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In Table II  are listed the I.V. and refractivities 
published for the same samples; their H.V. calculated 
from the I.V. using relation (II) .  In two cases (Sam- 
ples 3 and 4) the rcfractivities were given for 25~ 

TABLE I I  

Comparison Between Actual and Calculated Refractive Indices n~ 
of the Samples of Methyl Esters Listed in Table I 

Na. 

1 ............................... 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3b .............................. 
3c.. ............................ 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4a ............................. 
4b ........................ . ..... 
5 ............................... 
6 ............................... 

I .V .  

86 
86 

173 
173 
173 
173 
26O 
260 
260 
319 
445 

H . u  

68 
68 

137 
137 
137 
137 
207 
207 
2'07 
253.5 
355 

n~  I Devia- 
tion CaICU- r 

lated Actual 

1.4515 ~ 
1.4515 1.4508 
1.4615 1.4611 
1.4615 1.4613 
1.4615 1.4616 
1.4615 1.4613 
1.4716 1.4726 
1.4716 1.4709 
1.4716 1.4711 
1.4784 1.4798 
1,4930 1.4930 

--0.0002 
+0.0007 
+0.0004 
--0.0002 
+O.OOOl 
--0.0002 
--0.O010 
+0.0007 
+0.0005 
--0.0014 
+O.O000 

and it was necessary to extrapolate for 20~ using 
the known increment : 0.00038/degree (6, 10). 

Table II  shows moreover the values of n~ calculated 
by expression (I) .  The calculated values show little 
deviation from the experimental one. 

There remains little doubt that the re la t ionship 
expressed by relation I indicates definite structural 
characteristics common to all the esters examined; 
any material which does not follow this rule must 
be structurally different or must contain appreciable 
amounts of structurally different material. This lat- 
ter type of material would be represented by points 
falling below the line D1H , and these must include 

the points situated on the HR branch of the curve 
shown on Fig. 1. 

The new evidence strongly supports the views ex- 
pressed previously and confers an enhanced interest 
on the hydrogenation value/refractivity relationship 
of naturally occurring unsaturated fatty acids. 

It  is very likely that similar relationships exist 
between the unsaturation values and the refractive 
indices of other esters of the unsaturated, naturally 
occurring fatty acids. These would include the glyc- 
erides or mixtures of glycerides. 

It  is interesting to note in this connection that 
empirical relationships between I.V. and refractive 
indices have been found for samples of oils of natural 
origin (5), but these are not to be confused with the 
relationship described by the present paper. The re- 
lationship for natural oils varies with the type of oil 
and is only applicable within narrow limits. The 
presence of variable proportions of saturated con- 
stituents accounts for this behavior. 
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l.ye-Dipping for the Removal of Objectionable Skin Color 
From Various Grades of 'Shelled Spanish Peanuts 
J. POMINSKI, E. J. McCOURTNEY, M. F. STANSBURY, E. L. D'AQUIN, and H. L. E. VIX, 
Southern Regional Research Laboratory, 1 New Orleans, Louisiana 

M UCH interest has been shown in the production 
of solvent-extracted meals and l ight-colored 
proteins from peanuts (2, 3) for nutritional 

and industrial applications. By their presence red 
peanut skins discolor meals, and the pigments in such 
skins impart a dark brown color to protein during 
processing. These color difficulties may be avoided by 
using white-skinned peamlts (5), but their availabil- 
ity is limited. Light-colored proteins may be produced 
by controlling the pH at which they are precipitated 
(7), and still lighter proteins (cream color) may be 
produced by treating the kernels with a dilute solu- 
tion of sodium hydroxide for removal of objectionable 
skin color (3, 4). 

P i lo t -p lan t  work on peanut kernels and oil and 
protein losses, using the sodium hydroxide treatment 
on 100-g. portions of kernels, have been reported by 

ZOne of the laboratories of the Bureau of Agricultural and Industrial  
Chemistry, Agricultural Research -Administration, U. S. Department of 
AgricuHure. 

Burnett (3). The present paper reports on the appli- 
cation of the sodium hydroxide treatment, commonly 
referred to as lye dipping, to large amounts of the 
three commercial grades of shelled Spanish peanuts. 
Data are given on oil and protein losses of these 
kernels after treatment, and on the protein solubility 
of materials from various steps involved in the prep- 
aration of solvent-extracted meal from the original 
shelled kernels. Information is included on the color 
of proteins prepared from meals produced by solvent 
extraction of treated kernels. 

Materials 
Commercial U. S. No. 1 shelled Spanish peanuts 

were used in an initial series of tests of several dilute 
sodium hydroxide t rea tments .  Upon completion of 
these tests another lot of U. S. No. 1 plus lots of U. S. 
No. 2 and oil mill stock shelled Spanish peanuts were 
evaluated using a common method of lye treatment. 
Spanish peanuts were used in both series since this 
type is the most widely distributed in this country. 
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T A B L E  I 

G r a d i n g  Composi t ion of the  Shelled S p a n i s h  P e a n u t s  

F r a c t i o n s  

Whole  ............................................ 
Spl i ts  ............................................. 
Off color ......................................... 
D a m a g e d  ....................................... 
Unshel led  ....................................... 
F o r e i g n  m a t t e r  .............................. 
Shr ive ls  ......................................... 
P ieces  ............................................. 
O t h e r  va r i e t i e s  ............................... 

Shelled P e a n u t  Grades  

Up.S1. U. S: Oil Mill 
No. 2 Stock 

% 
94.6 29.0 3 3 

2.7 62.2 20.6 
1.9 0.9 0.8 

0 2.5 11.7 
0.6 o o 
0.2 0 1.1 

0 4.1 20.0 
0 1.3 8.5 
0 0 0 

S tand-  
a r d s  for  

U . S .  
No. 1 
(9) 
% 

92.9 
2,0 
1.25 

0.75 

0.10 
2.00 

0 
1.0 

The composition of the three commercial grades 2 
of kernels used in the second series of tests in this 
investigation is shown in Table I, in which standard 
requirements for  U. S. No. 1 grade are also given. 
The lipids and nitrogen contents of these shelled pea- 
nuts arc given in Table II .  

T A B L E  I I  

Analyses  of Shelled S p a n i s h  P e a n u t s ,  Moi s tu re -F ree  B a s i s  

Mate r i a l  L i p i d s  Ni t rogen  

% % 
U. S. No. 1 .................................................... 52.49 4 .96 
U.  S. No. 2 .................................................... 50 .29 5.10 
Oil mill  s tock ................................................. 44.26 5.15 

Method of Treatment  
Batches of peanut  kernels were placed in baskets 

made from 16- by  16-mesh galvanized wire-screen 
cloth backed by 4- by 4-mesh galvanized hardware 
cloth, which was supported by an iron frame (3). 

2Commerc ia l ly  shelled S p a n i s h  peanu t s  a r e  u sua l ly  ava i lab le  in  th ree  
grades ,  U.  S. No. 1, U.  S. No. 2, a n d  oil mill  s tock g rades .  S t a n d a r d s  
(9)  h a v e  been set  up  by the  D e p a r t m e n t  of A g r i c u l t u r e  f o r  U.  S. No. 
1 and  No. 2 peanu t s ,  wh ich  a r e  essent ia l ly  whole  and  split  p e a n u t  
kernels ,  respect ively .  Oil mill s tock consis ts  of smal l  kernels ,  shr ivels ,  
pieces, and  d a m a g e d  ke rne l s  re jec ted  d u r i n g  g r a d i n g  opera t ions .  The  
a m o u n t s  of t he  t h r ee  commerc ia l  g r a d e s  of shelled p e a n u t s  p roduced  by  
convent iona l  shel l ing and  d r y i n g  opera t ions  f r o m  a ton of p e a n u t s  de- 
ponds  upon  the  o r ig ina l  g r a d e  of the  unshel led peanu t s  ( F a r m e r s  Stock 
U.  S. No. 1, 2, o r  3)  and  the  m o i s t u r e  conten t  of the  kernel .  T h e  yield 
f r o m  a ton of p e a n u t s  of U.  S. No. 1 shelled Span i sh  p e a n u t s  r a n g e s  
f r o m  1,130 to 1,480 lb.;  U.  S. No. 2, 130 to 350 lb.; and  oil mill  
stock 80 to 240 lb. ( 6 ) .  

The basket of kernels was dipped into an agitated 
solution of sodium hydroxide. The basket was then 
drained of the lye solution and the batch washed 
while in the basket successively in several tanks of 
water ; the wash water also was agitated with a stirrer. 
The batch was then dried at 120~ 125~ in a tray 
dryer, using circulating air. 
Effects of Different Concentrations and Temperatures 

(U. S. No. 1 Peanut Kernels) 
Experiments were made on three batches, each of 

approximately 120 lb. of kernels from U. S. No. 1 
peanut kernels, using the following conditions of dip- 
ping and alkali concentrations: 

a )  D i p p i n g  f o r  5 m i n u t e s  i n  0 . 1 %  s o d i u m  h y d r o x i d e  s o l u t i o n  
a t  1 2 5 ~  

b )  D i p p i n g  f o r  5 m i n u t e s  i n  0 . 5 %  s o d i u m  h y d r o x i d e  s o l u t i o n  
a t  r o o m  t e m p e r a t u r e .  

c )  D i p p i n g  f o r  1 m i n u t e  i n  0 . 5 %  s o d i u m  h y d r o x i d e  s o l u r  
a t  r o o m  t e m p e r a t u r e .  

All treated peanut  kernels were dried to approxi- 
mately 8% moisture. 

The lipids and protein losses af ter  t reatment  ~are 
given in Table III. The wash solutions gave the only 
reliable data since the losses were so low. Lipids were 
determined in these wash solutions by an adaptation 
of an acid hydrolysis method (1) .  The losses reported 
here when compared with the figures reported by Bur- 
nett (3) show that the present lipid values are ithe 
lower. His figures varied between 0.21 and 0.36% on 
shelled peanuts for lipids and between 0.19 and 0.32% 
for protein. The protein losses on Batches 1 and 3 are 
practically the same as those observed by Burnett.  : In 
general, the lipids and protein losses, though not high 
in any instance, were smaller with cold dipping than 
with hot dipping. 

Analyses of the dried skins of the kernels before 
and after alkali dipping showed a loss of lipids dur- 
ing dipping. Whereas the average lipids content of 
the skins before dipping baskets 1 and 2 was 17.79%, 
after undergoing the lye treatment and drying, the 
lipids content, m.f.b., was 10.25%. The skins have a 
much higher moisture content than the kernels. 

T A B L E  I I I  

L i p i d s  and  P r o t e i n  Losses  of U. S. No. 1 P e a n u t  Kerne l s  Af t e r  T r e a t m e n t  

P e a n u t  T r e a t m e n t  Losses  

Ba t ch  P e a n u t  L ip ids  
Nos. Wt .  

1 e 

2 e 

3 e 

lb. 
119.0 

119.0 

120.2 

T a n k  
No. T i m e  

5 
5 
5 
5 

N a O H  a 
Temp ,  o r  

H e 0  

~ 

72 0 . 5 %  N a 0 H  
72 H o e  
72 t teO 
72 H e 0  

Tota ls  

125 0 . 1 %  NaOH 
72 H~O 
72 :HzO 
72 H 2 0  

Tota l s  

72 0 . 5 %  N a O H  
72 H,20 
72 H.20 
72 H 2 0  

Tota l s  

H o e  
Ga ined  % 
Or ig ina l  
P e a n u t s  

38.7 

44.9 

37.0 

P e a n u t  Wt .  L ip ids  b 

% % 
0.02 0.04 

0 . 0 3  0,07 

0.02 0.05 

P r o t e i n  e 
% P e a n u t  

Wt .  

0.10 
0.05 
0.01 
0.01 
0.17 

0 . 0 9  
0.09 
0.05 
0.04 
0.2'7 

0.04 
0.09 
0.03 
0.03 
0.19 

Nitrogela 4 

% 
0.33 
0.16 
0,04 
0.02 
0.55 

0.28 
0.30 
0.16 
0.14 
0.88 

0.12 
0.30 
0.10 
0.09 
0.61 

a R a t i o  of solut ion to ke rne l s  in all cases  w a s  app rox ima te ly  15 to 1 in  in NaO]=I dip and  t i rs t  w a s h i n g  and  11 to 1 in 

L ip ids  loss 
b F e r  cen t  l ipids  = L ip ids  in o r ig ina l  ke rne l s  X 100. 

c P r o t e i n  ~ 6.25 X n i t rogen .  

N i t rogen  loss 
d p e r  cent  n i t r o g e n  ~ N i t rogen  in o r ig ina l  ke rne l s  X 100. 

e F r e s h  l iquids  w e r e  used  in all d ipp ings  a n d  two w a s h i n g s  were  ca r r i ed  on in T a n k  4. 

o t h e r  w a s h i n g s .  



T H E  J O U R N A L  OF T H E  A M E R I C A N  O I L  C H E M I S T S '  S O C I E T Y ,  D E C E M B E R ,  1 9 5 1  5 1 5  

Preparation of proteins. The treated peanut kernels 
from Batches 1, 2, and 3 (Table I I I )  were cracked 
and flaked and then solvent-extracted (8) with com- 
mercial hexane at an average temperature of 6~~ 
The solvent extracted meal was air-dried a n d  then 
oven-dried at 125~ for six hours. Table IV shows 

T A B L E  I V  

Analyses at Various Steps of Process ing  

] Analyses  N Solu- 
Descr ip t ion  (Ba tch  3)  H~O ~ Nit rogen I tion at 
. . . . . .  p H  8 

% % I % I % 
Original peanuts ........................... / 6.54 I 46.09 I 4.95 I 92.8 
Flaked,  d ipped peanuts before ] ] 

extraction ............... ] 7.45 ] 46 35 ] 4 86 I 92.2 
Solvent extracted flakes after ] ] " I " I 

oven d r y i n g  a t  l 2 5 ~  ............... ~ 5.49 ~ 0 6 0  I 1 0 2 8  I 91.0 

analyses of materials from Batch 3 at various steps 
of processing. Protein solubility of the extracted prod- 
ucts, in every case over 90%, determined with sodium 
hydroxide solution at pH 8 and at room temperature, 
showed practically no change from the protein solu- 
bility of the unextracted treated kernels. 

Proteins from the three batches of the alkali-dipped 
solvent-extracted meals were made in the pilot plant 
(2) at room temperature by peptizing meal at pH 7.5 
with sodium hydroxide and precipitating protein from 
clarified solutions at pH 4.5 using sulfur dioxide, then 
drying in an air-circulating oven at 120~ Visual 
examination showed the proteins to be a light cream 
color; no other evaluation of color is reported. 

Results Using Three Commercial Grades 
The significant result for the initial experiments 

(Table I I I )  was that in general the lipids and protein 
losses were smaller with cold than with hot dipping. 
The cold dipping as applied by Burnett was used 
with the three commercial grades as follows: 

F i f t y - p o u n d  b a t c h e s  o f  s h e l l e d  p e a n u t s  f r o m  U .  S.  N o .  2 
a n d  o i l  m i l l  s t o c k  g r a d e s  a n d  a 4 0 - p o u n d  b a t c h  o f  U .  S. N o .  1 
s h e l l e d  p e a n u t s  w e r e  d i p p e d  f o r  5 m i n u t e s  in  a 0 . 5 %  s o d i u m  
h y d r o x i d e  s o l u t i o n  a t  8 4 ~  w a s h e d  3 t i m e s  w i t h  w a t e r  a t  
8 0 ~  a n d  o v e n - d r i e d  a t  1 2 0 ~  to  a p p r o x i m a t e l y  4 . 5 %  m o i s -  
t u r e .  T h e  l i p i d s  a n d  p r o t e i n  l o s s e s  a r e  g i v e n  i n  T a b l e  V .  

Data show that protein and lipids losses increased 

T A B L E  V 

Lipids  and  P ro te in  Losses of Shelled P e a n u t s  Af te r  Treatment 

P e a n u t  Grades 

Wt. of peanut kernels,  lb ....................... 
Mois ture ,% ............................................ 
Temperature of NaOH solution,~ ........ 
Times washed  wi th  H.~O ........................ 
Temperature of w a s h  w a t e r , ~  ............. 
Mois ture  a b s o r b e d , %  original  wt  ......... 

D ipp ing  losses 
Lipids,  % p e a n u t  weight  

N a O H  ............................................ 
Wash  ............................................. 
Total  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Lipids,  % lipids 
N a O H  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

W a s h  ............................................. 
Total  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Protein, % peanut weight  
Na0H.. . . .~ ...................................... 
Wash  .............................................. 
Total  .............................................. 

P r o t e i u , %  pro te in  
N a 0 H  ............................................ 
W a s h  ............................................. 
Total  .............................................. 

Drying time, h r s  .................................... 
D r y i n g  t empe ra tu r e ,~  ....................... 
Mois ture  after drying, % ....................... 

V . S .  
No. 1 

8O 
36.8 

0.06 
0.07 

- -  0 . 1 3 -  

0.12 
0.14 

-o.2o- 

o.16 
0.37 

0.55 
.. 1.27 

-1Z8 ~- 
23.83 

120.35 

V . S .  
No. 2 

iO 
~i 4 2  

I6.2 

0.36 
0.43 

0.78 
0 .92  
T7C 

0.20 
0.86 

0.68 
2.91 

23.58 
120 

4.57 

Oil Mill S_~ock 
508.51 

80 
49.3 

0.78 
0.46 
-i:24 

1.94 
1.14 
3.08 

0.81 
1.18 
1.99 

2.76 
4.00 
6.76 

23.83 
120 

4.86 

with lowering of grade. Lipids losses increased from 
0.13 to 1.24% and protein losses increased from 0.53 
to 1.99% by kernel weight. Lipids and protein losses 
were rather high on U. S. No. 2 and oil mill stock 
materials. A large portion of the losses was in the 
washings. Oil mill stock kernels absorbed more mois- 
ture than other grades of shelled peanuts. 

To check the effect of damaged and shriveled pea- 
nut kernels, small amounts of 100% shrivels and 
100% damaged kernels (visibly decayed) were hand- 
separated from the oil mill stock grade and treated 
with 0.5% sodium hydroxide solution. 

Preparation and color of proteins. Portions of 500 
to 1,000 g. of alkali-treated kernels from the various 
grades and the hand-separated lots were flaked and 
solvent-extracted for oil removal in large Soxhlets 
using commercial hexane and were air-dried. 

Proteins were prepared in the laboratory from the 
solvent-extracted meals, using the same chemical con- 
ditions as those used in preparing proteins in the pilot 
plant; i.e., peptization at pH 7.5 using sodium hy- 
droxide, precipitation at pH 4.5 using sulfur dioxide, 
and drying of the protein at 120~ in an air circulat- 
ing oven. The dried proteins prepared from meals 
produced from U. S. No. 1 and U. S. No. 2 kernels 
had a creamy color with no discernible differences 
between them. The protein prepared from meal pro- 
duced from 100% damaged kernels had a brown color 
while that from the shrivels and oil mill stock grade 
gave an amber a n d  tan color, respectively, showing 
that damaged kernels cause discoloration in protein. 
Analyses for extractable skin pigments by a colori- 
metric method being developed at the Southern Re- 
gional Research Laboratory indicated that the dark 
color of protein prepared from damaged kernels is not 
due to extractable skin pigments but rather to other 
constituents. 

Use of the Treatment 
These studies were part of extensive p i lo t -p lan t  

applications of Burnett 's alkali treatment for objec- 
tionable peanut skin color removal at the Southern 
Regional Research Laboratory. Over eight tons of 
shelled peanuts have been so treated. Six tons of the 
treated kernels were extracted with commercial hex- 
ane in a continuous extraction pilot plant (10), and 
approximately two tons were solvent-extracted in the 
batch-extraction pilot plant (8). The meal products 
were used in a wide variety of industrial and nutri- 
tional investigations. 

Summary 
Experimental data have been obtained on the lipids 

and protein losses in the lye treatment of the various 
grades of shelled Spanish peanuts. It  has been shown 
a) that lipid and protein losses on U. S. No. 1 shelled 
peanuts are lower for the cold than for the hot treat- 
ment though both are of a low level; b) that these 
losses in the cold treatment increased with the use of 
lower grade shelled peanuts, U. S. No. 2 and oil mill 
stock; c) that protein solubility of peanut kernels was 
negligibly affected by lye solution treatment, drying 
at 125~ cold solvent extraction with hexane, air- 
drying, and oven-drying at 125~ ; and d) that dam- 
aged peanut kernels imparted color to protein. 
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Determination of Moisture and Oil in Sesame Seed 

S. M. STARK JR. and CARROLL L. HOFFPAUIR, Southern Regional 
Research Laboratory, 1 New Orleans, Louisiana 

T H O U G H  sesame is one of the oldest cult ivated 
oilseed crops, no systematic investigation of ana- 
lytical  methods for  the determinat ion of moisture 

and volatile mat te r  and of the oil content of the seed 
has been reported.  Recent interest  in the domestic 
product ion of sesame has made it desirable tha t  such 
methods be developed for  use in agronomic investiga- 
tions and to provide a basis for  adoption of methods 
for  fu ture  needs in market ing and processing. 

Sesame seed are small and have tough seed coats. 
The high oil content makes it impossible to prepare  
samples of them for  analysis by  gr inding in most 
mills. However,  the H e n r y  nut  slicer 2 was found 
sat isfactory for  the purpose, provided the blade is 
changed as soon as it becomes dulled. 

Samples and Their  Preparation 
The var ie ty  and origin of five lots of sesame seed 

used are given in Table I. The last  four  are those 
used as sources of sesame oil in previously repor ted 
investigations (2, 5). 

TABLE I 

Descri)tion of Sesame Seed 

No. ~rariety 

1 Unknown 
2 S0-4  
3 Nebraska 1025-3 
4 Clemson 4520 
5 Clcmson 4522 

Orop 
yea r  

1946 

1948 
1948 

Weight  
Where  g rown per  1,000 

seeds 

g r a n ~  

Kansas  2.645 
Nica ragua  3.065 
Nebraska 2.880 
South Carolina 2.765 
South Carolina 3.160 

The seed were allowed to come to moisture equi- 
l ibr ium at a constant relative humidi ty  of 65% and 
a tempera ture  of 70~ A port ion of each lot was 
p repared  for  analysis with the H e n r y  nut  slicer un- 
der the same atmospheric conditions and allowed to 
equilibrate fu r the r  for  several days. 

Determinat ion of Moisture and 
Volatile Matter 

Curves for the loss on drying vs. t ime were pre- 
pared  f rom data obtained on these samples by  heat- 
ing 5-gram samples contained in the official A.O.C.S. 
moisture dishes at 101~ and 130~ in a forced- 
d ra f t  oven. The oven was equipped with a torsion 
balance sensitive to 5 mg. and a mechanism by  which 

nOne of the laboratories of the Bureau of Agricultural and Industrial 
Chemistry, Agr icul tura l  Research Administrat ion,  U. S. Department of 
Agricul ture.  

2Manufac tured  by Davidson-Kennedy Company, Atlanta,  Ga. The 
mention of firm names or t rade  products  does ~not imply tha t  they are 
endorsed or recommended by the Depar tment  of Agr icul ture  over other 
firms or similar products  not  mentioned. : . . . . .  

the samples could be weighed a t  selected time in te r -  
vals without removing them f rom the oven. Handl ing  
of the samples and ad jus tment  of the oven were ex- 
act ly as described previously for  investigations on 
the determinat ion of moisture in peanuts  (3) and 
cottonseed (4).  

The curves for  the loss dur ing oven-drying for the 
Nicaraguan seed (No. 2) for  tempera tures  of 101~ 
and 130~ are shown graphical ly  in F igure  1. The 

I I I I I I I '! I =]  V / 
I-- o X i 

/ to - i- 
F 

5.5 I- ~ ,o,~ ~ ~ , , . - - ~ , -  

! ! o - o  . . o L E  s ~ o  

: 4 . 5 L ~  I I I I I I I t li 
i 2 3 4 5 6 7 8 2 6  

T I M E  IN HOURS 

F r o .  1. C u r v e s  s h o w i n g  t h e  loss  in  w e i g h t  on  o v e n - d r y i n g  
w h o l e  a n d  s l i c ed  s e s a m e  seed .  

individual  points shown are averages of duplicate 
analyses generally agreeing within 0.1%. The curves 
for  the other lots of the sesame seed were so similar 
to the ones shown that  those in F igure  1 may  be con- 
sidered typical  for  all of the samples investigated. 

In  order to evaluate the degree of dehydrat ion 
obtained under  the specified dry ing  conditions for  
different periods of heating, the residual moisture in 
the oven-dried samples was determined by  the Kar l  
Fischer volumetric  method as described previously 
(4). The values obtained, together with those ob- 
tained by  the oven-loss-in-weight methods, are shown 
in Table I I .  

Values obtained for  residual moisture in samples 
dried at 101~ for  4, 5, and 6 hours are essentially 
constant and show that  complete removal of moisture 
was not accomplished under  these conditions of heat- 
ing a 5-gm. sample. These values are lower than  
those obtained by  heating the samples at  130~ for  
shorter  periods. The sum of the values for  residual 
moisture and for  oven loss ill weight for  heating at 


