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TABLE III 

Continuous Hydrogenation of Fatty Acids and Fatty 0ils Under  the 
Influence of Cu and Cd Soaps 

HydrogenationICu:Cd in I Feed, 

Oleie acid P 5:2.5 I 110 
Oleic acid 5:2.5 I 150 
Oleie acid 5:2.5 / 110 
Oleic acid 5:2.5 I 146 
Oleie acid 5:2.5 140 
Gapric acid 3:1.5 120 
Olive oil 5:2.5 110 
Soybean oil 5:2.5 140 
Linseed oil 5:2.5 180 

Pressure 
in atm H~ 

. . . .  ; 7 ; -  
230 
300 
306 
275 
250 
200 
250 
300 

Te~lp, 

260 
260 
260 
260 
260 
260 
270 
270 

Conver- 
sion % 

79 
88 
88 
90 
85 
60 
75 
70 

Selectiv- 
ity % 

99 
99 
88 
89 
90 

90 
75 
70 

the reaction rate of the acid concentration. The rate 
determining step could be the following reaction: 

OH OH OH 
I k~ I + H 0 1  ! - - t o O  

R - - C  - -  O - - - - - >  R - - C - - O C u  ...... ) R - - C - - O H - - - - - >  R - - C ~ O  

: ' " "  I I \ 
H - -  Cu H H I I  

H t I  
] +HO1 i 

R - - C z O + C u H  > R - - C - - O C u -  ) ~ - - C - - O H + C u O 1  

H H It 

Following this scheme we arrive for the rate of the 
hydrogenation to the following equation: 
v = k~ [ C u H . t I O l ]  =_ k~K~ [ C u H ]  [ I tO1]  = k~K~K2 [Cu]  [ I I~] .  

This equation is in accordance with the first par t  of 
the experimentally found equation: 

v = k [Cu] [ m ]  ~ 1 + K [ca]  } 

For  the last par t  of this equation no explanation can 
be offered. 

The end conversion of the hydrogenation of oleic 
acid in hendecane as soDent is 67-70%. At  higher 
conversions the reaction nfixture becomes heterog- 
eneous. This can be explained as follows : The alcohol, 
formed by the hydrogenation of the acid, reacts with 
the remaining acid under  formation of an ester. When 
the conversion is higher than 50% an excess of free 
alcohol will be present. The excess of alcohol reacts 

with the soap by which reaction ester, metal oxide and 
water are formed:  

acid + alcohol ~--- ester + water 
alcohol + soap ~- ester + water + metal oxide 

I f  it is assumed that  the equilibrium constants are in- 
dependent of the solvent concentration and independ- 
ent of the conversion, it  can be calculated that  the 
point at which the soap will react with the alcohol will 
shift to a higher conversion when less solvent is pres- 
ent, which is in accordance with the experiments. 
Moreover, the water concentration in the liquid phase 
will rise more than l inearly with decreasing solvent 
ratio, thus shifting the equilibrium to the left. 

The function of Cd-soap is not understood. I t  might 
be, however, that  the Cd, e.g., as metal on the wall of 
the reactor and as soap in solution, stabilizes the Cu l l  
against decomposition into Cu and H> 
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Lipid Oxidation in Flour Doughs-Observations 
the Boron Trifluoride Interesterification Reaction 

Involving 

J. B. M. COPPOCK, N. W. R. DANIELS and P. W. RUSSELL EGGITT, Spillers, Ltd., 
Technological Research Station, Cambridge, England 

Abstract 
Lipid extracted from unyeasted wheat flour 

doughs had earlier yielded hitherto unidentified 
methyl esters using boron trifluoride interesteri- 
fication when the lipid was isolated from aged or 
chemically oxidized flours or doughs. The iden- 
t i ty  of one unknown constituent is shown to be 
methyl methoxy stearate which could also be an 
ar t i fact  of the interesterification process. Condi- 
tions of formation of the ar t i fact  have been care- 
ful ly  studied and statistical analysis of the yields 
of this substance from the lipid of natural ly  aged 
flour doughs maintains our view of a reversible 
lipid oxidation stage being involved in na tura l  
and chemical flour matur ing in the presence of 
oxidants in doughmaking. 

Introduction 
~ ' ~ L O U R  T R E A T M E N T  involves oxidative reactions which 
1 '  can affect either the protein or lipid of flour. At  
the 6th I.S.F. Congress in London, 1962, we presented 
(1) the results of work on the lipids of flour dough 
in which unexpected changes were observed in the gas- 
liquid chromatograms of f a t t y  acid ester mixtures 
prepared from dough lipids by the boron tr i f luoride/  
methanol interesterifieation reaction (2). Two un- 
identified compounds, designated x and y, were formed 
at the expense of the unsatura ted fa t ty  acids of the 
dough lipid, their appearance apparent ly  being en- 
hanced if an oxidant, potassium iodate, was added 
during dough mixing (Fig. 1). Subsequently we ex- 
amined factors influencing the appearance of these 
compounds in ester mixtures and identified x and y 
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Fro. 1. Comparison of tile GLC analysis of the lipid of un- 
treated flour with that of dough lipid after treatment with 
potassium iodate at 80 ppm. 

as esters of methoxy substituted fa t ty  acids. Recently 
we concluded, coincident with the publication by 
Lough (3), that  the BF3 reagent may produce such 
methoxy substituted esters as artifacts during the 
interesterification reaction. However, as will be seen 
later, some of our observations are difficult to recon- 
cile with art ifact  formation alone, although in view of 
this observation it was concluded that  the BF3 inter- 
esterifieation is too nonspecific a method to be used 
with confidence in the future. The results we obtained 
and the inferences we made at the tinle will be de- 
scribed and finally reconsidered in the light of a sta- 
tistical evaluation of the variation in x and y forma- 
tion in esters prepared under  carefully controlled 
conditions. 

Experimental 
In  our early work (1) the presence of air as well as 

chemical oxidants (iodate and chlorine dioxide) ap- 
peared to enhance the yield of x and y in the ester mix- 
tures. Lipid front dough prepared in a mixer open to 
air, or sampled near the surface of a resting dough 
piece with free access to air gave ester mixtures richer 
in these compounds than samples having a limited ac- 

TABLE I 

Carbon Numbers on Two Stationary Phases 

Apiezon L :Peg. A 

16.00 16.00 
18.00 18.00 
17.68 18,23 

17,51 18.87 

17.07 19.59 

20,00 20,00 
19,07 20.58 
18.74 20.77 

Fatty acid (as Me-ester) 

653 

Palmitic acid C16 
Stearic acid C18 
Oleic acid C~s 

Linoleic acid C~s 

Linolenio acid C~ 

Arachidic acid Ceo 
Unknown x 
Unknown y 

o/o x + y 

j_--O .................... O~-.. ~ " 

• r ~  , , Q . / - -  , , , X - - - ~  - a ~  , X 

5 10 15 20 25 30 35 
A g e  o f  f l o u r  [ d a y ~ i )  

~IG. 2. Untreated flour and dough. Yariation in yield of x 
and y with age of flour. :Results with flours from three different 
wheat consignments. (All Manitoba No. 2 wheat.) Consignment 
A, x--x; consignment B, Q--Q;  consignment C, z~x--A. (Nu- 
merals indicate hour sample). 

cess to oxygen. A dough which had given a large pro- 
portion of x and y esters (wtih a proportional loss of 
unsaturated fa t ty  acids) might on subsequent sam- 
pling, or after  baking, give a lipid yielding on analysis 
a full complement of unsaturated acids with a negli- 
gible x and y content. 

On the basis of these results it was tentatively sug- 
gested that  the unidentified compounds were formed 
from intermediate oxidation products of the unsatu- 
rated acids dur ing the BF~ interesterification. The x 
and y precursors appeared to be transient in the dough 
and bread reverting ultimately to the unchanged fa t ty  
acids of the parent  flour lipid. 

Later investigation showed that  other factors con- 
tributed to the formation of the postulated precursors 
in the dough lipid apart  from the presence of oxygen 
and oxidant in the dough. Varying yields of x and 
y were obtained from doughs mixed under identical 
conditions from different flours, or from the same flour 
on different occasions. These variable results suggested 
that grist differences and age of flour might be factors 
influencing the dough lipid reactions. Varying effects 
of aging on treated and untreated commercial flours 
have been reported earlier by Bennett and Coppoek 
(4). 

A series of experiments was undertaken to examine 
the behaviour during storage of Biihler milled flours 
from different consignments of Manitoba No. 2 wheat, 
a wheat class used in the preparat ion of bread flours. 
The results obtained from untreated doughs are shown 

% x + Y  

40 7 

× 

30 

10 
'2 

Q ~ Q  • , - , q , X 

5 10 15 20 25 30 35 
A g e  o f  f l o u r  (doy~) 

FIG. 3. As Fig. 2, but treated with potassium iodate (80 
ppm) during dough mixing. 
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FIG.  4. A s  F i g ,  2,  f l o u r  t r e a t e d  w i t h  c h l o r i n e  d i o x i d e  ( 2 8  
p p m )  i m m e d i a t e l y  a f t e r  m i l l i n g .  

in F igure  2 and confirmed tha t  the yield of x and y 
appeared to change with the age of the flour, reaching 
a max imum af ter  2 to 3 weeks'  storage. While flours 
1 and 7 f rom Manitoban wheats A and C were similar, 
flour 2 f rom Manitoban wheat B was slow to develop 
an appreciable x and y yield. 

The effect of oxidising agents on the results is shown 
in the following figures, potassium iodate alone (Fig. 
3) having little effect on the general t rends observed 
al though slightly higher yields of x and y were ob- 
tained over-all. Chlorine dioxide t rea tment  of flours 
f rom wheats B and C is shown in F igure  4 where, in 
spite of a general increase in x and y yields, wheat B 
again produced a less " a c t i v e "  flour than  wheat  C. 
A similar effect with age in flour 6 (wheat C) rising 
to a max imum at  3 weeks was also seen. Addit ional  
t rea tment  with iodate (Fig. 5) increased the yields 
only slightly, but  a high yield was obtained at  2 days 
with flour 6, which corresponds to a similar ear ly rise 
on iodate t rea tment  of flour 7 (Fig. 3) f rom the same 
wheat. Generally, the use of oxidising agents in- 
creased the yield of x and y compared with results 
f rom untreated doughs. 

In  the Iight of later  findings by Lough (2) and our- 
selves on the product ion of methoxy derivatives as 
ar t i facts  dur ing the BF3 methylation,  we realised tha t  
these results are likely to have been influenced by arti-  
fact  format ion to an extent difficult to assess. How- 
ever, it is hard  to dismiss completely the repeated rise 
in x and y yield with flour aging, or dough oxidation 
and to account for  the consistent slow development of 

O/~x + Y 

5C 

3C 

20 ~/ / 

/ 10 

; io i~ ...... 2'0 2's a'o 15 
Age of f lour  (days) 

F r o .  5. A s  F i g .  4, b u t  t r e a t e d  wiH~ p o t a s s i u m  i o d a t e  ( 8 0  
p p m )  d u r i n g  d o u g h  m i x i n g .  

T . . . .  3 4 5 6 7 8 9 10 II 12 ~314 ~5 

5000 4000 3000 2000 1800 1600 1400 1200 1000 800 65ff 
Wa,~,~mbo,,.,~ 4 

F i e .  6. I R  s p e c t r u m  o f  p u r e  c o m p o u n d  x :  m e t h y l  m e t h o x y -  
s t e a r a t e .  

x and y f rom flours f rom one of the three wheat  sam- 
ples examined. A statistical t r ea tment  of x and y 
yields f rom various dough lipids will be considered 
later. 

Pooled ester mixtures  rich in compounds x and y 
were used to s tudy the chemical constitution of these 
compounds. Their behaviour on different columns 
(shown in Table I ) ,  together with brominat ion and 
hydrogenat ion results, showed tha t  compound y dif- 
fered f rom x only by  the presence of a double bond in 
the molecule of compound y. Hydrogenat ion  was used 
to convert  y to x. The large amount  of stearic acid 
formed f rom the other unsa tura ted  acids present  was 
removed by low temp fract ional  erystallisation, pure  
compound x being obtained by prepara t ive  gas-liquid 
chromatography  (GLC) of the cold soluble fract ion 
for use in subsequent s t ructure  determinations. 

The inf ra red  ( IR)  spect rum of x is shown in F igure  
6; i t  appeared  to be that  of a liquid f a t t y  acid ester 
having a strong absorption at  1100 cm -1 probably  due 
to an ether structure.  A pure  sample of x was com- 
pared by nuclear magnetic resonance spectrophotom- 
e t ry  with pure  methyl  stearate p repared  under  the 
same conditions in order to obtain fu r the r  informa- 
tion on the nature  of the suspected ether group. The 
chemical shifts in resonance absorption are listed in 
Table I I  and show tha t  compound x differs f rom 
methyl  stearate by  the appearance  of absorption at  
6.66r ascribed to protons associated with the ether 
bond (5,6). The area beneath this absorption peak 
was the same as tha t  for  the methyl  ester absorption 
at 6.28r and it was concluded that  the probable struc- 
ture for  x was methyl  methoxystearate.  This s t ructure  
was in accordance with elemental analysis and tool 
wt determinations on a fu r the r  sample of pure  com- 
pound x. The results (Table I I I )  showed good agree- 
ment  of carbon, hydrogen and oxygen with the cal- 
culated values for  methyl  methoxystearate  but  the moI 
wt was low. F r o m  the evidence of its carbon number  
on Apiezon L (19.1, compared with 19.07 for  x) and 
I R  spectrum (strong absorption at 1100 cm -I)  methyl  
12-methoxystearate p repared  by  Lough from. ricin- 

T A B L E  I I  

N:~R Spectra  of Compound x and  Methyl Stearate 

Proton 
Envi ronment  

H - C  of terminal  CHa ............................. 
H - C  of carbon chain ............................. 
H - C  adjacent  to carboxyl ...................... 
t t - C  of ester OHs .................................. 
H - C  of c, ther  C H - O - R  . . . . . . . . . . . . . . . . .  

Chemical shifts, r (ppm) 

Approx.  / Found  
values ] - -  - 
f rom / Compound t ~ e t h y l  

tables ] _ _  x Ii s!earate 

9.1 / 8.95 I 9.20 
8.7 / 8.64 I 8,70 
7,9 ] 8.28 [ 8,20 
6.3 6.28 6.38 
6.7 6 66 
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T A B L E  H I :  

Elemen ta l  Ana lys i s  a n d  3£oi W t  of x 

Carbon  t I y d r o ~ e n  Oxygen  a 1~[ol W t  

~ o , , , ~ d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 73.6% F-~.~ % - - 1 ~ . 9 ~  2 9 ~  
Calculated,  C2o, H4o, Os ...... I 7 3 , 0 %  I 1 2 . 3 %  r 14.7% i, 328.5 

a B y  difference.  

oleie acid (3) would appear  to be closely similar in 
composition to compound x p repared  f rom pooled 
dough oil esters. 

During" a s tudy  of the reactions leading to the for- 
mation of the methoxy derivatives dur ing the BF3 
interesterifieation, the unexpected observation was 
made tha t  the yield of these derivatives could be var-  
ied by a change in the ester separat ion routine. Af te r  
refluxing oil samples with the BF3 reagent  (which 
at  the time of this work was being supplied in concen- 
t ra ted form, requiring" therefore dilution to 12.5~/% 
w / v  to be comparable with our earlier work) ,  i t  had 
been found advantageous to remove excess methanol 
to avoid emulsion format ion dur ing light petroleum 
extract ion of the reaction mixture.  This was accom- 
plished by  a short  (ca. 10 rain) distillation of meth- 
anol f rom the reaction mixture  on the steam bath. 

I t  was found tha t  by using a longer distillation time, 
and thus increasing the quant i ty  of methanol removed, 
the yield of x and y esters was increased proport ion-  
ally. The effect is shown in F igure  7 where the volume 
of methanol removed and the yield of methoxy deriva- 
tives are shown plotted against  the distillation time. 
I t  was clear tha t  variat ions in the yields of x and y 
observed previously could have been influenced by 
ar t i fact  format ion due to inadver tan t  variat ion in dis- 
tillation time, and a comprehensive investigation of 
dough lipid behaviour dur ing flour aging was under-  
taken to test statistically the significance of change in 
x and y yields under  r igidly controlled conditions of 
ester preparat ion.  

A sample of Manitoba No. 2 wheat similar to tha t  
used previously was Btihler milled and sampled at 
weekly intervals for dough mixing as before. At  the 
same time samples of other Biihler milled flours f rom a 
wide selection of available wheats were examined in 
order to present  a large number  of results for statistical 
evaluation. Each extracted dough oil was methylated 
in quadrupl icate  and the methanol removed by care- 
ful ly t imed duplicate  distillations of either 5 or 10 
rain duration.  Results were thus obtained both near  
the onset of, and during, a r t i fac t  formation.  

The flour aging experiment  was continued for 10 

V o l u m e  (ml.} 
dis t i l led  

10 

G f -  ~- 

/ /  
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FIG. 7. Change in x and y yield and amt of methanol removed 
with increased distillation time; Q--Q methanol; . . . .  x 
and y. 
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I 
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49 
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5 
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Age of f lour  ( d a y s )  

FIG. 8. Variation in yield of x and 3" with age of flour. Dis- 
tillation times controlled to either 5 or 10 rain duration. 

weeks and, together with other flour samples chosen at 
random, gave some 80 separate  interesterifieations 
f rom which were obtained over 200 GLC measure- 
ments of x and y yield. F igure  8 shows a his togram 
presentat ion of x and y yield for  5 and  10 rain distil- 
lations throughout  the aging flour experiment.  The 
data for the 5 rain distillation showed no statist ically 
significant change dur ing the flour aging experiment.  
At  the 10 min distillation time, the yields were greater  
over-all than had been observed in the earlier work 
where zero yields were usually found in the first, weeks 
af ter  milling. The agreement  between duplicates was 
poor and the somewhat insensitive joint test of dif- 
ference between the means for different flour ages 
against  experimental  error did not a t ta in  statistical 
significance. However, a plot  of means against  age 
(Fig. 9) showed a t rend similar to the experimental  
observations made in the earlier work but  at a higher 
yield level and showed a max imum at 28 days. The 
significance of this t rend was tested statistically using 
a parabolic line of best fit. Al though a perfect  fit was 
not obtained, the quadrat ic  te rm in the fitted equation 
was significant at the 5% level, which can be regarded 
as evidence that  the peak observed cannot be dismissed 
as spurious. Moreover, analysis of the data  f rom the 

e$ b x + Y  

2 5  

15 

ts---.__ o 

I 0 o ~  o ~ / 

0 

A g e  of  f l o u r  (weeks)  

FIG. 9. As Fig. 8, mean values for 10 min distillation plotted 
against age of flour. 
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randomly selected flours showed that  the differences 
between flours tested jointly against experimental 
error were statistically significant at the 5% level, in- 
dicating again the presence of some factor in the 
dough lipid which could influence x and y production 
over and above simple ar t i fact  formation. 

Discussion 
The observations made in these experiments thus 

deserve consideration, and the possibility that  meth- 
oxylation by BF3 may be enhanced by some oxida- 
tion mechanism acting on the dough oil must still be 
left  an open question. I f  the agreement between our 
early results is regarded as significant, and if the ef- 
fect of air and oxidants on x and y yield as the flour 
ages is taken as evidence of a change in the reactivity 
of the flour lipid to oxidative reactions, then it  is of 
interest to consider briefly our earlier suggestion of 
the existence of a reversible lipid oxidation reaction. 

While lipids have been found to play a par t  in the 
oxidative reactions involving protein - S H  groups (7) 
and have been said to compete with - S H  for  available 
oxygen in the dough (8),  the importance of lipid per- 
oxides in dough oxidation has been doubted in view 
of the small quant i ty  and low reactivity of the hydro- 
peroxides found experimentally (9). The existence of 
a reversible lipid oxidation involving a t ransient  oxi- 
dation stage (envisaged as a substrate in the BFa meth- 
oxylation reaction other than the ar t i fact  reaction) 
would explain the lack of peroxide activity in dough 

lipid during oxygen t ransfer  between oxidant and 
protein --SH. Even though Pr ive t t  has obtained evi- 
dence of the possible existence of an oxidation stage 
pr ior  to stable hydroperoxide formation (10), much 
work remains to be done before the reversible oxida- 
tion mechanism we have proposed can be proved or 
disproved. A method of detection more specific than 
the BF3 reaction will be required and the transient  
nature  of such intermediates will add to the experi- 
mental difficulties. However, from the limited evidence 
presented here the implications of such a s tudy can be 
seen to be of great  interest both in and beyond the field 
of cereal chemistry which is our immediate concern. 
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Further Studies of Degossypolized 

Source of Plant Protein m Rabbit 

Cottonseed Meal as a 

Feeds 
R. B. CASADY, T. B. KINNEY, JR and K. E. MIZE, U. S. 
Department of Agriculture, ~ Beltsville, Maryland 

Abstract 
Degossypolized cottonseed meal was fed to ma- 

ture female rabbits throughout  four successive 
litters, using a split-plot randomized block design. 
When used as a replacement for soybean meal, at 
levels of 4, 7, 10 and 13% of the diet, no signifi- 
cant diet responses were found in the analyses of 
total l i t ter  weaning weight, average individual 
weaning weight, percentage mortality,  number 
weaned, or feed conversion. However, block and 
li t ter effects on l i t ter weight were significant, sug- 
gesting genetic differences, and the means for lit- 
ter  weights and mortal i ty  suggested an adverse 
effect at the 10 and 13% levels. Results indicated 
that  at levels of 4 and 7% degossypolized cotton- 
seed meal may serve as a satisfactory substitute 
for soybean meal in the rabbit diet. 

p REVIOVS STUDIES by Casady et al. (1962) showed 
that  degossypolized cottonseed meal, when used as a 

replacement for  soybean oil meal, at levels of 3, 5, 7, 
and 9% of the rabbit diet, produced no significant diet 
responses in the analyses of average individual wean- 
ing weight per litter, percent mortal i ty  in young rab- 
bits, or feed conversion. However, the linear and 

1U.S. Rabbit  Experiment  Station, and Biometrie Services, ARS, 
Beltsville, Maryland. 

quadratic responses of total l i t ter weaning weight to 
additional cottonseed meal were significant. The sig- 
nificant quadrat ic  regression of unadjusted total wean- 
ing weight on percentage of cottonseed meal was 
caused by better growth with the 3 and 5% diets. 
There were, in addition, indications of a depressing 
effect on total l i t ter  weaning weight at the 7 and 9% 
levels. 

The purpose of this experiment was to obtain more 
data using levels of cottonseed meal which overlapped 

TABLE I 

Composition and Chemical Analyses a of ~abbi t  Diets 

Ingredient  

Sun-cured alfalfa meal . . . . . . . . . .  

Soybean meal (expeller) ........ 
Linseed meal (expeller) ........ 
Barley . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Oats . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat  mixed feed (millrun) .. 
Salt (NaC1) ......................... 
Degossypolized cottonseed 

meal b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Crude protein . . . . . . . . . . . . . . . . . . . . . . .  

Ether extract .......................... 
Crude fiber ............................. 
N,F.E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Diets 

1 2 3 4 5 
(Control) 

( % )  ( % )  ( % )  ( % )  ( % )  

40.0 40.0 40.0 40.0 40.0 
18.0 14:0 11.0 8.0 5,0 

4.0 4.0 4.0 4.0 4.0 
18.5 18.5 18.5 18.5 18.5 

4,0 4.0 4.0 4.0 4.0 
15.0 15.0 15.0 15,0 15.0 

0,5 0.5 0.5 0.5 0.5 

0.0 4.0 7.0 10,0 13.0 
20.49 20.43 20.90 21.08 21.09 

3.26 3.24 3.16 3.06 2.69 
14.33 14.61 ]4.94 15.15 15.66 
46.95 46.82 46:23 45.91 46.06 

6.89 6.86 6.69 6.76 6.55 

a Determined on an air  dry basis. 
b Free gossypo] 0.016~o ; total gossypol 0 .79%.  

.~oaquin Cotton 0il Company, Los Angeles, Calif. 
Supplied by San 


