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AERSTRACT

-

A process for producing nutriticnally rich low-phytate
or phytate-free rapeseed protein meal, concentrate, and
isolate was presented. The process consisgéd of the removal
of the total phytate from the deoiled_rapeseed meal or flour
by agueous extraction. .This was then followed by the sepa-
ration of the phytate from the agueous extract by contlnuous

diafiltration prior to the concentration of the dissolved

protein by ultrafiltration.

-

The results of the extraction experiments showed that

phytate was effectively and completely removed

4

Tower and Candle variety rapeseed meal and flo

dilute agueous sodium chloride solution. single stage

~

extraction experiments were carried out ¥arying the solvent

+o. rapeseec feed ratio (v/n) from 10 ¥o 500 ml of extraction
solution per gram of sample and a51nb\an extraction solution
contairing 0 to 10 (w/v) /= sodium chloride. The initial pH
of the extraction solutlon was varied from 3 to 10. The
extent of phytate dissolution in équeous sodium chloride‘
solution was found to be independent of the type of the
rapeseed aﬁg of the initial pH.of thé’extractioq solution,
but was deﬁendent on the sodium chloricde concentration and
on the v/n ratio. In the case of protein, it was found to

be independent of the v/n ratio anc of the initial pH oI the

o —

-t



extraction solution, but was dependent on the sodium chlo-
ride concéntratioﬁ. and on the type of rapeseed and its
processing history. vurthermore, it was demonstrated that
the degree of phytate removal and protein loss in a multi-
stage extraciion process can be estimated graphically using
the equilibrium‘diagrams constructegi?;;g the experimental
data.

The feasibility of using ultrafiltration to eliminate
vhytate ffom the rapeseed extraclis was studied. with a
proper choice of casting solution composition and conditions,
high flux cellulose acetaie rembranes suitable for the phy-
tate-protein separation were effect;vely.created.' The
efficiency of the cast cellulose acetate membrane on phytate
~-protein separation was greatly influenced by the solution-
pE. The presence of soaiuqﬂ;h&oride in the proqess solution
was essential to obtain a high degreé of pﬁyfate permeation.
In addition, it was necessary to cperate at a high feed Iflow -
rate and at a low operating pressure in order to obtain the
highest possible phytate-protein separation. 4 complete re-
moval of phytate from dissolved protein was attainable wlth

a relatively low protein loss by continuous diafiltration.

N



(iv)

A
\gk_\. TABLE OF CONTENTS
ST )
ACKNOWLEDCHENTS
ABSTRACT
TABLE OF CONTENTS
1IST OF FICURES .
LIST OF TABLES

INTRCDUCTION : .

' LITERATURE SURVEY

o]

Crigin ang History of Rapeseed Industry in

Nestern Canada

Research and Development

o 0il Quality Improvement

o ieal Quality Improvement

o iiew Rapeseed Varieties {Canola)
Lutritional Value of Detoxified Rapeseed Frrotein
Chemistry énd Cecurrence of Pthytate

Formation of Fhytate-iletal Complexes

b

&3

ffect of Phytéte on wutritional Avallability
of Dietary linerals

o On Calcium Availability

o On Zinc Availability

o Interrelationship of Zinc and Calcium

o Cn Iron Availability

(1)

(i1)
(iv)
(ix)

{xiii)

pYe a~

O

11
14
16
15

20

21

21

22

24
26



/
2

o

o}

~ (v)
o Interrelationship of Iron and Calclum 29

o' On Magnesium, Copper, and Manganese

Avallability : 30

ietary Factors Affecting the Bio-

availability of Dietary Minerals 32
o Dietary Fibers RS ‘ 32
o Chelating Agents 33

External Factors Responsible for the

Inconsistent Findings on the Nutritional

L)

ffects of Phytic Acid ' 35
srfects of Food Processing on Phytic Acid
Content 36

Froposed Methods for Phytic Acid Elimiration 38

GENERAL CHARACTERISTICS OF REVZRSZ 0SMOSIS AND

ULTRAFILTRATION . ) -di

SYPERIMENTAL LETHODS ARD LATERIALS L9
o Rapeseed 3amples . Lo
o Rapeseed Extraction Prgcedhre-{ - ) 51
o Nembrane Casting Procedure ,\\\\g_,——~”//// 53
o Descriptlon of.the Ultrafiltration Cell Unit 57
o Description of the Apparatus and Cperation 56
o Analytical Techniques ’ 62

RESULTS AND DISCUSSION 63
o]

sefect of Hydrochloric Acid and Sulfuric Acid

Concentration on the Dissolution of Fhytate

On
n



. | I(Vi)

6 Effect of Sodium Sulfate Concentration on the
Dissolufion of Phytate 66
o Effect of Sodium Chloride Concentration on thé
Dissolution of Phytate and Nitrogen-Containing
Substances = 68
o Zffect of Ethancl Concentration on the
Dissolution of Phosphorus- and Nitrogen- /\_
Containing Substances ' 71
o Effect of v/n Ratio on the Diséolution of
Phosphorus- and Nitrogen-Containing‘Substances 78
o Zffect of the Initial pK of the Extraction
Soiution on the Dissolution of Phosphorus-
and "itrogen-Comtaining Substances ' 80
o Multistage Crosscurrent Extraction of Rapeseed
Meal 84
o CGraphical Calculation for hultlistage rhytate
. Extractlion _ o 88

T \

o iembrane Selection and Development : oL
o The Effect of Celation B;th Compésition on

Meﬁbrane Performénce-Characteristics ' ol
0 Unsteédy State‘Behavigr of the Ultrafiltration

of Rapeseed Extract ’ 102

o The Removal of Phytate by Continuous

Diafiltration ' 105



e

(vii)
‘- v
o Effedt of Sodium Chloride on the Removal of
Phytate by Ultrafiltration : 111
o Unsteady State Behavior of the ‘Ultrafiltration
of Sodiuﬁ Phytate Solution . _ 116
o Effect of Feed Solution pH on the Removal of ¥
FPhytate from Rapese®d Extract by Ultréfiitration 125
o Effect of Variation in Feed Flgw Rate on the
Ultrafiltration of Albumiﬁ Bovine Fraction V )
Seclution { 132
o Effect of Variation in Feed FlOw.éate on the \
Ultrafiltration of Sodium Phytate Solution ~1735
o Effect of Variation in Feed Flow Rate on the
Ultrafiltration of Rapeseed Exiract 141
o Effect of Variation in Applied Cperating
\ Pressure on the Ultrafiltration of Rapeséed
Extract ' - 144
o An Zconomic Evaluation of the Proposed Process
for the Production of LoQéPhytate Rapeseed
Protein ¥Yroducts 1438
CONCLUSIONHS o 159
RECOMMENDATIONS 162
REFEZRENCES ) . 163
AFPPENDIXES _ . . - 178
Appendix A - “xperimental Data ' 178
Appendix B _ Sample Calculations g 214



L

-

t

(viii)

Appendix C - Histd®cal Outline of the

Appendix D -

Appendix E -

Development of Improved Canadian
Rapeseed Varieties

Content. of Phytate in Some

.Oilseeds and FProtein Products

-Experimental Equipment and

Chem;cals

’

231
.235

239



f"\

Figure

(ix)

: ¥i
LIST OF FIGURES

Structure-and Configuration of Fhytic
Acid
Erucié¢ Acid Content of Canadlan Rapeseed

Crops

_ The Cerieral Structure of Glucosinolate and

Products formed by Enzymatic Hydrolysis,
followed by Chemical Rearrangement
Reactlon

Natural Osmotic Flow

Equilibrium Situation

Reverse Osmosis .

Ultrafiltration N
Ultréfiltrafion of Protein Solption'
Asymmetric Cellulose Acetate lembrane
Reverse Csmosis Cell Unit

écﬁématic Flow Diagram of the UF System
Effect of Sodium Sulfate Concentration on
the Dissolution of Phytate from the
Commefciél Towéf lMeal |

Effect of Sodium Cﬁloride Concentration on
the Dissolution of Phytate and Nitrogen-

Containing Substances from-the Repeseed

Samples

Page

10

E?

-



aal
o

12

13

14

15

16

17

18
19

- ' . 4
Effect of Ethanol Concentration on the
Dissolution of Nitrogen-?ontaining'.

~—

Substan?es " &
Effect of Ethanol Concenfration on the
Digsolution of Phosphorus-Containing
Substané;s

Effect of ﬁthanol Concentration on the
Dissolution of Nitrogen-Containing
Subsfances in the Presence of 4'(w/v)%
NaCl

ﬁffect of Ethanol Concentratign on. the
Dissolution of Phosphorus-Containing

Substances in the Presence of & (w/v)%

nacCl

=ffect. of v/n Ratio on the Dissolution.

S

_Page

e

-

of Phosphorus- and Nitrogen-Containing

s
Lo

Substances
Multistage £rosscurrent Extracvtion of

Tower Meal

Multistage Crosscurrent Extraction of

Tower [ieal
Phytate Equilibrium Diagram

Protein (soluble) Equilibrium Diagram

73

75

76

79

87
&9
S0



Figure

20

021

22

23

ol

25
26

27

28 Sl

29

(xi)

Page
4 Comparison Between Graphically Determined

Data and Experimental Data for MNultistage
Crosscurrent Extraction of Phytate 92
EffecY of Gelation Bath Composition on

Membrane Performance Characteristiks .98
Unsteady State Behavi&r of the Ultra-
;1ltrat10n of Rapeseed Extract . 103
The Changes in the Bulk Feed Solutlon
Composition Qurlng the Course of

Continuous Diafiltration 106

The Changes in Product Fermeate Flux

During the Course of Continuous

Diafiltration , 107-

Effect of Sodium Chloride on the Rembval

of Sodium Fhytate by Ultrafiltration 112

Unsteady State Behavior of the Ultra-
siltration of Sodium Phytate Solution 120
Unsteady State,éehavior_of the Ultra-

P
filtration pf Sodium Phytate Solution 121

- .—/—/ -
‘\pnsféady State Behavior of the Ultra—

filtration of Sodlum Phytate Solutlon 122
Unsteady State Behavior of the Ultra-

filtration of Sodium Fhytate Solution 123



Figure

30

31

32

33

34

35

36

37

(xii)

siffect of Feed Solution pH on the -Removal
of Phytate from Rapeseed Extract by
Ultrafiltration

Effect of Feed Solution pE on ‘the Removal
of Phytate from Rapeseed Extract by
Ultrafiltration

Effect of Feed Flow Rate on the Ultra-
filtration of Albumin Bovine Fraction V
Solution

Effect of Feed Flow Rate en the Ultra-
filtration of Sodium Fhytate Solution
éffect of Feed Flow Rate on the Ulfra-
filtration of Sodium Phytate Solution
nfeact of Feed Flow Rate on the Ultra-.
filtratibn of Rapeseed Lxtract

Effect of Operating Pressure on the
Ultrafiltration of Rapeseed Extract,

A Schematic Flow Diagram of the Froposed
Process for the FProduction of Low-fFhytate

Rapeseed Protein Products

Fage

127

128

133

136

138

142

145

149



/,”

Table

(929

(xiii)

LIST OF TABLES

Rapeseed Area - Yield, Production and Value

Rapeseed FProduction in lajor Producing
Countries

Isolate Froduction Process Performed at
the Filot Flant )

An Analysis of the Total ikitrogen, Total

- Fhosphorus, and Phytate Fhosphorus

Contents of the Rapeseed Samples
Mmembrane Casting Details

The Effect of pH on the Dissolution of
iiitrogen- and Phosphorus-Containing
Substances Using 1 (w/v)% NaCl Solution
and at a v/n Ratio of 50 nl/g

The Effect of pH on the Dissolution of
iHitrogen- and Phosphorus-Containing
Substances in Tower Keal Using Distilled
Water and 0.5 (w/v)% 1haCl Solution

A Comparison Between "New" and TAged”
lembranes

The Ultrafiltration of i (w/v)5s naCl

Solution

Page

T2

L2

50
5

81

g2

110

114



Table

10
11

12
i3
14
15

(xiv)

Semi-Quantitative Analysis of the Sodium
Fhytate Sample .

An Overall Katerial Balance for a Low-
Phytate Rapeseed Frotein Froduction Plant
Capital Costs

Production Costs

Energy and Labor Regquirements

Profitability of the Low-Phytate Rapeseed

Protein Production Plant

Page’

116

151
153
155
156

158



-INTRODUCTION /

Rapeseed is advancing to beCOmé one of the most important
sources of vegetable-oil. It is néw Canada's second most va-
luable crop, next to wheét. The crop has e£panded rapidly,
reaching 3.4 million hectares in 1979 ( Table I ).‘ The im-

portance of the crop to the Canadian ecoﬁomy will continue to

grow. as new improved quality rapeseeds are being developed.

Rapeseed is used primarily»for its oil. -The oil is re-
fined for use in the manufacture of margafine and shortenings,
and salad and cooking oil. The remaining meal is used as a
supplement in livestock and poultry feeds. The interest.in
developing the meal as a new source of food guallty protein 1is
due to the facts that it represents .one of the most concenira-
ted sources of plant protein; and it has a well-balanced amino
acid composition. ﬁapeseed can therefore ‘play an important
role in alleviating the world's proteiﬁ shortage for both nu-
tritional and economic reasons. Howevgr. there are antinu-
trients associat with thé rapeseed‘tha% hust be reduced or
eliminated riamely, eruclc dcid in the oil, and giucoéinolates
and phytates in the meal. Glucosinolates and erucic acld are'
the antinutritional factors which are themselves physiclogical-
ly deleterious. Phytates, on the other hand, are the antinu-
tritional factors which induce physiological deficlency,

i.e. , they affect thé availability of minerals in the diet.

e . o
. l/
. ’ I’
¢ ‘,/
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Table 1 Rapeseed area - yiels Toduction and value ( 1 )

3, 562,000

3

A - R
( /// \\\ Avg.Farm  Total
Area Tield Production Price Value
Crop Yearz, ( .ha. ) -(t/ﬁq; (Tonnes) ( 3/t ) (Dollars)
1943-44 - 1,000 - -
1944-45 - 4,000 ——- _—
194l 4,000 -— -—
1946447 6,000 - -—
1947-48 10,000 - ——
1948-49 - 29,000 -—- -— -
1949-50 8,100 .95 8,000 110.00 850,00
1950-51 200 \0.34 50 . 84.00 4,800
1951-52 2,600 .04 3,000 77.00 210,000
1952-53 7,500 0.84 6,000 75.00 _ 472,600
1953-54 11,900 0.93 11,000  79.00 883,800
1954-55 16,200 0.81 13,000 73.00 953,700
1655-56 55,800 0.63 35,000 77.00 2,726,800
1956-57 142,400 0.65 136,000 77.00 10,493,700
1957-58 249,900 0©.79 166,000 71.00 13,857, 300
1958-59 253,300 0.70 176,000  55.00 9,702, 500
1959-60 86,400 0.94 81,000 88.00 7,120,000
1960-61 308,800 0.82 252,000  73.0C 18, 348,000
1961-62 287,400 0.89 254,000 79.90 20,196,000
1962-673 150,200 ©.89 133,000 $0.00 12,013,000
1963-64 193,400 0.98 160,000 110.00 20,900,000
- 1964-65 320,100 0.94 300,000 112.00 . 33,604,200
1965-66 580,700 0.89 517,000 103.00 53,124,000
1966-67 617,100 0.95 585,000 109.00 63,760,000
1967-68 655,600 0.85, 560,000 85.00 47,506,000
1968-69 425,700 1.03 400,000 . 81.00 35,472,000
1969-70 814,200 0.93 757,000 101.00 76,494,000
1970-71 1,639,000 1.00 1,637,000 103.00. 168,179,000
1971-72 2,147,200 1.00 2,155,000 '95.00 205,530,000
1972-73 1,323,300 0.98 1,300,000 161.00 208,570,000
1973-74 1,274,700 0.95 1,207,000 280.00 337,336,000
1974-75 1,278,800 0.91 1,163,000 319.00 370,753,000
1975-76 1,829,200 1.01 1,839,000 227.00 390,659,000
0 1976-77 719,500 1.15 837,000 289.00 241,705,000
1977-78 1,452,800 1.36 1,973,000 296.00 584,003,000
1078-79 2,824,700 1.2k 3,468,000 280.00 979,400,000
1979-80 3,440,000 1.04 :
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The erueic acid and glucosinolate contents of rapeseed
have been successfully reduced through selection processes.
- : . -

’::g;%roved varieties having these characteristics are in
commercial production since 1975. In fact, over 80 percent
of the rapeseed grown in Canadé~is now of these varieties.
i.ethods to remove zlucosinolates by physical means, i.e.,
neat treatment, leaching, and fermentation processes, are now
ne longer necessary. U#fortunately, the phytate content of
rapeseed throughout the selection vrocesses remained high.

o
rhytates are{the pr?ncipal storage of phosphate and inositol
in cilseed, and as such may not be easily removed through
plant breeding prbgrams. i.oreover, in the removal of_-
glucosinolates by leaching methods, phytates are mostly lert,
intact with the rapeseed proteins. 3ince phytate is known
as an antinutrient, its presence as a major iﬁpurity in the -
rapeseed proﬁeins 1s of nutritional concern. A comparison
of phytate content_among oilseeds and protein products is

given in Appendix D.

hutritionally, phytate binds strongly with sev
essential minerals forming phytate - mineral or pr
phytate - mineral complexes. These complexes may be insolu-

ble or unavailable under physiologic conditions, thus making

-

the complexed minerals also unavailable. lhytate is there-

-y

ore capable of inducing a wide variety of physiological
deficiencies Jepending on whichever .is the first limiting
)

element in a specified diet. The effect of phytate

™



on mineral availability may be influenced by other minerals
in the diet, nature of dietary protein, pi, processing con-

dition, and possibly other factors.

Phy%ate, which is the metallic salt of phytic acid was
encountered as early as 1872. GHowever, the structure.of phy-
tic acid was only recently established as shown in Figure 1.

7
The proper chemlcal designation of phy;ic acid is myo - inoéi-
tgl 1,2,3,4,5,6 - hexakls ( dihydrogen phosphate ). For sim-
plicity , the common terms phytlc acid and phytate are
used for myo - inositol hexaphosphate and its salts, respec-
tively. The chemical composition andlstruc}ure of phytate as
existing in nature nave not yet been defined. It has been

suggested that phytate ex;sts in seeds as phytin, the calcium

- magnesium - potassium salt of phytic acid.

To date, there has Yeen no published work on the removal
of elimination of phytate from the rapeseed protein, and there
are only very few reports on its removal from other plant pro-
teins. It is therefore the objectives of this project (1) to
determine a mos?ﬁfavourable condition for aqueous extractlion
of phytate from/éeoiled rapeseed meal, and (2) to develop a
suitable membrane process and the corresponding conditions to
effectively remove the extracted phytate from the dissolved

proteins prior to the recovery of—3ow - phytate protein 1so-

lates. ~
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LITERATURE SURVEY -

Origin and History of Rapeseed Indd%try in Western Canada

The root word " rape " 1in rapeseed is derived from the
Latin word " rapum " meaniné turnip. Turnip, cabbage, brus-
sel sprout, and mustard are some of the close relatives of
rapeseed. Rapeseed is an oil - bearing seed from the plants
of the Brassica genus. It grows well in the .cooler areas of
the world's agricultural regions, such as Western Canada. C:f
Some rapeseeds are developed from a mixture of two or more

types of rapeseed species. A detail of the botany of rape-

seed 1s available (‘3/3.

Ancient civilization in Asia and along, the lMediterranean

had recorded the use of rapeseed 0il as ilduminating oil and

cooking oil. The crop was only introduced to EZurope
. th it ; '
in the 13°° century. With the development of steam
power rapeseed 01l was used as a lubricant since it

clingés to water and siean washed surfaces better than the

other known lubricants.

In 1943, rapeseed was commercially produced in Western
C;nada for the war effort as a source of lubricating oil for
the Allied Navies. It was in 1956 that rapeseed oil was
commercially extracted in Canada for used as an edible oil.

This marked the beginning of a fast growing western-based in-

-

dustry. Presently, 1t has become the most widely used edible

&



™
0il in the domestic market, and Canada has become the world's

largest producer and exporter of rapeseed ( Taﬁle 2 ).

Throughout the short history of rapeseed in Western
Canada, the guality and rutritional aspects of the rapeseed
0il for human consumption and the rapeseed meal as a livestock
supplement have been questioned. Primary concerns have been

the presence and amount of erucié acid in the o1l and
giucosinolates in the meal. In response to challenges to
save the ihdustry.{enormous amount of research and development
work has been carried out to improve the rapeseed gquality
through, extensive breeding programs and to improve the rape-

seed products through better processing technigues.



Table 2~ (1)

Rapeseed production in major producing countries ('000 Tonnes)

1974 1975 1976 1977 1978 1979
NORTH & SOUTH S )

ANERICA :
Canada 1,163 1,839 837 1,973 3,498 3, 562
Chile ' 373 61 3 20

Estimated Total
N.& 5. America 1,198 1,810 1,002 1,8@6

ZURQCPE

France 691 500 |, 561 421 490
¥, Cermany 310 199 222 282 ' 305
Netherlands Ls 37 34 30 18
Denmark 120 130 80 Q0 155
United Kingdom 55 61 109 142 168
Estimated Total ‘ ' :
E.E.C. 1,228 30 1,011 969

Finland 17 - 25 22 35 :
Sweden 340 330 250 233 25%..
Switzerland . 28 20 24 2l -
Estimated Total :
West Europe 1,616 1,330 1,307 1,258 1,570 1,490
Czechoslovakia a3 130 131 134 100
E. Germany 300 364 318 330 260 -
Poland 524 700 983 672 450
Hungary 50 60 638 70 : 80 .
Eatimated Total ’

East Europe 961 1,284 1,305 1,246 1,360 730
AFRICA

Zstimated Total :

Africa (mostly , .

Zthiopia) 20 20 20 20

ASIA - _ :
China - 1,075 1,300 1,300 - 1,350 2,030 2,650
India 1,692 .2,252 1,936 1,562 1,880 1,800
Pakistan 305 248 267 293 . 260 260
Zangladesh - 100 110 120 115

Korea (estimated) 3k 33 33 35

Estimated Total

Asia 3,392 3,995 3,673 3,376 | oo
AUSTRALIA

Estimated Total. , '

Australia 11 g 20 8

ESTIMATED WORLD )

TOTAL 2,210 8,454 7,525 7,969 10,880 11,010

# Zgtimated production



Résearch "and Déveiopment

011 Quality Impfovement ' . C <::zl/ﬁ\;
. / L}

Origihally, raﬁeseed‘oils were unique among .the oil
seeds because of their high levels of erucic acid, ( C22:1 ),
which made up from 33 - 50 per cent of'the fatty acids in
rapeseed 0il triglycerides. The possible.health hazard of
rapeseed oil‘due to its high content of erucle~a@gid was sug-
gested in the 1950's ( 3 )l In l9§8; the rapeseed breeders !
respondedrwith the release of\gro, Cana?é's Tirst low erucic
acid rapeseed ( Lear ) variety.} _ /ff’/ o -

. J . . L/ A -

In 1970, experimental tests disclosed that animals fed
a diet containing high erucic acid rapeseed oil caused fat
accumulation in the heart nuscle ( cardiac lipidosis:) in
-shdrt term feed¥ng trials, and-s;me necrotic cardiac lesions
in extended feeding trials ( 4, 5 ). Thus, in the same year
the Canadlan government rec&ﬁmended the switch over.to Lear ,

» production and in 1973 decreed that all rapeseed oil for edible

purpose should have no more than 5 % erucic acid content ( Sa ).

In 19 7 2 , the Canadian rapeseed breeders
responded with the development of two Lear-varieties, Zephyr
and Span. Two other Lear varié%ieé. iidas and Torch, were in-
troduced in 1973. By 19?7. the average efucic acid content of

~ the Capadian crop was less than 2 per cent ( Figure 2 ).

The reduction of eruclc aclid in rapeseed oll has correc-

N . . .
ted the cardiac lipidosis problem in laboratory rats ( 7 ). -
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The incidence and severity of necroticllesioﬁs in long term

feeding studies using male rats were also abated ( 8 ). Nale
rats had been reported to be susceptible to the developﬁent

of cardiac lesions even when fed with diej containing low

erucic acid rapeseed oil .( 9 %Y. Kramer et al. ( 10 ) ques-

P

tioned* the physiological significanceof these heart lessions
in rats, since they also occured in réfs fed control diets.
The authors further pointed out that 26 monkeys after being
fed with a diet containing low erucic acid rapéseed oil for
6 months, showed no evidence of cardiac lesions. Further-
more, swine showed no difference-in heart lesion incldence
whether their diet contained rapeseed oil or not ( 11 ).
The'sﬁggestion made was that the cardiac lesions in rats are

due to a fatty acid imbalance ( 10 ).

Meal Quality Improvement

‘The toxicological effects of rapeseed meal was disclosed

in 1944 when it was ooserved that rapeseed meal fed to poul—*

N

try caused thyroid enlargement ( 1 ). The toxicological
problems assoclated with fhe“meal werg found to be due to the
presence of glucosinolates ( thiogiucosidgs ). Under thé
influence of moisture and the enzyme myfésinase { thioglu-
c051de glucohydrolase E.C.3.2.3.1 v, glucosinolatés-can be.
reduced to glucose, potassium persulfaue, Lsotblocyanaues,
“nitrile, and thiocyanates ( Flgure 3-). The resulting pro-
ducts from glucosinolates.are determined by the condition of

seed storage, the treatment during the defatting opefation

-
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Figure 3 The general'structgres of glucosinolates and
products formed by enzymatic hydrolysis, followed
" by chemical rearrangement reaction. The thio-
cyanates are generally not formed in the autolysis
of Brassica seed meals. (1)

N -

‘Q'}»‘.
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and‘the conditions at the time of enzymatic activity. The re-

sulting products'can be either unsaturated nitriles or isothio-

cyaﬁates. known: to have goitrogenic activity. The hydroxy-
isothidcyanates undergo cyclic rearrangements to form the

compounds cailed goitrin because of 1ts goitrogenic activi-

ty. The goitrins cause mild hyperplastic goiter with slight

reduction in weight gain and mild liver enlargement ( 13 -

16 ) . The nitriles tend to have greater aéute toxicity

than the goitrins, and they can cause ﬁathological kidney and

liver leslons. The elimination of glucosinolates from tﬁe

rapeseed meal 1s therefore a prérequisite to its use as a

_ source of protein for animal feed and human food. Attempits

were therefore made to modify the glucosinolates chemically

. or to leach them out of the crushed seed ( 17 - 22 ). MNost

of these detoxification processes consist of some variati&n

of heat inactivation and/or agueous extraction.

with the discovery of a very low glucosinolate Polish
summer rape variety, " Bronowski ", in 1967,
plant Dbreeders started to incorporate these
?B%ii?ucosinolate characteristics into varieties with sulta-
le

oronom§y features. Since 1t was found that the level of

glucosihol inly controlled by the genotype of the

maternal £ lant,vano that e levels of erucic acid and glu-

. # A
cosizz}ateg’g;e lnherltea independently of each other (23,
it is therefore DOSSlble to breed the so- called " double lOw "

rapeseed varieties. These varieties are characterized by very

(¢
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low levels of erucic acid and glucosinolates. Rémarkable
advancements have been achieved in the development of these
" double low " rapeseeds. Rapeseed meal and oil from these

newly developed varietles have improved to such as extent

that they bear little resemblance to thelr predecessors.
The currently grown rapeseed varieties in Canada are of the

Argentine ( Brassia napus ) and Polish ( Brassis campestris )

species. Fresent cultivars within these specles are low 1n

both erucic acid and glucosinolates, and are now referred 1o

as " Canola ". The term igs used to denote oil, neal, protein

-,

s, seed

_extrac
“wwith 5 per c
grams.- per gram Or less of normally measured giucosinolates in

the meal.
New Rapeseed Varieties ( Canola )

Towér, the Tirst " double low " rapeseed of the Argentine
type varlety, was introduced in 1974. Among the newer “ double
low " Argentline type rareseeds irtroduced are Regent and AlT ex.
Regent and Tower are of late maturing varietles énd 41t ex 1is
an early ripeninrr variety. Zarly maturing Polish type Candle
variety was develop€d as a companion tc the late maturing va-
riety in order to help meet fhe increasing demand of " -double
low " rapeseeds. Candle, besides being " double low ", has a
thinner seed coat. Instead of tﬁe usual black or brown hull,

it has a yellow-brown hull which is an indication of higher
.
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-

0il and protein content and less fibre in the meal. These are
highly desirable characteristics. Candle is presently

one o0f <+the common rapeseed Ccrops grown in the

Prairie. _ A historical outline of the development of
improved rapeseed varieties is presented by Nagy and Furtran

3

(3 ) and is available in Appendix <.

N
N o
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Nutritional Value of Detoxified Rapeseed Proteln

Nutritional evaluation of detoxified rapeseed protein
concentrate indicated that its protein efficienéy ratio (PER)
is equal to that of methionine enriched casein ( 23 ).
Campbell and Eggum ( 24 ) reported the nutritional value of
three canola meals using standard rat balance-trial tech-
nique. Their results showed that the three canola are of
excellent nutritional quality as indicated by théir'biolo—
gical value of greater than 90 per cent. Herver, due to the
relatively low digestitility of the protein,- the net worth of
+he canola meals as protein source is reduced.  They attri-

~—buted the low proteln digestibility of the cancla meals +5

high fibre and high phytate content.

Tarlier toxicological feeding trials using detoxified
rapeseed concentrate as the sole source of ﬁietary protein
for young male and female rats‘showed no adverse effects
either in survival, growth, dréan weights.-blood ana}ysis
or at the histopathological examination ot oréans sﬁzﬁhas
liver, kidneys, heart, gonads, thyroid gland, and the hy- S~

pophysis ( 25 ). However, when detoxified rapeseed proteins

were fed tojfemale_rats in ;eproduction studies, severe toxic
symptoms developed during pregnancy ( 26, 27 ). The
symptoms were reported to appear only at the last-trip
of the gestation. Prior 1o this period, the

temale rats

appeared completely normal. The toxic, gymptoms were vVery

V/
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similar to those observed in the reproductive studies involv-
ing zinc deficiency which includes slow and suffering deliv-
ery, still births, T erhand smaller pups, retention of pups

in the uterus and popr szrvival of the offspring. In addi-

tion, other toxi s&mptoms include loss of appetite, wasting,
apathy, conjunctival bleeding, and even death of the fémaie
rats just prior|to or during parturitioh. There was conclu-
sive eQidence of a zinc deficiency as demonstrated by low
levels of ziné in the blood serum of these rats. This ad-
verse effect A zinc metabolism was attributed to the high
levels of ppytate in the rapeseéd rroteln concenirates ( 27,

Tye zinc deficiency syndrome was overcome Dy proper

mentation of the diet with zinc ( 28 ).

3

LW )
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Chemistry and Occurrence of Phytate

Phytate was encountered as early as 1872 by Pfeifer.

The term " la Phytine " was used by Posternak ( 29 ) in 1603
to describe the major organic phosphate component of seeds
which was later identified as an inositol hexaphosphate.//f
Inositoirphosphates containing fewer than six phosphate
groups are commonly found in the complex lipids of both ani-
mals and plants as well as in the soil. However, inositol
hexaphosphate ( phytate ) is known fo occur exclusively in

e

plant tissues, primarily in seeds and whole grains.

Early chemical studies suggested that phytate was an
» inosite hexaphosphate " ( 30 ). However, controversy had
érisen concerning its siructure. The cohtréversy centeréd
around the structure proposed by Neuberg ( 31 ) and that by
Andersor ( 30 ). Several other structures had alsc been pro-
posed ( 32 ). Evidence using nuclear magnetic resonance { 33
and X-ray crystallography ( 3%, 35 ) supported the struciure

sugzested by Anderson ( Figure 1 ).

Phytate is the principal storage form of phosphate and
inositol. It is ublquitously distributed.in cereal grains
and legume seeds. It 1s also found in significant quantities
in rooﬁs and tubers ( 3%, 37 ). 1Its concentration in typical
whole grain cereals and ollseeds ranges Iirom approximately 1
per cent ( dry basis ) for corn, rice and wheat to approxi-

mately 5 per cent for cefatted sesame meal ( 38 ).
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The distribution of phytate in oil seeds and cereal
grains varies with type. For examples, endosperm of wheat
and rice kernels is almost devoid of phytate.while the germ
and outer layers contain almost 90% of the phytate phosphorus
( 39 ). In corn, almost 90% of its phytate phosphorus occur
in the germ ( 39, %0 ). Oilseeds, which generally contain
iittle or no endosperm, have their phytates distributed
throughout the kernel and rarely have them occured in the
null ( 41 ). Researchers using corn grains and cereal grains,

~
have observed that the synthesis of phytate in seeds began at
about three weeks after pollination.and that phytate concen-
tration increased with seed maturation ( 36, 37, 42, 43):
The amount and concentration of phytatés in plant protein ¢
diet will therefore depend on éﬁe type of seed, the portion

of the seed consumed, and the maturity of the seed at harves<.

Cytological evidence suppofts'the premise that the major
portion of phytate in wheat anc oilseeds 1s located
within the specific subcellular particles callea aleurone
grains or protein bodies L4-47 ). The aleurone grain which
is surrounded by a classical unix membrane, is imbedded and
surrounded by the cytoplasm of the cell and cell wall. The
sccess to these phytates 1n the aleurone grains is therefore
limited by the per@eabiiity of a series of structures, by the
degree to which these structures are disrup%ed during pro-
ce;sing. by the solubllity characteristiés of the surrounding

proteins, and by the solubility of phytate salt itself.
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Formation of Phytate - Metal Complexes

- B

The structure of phytic acid suggests chelating charac-
teristics. This notion is supported by the chemical analysis
of plants showing that phytic acid exists as mixed salts.
Numerous publications have reported that phytic acid is capable
of forming a wide variety of salts with several h?avy metals.
The formation of a particular metal - phytate complex is de-
pendent on the surrounding pH and on the secondary cations.
The synergistic effect of the simultaneous presence of two
or more cations in increasing the precipitation of metal-
phytate complexes has been demonstrated for zinc and calcium‘
( 486-50 ) and for copper and calcium ( 51 ). At pH 7.4 and
in the presence of a single type 0T catidns. the aftinity of
phytic acid to form complexes with the metal ions is in the

-+ + ++

following decreasing ordcer: cu'> zZnT > Co T > un >

Fe > Ca . ( 51, 52 ). Some importanf observations made

on the effept of pH on metal - phytate complexés are as 1fol-
lows: phytate gquantitatively precipitates zirconium, thorium,
titarium, and uranium in 6N acid ( 53, 54 ):; calcium, magne-
sium, ané barium phytate form best at.slightly alkaline con-
ditions ( 49, 50 ); zinc and copper phytates are least soluble
at pH values between 4 and 7; ferric and scandium phytates

are least soluble in dilute acid but dissoclate 1n concenira-

ted acid or dilute alkali ( 55).
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Effect of Phytate on Nutritional Availability of Dietary linerals
- T

it is generally recognizgd that phytatg_is a poor source
of inositol, inorganic phosphateﬁang minerals: to monogastric
animals. :Méh and msnogastric animalé.éither laég.ér have low
intestinal vhytase activity. Conseguently, they are unable to
digest ( hydrolyze ) phytate effectively or to cleave the bouynd
minerals from the phytate complexes.

On Calecium Availlabillity

v
In 1925, Melanby first reported anti - calecifying and ra-.ni
chitogenic properties of certain cereals fed to dogs ( 36 ).
After further studles, he attributed these effects to phyt&c
acid binding minerals in cereals ( 57 ). Since then much at-
+ention has been gifen to the effect of phytate in foods in
decreasing c%’icium absorption in the intestine ( 58, 59 ). R
MecCance and Widdowsoh ( 60 ) showed that phytate decreased
the absorption and urinary excretion of calcium. The effectT
of dietary pnytate on calcium absorption was observed to be
influenced by vitamln D,Alipids, and other dietary factors.
Wnen vitamin D is limiting in the diet, calcium absorption
will'%e less efficient and .the effect of phytate on decrea-
sing'ealcium absorption will be mere pronounded ( 61, 62 ).
Foods haying‘sufficient amount of calcium, phosphate, and vi-
tamin D, and a calcium: inorganic phosphate ratio between 1l:1l
and 2:1, are unlikely to De rachitogenic though much calcium

may be bound by rhytate.
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Cn Zinc Availability

-

Early investigations showed that rats deve
ficiency symptoms when the dilet contained less

zine ( 63 ). ‘Due to the ubiquituous occurrence

loped zinc de-
than 2 ppm of

of zinc &n

food sources, the probability for man and animal to develop

»inec deficiency was nenceforth considered to Dbe

.evidence of zinc deficiency developed in animal

remote. The

s fed with na-

tural product diet based chlefly on corn and soybean meal was

observed by Tucker and Saimon in 1934 ( 6L ).
were characterized Dy Dpoor growth and severe sk

They further observed that parakeratoSis in pig

The symptioms
irni lesions.

s can be cured

or prevented by zinc supplementation. The human counterpart

of zinc deficiency was reported bY Prasad et. al. ( 65 ) in

Egyptian boy patiehts whose dlets were mainly ©

£ pread and

beans. The patlentis were characterized by dwarfism and hypo-

gonadism. Thelr symptoms were alleviated after given zinc

supplemented giet. Chemical analyses of the di

ets showed sui-

“ri@iency of zinc content in both cases. The common factor in

3

“poth cases was the consumption of food largely

_ cereals and legume seeds.

in 1957, 1t was reported that the zinc in

of plant origin

7
the soybean

protelin was less available 1o chicken than +hat in the caseln

( 66 ). Similar observations were reporfed for pigs ( 67, £8 )

and rats ( 69 ). Ratis fed soybean proteln required 50 %

higher in dietaxly zinc than those fed case

in. The appar-
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_ent absorption of zinc for rats fed casein was 84 pef cent and

for those fed ' soybean protein was 44 per cent. Similar

results were obtained for growing chicks ( 70 ). Soybean pro:

—

tein was observed to cause’a lower percentage absorption of

zinc from the intestine ( 70, 71 ). - These and many other si-
milar findings suggested that zinc and other minerals in plant
prétein products are bound so that they are absorbed less.effec—

tively‘than +those from the animal source such as casein and

egg whites. . .

One major difference between animal and plant sources of

-

protein is the preserice of phytate in plant protein preductls,

particularly 1in oilseeds and cereal grain products. In view

- of the experimental facts that oilseed protein binds phytate

tenaciously and that phyfate is liable to complex mineral ele-

o

ments; it is reasonable to hypothesize that phytate associajii)/-\\J
with the plant prétein is responsible for the lower availab®=
1ity of zinc and other esseqtial minerals of plant.protein' .

products. Numerous dietary tests have beén\undertaken to ve-

~ ’
rify this hypothesis. Tests conducted on chicks fed casein
based . diets with added phytic acid §howed‘:i%; phytic®acid .
decreased the availabiiity of zinc in the cas€in diets d

L
produced. symptoms similar to those Ted soybean protein

“containing a coﬁparable level of phytate ( 72 }. Similar re-

sults were obtéinkﬁ-by the addition of phytic acid based on

free amino acids ( 73 ). The growth depressing effect of
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prevented- skln lesions in all cases. However, Oberleas point-

products ( 76 ). . o | "'l a
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phytic acid when added to a low zine casein based diet was re-
ported to be directly'prOportioﬁal to the dietary level, up to

1.0 % ( 74 ). The'binding of zinc by phytate was observed in

pigs fed . casein diet containing 0.7 and 1.4 % of added

phytic acid ( 68 ) and in rats fed casein diets with added 0.4
_ 2.0 % phytic acid ( 50, 75 ). Proper zinc supplementation
has shown to qveré%me the adverse effects on growth rate and

-

ed . out that under present nutrltlonal policy in whlch zinec
-

cannot be supplemented to human foodstuffs, zinc can readlly

become the flrst limiting nutrient in plant - seed prote1n~

Interrelationship of Zinc and Calcium - -

* . .
o~ - -—

The addition of calcium salts in peanut meal ration accen-
tuated the skis lesions and other signs of zinc deficlency in
pigs ( 64 ). Since then studies have been carried on to inves-
tigate fhe relatiOnsHip between cslcium, zine, and phytate..
This interrelationship of zinc and calcium was reviewed" by

Forbes ( 77 ).

0'Dell et.al. ( 78 ) found that the addition of excess
calc1um o a chick diet based on soybean protein ( 15 ppm Zn )
depressed growth rate unless it was sunplemented with zinc.
In one study. young pigs were fed a casein ration to which
1.4 per cent phytic acid was added ( €8 ). The. ration contain-

ed 14 ppm zinc and 1.5 per cent calcium. The results showed
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that excess calcium depressed gfowth rate in the presence of
added phytic acid but not in its absencef A slightly better
growth was observed when the calcium level was feduced from
l.S-to 0.8 per cent. The depressing effect of excess cal-
cium in the presence'of phytic acid on growth rate was also

reported for rats ( 50, 75-) and chicks ( 74 }. There was

clearly an interaction among calcium, zinc and phytic acid.

'In 6rder~to determine the mechanism whereby those two,
minerals inte;actea with phytic acid, solufiong'of zinc or
- calcium s;lt%;w%re édded to a solution of sodium - phytate ( 79).
rrhen the molhr ratios of calcium and zinc were 1l:1 or 2:1,
‘ca101um decr@ased the absorptlon of zinc by the ohytate.
. When caldium.to zinc ration was 100:1, the 1ncoruoratlon of

zinc to hjtaﬁe inereased to 99 per cent. In the absence of

calclufi, no zlnc was incorporated into phytate at zinc concen-

tratidnAof 0125 mli. ‘However, only 9 per cent 6f the zinc was
. bound t&\ﬁpé>phytate when zine concentration was increased to
0.5 mli.
-

1+ was therefore postulated that calcium initiated & co-

L

precipitation with zine to form insoluble phytaté at high cail-
cium to zinec ratio. At low calcium %0 zinc rat}o, calcium "
competes with zinc for the phytate since there is not suffi—-
cient amognt of calcium teo initiate the co-precipitation.
According to this theory, the adverse effect of'phytic acid
could be overcome by adding enough zinc to the ration and by

a2 “ mass action law effect overcome the action of phytic €

//”
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acid (79 )..
On Iron Avallabllity !

Repofts on the effect of phytate in decreasing iron avail-
ability were inconsistent. The controversy exists primarily
because iron absorption is dependent upon many complex and of-
ten interrelatedrfactors Lhe intrinsic factors that influence
the- DhySlOl?élcal absorption of iren includes the amount and
chemical fo of iron 1ngestfd: the Dody - iron stores{ the “pro-
tein intake, \the amino acid composiltion of dietary proteins,

the organic &rd content ( e.g., ascorbic, citric, and lactic)

gnd fe bacterial flora of the gut. Food iron 1s normally less
absorbed than administered iron sailts: In narmal adults,-only
5 to 10 per cent of food iron is absorﬁéd ( 80 ). Ascorbic -
acid may enhance absorption of dietary iron egpeéially in iron
deficient subjects ( 81 ). A dletary prdtéin'cf less than 15
to 18 per cent resuited in impaired iron absorptlon in rats.

S
( 82 ). .

In conirast to North America and ESEOpe where most of. the
dietary phosphorus is derivéd from animal sources, fhé common
diet in Indla 1s mostly of vegetable origin. %?nce as much as

Y
50 per cent of the total dietary phosphorus may be of phytate.
Typical Indian diet is high in bulk, nigh in carbohydrate con-
tent, low but adequate in protein content, low~in calclum and

high in iron. Inspite of high iron intake, the incldence of

iron deficiency anemia in India is abnormally high. The poor
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absorption of ‘iron and the high incidence of iron deficiency

anemia has been attributed to high dietary phytates.

Experimental studies have been conducted to elucidate
the effect of phytatée on iron absorption. DNcCance et.al.
( 83 )Areported that_the incorporation of sodium phytate into
white bread interfered with the intestinal absorption of fer-
fous and ferriec iron. Sharp et.al. j 84 ) found that adding
sodium phytate decreased the absorption of ferric chloride by
fifteenfold. However, they observed no correlation between
the phytate lonteﬁt of foods énd the reduction of iron absorp-
tion. Sathe and Krishnamurthy { 85 ) investigated the effect
of naturally occurring phytates in milled rice on hemoglpbin
regeration in anemic rats. These investigators obgerved that
the hgﬁoglobin'énd stored iron levels increased as the phytate
-phosphorus decreésed wilth increased polisﬂing of the ripg.
However, Liebman and Driskell ( 86 ) found no inhibitory
effect on iron absorption with naturally occurring phytate diet
as measure by hemoglobin regeneration and liver irén repletion
in the rats. Similarly Cowan et.al. { 87 ) observed no effect

on iron absorption with added sodium phytate by measuring the

total hemoglobin regeration in nutritionally anemic rats.

Cosgrove ( 88 ) and Foy et.al. ( &9 ) reported an in-
creased need for iron when phytate phosphorus lgvels were more
than 40 per cent”of the dietary phosphorus. Welch and Camper

( 90 ) found *that intrinsic labelled iron in mature soybeans
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was more avallgble than iron in immature soybeans even though
mature soybeans contained three times morfe phytic acld. Davies
and Nightingale ( 91 ) observed considerable reduction in whole
body retention of iron when sodium phytate was added to the
diet of rats. Studies conducted by Koepke and Stewart ( 92 ),
Murray and Stein { 93,94 ), and Multani et.al. ( 95 ), indicat-
ed that Dhytate aecreased iron availability Dby decreasing‘the

complexing of iron with gastroferrin in the stomach.

The reduced absorption of iron in whole graln products
as compared to that of animal sources was partially attribut-
~ed to the inhibitory effect of dietary Dhytaté ( 96, 97 ).
Whoie wheat flour is rich in iron, zine, calcium and most mi-
nerale but also contains high levels of phytic ;cid (.36 ).
Elwood et.al. { 98 )} reported inhibitioﬁ of iron availability

o

in wheat by phytate. Kent - Jones and Amos ( 99 ‘))noxed

O

—,-

that phytate can interfere with the assoc1atlon S4¢=lcium

and iron in human and animal nutrition, particularly when long
extraction flour or the fibrous part'of‘Wheat constituted an
important portion of the diet. Widdowson‘and wcCance {( 100 )
found that more iron was absorbed frem a white bread diet
than from a brown bread w1th a 50 per cent higher intake of
iron. dozenski and Woodburn ( 101 ) pointed out that any
_evaluation of food containing high levels of phytic acid mps%
also take into account the phytase activity. Althougnh wheat,
rye, oats, and corn are similar in phytate phosphorus con-

tent, both wheat and rye have sufficient phytase activity o



Py

29

£

‘hydrolyze large portion of their phytate‘dhrig;q:;;\I;;;Enf/

ing of bread ( 102 ), but oats orfy have low levels of
phytase, and can only hydrolyze a~small portion of thelr
phytate during breaumaklng ( 103 ). Some of the facgg;g
affecting phytic acid hydroly31s during breadmaking include
the type of flour used, the form of Dhytf; acid complexes,
the levels of phytase activity, the presence of phytase in-.
hibitors ( positive or negative ), the pH of. the dry ingre-
dients and of the resulting breads, the time of fermenté-
tion, baking temperature, and baking time. These help‘to'
explain the conflicting findings of other invesfigators on

brown bread.
Interrelationship of Iron and Calcium

The ‘absorption of iron, calclum, and phosphorus. seemed
+o be interrelated. Dietary i}on ébsorptidn maj“be,reduced
to. less %ﬁan 3 per cent in a diet with a low calcium, high
phosphorus and nigh phytic gcid content ( 104 ). Excess
dietary iron and/or calcium may reduce the effect of phytate
in decreasing iron absorption ( 105, 106 ). Excess dietary
calcium and é low phosphorus 1ntake may decrease intestinal
iron absorption, whereas a higﬂ\intake of both calcium and

phosphate may increase lron absorption ( 106 ).
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On Magnesium, Copper, and Nanganese Availabllity

Magnesium seemsS +o be more poorly absorbed from diets
which are rléh in phytate, such as brown bread, brown rice,
oatmeal, ér*reflned pread to which phytate was added. NeCance
and Widdowson ( 60, 108 ) and Walker et al. (107 ) studied
the iﬁfluence of phytate conteni of diet on magnesium balanée
for human subjecis. Their results showed thét the fecal ex-
cretion of maghesium ranged‘from 41 to 83 per cent of the
magnesium intake with low phytate intake, and ranged from 67
to 94 per cent with high phytate intake. A positive balance
was observed with high phytate intake only in men whose dai-
ly magnesium'intake exceeded .10 mg per Rg. Improved magne- .
sium absorption was observéd after'several weeks of éxperi-
mental diet. In addition, kcCance and Widdowson { 60, 108 )
showed that the additiorn of sodium phytate to white breadl
increased intestinal excretion of magnesium and Ehat the re-
moval of phytate from brown bread greatly improved intestinal

_uptake of magnesium.

-

A

Hathaway (109 ), reported on the experiment with young
women that they excreted more magnesium while on an catmeal-
rich, phytate - rich diet than while on an amino acid - rich
diet. Cullumbine et al. ( 110 ) reported that Ceylonese stu-
dents kep% on Brown rice diets for eighteen weeks showed
improved magnesium retentions at the enc of the experimenfal

diet. Wagnesium availability in soybean meal was reported by
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Guenther and Sell to be equal to skim milk and eggs, while
its availability in processed cereal food 1is léwer than that
of the whgie grain from which it is derived ( 11l ). Seelig
( 112 ) also reported that phytate decreases magnesium avail-
ability @nd that a deficlency can be-developed under appro-
priate conditlons.

Davies and Niéﬁtingale.( 91 ) fouﬁd that phytates reduce
thé whole body retention of iron, c0pper; manganese and zinc '
in rats, whether or not the diet was supplemented with zinc:
Davies et al. ( 113 ) showed that an iéolated soybean pro-
tein that contains phytate reduced the availability of manga-

nese and copper in the chick.

These numerous results clearly indicated that food con-
taining phytic acid - mineral complexes have low bioavail-
ability of mineral nutrients. In view of the fact that phy-
tate complexes with such a broad spectrum of metals, it ig
therefore capable of.producing a wide variety of mineral de-
riciencies depending on which element first becomes limiting
“under a specific diet;ry conditions. The results also point
out tThe fallacy of depending only on chemical concentrations

to specify levels of trace elements needed in a nutritionally

adequate diet.



Other Dietary Factors Affecting the Bioavailability of Dietary

Minerals

Among the d;etary factors that affect the bioavailabilitygb
of dietary minerals are fibers and mineral 6bmp£exing agents
such as phytate and other naturally occurring compoﬁnds as well
as synthetlc chelators. Some complexing agents decrease mine-
ral availability while others increas%f;t: Rackis et al. stat-
ed-that SOmé*éiant foodstuffs may con%ain oxalate, phenolic

i;zvun@stxgnd other unknown constituents in sufficient.quali—

C

ty to reduce mineral absorption ( 114 ).

.
Dietary Tibers

-

Foodstuffs rich in phytate content such as whole &eal
bread, tanok, and bfan - based producfs also contain high con-
centration of fibre. Reinhold et al. ( 115 ) reported clini-
cal deficiencies of zine, iron, and calcium in segments of Ira-
rnian population cohsuming up to 75 ﬁér cent of thelr energy
intake with unleavened whole meal breads. After bread feeding
trials, they concluded-that both fitre and phosphorﬁs comphexes
decrease retention of calcium, magnesium, and zinc in human.
Noreover, there were suggestions ‘that dietary fibre in wheat
bread accounts for most of the poor availability of minerals
( 116, 117 ). For essential minerals bound to the insoluble
polysaccharides in “tread are unavailable for absorption;since

these polysaccharides are not digested.
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Studies done by Davies and Nightingale showed that the
inclusion of purified sodium phytate in a fibre - free rat
diet at a concentration commonly encountered in soyabean or
cereal bread diets can fully account for the retention
of available zinec (91 ). Davies et al. later reported
thai rats consum;ng bran or phy%ate exhibited reduced growth
and food intake.;nd that these symptoms were corgected when
additional zinc was supplemented ( 118 ). However, they ob-
served that rats consuming extraéted bran fibre had growth
rates and food intake similar to those with zinc - adequate’
controls. Furthermore, they observed that the inclusion of
pectin ( the soluble fibre compenents that are known to act ‘
2s cation exchanger ) in a diet of marginal zinc adequacy
did not affect growth rates or food intakes. They therefore

- —./ .
concluded that phytate rather than fibre is the major deter-

~

minant of zinc avallability.

Chelating Agents

—

. Kratzer et al. ( 119 ) were the first to report that
ethylenediaminetetraacetate ( EDTA ) decrease the zlnc re-
guirement of an isolated soybean protein diet. Aan EDTA level
of 100 ppm in the diet was reported to be approximately equi-
valent tc 8 ppm of ziﬁc, which is about the amount of zinc
bound by the soybean protein ( 69 ). The addition of ZDTA
+o an isolated protein diet was shown 10 increase welght caln

and zinc absorption in rats ( 120 ). Chelating agents with
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stablility constants for zinc in the range of 13 -~ 17 were
found to be effective in increasing zinc availability

( 121, 122 ). EDTA has a stability constant for zinc of 16.5.

Y

There are naturally occurring amino aclds and peptidéé
that aid in the absorption of zine. Cysteine, for example,
complexes with zinc and makes it more available. Lease ( 123 )
showed that two varieties of sesame meal differ markedly in
regards to the availabllity of their zinc. One with greater
avaiiability of zinc contained a soluble component that facili-
tated zinc absorption in the presence of phytate. These evi-
dences -suggested that EDTA and the other effective chelating
agents in some way compete with phytate for the zine ion. Ex-
periments were conducted o test the effect of EDTA on the
availability of zinc in the presence of ph&tic acid. Chicks

( 74 ) and rats ( 50 ) were

w

ed casein based diets with
added phytic acid., 'The results indicated that EDTA counter-

act e leterious effect of phytate on growth rate. However,
the mechadism by which one complexing agent ( EDTA ) increases -
while anq%her ( phytate ) decreases zinc availability 1is not
known—For certain. It seems reasonable to believe that EDTA

( or other effective compiexing agent ) complexes zinc in
competition with phytate and the soluble complex formed 1s
available to the intestinél mucosa either'for exchange of the

zine ion or to be absorbed intact.
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External Factors Responsible for the Inconsistent Findings on

the Ndtritional Effects of Phytic Acid

-

Much work was done to study the effects of phytate 1in
plant prbtein products on animal nutrition. It is sad to
say that some of the contradictory findings could have been
avoided by the investigators. The foliowing reasons may

have contributed to the present confusion.

(1) Investigations were conducted on different sources
and different forms of plant protein product that underwent
different processing conditions and different extent of enzy-
" matic hydrolysis of the phytate; (2) Feedstuffs of different
compositions and concentration were consumed by different kinds
of animals, and man; (3) Investigators utilized different
types of experimental designs and techniques, and different
length of feed trial perlods; (4) Some studlies were done on
the effect of sodium phytate while others on that of naturally
occurring dietary phytates. The problem of resol&}ng these
conflicting data is further complicated by the investlgators'
frequent. failure to provide adequate information 10 enabl;
one to ideﬁtify the type of protein-product used and the con-
ditions of i%s production. It was well—worded that " results
obtained in studles of the influence of phytates........are
6f no value unless the many complex and often interrelated

factors influencing absorption are known and controlled ™

(81 ).



36

=ffects of Food Processing on Phytic Acid Content

Different processing operations and conditions can affect
the nutritional quality of plant protein product, particularly
its phytate content. Ferrel et al. ( i24 ) noted that much
of the phytate in wheat went into the by- products of flour
miliing. Hence, phytate can beccme concentrated in the wheat
protein concentrate prepared for human consumption through
remilling of the selected by - production fractions. Kennedy
and Schelstraete ( 125 ) studied the properties of rice flour
obtained by the abrasive milling of commercial rice. The re-
sults of thelr sample analyses showed (1) that the first -
pass flour, which constituted only about 2 per cent of :the
rice kernel, contained 23 times as much phytic acid as did
the original rice, and (2) that the flour from the three
milling passes, which made up-about 6 per cent of the origi-
nal rice kernel, accounted for nearly all of the phytic acid

in the whole kernel.,

The phytate concentration and distribution in ollseed
protein products will depend upon the manner in which the
seed is fractionated and processed ( 126 ). Wolf and Zriggs
( 127 ) reported that the cold - insoluble fraction of soy- -
bean meal protein preciﬁi@gted by cooling after the addition
of calcium chloride éontained 1.40 per cent of phosphorus
as compared to 0.17 per cent of phosphorus when the cold -

insoluble fractlion was precipitated in the absence of cal-
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‘cium ion. Nakayama et al. ( 128 Q\found that large quantity

of phosphorus precipitated w1th pro ‘h\if pH of about 5 7

by calcium salt, and that practically 7 90 per cent of

the water extiractable phosphorus transfergzé into goybean

curd ( tofu ) during- the coagulation process& It has been de-

monstrated that phytate - protein complexes are formed in the
production of soy isolates ( 129 ). Phytic acid reacts with

_proteins in the water exfract of raw soy flakes during aci-
dification, hence insoluble protein - phytate.complexes are
formed upon the neutralization of the precipitéted proteins.
Since evidence indicated that phytate is'associated with pro-
tein ( 150, 131 ), Obverleas ( 76 ) stated that any process
that utilizes solution and isocelectric reprecipitation would

concentrate the phytate into the resulting produc%.'

R
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Proposed Methods for Fhytic Acild Elimination

Food, process technigues proposed to reduced or eliminate
phytate or phytate mlneral binding include autoclaVLng. enzy-
matic hydroly51s, selective dissolution and prec1p1tatlon

methods, 1on exchange processes, dialysis and ultraflltratlon.
“

Heatling 1s rebortéd to overcome the physiological effects
of phytate particularly with respect to “the raw form of soy-
bean meal ( 132 ). Autoclaving reduced the chicks’ and
poults' need for added zinc on isolated soybean protein or
cesame diets ( 119, 133, 134 ). This reduction has been as-
sociated to phytic acid destruction ( 74 ). 0'Dell found
+that 4 hours autoclaving reduced the phyﬁic acid of isolated
soybean protein to 13 per cent of its original amount { 135 ).
In contrast, Lease reported that L nhours aﬁtéclaving reduced
the phytic acid of sesame meal only to 78 per cent of its

original amount ( 134 ).

Phytate can.be'removed by enzymatilc nydrolysis. Phytase,
an engyme that is present in most seeds, catalyzes the hydro-
lysis of phytate into inositol and inorganic ﬁhosphate.
Nelson et al. ( 136, 137 ) observed that the addition of
vhytase in chick dlets increased the utilization of phytate
phosnhorus by chick. Chaﬁg et al. ( 138 ) demonstrated that
phytate can be ellmlnated from/;hole dry beans by enzymatlc
hydrolysis and diffusion. By incubating the presoaked beans

at different pH and temperature, they observed that the most
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effective, condl
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tion was to incubate them in water at 60 °C for

10 hours. Under such conditions, the phytate content was

found to be low

er by 90 per cent. Their "study suggests that

it was the destruction of heat-sensitive cell membranes dur-
) -~

‘ing incubation

Fontalne e

-
that led to the activation of phytase.

+ al. ( 130 ) observed that the solubility

of the phosphorus compounds in_the water extract of soybean

meal varied with the pH of the solution, and that it was very

similar to that

just above %.0.

of the major protein'cbmponents except at pH

+t was suggested that this difference in

solubility cou&d be used to T'c-:duce the phytate content of soy

isolate. [MkecKinney et al? ( 139 ) reported that up to 80 per

cent of. the pho

,&extract can be removed by prec1p1tatlon with calcium and ba-

g

rium ions, foll

phytate. They

owed by centrifugation of the precipitated

also showed that phosphorus - free soy protein

could be prepared from wet acid curd by dialyzing the curd

against 1N &aCl

process to rem

study showed th

at the combinai

solution. Ford et al. ( 140 ) proposed a
ove phytic acid from full - fat flour. Their
at phytic acid removal is best attained elther

ion of low pi levels ( 3.5 - 4.0 ) and high

calcium concentration ( 0.0k N ) or at the combination of

high pH levels

( 5.0 - 5.5 ) and low calcium levels. Under

appropriate conditions, 90 per cent of the phytic acld was

eliminated in the acld - precipitated curd.

snhorus of the basic solution of soybean meal
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In the preparation of soybeanﬁag%feéh isolates, Smith

and Rackis ( 129 ) proposed the elimingtion of phytate and

inorganic phosphorus (1) by dialysi€, (2) by an acid - ex-
change process, and:(j) by a combiﬁation of these two pro-
cesses. Their results indicated that the most sat%sfactory

" way of removing phytate was by ﬁsing a combination of dia-
lysis followed Dby Ereatment with zn anion - exchange resin
with both stepé at pd 7.0. The combination process removed

75 to 78 per cent of thé phosphorus. An ion - exchange pro-
cess has 21so been proposed for phytin isolation ( 141, 142 )
ané determination ( 143 ). Okubo et al. { 14& ) reported

the removal oF phytate from the soybean meal extract by equi-
%ibrium dialysis at 25 °C. They found that phytate permeabili-
ty at this pH follows closely the ideal.béhavioﬁr of a fully
permgable substance. It was also demonstrated that the pre-
gence_of 0.01 i EDTA facilitated the membrane permeation of

phytate by both ultrafiltration and dialysis.

Hartman ( 145 ) deseribed a " three steps " process for
preparation of low phytate soy protein. The first step was
the water extraction of soy flake at pH 9 - 10. On the se-
cond processing step, the phytate was precipitated at pH be-
tween 11 and 12 and was removed by centrifugation or vacuum
filtration. The soy extract was then quickly adjusted to
pH 7.0 to prevent protein degradation and was pasteurized at

220 - 230 °F for 1 minute to reduce the microbiological load

A
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prior to the final ultrafiltration and diafiltration step.
The pﬁytate and phosphorus contents of the resulting'SOy
protein isolate were 0.1 and 0.2 per cent respectively, as
compared to 2.6 and 0.8 for a typical commercial s;y pro-
tein isolate. The corresponding PER value was reported to
be higher tﬁap that of the-cpmmercial-soy isolate or_that of

an acid isoclate prepared from the same soy flakes.

Based upon the results of thelr §tudies on the solubi-
lity of phytate and proteln in soy extracts as influenced by
pH, sodium chloride, calci#m ana EDTA, de Rham and Jost (146 )
successfullygdgrived-and pilot plant tested three processes
for preparing-low - phytate soy protein products; The maln
steps of the three proposed processes as compared to the
classical process are summarized in Table3 . A comparison of
thelr yieid and vhytate levels:.l1ls also included. The low -
phytate soy proteln produéts obtained from the three proposed
processes were similar‘in compositien, except for the high
residual salt content with the proposed process III, and the
low ash content of the isolates precipitated with the pro-

posed process I. | :

Ombséiye and Cheryan ( 147 ) evaluated the feasibility of
eliminating phyfic acid by ultrafiltration in the éroduétion
of soy.protein isolate or full - fat soy concentrates. poy ex-
tréct containing 3.5 - 3.9 per cent tdtal solid was processed

S

in a pilot scaled hollow - fiber ultrafiltration unit. when
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Table 3 Isolate production processes pefformed at the

pilot plant ( 146 ).
\

-

Classical Extraction of the defatted soy flour with water
at pH 8.2. Centfifugat@ﬁn, washing of the res-
lidue, agidification to bﬁ 4.5, washing of the
precipitate, lyophilizagion.

I Identical to classical, except the precipitation
at pH 5.5, and the omission of the washing steps.

11 Identical to claséical. except an extraction pH
" of 11.5 { NaCH ), precipitation at pH 5.5, and
the omission of the washing steps.

I1I Extraction of the defatted soy flour with 10 %
' NaCl solution, centrifugation ( first juice ),
washing of the residue with water, centrifuga-

) tion, addition of NaCl to 10 % ( second Jjuice ).
Separate filtration and ultrafiltration-diafill-
tration of the first and second juice. %&ophi-
lization of the ultrafiltration concenfrates.

111
A First Second
Process Classical 1. II julce Julce

Nitrogen yield 78 60 72 60 . 19
( %) ' ’

Phytate level 1.84 _~~0.60 0218 "0.14 1.8
( %)

—

[t
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the soy extract was concentrated to a volume'concentrétion
ratio of 5, the elimination of phytic acid at pH 6.7, 8, and
10 was 65, 43, and 27 per cent respectively. Following this,
dilution of the respective solution back to their original vo-
lume at theirzrespective pH and reultrafiltration, about 92
per é@nt of the total  phytic acid was eliminated at pH 6.7

and more than 80 der cent at pH 8.0 and 10.0.

It must be reemphasized that there has been no work done
'on the elimination of phytate ffoé rapeseed protein. The only
available relevant lnformatlon is the dlssolutlon and preci-
pitation of rabeseed phytate phosphorus which was 1nc1dentally.
included in the dissolution and precipitation studies of rape-

seed protein by Gillberyg and Térnell ( 148 ).
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GENERAL CHARACTERISTICS OF REVERSE OSMOSIS AND ULTRAFILTRATION

The phenomenon of natural osmosls involves the sponta-
neous transport of solvent across the membrane from a region
of:lower concentfation to a region of higher concentration
{ #igure 4a }.. The driving force for the fléw of solvent
molecules‘is the difference in chemical potential on the two
sides of the membrane. The permeation-of solvent will con- ™

~ .
tinue until the ffﬂid pressure developed in the more con-
centrated solution is sufficiently high that the chemical
potentials are equalized. At equilibrium ( Figure &b ), the

excess pressure is called the osmotic pressure c¢ifference.

However, if a pressure in excess to the osmotic pres-
sure difference is applied to the more concentrated solution,
.solvent will permeate towards the region of lower concentra-
tion ( Figure &c ). 'This transport process is known as re-
verse osmosis. It must ge'emphasized that the trénsport of
fluid across the membrane for osﬁosis and reverse osmosis is

not resitricted only to pure solute. In other words, both pro-

cesses are not.restricted to 100 per cent solute separation.

Ultrafiltration is generally referred to that membrane
separation process in which the membréne is permeable to sol-
vent as well aé to certain microsolute. species, but impermea-
ble to macrosolutes. ‘Consequently.Athe osmotic pfesSure dif-

‘ference across the membrane will generally be very low, thus

>
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permitting the ultréfiltration system toc be operated at low

hydrostatic pressure.

Thé operation of ultrafiltration consists of pumping a

-’

mixture to be separated, across a selectively permeable mem-

brane at elevated pressure. The description of membrane se- .

lectivity is a complex function of thermodynamics and trans-

- <

port properties of the solutes, the solvent, and the membrane

materials. In the separation of protein solution, the protein

v

brought to the me@brane surface-by convection is generally
rejected by thHe membrane. In effect, the surface concentra-
tion increases until a coﬁcentration gradient is established.
the accumulation of solute at the interface region 1s referred

N

to as " concentration polarization =jgure 5 ). This phe-

nomenon 1is

o]

T primary concern since it ledds to a rapid re-

—

duction in permeate flux.

Y

“

Under steady state operating conditions, the membrane
rejected solute is diffused back to the bulk solution at the
came rate that it is brought up to the membrane by convection.

~ This can be expressed mathematically as follows:

035 = \C.

The equation also expresses the basic diiference between con-
ventional filtration and ultrafiltration. Conventional fil-

tration ig never operated at the " steady-state " condition.

Y
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Instead, the unit is operated at unsteady high permeation

rate with solute accumulating into a cake at the filter

surface.



EXPERIMENTAL  METHOD AND MATEZRIALS
Rapeseed Samples

The three rapesegé\éémples used in the study were
deoiled commercial Tower meal with hull, dehulled deoiled
Tower meal and Candle flour. The deoiled commercial Towerﬁ
... meal FRI+75-1 and the Candle flour FRI-77-3/4/5 - were c
obtained féqm Dr. J.D. Jones at the ?ood Research Institute
of Arriculture Canada, Ottawa. The dehulled deoiled Tower

K
meal was provided by the researchers of our own Chemical
Engineering Department and was prepared by Dr. J.D. Jones.
The preparation procedure was reported elsewhere ( 149 ).
Briefly the Tower rapeseeds were cracked and the hulls were
separated from thé meats. A single disc attrition mill was
used in the dehulling step. The hulls and the meat fines,
whicH constituted about 30 per cent of the seed mass, were
removed by air c¢lassification. The null-free\meat fraction
was deoiled by heiane extraction for 23-30 hours in a Soxlet
eﬁéractor. The extracted oil was approximately &2 per cent
of the initial meat mass. The resulted meal was air dried
and any remaining selvent was completely removed under
vacupm ( 1 mm Hg ) at room ifemperaturd for 1 hour. The
nitrogen, total phosphorus and phytate phosphorus cohtents
of th\three rapeseed'samples were analyzed andé are glven

. . . . . - L
in Table & on an air dried¢ basils. .
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Table & An analysis of the total nitrogen, total phoéphorus,
and phytate phosphorus contents of the rapeseed

- samples.
teight % of air-dried deoiled meals
Type of
samples -
' % total % total _ % phytate
nitrogen phosphorus phosphorus
Cémmercial
Tower meal 6.68 1.13 0.84
Candle flour 6.66 1.40 1.16
Tower meal 7.53 2.03 1.54
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Rapeseed Extraction Procedure

The extraetion experimen}s were carried outrin a mecha-
Vnical‘shaker~at 24 T C. TH; pH of the extraction scolution
was adjusted with reagent grade hydrochloric acid and sodium
hydroiide when applicable. A weighed amount of rapeseéd meal
or flour and 100 ml. of prepared extraction solution together
with glass beads were placed in a stopéered 200 ml Erlenmeyer
flask and mechanicélly shaken fof'j hours. The insoluble ma-
terial was removed by centrifuging at 2SOd rpm for 10 minutes
followed by filtering through ashless filter paper of medium
‘retentivity. The suﬁernatant liquid and the insoluble solid
( when applicable ) were aralyzed for nitrogen, total phos-
phorus, and phytate phosphorus content. The amount of solute

dispersed was calculated as:

- . — ‘ -
Concentration ] -~ Initial,
of solute 1in the volume of
~t supernatant x extration
% solute _llquld i i liquid i

‘. .
dissolution x 10?

[ Initial weight of soiute in the
Loriginal rapeseed sample
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The rapeseed extract used in ultrafiltration was prepared
by placing a weighed amount of rapeseed sample and a measured
volume of prepared extraction solution in a stoppered 6
liter extraction flask and was mechanically miked with a
magnetic stirrer for 3 hours. The insoluble material was re-
movéd by vacuum filtration using qualitative filter paper of
fast filtering speed. The extraction was conducted at labo-
rqtorﬁ?femperature of 24 ¥ 2°C. The pH of the rapeseed ex-
tfact was adjusted with reaéent grade hydrochloric acid and

sodium hydroxide when applicable.
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Wembrane Casting Procedure

The membrane casting solution, which. consisted of cellu-
lose acetate, acetone, water, and magnesium perchlorate, was
homogeneously mixed using Burundum cylinders in a covéred
- glass jar placed on a rotating jar mill for at least 24 hours.
The pfepared casting solution was properly sealed and stored
.at 4°C. The composition of the membrane casting solution and

the membrane casting conditions are given in Table 5.

Twenéy ml. of prepared casting solution was poured onto
a 15 cm x 25 cm. glass plate, and was cast -into a film of
uniform thickness using a glass rod. after casting, the
solven; was allowed to evaporate from the film surface-for
one minute. The film was fhen immersed first in an ethénol -
water gelation bath for 15 minutes to control its.porosity
( 150 - 152 ) and then in a water bath for ore hour for
washing and for ensuring complete gelation. During the
immersions, the film sets to a gel from which the acetone

N
and the magm siym Te lorate were leached out. The

resulting membggne sheet as easily separated from the glass'
plate. The~£i;ished membrane sheet was cut to size and stored
in 20 ( v/v ) % ethanol solution at 4°c. The thickness of the
cast membrane was approximately 0.4 mm. The membrane should
always be kept in wet condition since dehydration Qill lead

to irreversible shrinkage and breakdown of its porous struc-

ture. 1f desired, the above membrane can be store dry with-
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/_‘*// Table 5 Nembrane casting details

i
!

A.

Composition of the membrane casting solution ( wt % )

Cellulose acetate (Eastman grade 400-25)
Acetone
Deionized distilled water

liagnesium perchlorate

Membrane casting condition

Temperatufe of the casting solution
Temperature of the casting atmosphere
Solvent evapération time ’
Temperature of the ethanol gelation bath
Celation time

Temperature of the leaching bath

Leaching time

e 14.8 %

£3.0 %
19.9 %
2.3 %

=4 *+1°¢C
=22 + 2°¢C
=1 minufe
=22 + 2°¢C
= 15 minutes
22 *2°%¢C

= 1 hour



-

55

out change of properties by pretreatment with surface active

agents as demonstrated by Merten et. al. ( 153 ).

A membrane made ffom the above procedure is asymmetrical
in form. It has a very thin surface layer éf dense micropo-
rous structuré on the side which was exposed to the atmos-

' phere during film casting. This silde of the membrane is
called the " surface layer side ". Riley et al. ( 154, 155 )
and NMichael et. al. ( 156 ) estimated that the dense suggace

”layer has a thickness of about 0.25 micron. rHowever, esti-
mation given by Kesting et al. ( 157 ) was a few microns.
Certainly, the thickness of -the dense surface layer will de-.
pend on thé casting procedure and condltlon. Underneath the
‘dense surface layer 1is a spongy porous mass dsually about 100
microns in thickness. The macroporous spongf substructure
serves merely as a builtfin support for the surface layer.

1t is the microporous structure of the surface layer that
governs the level of solute separation and hence, is held in
contact with the feed solution during the ulﬁiiﬁé%tration ope-
ration. The membrane asymmetry was displayed by }he fact
that overall membrane thickness has very little effect on the
trans-membrane solvent flux. Fost of the resistance to trans-
membrane fluid flow occurs in the dense surface layer while
the'mécroporous spongy mass underneath offers reiatively in-
significant resistance to fluid flow. The membrane asymmetry

is depicted in Figure 6.

—~



- Dense

Surface

Layer

Porous

Backing

/

56

Pressu_rge\ Bulk Flow
. >

~

Trans- membrane Flux

Lok

(R

WXXX)OO()OM

0.254d

N

/ J‘

/f

/

T\
T
’J/\\

———

o

v

Permeate Flux

—

Figure 5 ! ‘s«vmmetnc celluiose acetate membrane

rd

. .

ﬂ‘

1004

~}



s

57

Description of the lerafiltragion Cell Unit:

The design of the ultrafilt:ation cell unit used in this
study was obtaineé from the National Research Council of
Canada ( Ottawa ) Chemical Engineering group of the Division
-of Chemistry. The cell unit has-a thin channel typed flow
pattern to provide hiéher £iuid veloclity and to minimize con-
cen%ration polarization. A detailed'description of the cell
unit cannot be presented¢ due to the condition of patent appi&-

cation. Instead, the cell .unit reported earlier DY Sourirajan

( 158 ) is presented in Figure 7.

Each cell unit consists of .two detachable parts. The ~
1o part is a hlgh pressure region provided with inlet and
outlet for the fiow of the feed solution under pressure. The
upper part 1is 2 membrane supporter embedded with a stainless
steel porous plate and is provided with an outlet for the with-
drawal of the permeatec product. The wet membrane was mounted
in the-upper part of the cell. The effective area of the
membrane in the cell unit Qas 14.30 sg. cm. The upper and
+he lower parts of the cell unit were set in proper allgnment
and sealed with the rubber O-rings. A pressure tight joint

was secured by clamping the cell unit tightly together.
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Description of the Apparatus and Pperation

oA schematiﬁ flow diagram of the ultrafiltratid; system is
presented in Flgure 8. The system was simple and easy to
operate. A hilgh capacity Pulsa 7120 diaphragm-metering pump
wgs used to puﬁp-the feed solution under pressure through 2
series of six cells. Iliote that only one cell unit is shown
in the dilagram. A Pulsatrol»pulsatioﬁ’dampener pressurized
with nitrogen gas was employed to minimize the pressure fluc-
tuations in the cell units. The needle valve downsiream Ie-
gﬁlated the operating pressure. The operating pressure was
measured with pressure gauges located before and alter the
cell units. Six cells were used in series in order 1o permit
six membranes to be tested simultaneously. The entire system

was constructed from 316 stainless steel.

All. experiments on the ultrafiltration system were
carried out at a laboratory temperature of 2k + 2 C. The new
membranes were pretreated in the apparatus wilth distilled
water at a pressure of 344.7 Kba Tor 30 minutes in order to
stabilize thelr porous structure. The reported permeation
rates are those adjusted to 25 C using the relative viscoesity
and density data for pure water. The solute separation was

definedc as:
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\ “ concentrati f meate
% solute retention [l - ac ion ol per (ppm)} x 100

concentration of feed (ppm)

1 concentration of final solutior\‘i (pom) < 100
concentration of initial solution (ppm)|~ .

% solute removal

a

Unless otherwise stated, the conditions for UF experiments were as
follows : The feéd solutic-{n flow rate was 3) 5 L/min and’the operating
pressure was 137.9 KPa . The feed solution pH was 6.3, and ‘the.
per.'mea.te samples were collected at the steady state condition, generally
after 45 minutes of total reflux operation. It was assumed that a steédy
state condition is attained when constant results were obtained over a

[}

period of at least 30 minutes,



Analytical Techniques:

The aeterminatidn of kjelddhl nitrogen content was done
according to Lang ( 159 ) and the protein aséay was determined
by the Coomassie orilliant Blue dye binding method of Bradford
( 160 ). The total phosphorus and phytate phosphorus were
determinQQ according to Pons et al. (161 ) with modification
on digestion step. Briefly, the digestion was done as fol-

lows: A given weight/volume of sampie was placed into a 100

.ml Kjeldahl flask together with two glass beads and 3 ml of

concentrated sulfuric acid. The mixture was heated until the
orgaqic matter charred and a homogeneous solution was obtainec.
Thirty minutes of heating was usually gufficient. Ten 4rops
of 30 per cent hydrogen peroxide were added and the heating
continued Tfor agother one nour until the solution was color-
less. The additioﬁ of 30 per ceni nydrogen peroxide was Ie-
peated followed DY another one hour of heaﬁing. The sample
was allowed to cool down and 20 ml of distilled water was
sdded. .Finally, the sample was boiled for 10 minutes to re-
move any remalning peroxide and 1O énsu{e conversion of the
vhosphorus to the ortho form. The sémpigﬂkés;ﬁhen-tréns-
ferrec quantitatively 0 2 100 ml volumetric flask and dilu-
ted to volume with distilled water. The one hour heating

+ime after the addition of hydrogen peroxide was found 0 be

_critical for complete digestion of the organilc sample.

%
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RESULTS AND DISCUSSION

Trotein can be extracted from deoiled rapeseeds using
a dispersing agent such as water, salt solution, alkaline
or acid solution. There are several methods proposed for
the separatiori of protein from rapeseed.meall Sosulski
and Bakal ( 162 ) isolated protein from three varieties of
deoiled rapeseed meals by a successlve extraction procedure
using distilled water, 5 per cent sodium chloride, 70 per
cent ethanol and 0.7 per cent sod%um hydroxide. Finlaygon‘
et al. ( 163 ) extracted the salfysoluble protein from
eight varieties of rapeseec ﬁsiqg 0.01 [. sodium pyrophos-
phate { pH 7.0 )} and 1.0 = sodlum chloride. ' Owen and |
“hichester ( 164 ) prevared a nontoxic rapeseed proteln
isolate by extractiﬁg press cake meal with & per cent sodium
chloride followed by exhaustive Qash;;g which causecd a great
loss in protein; Their net yiéld of pfotéin was only 18 per

- L)

cent. Lo and Hill ( 185 ) prepared a protein concentrate
with reduced crude riber and glucosinclateg by extracting
rapeseed meal with 10 per cent sodium chloride and followed
Dy dialys;s. However, there was an increase 1n ash content
during processing. Kodagoda ef al. ( 166 ) developed a
successive three stage extraction préc@dure for the separa-
tion of nutritionally and Tunctipnally distinct p;otein
fractioris from rapeseed flour. The yield of‘ protein

after isoelectric precipitation for the three
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stage extraction using water, 0.1N hydrochloric acid, and
0.02% sodium hydroxide was 11, 13, and 42 per cent resﬁec—
" tively. Keshwarz et al. 167 ) modified the three stage
extraction process as developed earlier by Kodagado et al.
for application to the commercial oil-extracted rapeseed

meals.

In view of these reports on rapeseed protein exﬁgaction,
studies were conducted to investigate the effects of these
comménly known dispersing'agents on the dissolution of phy-
tate in the de€oiled rapeseed sampies. The extraction solu-
+ions used included agueous solution of hydrochloric acid,

sulfuric acig, sodium hydroxide, sodium sulfate, sodium chlo-

ride, and ethanol.

)

—a
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Effect of Hydrochloric Acid, and Sulfuric Acid Concentration

on the Dissolution of Phytate

Earlier studies done on the extraction of phytate from
the cbﬁmercial Tower meal with hydrochlof}c acid and sulfuric
acid showed that high phytate dissolution occurred only at a
very low pH. The results are(tabulated in Appendices Al and’
42, At 0.1N hydrochloric acid, which corresponds to a pH of
1.0, the dissolution of phytate for the commercial Tower meal
ig 26 per cent. In comparison, at 0.1N sulfuric acid, which
'correspondg to a pH.of l.éj, the dissolution of phytate was

. . S
68.5 per cent. This indicates that sulfuric acild is a Better
dispersing agent than hydrochloric acid for phytate extraction.
However, extraction under extremely low pH condition causes
protein denaturation, both hydrochloric acid and sulfuric
are therefore not suitable dispersing agents for the extrac-
tion of phytate from the rapeseed meal. In.order to avoid ex-
‘traction at 2 low pH, the effect of %heir respéctive sodium

. . S e
salts on phytate dissolution was examined. .

£

N

"!
'
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Effecés of Sodium Sulfate Concentration on the Dissolution

of Phytate

. The extent of phytate dissolutign at different sodium
sulfate concentrations for the commercial Tower meal is pre- ..
sented in Figure © . A liquid-to-solid ratio, v/n, of
200 milliliter of extraction solution per gram of rapeseed

sample was used. The pH of the extraction solutlion was not

ad justed. The tabulated'resulté are presented in Appendix A3.

Figure 9 shows that the introduction of sodium sul-
fate into the extraction solution resulted in a marked in-
crease in the ex?raction of phytate. By increasing the so-
dium sulfate concentration in the extractiOnnsolut;on from O
to 0.5 ( ﬁ/v j %, the dissolution of phytate increases sharp-
ly from 10.5 to' 71.8 per cent. However, further increase in
sodium sulfate concentra?ion only increased the phytate ex-
traction slightly. The phytate solubility gurve finally
approaches 100 per cent at 10.0 per cent ( w/v )} of sodium

sulfate.

-

RS
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Effect of Sodium Chloride Concentration on the Dissolution

of Phytate and Nitrogen-Containing Substances

The effect of sgdium chloride concentration on the disso-
lution of phytate and nitrogeneous proteiln compounds gave si-
milgr types of curves for all three papesged samples. The ex-
periggntal reesults are tabulated in Appendix A4, and are pre-
sented in Figure 10 . The liquid-to-solid ratio, v/n, used
was 200 ml/g and the pH of the extraction sclution was not ad-

Justed.

-
- “

In Pigure 10 , it is 6bser€ed that with a 4 ( w/v ) %
sodium chloride extraction solution, the dissolytion of phytafe
"for the commercial Tower meal was 90 per cent‘ané @or the
To&er mezal and the Candle flour was 95 per.cent. A single
phytate solubility curve 1is qrawn for ali three rapeseed sam-
ples. The curve increases sharply with sodium chloride concen-
tration and rapidly approaches 100 per cent dissolution at
L ( w/v ) % Sodium chloride. The résults show that sodium
chloride is an excellent dispersing agent for phytate extrac-
tion and ishpreferred over sodium sulf%te. Furthermore, the
use of sodium chloride 1s more economical. However, the sodium

N

content of the protein product should be of zacceptable level.

. »~
The extent of dissolution for the nitrogen-containing sub-

stances was quite different in the three samples, 27 per cent
for commercial Tower meal, 40 per cent for Tower meal, and 75
per- cent for the Candle flour. Lower nitrogen solubility is

!

-1
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R N
assoclated with‘higher extent of protein denaturation.
This could expléin the low solubility of the commercial
Tower. meal which had received the most severe heat treat-
ment fo; the inactivation of the énzyme myrosinase. On the
other hand, Candle flour and Tower meal were specially
p;eﬁared to minimized protein denaturation. However, the
Candle sample, in addition, had been ground intoAflour. and
hence a more eff1c1ent extraction would be expected. 'Figure
10 shows the llmlted SOlubllltj of ‘®he phytate and
nitrogen compounds of the samples, and Phe dramatic increase
in phytate solubility when sodium chloride is added as a
disperéing agént. . ' . :.9
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Effect of Ethanol Concentration on the Dissolution of Phog &

phorus- and Nitrogen- Containing Substances

Becker et al . ( 168 ) employed low églecular weight
alconols-to inhibit the solubility of proteins in the ex-
traction solvent while effectively extracting carbohyérates

from the deoiled soybean flakes.

_ Jones et al . { 169 ) used an agueous isopropanol so-

lution in the multistage extractlon of glucosinolates and

phenolic compounds Irom the deolled raReseed flour w1th only

a minimal amount of nitrogeneous materials extracted. In

view of *hese renorbs, extraction exnerlments were done to
~determine if low mélecular weignt alcohols could effectlvely

extract phytate in prefere@ce to prot%in. f;e rapeseed sam-

ples were extracted-using an agueocus ethanol solution ar@ the

v/n ratio was 50 ml/g. The effects of the  ethanol concentra—&

tion on the dissolution of nitrogen and, phosphorus compounds

are shown in Figures 11 and 12, respectively. The data are {//_J

tabulated in Appendix AS. N

J#,In Figure 11, the nitrogen solubility cﬁrves indida@e

-

that ethanol inhiblted the solubility of pf%telns in all;ﬁhree
rapeseed samples. Lh&lr nitrogen dissolution decreased o

less than 10 per cent at 46.40 ( v/v ) % ethanol solutiorn.

—

leew1se, their dissolution’ of-phosphorus compounds was also

decreased to less than 10 per cent at L6 .40 ( v/v ) 4% ethanol v

-~ -~

S
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as shown in Figure 12. The solubility data obtained for the
total phosphorus compounds can be used as a good approximation
for that of phytate since phyta{e phosphorus accounted for
more than 75 per cent of the total phosfhorus,in the rapeseec
samples as shown earlier in Table 4. These findings showed®
that ethanol-water solution cannot selectively extracted

_ phytate from the rapeseed samples.

Since sodlum chlo*lde promotes while ethanol inniblts
the extractlon of both phytate and protein from the rapeseei
samples, extractlor exnerlmenus were égne +to examine the com-
bining effec»s of sodium chlorike and ethanol. The effect of
ethanol concentration on phytate extraction was investigated
in the presence of 4 (/v )} s sodium chloride at a v/n ratio
of 50 ml/g. The results obtained.from txese extraction

studies are presented in Figures 13 and 14, aré in Appendix

no
O

A single‘phosphorus SOlZiil ity curve was ab ained for dll

th?ee.rapeseed samples as .shdwn 1n flgure 14, The curve
showed that while the presence oI sodium cHloride greatly en-
nanced the Eﬂfﬁglutloﬁ of phosphorus comnounds, the introduc-

~tion of ethanol_into the extraction solution quickly dimi-
nished its effect. The phytatle dispersing ability of the so~

dium chloride solution became ineffective at higher ethanol

concentratior. This is illustrated by the rapid decrease in

- . S

[ .
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phosphorus solubility curve %o less thanllo per cent at 46,40
( v/v ) % of ethanol, which is nearly.equal t§ that obtained |
previocusly in‘Figure 12 in the absence of sodium ch}oridel
Hence, a sodium chloride - ethanecl - water .solution is

ineffective for phytate extraction.

Cn the other hand, the protein dispérsing ability of
the sodium chloride wds suppressed by the ethanol to a . -
‘lesser ?egrée as indicated in Figure 13. The denaturation

[ 1

of the'%apeseed protein appears to be prevented in the

g2 of sufficient amount of salt. This extraction

-\ﬁiézding can provide an excellent alternative method for the

preparation of low - phytate rapeseed isolates by which the
. - _._‘/’. —'\)\‘
pretein from the rapeseed samplegcan be effectively extrected \\\_z/

L . .- i . . .
into the scolution while most of the phytate wlll be retained

I
L

in the meal. - . ‘%:
.
. x
{ ‘\
N, \
.’{‘
‘-«-—/} G
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Effect of v/n Ratlo on the Dissolution of Phosphorus- and

witrogen- Containing Substances

The foreg01ng extractlon experiments showed that sodium
chloride is anrexcellent dispersing agent for nhytate extrac—

tion. Further studles were conducted to dgtermlne the effect

of v/n ratio on the extraction of phytate and protein from

" the fapeseeé samples using L ( w/v ) % sodium ¢hloride solu-

< .- . £ . . -
tion. The ph of the extraction solution was unag justed and

was 6.3. The data odbtained are plotted in Figufe 15 and. are

taburated in Appendiu A7.

Figure 15 shows that the solublelnitrogen compoundsadis—-
solved readily at all tesfed v/n ratios. " Increasing the'v/n
ratio had no effect on the olssolutlon of nltrogen compounds -

for either +he Tower meal or the Candle flour. The dis-
solution of ﬂitrogen compounds for the Tower meazl and the an-

dle flou* was about 40 and 7L per cent respectively. The dis-

solution of the phosphorus comoounds creasea rapidly .with
increasing v/n ratio and approached completwon at a v/n

ratio of .'200 ml/g. Selectlve dissolution is pOSSlble at

>
~ >

v/n ratio of less than 200 ml/g.

-

- - ‘

’
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Effect of v/n ratio on the dissolution <;.f :
phosphorus- and nitrogen-containing substances
( pH = 6.3; 4(w/v)é -NaCl solu‘tio.n ).
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, i .
£ffect of the Initial pH of the Extraction Solution on the

Dissolution of Phosphorus- and Nitrogen- Containing Substances

) - a
The influence of the initial pH of—the'extraction solu-~
tion on rapeseed extractlon was investigated using. soqﬁ/

chlorlde coocentratlons of 0. O 0. 5, and 1. O ( w/v ) % amd:

v/n ratios of 50 and 20 ml/g. The solution pH was unadgusued

during thé course of extractlon. The results showed that

’

within _the-pH range- of - 3.0 to 10 0, toe 1n1tlal pH of the

extraction solution had no - szgnlflcant 1nfluence on the

- r

dlssolutlor of nltrober- and phosphorus- contalnlnv substances
under all test COndlulOFS The results are oreseoted in .
;ables 6 and 7. Gllloerg and Tornelle( lh8 ) have. reoortec

that the olssolutlon curves of nlbrogen- and phosohorus- con-

,hzhining substances vary. in a very complicated manner with DH

lg_\He“ rapeseed is extraoted with deionized water. However,

uhey used a dlfrereot variety of raoeseeq/and a different ex-

traction procedure. lhEbr extraction waé\carrled out fo&r

\

‘thirty‘minutes_é{-constant extfaction pE and did not repre-

sent equilibrium data. - They studled the effect of the

-

extraction pH while we investigated the effect of the initial

pH of the extraction solu%ion. Not unexpectly, differences
were observed in the solubility characteristics between these
two sets of results. As shown in Table 5 for the commercial
rapeseed sample, only.at the extreme high and low pﬁ values

did the initial solution pH-affect the extent of dissolution.
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Table 7 The effect of pi on the dissolutiqg;of nitrogen- and phosphorus-
containing substances in Tower meal using distilled water and
0.5 (w/v) 5 vaCl solution.® .
% Dissolution { v/n = 20 ml/g )
" pH ‘Distilled wWater 0.5 (w/v) » NaCl Solutidn
rotal § Total P Phytate E | Total N Total P Phytate P
3.3 | eem-- mmm=m meee- 40.93 56.61 55-23
2L .79 LB.30 3,13 | memem emmem mmees
L.o 33.34 L7.5% Lk, sc 35.67 54.52 53-33
L. 5 3. 39 47.17 43,50 | -ama=  —eee= m=ee-
T e it 39.53 51.36 52.19
S.h | mmmem memee mmma- 3G, 64 53.35 s52.42
5.5 32.93 47.18 £2.30 | =em==  =<eme emsee
7 S R 43,28 55.40 52.46
7.0 33,21 b7.43  k1.72 ————— ceeee Daeen
9.9 | e;mme mmeee deee- 38.60 52.68 Sl.24
10.0 k.50 46,58 41.97 | —m--=  mmme= mmano
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As suggééted by Gillbefg and Tornell ( 148 ), the complex_‘
variation of the phytate solubility at’both extreme pH's
may be due to phytic acid rea?ting,witﬁ metal‘ions,aé well"
‘as protein during‘extracff%n. However, extreme pH val;és
were outside “the iﬁterest of our extraction criterion,

since it was our "intent to minimize protein denaturation.

@ .

f

& —~
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rultistage Crosscurrent Extraction of Rapeseed keal

The use of a single extraction,stagé has its limitations
witﬂ rezards to the design of a procegsihg seguence. I the
processing gbjective is to produce a low phytate residue from
é deoiled meal such as the commércial Tower meal used in this
study, a single extraction using a 4 { w/v ) ¢ sodium chloride
solution and a v/n ratio grpate{ than 200 ml/g would suffice.

. p

_However, =1t is prudent to reduce the volume of extraction

’

liquid and use a multistage extraction procedure . This

is  desirable if the supernatant liguid is to be pro-

cessed to recover a low phytate protein isolate.
; <
A multistage crosscurrent extraction of Tower meal was
done using cdeionized distillec water at a v/n ratio of
10 nl/g per stage. The amount of the original solutesfre-

maining in the meal after each siage of crosscurrent extrac-
tion was measured for phféate phqsphorﬁs and total nitrogen
compounds. The results are plotted in Figure 16. The pH of
the extraction solution was at 6.3. The tabulated data are
presented in Appendix A8. The nitrogen extractlon curve as
shown.in Figure 1§ levelled off after the fourth‘exiraction
stage, and the total nitrogen compounds extracted aiter eigh£
extractlon stages was abouE LO per cens. The total extrac-
tion of phytate after eight extraction stages was only 30

per cent. These results show that a low and limited phytate

extraction was obtained with delonized distilled water.
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A similéf'multistage crosscurrent extraction of Tower
meal was conducted using % ( w/v ) % sodium chloride. The
v/ ratio was 10 ml/g per extraction stage. The results are

tabulated in Appendix A%, and are ‘presented in Figure 17.

\ The percentage of the.original soluz?s remaining in the

meal after each stage of .crosscurrent extraction was meé—

sured¢ for the total nitrogen compounds, the total phosphorus
mpounds, and the phjtate DhOSDbO”US. The nitrogen extrac-

+ion curve levelled off after the fourth extfacfion stage

and the total amount of nitrogen compounds extiracted was

about 5C per cent aftér the eighth extraction siage. The phy-

tate extraction curve follows the phosphorus extraction curve

very close ;) About 90 per cent of the total phosphorug and

95 per cent of the phytate phosphorus from the Tower me .

were extracted with eight processing stages producing an

P

¥ -

overali v/n ratio of 80 ml/g. This study demonsirates that
phytate can be effectively and completely removed from the
deoiled rapeseed meal witﬁ agueous sodium chloride solution
using the standard extraction technique. Thi; example is by
no means optimum as the ultimate extraction sequence will de-

pend on the processing objectives.

_ AN
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Graphical Calculation for Multistagze Phytate Extractlon

In the studies of extractiop processes, it is frequently

necessary to estimate ghe number of equilibrium stages re-
quired to bring aboutja specified degree of extraction. A&l-
+ternatively, informatiQn may be required on the performance

of 2 system with a specified number of stages. Such lnforma-

tion may be obtained by stage-to-stage calculations.

Generally, it is simplest and easiest to do stagewise
calculations graphically. This will require graphical repre- -

sentation of the equilibrium conditions. For ease of ‘calcu- )

I3

lations, it was decided to deal only with the three component /
' i
\

systems contalning solvent (4), insoluble carrier solid (E).

and soluble solute (C). Furthermore, for simplicity purposes,
i+ was assumed that the only extractable solutes were phytate
and protein. In order 1o deal with three component\sy tems
during the graphical caleulations, the two solutes, phytate

and protein, were treated separately. Two interrelated equl-

librium diagrams were separately constructed for solute phy-

tate (Cl) and solute protein (Cz).

The egullibrium diagrams for the phytate and the protein
extraction froégﬁhe Tower meal using & ( w/v ) » sodium chlo-
ride solution were separately -plotted in ¥igures 18-and 19.

Sample calculations for the equilibrium data are found in

appendix Bl, and the calculatéd equilidbrium data are tabulated
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in Appendix AlO0. ' ' _ ce e el

In Figure 18:and 19, the conce;tration of the insolublesq
(B) 1is expressed as N Kg of. 1nsolubles (B) per Kg of solvent
(A) plus solubles ( C = C o+ 02 y, i.e., N Kg B/Kg (4 +3B).
Soluble solutes -( Cy or Gy ) comp051tlon is expressed as
weight fractions on an inscluble (B) - free basis. For the
oyerflow. xi is the weight fraction of soluble solﬁte ( Cjor

, y,
) in the effluent solution. For the underflow, y;\is the

~ L

weight fraction of the soluble solute ( Cl or 02 ) in the

raffinate phase.

‘Fer a given extraction procedure and conditions, it is
possible to calcuiate graphically -the extent of phytafe and
pretein extraction from the Tower meal using a & ( w/v ) s
'sodium chloride‘solution. As an illustration, it is des;red
to estimate the percentage of the original phytate and pro-
tein left in the Tower meal sample after each extraction
stage using a 4 ( w/v ) % sodium chloride solution and a
v/n ratio of 10 ml/z for each of the extraction stages using
a multistage crosscurrent extraction. The data obtained from
the granhlcal calculation are tabulated in Appendix All, and
the sample calculations are glven 1n Appendlx B2. The phy-
tate and the protein extractxon curves in Figure 20 were
drawn from the graphically determined values and were com-’

"pared against the data previously obtained from an actual
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'mg}tlstage cro

~

sscurrent extraction experlmenﬁ There 1s

satisfactory agreement for the phytate extractlon cu ,e.

but the result

extraction curve as shown in Figure 20. .

;
s were less in agreement for the protein

-~



¥embrane Selection and¢ Development

[
>

During the extration of phytate with aqueous sodium
chioride solution, it was observed that along with phytale
and other phosphorus,compoﬁnds, substantial amounts of pro-
teins were aléz veing extracted. It was decided to evalu-

ate the feasibility of uéing ultrafiltration to selectively

reriove the phytate from the rapeseed extract.

| ]
Since the development of the first asymmetric cellulose

acetate membrane by Loeb and Sourirajan ( 170 ), ultrafil-

1 .
tration {( UF ) and reverse-osmosis ( RO J %embrane systems
have been used 1n industrial‘concen?ration and fraction-
ation applications. Among the few membrane materials devel-
oped, cellulpse acetate h%f/peen the most commonly used. 1t
st31l remains the standard to which the performance of the

,

A . .
other membrane materials 1s compared.

The development and characteristics of cellulose acetate

membranes have been extensively stucled. Conslderable atd-

necement has been made in developing high flux cellulose
“Tiiiiﬁnes. The performance ;haracteristics of cellu-
lose acetate membrane are fairly stable under properly con-
troiled operating condition. lioreover, cellulose acetate

membrane is easy and eccnomical to make. Hence, cellulose

acetate membrane was chosen Ior our study.

g
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The use 'of cellulose acetate as membrane material has
some inherent drawbacks. Cellulose acetate material is sub-
ject to hydrolysis when in contact with aqueous solution
which leads to0 an increase in bpoth the solvent and the

v .
solute fiuxes. Chemically speaking, cellulose acetate 1s an
ester and will react with water to form an alcohol and an
acid. ‘This hydrolysis reaction is highly base- and acic-
catalyzed. Vos et al. ( 171 ) conducted a kinetic study'for'
the hydrolysis of 39.8 he&ght per cent acetyl content cellu-
1% acetate as a function of pH and temperature. Thelr re-
sults showed that the.hydrolysis rate of the cellulose ace-
tate material used was minimum in the pH region of 4 %o 6,
and that the hydrolysis rate was lower at lower temperature.
Vos et al. ( 172 ) furtner calculated that the hydrolysis
of the cellulose acetafe materials could change the chloride
permeation constant by a facter of 2 in about 4.3 years when
the membrane is used in conjunction with agueous sodium chlo-
ride solution at 23°C apd a pi of L.8. 'hence it 1s 1mportant
to operate the ultrafiltration under practical conditions
where the hydrolysis rate is minimum in order to obtaln long

membrane 1life and steady performance.

Cellulose acetate, being a natural polymer, 1s also sub-
jected’ to hydrolytic attack cue to microbial effects. Further-
more, the cellulose acetate membrane is subjected to shrink-

se at hish temperature and to compaction at high pressure.
o - = [ 23

\
!

4
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. However, Cooper et al. ( 173 ) have observed that the use of
cellulose sRetaze material of higher acetyl content will im-

prove membrane resistance to biological attack.

The prime consideratioﬁ in memﬁrane selection and cevel-
Wopment is to obtain a match betweén'the proberties of the solutes
to be separated and the separatiop.characteristics of the
merbrane. Nevertheiess, the initial criterion that deter-
mines the-subsequent performance of a membrane 1s the compo-
sition of the membrane casting solution. Hutowy et al.
( 174 ) have shown that the casting solutioﬁ composition used
Tor this work, as presentec previously in Table 5, was par-
ticularly suitable for making membrane for ultfafiltrétion
purposes. In our case, we employed a low casting solution
temperature oI 4L°C in order to reduce the rate of acetone
evaporation during £ilm casting. This in effect, decreasec
the sensitivity of membrane periormance characteristics 1o
any slight fluctuation in film casting conditions.’ Hence, a
better reprodﬁcibility was obtained in the performance char-
acteristics of the membrane produced. we further observed
that 2 solvent evaporétion time of 1 ﬁihute was neces-

sary to obtaln nigher protein retention membrane.
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The Effect of Gelation Bath Composition on i.embrane rerform-

-

~ L] - g R
ance Characteristics - ) ‘h

Previous investigators have demonstrated that the pres-
ence of aliphatic alcohols ( such as methanol and ethanol )

in the gelation bath, during the membrane gelation period,

promotes the developmenf 0f higher flux qellulose acetate
membranes ( 174 -‘1?6 V. In view of this, it was decide to
finé the "critical" ethancl compositior of the gelation bath
that will produce membrane capable of providing a high
phytate-protein separation with a minimal proteln loss. The
results obtained from this investigation.are given in Flgure
21. The pure water permeatlion fluxe§ ¢l the membranes were
measured at 137.% KPFa and are included with the experimental

data in Appencix al2.

The feed solution used for ultrafiltration was the
. £ randle Tlot ;o L1+ S (W)
extract of Candle our preparec from liters of (w/v)

sodium chloricde extraction solution at a2 v/n ratio of 300
{

ml/c. The feed flow ratc was 2.5 L/min and the operating

pressure was 137.9 aka, The pH of the feed solution was
' “
unadjusted and was 5.3.

Our investigations showed that use of ethancl solution in

the gelation bath instead of pure water resulted in membranes

1

n much higher permeate Ilux and a2 corresponding much

Wl

ot

*

lower solute retention. This indicates that the effect of
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ethanol on the porous structure of +the membrane was that of a
rnon-solvent. A non-solvent will tend to decrease membrane

nomogeneity and to increase void and pore size ( 176 ). Con-

g seduentlyt a non-solvent will tend to increase membrane per-

meability and to decrease its structural strengtih. lience, a
more swollen membrane 1s produceéd when the casi membrane 1s
immersed in an ethanol solution than when it is immersed in a

pure water bath.

Membrane fabricated using a gelation bath whose ethanol
composition was less than 28.00 (v/v) % ( before mixing )
gave extremely low permeate flux and were rejected from the
study. Membrane Et-32.58,; which was made from a gelatlon
bath whose ethanol composition was 32.58 (v/v) % , showed
very high retention for nitrogen and phi{?horus compounds.
Its percentage retention Ior nitrogen and phosphorus com-
pounds was 92.44 and 90.50, respectively. The high solute
retention suggests th?t the effective pore size of the mem-
brane was probably too small fo permit any significant per-
meation of either the phytate or fhe protein molecules.
Thereforg< the permeated solutes would most likely be non-

phytate and non-protein micro-species.

From Figure 21, as the ethanol concentration in the gel-

ation bath increase¢ from 32.58 to 55.65 (v/v) %, there was
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initially a dramatic increase in product permeate flux of the
resulting membrane, and a corresponding decrease in its phy-

tate rescntion. In contrast, there was ne significant de-

. crease in the nitregen retention curve initially. However,

as the ethanocl concentration of the gelation bath increased,
the effective poré size ,0f the resulting membrane also.in;
creased and ultimately became iarge enough to permit the per-
meation of some of the smaller macromolecular proteins. The
ethanol concentration of the gelatlion bath just prior to this
occurence was called the "critical" ethanol concentration.
'embrane fabricated at the "critical" ethanol concentration
will provide the highest possible phytate-protein separation

at a minimal loss of protein under the given condltions.

In Ficure 21, the "critical" ethanel concentration 1s
located within the region of 37.14 fo 46.40 (v/v) .o. lLem-
btranes fTabricated within this region were classified as the
"chosen" membranes since they were particularly sultable for
this phytate-protein separation. These membranes were char-
acterized by hiigh protein retention and a corrésposding low

phytate retention. Their relatively high product permeate

fluxes were also gulte attractive.

surther increase in ethanol concentration beyond the

60.25 (v/v) 4 resulted in membrane whosc cIfTective pore size

P

was too large to cause any significant

L}

eparation between the

ct

phytate and the proitcin molecules as indicated by the total
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phosphorus and the total nitrogen curves. A dramatic de-
crease in both phytate and protein retention and a sharp in-

crease in procduct permeate flux were observec.

iz the ethanol concentration of the gelation bath in-
>

creased, the structural strength of the resulting membrane

weakened since its degree of porosity and effective pore size
inercased. l.embranes fabricated at high ethanol concentration

are therefore more prone to structural - compaction during the
operétion. Strucéural collapse or "cave in" could also be
possible. The sudden decrease in pure water permeate flux

( sce Appendix Al2 ) of the resulting membrane as observed at

cthanol concentration teyond £5.25 (v/v) ,. can be attributed

ct

" .
e n

- - e
STructu

D]

'3
o

1L compactlion-effect. The sudden cecrcase in

oroduct permeate Ilux was observed in Fijsure 21 at 25.00

Av/v)  ethanol.

The compaction of the spongy Lulk struciure underneath
the dense surface structure of the membrane could only affectT
its permeate flux. ilowcver, 1ts separatior. characteristics
could be affected if compaction occured at the dense surtace

laver of the membrane. Thic effect was exnibited by the in-

creasc oi both phytate.and prot

(0]
H'
3
H
[p]
ct
o
3
ct
}_J
o]
3
[¢]
5
3
o
4]
o
ct
o
ot
z
1

wol concentratlon beyond 74.71 (v/v) ...
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Unsteady State Zehavior of +the Ultrafiltration of Rapeseed

sxtract

Pigure 22 1S presentecd 10 demonstrate the.transient
period encountered at the start-up of the ultrafiltration.
The Teed solution was the Tower meal extract prepared Irom
L liters of &4 (w/v) .. aqueous sodium cnloricde sclution at a
v/n ratio of 500 ml/¢. The pH of the solutlon was unadjusted

and was initially 6.3. The feed flow rate was 2.5 L/min and

i)

the operatling pressure was,. 137.% Kfa. The tabulated cata

.

v ohosen" membranes is exemplified BY membrane =T-46.40. The

“he tuyplcal unstecady state pehavior observed for the

code cesignates the gelation vath composition of the result-

-
ing membrane in volume per cent ethanol { before mixXing Yoo

The "chosen" membranes cenerally have short transient period.
Their steady state condition was usually reached withiln Lo
minutes of operation. 1t was assumed that a steady state

concltion was attained when constant results were observed

over a period of at least 20 mlnutes.

Irn Firure 22, there was a rapid decline in the procuct
permeate ~lux - during the initieal period of ultrafiltration,

at=er which the permeate £1ux remained fairly consiant. The

decline in the permeate Ilux was Gue to the Tormation of

.’{.1

fouling cdeposits on +he membrane suriace. The {ouling depos-

5]
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[}
j+s were visibly observed on the membrane suriace and were
associated with the concentration polarization of proteins
and other organic macromolecules. embrane foullng effects

are generally more cevere for higher flux U membrane.
|3 o [

Sigure 22 ShoOws +hat the total nitrogen retentlion curve

Ui

approached its steady state value sooner than +ne total phos-

phorus retentlon Curve, indicating a longer transient period

for vhytate- membrane interactlon. Lower retention for total
- O

nitrogen was observed with the Tower real extract than with

the Candle Tlour extract. This was probably due to higher
content of non-protein nitrogenecus micro-species in the
Tower meal extract. The non-protein nitroseneous content of
+ne rapeseed extracits was estimated DY measuring the percent-
are. of total nitrogen retention of U¥ meﬁbranes that were
found to e impermeable to the proteln molecules. .embranes
wp_28.02 and wr-32.53 estimated +hat the non-proteln nitro-
seneous species of the Tower meal extract constituted 25 ©0
30 per cent of j+5 total nitrogen content. On the other
nand, thé non-proteln nitrogeneous specips of the Candle
flour was eétimatea by membrane £7-22.58 16 te 7,5 per cent

of its total nltrogen content.

o



105 .

T™he Removal of Phytate by Continuous Diafiltration

Frior to the study of the effect of some of the operat-
ing parametirs on the seﬁafation and flow characteristics of
the "choséﬁ" UF membranes, it was important to investigate
neforehand whetiner or not a complete removal of the phytate
from +the dissclved proteins was attainable by the membrane

processing technigue. This was carried out by the continuous

@)
’._ro
o
h
Pb
'..J
of
H
Y
of
F‘J
O

n experiments using the previously descritved Ur

During the courée of cé@tinuous diafiltration, the total
pulk feed solution voiume was maintained constant by periodi-
cally adding & -@4/v) socdium chloride soluticn to the reten-
tate. The feed solution used was the Candle flour extract

prepared from 4 (w/v) 15 sodium chloride extraction solution

2t a v/n ratic of 50C ml/g. The pi of the feed solution was

N
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the Teed flow rate was 2.5 L/min and

the applied operating-pressurce was 1 7.9 KPa. The results
Sl o IR -

m

obtained with six vaged" membranes ¥T-38.99 in series are

olotted in Figures 23 and 24, and are tabulated in Appendix
Al

Firure 23 shows the changes in bulk feed sclutlion compo-
cition with the volume of dilution ( V4 ). The volume of di-
1ution is defined as the ratio of the +otal volume of licguid

nermeated to the initlal feed solution volume ( Vo ). The
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The changes in the bulk feed solution composition
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initial feed solution volume was-2.5 liters. In Figure 23, after
a Vp = 1.5, the total nitrogen curve is almost in parallel
with the protein curve. Prior to thils, the greater slope of
‘the initial portion of the total nitrogen curve cdn be at-
tributeé to the removal of the smaller non-protein p}troge-
neous specles. At Vp =.2.?5, a compleze removal of phytate
was achleved. The corresponding loss of proteln was rela-
tively low at 13.5 ﬁ._ The significant loss of protein indi-
cates that at least some oI the "aged” UL membranes 2T-38.99
were permeable to fhe low melecular welght proteins of.the
rapeseed extract. Rapeseed meals are knewn to contain pro-
telns of widely c17; rent isoelectric polnts and molecular
welghts ( 177, 148 }. According to Lonnercal and Janson

( 127 ), the low molecular weight proteins accounted for 20-
40 .5 of the rapeseed meal proteins.

3

The "agecd" Ub membranes £T-38.¢9 had been used for al-
most three months prior <o this continuous diafiltration ex-
periments. These membranes had been subjected to exireme - .

operating conditlon, including high and\low pr solutions.

Crerating at extreme pH willl certalnly accelerate the rate
£ hydrolysis of the cellulose acetate and thereby, will im-

pair *he membrane performance characteristics. Unfortunately,

t

the solute retention -of thesc "aged” UM membranes T-38.9¢
were not measured during the continuous dlafiltration exper-

3 -
imens.
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A comparison between the "new" and "aged" UF "chosen”

membranes ic given in Table 8. Generally, "aged" membranes

™ . .
nave lower solwmte retention and lower permeate flux than

their initial values when they were first used. The degree
" . o s

4]

of cdeterioration in membrane performance characteristics is
rreatly depended on the extericiveness ¢of 1ts use and the se-

vereness of the operating conditlons.

¥or a membrane separation process to be an econOmical vi-
able unit operation, the membrane musty maintain a high trans-
membrane flux over lon~ perio¢ ol aperating time. - In ¥igure
24, *the product permeate fiux decreased sharply and levelecd

off with inecreasing volume of dilution ( Vy ). The initial

decrease in permeate flux was assoclated with membrane com-

joF

paction an

rmembrane fouliny effectc. The permeation curve
* - - -

leveled of'f at V

1.5 and the corresponding operating time

Hinl
P

was 280 minutes { see Appendix &1k ). The permeate rlux re-

maired fairly constant therealter Ifor a peried ot about 2000

minutes. The unusual long transient period was alco obhcerved
with the other "aged" membranes. 4

The results show that phytate can be completely removed

from the rapeseed extract by ultrafiltration and that a falr-

ly hish trans-membrane ITlux was maintaired over a long period

"0f operating time. . lower protein loss and a higher trans-
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Lffect of Zodium Chloride on the Removal of Phytate by lUlira-

filtration

Buring the removal of phytate from the rapeseed exztract
by continuous diafiltration, 4 (w/v) i sodium chloride solu-

tion was periocdically added back into the feed tank 1nstead
of pure water. The socdium chloride 1n the processing solu-

tion rmust be maintained a2t a certain concentration in or

[N
4

>

to retain the low phytate retention of the membrane. Thi

8]

wag _obtserved when UM experiments ucing the water extract of
of the rapesced sample Talled o produce a reascnable phytate-

protein separation.

hytic acid and its known saltc have molecular welghts
of less than 1,000 and are therefore cxpected to {recely per-
meate through the Ui membrane. However, our obscrvations on -

Ui e..‘oerlwe“"c macde wlth the water extract oif the rapesee

0,

sample and with only sodiur phytate in water have shown that
phytate barely; passed through the "chosen" Ur memtranes.
Similar observations were reported bty previous invegkigators

on the removal of phytate from the soybean extract by dial-

veis and by ultrafiltration ( 139, 146, 147 ).

o

In addition, we observed that the permeation of phytate

waz ¢reatly influenced by the presence of added sodlum chlo-

}

ricde, 'Thig is illusirated in rigure 25 with menmbrane LT-

o

L2,45, The Teed soluticn used for ultrafiltration was & 1i-

“o

-
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ters of 200 ppm of sodium phytate sample. The pH of the feed
solution was adjusted to €.3 with hydrochloric acid. The
foed flow rate was 2.5 L/min and the spplied operating pres-

sure was 137.9 XPa. The data are tabulated in Appendix al5.

t

Similar resul®s obitained for three other "echosen” Ur membranes

are included in Appendlx alb.

in Figure 25, the retentlon of phytate for membrane =T-
Lo 58 was measured to be £€.38 ;) in the absence oI adcded SO-
dium chloride, and 17.13 ~ in 0.25 (w/v} 5 of sodium chloride.
'he dramatic decrease in the pﬁytate retention with addec s0-
dium chloride indicated the effectiveness of sodlum chloride

in enhancin: the membrane perneation oI phytate. The producy

[N
0
O
3
0]
ct
£
3
ct
|
<
)

permeate flux remalne increasing sodium chlo-

ride concentration indicating no. sl

This waz cxpected since sodium crloride was observed to de
freely permeating the "chosen” 1w membranes. These observa-

tions are presented in Table 9.

(mocaiye and Cheryan ( 147 ) reported that phyTate did

F, (_1

ro0t readily permeate the T2 membrane with a 30,000 molecular

wei;nt exclusion limit. IZince carlicr reports indicated trail

phytate exists as soluble, unionized salts, except at high

solution pH { 12%, 173 - 182 ), they deductecd that the solu-
tility characterictics of phytic 2¢cid were rot the reason Ior

—_—
v
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its non-removal during ultrafiltratlion. Hence, they conclud-

¢d that interactions occurred beiween the phytate and the

protein which impeded the passage of phytate through the mem-

brane. Cur ulirafiltration studies, however, have shown lim-
L -df' .

a

ited permeation of phytate even in the absence of pro%ein in

the system as demonstrated by the sodium phytate solutlon
withou® the added sodium chleride. This shows that the con-

cluzion macde by Cmosaiye and Cheryan is insufficient to ex-

Taced on the analysis of thelr defatte

o,
4]

oy flour which

’_J
3
']
b
O
i
ct
[}
[¢3
ot
52
0
t
0

alcium and magnesium are 2.6 and 5.9 moles
per molc of phyiate respectively, de Rham and Jost ( 145 )

claimed that phytate exiszts agc insoluble calcium rhytate in

the soy extract.
with 2 concentrated sodium chloride solution Dbecause of

the shift o the cquilibrium from the ingeluble calclum phy-

+ate towards the soluble sodium phytate, 1.0,
.. W Py o Y . . +
sodium chytate + L2 < alcium phytate + .2
On the ultrafiltration of sodium phytate - water systiem, we

-

observed low phyiate permeation in the absence of added so-
¢ium chloride. lowever, the semi-guantitative analysis

A

nple used 1In our ¢ experiments, as

-

Trhey concludea that phytate can be dialyzed
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Table 10  Semi-Quantitative Analysis of the Sodium Phytate
Sample
SEMI-QUANTITATIVE ANALYSIS N
Sample No. Lot L2lg-A From:_Ottava University . ‘
$.0. Bl-0L-01-933
Method: o Date: _Apzil 13, 19 8L
32

Ng. of Elements:

Analyst:

MAJOR ELEMENTS (%) | <.003 [ .003-00 .01..03 0301 0.1.03 | 0310 ] 1030 | 3000 | > 100 REMARKS
5102
Al504
Total Fe IFe203) ¥
M. -
qo X
Ca0
X
Nay0 X
KZ0 x .
T-O-‘. X %
TRACE ELEMENTS (%) ‘
V. X
Cr b's
Mn X ~
C 1
Ni T — |
Cu K\ X 1
Zn X |
A \X\ 1\
s % |
; X |
z x |
Nb X - ‘
Mo X i
Ag ¥ !
Sn v {
sb y |
b . - T
La X l |
Ce ¥
w X !
Po X L
B X l __
Th "
! ] [
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total metal impurities to phytate was only 1 : 12.7. Theoret-".

ically, the required stoicheometric molar ratio for divalent
metal ion to phytate is 6 : 1 and for trivalent metal ion to
phytate is 4 : 1. Hence, the low pe:meétion of phytate can
rnot be solely attributed to the formation of insoluble metal-
phytate complexes, and the effectiveness of the sodium chlo-
ride in enhancing the phytate permeation can not -be simply
explained by the displacement of the equiyibrium; 1t must
also be pointed out that de Rham and Jost ( 146 ) based theilr
metals - phytate molar ratios on the composition of the soYy

r

fiour and not of the soy extract.

In order to explain the observed phenomena of the ultra-
filtration of phytic acid, a postulate is made based on the
structural configuration of the phytic acid molecule. The
structure of the phytic acid ( Figure 1 } indicates that the
association among the phytate molecules is highly favorable.
Wnen the six phosphate groups of the phytate molecule are not
saturated with the positively charged mineral ilons, these.
phosphate groups can form hydrogen bonds with the surrounding.
water moleculés and with the phosphate groups of the other
phytate molecules. Therformation of the intermolecular hy-

. drogen bonds among the phytate molecules most probably 1n-
volve the hydrogen of the hydroxyl‘group of one molecule and

the oxygen of the 0 = P group of another molecule. The phy-

tate molecule therefore does not exist as a single isolated

AV
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AN
molecule, but rather as a huge hydrated molecular aggregate

with the other phytate molecules. This may e the primary-
reason for the limited permeation of phytate-in the absence

of added sodium chloride, despite its low molecular weight.

In order for the phytate molecules to be readily
permeable through the UF membrane, they should exist in the
soluble form and not be strongly associated with each other
and/or with protein molecules. The nydrogen bondings among |
the phytate molecules and befweén the phytate and the wéfer
molecules could be precluded Dby saturating the phytate
molecules with positively charged ions. Furthermore,
previous experimental evidence ( 33, 129, 139, 146, 178,

184 ), showed that sodium phytate as being the most water SO-
luble salt of phytic acid. Hence, sodium ion is probably the
logical choice of catlon 10 saturate the bhytate molecules
to increase thelr membrane‘permeation. This, together with
the displacement of the équilibrium by the excess sodium

ions ( 146 ), could probably be sufficlent to account for
the effectiveness of added sodium chloride in enhancing the

permeation of phytate by ultrafiltration.

-
~

7P
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Unsteacdy State Eehaviour of the Ultrafiltration’ of Sodium
. -

- .

Phytate Solution

ixperiments were conducted to estimate the approximate
+ime required for approachlng steady state conditlon guring
<he ultrafiltration of sodium phytate feed sclution. 7The.,
feed golution usec¢ was 4 liters of 200 ppm sodium phytate

colution with 4 (w/v) .» sodium chloride. “The feed flow rate

was 2.5 1/min and the operating pressure was 137.9 KFa. The

pE of the feed solution was acjusted 10 6.3 with nycrochloric
, 3 . ) )
acid. “The results obtalned with o¥ memoranes LI-37.14, ZT-

I

4&.L0, 2T-65.25, and =T-74.71 are plotted in rigures 2¢ to 29

and are fabulated in Appendix 416,

srom Fizures 26 to 29, the phytate permeation curves for
membranes cast - in lower ethanol concentration baths ( Ur
membranes ZT-37.14 and =T-L6.40 ) approached thelr steacy
state value much sooner than that Tor membranes casted in
hicher ethanol congentration vaths ( UF membranes =ZT-65.25
and ETCHL.71 ). The reverse was true for their product per-
meation curves. ZIimilar obsgrvations were made with the
Tower meal extract. hether this behaviour was related £0
the structural strength of ‘the rembrane, itz porosity and its
pore size, are not certain. o further worx was cone to elu-
cidate an explamation to these observa<tions. Tor the "cho-

con” membranes wI-37.14 and Tr.L44.L0, it was observecd that Lsg
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minutes of ultrafiltration was sufficient to obtain the

steady state valueg i1or phytate retention and product per-

meate Tlux.
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Sffect of Feed Solution pH on the Removal -of Fhytate Irom
Rapeceed Ixtract by Ultrafiliration

>

- Cur earlicr works showecd that the presence of suill-

e

cient amourt of godium chloride in the processing solu-
tion was esscntial for obiaining high permeation of phy-
protein and cationic impurities in the processing solu-
tion may atrfect the extent of phytate permeation cven
with adced sodium chloride. The protein and the cationic

3 3 3 -~ PR IR . ol . 2 e
irmpuritiec may interact with phytate to form various dny-

irfluence by *the concentration, pi, and lonic strength of
tre colution. Henen derending on the chen ical environ-

-

. - . PR W . =" \ .
ation + Fhytic acid == { Cation-phytic

(@]
£
0
[ h
.
g
Pl
=
f—

Frotein + rhytic acid «—— ( Frotein-Trytic ac

Pt
(o]
-
et
b
[l
~—

—_—N .

Urotein + Cation + rhytilc acld T—= " .

( frotein-~Cation-ihytic acid )

i-
[
-4
e
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Since only the free phytic acid ané the scluble =

N

is0¢ cation-phy*ate compounds are readily permeatin

'

"chosen” Ur membranre in the presence of suffitclent amount

N

of sodium chloride, the extent of pnytaﬁe removal “from
“he system by ultrariltration will therelore de?end on
the relative magnitudes ol the assoclatlon constanis {ov-
erning the above cquillbrium cquations.

The periormance of the membtranes on phytate - proteln

separation was z2freccted By the pi ol the Teed solution acs
* >

demonstirated oy fizures 20 andé 21 feor U membranes =T-

09 3 T + G mrsEmme Yy g e -
~low rate was 2.5 L/min and the operating pressure was :

137.0 lra. The ph of the Teed solution wac acjuste

(93
=
[
ct
b

mwdrochloric aclé and codium hydroxide solutlorn.

- protein

™

rizures 30 ané 31 chow that the phytat

3

sevaration oY the "chosen" membrane was _reatly improved

“at

v shiftins the processing solution pi from the normal

z I A
5,3 %o 2.5 much lower nhytate retentlon was observed
. 3 5. am poleRd
at n o 5,9 indicatins that phytate was less assoclated
. -
j4n tho rrotein at this conditlon. 1t was theriorec suc-

nected that pil 5.5 might be the mean igoclectric pi for

the pulk rancceed orotoins in the Candle flour cxtract
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soluticn. lowever, attcmpis made TO verify this polint by
potentiometric £itration of the extiract solutlion falled
to identify the igoeleciric points of -the extracted pro-
telins.

telow the pil of 5.5, the phytate retention oi the

wehogen' LY mermbranes increaced with decrecasing pE. This

oTTept war associated with the Incxease in elecirostatic
/\... i
attraction between the posit?&ely charged protein and the

ne-atively charsed phytate moleCEle ( wquiliorium 1l ).
[

T a1l of our experimental concitions, the phytate mole-

+ o gtrony clectrostatic a+traction ( 144, 179, 150,

Y. Iniz "fruc” isoeclectric pi may wvarles from one
arotoin to another. JSince the exiractec raposcec pro-
toine are almooi totally rejeoctod vy the mehosen™ UL mem-
hrano, the phytate that 1o bound to the proitein will also

Ltove the nii of 5.5, the amount oi phylate removed
egresse( with inereacing ph. This eTfect was atir
5 the increasing strength of the multivalent cation link-

2ie with increasing pi ( sguilibrium 111 ) and / or
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decreasing solubility of the catlon-phytate salis at high

o { Equilibrium I ). Inspite the fact that the clec-

trostatic effects are miror at hish pi, there was a fair-

1y ctrone assoclation between the agueous extracted pro-
teing of the oilsceds and the phytate av alkaline pi as
[ -

showm by the elecirophoritic results reportec by C'lell

d
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ct
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ot
ct
©
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o
*_a

inding vétween rhytate and proteln

Surthermore, higsher pii favors the formatlon of calcium

The obhoerved Tehaviour ci the procuct

lux was cuite interesting,. 1t decreased linearly wiith
- T ‘ﬂ ~
decrracing pii as 1llus<trated in figures 30 and ZI.

“Mether this was cuc to the change 1n membrane characiler-
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hytate - proteln separation was not very notice-
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Effect of Variation in Feed Flow Rate on the U trafiltra-

tion of Albumin Bovine Fraction V Solution -

To prevent the solute concentration duild up -in the
solution at the vicinitj of the membfane surface, it is
necessary to introduce a high degree of turbulent flow
within the UF cell unit. A high feed flow rate combined
with proper geometry of the flow system can accomplish |

this purpose.

The effect of feed flow rate 6n‘fge separation and
flow characteristics of tﬁe "chosen" membranes was exam-
ined using the albumin bovine fraction V solution. fhe
" "chosen" mémbranes used were ET-39.91, ET-41.76,.and ET-
43.60. The feed solution was 8 liters of 60 ppm of

albumin bovine fraction V in water. The feed solutiqn
PH was unad justed and was measured to be 6.75. The UF
experiments were performed at a fixed operating pressure
of 137.9 KPa. The feed flow rate was varied from 0.5

to 2.5 L/min. The results of tﬂese 13 experimen%s are
tabulated in Appendix A18. The data obtained from a I

wcnosen” UF membrane ET-%1.76 are plotted in Figuré 32.

As illustrated in Figure 32, the product permeate
flux increased linearly with feed flow rate. The protein
retention also increased with the feed flow rate. The

protein retention was close to 100 % at the feed flow

L
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rate of 2.5 L/min. However, the protein retention of k

the "chosen" UF membranes ET-41.76, as exemplified by \:}\
figure 32, was observed to be much lqyer at the lower
feed flow rate in comparison to that observed with the

‘Other "chosen" UF membranes (.see Appendix A18 ).

An‘increase in feed flow rate i;creases turbulence
inside the cell unit. This in turn increases the solute
mass- transfer coefficient and-thereby decreases the con-
"~ gentration polarizaﬁion y l.e., the amdunt of solute
( protein )} arriving at tﬁe membrane surface decreases
as cross flow increases. Consequently, the effective
solute ( protein*) concentration ét the membrane surface
is reduced, along with. the concentration driving force
for trans-membrane solute transport. This éffect will
be more pronounced with the larger effecﬁive pore size
and greatgr.porosity:UF membrane since the cross flow
.will be contending with a greater degree of concentration
polarizatiqn. An iﬁcrease in turbulence also decreases
the th;ckness of the boundary layér and theféby decreases
its effective resistance to mass transfer, particularly
the transport of solvent.\ Hence, an increase in feed

flow rate resulted. in an increase in protein retgntion

and product permeate flux.



TN

135

Effect of Vériation in Feed Flow Rate on the Ultrafiltra-

tion of Sodium Phytate Solution

The effect of feed flow rate on the separation of

sodium phytate was demonstrated in the absence of added

sodium chloridg and in the preésence of 1 (w/v) % sodium
chloride. The “choseﬁ" UF membranes u;edmﬁere ET-139.91,
ET-41.76, and ET-43.60. The feed solufion.was 8 liters
of 200 ppm of sodium phytate in water. The feed solu-
tion pH was adjusted to 6.3 with hydrocﬂloric acid. The
applied operating pressure was 137.9 KPa and the feed
flow rate was varied from 0.5 to 2.5 L/min. The results
were very sigilar §o that obtained for the albumin bovine
fraction V . The data are tabulated in Appendix AlS.

The data obtained from a "chosen" UF membrane ET—&I.?%

are plotted in Figure 33.

Figure 33 shows .that the pfoduct permeate,flux‘in-
creased linearly with the feed flow rate. The same per- .
meation flux curve was obtained for both with ;ﬁd without
the added éodium chloride indicates that the free permea-
+ion.of sodium chloride was not affected by the changes
invthé feed flow rate. The incréase in product pg;meate

flux with increasing cross flow was due 1o the decrease

in the effective resistance- of the bgﬁndgfy layer to

solvent transport with increasing turbulence. The
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T
bermeation of phytate was lower at the-higher feed fl?wb///
rate because Of decreaéfng concentration polarizatia£ with
increasing cross flow. It was observed that the yariation
of feed flow rate had a greater effect 6n phytate-removal
when sodium chloride was not added in ihe feed solﬁtion.
particularly at the lower feed flow rate. However, the
addition'of_sqdium éhlé:&gg in the feed solution greatly
enhanced the removal of phytate at all tested feed flow

rate.

-

* The effect of feed flow rate on the membrane perme-
ation of phytate was also investigated with the 75 ppm of
sodium phytate solution.in the presence of 1 (w/v) % sodium
chloride. The UF experiments were also performed at thé
same operating conditions using the same set of "chosen" UF
membranes. The data obtained are included in Appendix Al9.
The results were compared to the data obtained previously
for the 200 ppm of sodium phytate solution with added 1
(w/v) % sodium chloride. The comparisgon made for a “cho-
sen” UF membrane ET-41.76, at the two different feed con-
centrations, 1s plotted in Figure 34. it was observed that
at both feed concentrations, the product permeate flux and
the phytéte retention increased linéarly with increasing

feed flow rate.

»
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Generally, at a given operating pressire aﬂd feed flow

rate, both the solute retention and the product permeation
' flux decrease with increasing feed concentration. fhe

1atter effect is simply due to the incfease in osmotic pre-
ssure, and hence a decrease in effective driving pressure
for fluid flow. The effective driving pressure for fluid
fiow through the membrane is the applied operating pressure
minus the difference between the osmotic pressure of the
membrane boundéry layer solution and of the membrane per-
meated product solution. In addition, there is a greater
probability_of membrane ﬁouling at higher concentration.
However, there was no observable-difference in the product
per@eate fluxes a%t the two different feed concentrations,
as shown in Figure 34. Their magnitude of concentration
difference could be insufficient to cause any significant
difference betw%iiﬂjpeir effective osmotic pressure driving
forces. It can be seen from Figure 34 that the permeate of
the more concentrated feed solution ( 200 ppm ) was higher
in solute content and accordingly, was higher in osmotic
pressure. Hence, the higher osmotic pressure of the more
concentrated feed solution could‘be offset by the higher-gﬁ
osmotic pressure of its permeation product. ~The net effegﬁ
could, therfore, be no difference igitheir effective driv-
ing pressure for £iuid flow. Furthermore, the membrane

“ fouling effect will be less influential with the sodium

[—
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phytate - water system. The lower retention of phytate at
highér/%eed-concentration can be attributed to the greater
degree of concentration polarization and consequently, a

greater concentration dfiving force for the trans-membrane

solute transfer.

N
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Effect of Variation in Feed Flow Rate on the Ultrafiltra-

tion of Rapeseed Extract

»

-

The effect of feed flow rate on the removal of phy-

tate from the rapeseed extract by Altrafiltration was

_demonstrated -with the *chosen” UF membranes ET-39.91,

ET-41.76, and ET-43.60. The feed solution was 6 liters of
Tower meal extract prepéred from 2 (w/v) % sodium chloride .
extraction solution at a v/n ratio of 200 mi/g. The pH of
the feed solution was unadjusted and was 6.3. The applied
operating pressure was 137.9 KPa and the feed flow rate was
varied from 0.5 to 2.5 L/min. The data are tabulated in
Appendix A20. The results obtained from a "chosen” UF mem-

brane ET-41.76 are plotted in Figure 35.

As observed in Figure 35, the phosphorus ( phytate )}
retention decreased with increasing feed flow rate, while
the nitrogen ( protein j retention was not significantly
affected by the feed flow.rate variation. The produéf ﬁer—
meate flux increased rapidly with feed flow rate. This
indiéﬁtes that an inerease in cross flow was highly effec-
tive in reducing the concentration polarization of‘iroteins,
thereby reducing the membrane fouling effect. An increase
in crossflow alsoe increases turbulence, hence decreasing ’

the hydrodynamic boundary layer resistance to fluid flow.

1t was observed earlier that in the absence of protein,'fhe

¢
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phytate retention increased with feed flow rate. However,
the presence of profein molecules in the solution will
strongly hinder the permeation of phytate due- to strong
phytate - protein interaction, pgrticularly at t{i;z;gsnity
of the membrane surface, where the concentration polariza-

-

tion effect is greater. An increase in feed flow rate will

ééducg the concentration polarization of protein which in
effect will increase the permeation -of phytate. 'This ex:
plains the decrease in phytate r;tentio; with increasing
feed flow rate in the presence of ﬁrotein. as obtainéd with

the Tower meal extracti
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Effect of Variation in Applied Operating Pressure on the

Ultrafiltration of Rapeseed Extract

The effect of applied operating pressure on.the remov-
al of phytate.from the rapeseed extract by ultrafiltration
was démonstrated with the "chosen" UF membrane ET-39.91,
ET-41.76, and ET-43,60. The feed solution was 6 liters of
Tower meal extract prepared from 2 (w/v) % sodium chloride
extraction solution at a v/n ratio of 200 ml/g. The pH of
the feed solution was unadjusted and was 6.3. The feed
flow rate was 2.5 L/min and the applied 0pefating pressure
was varied from 68.95 to 179.26 KPa. The experimental re-
sults are tabulated in Abpendix A21. Tﬁe data obtained
for the "chosen" UF membrane ET-43.60 are plgfted in Figure

36.

As 1llustrated in Flgure,jé an increase 1n operatlng
pressure lncreasedaboth the s;I:%e retentlon and ‘the pro-
duct permeate flux. The lncrease in proteln and phytate
retention with 1ncr9351ng .operating pressure could be due
to a decrease in the average ef;ectlve pore size on the
membrane surface because 9f membrane compaction effect,

and / or an increase in the preferential sorption of the

membrane for pure water at higher pressure. The increase

in product permeate flux with applied operating pressure

was mainly due to an increase in pressure driving force

»1\-
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for fluid flow. However, at higher values of operating
pressure, the product permeate flux ceased to increase
further, while thé protein and phytate retention continued
to inerease markedly with incfeasing operating pressure.
The-increase retention of protein and phytate will result
in an ipcreasg/in_effective gsmotic pressufgxﬁifference
across the mémbraﬁé. Nevertheless, this change in effec-
tive osmétic pressure differencé would not be sufficient by
itself to account for the increase in the overall resisf-
ance observed at the higher operating pressure. The in-
crease in the pressure driving force, due to the increase
in operating pressure, will increase the build up of pro-
teins in‘the,concentration polarization region. This will
eventually increase the thicknessnof the polarization gel
layer. Hence, an incréase in the pressure cdriving force
for fluid flow is counterbalanced by an increase in the
overall resistance 1o fluid flow arising from the incfease

'iﬁ the thickness of the gel layer.

The slight decrease in product permeate flux beyond
the ¢perating pressure af 275 KPa, as qbserved in Figure
36, could possibly due to membrane compaction and /or
membrane fouling effects. The observed hysteresis effect
could also be attribut\ to.membrane compaction and / or
membrane fouling effects. The pressure dependence of phy-

tate retention indicated in Figure 36 is important. It

rl

3
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shows that in order to remove the largest possible amount

’ v
of phytate from the rapeseed extract by ultrafiltration, a

low operating pressure must be used.
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An Economic Evaluation of the‘Proposéd Process for the

Production of Low - Phytate Rapeseed Proteln Froducis .

A schematic flow diagram 6f the propoéed process for
" the production of low - phytate rapeseed*prﬁtein products is
given in Figure 37. However,‘%he actual operation process
will depend on the type and gquality of the rapeseed feed and.

on the processing objectives.

;n Figure 37, phytate_is removed from the rapeseed meal
by a multistage crosséurrent extraction process using éque—
ous sodium chloride ekﬁraction solution. The insoluble meal
is separated and washed ( to remove the salt ) by centrifuga-
tion and is dried to obtain a low - phytate reduced protein
rapeseed meal product. The liquid extract phase is filtered
and vasturized to reduce its microbiological load prior to
the recovery of the\dissolved protein by.membréne processing.
This pretreatment of the extract is.expected to improve the
membrane performance. A sequence of ultrafiltration -
continuous diafiltration - ultrafiltration is employed in that
order, so as to optimize the exjent of phytate removal versus
processing time. The purpose of the continuous diafiltra-
tioh is two - fold, namely (1) for ensuring complete re-
moval of phytate, and (2) for desalination. During the
course of cohtinuous diafiltration. sodium chloride solu-

tion is added back to the retentate for the phytate removal

~



149

= Qo

J0 uotyonpoad ayy JoJ ggaooad pesodox

Tesn
utajold paonpay

. *{ 8tsousp asaaaay = O

fuoT3BIFTTIEILTN = N

A d

fUOT3RAFTTIEBTQ SNONUTIUO)

) sronpoad uyejoad peasadea ajelAyd-mot

d eyy Jo weadeyp MOTJ D3BULYIS ¥

L€ 2andTd
2
J938M J278H
a1oAoay dn-9a By}

uoT1o8BIIXT

ajvylyg-mno1 € JeKaq : F
818J3U80U0D . (19181 a{oAoay) anpisay
oy Aag ajveuxad oY aygqnrosul
A SELR-] 0\
Tehaq 979J4U30U0) . @
feadg & oy worsks oY agnJ1a3uad
. . ) T
ajuto8] ajwawlad 10819 X
9183 AUJ-Mo] an peasadey
. . @
1 _pmpﬁau:mum
Jaka . 1oud3 Xy woyek - :wssrmp
Al uysjoxd ' 1BAS juawyeady,
fradg pajelauadsuod .| An-ao-4n 383Y
o I

8783Aud

TE3Y
paesadey

[3

1DeN



~2

-

150

-

-

stage, and water is.added beck to the retentate for the
desalination‘stage. The continuous diafiltration'will also
help to overcome the problem of concentfation polarization.'
The final concentrated pfotein solution from the UF unit is
spray dried to obtain a low - phytate rapeseed protein iso-
late. for economloal and environmental considerations. the -
permeate from the UF operation 1is processed by the reverse
osmosis unit to reclaim the water and the sodium chloride

+o be use by the phytate extraction process. The phyfate
concentrate from the RO operetion could possibly be proc-

essed to obtain purified phytate for pharmaceutical use.

An economic analysls was performed on the proposed
process glven in Figure 37- The predesign cost estlmatlon
was based on an average size plant processing 30 million
pounds of dehulled deoiled rapeseed meal annually, oper-
ating 300 days per year and 24 hours per day. It wes esti-
mated that 1 pound oqijghulled deoiled rapeseed meal would
yield about 1/2 pound of Low - phytate rapeseed meal, 2/5
pound of low - Dhytate-ifgeseed 1solQEE/’and 9/100 pound of
reverse osmosis concentrate. The material loss was estimat-
ed to be 1/100 pound. The actual yield data for the prod-
ucts will depend on the type and the quality of\the rapeseed
meal being processed. An overall material balance for the

raw material and products is given in Table 11.

G
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The estimated capital costs for the proposed plant is
given in Table 12. The cost estimation was based on the
cost figures obtained by Hensley and Lawhon ( 189 }. The
cost data were updated to suit the_ﬁresent processing
plant. The cost figures given in Table 12 are' based on
Marshall and Stevens all industry index of 696.9 for the

first quarter of 1981.

The opération processes of Figure 37 were divided inte
four major unit opefétions ( Table 12 ). The major and
auxiliary equipmenté were included in each of the equip-
ment divisions. The "Building and Miscellaneous" divi-
sion include all buildings, process piping and wiring,
distribution and yard maferials, a capital cost contingency
factor, field labor, and engineering costs. Equipment in-
stallation and freight costs were estlmated as 20 % and
1.5 % of the f 0.b. equlpment cost, respectlvely. Pro;ess
building and warehouse requirements were determined by the
production capacity of the proposed plant. Process buiding
and warehouse costs were taken as §$ 46 / £t2 and $ 24 / ft2,
'réspeEtively. Service building costs\were considered at
_4 % of tﬂe total f.o0.b. equipment costs. Process piping
and wiring materials, distribution material, and yard mate-
rials costs were calculated at 10 %, 15 %, and 5 % of the
f.o.b. equipment costs; respectively. A capital-cost con-

tingency factor was included as 5 % of the total capital
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costs from the equipment divisions I - IV plus buildings
and plant materials. ~&ield labor and engineering costs
were calculated at 20 % and 10 %, respectively, of the to-

tal capital costs of the equipment divisions I - IV,

The annual production cosis, excluding the raw-ma-
terial cost, is given in-Table 13. The production costs
for equipment divisions I - IV included depreciation, util-
ities, operating labor, membrane replacement, maintenance,

N and miscellanéous expenses. Cquipment depreciation was
considered at 10 % annually. Electricity and thermal ener-
gy costs were calculated at § 0.035/XKw-hr and $ 2.50/1063TU
( based on natural gas ), respectively. Operating labor
was considered at $ 16/hr ( included benefits }. The oper:
ating costs for »Building and Miscellaneous" division con- )
cisted of fixed and variable costs. Building depreciation
( based on 15 year 1ife ), supervision, indirect payroll
costs, and general wOrk expenses were included in the fixed
costs. Operating supplies, laboratory and service costs,
and contingenclies were included in the fixed costs. The
energy and labor requirements for the proposed plant is

r
sgiven in Table 1.

The estimafed capital costs for the proposed plant, as
obtained from Table 12, was $ 0.43/1b of rapeseed meal pro-

cessed.. The production costs, as shown in Table 13, was /

el

$ 0.19/ 1b of rapeseed meal processed prodﬁcing 1/2 pound
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of low - phytate rapeseed meal, 2/5 pound of low - phytate

rapeseed isolate, and 9/100 pound of dried RO phytate con-

centrate. The cusréﬂt price quotation ( May 29, 1981 } for
deoiled rapeseed meal with hull is $ 203.25 - $ 225.50 per

short'ton; Presently, there is no market priée for the

dehulled deoiled rapeseed meal and rno company makes it.

The profitability of the-low - phytate fépeseed pro-
tein production plant was evaluated at the 20 per cent level
of return after the taxes. The raw materlal cost was taken
as $ 225.50 per short ton. The sale of the low-phytate ﬁeal-
was at 60 % feed cost. The calculation is summarized 1in
Table ;5, " The selling price of the-low - phytate rapeseed
isolate, as shown in Table 15, was § 0.97 per pound. Tﬁe
calculated selling.price éf the isolate does not include the
selliné price of the RO phytate concentrate. In mid-1978,
conventional soybean isolates were selling for U.S. § 0.80-
0.95 per pound in carload lots ( 189 ). In comparison, the
selling price of the low - phytate rapeséed isolate would be
competitive with the commercial soy isolate. This prelimi-
nary cost estimation suggests that the proposed plant would

.

be economically feasible.
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Table 15 Profitability of the Low - Phytate Rapeseed Protein

Production Plant.

1) Raw Material Cost : $ 3,382,500 / yr
2)_Production Costs 3 5,612,600./ yr
3) Total Costs ( 1 + 2 ) $ 8,995,100 / yr
4) Net Profit { 20% ievel of return ) ¥ _1;799,020 / yr
5} Taxes $ 1,799,020 / yr
6) Grdss trofit ( 4 + 5 ) ¢ 3,598,040 / yr
7) Totai $ales'( 3+ 6 ) 1 . $ 12.593.1£0 / yr
8) Sale of Low-Fhytate Meal

(at 60 % feed cost ) & 81,014,750 / yr
9) Sale of Low- Kytate Isolate  § 11,578,390 / yr
10) Léw-Phytggzelsolate Selling Pfice $ 0.97 / 1b

,ﬁ
—~— K )
- - " - J

A .



159

CONCLUSIONS

-

This study has‘presented a potential commercial method
for the manufacturé of lqw—phytate or phytate-free rapesee@
protéin products. Such ﬁrbducts. in the form of meal or
flour, can be produced byrrfmqving the phytate with dilute
aqueous sédium chloride solution using established extrac-
tion techniques. Those extracts high in dissolvéd protein

can yield fygﬁ&gr product by first removing the-phytate

— A

/ - - .
using continuous diafiltration and then concentrating-the
resulting solution by ultrafiltration. -Consequently, a
low-phytate or phytate-free rapeseed isolate'is obtained

-

from the extract.

\ffpe extraction experiments s@owed that phytate is
virtﬁally-completely remoﬁed from deoiled rapeseed using
dilute sodium chloride solution. Important factors gov-
erning the extent of phytate dissolution and protein losses
were believed to be: sodium chloride concentration; type of )
rapeseed; v/n ratio; and the initial pH of the extraction (:’J

. "
medium (limited to the range of 3 to 10 %o aveid protein. :
denaturation). Testing of these variables led to the fol- \\
lowing findings.
_.Extenf of phytate d&ssolution: >
(] ;ncreased dramatically and approached completion
rapidly‘with increasing.sodium chleoride concehtration

and with increasing v/n ratio
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e was indepepideniNgf thé type of rapeseed and of fhe 3

initial pH of the extraction medium.
EZxtent of protein dissolution:

e increased and approachéd a iimiting valué rapidly
with increasing sodium chloride concentratién. This
‘limiting value of proteiﬁ dissolution was found to be
dependent on the type of rapesepf and its processing
history -

e was independent of the v/n ratio and of the initial
| pH of the extractién'médium. B -

It was further demonstrated that the degree of phytate
repoval and protein loss from a deolled raﬁeseéd can be
estimated graphically using equilibrium diagrams .constructed
from experimental values. The results obtained for a multi-
stage crosscurrent extraction experiment showed éxcelleht
agreement between the estimated vélues and the actual expér7
.imental data in the case of phytate. Less satisfactory

agreement was obtained for protein.

Membranes for the ultrafiltration were succeésfully
prepared. by ﬁroper‘choice of casting solution (for optimum
permeate flux), and controlled alcohol conteni of the gela-
tiom bath (to give appropriate pore size ‘and porosity).

The membranes were characterised by high proteina- low
phytate retention. Fabri?ation was simpl$ and inexpensive.

It was demonstrated by a continous diafiltration experiment

-

9

A TI
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that a-complete removal of phytate from a rapeseed extract

was attainable w1th a relatlvely low proteiln loss.

Ihe phytate- proteln separation by ultrafiltration was
shown to be greatly affected by the solution conditions and
operating parameters. - The follow1ng conclu51ons can be
drawn from the ultréfiltration éxpériments:

. the presence of sodium chlorlde in the process

~solution was essential in order to obtaln a hlsh
degree of phytate De*meaulon

¢ the optimum pHE for phytateuproteln separation was

around 5.5 ) B

~ .

e it was necessary to operzfe at a high feed flow rate
and 'at a low operating pressure in order to obtain

the highest possible phf%gte-proteinyééparation.

A postulate pased on the molecular structure of phytic
acid was developed to explain the observed phenomena of the

ultrafiltration of phytate as affected by the presence of

. sodium chloride.

Finaily, a pre-design cost evaluation of the prgg%sed
process ?or the production of low-phytife rapeseed p;otein
products showed that the production plant would be economi-
céllnyeasible. The calculated selling.price of the low-
phytate rapeseed isolate was_céhpetitive with commercilal soy

isolates.

AN
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RECOMNMENDATIONS

Further studies should include the followings:

the optimum phytate extractlon temperature.

the feasibility of preparing a low - phytate rapeseed

isolate by effectively extracting the protein using

—_aqueous ethanol - sodium chloride solution while retain-

ing the phytate in the meal. —
: 5

_ - \
the extraction and-ultrafiltration of glucosinolates,

=Y
the feasibility of using a dispersed mixture of ae01led

rabesgé; in aqueous sodlum chloride solution as feed fer

dirett removal of these antinutrients by ultrafiltration.
- J B

the pretreatment of the rapeseed extract, such as pasteur-
ization, for bacteriological cortrol and for improvement

in membrane performance.

the sanitation of the ultrafirﬁratidé equipment and
operation process with a view to formulate a practical

cleaning procedure in order 1o cogprol the microbial

growth and to extend the useful lifetime of the membrane.

the nutritional guality of the low - phytate rapeseed meal

e

and isolate f{-4including the effect of thelr sodium content).

if they are nutritionally desirable products, then a rilot
plant operation should be undertaken to study its feasi-

bility. e
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APPENLIX A1 EFFECT OF HYDROCHLORIC ACID CONCENTRATION Oiv THEZ

DISSOLUTION OF PHYTATZ FOR THEE CONKERCIAL TOWER bhEAL,

Kormality of HCL -o Phytate DisSolution
0.000 10.50
0.056 15. 56
0.113 —. , 37.14 C\
0.170 - 79,98 \
0.226 89-53
0.232 oL, 52
0.332°% 98.55
0.L452 : ol ob.
’ b §
0.565 03.¢8 ,
1.356 \ 100.00 ,
1.465 | g7.68

v/n = 200 =1/¢
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0
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. 000
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.072
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C1lL

.216

180

SULFURIC ACID CONCENTRATION ON THE

FOR THE CORMERCIAL

f_/_ﬂ,._ -

TOWER ILEAL.

» Phytate Dissolution

10. 50
39.02
57.68
70. Ll
82.61

91.3%
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APPENDIX A3 ErF=CT OF SODLUI SULFATE CONCENTRATION OK THE
- : -

DISSOLUTICH COF PHYTAEQﬂEBé/THE,COM&ERCIAL TOJER MEAL.

Go NazS0y (w/v ) /s Phytate Dissolution -
0.00 , 110.07
0.50 - 71.80
1.00° i 81.07
2.00 | . 83.91
4.00  90.43
6.00. G5.17

) : @

10.00 | ' 100.00C _ *

v/n = 200 nl/c
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APPENDIX A16 Unsteady State Behaviour of the Ultra--

"4ﬂ\\\\ filtration of Sodium Phytate Solution
" .t .
ET-37.14 N
Operating % Sollte Total Permeate Product
Time Retention Volume _ Permeate Flux
( min ) 6ﬁgi ) ( m2/8ay m° ) “//’#//N“J
1.5 40.00 C%I{?B 7.9049 |
5.5 12.23 32.20- 5.8070
19.5 15.73 50.75 - 3.9877
28.5 15.12 71.28 3.0569 y
39.0 23.53 92.32 2.6245
4&.0 24,78 111.70 2.2531
“Tﬁéf.s‘ 19.04 . 131.15 2. 3496 (TJ
67.0 20.25 151.80 2.0442
27.0 24.08 ©171.60 1.9435
86.5 18.11 189.30 1.8013
95.5 22.56 205.50 1.8238
105.5 21.04 221.40 1.7342
114, 5 25.16 | 236.48 1.6392
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APPENDIX A16 ( CONT'D )

ET-46.40
Operating %o Solute Total Permeate Product
Time Retention Volume Permeate Flux
( min ) ) ( ml ) ( m2/day m? )
1.5 15.32 14.75 9.9021
9.5  —-m-- 40. 30 7.2503
18.5  =—-=- 60. 32 6.1930
27.0 S 80.10 5.3119
37.5 7.35 103.00 49745
46.5 $.73 126.70 45717
55.5 ====- 149.45 4.5919
6h.5 6. 5L 171.72 4. 3804
.5 10.21 193.05 4.2092
85.0 7.14 215.65 4.0783
94,0 9.60 239.48 3.9189
104.0 10. 44 ) 262.35 3. 7594
113.0 . 12.02 28445 3.6587
™~
.
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APPENDIX}Alé ( CONT'D )
ET-65.25
+ Operating v Solute Total Permeate Product
Time Retention Volume Permeate Flux
( min ) ( ml) ( m2/day m° )
4.0 85.97 6.48 1.6301
12.5 54,62 20.65 1.7231
21.0 49, Lk 35.12 1.7307
3043 33.14 50.15 1.6615
39.5 3,41 65.88 1.6728 ,
48.5 33.63 80.80 1.6671
57.5 24.92 95.82 1.6951
67.0 23.05 111.90 1.7119
77.0 25.46 128.78 1.6867
86.5 20.18 144,75 1.7006
96.0 21.65 160.75 1.6917
105.5 23.89 176.38 1.6167
115.0 24 . Bl 191.85 1.6615
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APPENDIX A16  ( CONT'D )y

ET-74.71
Operating % Solute To+tal Permeate Product
Time Retention Volume Fermeate Flux
( min ) ( ml ) ( m3/day m? )
4.0 ' éé.kQ . 11.8 . 2.9706
12.5 93.21 37.1 3.0201
21.0 66.29 62.35 2.9580
30;0 38.52 88.15 2.8296
39.5 39.71 114.62 : 2.7804
48.5 42.62 139.08 2.6909
57.5 28.02 163.22 2.7133
67.0 25.54 188.70 2.6887
97,0 27.90 215.15 2.6383
86.5 2l .78 -~ 240.02 2.6350
96.0 ' 24.08 264 55 2.5678
105.5 l26.90 ) 288.48 2.5007
115.0 25.95 311.80 2.4470

a»

Feed solution: 200 ppm of sodium phytate solution with
L (w/v) % sodium chloride; pE = 6.3

Feed flow rate: 2.5 L/min

Cperating Pressure: 137.9 KPa
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APPENDIX Al7 Effect of Feed Solution pH on the Removal

" . of Phytate from Rapeseed Zxtract by Ultra-

filtration

ET-38.99
Solution % I % P ~ PWP Flux PP Plux
pH Retention Retentioh (m2/day n2) (m’/day n?)
5.00 83.43 65.00 0.9098 0.5386
6.30 75.74 53.48 0.8548 0.6505‘
5.50 82.78 . 51.37 0.8684 0.5561
4.00 80.12 ..  62.64 0.8560 0.4227
.60 85.20 62.78 0.8600 0.4555
5.80 83.72 48.82 0.8350 0.6134
5.35 78.50 46.10 0.86056 0.5187 .
L.ho . 80.98 68.47 0.8895 0.47788
6.30 81.32 T 56.18 0.8173  0.5525
3.50 79. bk 57.03 0.8457 0.5281
6.80 80.64 69 .06 0.7638 6[5&66
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APPENDIX A17  ( CONT'D )

ET-37.14
Solution % N % P PWP Flux PP Flux
pH Retention Retention (m-/day m<) (m3/d§y n?)
5.00 87.57 64,25 1.6308 0.6709
6.30 76.73 60.43 - 1.5M49 0.8146
5.50 86.11 51.07 1.5890 0.6762'
4.00 80.12 . 60.99 1.5692 0.5226
4.60 85.75 = -——e- 1.5363 0. 5496
5.80 84.73 69.00 1.4529 - 0.7042
5.35 "82.80 61.04 1.5227 ,0.59k1
4. 40 7 85.01 "68. 58 1.5602 0.5539

© 6.30 79.67 65.3? 1.4282 0.6425
3.50 80.06 C o 63.14 ‘ 1.#591 0.6929 7
6.80 83.58 C8b.3p 1.2703 0.6695

Feed svlution : Candle flour extract prepared from a
4 (w/v) % sodium chloride extraction
solution at a v/n ratio of 500 ml/g ~.
'Feed flow rate t 2.5 L/min

4

Operating pressure : 137.9 KPa
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APPENDIX A18 “Effect of Feed Flow Rate on the Ultra-

filtration of Albumin Bovine Fraction V

Solution
ET-39.91 - g LN\
Feed Flow Rate | % Solute Product Permeate Flux |
( L/min ) Retention ( m/day @é ) )
) - ; .
2.5 " 97.22 ' 2.2825
1.5 | 95.39 2.0543
2.2 94.96 | 2.3312
0.5 91.75 . .1.8797
2.5 99.01 2.4772
1.0 9k .78 2.0308
1.8 9§.83 2.12%4

ET-41.?6* ( # Data plotted in Figure 32 )

2.5 9L, 60 2.8733 .
1.5 92.60 2.5754

2.2 93.78 2.9706 L .
0.5 79.94 2.5846

2.5 98.85 3.0814

1.0 92.33 2.7289

1.8 95.25 ‘ 2.7592




e

ET-41.76
. Feed Fiow Rate % Solute Pfodgct Permeaée Flux -~
( L/min-) Retention ( mB/Qay m? )
2.5 93.39 ' 2.5443
1.5 91.61 25141 ‘
2.2 93.28 2.6685
0.5 70.87 2.4235
2.5 96.05 2.7692
1.0 87.76 2.5175
1.8 93.83 2.5242 -~
£1-45. 60
" -
2.5 | ‘ £00.0 2.0912
1.5 96.71 2.1096
2.2 C97.14 2.3010
0.5 : 93.53 2.2892
2.5 ~ ) 98.11 2.3413
1.0 98.137 2.2221
1.8 98.02 ° 2.2557

" Feed solution: 60 ppm of albumin bovine fraction V in Hp0

Feed solution pH: 6.75 Operating Pressure: 137.9KPa
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APPENDIX A19 Effect of Feed Flow Rate on +he Ultra-

filtration of Sodium Phytate Solution

-

W

ET-39.91 ( Without added NaCl )

Feed Flow Rate % Solute Product Permeate Flux

( L/min ) Retention ( n/day mé ).

2.5 86.51 2, 4001 -

1.5 83.26 2.0720

0.5 - 4. 45 1.8475

2.0 81.52 2.2533 .
1.0 76.02 1.9396

2.5 85.94 2.3898 . )

( With 1 (w/v) % NaCl )

2.5 17.22 2.5010
1.5 | 13.30 1.9893
0.5 7.78 1.8067
2.0 12.44 2.2466
2.5 13.76 2.3340

Feed solution : 200 ppm of sodium phytate solution
pH = 6.3 f

Operating pressure: 137.9 KPa
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APPENDIX A19 { CONT'D )
\

‘w
E%\bl.?é* ( Without added NaCl )

Feed Flow Rate %5 Solute PrOduct.Permeate Flux
( L/min ) Retention ( m3/day n? )

2.5 26.82 3.0475

1.5 70.73 2.7799

0.5 48.72 2. 5620

2.0 73.40 2.9617

1.0 63.87 2.6501

2.5 79.17 3.0470

( With 1 (w/v) % NaCl )

2.5 ) . 10.15 3.1346

1.5 6.43 | 2.6150
2.0 6.11 2.8967
1.0 5.01 2.6199
2.5 9.86 2.8857

* Data plotted in Figure 33
. Feed solution : 200 ppm of sodium phytate solution
pH = 6.3
Operating pressure : 137.9 KPa -

-
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APPENDIX Al9 ( CONT'D )

ET-41.76 ( Without added NaCl )

Feed Flow Rate % Solute Product-Permeate Flux

( L/min ) Retention ( m2/day mZ )
2.5 72. 74 2.6936
1.5 67.06 2.5209
0.5 45.18 2.3753
2.0 4. 57 2.6800
1.0 62.15 2.4453
2.5 77.08 - 2.7142

( Wwith 1 (w/v) % NaCl }

2.5 . 8.28 | 2.8178
0.5 L.67 2.3287
2.0 ’ . 6.79 2.6650
1.0 ©5.92 - 2.L650
é.5 9.40 2.6226

Feed solution : 200 ppm of sodium phytate solution
pH. = 6.3

Operating pressure : 137.9 KPa
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APPENDIX A19  ( CONT'D )

ET-43.60  { Without added NaCl )

Feed Flow Rate % Solute Product Permeate Flux
( L/min } Retention ( m3/day ne )

2.5 ' 89.29 ‘9\2274

1.5 | 83.26 212792

0.5 - 56.21 2.2208

2.0 82.91 12,3130

1.0 T 76.02 2.2533

2.5 86.77 2, 2447 ///

( With 1 (w/v) % Nall ?' . . ///

/
2.5 '15.89 2.3527
0.5 7.78 2.1620
2.0 12.22 2.3045
1.0 9. 3% 2.2659

2.5 11.47 2.1833

Feed solution : 200 ppm of sodium phytate solution

pH = 6.3
Operating pressure : 137.9 KPa
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APPENDIX 419  ( CONT!D )

ET-39.91 ( With-1 (w/v) % NaCl )~

Feed Flow_Rate % Solute Product Permeate Flux

( in ) Retention ( m3/day n? )
1.5 25.62 . 2.0140
0.5 : 22.95 1.8386
2.0 | 23.71 ‘2.0?98
1.0 25.62 1.7889
2.5 30.96 2.2405

ET-41.76° ( With 1 (w/v) % NaCl )

1.5 13.45 2.7063
0.5 12.55 2.5299
2.0 14.51 2.6905
1.0 11.57 2.4264
2.5 - . 22.12 2.8478

* Data plotted in Figure 34
Feed solution : 75 ppm of sodium phytate solution
pH = 6.3

Operating pressure : 137.9 KPa
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APPENDIX A19 ( COWT'D )

ET-41,76 ( with 1 {(w/v) % NaCl )

2

Feed Flow Rate % Solute Product Permeate Flux
( L/min ) Retention ( m7/day m? )
‘1.5 7.27 ~2.4986
0.5 6.08 2.3796
2.0 10.98 2.4759
1.0 9.09 2.2717
.5 13.19 2.5934

ET-43.60 ( With 1 (w/v) % NaCl )

2.5 32.48 2.2789
1.5 C 23.33 2.2317
0.5 ©17.99 2.1980
2.0 2l+. 86 2.1169
1.0 22.57 2.0736
2.5 31.72 2

.1092

el
Feed solution : 75 ppm of sodium phytate solution

pH & 6.3

Operating pressure : 137.9 KPa
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ADPENDIX A20 Effect of Feed Flow Rate on the Ulira- *gr-

filtration of Rapeseed Extract oo

Feed ¢ Solute Retention Product
Membrane Flow Rate ) Permeate FluXx
( L/min ) Total N  Total P 0/day m2 )

2.5 73.79 48,31 0.6244
ET-39.91 1.5 69.71 . 5&.10 0.4978
0.5 69.71 48.31 0.3744
: AN
2.5 69.71 33.24 0.6531
ET-41.76 1.5 66.80 46,22 0.5281
0.5 | 66.21 ~  42.86 0.4068
2.5 65.63 28.26 ' 0.7393
ET-U41.76 1.5 67.38 45,41 0.5988
0.5 65.05 40.78 0.L4369
2.5 6L 67 30.46  0.8577
ET-473.60 1.5 £5.63 45,99 0.7154
0.5 £5.63 45.88 - 0.5019

A
Feed solution : Tower meal extract prepared from a 2(w/v)%

NaCl extraction solution at a v/n ratio of
200 ml/g; solution pH = 6.3
Operating .pressure : 137.9 KPa

# Data plotted in Figure 35

i
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APPENDIX A21  Effect of Operating Pressire on the Ultra-

filtration of Rapeseed Extraci

©

Operating % Solute Retention Product

Membrane Pressure Permeate Flux
- ( KPa ) Tozal N Total P ( mo/day m” )
179.3 73.79 48,31 0.6244
455.0 74.37 71.61 0.5773
ET-39.91
317.2 72.04 62.22 0.5854
68.9 67.38 35,44 0.3873
1544 65.63 28.26 0.7393
430.2 66.80 . 62.22 0.6869
"ET-41.76 - .
292.34 65.63 51.55 0.8328
68.9 60.33 24.09 0.5141
137.9 64.67 - 30.46 0.8577
% 413.7 71.46 68.59 0.7829
ET-43.60
275.8 65.63 55.26 0.9034
68.9 61.55 25.36 0.4406 ©

Feed solutlion : Tower meal extract prepared“grom a 2(w/v)%
NaCl extraction solution at 2 v/n ratio of
200 ml/g; solution pH = 6.3

Feed flow rate : 2.5 L/min

* Data plot%ed in Pigure 36
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APPENDIX B1 Sample Calculation of the Equilibrium Data for

Fhytate and Protein Extractionj from the Tower

Meal Using 4 (w/v) % Sodium Chloride Solution.

Approximations made:

1

2

3

4

5
6

Phytate = Phytate P X L4.,545

)

)

)

)

)
)

P
P
S
S

e

Protein N

P

Phytate exlsts as Ca5Mg(C6H12024P6-3H20)2 in the rapeseed.
meal. . . .
The +otal phosphorus in the rapeseed meal are phytate
phosphorus.

The total nitrogen in the rapeseed .meal are protein nitro;
gen.

The total soluble solufes in the rapeseed meal consist
only of the soluble proteig and the soluble phytate.
Constant ( solvent / insolubles ) underflow;

Composition of the adherengﬂsolution is the same as that

of ~the bulk solution.

The following relationshlps were therefore obtained:

e}

nytate P = 2.028 (w/w) o Tower meal sample

hytate = 9.217 (w/w) j Tower meal sample
oluble Phytate = 8.66L (w/w) j Tower meal sample
ince only 94.0% of the total P of the Tower meal is

xtractable with the L (w/v) % 1aCl solution.)

1l

7.528 {(w/w) % Tower meal sample

rotein = y Protein N x 6.25

47.050 (w/w) ;5 Tower meal sample

z

/
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APPENDIX B1 ( CONT'D )

% Soluble Protein = 34,346 (w/w) 7% Tower meal sample

( Since only 73.0 % of +he total N of the Tower meal 1S
soluble in the 4 (w/v) % NaCl solution.)

% Total Soluble Soiutes = 43.010 (w/w) ﬁ Tower meal sample

% Insolubles = 56.990 (w/w) % Tower meal sample

T™e constant ( soivent / insolubles ) underflow was calcu-

1ated from the following experimental data:
. 1

( v/n ), ml/g 10.00 10.00 . 20.00
(w/v) % NaCl 4.00 4.00 0.00
Weight of the meal, g 19.9997 9.9980 4.9999
Volume of the solvent, ml 200.00 100.00 100.00

Volume of the separated
liquid phase obtained

after extraction, ml 145.00 . 72.53 86.30

Volume of solvent adhereg

per weight of meal, ml/g 2.75 . 2,75 - 2.7k
<2

Constant (solvent/insolubles) underflow =
2.75 ml solvent/g meal x 1 g meal/0.5699 g insoluble

or 4.825 ml solvent per g insoluble.
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APPENDIX Bi ( CONT'D )

Experimeﬁtql data # 1

(v/n) = 500.50

Weight of Tower meal = 0.1998 g

Weight of & (w/v) % NaCl solution =100 g
é.35 mg

3.81 mg

&

Weight of N extracted

n

Weight of P extracted
‘Experimental data # 2

{v/n) = 201.13

)

Weight of Tower meal .= 0.4972 g

Weight of & (w/v) % NaCl solution =100 g

Weight of N extracted 14.4 mg

Weigpx/ﬁé’P extracted = 9.08 ng

]

“\Expériﬁental data #3
(v/n) = 49.92
welght of Tower meal = 2.0033 g
Weight of 4 (w/v) % NaCl solution = 100 g
ST :
61.0 g

33.2 mg

weight of N extracted

il

Welght of P extracted
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Experimenxal data #i

(v/n) = 10.00 ml/g
Weight of Tower meal = 19.9997 &
Weight of 4 (w/v) % NaCl solution = 200 g

Weight of N extracted 505.00 mg

1]

Weight of P extracted 197.00 mg .
Experimental d&ta #5

(v/n) = 10.00 ml/g

Weight of Tower meal = 10.0008 g

Weight of & (w/v) jo NaCl solution = 100 g
Neight of N extracted = 291.5 mg

wWweight of P extracted = 106.5 mg
Experimental data #6

(v/n) = 10.00 ml/&

Weight of Tower meal = 13.0005 g

“Weight of w/v) % NaCl solution (used) =

130 g

Wweight of N in the initial extracted solutlon = 328.25 mg

*
Weight of P in the initial extracted solution = 128.05 mg.

Weight of N in the- final extracted solution

Neight of P in the final extracted solution

-

"% Tower meal extracted solution was used as,

1135.00 mg

363.00 mg

-

-~

the solvent

instead of the fresh & (w/v) % NaCl solution.

-

*

2
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( CONT'D )

Experimental data #7

(¥v/n)

= 10.00 ml/g

Weight of Tower meal used = 7.9994 g

Weight
Welght
Welght

Welght

Weight of P in the £inal extracted solution

¥*

of b (v/my % NaCl solution (used) = 80 g

of N in the ihitial extracted solution

+*

*

of P in the initial extracted solutlon

of N in the final extracted solution =

Experimental data #8‘

(v/n) = 10.00 ml/g

Weight
Weight
Weight
Weight
Weight

Welght

# Tower méal extracted soluti

instead of the fresh &4 (w/v)

of
of
of
of
of
of

Tower meai = 1.9997 & . ’

N

N

P

N

3
(v/h) % NaCl solution (used) = 20

E-3
in the initial extracted solution

»*
in the initial extracted solution
in the final extracted solution =

in the final extracted solution

324,00 mg
= 67.80 mg
600.00 mg

110.60 mg

= 243.00 mg

34.90 mg .
32€.00 mg
46.45 mg

on was used as the solvent

4% NaCl solutlion.
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APPENDIX Bl ( CONT'D ) '

Experimental data #9

(v/n) = 10.02 ml/g
Weight of Tower meal = 2.9932 g

. .
Weight of .4 (w/v) % NaCl solution (used) = 30 &

»*
"Weight of N in the initial extracted solutlon = LOk.25 mg

™

*
in the initial extracted solution = 99.07 mg

Weight of P
Weight of N in the final extracted solution = 544.50 mg
Weight of P 1in the f£inal extracted solution = 125.78 mg

* Tower meal extracted solution was used as solvent

instead of the fresh 4 (w/v) % NaCl solution.
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APPENDIX Bl ( CONT'D )

Sample Caleculation:

Experimental data # 35

(v/n) = 10.00 ml/g
Weight of Tower meal = 10.0008 g =
Weight of 4 (w/v) 5 NaCl solution 100 g = 100,000 mg

Weight of N extracted

291.5 mg

Weight of P extracted

106.5 mg
Calculation:

Weight of protein;éxtrac%ed 291.5 x 6.25 = 1821.88 mg

weight of phytate extracted 106.5 x 4,545 = LBL.O4 mg

Weight of insolubles = 10.0008 x 569.90 = 5699.#6’mg

Total weight of soluble protein in the Tower meal

10.0008 x 343.46 = 343L.87 mg

Total weight of soluble phytate in the Tower meal
10.0008 x B6.64 = BEE.L7? mg
Total weight of solution after extractlon =

}O0,000 £ 1821.88 + 484.04 = 1023C5.92 mg

0 mg insolubles
N (Overflow) = 102305.92 0.00 Tz extracted solution
L84, 04 . mg phytate
Xy = ————— =" 0.0047313 .
102305.92 } mg extracted solution
1821.88 mg proteln
XZ = = 0.0178081

102305.92 mg -extracted solution
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Weight of soluble phytate left unextracted
866.47 - LBL.O4 = 382.43 mg

Weight of soluble protein left unextracted

434,87 - 1821.88 = 1612.99 mg

Weigﬁt of solvent adhered to the insolubles =
_ 5699.46 x 4.825 = 27499.89 mg

Weight of adhered solution to the insolubles =
. 27499.89 x (102305.92/100000) = 26134.02 mg
Weight of solvent and soluble solutes adﬁeréd to the
insolubies = 28134.02§+ 384,43 + 1612.99 :-30131.&h mg
Weight of phytate in the underflow =

382.43 + (0.0047313 x 28134.02) = 515.54 mg
Weight of protein in the underflow =

1612.99 + (0.0176081 x 25134.02) = 2114.00 mg

5699.46 mg insolubles
i (Underflow) = — = 0.1891532
30131.44 & mg solvent & solubles
515.54 mg phytate

Yl = — = 0.0171097 —

30131 . 44 mg solvent « solubles

2114.00 mg proteln
Y, = —— = 0.0701592

30131.44 mg solvent & soluybles
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APPENDIX B2 Graphical Calculation for Multistage Cross-

current Zxtraction of

Meal.

Notation:
A = solvent = 4 (w/v) % NaCl
B = insolubles
C = solubles = C1 + C2
Cl= soluble phytate
02= soluble protein
M = mixture
NM= B / (A+C)m
2= Cy/ (a+C)y ‘
R = raffinate
Ne= 3B / (A+C)g
—Subécripts:
! ’\
1 = phytate
2'= protein
ni ith extraction stage
¥ = mixture
R = raffinate

Pnhytate from the

ower
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APPENDIX B2 ( CONT'D ) .

To calculate graphically the percentage of the original
phytate and protein left in the Tower meal sample after
each extraction stage using a b (w/v) 7 NaCl and a (v/n)

ratio of 10 ml/g.

Basis : 10.00 g of meal

A = 100.00 g°

B = 10.00 x .5699 = 5.699 g of insolubles

(Cylg = 10.00 x 0.0B664 = 0.866L g of soluble phytate
&Cz)s - 10.00 x 0.734346 = 3.4346 g of soluble protéin
(@)s - 0.866L + 3.4B46 = 4.3010 g of solubles

(A+C)m = 100.00 + 4.3010 = 104.3010 g '

Ny = 5.699/104.3010 = 0.0346399

2, = 0.8664/104.3010 = 0.0083067

z, = 3.4346/104.3010 = 0.0329296

Gravhical calculation for phytate:
¥rom Figure 18, a tie line was drawn through the polint

N (NM'ZI) to obtain (R)

nl.’ the raffinate from stage 1.

Stage 1: )
(NR)nl = 0.1870 = B / (A+C)R'nl = 5.669 / (A+C)R,n1
(A+C)R,n1 = 30-475935 g

(Vﬂn= 0.1825 = (Cy)p oy / (8+C)g ng= (Oy)g ny / 30-87595

. 5561858 &

C)

l)R nl =
% of soluble phytate left in the meal

(C1 R, nl/(C ) x 100

= 64.20,
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APPENDIX B2 ( CONT'D )

Since only 94.0% of the total P of the Tower meal is soluble ‘

with the 4 (w/v) NaCl solution, hence

(64.20 x 0.94) + 6.00

66.35

% of total phytate left in the meal

1

Stage 2:
(A)n2 = 100.00 g

{(4+C)

(8) 5, + (A+C)z ny

130.475935 g

B/ (A+C)y o = 5-699 / 130.475935
0.0436785

M,n2

(NM)HZ

(M)AZ was located ét the lire joining the points (R)n1 and
the origin ( solute-free solvent).

4 tie line was drawn through the point (I\i)n2 to obtain (R)nz.
(hR)néig 0.1905 = 5.699 / (A+C)R,n2

(8+Clg 1o - 29.91601 g

(¥q)pp = 0.0110 = (Cy)g o / 29.91601

(C,)g.n2 = 0.3290761 g

5, of soluble phytate left in the meal (0.3290761/0.8664) x100

37.98
(37.98 x 0.94) + 6.00

1}

4 of total phytate left in the meal

= 41.70
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Similarly,

Stage 3:

fA)n3 = 100.00g

(8+C)y; n5 = 129383769 g

(N g = 0.0438932 e
(Ng) 4 = 01925 A
(A+C)g 15 - 29.605194 g

(yl)nB = 0.0060
(Cydq.n3 * 0.1776311 ¢
% of soluble phytate left in the meal = 20.50
% of total phytate left in the meal = 25.27
Stage L,

(&), = 100.00 g

C(A%C)y = 129.60519% &

(Nm)nu 0.0473G72

(NR)nh -
(asC)g L, = 29.376288 &
(yl )1‘14_«= 0. 0035

(C1)R,nu = 0.102817 g

= 0.19h0

¢, of soluble phytate left in the meal = 11.87

% of.total phytate left in the meal = 17.16

-

—
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Stage 5:
(A)n5:= 100.00 g,

0.04LLOLS8

(A+Cly
(N,.)

U o%

(NR)n5 = 0.1950
(a+C)g 4o = 29.225641 ¢
(yl)n5 = 0.0020
(C)3 ns = 0.0584512 g

% of soluble phytate left in the meal
s, of total phytate left in the meal =
Stage 6:

(A) g = 100.00;¢

(a+C), g = 129.225641 &

(Nm) g = 0.0441011 . o

(Ng),g = 0.1955 |

(A+C) , = 29.150895

R,nG ,
(yl)né = 0.0010
(Cl)R,né = 0.0291508 gz

.; of soluble phytate left in the meal

% of total phytate left in the meal =

= 6.75
12. 34

= 3.36

$.16

TS
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Graphical calculation for protein:

Similarly, from Figure 19, the following results were obtained.
Stage 1:

(NR)nl = 0.1890

(A+C)g ,p = 30.153439 &
(yp)p = 0075
(Co)g oy = 2-231358% g

% of soluble protein left irt the meal = 64.97

¢ of total protein left in the meal

(Since only 73.0» of the total N 1s soluble.)

(64.97 x 0.73) + 27.00
74 .43

a

Stage 2:
(a)_, = 100.00 g

(A+C), o = 130.153439 ¢

(§,), , = 0.0k37867

fNR)nz = 0.1935
(A+C)R.n2 = 29.452196 g
(¥5),5 = 0.060

((:2);2'r12 = 1.7671317 g

', of soluble protein left in the meal = 51.45

% of total protein left in the meal = 64.56
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APPENDIX B2 ( CONT'D ) )

_ Stage 3
(A)n3 = 100.00 g
(a+C),, n3 - 129.60519% g

(N

F_,‘)1,13 0.043972

1]

(NR}n3 0.1950

(A+C)g p3 = 29.225641 ¢

(¥o)ny = 0.053

(Cy)g ny = 15489599 €

s of soluble prgtein left in the meal = 45.10
% of total protein left in the meal = 59.92
Stage &:

(A) .y = 100.00 g

(A+Cly py = 125.225641 g

(Ny )y, = 0-0RH10L1 f .
(Ng) gy = 0.1960

(A+C)g py = 29.07653 g

(yo)py = 0.050
(C2)R,n4 = 1.4538265

4% of soluble protein left in the meal = 42.33

1B}

4. of total protein 1eft in the meal = 57.90
* A pinch occured with the tie line after the 4th extraction

stage.
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" HISTORICAL OUTLINE OF THE DEVELOPMENT OF IMPROVED CANADIAK \

RAPESEED VARIETIES. { 3 )

&

Prior to WWII

During i1l

1944

1954

1958

1661
L’}

16673

Seed stocks of the Polish (Brassica Campes-
tris) species imported from Poland. FProvided

ancestryfor .all the Polish varieties..

Seed stocks of the Argentine (Brassica napus)

-~ ~

species imported from Argentina. Trovided
ancestry for all the Argentine varlefiés.
Vr. H.G. Heufeld of Ripawinfhade selections
from Argentine stocks and turn these over té
Dr. W.d. shite at the Canada agriculture Re-
search Station at Saskatooh. -#electlons were
made for uniformity, lodging resistance, high
0il content in the seed, and low lodine value
in the oil.

Zelease of the first Canadian variety Golden..-
A selection from Argentine with ifproved oil
content and lodging resistance.

Tne Swedish variety of Arlo was the first
Polish rapeseed to be licenced in Canada.

The licencing of liugget Pade from selections
of Golden. Improved oil content and'g lower

iodine content in the oil.

The licencing of Tanka macde irom selections

5

LY TOO)



1964

1968

1970

1971

232 -

of Golden. Improvement in yield and size of
seed.

The first Canédian variety of Polish rape-
seed named Echo'wagilicenced. This-selection
from Poliéh had an improéed yield.

Target was selected from Tankg.and was a

shorter plant which matured earller and had

2 higher yield and a higher oil content.

. Oro was selected from crosses between a low

erucic acid selection from Liho and Lugget.

This was the first Canadian low eruclc acid
L=

rapeseed variety.

Polar selected from Polish and exhibited an
improvement in oil and protein content of the
seed.

Turret was selected from Target with an im-
provement in yleld and'oil content.

In response to the Canadian Goverrments cecree
in 1970 that répeseéd oil must have no more
than 5 per cent eruclc acld, two low erucic
acid rapeseed varieties were licenced. The
first was zephyr developed from a similar -
genefic background as Cro and with the same

characteristics of Oro. The second varlety

Span was developed and was the first FPolish



1973

19?i

1977,\ .
éi%
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~

LEAR variety. Span was developed from low
erucic acid selections of Polish and Arlo.

Two more LIEAR varieties were licenced. liidas k

was developed from selections of crosses

invol&inngarget and another source involving

a low erucic acid oil. The varieiy Torch was
developed from a similar background as that

of Span and exhibits an improvement in yield.
Toﬁér was the Tirst variety to be licenced -
that exhibited both a low erucic acid and a

-

low clucosinolate content (double-zero}f
& o

which significantly improved the.megl gquallty.

This variety was developed‘from backcrosses

to Turret Qf sources of both low erucic acid
and lew glucosinolate content. '

Tvio Qarieties’reieased in 1977 exhiblt low
erucic and low glucosinclate qualities. An
Argentine variety named Regent is now licenced -
and is similar to Tower;but is a higher yleld-
ing variety with an increased ©ll content.
Candle, Canada's first low Elucosinolate
Polish variéty is alse now licengeﬁ. It is
Tower yiel¥ing than Torch but higher_in'oil
content. Candle is the filrst variety to par-

tiallﬁ‘gxhibit'a yellow seed coat which 1s
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synonyﬁous withw}ow fiber content and thus
an improvement in meal quality.

The following are the types of;yarietal
improvemeﬁts that the rapeseeé_breeders
along with the rapeseed indusiry have set 2s
goals for the breeding program.

2

elds. *

-
.

iigher ¥y

(X3

-

warlier maturidy.

“a

|
a lower Tibre content in the meal (yellow

seed coat) '

Higher oil and prote{n content in the seed.
Uisecase reslistance in particular to white
rust.

Greater lodging and shattering reslstance.

A higher linoleic and lower linolenic acld
content in the oil giving a more polyunsatu-
rated oil with beticer keeping qualities.

“irh lysine content. "
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Content of phytate-P in protein concentrates prepared Irom
some oilseeds. Analysis of pure sodium phytate is included

as a methodolical control ( 190 ). ©

LHYTATE - P

FATERIAL . (mg /&)
Rapeseed, protein concentraﬁe 6,89
Sunfiower seed, lipid-protein concentrate §.80
Nigerseed, lipid-protein concentrate _ 8.35
Poppy seed, press-cake flour 8.08
Sodium phytate . 1¢5.0

# Calculated on fat-free welght.



237

Content of phytate in some ollseeds and thelr proteiln

products. 7

o BY WEIGHT PHYTATE - F

FATEREAL ( RWFERERCE ) OF 1 ATERIAL (me /)
Sesame seed ( 161 ) . -c--- 5.47
Cottonseed kernels ( 161 ) ----- ' 6.20-10.59
Soybean ( 161 ) ) 1-1.5 .o rhytic acid

Sesame seed ( 181 ) 5.18 ;o Phytic acid

Commercial soy

protein isolate { 1L35 ) 1.9-2.5 ;»*Phytate

Defatted soy flour ( 145 ) 1.5 5 Fhytate

Soybean flour ( 138 )  -=---- 3.06
Sesame meal ( iBM ) 1.00 ¢ Fhytate-P

Full-fat soy flgur { 140 ) 0.40 % Phytate—P*

rull-fat soy fioyr ( 183 ) 1.3 35 rhytic acid

<

Defatted rapeseed ( 148 )  2.2-3.9 ,; Phytic acid

¥ On a dry welpght basis.
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Content of phytate in the Brassica protein concentrates

(27 ). . ’
. . 7 +*

Froteln Source _ s rhytate

Bronowski ' 5.27

Tarcet 6.68

Tower 7.32

rustard 6.41

Span 7.18

Karlshamn 7.50

# All values expressed on dry matter basis
# Phytate expressed as Casug (CéﬁlzozuPé‘Bﬁzo)z- and

= Pnytate-P x &.545.
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Experimental Equipment

1) Diaphragm metering pump, Pulsafeeder model 7120-3-Z,

lnterpace Corp., Rochester, New York, U.S.A.

2) Pulsation dampener, Fulsafeeder model 35, Interpace

'Corp., Rochester, ilew York, U.S.A. - ) -

- -

3) Spectroontometer. Spéctronic 710, Baush & Lomb,

- Rochester, New York, U-S.A.
{

4) Digital pH/mv meter, model 801, Orion Research Inc.,
v {

j) Conductivity bridge, ¥YSI model, Yellow Springs Instrument

.
—————

’., Yellow Springs, Chio, U.S.A.

v hJ

6) Micro Kjeldahl digestion rack unit, Labconco Corp.,

Kansas, Missouri, U.3.4.

7) Constant temperature shaker, blue ki, Blue N Electric Co.,

Blue Island, Illinois, U.S-A.

8) Centrifuge, IEC model HN-SIY, Idternational Equipment Co.,

Needham Heights, hMass.,U.S.A.

9) water bath, Techne UB-1, Techne Cambridge Ltd., Cambridge,

England.

10) Rotating jar mill, fabricated at the Dept. of Chemical

Engineering, University of Ottawa, Ottawa, Ontario.
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. [l

Experimental Chemicals:

1)

2)

Cellulose Acetate, Acetyl 40.0%, ASTN, visc. 25, Eastman
' .

Kodak Co., Lot No. Ab6.

Anhydrone ( Magnesium perchlorate, anhydrous ), 'Baker

. Analyzed' Reagent, J.T. Baker Chemical Co.

3)

10)

11)

Acetone, 'Ba%er Analyzed' Reagent, J.T. Baker Chemical Co.
Ethyl Alcohol, 95 (v/v)é&, Consolidated Alcohol ( Toronto,
Ontarioc ).

Albumén Bovine Fraction V, Natheson Coleman & Bell.

Sodium Phytate, Anhydrous, ICN Pharmacéuticalsllnc}.

Lot No. L249-A.

Sodium Cﬁloride. Crystal, 'Baker Analyzed' Reagent,
J.T. Baker Chemical Co. ~
\‘____'__,

Potassium Sulfate, Powder, 'Baker Aﬁﬁiyzed' Reagent,
J.T. Baker Chemical Co.
Selenium Oxychibride, J.T. Baker Chemical Co., Lot Mo.
35,179. |

Sulfuric Acid, Concentrated, 'Baker analyzed' Reagent,
J.T. Baker Chemical Co.

Ammonium Sulfate, Certified Primary Standard, Fisher

Seientific Co., Lot No. 735382.

-7
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12)

13)
i4)

5
16)
1?2
)
19)

20)

‘21)

Brilliant Blue G ( Coomassie Brilliant Blue G ),
Anhydrous.'§igma Chemical Ceo. |

Phosphoric Acid, 83 %, Matheson Coleman & Bell.
Molybdic Anhydride, Certified A.C.S., Fisher Scientific
Co., Lot No. 743708.

Nolybdenum metal (-100 mesh-powder), 99.87% pure, Fisher
Seientific Co., Lot No. 743441,

Potassium FPhosphate Monoﬁasic. ‘fisher' Certified Primary
Standard, Fisher Scientific Co., Lot No. 734559.

Potassium Fermanganate Solution, 0.1ii, ‘'Fisher’ Certified,
Fisher Scientific Co., Lot No. 762801-12.

Sodium Sulfate, Anhydrous { low in phosphate },'Fisher’
Certified A.C.S., Fisher Scientific Co., Lot ho. 711740.
Hydrochloric Acid; Concentrated..'Baker Analyzed' Reagent,
J.T. Baker Cﬂemical Cp.

Sodium Hydroxide, 5C % Solution, ‘Baker Analyzed’ Reagent:
J.T. Baker Chemical Co. .
Phenolpthalein, 'BAker Analyzed' Reagent, J.T. Baker

Chemical Co.

T





