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A. D. Rich of the Fi l t rol  Corporation. Containers 
for  packaging 8,000 four-pound cans of the Natural  
Ea r th  and 2,000 of the Activated Ear th  have been 
obtained and work of testing for uniformity  of the 
lots chosen is well underway. The discovery of an 
inventory error  by our distr ibutor has relieved some- 
what the urgency for replacement of the Natural  
Ear th  so it now appears that thoroughly tested stocks 
of both types will be available well in advance of 
probable exhaustion dates. 

I t  will be recalled that  the Society approved a 
recommendation of the Uniform Methods Committee, 
made to the Atlanta Meeting in May, 1950, that fu- 
ture stocks of Natural  Ear th  should be of U. S. ori- 
gin. The wisdom of this decision is becoming quite 
apparent  since a survey of our supply of Official Nat- 
ural  Bleaching Earth,  bearing the 5% dosage label, 
showed some indication of non-uni formi ty  and the 
Governing Board authorized replacement of all cans, 
which had been issued within the three-month period 

prior  to the normal expiration date of Ju ly  31, 1950, 
of this lot of earth. This was done, at no cost to the 
purchaser, using as a basis the record of sales by  the 
Chicago Office. According to records of Central Sci- 
entific Company, the 5% lot of earth was exhausted 
before the expiration date of Ju ly  31, 1950. Since 
then only the 5.67% earth has been issued and con- 
stitutes our sole remaining supply. Thorough tests 
have shown this stock to be entirely uniform in 
bleaching potency. 

With a domestic source of supply there is every 
reason to believe we need have no fear  of a recur- 
rence of this unfor tunate  experience. Every  precau- 
tion is being taken to insure the complete uniformity  
of the supply now being processed. The equivalent 
dosage values will be certified by both the Chemists' 
Committee of the N.C.P.A. and the Technical Com- 
mittee of the N.S.P.A. before any is issued as A.O.C.S. 
Official Bleaching Earth.  

J. T. R. ANDREWS, chairman. 

Pre-Treatment of Peanut Kernels for Effective Skin Removal 
J. POMINSKI, E. L. D'AQUIN, L. J. MOLAISON, E. J. McCOURTNEY, and H. L. E. VIX, 
Southern Regional Research Laboratory, ~ New Orleans, Louisiana 

C O L O R  is a major  factor in the acceptance by 
iudustry  of solvent-extracted meals and prote- 
ins processed from peanuts. Objectionable dark 

color in these products has been a t t r ibuted by Stans- 
bu ry  et al. (10) to the presence of certain tannin 
pigments in the skins. Fontaine et al. have reported 
a ra ther  extensive investigation of the color of pea- 
nut  proteins (3). Burne t t  has demonstrated that  the 
darkening effect of the skin pigments on the protein 
can be practically eliminated, without removal of the 
skins, by the t reatment  of the kernels with dilute 
sodium hydroxide solution (1, 2). Obviously, com- 
plete removal of the skins is a satisfactory solution 
to the problem of color in the meal and protein. .  But  
the commercial practice of mechanically blanching 
peanut  kernels for the confectionery trade involves 
roasting them at relatively high temperatures,  which 
denatures the protein considerably (7).  

A method of pre-treat ing the kernels by  water-dip- 
ping and drying at low temperatures prior  to me- 
chanical blanching to remove the skins is described, 
and results obtained in its application to the various 
commercial grades of shelled Spanish peanuts (U. S. 
No. 1, U. S. No. 2, and oil mill stock 2) are given. The 
term " b l a n c h i n g "  is used throughout  this report  to 
indicate subjecting the kernels to the mechanical ac- 
tion of a s tandard spl i t -nut  peanut  blancher. The 
optimum process conditions were established for re- 
moving 98% or more of the skins f rom U. S. No. 1 
shelled peanuts. The color of protein prepared from 
treated shelled peanuts of this grade compared favor- 

1One of the laboratories of th;'Bureau of Agricultural and Industr ial  
Chemistry, Agricultural Research Administration, U. S. Department  of 
Agriculture. 

~The grading and chemical analyses of the various lots of commercial 
peanut  kernels used in these experiments were reported in a previous 
publication (8) dealing with the removal of objectionable skin color by 
the lye treatment. U. S. No. 1 and U. S. No. 2 shelled kernels are 
essentially whole and split kernels, respectively. Oil mill stock kernels 
consis?~ of small kernels, shrivels, pieces, and damaged kernels rejected 
during grading operations. 

ably with light-colored peanut  proteins prepared by  
other methods. 

Determination of the Percentage of Skin Removal 
To evaluate the effectiveness of separation of skins 

fronl kernels, a method was devised for the estimation 
of the percentage of skins removed. A 100-g. sample 
of shelled peanuts was taken, and any kernels con- 
taining skins were separated, weighed, and counted. 
These kernels were divided into fractions estimated 
to have complete, half, one-third, and one-fourth skin 
coverage, etc. For  the calculation, kernels with skins 
part ial ly removed were converted to equivalent ker- 
nels with 100% skins, i.e., four  kernels with one- 
four th  skin coverage were considered equivalent to 
one kernel having 100% skin. 

C a l c u l a t i o n  : 

P e r c e n t a g e  of  sk in  r e m o v a l  - 

No .  of  e q u i v a l e n t  k e rn e l s  w i t h  1 0 0 %  sk in  
100 -- 

Total no. of kernels containing skin 
X Wt. of total kernels containing skin. 

Experimental and Results 
Preliminary.  U. S. No. 1 shelled Spanish peanuts 

were used in experiments to determine the best con- 
ditions for maximum skin removal by water-treat- 
ment, drying, and blanching. Impor tan t  variables 
studied were the effects of moisture remaining af ter  
dipping and af ter  drying, dipping and drying tem- 
peratures, different methods of heating without dip- 
ping, and overnight moisture equilibration prior  to 
blanching. 

In  general:  results (Table I) showed the following 
optimum conditions for de-skinning peanut  kernels by  
the water-treatment,  drying, and blanching process: 
dipping in water at room temperature  (86~ to 
gain moisture of at least 20% of the original weight;  
forced air-drying of the dipped peanuts to obtain a 
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Description 

Wt. of peanut  
kernels, lb . . . . . . . . . . . . . . . . . . . . .  

Moisture, % .. . . . . . . . . . . . . . . . . . . . .  
Soaking time, 

minutes . . . . . . . . . . . . . . . . . . . . . . . . .  
Soaking tempera- 

ture, ~ . . . . . . . . . . . . . . . . . . . . . . . . .  
Moisture absorbed, % 

original weight  . . . . . . . . . . . . . .  
Moisture in wet  

peanuts,% . . . . . . . . . . . . . . . . . . . . .  
D eying time, 

Experiments 

1 2 I 3 I 4 ] 5 '~ 6 I 7 8 9 10  i 11 12 I 13  

Control, 
No 

Treat- 
ment 

5 

7 . 3 7  

hours . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ ...... 
n eying tempera- 

ture, ~ . . . . . . . . . . . . . . . . . . . . . . . . .  [ 
Moisture after 

drying, % .. . . . . . . . . . . . . . . . . . . .  I 
I 

B]~anched immediately ...... x 

B anched next  day . . . . . . . . . . . .  

After blanching. ] 

Deskinned meats, %... . . I  9 6 . 9  
I 

Skins removed,% .......... ] 1 .8  

Hearts  removed, %5 ...... 1 .3  

Skin removal, % .. . . . . . . . . . . . . .  4 4 . 6  

5 

7 . 3 7  

...... 4 

87  

7 .0  

1 3 . 4 6  

2 0 . 7 5  

1 2 0  

3 . 9 4  

x 

9;] .8  

3 .5  

2 . 9  

9 1 . 7  

5 

7 . 3 7  

2 5 / 6 0  

87  

1 4 . 0  

1 8 . 7 7  

2 0 . 7 5  

1 2 0  

5 . 1 4  

x 

9 4 . 1  

2 . 8  

3 .1  

9 5 . 4  

Dil)plng at Room Temperature Dipping at 
1 4 0 ~  

Drying a t l 2 0 ~ F ,  t Drying  at Dry ing  at 
1 8 0 : F 3  1 8 0 c F . 1  

5 

7 . 3 7  

2 

8 7  

2 1 . 2  

2 3 . 6  

1 9 . 0  

1 2 0  

3 . 9 9  

x 

9 4 . 1  

3 ,1  

2 .8  

9 7 , 6  

5 

7 . 3 7  

19 

7 4  

2 7 . 0  

2 7 . 1  

2 5 . 3 3  

1 2 0  

.1.88 

x 

9;I .8 

2 .5  

3 .7  

9 8 . 3  

5 

7 . 3 7  

2 

8 6  

2 2 . 0  

2 4 . 1 0  

2 0 . 7 5  

1 2 0  

4 . 6 3  

x 

9 3 . 0  

4 . 4  

2 .6  

9 7 . 1  

5 

7 . 3 7  

2 

8 6  

2 1 . 4  

2 3 . 7 5  

6 . 2 2  

1 2 0  

"7.26 

x 

9 2 . 5  

4 . 9  

2 6  

96.( t  

5 5 

7 . 3 7  7 . 3 7  

2 2 

87  ~7 

2 0 . 8  2 0 , 8  

2 3 , 3 5  2 3 . 3 5  

5 . 5 5  2 . 1 3  

1 8 0  1 8 0  

4 .4O 7 . 8 0  

x x 

9 3 . 2  9 4 . 3  

3 . 4  3 .6  

:].4 2.1 

9 8 . 3  9 6 . 9  

5 5 

7 . 3 7  7 . 3 7  

1 1 

1 4 0  1 4 0  

2 1 . 2  2 1 . 4  

2 3 . 6  2 3 . 7 5  

6 .0  3 . 6 7  

18r 1 8 0  

4 . 5 6  6 , 6 5  

x x 

9 3 . 2  9 3 . 0  

3 .3  3 .0  

2 . 5  4 . 0  

9 8 . 9  9 8 . 1  

1Drying  after dipping was done in air circulating oven. 
2 Kernels sever~al layers thick. 

Kernels one layer thick. 
4Dipped in water  and pulled out instantaneously. 
~Total hearts were not removed; part remained with split nuts. 

Heat  On y 

Vaeu- Cireulat- 
um ing Air 

Oven ~ Oven a 

2 .5  5 

7 . ; ]7  7 . 3 7  

4 . 0  4.() 

2 0 0  2(1() 

2 . 1 4  1 .72  

x x 

9 3 . 9  9 3 . 5  

3 .5  3 .6  

2 .6  2 . 9  

7 5 . 0  9 4 . 9  

final moisture content of approximately 4.5%; and 
blanching. 

In detail: experiments 1 through 5 showed that a 
moisture absorption of at least 20% by original ker- 
nels was necessary for approximately 98% removal 
of the skins. However  an increase of only 7% in 
moisture absorption by weight of the original ker- 
nels increased the skin removal from 44.6 to 91.7%. 
Experiments  4 and 6 showed that overnight moisture 
equilibration of the dried water-dipped kernels (at 
approximately  4% moisture)  had negligible effect on 
tile percentage of skins removed. Experiments  4, 7, 
8, and 9 showed that at lower final moisture levels 
greater skin removal was obtained for drying tem- 
peratures of either 120 ~ or 180~ Experiments  10 
and 11 showed that a highly satisfactory percentage 
of skin removal was also obtained by dipping kernels 
at 140~ and drying at 180~ and again that lower 
final moisture levels resulted in greater skin removal. 
Experiment  13 showed that a high percentage of skin 
removal was obtained by s imply drying the untreated 
kernels in an air-circulating dryer. By comparison 
(Expt .  12),  drying the kernels in a vacuum oven at 
tile same temperature gave a much lower skin re- 
moval.  It  was noted that kernels heated at 200~ 
(Expt.  No. 13) in an air-circulat ing oven without 
prior treatment resulted in a skin removal of 94.9% 
as compared to 95.4 (Expt .  No. 3) and 97.6% (Expt.  
No. 4) for water dipping at moisture absorptions of 
14 and 21.2%, respectively. The treated kernels pro- 
dueed in Experiments  3 and 4 were superior from a 
standpoint of total content of skin pigments since 
water-treatment p e r  se  removes a large part of the 
objectionable color in the skins remaining on kernels. 

Using these opt imum conditions, similar experi- 
ments were conducted with U. S. No. 2 and with oil 

mill stock kernels using 5 -pound batches. Results 
showed skin removals of 90.754 for U. S. No. 2 and 
59.1% for oil mill stock shelled peanuts. In an ex- 
periment in which the U. S. No. 2 shelled peanuts 
were dried at 180~ without prior treatment,  a skin 
removal of 80.2% was obtained. These are all appre- 
ciably below the desired skin renmval, 9 8 + % .  

It was of interest for comparison to determine the 
effect of substituting lye-dipping (1) for water-dip- 
ping, and then blanching. A sample of each of the 
three grades of shelled peanuts  was treated with 0.5% 
lye solution, dried to approximately 4.5% water, and 
blanched. The U. S. No. 1 shelled peanuts gave a 
satisfactorily high percentage of skin removal. U. S. 
No. 2 and oil mill  stock peanuts  showed no improve- 
ment over the unsatisfactory percentage of skin re- 
moval  obtained in the water-treatment,  drying, and 
blanching method. 

Processing of Larger Lots at Optimum Conditions. 
The opt imum conditions established in the small-scale 
experiments were used as a basis for processing a 
40-lb. batch of U. S. No. 1 shelled peanuts  identical 
with those used in the prel iminary tests; by water- 
dipping, drying, and blanching (see Table II, Col- 
umn 1).  Prior to blanching, a 5-lb. portion of kernels 
was removed and further dried at 180~ for 2 hours. 
A high percentage of skin removal, 98.9%, was ob- 
tained for the remaining 35 lb. of kernels; additional 
heating at 180~ showed practically no increase in 
skin removal. Lipids and protein losses were low, 
0.04 to 0.05% by weight of kernels, as compared to 
previously reported losses of 0.13 and 0.53% with 
tile 0 .o,(  lye treatluent (8). Thus, as would be ex- 
pected for the water-treatment,  drying and blanch- 
ing method, lipids and protein losses were lower than 
for the lye treatment of U. S. No. 1 shelled peanuts. 
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TABLE II  

Skin Removal From U .  S .  N o .  1 Spanish Peanut Kernels by Water Dipping, Drying, and Blanching Process at Optimum Conditions 

Batch No. 1 2 

W t .  of peanut kernels, lb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Moisture, % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Soaking time, minutes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Soaking temperature, ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Moistt~re absorbed, % of original wt  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Drying time, hours . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Drying temperature, ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Moisture after drying, % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Deskinned meats, after blanching, % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Skins, removed by blanching, % .. . . . .  ~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hearts, removed by blanching, % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Skin removal, % 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Losses in process 

Lipids, % of kernel wt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
Lipids, % of original lipids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Protein, 2 % of kernel wt  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Protein, % of original protein ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Protein solubility of solvent extracted meal 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 0  1 2 0  
7 . 4  7 .6  

10  3 5  
83  6 6  
~ 7 . 5  2 1 . 5  
23.3 15.5 

1 2 0  1 2 0  
4 . 3  5 .5  

9 3 . 9  9 4 . 1  
3 . 5  3 . 2  
2 . 6  2 . 7  

9 8 . 9  99-}- 

0 . 0 4  . . . . . .  
0 . 0 8  . . . . . . .  
0 . 0 5  [ . . . . . .  
0 . 1 9  [ ~ : ~  

3 4 

1 0 5  
5 .2  

1 0  
82  
2 3 . 8  
2 1 , 5  

1 2 0  
4 . 1  

9 2 . 9  
9 . 5  3 . 5  
3 . 6  3 .6  

99q~ , 9 9 q -  

9 4 . 1  9 4 . 1  

9 8  
5 ,2  

15  
81  
2 5  
2 1 . 5  

1 2 0  
4 . 3  

9 2 . 9  

5 6 

1 1 2  
5 . 7  
2 . 5  

88  
2 1  
1 8 . 5  

1 2 5  
4 , 4  

9 3 . 2  
3 . 6  

3 .2  3 .2  
9 8 . 7  9 8 . 7  

0 . 0 0 4  0 . 0 0 4  
0 . 0 0 8  0 . 0 0 8  
0 . 0 2  0 . 0 2  
0 . 0 5  0 . 0 5  

8 9 . 7  8 9 . 7  

1 1 1  
5 .7  
2 . 5  

88  
2 2 . 6  
1 8 . 5  

1 2 5  
4 . 4  

9 3 . 2  
3 . 6  

1The comparable results obtained in runs on the different lots of peanuts indicate that any variations due to mechanical blanching may be 
considered insignificant. 

2Protein ~ 6 . 2 5  X nitrogen. 
aPercentage of protein or nitrogen --_-- 1 0 0  X nitrogen lost/nitrogen in original kernels, 
4Protein solubility determined at pi t  7.5 with NaOH and at room temperature. 

The remaining columns in Table II show results 
obtained in water-dipping and processing four other 
lots of U. S. No. 1 Spanish shelled peanuts. These 
lots were cracked, flaked, and solvent-extracted with 
commercial hexane in a batch extractor to give defat- 
ted meals having a high protein solubility. 

Protein Preparation and Color Evaluation. Ap- 
proximately 1,000 g. of U. S. No. 1 shelled peanuts 
from the 40-lb. batch which had undergone the 
water-treatment, drying, and blanching process were 
flaked and defatted with commercial hexane in a 
large Soxhlet extractor. The meal produced was air- 
dried. Protein was prepared by peptizing the meal 
at pH 7.5 (4) with sodium hydroxide using a 20:I 
water to meal ratio at room temperatures, removing 
the solids by screening and centrifuging, precipitat- 
ing the protein at pH 4.5 (1) with sulfur dioxide, 
and recovering it by centrifugation. The protein was 
then dried at 120~ in an air-circulating oven. Vis- 
ual examination showed it to have a cream color. 

TABLE I I I  

I . C . I .  Tristimulus Data on Alkaline Solutions of 
Peanut Proteins 

Treatment of 
U .  S .  N o .  1 

Pro- Kernels Prior 
tein to Solvent 

Extraction 

1 Lye dipping 
( 0 . 5 %  N a O n )  

2 Water dipping 
9 8 . 9 %  skin 
removal 

3 Water dipping 
1 0 0 %  skin 
removal 

x 

0 . 3 2 1 5  

0 . 3 2 1 5  

0 , 3 2 0 6  

I L n m i -  , 
nons 

Y T r a n s -  ! 
_ _ _ _  rr itla~ ee 

O . 3 3 3 5  9 1 . 6  

0 . 3 3 4 1  9 1 . 8  

0 . 3 3 3 6  9 2 . 9  

Domi- 
nant 

W a v e  
Length 

5 7 2 . 0  

5 7 1 . 5  

5 7 0 . 8  

P u r -  
i t y  

% 
7 .8  

7 .9  

7 .5  

Table III gives I.C.I. tristimulus data determined 
on an alkaline solution of this protein in accordance 
with the method of Fontaine (3), using a psycho- 
physical system of color values (6). These data were 
compared with those obtained on similarly prepared 
proteins from two portions of U. S. No. 1 kernels, 
one of which was treated with 0.5% lye for color 
removal and the other of which had 100% skins re- 
moved by hand after water-dipping and drying. The 
data show that the color of the protein solutions made 
from kernels treated with lye and made from kernels 

treated by water-dipping, drying, and blanching was 
essentially the same and differed only slightly from 
the color of protein solution prepared from shelled 
peanuts with 100% skins removed. 

In using Fontaine's method to determine color 
values it was difficult to obtain sufficiently clear so- 
lutions in some cases. It was also observed that this 
method could not be used on some proteins since their 
alkaline solutions remained so turbid that they gave 
incorrect values. It is thus evident that this method 
is not entirely satisfactory. Perhaps the development 
of a color determination based on reflectance meas- 
urements of solid particles should give a method of 
evaluation more generally suitable. 

Applications 
In addition to the total of 586 lb. (Table II) of 

peanut kernels treated by water-dipping, drying, and 
blanching, approximate ly  2,200 lb. were similarly 
treated and were then cracked, flaked, and solvent- 
extracted with commercial hexane in a continuous 
solvent extraction pilot-plant (5). The meals pro- 
duced were used in numerous industrial and nutri- 
tional investigations, and investigators have found 
that these relatively skin-free meals have superior 
color and flavor characteristics over other solvent- 
extracted peanut meals in food utilization (9). 

There are several conditions in which a combina- 
tion of lye-treatment with blanching of the kernels 
may be preferable, ttexane-extraeted peanut meals 
may be prepared from U. S. No. 2 shelled peanuts 
that have been both blanched and lye-treated, which 
are not only free of the undesirable soluble skin pig- 
merits but also have the greater portion (90%) of the 
skins removed. It is necessary in the solvent extrac- 
tion of shelled peanuts to have the optimum moisture 
content. The optimum moisture content, 7% (5), be- 
ing higher than the 4.5% moisture remaining in the 
kernels as a result of the water-treatment process 
makes it necessary to remoisten the kernels before 
extraction. However drying water-treated U. S. No. 
1 peanut kernels to higher final moisture levels than 
4.5% results in a greater percentage of skins remain- 
ing after blanching. Where it is necessary to obtain 
protein products free of the objectionable skin pig- 
ment color or meal products wherein a small percent- 
age of skins is permissible, a lye-treatment of the 
U. S. No. 1 peanut kernels prior to blanching would 
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allow them to be dried directly to the opt imum mois- 
ture for solvent extraction. 

Summary 
A new method for the removal of skins f rom peanut  

kernels by  water- t reatment ,  drying, and blanching in 
a s tandard  spli t-nut blancher  has been developed on 
a pi lot-plant  scale. Opt imum conditions for approxi-  
mately  98% skin removal f rom U. S. No. 1 shelled 
Spanish peanuts  by  this method are water - t rea tment  
at  room temperature ,  to gain not less than 2 0 ~ ,  dry- 
ing with forced circulated air at 120 ~ to 125~ to 
approximate ly  4.5% moisture in the peanuts,  and  
blanching. The lipids and protein losses result ing 
f rom the water-washing action on the kernels were 
:selatively low and less than  those losses obtained by  
]Lye t rea tment  of the kernels. The method however 
did not give sat isfactory results with either shelled 
U. S. No. 2 or oil mill stock kernels. 

Meal p repared  by  hexane extraction of de-skinned 
(98%) water- t reated U. S. No. 1 kernels had color 
and flavor characteristics superior to other hexane 
solvent-extracted peanut  meals for food utilization. 
Protein p repared  f rom this meal had a light color 

equal to tha t  produced f rom peanut  kernels t reated 
with 0.5% lye solution. 
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Pyrogallol Derivatives as Antioxidants for Carotene 

E!. M. BICKOFF, G. M. COPPINGER, A. k. LIVINGSTON, and TOD W. CAMPBELL, 
VVestern Regional Research Laboratory, ~ Albany, California 

" [ " )YROGALLOL and esters of gallic acid have been 
I - - s h o w n  to possess marked abilit)~ to prolong the 

induction period of autoxidizing fats  and oils 
(1) and under  certain conditions similarly to pro- 
tect carotene (2). In  connection with studies at our 
laboratory  on the stabil i ty of carotene in dehydrated 
alfalfa  meal, a series of compounds related to or de- 
rived f rom pyrogallol  was p repared  (3), and their  
abi l i ty to stabilize carotene in different media was 
measured. As fa r  as possible the compounds tested 
were chosen to permit  observation of change in activ- 
i ty with systematic change in structure.  The present  
repor t  deals with the results of these stabil i ty tests. 

Experimental 
Stability of Oil Solution. The effectiveness of the 

antioxidai~ts for  the protection of carotene in oil so- 
lution was first determined. The substrates used for  
testing the antioxidants  included a highly refined me- 
dicinal mineral  oil, a good-qual i ty  s team-rendered  
lard, and a commercially refined coconut oil. 

The details of the stabil i ty test for carotene in oil 
solution have been published previously (4). I t  con- 
sists of a determinat ion of the time required for 
breakdown of 20% of the carotene in the oil solution 
stored as a thin layer  at 75~ under  specified con- 
ditions. As in previous work (2),  the ant ioxidant  
compounds which had been highly purified were in- 
corporated on an equivalent molecular basis ra ther  
than  on a weight  basis in order to faciIi tate the 
comparat ive evalution of the antioxidants  in the oil 
solution. 

1Bureau  of Agr icu l tura l  and  Indus t r iM Chemistry, Agr icu l tu ra l  Re- 
soarch Administrat ion,  U. S. Depar tment  of Agricul ture.  Report  of a 
s tudy made u n d e r  the Research a n d  Market ing  Act of 1946. 

Stability fit. Alfalfa Meal. To test the effect of the 
antioxidants  on the stabil i ty of carotene in alfalfa  
meal, a rapid, simple nlethod of incorporat ing the 
antioxidant  was employed. This involved spraying a 
Cellosoh'e (ethylene glycol monoethyl ether) solution 
of the antioxidant  on a 200-g. sample of meal while 
it was being tumbled at 12 r.p.m, in a ro ta ry  mixer. 
Samples were then stored for 2 weeks at 65~ Re- 
sults so obtained were eoniparable to about 8 months '  
storage at 25~ Details of this technique have been 
described fully in an earlier repor t  (5). 

Results 
P Y R O G A L L O L  D E R I V A T I V E S  IN ~ [ I N E R A L  O I L  S O L U T I O N .  

Alkyl Substitlttion. The results showed that  pyro- 
gallol is a very effective ant ioxidant  for  carotene in 
mineral  oil solution (Table I ) .  The addition of one 
alkyl group to pyrogallol  as in 4-ethyl  pyrogallol  
produced a moderate increase in ant ioxidant  effec- 
tiveness. The addition of a second alkyl group as in 
4.6-diethyl pyrogallol  was less effective. Fur thermore ,  
if te r t ia ry  butyl  groups were introduced in the 4 and 
6 positions, the activity was decreased below that  of 
the parent  compound. Subst i tut ion of a t r iphenyl-  
methyl  group in the 5 position great ly  enhanced the 
activity when compared to pyrogallol.  

Acyl Substitution. With the exception of 4-acety] 
pyrogallol,  an acyl group in the 4 position increases 
the act ivi ty to about  the same extent, independent ly 
of the size of the group. I f  an alkyl group is substi- 
tuted in the 6 position of 4-acetyl pyrogallol,  the anti- 
oxidant act ivi ty is markedly  increased. Subst i tut ion 
of a benzoyl group in the 4 position of pyrogallol  


