugal speeds of 2,500 and 17,000 rpm.
In anotﬁer experiment,‘the time to reaéh'the final speed
of 7,500 rpm was varied from 22 sec to 17 mip and ;4isec.

’The results show that the oil yield décreaséd with .
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}
increasing come-up timeﬁ(Fig. 12). About 90% of’oil was
‘ fe;eased when Ehe time £o reach the final épeed of 7,500
~was 22 sec, whereas the oil yield was éniy ca. 76% with the
come-up time of 17 min andv14'seé. Hence, these two
experiments'further‘prqved that the come-up time was thé
critical factor in équeous extraction of rapeseed oil.

- The effects of,centr;fugaﬁion i; the aqueous o0il
extraction have not been.p?eQiously studied. The effects
obéérved in this study may be due to.One or more of the‘
following three factors.

A) éindeged Seftling

in £he rapéseed slurry the sdlid particleé andioil
droplets are close together. Thqé dur;ng‘the centrifugation,
the velocity"gradiént of eéch partiéle is affected by the
presence’ of neighboring units. Thé 0il droplets in the slurry
either adhere to the solid particles byjsurface tension or
are free in the.watef. The particles, ip éettiing, dis-
place the water (McCabe énd Smiéh,l1956). The velocigy
of the disgiaced water is ;rgater Qith respect to the
particle than with respecﬁjto.the appératus. The dis-
placed water, due to its velocity, will cause thé sépargtion |
of free oil droplets from the solid parficies‘and the

release of the oil droplets which are adhered to the solid

particles. The shorter the come-up time or the greater
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the rate of change of acceleration, .the greater will be the
velocity of the displaced water, resulting in:a greater

release of oil droplets;aéhéred to the solid particles.

B) Turbulent Flow S i

When the rapeseed slurry is centrifuged with a
.long comefup time or a low rate of change of acéeleration,
the solid particles will setéle smoothly at lqw velocities.
The drag force gesisting thé motion of particles thch
‘arises from the frictional forte of the water is also low.
Under thése conditions the solid particles’settle together

with the oil droplets. Some of the free oil dfoplets will
be trapped by the solid particles. With a shortér come-up
time or a greéter raﬁe of acceleration, the solid particles
settle at greater veiocitiés and this may cause a ‘turbulent
flo% pattern of water éround eacﬁ particle. The d?ag:fprce
acting on thewpartiéles is alsojgreater. Withjangreater
drag force-and turbulent flow, a greater number of oil
droplets,'adhered td the‘solid particles, will be released

and separatedﬂ In additiOn, fewer free oil-droplets will
’ ] '. . I .
be trapped by the solid particles.

C) . Buoyant Force

The size of o0il droplets and the stréngth of ‘ '_' 3



interfacial tension between the oil droplets and the_
solid particles are variableu When the slurry is cen-
itrifuged there will be a downward force!acting on the
particles and an upward force acting on'the‘oii‘droplets
(buoyant force), since the density of oil is iower than
that of water. The greater the size of theldroplet, the
greater will be the buoyant force acting on it. Under a
condition of 10ng‘come—up time or low rate of change of
acceleration, oniy the larger oil, droplets' and those
with a weak surface ten31on adhesion to solid particles
will 'be released from the solid particles. With a shorter

come-up time or a greater rate of change of acceleration,
- q ~ | %

B

the buoyant force is greater, thus causing more oil drop-
lets to be released from the solid particles.

-If the denSity of the aqueous. phase is 1ncreased,
suqh as by the addition of salts, the frictionai force
acting on the particles, and}the buovyant force.acting on
the oil droplets would be greater. 'These‘forces‘would in-
crease the number of oil droplets released from the solid
particles, thus increasin® the oil yield as observed by
‘Linow et al. (1971) and Mieth et al. (1975a).

| bue to the shortness of the centrifuge tubes,
(ca. 10 cm) the settling time of the SOlld particles is

expected to be short. Thus the lnltlal rate of change of

acceleration is the most critical factor determining the

!
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amount of. 0il separated from the solid particles. Once
:the~solid particles settle to the bottom of the tube,
there will be no further release of the oil droplets.

. Thus the finalvsbeéd (or acceleration) and the time of
centrifugation after reaching the final sbéed are not
important factors in déte;mining the release of oil drop- -

lets from the solid particles.’ ' .

L 3
r

3. Results‘of 0il AnalYSes

After establishing the oétimum procéss'parametersw{,
for fheAaqueous extraction, it Qas essential to study the
quality of the aqueous extracted crude oil. The quality
of the aqueous extracted crude 0il was compared with the
quality of a soxhlet:extéacted crude oil and an, indust-
rial crude oil which was obtainéd from Canbra Food Co.-

For this chparison; sulfur, phospholipids, free fatty
acids, peroxide values, unsaponifiabie matter, and
. moisture and volatiles were aﬁalysed.' A more detailed

-

stday was carried out on the sulfur content of the

»

aqueous extracted crude oil since this property is the

most important factor in determining the quality of the
_ e ‘

crude rapéSeed 0il. The effects of dry heating the seed

-on the quélity of the aqueous extracted crude oil were

also studied.
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j
a) Sulfur Content

!

i) Sulfur Content of the Aqueous Extracted Crude Oils

Sulfur content is an important factor in deter-
mining the qUalitj of rapeseed o0il due to the fact that
sulfur in the oil,would“poison the catalyst during the
hydrogenation procegs. The presence of Sjppm of sulfur
red;qed the activity of the catalyst duriné the hydrogén—
ation procéss by ca. 50% (Babuchowski'andqutkowski,
1969). It has been found that oils are difficult to
hyrogenate if they contain over 20 ppm sulfur w%éreaé oils
‘containing 2 to 7 ppm suifur are considered good quality
0ils (Sosulski, 1974). ¢ |

| One of the steps of the aqueous extractién of
rapeseed o0il was the boiling of ground-rapeseed. This
treatment ihactivatea enzymes such as myrosinase and
lipase. The inactivation of myrosinase Would prevent the
hYdrolysis of glucosinolates into sulfur containing com--
pounds which are soluble jin oil, théreby resulting,in an
oil Qith lower sulfur content.

The sulfur contents of agueous, soxhlet, and
industrial extracted crude oils are shown in Table 7.

The sulfﬁr content of the aqueous extracted crude oil from
untreated seeds of the Echo variety was 4.5 ppm and that

from untreated seeds of the Span variety was 6 ppm. The
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Table 7. Sulfﬁr Content of the 0Oils

Sample and Treatment

- Sulfur Content (ppm)”

A. Industrial crude oil
B. B. campestris L. var. Echo

1. Aqueous extracted crude
oils
a) Untreated seed
b) Seed boiled
c) Seed dried in oven at
105°C for 2 days

2. Soxhlet extracted crude
oil (untreated seed)

C. B. campestris L. var. Span

1. ‘Aqueous extracted crude
. o0ils .
a) Untreated seed
b) £ od dried at 55°C
for ca. 17 h
c) Seed dried at 105°C
for ca. 17 h
d) Seed boiled and dried
f at 105°C for ca. 17 h

D. B. campestris L. var. Torch

1. Agueous axXtracted crude
0il -(seed dried at 55°C
for 3 days)

2. Soxhlet extracted crude
oil (untreated seed)

10

15
12

50

<2

* " average of two analyses. All samples under B, C and D

were composite samples of at least five extraction®# each.

,,._7//‘

134



apparently higher amount of sulfur in oil from the Span
variety could probably be due to the higher moisture con-
tent of the Span seed (9 5%) than the Echo seed (5 6%).
The study by Daun and Hougen (i976) showed that there was
a gradual increase in the sulfur content of the oil when
increasing amounts of water were added to the seed. When
"the seead istground, the glucosinolates come into contact
with mytosinase and before the enzyme is inactivated by
boiling, the enzyme hydrolyzes the glucosinolates. The
.e#tent of tHis hydrolysis depends on the moisture content
of the seed. If the seed was boiled to inactivate the
enzyme befogehgrinding, the'sulfur levels of oil wére
further reduced t© 3 ppm for the Echo variety and to 4 ppm
- for the,Span variety.

| The sulfur contents of aqueous extracted crude oils
were higher: (4.5 - 6 ppm) than that of the soxhlet extracted
crude oils (less than 2 ppm) but lower than that of the
industrial crude oil (lq ppm) (Table 7). Highel\ levels of
sulfur in Canedian crude oils were repofted: 16 - 57 ppm
 (Teasdale, l§75) and 18 —,31 ppm (Daun and Hougen, 1976):
Persmar (1972a) reported relative;y small amounts of sul-
fur: (5 - 15 ppm) present in rapeseed oil extracted in Sweden
Lower levels of sulfur (1 - 5 ppm) were also obtained by
other'workers in labonetory_extracted 0ils of untreated

K

seeds (Bhatty and Sosulski, 1972; ‘Sosulski et al., 1972;
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Kozlowska et al., 1972a). In their study Daun and Hougen
(1976) produCed‘laboretory extracted oils free of sulfur
from untreated seed, regardless of the glucosinolate
content’ of the seed

In the industrial process, the sulfur levels in expel ler-
extracted oils were lower than in the subsequéntLy solvent
extracted oil fractions‘(Von Eellenberg, 1545; Zeman and
Zemanova, 1967; Daun and Houéen, 1976). This was attri-'
buted to the association of sulfur compounds Qith the gum -
.and colored materi¥l of the seed which were prefe}entially
ex%racted.by the solvent (Daun and Hougen, 1976). In the
agqueous extrected crude o0ils, no apparent relationship
between the sulfgr content and the gums or colored material

was observed. The phospholipid levels in aqueous extrac—

ted crude dils ranged between 0. 03 to 0.05% (to be dlscussgg\

héieas the sulfur contents ranged from 3 ppm when
seed was boiled, to 50 ?pm when tue seed was dried inﬁan
oven for 3‘days at 55°C (to be discussed). Although

aqueous extracted crude oils from the untreated Span seed
"and the heated Torch seed X55°C for 3 days) contained the
same amount of phosphql;pids (0.04%), the two oils contained
different amounts of sulfur; 6 ppm for Span oil and 50 pém
for Torch oil. During the study, it was oﬁgerved that
lighter colored oils were obtained if the mater1al was

stirred or bozled at hlgher pH values. Slmllar results were

reported by Eapen et al., (1969) that comparatively
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lighter colored oils were obtained when the seed was boiled
in 0.5% alkali., HQQever, our results did not show any
correlation.between the color and the sulfur content of

the oils.

ii) The Effect of Dry Heating

Heating the seed before grinding influenced the
sulfur level of the aqueous extracted oil. Dry heat treat—
ment of rapeseed before grlndlng was carried out in order
to:reduce the moisture coritent of the seed so that, as
amentioned earlier, the grlndlng operation would: be faster
and the rapesced particles would be less sticky. However,
the results show that heating the rapeseed before grinding
increased the sulfur content of the.oil (Table 7). When
Span seed was heated at 55° and 105°C for ca.>l7 h, the
levelsrof sulfur in the oils were 15 and 12 ppm respectiv-
ely. The sulfur content of oil from the Echo seed; heated
at 60°C for 2 days, was 23 ppm. Higher sulfur content
(50 ppm) was found in oil extracted from mﬂzch seed whlch
wa: heated at 55°C for 3 days. These results 1nd1cate
that the leve1~of suifur in the 0il increased with the
heating time. -

Heating rapeseed™with a moisture content greéterv
than 10% at 50°C to 70°C caused rapid hydrolysis of

&

s
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glucosinolates; however, at a‘moisture conteﬁf of 8% veryl
little hydrolysis occured (Pritchard, 1974). A similar
effect of heating on the amount of sulfur in a laboratory -
solvent extracted oil was observed by Daun and Hougen \
(1976) . Heating a high-glucosinolate seed'(g. napus L.
var. Oro; 5% moisture) for 12 and 144 h increased the sul-
fur content-éf the resulting oils from 0 to 16 and 84 ppm
respectively. However, heat treatment of a low-glucosin-
Bla£e seéd (B~ napus ‘L. var. 569 - 2895;"4% moisture):did4
not seem to produce any sulfur in the oil. In their stgdyﬂ
on the effect of bin heating of rapeseed, Bell et al.
(1972) founq 55 ppm sulfur in tﬁe oil. Heating rapeseed‘
from 90 to 135°q,causéd an increase in the amounts of
isotﬁiocyanatgs and vinyl-oxazolidinethione (Cland%ﬁin\
et al., 1959; élahdinin, 1962; Appelqvist and Josefsson,
1967) . |

It was suggested that heating caused partial
pyrdlysis of the glucosinolates to yield oil-soluble sul-
fur;containing compounds (Bell et éi,, 1972; Daun and
Hougen, 1976). 1In this study it was found that if the ‘A [
- rapeseed .was boiled_befdre heating in an oven at 105°C
qvernight the sulfur content in the oil was only 4 ppm.
The results of this stﬁdy:indicaté that hxdfolysis by
myrosinase, ahd»noﬁ the pyrolysi§ of glucosinolates was
responsible for the increase in the sulfur levels of theA'

< . .
©oil. This hydrolysis occurred during the dry heating of
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unboiled rapeseed.. Unlike boiling, dry heating in an
- . - . . O

oven, even at lOS°C,’wQuld not eabsily inactivate the

ernrzymes*as found by 'VanEtten et al. (1966).

iii) The Fffect of pH
The‘effects‘of pH during boiling and étirring
upon th sulfur content of thg 0il were also studied. 1In
.one exper}ment concentrated Hél ornNaOwaas added as nec-~
essary to the boiling water before ground rapeseed was
ﬂaddedf The pH of the rapeseea slurry was measured. after
'bqilirg and cooling. The results indiéété‘that pH during
boiling had a significant effect on the sﬁlfur level in
the oil (Fig. 13).5fum;sulfur content of the oil?increas—»
ed with‘an increase in pH dur}ng boiling from ca. 2 ppm
.'at pPH 3.1vto ca. 10 ppm at pH 7.6. EHowever, in the study
on the diﬁfusion extraction of glucosinolates from rape-
seed Sosulski et al. (1972) found that alkaline solutions
were more effective in réducing the sulfur level in the
oil. The results t:om this study probably reflect. the
activity of!’:ro:;ra : before.its inactivation by boiling.
Just befofe inu- 1. acion, the ﬁyrosinase with an excess
amount of water, could hydrolyze the §lucosinolates and
the extent of this hydrolysis increases with pH of the

boiling water. This is’in accordance with myrosinase
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activity in cfambe seed meal which was found to increase |
with the pH and had an optimum at'pH.ca.v9.0 (Tookey, |
1973). Under acidic conditions, hydrolysis of the gluéos-
inolates of both rapeseed and crambe seeds gavé rise to
nitriles (Youngs et al., 1972; VanEtten et al., 1966)

In énother experiment, the pH of the répeseed slurry was
adjusted from 3.9 to 9.7 before it was stirred. Under

the conditions of pH examined, the' sulfur contents of the

oils ranged from 3 &o 5 ppm (Table 8). Hence, the pH of

Te: . 8. The Effect of PH During Stirring
on the Sulfur Content of the 0il

ph During Stirring Sulfur in ppm hRE
B t
9.7 : 3.0 |
8.1 | 4.0 | .
6.6 o 5.0 N
5.0 . 4.0
4.5 3.5 \
« 3.9 | 5.0
AV

slurry duriﬁg stirring had no gignificant effect on the
sulfur content of the oil. This was due to the fact that
*-myr051nase was already inactivated during the boiling

step



\

The.qverall results of the study on sulfor content
reveal that the aqueous extracted, crude oil contaioeo ibw'
amouhts of solfur due to the ooiling step. Boiling before
grlndlng further reduced the sulfur level in the oil, With-
out enzyme inactivation dry heatlng would increase the
sdlfur content Low pH conditions durlng the boiling of
ground rapeseed lowered the sulfur 1eYF1 in the-oil. How-
ever., boiling the rapeseed in acidic_environment might

reduce the quality of rapeseed protein in the meal and

.cause corrosion to the boiling container.

b) Phospholipid‘Content ,

The phospholipid contents of aqueous, soxhlet and

142

industrial cstde o0ils are compared in Table 9. The results

show that phospholipid contents in aquapus extracted

crude oils from untreated seed were much lower (0.05% for

Echo vériety and 0.04% for the Span variety), than in

soxhlet extracted crude oils (0.32% for Echo variety and

0.36% for Torch variery),;and the industrial extracted

crude oil'from Canbra Food Co. (0.8%). The same  level :of

phospholipids (0.6 to 0.9%) in industrial rapeseed crude
Qil was reported by Klein and Crauer (1974): However,
Teasdale (1975) reported the amount of phospholipids in

Canadian rapeseed crude oils as 3.5% maximum, while
Co -
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Table 9. Phospholipid Content of the Oils

=z

. : . ‘ . B ] x
Sample and Treatment Percent Phospholipid

A. Industrial crude oil 0.80

B. B.' campestris L. var. Echo

1. Aqueous extracted crude
0il (untreated seed) , 0.05

2; Soxhlet extracted crude ' \
0il (untreated seed) A 0.32

C. B. campestris L. var. Span ' .

1. Aqueous extracted ‘crude

oils

a) Untreated seed ‘ . 0.04
b) Seed dried at 55°C for 1

- ca. 17 h 0.04

c) Seed dried at 105°C for :

ca. 17 h ' 0.03 S

d) Seed boiled and dried _ ‘ ' ~
~at 105°C for ca/ 17 h " 0.03

D. B. camprestris L.!va. Torch .

1. Agqueous extracted crude
0il (seed dried at 55°C
for 3 days) 0.04

2. Soxhlet extracted crude ‘
K 0il (untreated seed) 0.36

* average of two analyses. All samples under B, C and D
were composite samples of at least five extractlons
each.

s

i
1



degummed oils cdntained a maximum of 0.6% phospholipids.
Higher amount of %ecithin (ca. é%) was also reported by

- Anjou (19725. In Swedish rapeseed.oils the‘phospholipidl
contents were reported:as 0.5} to 0.75%, end the degummed
oils contained 0.013 to 0.4% phospholipids (Persmark,
1972b Hoffmann, 1975).

PhOSphOllpld content depends on the method of oil
extraetlon; in preséed oil the amount of phospholipids was
0.5% wpereas in the solvent extracted oil the phospholipid
content was 1.2% (Persmark, 1972b). 'The smaller amount
of phosphplipids;in the soxhlet extracted crude qils than
in the industriachrude:oil was‘probably'due to the miid
extraction conditions of eoxhlet method. The phospholipid
contents in aqueous extracted crude oils from the Span
seed, dried overnight at 55 and 105°C, were 0 04 and 0.03%
respeetlvely. The aqueous extracted crude oils from Span
seed,boiled and dried overnight at 105°C,and from Torch
seed,dtieé for 3 days at 55°C, contained 0.03 and_0.04%
phospholipids mspectively. Hence, these results indicate
that,the‘amount of phoséholipids did not Qary significant—
ly with the ﬁeat treatments of the seeds. The>low amount
of phospholipids in aqueous extracted,crude gils'ﬁs

probably due to the fact that most of the phospholipids
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’are hydratedAend precipitated during the extraction brocess.‘

This is cleafly shown bY‘the higher amount of phospholipids

n)\)
~



' (2.38%) in the residual oil in the aqueous extfacted meal.

Hence, the oil obtained"by aqueous extraction cbuld be
cohsidered equivalent to a degummed oil.

In industfial processing of rapeseed oil, phos-
pholipids are bftéﬁ_removéd by‘degumming-the oil with a
small amount of water at the extraction_plant followed
by degumming with phqsphorié acid at the refininé plant
(Anjou, 1972). The industrial crude lecithin produced
from degumming process‘contains.BO to 40% oil (Perémark,
1975b). Rapeseed phospholipids (lecithin), inferibr‘to
soybean lecithin in color as well as in flavor, taste
and general appearance, has not been used extensively
in food indust;y (Persmark, 1972b). Ebwever, it is often
added back to the meals (Anjou, 1972; Clandinin et al.,
l972b)t‘since phospholipids are to be removed from the

oil, aAgreater amount of phospholipids represents higher

refining loss.  Hence, due to a low phospholi
the refining loss of aqueous extracted drude o3 § would
be comparativeﬂy less than the present industrial ex-

tracted crude oil.

c) Free Fatty Acid Content

Thé free fatty acid contents of;aqueous, soxhlet
and industrial crude oils are shown in Table 10. The

results show that the amounts of free fatty acids (FFA)
' ‘ *
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Table 10. Free Fatﬁy Acid Content of the Oils

- Sample and Treatment - Percent Free Fatty Acid*.

A.. Industrial crude oil . “ © . 0.55

B. B. campestris L. var. Echo

1. Agqueous extracted crude
0il (untreated seed) 0.70

2. Soxhlet extracted crude
' oil (untreated seed) 1.00

C. B. campestris L. var. Span

1. Aqueous extracted crude

oils
a) Untreated, seed ) : 0.16
b) . Seed dried at 55°C for ,

ca. 17 h . j ‘ . 0.14
c) Seed dried at 105°C for ;

ca. 17 h . 0.17
.d) Seed boiled and dried

at 105°C for ca. 17 h -0.16

‘D. . B. campestris L. .var. Torch

1. Agqueous extracted crude
oil (seed dried at 55°C y
for 3 days) - 0.12

2.. Soxhlet éxtractedrcrude ‘
0il (untreated seed) 0.16

e~

* average of two aﬂalyses. All samples under B, C and D
were composite samples of at .least five extractions
each.

|
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AY

in aqueous extracted crude oil from the untreated Span
seed was lower (0.16%) and that from the untreated Echo
seed was slightly higher (0.7%) than industrial crude oil
(0.55%) . " The soxhlet extracted crude oil from Echo seed
contained a‘slightly highet level of FFA (1.0%) gﬁan the
dqueous extracted crude oil from the same variety. How- |
ever, this was nét clearly observed_in‘the.case of oils
from Torch seed; the soxhlet extraCted’crude oil containea
0.16% FFA and the amount of FFA in aqueous extracted crude
oil was 6;12%. ‘ o . //
Varying amounts of FFA Ep/iﬁdustrial rapeseed crude
- o0ils have been reported in literature; 0.97% (Hoffmann,
11973); 0.7 to 0.8% (Klein and Crauer, 1974); 0.5% (Pritchard,
1974); 0.3 to 0.5% (Appelgvist, 1961); 0.4 to 1.5%
(Teasdale, 1975). , The amount-of FFA in crude oil of good
quality should not exceed 1.5% in order to avoid high
refining losses (Olin, 1957).
| High FFA contenﬁs of Echo rapeseed o0ils from both_
soxhlet and aqueous extraction methods could be due to the
long storage time (Sfyears) and/or to the viability of the
seed,‘which was founa to be only ca. 45% compared-&)ca.QB%

pan ¥nd Torch seeds. Appelqgvist and Johansson -

(1972) reported the values ranging from 1.3 to 2. 8% for
inter rape and 1.7 to 2 5% for winter turnlp rape stored
or 5 to 33 months. ngher percentages of FFA were re-

d for oil from germinated, mold infested or cracked



. seeds. Furthermore, there is a parallel increase in FFA
content with the decrease in viabil§ty during storage of
rapeseed (Appelqvist and Loof, 1972; Ruhowicz, 1972).

The FFA contents of aqueous extracted crude oils

from Span seeds dried overnight at 55 and 105°C were 0.14

P
T e e

. and 0.17% respectively. The % Rxtracted crude oils

from Span seed boiled and“dnfej Ksht at 105°C and
~ "‘:{- 5 J b R §

from Torch seed dried for #

e

I55°C contained 0.16

. L

Seqr

d ol
$ o

and 0.12% FFA regpgctlbély:ugfhe éultgllhdicate that
the FFA level in aqueous extracted cryée‘oils was not
affected bf the heat treatments of the seed.| The low
’levels of FFA in aqueous extracted crude oils 'is probably
due to the quick inactivation of lipase by boiling. In-
activation of lipase is?rapid at 90 to 100°C in an
~agueous éedium (Anjou; 1972). ﬂ

During refining of the oil, FFA is normally re-
moved by alkaliiog s£eam £efinihg‘and is also removed :
in the déodorizaéion process. The removal of FFA is
essential to preyent any off-flavor deveiopment in the
'0il. Hence, the level of FAA in the o0il represents a
direct loss in the processing (qusey-aﬁd Norum, 1975).
The total refining loss éf industrial extracted crude

oils from good quality seed, due to FFA and phospholipids,

is ca. 8% or less (Downey EE,él-( 1974). Thus, because

148

of low levels of FFA and phospholipids, the refiﬁing loss of

aqueous extracted crude oils would he CQﬂbafativély low.

- .
- \__/
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d) 'Peroxide Value

2

The peroxide values of aqueous; soxhlet and in~
dustrial extracted crude oils are shown in Table 11. The
results show that the peroxide values .of aqueous extracted
crude oils of uAtre‘ked seed were slightly higher (1.10 "
mequlv/kg of 011 for the Span varlety and 1.39 mequiv/kg
of oil for the Echo variety) than soxhlet extracted ‘&
crude oils (0.62 mequlv/kg of oil for the Echo varlety and
0.74 mequiv/kg of oil for the Torch var1et§) but lower
than 1ndustr1al crude cil (5.45 mequlv/kg of 011) Appel-
gvist (1967) has reported that 1f the 011 was extracted
with all p0531blekprecautlons, it would contaln no
detectable peroxide, however, if no precautlons were
taken, the peroxide value raqgea from 4.54 £ 0.21 to

5.85 * 0.48 mequiv/kg of oil. Higher ;aluesvwere re-
ported for oils from heat~dahaged, non-viable seeds
(Appelgvist, 1967) and mechanically damaged seeda.

(Rutkowskl and Makus, 1959)".

Low perox1de values of the soxhlet extracted crude
oils'cbtalned in this study could be due to the mlnlmal
heat treatments of the rapeseed materlal and shorter time
of exposure to 11ght during the extraction (the soxhlet
extractlon was normally carrled out overn;ght)% Slightly
hlgher values of peroxide in the aqueous extracted crude

L
3
orls were probably due to the heat treatment during
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Tableﬁll. Peroxide Value of the OilF

L
S

|

Sample‘and Treatment Peroxide Values in
mequiv/kg of 0ils

A. Industrial crude o0il 5.45

B. B. campestris L.var. Echo o ’

1. Aqueous extracted crude
0il (untreated seed) A 1.39
v '
2. Soxhlet extracted crude A \
oil (untreated seed) L 0.62

C. E.bcampestris L. var. Span

1. Aqueous extracted crude oils

a) Untreated seed 1.10

b)) Seed dried at 55°C for
' ca. 17 h , Cos 1.61

c) Seed dried at 105°C for
ca. 17 h . : : -1.32

d)‘Seed b01led and drfeﬂ* i co
at 105%w for ca. 17 h 1.85

D. B. campestris L. var. Torch
1. Aquéous extracted crude oil+" . o %
 (seed dried at 55°C for ,
3 dafys) o E 2.03

2. Soxhlet extracted crude oil
(untreated seed) ‘ . 0.74

S . ,

* average of two analyses. All samples under B, C and D
were composite samples of at 1east f1ve extractlons
each.

¥,

-



151 -

‘ b0111ng, blendlng, stirring and thawing the frozen emul-
& N
sion and longer exposure of the o0il to light. Heat

treatment of the'seeds and exposurge of oil tollight and

heat was found to resﬁlt in higher peroxide values

(Appelqv1st, l967f \ |

In this study, dry heatlug ofwthe seed in an oven

caused an incre e in the peroxide value of the oils.
.éompared to that of untreated seed, there was a slight
increase in perdd%de value when the seed ofvSpan vaﬁ&etys

| ~was drybheated in the oven overnight at 55°C (1.61
mequiv/kg.of oil) and 105°C (1.32 mequiv/kg ofvoil)t

‘,HHigher peroiide value (2.03 meouiv/kg of o;&T*was obtaiped;o
'ﬁwhenathe Torch seed was heated at 55°C for 3 days. These~

(

resulﬁsilndlcatétthag the perox1de value 1ncreased with

G

g ‘Sedi;? drying rapeseed in an oven.

| the, am\mt_‘ _of*éxeg

% {1.85 mequiv/kg of .0il) was also

=

:."” . r?*,, S

néd when Sgagfseed was "boiled ana dried in an oven
T .",< . 'n £1 ?
overnlght at 105%- é

(J

o actlvate thafenzymé *}pOdease, the increase in peroxide

Since boiling of rapeseed would in-

)

f valuea durmﬁai‘ylng :in an oven and durlng the aqueous

eﬁti:ggt;On process ”uld be due to non—enzymatlc

g
-:eactloqs.y ahe results alsd 1nd1cate that storing of

.Ei?o seed fét's years at 5°C d1d not seem-to affect the

_% peroxxdﬁ?@alue. In thelr study, Janlcek and Pokorny

n- ,." .n-.’

;5 dﬂg}ng tsﬁ storage of the seed.

e ..
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e) Unsaponifiable Matter

The amounts:of unsaponiflable matter in the oils
are glven in Table 12. The amounts of unsaponlfiable met—
ter were’; 1.05 and 1.13% in aqueous extracted crude oils
from untreated Echo and Span sééﬁs reeoectively, 1.14 and
0.74% in sokhlet extracted crude-pils from untreated Echo
. and Torch seed respectively, and 1. 03% in industrial |
crude oil. The results from varieties Echo and Tor~h

indicate that there was no significant difference in the &

" amounts of unsaponifiable matter in oils obtained ﬂ&

mat L
aqueous and soxhlet extraction93 Comparing the aqueous ’;
andrinduetrial extracted orudé oils from Span seed,
there eeems to be no significane effect of the two oil
extraction methods on the amoentéﬁof unsapogifigple matter-‘
in the oils. With the exception of the value from the»l/

Torch variety, the amounts of unsaponifiable matter in

the aqueOQSwend soxhlet extracted crude oils were higher

AR
thqnwéhote qﬁ,lndustrlal extracted crude oils (0 3 to. fi;f
*Q%J tﬂported by Teasdale (19757 ol
- Verzetal dlfference in the amoﬁnt of unsaponlfiable
| matter-éggﬁobse;veo‘xnthls study. Lower amountgﬁwere N

found in oils from Torch seed than Spah and Echo seedé.
Slmiaarly, thls varletal difference was also observed by
.Sretz (1967)~And Appe}qv1st (1968) . Sletz (1967) re-

| pgrﬁed'that the uneaponifigble,mattér of German cultivars

4
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o f Table 12. Unsaponifiable Matter in the 0Oils

(untreated seed)

g \'ﬂ‘ ' | T - \
vooeaie L". M A } A ,_&
N L A . ‘;‘/'"V '
':ggi, Sample and Trg;tmengiﬂ‘ Percent Unsaponlflable
- ot ~ Matter*
o T ' \ _ ‘u- -~
o AT T A '
T .7 Lo e
N Industrial~orude’oil 1.03
o X ,
B. B. campestris L.,yar Echo
1. Aqueous extnpcted crude’ o
; 0il (untreated)’ 1.05 \
v, )‘
2. Soxhlet extracted crude _
oil (untreated) 1.14
C. B. campestrls L. var. Span
1. Aqueous extracted crude oils
a) Untreated seed 1.13
b) Seed dried at 55°C for -
ca. 17 h 1.19
= c) Seed. dried at 105°C for' 1
~ca. 17 h ;,25
d) Seed boiled and dried i &
at 105°C for ca. 17 h 1.32¢
~D. B. campestrls L. var. Tdrch
1. Aqueous extracted crude °ii
(seed dried at 55°C for " 4
3 days) 0.75
2. Soxhlet extracted crude oil .
0.74

* average .of two analyses. All samples under B, C and D

‘were chposite samp%bs of ataleast flve extractions

each *

. . o ¥ 0

)
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of rapeseed as; 0.3% for winter rape 0.6% for summer
rape and winter turhip rape,'and‘o.sa for summer turnip
rape. Higﬁe}“values were obtained L, _pelqvist (%968)
for Swedish cultivars; 0.9% for winter rape, 1:0% for
summer rape, 0.8% for winter turnip rape and 1.1% for’
summer turnip rape. The amounts of dnsaponifiablé
matter in‘aqueous'extracted‘crude oils ffom‘Span seed
dried ovérnight at 55 and 105°C were 1.19 and 1.25% respec;
tively. The aqueous extr;éied gfude 0il from Span seed
boiled and dried.overnight éf 105°C contained 1.32%
unsaponifiable matter. These results seem to indicate a

small increase in the amount of unéaponifiable matter

with the heat treatment of the seed.

-

‘ :iﬁ

~f)  Moisture and Volatiles Content

4

-

The moisture And volatilébcontents'of-the oilgh?-
are given in Table 13. The amounts of moisture and
volatiles wére; 0.034\and 0.045% in aqueous extracted
crude oils from untréated_Echo And Span seeds respecéively,
0.060% in industrial crude oil, and 0.669 and 0.075% in
soxhlet extracted crude oils from untreated Echo and
Torch seeds Eespectively. The amounts of ;oisture and
~volatiles in the'aqueoqg éxﬁrdcted'crude,bilé were .

s;ightlylowerthaniq ﬂeiﬂdﬁﬁtrial and soxhlet extracted
oils. Slightly higher values of moisture and volatiles
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Table 13. Moisture and Volatiles Content of the 0Oils

155

Sample and Treatment - Percent Moisturé and
S volatiles *
L .
A.‘ Industrial -crude oil ] 'r | 0.060
B. B. c&mpestris,L..var. Echo : . \
1. Agqueous extracted crude
0il (untreated seed) ' .- 0.034
2. Soxhlet extracted crude ‘
oil (untreated) L '0.069
C. B. campestris L. var. Span ‘
1. Aqueous extracted crude oil
a) Untreated seed - o 0.045
b) Seed dried at 55°C for - '
ca. 17 h . 0.054
c) Seed dried at 105°C for ”
.ca. 17 h ' 0.034
- d) Seed boiled and dried -
at 105°C for ca. 17:h : . 0.040
D. B. campestris L. var. Torch -

*

1. Aqueous extracted crude oil
(seed dried at 55°C for

3 days) | . : 0.032
~ 2.%oxhlet extracted crude oil - _ ¢ .S
(untreated seed) . : .0.075
N

average of two analyses. All samples under B, C and D

were composite samples of at least five extractions each.



N |
in the industrial cfude 0oil could prebabiy be duesto
higher peroxide value and FFA, and in the soxhlet ex-
‘tracted crude oils to hlgher FFA and the solvent (pet-~
roleum ether) left in the oils. ‘

‘ The moisture and volatile contents of agueous
extracted crude oils from Span seed" drledigfernight at
55 and 105°C were 0.054 and 0.034 respectively. ' The

aqueous extracted crude ails from Span seed boiled and

. dried overnlght at 105°C and from Torch seed dried for

~' 3 days at 55°C contained 0.040 _and -0.032% respectively.
ﬁ'Hence, there seemed to be no significant-effect of heat
treatment of the seed on the amount of moisthre and e~
volatiles in aqueousiéﬁfracted crude oils. There was

also no varietal difference.

4. Results of Meal Analyses 3
-

Meal 1$ the by-preduct of rapeseed 0il extraction. -

,It is used w1th£? limits for. ahimal feedlngs. It is also
used as a fertxl%;er f The economlc aspects of rapeseed
011 extractlon depeﬁa not on}y Bn the amount andg the'~
quality of oil ext;acb%d but aiso. “on the quallty of
the meal. Thus, it was lmportant that sQme’ research be
done on the effects of aqueous 011 exufactlon on the

quality of fhe meal Investlgatlons 1n thlS study were

carried out to determlne the proximate comp051tlon of

L0

| & ' 7 R
. "~ . \
: ‘ . -
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the meal, solubility characteristics of the protedn‘ ex-~
tractability of prbtein in relation to pH and temperatutre;
amino acid composition, and the glucosinolate content of

" the meal.

. a) Proximate Composition

*

The proximate analyses of varioue-meals:are given(
in fable 14. The amounts of protein, fiber and ash were
calculated on a ﬁoisture and oil free basis;. The protern
contents in percent of varieties Echo, Span and Torch
meals obtained by aqueous and soxhlet extractlons were
.'38.5 and 38‘2 40.5 and 41.1, and 39.9 and 39. {respec-
'tively; The proteln content of the 1ndustr1al’extracted
meal of variety Span, obtalned rfom Canbra Food Cq., was
39.9%. These results show that there was no : M
dlfference between the prbteln contents of aqueous and
soxhlet extracted meals. quever, there was a‘varletel
difference. The protein contents of meals from.varieties
Snanband Torch were higher thanithOSe of sAriety Echo.
The industrial extracted’meal&of varietX Span contained
about the same amount of prdtein‘aé aqueous and soxhlet \

e extracted meals of the same varxetydyhlch were prepared ,

in our laboratory.
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The fiber contents in;percént of agueous and sox-
hlet extracted meals for the three varieties,‘Echo; Span
and Torch weré 16.5 and 16%0, 15.9 and l§.5, and 15.4
and lG.O,resped‘ﬁQely. The fiber content of the indus-
trial extracted meal, 13.0%, was lower than those of
other meaié:' These‘rqsults indiqafe that there was_no
significant difference between the fiber contents of
aqueous and so§hlei.extractgdkmeals.‘ )
The ash coﬁtehts in percent of variety Echo, Span
and Torch meais obtained by aqueous and soxhlet extrac-
tions were 7.1 and 7.6, 5.8 and 6.8, and 5.9 and 6.3,
respectively, while the ash gqntént pf industrial extr;c—

ted meal was 7.1%. These results show that the ash con-

tents of the aqueous extracted meals of these three var-

‘b
"o

iéyges were slightly less than those of soxhlet extracted | ‘ﬂp
ﬁeals, and'that'thé ash contents.of variety Echo meals
were'sliéhtly-highér than thosé of var;etiés Span and
Toréh. |

The amount of residﬁél 0il in soxhlet extracted
meals was aésumed to be 0.0%. The aquéous extracted
~ meals Qf Yarieties Echo, Spén and Torch contained 5.5, 7.0 .+ <
and 7.2% fesidual oil( respectively. The amount of “ |
‘ reéiaual oil in industrial extracted meal was anly 0.5%.
The higher amounts of residual oil in aqueous extractéd
meals, dﬁe to a lower oil extractién efficiency duriné

this process, will be discussed later. A higher amount
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of residual oil would increase the metabolizablg enerqgy

of the\meéls. On the oﬁher hand, ié“wquld also tend to
,eause qff—flavor, and, heqce, storage stability problems
' (Cater et al., 1974). | | |

Duriﬁb the agueous extraction process, simple

sugars, some proteins, inorg;nic compounds and some non-
protein nitrogen compounds including.glucdsinoiates would

like%y be exér%cted in the liquid fracﬁion. .Phenolic con~
stituents such as tannins (Schanderl,lQ?bf, and caffeic and
chlorogenic acids (Loland Hiil, 1972) would also be ex-
tracteé in the liquid fraction. Due to the extraction of
:these_compounds from the seed, the fibgr and protein
 contents of the aqgueous extracted mealg would be expected
to be highd‘ than those of soxhlet extracted meals. How-~
ever, in the case of crude%fiber content, the results did
not cleqriy indicate thig‘ko be so. _The exﬁrac£ion of -
“the non-nitrogen‘compouné;’in the. liquid fraction would
-%%ﬁéié;se the:protein contents of the agueous extracted
meals, hdwever,"the loss of somé broteins and non-protein
B fnitrégen (to be discuésed) in the liquid fraction seemed
to6 maintain the protein content in-tﬁe éqdeous extracted
meals at the level compar;ble to that of solvent extracted
meals. The ash contents of aqueouSue#tracted,meals were
siigptly lower than #hose of soxhlet extracted meals,
indicating tﬁat comparatively more ash material was

-

Q
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extracted in the liquid fraction during the aqueous
extraction process.

b) Solubility Characteristics of Meal Protein

The solublllty characterists of the protelns in

aqueous and soxhlet extracted meals from B. campestris L.

var. Echo are‘showu in Fable 15. The results from the
same variety of rapeseed obtained by Sosulski and Bakal
(1969) are included in the table for comparison. The
aqueous extracted meal contalned 17.7% water soluble
proteins, 16.4% salt soluble protelns, 28.9% alkali soluble .
protelns, and 20 4% ethanol soluble proterns. The soxhlet
” extracted meal contalned 33.6% water soluble protelns,
.3& 7%‘§alt soluble proteins, 18 9% alkali soluble protelns,
and¥2.2% ethanol soluble. proteins. These results show

that aqueous extradted meal contalned Eower amounts of. water
and?salt soluble protelns but higher amc' ‘ts of alkali and
'ethanol 'soluble" protelns than elther the soxhlet extracted
meal or the meals analyzed by SOSUlSkl and Bakal (1969) .

‘The amount of proteins in the residue left after

the proteln extractions was higher 1n aqueéis extracted

meal (16 6%) than in- soxhlet extracted meal (8. 5%) but

sllghtly lower than the 19. reported by Sosulski and /
~ Bakal (1969).> These changegé?\ -

n solubility character-_

,/ :
1st1cs were due to the moist heatlng during the aqueous i@i

2
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|

extraction process. In this aqueous extractron process,
boiling for 5 min, blending for 15 min (temperature could
go up to ca. 90°C), end stirring at 70°C ¢ 2°C for 1 h
would affect the solubiiity”characteristics of the pro-
teins. HencE the m01st heat 1n the aqueous extraction
process reduced the water and salt soluble protelns but
1ncreased thé alkall énd, to a greater extent, the‘ethanol
soluble: protelns. It also 1ncrea§ed the a@qunt of pro-
tein in the residue. Longer time and increased tempera
ture of moist heat led to a progressive‘insolubiiization

of rapeseed proteln in water and salt solutlon, whereas

dry heat has a negllglble effect on protein solublllty

_(Glrault, 1973) | Similarly, due to heating, the solubilf

| | _

ity of protein in industrial processed meal was lower than

| “laboratory defatted meals (Sosulski and Bakal, 1969;

Girault, 1973).

These’ results also show that about the same

: : : o .
amount of soxhlet-extracted meal protein»dissolved in .

water and in salt solutlon.f The water soluble proteins
in soghlet extracted meal were lower, and salt and
alka11 soluble protelns were higher than those reporteé
by Sosulski and Bakal (1969), however, the sum of these
two prote;:éjractlons was srmllar to that reported by

Sosulski Bakal (1969). The dlfference 1n the protein

. Solubility characterlstics of soxhlet extracted meal

_ ;"3:‘-'
e : . . e |
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obtalned in this experlment and those of Sosulski and
Bakal (1969) c0uld be due to the method .0of meal preparation
or to the storage co;ditlons for the seed used in this
‘experiment; Sosulski and Bakal (1969) preéared their
meal by extracting the oil from ground seed twice with
hexane (solid-to-solvent ratio, 1310) in a Waring plender
féf 1 h.at room temperature apd then desolventized'the
meal in a vacuum c%amber at 45°C for 24 h. Ip thlunexper-'{
1ment, the soxhlet extracted meal was prepared by heatlng
the seed.in an oven for 1 h-at 110°C, extracting the oil

‘with petro ether in a soxhlet apparatus, and allowing

the ,solveni*i

One experiment was cdrried out to find the effect

evaporatevfroﬁ-thb meal rat room temperature.
of blending on thé‘solpbiiity characteristics 5f the pro-

~ tein in the meal. In~this experiment, the blending step

was omitted from the aqueous extraction procedure.\ The

‘ resultlng meal contalned 17.2% water soluble proteins, -

16.7% salt soluble protelns, 27 0% alka11 soluble proteins
and 25:7¢% ethanol soluble proteins. The amount of prcteln

in the residue 1eft_after the protern extractions was 13.5%.
Compared. with the.proteih solubility caaracteristics'of

' the heal;obtained frcm.the complete aéueous\extraction, it
.seemed that blendlng caused a slight reductlon ln ethanol sol:

uble fractlon and a sllght 1ncrease in the alkali soluble

fraatlon, Blendlng also resulted in an increase in the

-

sy " . { N
. ! .
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amount of protein left in the residue after the protein

extractions. These results point to the fact ‘that the
~ ~N,
b01lfﬂg step was probably the major contrlbutor to the

changes 1n the proteln solubility characterlstlcs sinme
3 o )
it was the flrst heat. treatment in the aqueous extrac&ibn

!

process It is llkely that thé subsequent heat treat-~
ménts durlng blendlng and stlrrlng would cause ohly minor

"change in the proteln solublllty characterlstlcs. How-

J

ever, further work 19 necessary to xnvestlgate theweffect)
. 'of each step of the aqueous extractlon process upon the

proteln solublllty characterlstlcs of the meal.

3

-

uﬁg .Extractability of Meal Protein 'in Relation to pH
~ and Temperature ' . S o V

- ~ the extractabil‘ty of rapeseed prote;n of‘aqueOus'
extracted meai in_reiatIon to pH.and’temperature is
- shown, in_Fig.v14. At'all‘oﬂ values, except 2 and 10. 7; i
the amountxof protein extracted xncreased with the in-
creage in the extraction temperature from 24 to 80°C. At

pH 2 the amounts of proteln extracted at 70 and 80°C

h—. iere about the same, ‘but both were lower than‘tﬁat;ex-
tractéy at 60°C. At\a pH . of ld.?,‘the amount of protein ;
"' extracted at 60°C was ca. 543, which was higher than

that extracted at 70 and 80°C. Reports in the literature
" also reveal that the_amount of prote;n;extracted from

o
&

2

| I‘ y - . ) : . -t @ .
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rapeseed méal at variougﬁva&ues iqcreased with the in-

“n
~

)f)j'

crease in eﬁ&raction t ture from 25 to 90°C.(Radwan

and Lu, 1976; Hermansson eg al., 1974). 1In comparison in .

this study, the duogg;; of protein extracted from agueous
: J
ar

[

ous’ pH values and temﬂerutures were
x-\, ‘A..

extracted meal at v

lower than those extracted ffom"differeﬁt meal‘m QS 5
: g :gh ,.«!

= 2;.:(_,
fs

reported by,xorolczuk and Rutkowski (1971). Hefmhﬁﬁgon*; .
¥ v,

et al. (1974). Quinn and Jones (f@?ﬁ): Radwan/and Lu é'e‘ﬁﬁ%” g
“"A“t t

J11976) This may be due to thg m018t heat Ggﬁatments .
a0 T ﬁ?ﬁte”

~

. during the proqess (already discussed) k é . e
gr.-; - TW& results indicate that, with squeoue ext;acted B

uWh neal, the\?lnlm“m point Of proiein extractiqt{Qt all - .
' 8 . - -
tempﬁrgturés studied was at about PH 5. 0.; T!“J

g » ? ; »f v;.
also indxcate Eﬁat the‘minima were broade‘” “
B -

»at high temﬁiratures. This was espec1ally true for the QJ

protein extractability at 24°C. .At this extraction temp-
"erature a Significant 1ncrease of the extrapted ﬂiotein
,above the minimum point was only observed at abdbut pH 2
in the lower pH range and at about "pH 8 in the higher pﬁ“\ |4
range. Various minimum po}nts.of extradtability for
soxhlet extracted meals were reported in the literature

d

(Korolczuk.and Rutkowski, 1971. Radwan and Lu. 1976).

. Two minimum po%nts of extractability reported by
Korolczuk and Rutkowski(l97l)wer~ not observed in the

present study. The results?show that’ the minimum
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extractthlity point increased wx;h temperature, giving

2
about 8, 9, 11 and 13% of.the proteln at 21, 60, 70 and , ﬁ%
‘A80°C, respectively'. Similar results were reported by
Radwan and Lu (1976). ° 4 _‘. ‘

These results alws indicate thumnth the. temp— |
. : » «y . )
e eratures and pH values studfed, a betten” 2

protean from #queous extr%gted real we

values hlgher than 10. Howeuer, at high pH yafnes tha .

protein exxracting*ﬁdﬁutions were daag ingcolor, whlch. )
& w ‘ B -

could resultﬂimhdarh proteln prechgitates. T%éf dagk
. coloratlon may be due to th solublllzation of dark g&g-

ments of the~H&Jl*and tq&br&yning reactlons. especially
~ - .
at hrgh pH and‘temperature.'_% \Q L N

| L 5 . ’ i g Y " SR
3 sl FELT ' - s ‘::' r oo ;
l d) Amino Acjd Com ition Jf Origlnal Ragzseed i7~. .
. Saﬁple, Soxhleiﬂ!nd Aqueous Exeracted ‘Meals )
and quuld Fraction (g. campestris L. var.\Echo)-

L T

" The-amino acid COntents of;fourvrapeSeed protein \\

v

o

‘ samples are shown in Table 16. The- four samples analyzed
‘were the¢or1g1nal rapeseed\sample, lsoxhlet ‘and aqueous
extracted meals,»and the liquid fractxon (whey) from the
agueous extractlon procedure.. The orlgln{l rapeseed -
sample was prepared by dry grinding the iapeseed before
it was analyzed. Comparisgn of the'resul;s shows very

- J : . _ ‘ :
"Tittle difference in the amino acld composition of the

.
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. . . ?
" Table 16. Amino Ac:.d Composition: of Fou amples
fron B. campestris L. var. E ho
A . g amino acid/ng meal N) 4
» ;
_Amino?Acid‘ Original  Soxhlet Aqueous Liquiad-
: Rapeseed Extracted Extracted Fraction
Sample, = Meal si Meal [ (whey)
,4’
Aspe_ﬂ-tic acid 6.63" 6.60 /6 37 ; |
' Threenine 4.76 . 4.65 ‘s 4.52 s &} 64
.~ Serine  ° 4.88 477 485 44
i "Glutfigie acid | 15.15 15.28 14.81 > 16.96
v giine o *1?54” T 7.86 ‘8.47 -4.15
Glycine, °* 8.40 . _p '8.43 8.28 9,97
‘Alanine  , #%6.37 > 6.28 6.14 7.39
is Cystine . 9.75 'o.v" ~ 0.62  prace”’
_ . Valine : 5T \\\ 5.7 ¢ - 5.87 4,09
. Methjonine .  1.54 o 1.77 2.02 1.78
Isoleucine  .3.96 398 45 255
Leucine % 6.92 . . .6.88 7.19 4.66 .
Tyrosine . 1. 86. 1.93 1.99 © 1.91
‘Phenylalanine P 2.89%@®  2.87 -3.01 1.43
, ‘Histidine . 2.25 2,22, .2.18 1.64 -~
“ Lysine - ,5.31 -~ o« 5.20% ., 4.85 5.12, .-
- Ammonia - '10.81 . 10.80 10.39 17.23,
Arginine - . 4.17  4.20. * T 4.27 "3.20
* average of two analyses '
1§ -
: A R

169
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_ rapeseed sample This slight difference in

differencefis likely due to the falt that so

'
"

soxhlet extracted meal and the original'rapeseed sample.

Howeverﬁfthe original rapeseed sample contained slightly

' - more s cystine and less proliné than the soxhlet .extracted

w L 2 . .
meal. o Ly 1 ‘ i (I

K - {
The aminodagid composition of agueous extracted

meal vi’ied slightly from that\of the oriQinal rapeseed

. sample and the soxhlet extracted meal. The aqueous ex-

tracted meal contained slightly less lysine and glutamic
25 g

aCid’and‘ [ 3ht1y more methionine, leucfﬁz ‘and p!bline

than both-tﬁg soxhlet extracteddFeal %gi the original

. I3

amino acid

B° s

| composition could not ‘be" due to the aqueous oil ektractiOn

process, since bOiling in excess water usually gives no

T

_protein damage (Bend‘r 1972, Renner et al., 1953b:
Taira et al., 1965) Fprthermore, it hasjbeen shown

h that the am%ﬁ@ acid compOSition of rapqseed protein varied

according to protein fractions and preparations (Kodagoda

o
-

et al., 1973; Girault, 1973; Sosuisi?i #nd sarwar, r§73,

o . . A

SarWar et al., 1975; Thompson et al., 197 Hence, this

proteins

S and f;ee.amingpqq}dnawere extracted in the liquid fraction.

Proteins in the liquid fraction had a different

/

pattern f “amino- acid distribution. They:contained hiqher

‘amOunt of threonine'and aspartic agid, glutamic acid,
\ . SR . o i \

170

»
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glycine, alanine, and lower amoant?of  cystine, Valine,ﬂ

isoleucine, sleucine, phenylalaniné€, histidine, argfnine,

and proline than those of soxhlet and aqueous extracted

v

" meals and the original rapeseed sample. The amino acid

l »

comp031tlon in the liquid fraction was quite similar to

the amino ac1d dlstrlbutiOn “in a water extracted protein

*

concentrate as reported byg'odagoda et al €K1973) f“_‘

K el
23 e <, .
f . d :
> » Y
s \
. . p
.

-~

%

-e) Glucosinolate Contents aT “,iEgz"-"““””r

) » . t\ N . :s“ " . . ,_
One of the advantages of the agueous é;;raction
of rapeseed oil is the s1multaneous extractlon of glucos-
inolates (Table 17L.‘ The gluc051nolate content of

soxhlet extracted meals from B. ;pestrls L. var. Echo,

?Span and Tor?h were 8.43, 9 18 and 6.52" mg/q of sample,

respectlvely, and were ré\hced to. 2. 83, 1.92 and 2 78

mg/g of sampﬁe in aqueous extracted meals. Hence_JSB

‘to 793" 0f the glu&osxnolates were removed from the meal

durlng tr queous o&l extractlon process. <Ex;ﬁact10n of

%o L%

+o 79% for butenyl

‘
{

individual- glucosinolate was

asothiocyanate, 41 to 71% for pen nyl 1sothiocyanate,

63 to 75% for methylsu&phiﬁylbutx}"sothiocyanate, 67 to
. ey

- . B - " e

-

).
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L O ' . o
.. , /%
87%fox'phenylethyl isothiocyanate and 85 to 97% for
vinyl oxazolldlnethione. .The results indlcate tnah

v1nyl oxazolldlnethlone was more easily extracted than

the 1sothlocyanates during aqueous oil extraction

process. These results were contrary t0‘some findings -

that vinyl-oxazolidinethione is moxe dlfflcult to extract

. 1y

than 138%h10cyanates (Ballester etual 1970 and 1973:

 —

., Kozlowska et al., 1972a). ' -

Glucosinolates were extracted into hqﬁeous

Jphase during the boiling, b%@ﬂégng and stlrring

steps. It is apparent that grlnu '“He rapeseed materlal

v

to flne particles enhanced the extracemon of*glucosino- e

-

‘lates in the subsequent sxeps. The dlffu81on rates of
glucos1nolates are enhanced by frequent change*of sol— ‘
vent, high temperature, a hlgh waten-to-seed ratio, a
neutral to ‘alkaline pH of the ‘aqueous medlum and dehulling

of the seed (SOSulsk1 et al., 1972; Kozlowskémgt al.
" H A "‘-‘:, o }\5~ .
1974) S - : C s ‘ ,
g . B ‘ )

An experlment ”;;acarrled out in whmch the glu-

N

c051nolates left in the agueous extracted meal of Echo
kvarlety were further extnacted by stlrring for 1 h at
70°C a(fﬂgﬂ\ﬁxo wlth an 8/w ratio of 1:15. A pH of

5.0 \Bsed~ ring this. extractlon because it was the
mlnlmum point df meal proteln solublllty (already dis—
o ’ .
cussed) . Only a Frace amountwof‘v1nyl-OXazolidinethione
o ‘ . ‘ ". . - . ‘ . . .- ” . )
* . ) - j . \BE " . ' : 4’.‘
k) . : 5 N .
5\_ - ‘ !f Td L »
t S o | et F



/ 174

(0.09 mg/g) was left in the meal after this second extrac-

tion. About 99% of the glucosinolates were extracted after.

this second extraction. _ .’x M -

H : ’ .
5. Protein inl!the Liquid Fraction

’
’
4

”Eiquid fraction (whey) frém the aqueous oil 8
extractlon process contained ca. 1% crude proteln of
'(@‘which abéut 50% remained after pre01pﬂtation with 15% TCA, -
.(%abl‘ 18). H‘Hence, the true protein amounted to-ca. 50% |
-'of the é:ﬁge proteln in the liguid fractlon. 'A sﬁhdy wa@ﬂ
e carrlé! o&t on the prec1p1tatlon of these proteins by @

adjustlng the llquld fractlon to dlfferent pH values and by

heating in b0111ng water for 10 to 15 min. 'After heatlng,
e
the préc1p1tated protf/g/was centrifuged at 9, 000 rpm'

(9,750% g) for min and the crude proteln 1n solptlon

A .
‘after the c ntrlfugatlon was determlned. The results .
show that, afyer he@tlng the llqu;drfractlon at pH 4.0
an8 4.5{19,68% crude‘proteiﬁ~rémained in the solutions.

‘Atzlower:gnd high P values more crude protein remained’

'in the salutions afyer the'heatftreament.  These results

indicate that pH’ alues between 4.0°to 4.5 were the region
of maximum protein precipitation. At the point of mak-qv
imum protein precipitation,"ga.'GS% of the true protein,.

which is equivalent to ca. 32% of the total N in the
‘ ’ . . \,NA,‘

K r - o : ’ - 1 Fa

s
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Table 18. Precipitation of Proteins From b
L x the Liquid Fraction «
/—.\ N - .
\\ \
‘ .
~ Sample and Treatment | Percent Percent Crude Protein
‘ i) v N LEft (N X 6-25.) Left
Original ﬂiquid Frac-
tion (Whey) 0.162 1.01
Treatment ‘ ' | i
1. Boiling‘in Hzo?fqr' .
o 10-15 min at pH R
‘ 2.0 . ‘0n134 .;O‘ _- -
Lo 0.117 - 3 0,73 23 .
.« 3.5 0.112 Vs 0,70 '
4.0 0.109 . i 0.68 - -
4.5 0.109 - 0.68 ‘ By
6.0+ 1 0.133 ‘ 0.83
7.0 0.139 0.87 -
2. Heating at 85°C for RERER > IEAPE: .
10 min at pH . W ’
‘ o , . N A
N : ‘4.0 0.107° | 0.67
/ - - -y ‘.‘q R -~ . . . ]
3. Precipitation with ‘
I . 1§ percent TCA . 0.081. 0.50
N . . ' b . G g
, - ;o I
-y - . . : h o~
¢ ’
. : . \
LY
. . 7 ¢
\ 7 \ )
ey - i > 3
:. }1 ,‘/ '
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P ‘
agittous fraction, was precipitated. It was observed that

heagihg:%ccelerated the precipitation of the protein. | -
! \ . . 4 S
' One experiment was carried out in which the liquid
\ ;

fraction was(edjusted to pH 4.0 and heated.at 85°C for 10 ;
s \ -

mineo‘It\was found thatﬁabout the same aﬁount es‘epove
- of crude protein (0 67%) remalned 1n‘the solutxon ;fter
’thg§e~treatments (Table 18). Hence, heatlng at QS°C for -
"10 min was suff1c1ent to preCLpltate the proteihs. ‘The F; '
fact that the aqueous medium resultlng from this procaiire
g

_ 'was llghter 1p color than that after heating in boil&no

water for 15 miﬂ,was probably due to. leﬁfﬁbrow

action. Furthermore, a flner prec1py;ate was obtaandtfﬁJ

duﬂing heatlng at 85 o for 10 min than durlng heating\
, |

| b%ng water for’ 10 toﬂels min. '\ .

. '
Durlng ‘the determlnation of resxdual lipid in ' v SR,
I / .
.the’llqu1d fractlon by extrabtlng Wlth a mlxture of a ¢
4

‘methanol and chloroform, it was opseryed that proteins

‘ X o N . . V. . A ) :
precipitated out., However, this was not gtudleg_fugigor..

. o a¥ S . v ;
, Sk ‘ -7 oh ' o
6» "Material Balapce ' .
-3 : . BN . L
- v An. experlment was carried out 1n duplicate to

deter&;ne the overall mdferlag balance of the aqueous
.extractlon process. In this experlment, a great care ',

»

.was_taken to recover all the material adherlng to. the—

al
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égr the rapeseed SOlld was lost in the whey | : L
v

p'.‘." of the orlglnal 88.7¢qg oil in the’ seed, 81 % §- ¢
ﬁ,l" -~ N
‘4” (i.e. ca. 92%) was recovered in the oil fractron This

AR
AR

LI N

]

equipment ed during each extraction step. The rapeseed

{Ech ~variety) was ground and weighed (208. 8 q) The

material was boiled in 500 ml of water.

)

of water was used for washing the equlpment. The results
??of thlS experlment are summerized in Table 19

These
jg results show that of the total rapeseed solld approximately

; 41.5% was recovered as 011 and 50 1% as meal; ?.2% of

yleld was in agreement with the prevrously cal

, oL
va%ges obtalned thréughout thls study.. ' . i“

v e
The amounts o£ total SOlldS ‘in the solld and lquld ,
fractlons were '98. 8 g and 14.2% g respectlvely Assumlng

\: 9-

that the meal contalned ca. 7% o1l (based on preV1ous iﬁ;
' »

analyses), the amount of non—fat SOlld recoVered in .the

, meal would be ca. 92 q Srnce the qmount ot non-fat SOlld
/ -

N
Lof the starting material wag :108.5 g,. the recovery of the -

nonvfat SOlld in the meal was ca. 85% Together wlth

,
, \
the ;otal recovery og non—

fat 50l1id was ca. 98%. - S C '

14 2 g of solld lost 1n whey,

Although ca. 650 q of waber was used durlng the _t'/

éxperlment only ca. 260 g was obtalned ‘in the 11qu1d

thctlon. Hence, only ca, 40% of water used was recovev'

as llqﬂld fraction. SOme of the remalnlng water\was loat

/

y

Additronal 150 ml )

a1Cu1§%éd yleld o

177
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- Table 19.  Material B,alance'wof/the Aqueous
o ‘Processing of Rapeseed
N ‘
¥ d

S Start:.ng materials. . '.‘,‘
SR oWl :
/B . L

\ "-”' ):)»« r[apeseed, 208.8:g (contalning‘ 88 7 g oil «

1

- e ',"@,‘i‘,'and 108.5 g noﬂ*-fatvgc%,_dl o
_‘ ,'  water, 500 g for bmlﬂxg and 150 'g' for ‘W

V N ‘ - 1' . washing, . .'.‘ s . "~” a - L '- - 3 -"IQW

. ' Lo 3 ; ) : |

\A > ) T " - . " ':Af “* b S ”v. ‘ﬁ :aa = ‘
1. Material recovered (g) = ! —81.\é, HFa330n L2740 0 T
2. BL.8 . 98.8 ', 14.2

-y . S A
B L %

m ;’ ) A-"' ' ) ‘ ) /l /'— N t
@ > oS cos0.1 /- 7.2 |

. ~ (v . o /. K ) . .‘&-":
4:_,uon-£at solid (9) . §791;9/ . W.p. -

% Percent reg‘:ery S YA [
Tt (a) oid .. 7 Y. %22 78 N

(b) non-fat solld . =847 131

¢ Al

. S yo T : 7
‘xv . - './ -\ ' . : .
e * estimated values =~ = T}
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+

. g
in drying,the‘solid fractisp which was previously analy-

‘ .
zed to cohtain ca. 79% moisture. The remaining ~ater was
N AN

lost during the experiment especially during boiling -

and blending:



IV. CONCLUSIONS

.

l. Process Parameters

The results of this study led to the finalizeq
laboratory aqueous rapeseed o0il extraction processing

'steps shown in Flg. 15. ' o

Grinding is a.very important steb«in aqueous
extraction of rapeseed o0il.. It shogld be emphasized
here that the finer the material, the better the
extraction. The second grinding was conducted to- ensure
that the rapeseed material was sufficiently ground. uyn-
like the aqueous extractlon of coconut,’ peanut, and sun-
flower seed oils, b0111ng was a necessary step in aqueous
extraction of rapeseed o0il to 1nact1vate myrosinase in
order to control the sulfur level in the ojil. It also
1nact1vates lipase, thus resultlng in a low free fatty
acid content in the oil. In addition, boiling the
ground rapes®ed caused a further breakdown of the cells.v
However, it also caused denaturation of the rapeseed
proteins resulting in low solubilities i:. water and salt
solution.

Blending, although it gave a stable emulsion, wae
neceseary for extraétion of rapeseed oil. Without blend-

ing nearly'all the 0il obtained agFer centrlfugatlon was

free oil, however, the oil yle‘h was low.. Blending

180 ~
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Grinding
Boiling in water for 5 min
' l Cooling

»’

1

Adjust the pH to 7.3 t 1
, l | o <

. "\\:\ o

'Griﬁéfbglfine slurry

.

Blend for 15 min

}

Adjust to pH 6.6 + 0.1

l

Stir at s/w.of 1:3 and 70°C for 1 h

}

. Centrifuge at 9,000 rpm for 10 min

solid fraction  0il fraction .

dry Centrifugation

" ¥

Emulsion + free o0il —— oil .
+

meal - : Freezing and thawing

7 ‘ :

\ Centrifugation

<

Solid- 0il )
Fraction f

j

Fig. 15. Recommended Parameters for the
. Aqueous Rapeseed 0il Extractior
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caused a further breakdown of the celis, }esplting in an

. \
'

" increase in 0il yield. Stirring conditions, sblid—to—
water ratio, ¢H, temperature and time were studied.. The
results show there were optima for solid-to-water ratio,

PH, temperatuyre and time of stitring for the maximization

of the yield. The importance of the centrifugation step
-

' was not reallz d in prev1ous studies on aqueous extraction

of 01ls. -that the amount of oil extrac-

ted depended pn the come- up ime to reach the final speed
or the rate of change of acceleratlbn, rather than on the
final* speed or final acceleratlon of the centrifugation.
Time of'Ceqtriﬁugatioh after Eeaching the final speedldid
not affect the oil yield. .

| Some modifications of the.pféBEss%could be made
for future studies on the agueous exttaction of rapeseed
0il. 1In this study the centrlfugatlon step was performed-
after the stirring step. However, a centrlfugatlon

step could, .be 1ntroduced after the second grlndang step,

i SO that some .of the 0il could be extracted prior to
,blending, stirring and centrifugation. The oil obtaihed
after. this proposed centrifugation step w0uld be malnly

in the form of free oil. Thus, les$ oil would be in
the form of an emulSion after the subsequent blending,

‘stirring and centrifuga®ion steps. JIt follows thet less

~emulsion would then need to be demulsified. The introduc-

tion of another centrifugation step might very likely

182
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@ increase the oil yield.
- A centrifugation ste§ might also be'introduced'
ifter the blending sfep} In phis case a second blending

" would be iptroduced after this centrifugation. Afté;
tﬁg second blending step the material could be stirrped
and recentrifuged. The addition of theée tﬁo steps
would‘be expected. to inéredse the.oil yield. .

-

A third modification of the aqueous o0il extraction
-process coyld be a\multiple extraction cycle. .The liquid
rand'solidJZractions after the %entrifugatién(step‘wduld
again be d)ien_ded, s&irred' and centrifuged. Thi‘,s multi{:le

extraction cycl wquld.fbviously increase the,oii yield.

2. The Yield of Aqueous Rapeseed 0il Extraction

In any vegetable oil extraction process, the
yield of 0il is the most important factor determining

‘the economy of the extraction process. Other factors .
. 7 , ' .

which affect the ecénomy of an extraction'proééss'are
the quality of oil and meal. Thus, the yield of ©0il by’
this ‘aqueous extraction of rapeseed o0il is critical in
determining whetﬁer the process is feasible. |

In this study the‘calcuéation of yield of oil was -
based on the amount of residual oil left in the dry meal.
24 : ’ .

The maximum yields obtained

°

were about 95, 95 and 93% for

5
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a . : s

B. campeétris L. var. Echo, Span and Torch, respectively.

"
.

The amounts . residual oil in aqueous extracted meals
ranged from 4 to 5% for the three varieties. ’Compa:aplegj'

‘ yields (86 to 96%) were reported in the iitg{gtufe for,

| aqueous 'extractions of peanut, coconut andQSunflerr seed
oils (Bhétia.gg gl.,‘1966;-Rhee et al., 1972;'Hagenmaier-
ég al., 1972; Hagenmaie;,;l974; Mieth gﬁ al., 1975a).
The yield of fapéseed oii in our laboratory aqﬁeous ex-
traction‘was lower than prepress solvent and straight

solvent extractions (0.5 to 4.0%’residua1<ﬁl); bug

equivalent to expeller extraction (6.0 to 7.0% residual

)

oil).
The above yield 6f aqueous oil extraction was

obtained after o?ly'éne extraction cycle: The yield

should -increase with the number of extraction ;
cycleé'(Hagénmaier et al., 1972 and 1973; Rheé et al.,

i973 Mieth et al., lQ?Sa,lP), In one experiment the.

liqﬁgz fractioulafter céntrifugation was replaced with

water, which;was then mixed with the solid fraction and v
recentrifuged. This treatment further inereased the
'amount.of oil extrécted by 1.5 to 2%. . The addition of
«salt was not included in this-'study, a{;houéh it was .
found to increase the yield 6f.suﬁflow;g seed oil (Mieth

4 .
et al., 1975b). The use of salt in aqueous extraction of

rapeseed would require an additional step of removing it
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)
from the meal. Further investigation of the agieous
proce551ng of rapeseed ‘0il should be carried out to

Al »

max1mlze the o0il yield.

3. The buality of the 0il and Meal

J

The quallty of the aqueouE extracted oil was
"better than 1ndustr.1.al crude rapeseed oils. It contax.ld
lower amounts of phosphollplds, sulfur, and free fatty
ac1ds, and a lower perox;de value than the industrial
crude o0il. .Due to low phospholipid and free fatty.acid
contents, the refining loss during the processing'of
aqueous extracted rapeseed crude oil would be 1low.
Water degumming of aqueous extracted crude o0il wOuid(
not be necessary. Low sulfur levels in aQuebus extracted
crude oil are desirable for the hydrogenatlon ~process
of the oil. Also, the 1ndustr1al crude 011 was darker

I

in color than’ aqueous extracte ude 011.

'-\(‘ The meals obtalned by the aqueous o0il extrac-

" tion cOntalned about the same amounts of: proteln, fiber,
and ash as the soxhlet extracted meals. The agueous: ex-
tracted meal contained low amounts of water and salt
soluble proteins but high amounts of alkali and alcohol
soluble proteins. The meal protein was more soiuble at

high pH and temperature. It would be more appropriate
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-to Prepare protein concentrate rather than isolate from

. . '
the aqueous extracted meal, since, due to low protein

solubilities in water, salt and alkali solutlon, the
recovery\b\_proteln in the isolate 1s expected to be low.
However, more studies' should be carried out on the protein
solubilities of-aqueous extracted meal, especially on
solubiiity in relation to higf pH and' temperatire.

The amino acid distribution of protein in aqueous
N ) ) _

.extracted meal, although slightly different than those of -

soxhlet extracted meaioand of the original rapeseed sample,
- &

-

seemed tp indicate that the aqueous oil extracticn process
did not affect the proteln quality of the meal. The aqueous
extracted meals contained lower amounts of glucosinolates |
since 58 to 79% of gluc051nolates were extracted durlng

the brocess. 1If the oil is extracted by multlple extrac-
tion steps, more gluc051nolates would be extracted More
studles are necessary to determine the factors | affectlng
glucosinolate extraction during the aqueous oil. extraction

process. However, this glucosinolate problem cculd be

-~

‘best solved by plant breeding.

s

4. The Liquid Fraction (Whey)

A

The liquid fraction from aqueous oil.extracgion

contained only a small amount of protein. However, it is



-
e
.

‘essential ghat this protein should be recovered. About
65% of the tru;"protein could be precipitated by heating.
in boiling water or in water at 85°C at pH 4.0 to 4.5.
Further ;tqdies on the precipitation of proteih from the
liquid fraction with salts and organic solvents should
be carrigd out. The Qhey resulting from équeous oii
ex;raction process may not be a serious problem since
comparatively small amount of water is gs;d during the
#exgyactiOn. More studies concerning the liquid fraction
should be carried out.

Reverse osmosis could be used to prepare the

%anentrate from the liquid fraction. However this could

be an ekpensive un@grtaking. in addition the refulting
concentrate mighﬁ contain high amounts of simple sugars -
énd'glucosinolateé. This whey problem could probably

be best solved by ultra filtration. Bigger molecules
such as proteins would be retained by the membrane, how-
ever, small molecules, such as simple sugars and élucosin-

olatés,'wogld be filtered through. The solution contain-

ing the small molecules might be used as a medium for |

single cell protein production.
Glucosinolates qouldAprobaﬁly also be removed
from the liquid fraction by ibn—exchange chromatography,

however this could be an expensive technique.

‘187
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5. The Importance of Aqueous Rapeseed Oil Extraction

N

The slightly lower yigld of agueous oil exﬁractién
could be partly bg&anced.by the meal quality and!partly
by the quality of the oil. Aqueous oil extraction might
'préserve not only the quality of the proteins in‘the rape-
seed, but also, some of the glucosinolates could be
simultaneously extfacted. With the introduction of iow
gluc051nolates and low fibet rapeseed varieties, along
W1th<the good quality of rapeseed proteins, there will be
a wider use of rapeseed meal for animal feedings and the
possibility of usés in human foods. The importance of
© rapeseed meal should increase in the light of the current \
world-situation in fats and oils production. 8 '
In recent years, the demand for meals has been ///

relatlvely stronger than for vegetable oils. 1In some - \
seasons, soybean o0il productlon is malnly determlned by
the more rapldly increasing medl demand and hence the

11 is almost considered as just a by- product.' Thus,

it is in surplus,espec1ally at present. Furthermore, -

there arq,relatively large 1ncreases in supplies of palm . )
and laurié oils (coconut and palm kernel oils). The
avaiiébility'of balm and lauri¢ oils from Malaysia,
Indonésiﬁ, the Philippines, Iyory Coast and other countries

<

will continue‘*to increase shgrply for the next five years.
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These palms have a productive life-span of at least
. @ N4
20 years for modern palm varieties, or 50 to 100 years ,QV
. . M - ‘ Al
for coconut palms. The marketing of soybean oil is fd%fﬁyffﬁﬁffwx
coming more difficult due to the supplies of ‘qwdgqgf g) o
' BN ‘kf{%&?" .
lauric oils, and even more so, of palm oil. ,Howéng, TR SR
. NN
-

the increase in meal demand could part1y 9ffs%§v£ﬁe§gosts9'
of oil production. 1In additioh to the increasing'sﬁrplus
of fats and oils, for the first time in about twé decades
there is a pefiod-of decline in consumption (Mielke,

1976) . Thus, the future viability of the rapeseed in-
dustry may dépend on expanding the utilization of meal in
‘animal feeds as well 'agg in developing prpducts suitablem

4

for human use.
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