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of these compounds was investigated, and the opti- 
mum conditions were determined. Measurements of 
the surface-active properties, including pour foam, 
soil removal, and redeposition, of several of the aeyl- 
ated derivatives are described, with reference to 
Igepon T. 
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Rancidity as a Factor in the Loss of Viability of 
Pine and Other Seeds 
SOCRATES A. KALOYEREAS, Deportment of Agriculturol Chemistry ond 
Biochemistry, Louisiono Stote University, Boton Rouge , Louisiono 

T 
HREE YEARS AGO the Southern Forest  Exper iment  
Station of the United States Forest  Service and 
our laboratory started experiments on the preser- 

vation of pine seeds. Pine reforestation has become 
an impor tant  project  of the U.S.D.A. Pine trees un- 
der Louisiana 's conditions produce a normal crop of 
seeds at i r regular  intervals;  the necessity therefore 
of storing the seeds of high yield years in order  to 
meet the needs for seeds during the light crop years 
is apparent.  Our experiments in this field deal not 
only with the preservation of seeds at various tem- 
peratures, dehydrofreezing techniques, and storage 
under  an iner t  gas but also extend to a more funda- 
mental  s tudy of the viability process in general, the 
development of rapid color methods for measuring 
viability using t r iphenyl  tetrazolium chloride, and 
the development of treatments which might improve 
germinability. We thought also that  since pine seeds 
arc relatively rich in oil, the rancidi ty  of the fat  of 
the seeds might have something to do with the loss 
of viability. 

The effect of rancidi ty of the fat  on the vitamins 
and on other oxidizable compounds of foods is a well 
established fact (17). That  vitamins together with 
other substances are important  factors in condition- 
ing germination of pollen (3), rice (16), and other 
seeds has also been shown by various experiments. 
To suppose therefore that  a connection might exist in 
seeds rich in fat  between its rancidi ty  and the ger- 

minability of the seeds is quite a logical hypothesis. 
To ascertain however such a relationship on a strict 
cause-and-effect basis, if the hypothesis is correct, is 
not quite such a simple matter, considering our pres- 
ent limited knowledge concerning the various phases 
of rancidi ty  development and the uncer ta inty  of 
methods for measuring it (10). Our experiments on 
the s tudy of germination of various seeds, viz., ran- 
cidity development in the fat, indicate that  a connec- 
tion between the two does exist; but  because of the 
complexity of factors determining viability and the 
variabili ty of the individual seeds it is rather difficult 
to establish a strict correlation between the two in a 
prel iminary experiment with a limited number of 
tests. 

The data of Tables I and I I  show that  seeds of 
high germinabili ty have no actual rancidity in their  
fat  and as the viabili ty decreases, so the rancidi ty 
(peroxide value) increases more or less steadily. This 
correlation between viability as determined by sand 
flat germination tests and color tests does not hold 
well, especially in the low range of viability values. 
I t  seems rather  certain that  rancidi ty  development 
is one among several other factors contributing to the 
loss of viability, such as protein coagulation, degen- 
eration of oxidizing and digestive enzymes, exhaus- 
tion of stored foods, cell poisoning, etc. (2), which 
under  certain conditions of storage undergo changes 
independently of rancidi ty  development. Such might 

T A B L E  1 
R a n c i d i t y  and  Other  F a t  Changes  D u r i n g  the  G r a d u a l  Loss  of G e r mina b i l i t y  in  Long lea f  P i n e  Seeds 

G e r m i n a t i o n  ~ I o d i n e  
F a t  ( s a n d  f lat  F r e e  Peroxide n u m b e r  S to r age  condi t ions  Mois tu re  ( d r y  bas i s )  fatty acids va lue  

ge rm.  tes t  ) ( H a n u s )  

% 
Fresh  seeds (pa r t i a l ly  d r i ed  in  a i r )  ............................................. i 14.49 
Fresh seeds (par t i a l ly  dr ied  in  a i r )  ............................................. ] 10.90 
~eeds s tored  a t  25~ in bu r l ap  bag" for  2 y e a r s  ........................... I 12.93 
Seeds s tored  a t  45~ for  1 y e a r  in  j a r s  ........................................ I 13.96 
Seeds stored in j a r s  a t  r o o m  temp.  for  1 y e a r  ............................... I 6.53 
Seeds stored in  j a r s  a t  r o o m  temp.  for  2 y e a r s  ............................. ] 7.96 
Seeds s tored  in  j a r s  for  2 yrs .  a t  45~  .......................................... ] 14.60 
Seeds s tored  at  45~  in  COn d- e thylene oxide for 1 y e a r  ............ 13.86 
Seeds s tored  in  COn -4- ethylene oxide at  r o o m  temp.  for  1 year . . .  11.29 

% 
25.09 
25.43 
23.43 
23.08 
23.72 
24.50 
23.96 
24.90 
24.60 

% 

80 
75 
70 
48 
18 

O.0 
0.O 
0.O" 
5.0 

% 
0.28 

2.31 
4.51 
2.82 
2.54 
2.61 
2.68 
1.97 

mM/Kg.a 
0.0 
0.0 
9.5 

25.0  
70.0 

130.0 

105.0 
55.0 

147.0 
146.6  

141.7 
143.8 

a m M  : mill imoles.  
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T A B L E  I I  

Ge rmina t ion  Tests viz. Ranc id i ty  of the F a t  in Okra Seeds 

177 

F a t  
(dry  basis)  

Free 
fa t ty  acids 

Peroxide 
va lue  

Viab i l i ty  

Var ie ty  and t ime of s torage at  35~ in  bags  Mois ture  Sand  fiat Color 
germ. tes t  test  

% % % mMlXg. % % 
Vat.  La. Market  stored 41~ years ................................................ 9.25 18.12 14.33 22.5 0.0 0.0 
Var.  La. Market  stored 2 1/' 2 years ................................................ 11.30 18.08 13.30 14.0 58.0 a 80.0 
Var. La. Market  stored 11~ years ................................................ 6.73 16.38 11.26 11.5 90.0 85.0 
Var .  Green Velvet  stored ~fiz year ................................................. 5.70 18.20 0.77 2.5 95.0 92.0 

P lus  some 25% u n d e r g r o u n d  ge rmina t ion  (the seeds showed s igns  of germina t ion ,  bu t  they did not  develop viable  seedl ings) .  

be the case, for instance, in the samples of Table I, 
which were preserved by gas storage in carbon diox.. 
ide containing some ethylene: oxide (11). The samples 
of Tables I and I I  have different moisture contents 
which affect both rancidi ty  and viabil i ty somewhat 
differently, but  since our exper iment  was planned 
p r imar i ly  for the preservat ion of viability, we had to 
adjus t  the moisture content of the seeds to the best 
conditions for  the preservat ion of viabi l i ty;  at room 
temperature ,  for  instance, viabil i ty of pine seeds 
would not last long if their moisture content were 
not reduced to a sufficiently low level. 

The fact  that  rancidi ty  has something to do with 
the loss of viabil i ty of the seeds suggests the possi- 
bili ty of other t rea tments  of the seeds, such as coat- 
ing, use of antioxidants  or even storage under  an 
inert  gas at a low level concentrat ion which might  
protect  the seeds f rom rancidi ty  development and at  
the same time would not adversely affect their  via- 
bi l i ty;  such t rea tments  look very promising, espe- 
cially in storage at  room tempera tures  where the loss 
of viabil i ty is ve ry  quick, for m a n y  kinds of seeds. 

When  these experiments on the subject of rancid- 
ity, viz. germinabi]ity,  were pract ical ly  ended, a work 
of Mirov on the possible relation of linolenic acid to 
the longevity and germinat ion of pine seeds came to 
our at tention (18). This paper  deals with storage 
experiments on two kinds of pine seeds: the P i n u s  
Je f f r ey i ,  the seeds of which can be stored in closed 
containers at  room tempera ture  for  a long time with- 
out loss of their  viability, and the sugar  pine seeds 
( P i n u s  lamber t iana) ,  which under  the same condi- 
tions quickly lose their  viability. The first seeds have 
an iodine number  of their fa t  of 136.4 whereas the 
second oIleS have 150.0. 

Because of the iodine number  changes of the re- 
spective fats  in the two kinds of seeds, the author  
suggests that  the ]inolenic acid, which at room tem- 
pera ture  disappears  more rap id ly  dur ing the storage 
of sugar  pine seeds than of Jeffreyi  seeds, might  p lay  
a role in the germinat ion and the longevity of oleag- 
inous seeds. As is well known, the higher ra te  of 
disappearance of linolenic acid actual ly means a 
higher rate of rancidi ty  development;  and between 
two equally probable explanations the simplest and 
more general must  prevail. Which of the two ex- 
planations is more simple, more general, and more 
easily demonstrable by  the evidence of existing facts, 
will be seen f rom the following discussion. The 
linolenic acid hypothesis is based on two ra ther  im- 
probable assumptions:  a) the assumption tha t  the 
respirat ion of f a t t y  seeds depends solely on linolenic 
acid, which has to be proven before it is acceptable;  
b) the indirect evidence for  the role of linolenic acid 
in germination based on the iodine number  changes 
which we know are only appreciable in a ra ther  ad- 
vanced stage of fa t  deterioration whereas the viabil- 

i ty  of seeds is probably  lost much earl ier  and  before 
such a stage is actual ly reached (12). In  our opinion 
Mirov 's  hypothesis needs fu r the r  evidence and  sup- 
por t  f rom respirat ion studies and direct linolenic 
acid measurements  before it can be accepted as a 
possible explanation of the role of linolenic acid in 
the loss of viabil i ty of seeds. 

The rancidi ty  hypothesis, on the other hand, be- 
sides the experimental  data of Tables I, I I ,  and  IV: 
with pine and okra seeds receives wide suppor t  f rom 
the facts  of experience we have in dealing with the 
germinat ion of seeds in general. We know, for in- 
stance, that  seeds which contain ant ioxidant  sub- 
stances like sesame seeds (13), tomato seeds (6), and 
aniseeds (9), preserve quite well their  germinabi l i ty  
dur ing storage;  and, in general, storage conditions 
which favor  the development of rancid i ty  in the fa t  
independent ly  of the presence of linolenic acid in- 
crease the ra te  of loss of germinabi l i ty  and vice versa. 
Among the same kind of seeds, variet ies which by the 
special s t ructure  of the coat offer protect ion f rom the 
oxygen of the air  and its moisture, keep their  via- 
bili ty bet ter  dur ing storage as, for  instance, the late 
soya varieties of the Pelican type  with  the waxy coat 
compared with the ear ly ones (Dortchsoy, Ogden, 
etc.) with the chalky and easily cracked coat. 

T A B L E  III 

Average Percen tage  of Loss of Vi ta l i ty  of Dif ferent  K inds  of Seeds 
When  Kep t  U n d e r  Different  Condi t ions  for 243 Days in  

E i g h t  Different  S ta t ions  of the U.S.A.  

Trade  condi t ions  Basements  
K i n d  of 

seeds 

Tomato 
Peas 
Wate rme lon  
Let tuce  
Rad i sh  
Sweet-corn 
Bean  
Cabbage 
Carro t  
Onion 
P a n s y  
Average  loss 

of v i t a l i t y  

Envel-  
opes 

5.20 
11.45 
12.37 
15.76 
22.67 
26.09 
29.59 
43.56 
54.50 
74.11 
84.91 

36.63 

Dry  rooms 

Envel-  Envel-  
Bott les  opes Bot t les  opes 

0.20  ~ ~-.44 ~ 
0.47 15.94 0.58 36.62 
0.99 10,44 3.03 21.52 
1.29 15.14 1.49 28.95 
6.65 18.37 7.73 25,13 

32.55 25.06 48.00 31.74 
1.72 29.76 1.36 43.61 
1.94 33.44 2.67 42.29 
1.38 34.35 8.89 53.96 
1.20 37.12 4.80 65.90 

15.60 53.97 23.02 84.76 

3.92 21.19 8.08 42.28 

Bott les  

0.30 
0.60 
1.59 
1.65 
6.00 

22.71 
10.00 

0.22 
9.50 
6.33 

27.49 

4.51 

Table I I I  is taken f rom the work of Duvel  on the 
vi ta l i ty  and germinat ion of various seeds throughout  
the U.S.A. (5). One can see the great  difference in 
loss of viabil i ty of seeds preserved in envelopes and 
in sealed bottles. This difference can hard ly  be ex- 
plained only by  the factor  of moisture as the author  
seems to believe, especially when we consider the 
differences in dry-room storage. There are two other 
factors  involved in this exper iment  besides the ab- 
sorption of moisture by the seeds: the reduced res- 
pirat ion and the inhibited autoxidat ion of the fa t  
because of the more or less anaerobic conditions pre- 
vail ing inside the bottles as a result  o f  the carbon 
dioxide formed by the respirat ion of the seeds. We 
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know already from experiments with foods in general 
(14) that  carbon dioxide storage decreases respira- 
tion in tissues and retards rancidi ty  development in 
the fat. 

The fact that Kinman (15), working with sesame 
seeds, acquired evidence of a certain correlation be- 
tween seed germination and free f a t ty  acids may be 
explained by the correlation which exists to some 
extent between rancidi ty and fa t ty  acid production. 
Had  the author, besides the free f a t t y  acids, deter- 
mined also the rancidi ty  in the fat, a better cor- 
relation might be obtained. Acid development and 
rancidi ty  sometimes go together but  not always par- 
allel to each other. In cotton seeds for instance Alt- 
sehul failed to find any correlation between free f a t ty  
acids and germinabili ty (1). We may now offer the 
following suggestion for the support  of the hypothesis 
regarding the role of rancidi ty in germination. The 
role played by tocopherols as antioxidants is well 
known. Tocopherols (fl and 3) are widely distributed 
in plant  seeds. A~uming  that  toeophero]s, which 
have vitamin E activity and are associated with 
fer t i l i ty  and longevity in animals (7), have also a 
similar function in plants, t h e n t h e  role of rancidi ty 
in destroying germinabili ty becomes understandable.  

Another  interesting and rather  revealing point 
found in the above-mentioned important  Duvel 's ex- 
periments on the vi tal i ty of seeds is the fact that  
viability is more or less stable in the beginning of 
storage for a certain period of time, depending on 
the kind of seeds and the method of storage, and 
then begins to decline rather  quickly. This can be 
interpreted as an indication of the existence of some 
factor or factors in the seeds (such as antioxidants 
like tocopherol, for instance) which by their  presence 
prevent  the deterioration of life. Once the protective 
factor disappears, the process of life disintegration 
takes its normal course, following the general law 
of chemical reactions with an accelerated speed as 
if the products  of such reaction acted as a catalyst 
in the process. This scheme again fits well the hy- 
pothesis of tocopherol-rancidity-viability relationship. 
When tocophero] disappears from the scene as the 
antioxidant  in the chain reaction of autoxidation of 
unsatura ted fa t ty  acids and the rancidi ty  products 
(peroxides, radicals, etc.) begin to accumulate in the 
cells, then the essential elements which sustain the life 
such as vitamins, enzymes, and others, begin to un- 
dergo down-grade changes with an accelerated speed. 
This is always the ease with processes associated with 
rancidi ty  development, to the point of maximum en- 
t ropy for  the par t icular  living' system of seeds, which 
is actually the point of death. As a mat ter  of fact, 
toeopherol in the living" system is known to affect 
changes in enzymatic activity and to exert protection 
of vitamins and sulfnr  containing amino acids (8). 

Although the explanation given by Mirov for the 
loss of viability in oleaginous seeds is different from 
our in terpreta t ion of his data  and of ours, both ex- 
planations have this in common. We both accept the 
fact that  fa t  changes c a n  cause loss of germinability 
in oleaginous seeds. This by itself is an interesting 
result f rom a practical standpoint because it sug- 
gests the possibility of the use of special methods for 
preventing the loss of viability in seeds, which un- 
doubtedly will result in a considerable saving of 
money to the farmers in general. 

In order to test the possibility of such a treatment 
w e  dipped pine, okra, and onion seeds in a coating 
solution containing starch phosphate. Starch coating 
of carrots is known to prevent  losses of carotene dur- 
ing dry ing  and storage (19). Starch phosphate also 
has been reported in a patent  as having antioxidant 
properties for  oils (4). The seeds were dipped in a 
1% solution of starch phosphate, obtained from the 
Research Depar tment  of the Corn Products  Refining 
Company since starch phosphates are not yet avail- 
able on the market. The moisture of the dipped seeds 
was brought  back practically to its original value by 
a rapid t reatment  at room temperature  with dehu- 
midified air in a Desomatie Dehumidifier, Unit  DOR 
38, and the treated and untreated (control) seeds 
were placed in jars and stored at room temperature.  

The room tempera ture  in our laboratory during the 
months of storage fluctuated around 30~ during the 
day, but  it was somewhat lower dur ing the night. 
Viability tests were made at the beginning and at 
various intervals during the storage as well as at the 
end. Moisture, fat, and rancidi ty tests were made at 
the end of the storage. The results of these tests 
appear in Table IV and show that the above treat- 
ment with starch phosphate was successful in pre- 
serving viability as well as in preventing rancidity 
development in the fat  of okra and onion seeds. In 
view of the fact  that a coating, ill general, like gas 
storage of live seeds and fruits, in order  to be suc- 
cessful for  the preservation of life requires a delicate 
adjustment  in regard to its effect on respiration, we 
consider these results ra ther  significant fo r  a prelimi- 
nary  test. We hope that in fur ther  experiments with 
these and other seeds the beneficial effect of coating 
with starch phosphate might prove more important  
for the preservation of viability than it appears from 
the results of these prel iminary experinients. 

Summary 
A study of the factors affecting viability of pine 

seeds conducted for three years  with the collaboration 
of the Washington Forest  Service of Louisiana showed 
a certain correlation between rancidi ty  development 
in the fat  and the loss of their  viability as tested by 
sand flat germination tests and color tests with tetra- 

Before  
t r e a t m e n t  

K ind  of seeds 
Viability 

( % )  

Okra  (La .  M a r k e t  Va r . )  ................... 90- - -  
Onion (Red  Witherf ield V a r . )  ......... 70 
P ine  (Long lea f  V a r . )  ....................... 78 

T A B L E  I V  
Effect  of Coat ing with S ta rch  P h o s p h a t e  on  the  Viabi l i ty  of Seeds 

Af te r  21~ too.  of 
s torage  Af te r  5 too. of s torage  at  r oom t e m p e r a t u r e  

Viabil i ty Viabil i ty I Peroxides I Fa t  Moisture  content  ( % )  ( % )  " ( m M / K g . )  
( d r y  basis)  I ( % )  

C ~ T b  C ~ T  C ~ - ~  - C C . . . .  T 

- 8 ~ . ~ 7 7 F - ~  ~ I  ~ - - o  , ~ [ - - ~ - ~ ,  16.38 ~ 5~.~ 
]8 .0  I 64.0 I 0,0 I 15.5 I 19.0 I 8.5 ~ - -  9,2 9 . i  
27 5 , 37.5 I 4.0 5.0 / 15.0 L 15.0 / 25.4,3 8.4 8 0 

a C ---- Control. b T---- Trea ted .  
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zolium chloride. Apparently there are other factors 
also affecting germination which act independently of 
rancidity development, but rancidity seems to play an 
important role in this process, at least under normal 
storage conditions and in the early stages of viability 
deterioration. The loss of linolenic acid through res- 
piration, which has been suggested by Mirov as the 
cause of loss of viability and longevity of oleaginous 
seeds, seems to be a rather indirect factor because 
of the close association of linolenie and other unsatu- 
rated acids, losses, and the development of rancidity. 
Experiments with okra seeds showed a similar corre- 
lation between rancidity development and the loss of 
germinability. Preliminary experiments by coating 
okra, onion, and pine seeds with an antioxidant 
(starch phosphate) proved beneficial for the preser- 
vation of viability of okra and onion seeds during 
storage at room temperature. 
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The Determination of Glycerine in Polyol Mixtures by 
Paper Chromatography 
CHARLES F. SMULLIN, LUDWIG HARTMANN, and RAY S. STETZLER, Central 
Research Laboratory, Atlas Powder Company, New Castle, Delaware 

R 
APID AND ACCURATE M ETHODS  f o r  t h e  determina- 
tion of glycerine in polyhydric alcohol mixtures, 
containing polyols such as ethylene glycol, pro- 

pylene glycol, erythritol, butanetriols, sorbitol, and 
mannitol have not been available. Precision distilla- 
tion has often been used, but this technique is exacting 
and time-consuming. In the case of glycols and glyc- 
erine it is difficult to separate the glycerine from the 
glycols by distillation. A recent paper by Rosenberger 
and Shoemaker (7) used an azeotropic distillation for 
the determination of glycerine in an ethylene glycol 
water mixture. Dal Nogare (1), employing a parti- 
tion chromatographic technique, was able to  separate 
C2 to C4 glycols on a silicie aeid-Celite column. How- 
ever no work was done with glycerine and higher 
polyhydric alcohols, which would be removed very 
Slowly from the column. We have devised a paper 
chromatographic technique by which gly(~erine can 
be separated quantitatively from glycols and higher 
polyhydric alcohols such as sorbitol, erythritol, and 
butanetriols. The suggested procedure may be adapt- 
ed to semi-lniero scale very easily and does not require 
the full attention of the analyst as in a column par- 
tition chromatographic technique. 

In the development work on this procedure, paper 
chromatography was found to be the most satisfactory 
method to separate glycerine from other polyhydric 
alcohols, using Whatman No. 1 filter paper. To de- 
termine whether a descending or ascending technique 
would provide an efficient separation and to determine 
the approximate concentration of glycerine, a qualita- 
tive chromatogram was run on the unknown samples. 
The developing solvents for ascending and descending 
chromatograms are see-butanol-water (saturated), 
and n-butanol-water (saturated), respectively. The 

glycerine is located by spraying a parallel ehromato- 
gram with an indicating reagent. The corresponding 
area in the unsprayed sample chromatogram is cut 
out of the paper and extracted with warm water. 
Others (2, 3, 8) reporting on the quantitative paper 
chromatographic separation of sugars have found that 
sugars are readily extracted from the paper simply by 
immersing the paper in water. Since this recovery is 
simple and requires no special devices, the aIlthors 
adopted this procedure. 

After elution the glycerine is determined on an 
aliquot of the eluate by using the procedure of Mac- 
Fadyen (4). It  is well known that periodate cleav- 
age of vieinal hydroxyls will produce formaldehyde 
and, in some cases, formic acid (5, 6). The periodate 
oxidation of glycerine produces two moles of for- 
maldehyde and one mol of formic acid. MacFadyen 
showed that micro quantities of formaldehyde could 
be determined by reaction with chromotropie acid. 
Thus the chromatographic separation of glycerine 
from the accompanying constituents, followed by the 
application of the two above-mentioned reactions, 
should furnish a method for the determination of 
glycerine in a glycol, polyhydric alcohol mixture. 

Experimental 
z~PPARATUS 

Paper Chromatographic Chambers. These are ascend- 
ing and descending types with accompanying 
accessories made of glass or stainless steel. 

Pipettes. These are of 6 microliter capacity and v01u- 
metric 1 ml., 2 ml., 5 ml. 

Glass Atomizer. 
Test Tubes. 50-ml capacity. 


