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Yeast and malt require special care on the part of the manu-
facturers in order to meet these standards. _
The additive effect of rope spores when present in a number
of ingredients is & condition which must be given considera-
tion. Such a condition, although highly improbable, could
easily cause development of rope in bread:
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Rate of Linseed Oil
Oxidation with Driers

Measurements of the rate of absorption
of oxygen at 98.5° C. by linseed oil con-
taining oleates and linoleates of cobalt,
manganese, and lead are reported. The
concentration of drier used is, in general,
‘0.1 per cent of metal based on total weight
ofoil. The length of the induction period
is used as a basis of comparison. The
linoleates of cobalt and manganese have
the same induction periods as the oleates
of these metals. The linoleates of cobalt
and manganese have shorter induction

periods than the linoleate of lead. Lead
salts of  phenylpropiolic, salicylic, and
acetic acids are, in contrast to the lead

OR many years it has been

known that the presence of

certain substances in lin-
seed oil accelerates the rate of
oxidation or “drying” of the 0il. Such substances, commonly
known as “driers,” apparently act as catalysts in the oxidation
process. Many investigations have been made to determine
the controlling factors and the effectiveness of driers. A
survey of about twenty-five articles in the literature shows
that three general lines of procedure have been followed:

1. Determination of the time required for a known weight of
oil to reach a definite temperature, when absorbed on cotton
(Mackey oil tester)(6).

2. Determination of the amount of oxygen absorbed as a func-
tion of time: .

@. Volume or per cent of oxygen absorbed by a film of oil of

sknown weight on cloth or paper (3, 9, 10). i

b. Volume or per cent of oxygen absorbed by s known weight
of oil (shown by viumge in iodine number) when ‘blown’’ in bulk
by & stream of conditioned air (4, 11), .

3. Tests on increase in weight, plasticity, or hardness of a
film of oil spread upon a surface in contact with air or oxygen (4,
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salts of linoleic and oleic acid, not ap-

preciably soluble in linseed oil and have

longer induction periods. Decrease of

metal content in the cases of cobalt lino-

leate and lead acetate causes an increase

in the length of the induction period.

Induction periods for linoleic and oleic

acid at a concentration of 1.0 per cent in

linseed oil are practically the same as

that for raw oil. In the case of linoleic
acid alone, the induction period is very

short with a high oxygen absorption; in

the case of oleic acid there is no pro--
nounced induction period and very little

oxygen is absorbed.

The present investigation
deals with the rate of oxidation
of linseed oil with various driers
at the temperature of boiling
water. This temperature was chosen because the rapid rate
of oxidation at this point makes it possible for a given ex-
periment to be completed within 1.5 or 2 hours. Rhbodes and
Chen’s measurements (9) were made at 30° C.; Long and
Chataway (§) worked at 160° C.

Apparatus and Materials

The type of apparatus used (Figure 1) was somewhat simi-
lar to that used by Rhodes and Chen (9):

It consisted of two similar units in which two measurements of
the rate of oxidation (absorption of oxygen) could be made sj-
multaneously. Each unit was made up of a 250-ce., wide-mouth
bottle containing & small frame of copper wire upon which & strip
of cloth exactly 2 X 10 cm. was stretched. A known weight of
lingseed oil or oil containing the drier was absorbed upon this
cloth. A known weight (5 grams) of soda lime was placed in the
bottom of the bottle to absorb carbon dioxide, water, and volatile
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TaBre I. OxXYGEN ABSORPTION BY VaRIous DRIERs
Co, O: n Absorbed Gram of Oils
Time,Min. 4 B . O© D B F 6 B IR ™TM N~ o P Q@ =
5 0.2 40.1 1.6 00 383 352 278 4.0 1.9 0.2 126 0.0 07 0.7 0.0 0.2 3857 0.0
10 0.8 257 182 1.2 321 153 23.8 184 6.0 1.0 14.1 1.8 2,0 2.8 0.0 0.9 287 0.0
15 1.3 164 135 2.7 286 14.2 180 13.2 104 1.3 11.5 84 4.6 85 0.9 1.4 157 0.0
20 1.8 10,0 12.1 6.2 142 8.9 12,7 12.1 126 2.1 8.1 9.4 535 2.8 2.7 2.9 121 0.4
25 3.4 67 94 122 122 6.4 108 100 13.2 87 7.7 9.8 82 4.6 3.9 1.4 9.8 0.4
30 3.7 6{ 89 171 82 6.4 89 100 11.1 4.7 7.2 86 9.1 6.8 4.5 1.7 B4 1.2
35 5.0 5. 7.2 176 61! 68 7.8 86 1.1 50 6.4 84 11,6 81 51 3.5 64 2.1
40 6.8 5.7 40 154 61 40 6.0 87 11.1 7.1 51 7.4 106 9.0 7.5 4.6 6.4 2.1
45 686 43 .40 109 56 50 68 7.4 9.0 7.3 49 6.5 9.8 102 81 51 6.4 2.1
50 84 46 2.7 118 56 42 44 58 86 86 3.9 59 9.1 10.2 108 7.1 42 1.2
55 9.7 43 35 11.4 48 23 44 58 81 89 4.3 5O 8.7 9.2 1.4 7.6 3.6 1.6
6(; 11.0 ;.o 3.2 ;.2 3.3 23 37 44 6.9 10.2 3.0 47 7.8 81 102 9.3 36 2.1
6 10.2 2 3. 9 48 30 31 33 58 102 38 41 7.5 7.2 9.9 81 33 21
70 1.6 37 206 64 46 33 381 44 53 84 2.8 49 68 7.2 9.6 9.1 2.8 2.1
75 9.2 45 256 6.9 2.3 . 33 3I 42 6.2 86 41 6,1 55 6.6 81 88 3.6 3.3
80 8.9 28 .22 09 28 19 31 44 32 84 24 3.3 52 52 7.8 86 2.8 2.1
85 87 28 20 49 38§ 1.8 28 28 44 81 2.8 338 50 61 7.2 7.8 2.5 1.2
90 7.4 2.8 1.7? 4.70 2.6 19 20 2.8 42 81 28 29 46 44 69 7.4 2.3 0.8
. * A, raw oil; B, cobalt linoleate (0.1% Co); C, cobalt linoleate (0.01% Co); ), oobalt lincleate (0.001% Co): E, cobalt oleats (0.1% Co); ¥,
lincloate (o.}yy%xvfn)-  manganeso oleate (0.1% Mo, oad Bnolenta’ (0,105 BOYT, load otente (0100 Bole . sav obls i aad Sootace (1.0% Phys L. Jona
aocetate (0.1 % b{;, M, lead salisylate (0.1% Pb); 'N, lead phenylpropiolate (0.1% Pb); O, linoleio acidin oil (1.0%); P, oleio acid in oil (1.0%?; Q, linolelo -
acid (pure); R, oleis acid (purs).
mouth bottle was connected by means of a rubber stopper and Tastr II. Dara on Inpucrion Periop . .
capillary tubing to a Bunte buret enclosed in a water jacket and Av. Vol. Os
to a leveling bulb containing marcuﬁ. The rubber stoppers and Indugtion O Absorbed
connections were sealed with de Khotingky cement. The two Drier Period Absorbed  per Min.
units assembled side by side were connected in parallel to a stor- Min, Ca. Ce.
age bottle containing oxygen, Two flasks were placed in the oxy- Cobalt linolests (0.1% Co) 40.1 8.0
gen feed line, The first flask was empty and served as a trap; Cobalt oleate (0.1% & 38.8 7.6
the second flask contained concentrated sulfuric acid which was ~ Manganese linoleate (0.1% Mn) 25.2 z.0
anganese oleate (0.1 n) 27.8 8.8
used to dry the oxygen, . . Lead linoleate (0,1 ) 1 32.4 3.2
A metal hot water bath fitted with a constant leveling device sur« Cobalt linoleate (o.olgS Co) 1 26.8 2.6
rounded the two bottles and could be raised or lowered by chains 1434 ssetate (107 b 3 ne 28
and pulleys (5). The temperature could be maintained fairly Cobalt Linoleate (0.001% Co) 3 57.0 1.6
gonstsagt ?1198.5° C. (ma.mmuxﬁ 99°, mu}xmum 98°ﬂon dik!:frgrent ,g:g a:lqeatle tg).(lt;yf a}’b by g ig.‘% %i
S gys) by allowing a very small stream of water to flow through peaq salcylate (O, 70 - .
)‘; the bath. Inorder to ensure uniform heating, the bottles were not _f:&g},“;,‘;i’é"({ %‘%’)"’e ©:3% Fb) § %i:% %:g
V4 allowed to come in contact with the bottom of the water bath. Oleio acid (1.0%) 8 45.7 0.8
-The linseed oil used was a fresh (unboiled) commereial product. Raw oil 60 60.0 1.0
The oleic acid used was taken from a Kahlbaum sample, The
“linoleic acid” used was of the best quality available. The

iodine number of this sample was 183.9. It was found to contain i 1 i indi
linolenie acid gy a %lﬁalitative colorimetric method proposed by hydroxide, using phenolphthalein as an indicator. Aqueous
ince

Martin (7). & purpose of these experiments was t6 pro. solutions of lead, manganese, or coba,l't nitrate were a:dgied
pare d,ifm of & high dé’g,e%"%f matméﬂ,’n, this material I,?ms to the solution of the potassium salt until no further precipita-

used, although other more saturated acids may have been present tion was observed. The precipitated. salts were filtered,
in the sample. ‘The difficulties involved in preparing linoleic acid washed, and dried in a desiccator. These compounds were
of high purity (more than 81 per cent) were shown recently by !

Brown and Stoner (7). The oxygen used was 99.5 per cent pu generally soluble in linseed oil in the concentrations used—vis.,
wdv;nas taken fmn§ t)he hbgraﬁyée supply of compré’ssed oxylée;e: 0.001 to 1.0 per cent of metal content in the oil. The linseed
. . oil, fatty acids, and driers were sll stored in a dark closet.
. Preparation of Driers The lead salt -of phenylpropiolic acid was prepared in a
Lead; manganese, and cobalt oleates and linoleates were  similar manner from a sample of the acid previously pre-
: prepared s follows: An alcoholic solution of the acid was  pared for other work in this laboratory. Attention was
i neutralized by means of an alcoholic solution of potassium directed to this compound because it confains the highly
unssturated (acetylenic) group. The cobalt and manga-
nese salts of this acid could not be prepared successfully
by the method outlined because of their greater solu-
bility in water. The lead salt is not appreciably soluble
in linseed 'oil and was therefore worked into the oil in
the form of a suspension by grinding in a mortar. Simi-
lar conditions were met with in the use of the lead salts of
acetic and salieylie acids.

Procedure

The air was displaced from the bottle by means of oxy-
gen. The frame holding the cloth strip with a known
weight (0.75 to 1.0 gram) of oil absorbed upon it was
placed within the bottle which was connected by sealed
joints to the buret. The bath of boiling water was
quickly raised so as to surround the bottle up to the
stopper, and the stopcock was opened. The oxygen
quickly expanded to a maximum point and at this point
readings were taken at 5-minute intervals over a period
of 90 minutes. Burets were refilled with oxygen as
needed. Atmospheric pressure was maintained as :
Fioure 1. PHOTOGRAPH OF APPARATUS closely as possible by frequently adjusting the leveling

{
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The most extreme variations recorded correspond to a cor-
K rection value of not more than 2.3 per cent. Experiments
35 that were run in duplicate showed reproducible results. The
© \ Figure 4 driers used are listed in the footnotes. These data are
So plotted in Figures 2, 3, 4, 5, 6, and 7.
i __ Table II shows the time of the induction period, the volume
5% of oxygen absorbed, and fthe average volumedof oxygen &b~
X T sorbed per minute during the induction period. The induc-
i \ o Cobalt Imaleafe lrzt) tion period is defined by Milas (8) as “the time necessary for
g 20 & Codalt Il{zoleazb(aplz @) | the redction to reach its maximum velocity.”
5 L\? )rﬂ\u Cqbah‘ linoleate (2001x (ol .
g° \bé \& Acknowledgment
E 0 o u\ The authors wish to thank W. Q. Braun, of the Department
& of Agricultural and Biological Chemistry of this college, for his

o o %0
Time (minutes)

bulbs. This uniform procedure was followed in all of the
measurements. Blank measurements in which no oil was
used showed that no appreciable volume of oxygen was
absorbed by the rubber stoppers and soda lime under these
conditions. '

Results

Table I gives the volumes of oxygen absorbed per gram of
oil by eighteen different samples. Calculations showed that
the temperatures and pressures existing during all of the ex-
periments were sufficiently constant to justify the use of the

ohserved volumes without correction to standard conditions.

kind assistance in the analytical work.
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