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Summary

The methyl esters of a specimen of menhaden oil
have been fractionated in an efficient still. The C,,,
C.s, Cy and C,; main fractions have been studied,
mainly by low temperature erystallization procedures.
The oil has been shown to contain traces of lauric and
dodecenoic acids. The C,, acids are made up of 2.2%
tetradecenoie acid and 97.8% of myristic; based on
the whole ester composition of Table I, these values
amount to 0.1 and 6.8%, respectively. The C,, acids
are palmitie, 50.9% ; hexadecenoie, 46.6% ; and hexa-
decatrienoic (including a small amount of tetrenoic
acid) 2.5%, or based on the whole esters, 15.5, 14.1
and 0.8%, respectively. A very rough caleulation of
the composition of the C,, fraction gives the following
results, values based on the whole esters being in-
cluded in parenthesis: stearie, 11.5 (3.1); octadece-
noie, 58.6 (15.7); octadecadienoie, 13.4 (3.6); octa-
decatrienoie, 7.2 (1.9); and octadecatetrenoie, 9.3%
(2.56%). In the course of this investigation the fol-
lowing acids and their methyl esters were isolated
from the oil by crystallization procedures; myristie,
tetradecenoic (80%), palmitie, hexadecenoie, stearic,
and oleic. Evidence was presented that -the octa-

decenoic acids of this oil were a mixture of oleic acid
with isomeric acids of this series, a finding which
is in agreement with a recent report from this lab-
oratory (11), deseribing the multiple nature of the
octadecenocie acids of a number of animal fats.

REFERENCES

1. Brown, J. B., Chem. Rev. 29, 333 (1941).

2. Twitehell, E., Ind. Eng. Chem. 6, 564 (1914).

3. Twitchell, E,, Ibid. 9, 581 (1917).

4. Brown, J. B. and Beal, G. D,, J. Am. Chem. Soc. 45, 1289
{1923).

5. McGregor, R. R. and Beal, G. D, J. Am. Chem. Soc. 48, 3150
(1926).

6. Richardson, A, 8., Knuth, C. A. and Milligan, C. H.,, Ind. Eng.
Chem, 27, 80 (1925).

7. Armstrong, E. F. and Allen, J. F,, J. Soc. Chem. Ind., 48, 216T
(1924).

8, Stingley, D. V., Ind. Eng. Chem, 3%, 1217 (1940).

9. Baldwin, W, H. and Lanham, W. B,, Ibid. 13, 645 (1941).

10. Baldwin, W. H. and Parks, L, E,, 0il and Soap 20, 101 (1943).

11. Millican, R. C. and Brown, J. B., J. Biol. Chem. 154, 437
(1944).

12. Matti), K. F. and Longenecker, H. E, Oil and Soap 21, 16
(1944). -

13, Francis, F. and Piper, S. H.,, J. Am. Chem. Boc., 61, B77
{1939).

14. Armstrong, E. F. and Hilditeh, T. P., J. Soc. Chem. Ind. 44, 437
(1925).

15. Toyama, Y. and Tsuchiva, T., Bull. Chem. Soc., Japan 10, 563
(1935).

16. Armstrong, E. F. and Hilditch, T. P., J. Soc. Chem. Ind. 44,
180T (1925).

17. Hofstadter, P. G., Ann. 91, 177 (1854).

18, Toyama, Y. and Tsuchiya, T., Bull. Chem. Soc. Japan ¢, B3
(1929).

19. Toyama, Y. and Tsuchiya, T, Bull. Chem. Soc. Japan 10, 192
(1835).

20. Mowry, D. L., Brode, W. R. and Brown, J. B, J. Biol. Chem,,
142, 671 (1942). ’

21. 8mith, J. C., J. Chem. Soc., (1939) 974.

22. Moore, 0. W., J. Soc. Chem. Ind, 28, 320T (1919).

28. Toyams Y. and Tsuchiya, T., Bull. Chem. Soc., Japan. 10, 323
{1935). )

Determination of Moisture in Peanut Kernels

CARROLL L. HOFFPAUIR

Southern Regional Research Laboratory®
New Orleans, Louisiana

HE official methods of analysis of the American

0il Chemists’ Society (1) for peanut kernels

specify two oven-loss methods for the determina-
tion of moisture. Original moisture on the sample as
received is determined by the loss in weight on heat-
ing a 50-gm. sample of kernels, after grinding in a
Universal food grinder using a 12-tooth blade, for one
hour at 130° C. in a forced draft oven. Second mois-
ture is determined on the sample used for the deter-
mination of oil and ammonia. This sample is prepared
by heating the kernels for 20 minutes at 130° C. to
dry them partially and then grinding with a Univer-
sal food grinder using a peanut butter blade. The
loss in weight of a 5-gm. sample of this material
heated for 2 hours at 101° C. in either a forced draft
or a convection oven gives second moisture. It is
doubtful that these two oven procedures for first and
second moisture reduce the sample to the same degree
of dehydration. It is presnmed in these procedures
that there is no change in moisture content during the
original grinding and other handling of the samples
prior to weighing the analytical samples. If the mois-
ture content of the peanuts is high, loss in original
moisture might oceur, or if the content is low, moisture

* Ome of the laboratories of the Bureau of Agricultural and Industrial
Chemistry, Agricultural Research Administration, U. 8. Department of
Agriculture.

could be gained from the atmosphere. That this is
actually the case has been demonstrated by grinding
weighed samples of whole peanuts in the shell through
the Universal food grinder using the 12-tooth blade.
Care was used to avoid loss of material and the ground
material was weighed. This procedure gave losses, as-
sumed to be moisture, of 1.52 and 1.39% for two dif-
ferent samples. The ground samples contained 8.21
and 8.38% moisture, respectively, as determined by
heating at 130° C. for one hour in a forced draft oven.
Original moisture should therefore be determined on-
the whole rather than on ground kernels.

The determination of the moisture content of bi-
ological material by oven loss in weight methods is
a purely empirical procedure, governed by the follow-
ing variables: 1. temperature, 2. pressure, 3. time, and
4. size and surface of the sample. Hence, in determin-
ing moisture by oven loss in weight methods, it is
necessary to learn what combinations of these vari-
ables may be used to give satisfactory and reproduci-
ble results without being influenced by oxidation,
decomposition, volatilization of non-moisture constitu-
ents, or a combination of these factors. These consid-
erations indicate it is highly improbable that control
and inspection methods may be developed to give the
true moisture contents. Consequently, suitable oven
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F1e. 1. Loss in weight on drying 19-tooth ground Spanish
peanut- kernels under different oven conditions.

conditions should be determined for each individual
commodity or each class of commodities.

The purpose of the present work was to re-examine
the oven methods of determining moisture in peanut
kernels and to find the time, temperature, and pres-
sure conditions needed to obtain the same moisture
values when using either whole or ground kernels and
when using either 50-gm. or 5-gm. samples of ground
material. Other methods, such as the use of the Karl
Fischer reagent, were not included in this study.

The combination of factors chosen must give com-
parable results in different laboratories with high
precision. It is essential that the first and second mois-
ture values used in the caleulation of oil and ammonia
to an ‘‘as received’’ basis be based on procedures that
dry the samples to the same degree of dehydration.

Pickett (3) has shown that at oven temperatures of
less than 140° C. there is practically no alteration of
the sugars and very little denaturation of the protein
of the peanut. The temperatures and pressures se-
lected for study fulfill these necessary theoretical re-
quirements and are those already in common use.
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Fia. 2. Loss in weight on drying 12-tooth ground Spanish
peanut kernels under different oven conditions.

Experimental and Discussion
Shelled Spanish peanuts (32.4 gm. per 100 kernels)
and Virginia peanuts (136.5 gm. per 100 kernels)
were used as sample material. The kernels were con-
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ditioned by allowing them to attain a moisture con-
tent at equilibrium with that of the air of the labora-
tory. The conditioned Spanish peanuts were divided
into three portions. The first two were ground in the
Universal food grinder, one lot with the 19-tooth blade
and the other with the 12-tooth blade. The third por-
tion and the entire lot of Virginia peanuts were used
whole. The samples were stored in sealed containers.
The 19-tooth ground, the 12-tooth ground, and the
whole kernel samples of Spanish peanuts were ex-
pected to have the same moisture content but not nec-
essarily that of the Virginia peanuts. Time moisture -
loss data were obtained for these samples of whole
and ground peanut kernels using forced draft and
vacuum ovens each held at both 101° C. and 130° C.
(Figures 1 to 4 inclusive). The points shown are
averages of duplicate analyses which usually agreed
within 0.02%. The vacuum oven was evacuated to a
pressure of less than 5 mm. of mercury. For original
moisture tests 50-gm. samples were used in all cases.
The 5-gm. samples used for second moisture on the
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F16. 3. Loss in weight on drying whole Spanish peanut ker-
nels under different oven conditions.

ground samples were compared with 50-gm. samples
(Table 3, Figure 5). Metal dishes, 9 em. in diameter
and 3 cm. deep, and having tight fitting covers, were
used as containers for the 50-gm. samples. The official
A.0.C.S. moisture dishes were used as containers for
the 5-gm. samples.

The foreced draft oven used in obtaining the original
data of Figures 1 to 4 inclusive, was equipped with
a torsion balance sensitive to 5 mg. and a mechanism
by use of which the samples could be weighed at the
specified time intervals without opening the oven and
removing them.

In order to compensate for the cooling effect of plae-
ing samples in the vacuum oven the oven was heated
above the required temperature prior to introducing
the samples. The amount to overheat, so that the de-
sired temperature was reached promptly on closing
and evacuating the oven, was determined by prelimi-
nary trials. This procedure permitted accurate tim-
ing of the heating period. After placing independent
duplicate samples in the oven the thermostats were
reset to maintain 101° or 130° C. The pressure in the
vacuum chamber was equalized with that of the at-
mosphere at the end of the drying period by admit-
ting air through a caleium chloride filled drying train.
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F1g. 4. Loss in weight on drying whole Vii-ginia peanut ker-
nels under different oven conditions.

A continued small loss in weight was found on pro-
longed heating of samples in the vacuum oven at
130° C. In order to get some idea of what non-mois-
ture constituents may be lost under these conditions
an all glass distilling system was assembled with the
distilling flask containing 50 gm. of ground Spanish
peanuts in a constant temperature oven and the re-
ceiver just outside the oven. The distilling system
was evacuated and maintained at 130° C. for 5 hours.
No moisture condensed in the receiver, but 30 mg. of
fatty material were recovered from it. Five hours’
additional heating at 150° C. yielded 67 mg. of this
fatty material. While these amounts of non-moisture
distillate are relatively small, they are an indication
of losses in the vacuum oven at higher temperatures.

To check the influence of the moisture content of
peanuts on the values found on analysis moisture was
determined by a number of selected oven procedures
before and after addition of known amounts of mois-
ture to samples of the conditioned lots of ground and
whole peanuts previously used. In each case moisture
was determined in duplicate on the conditioned sam-
ples (Table 1), and two additional weighed samples
were placed in high humidity chambers for three days
to increase the moisture content by absorption. These
samples were then reweighed and dried under the
oven conditions indieated in Table 1. Excellent agree-
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Pie. 5. Loss in weight on drying Spanish peanut kernels in
foreed draft oven at 130° C.

ment was found between the total moisture determined
and the sum of the moisture in the conditioned sam-
ples and that added. It appears that within the range
of moisture levels examined the amount of moisture
does not influence the dry weight values obtained by
the specified oven procedures.

Some characteristics determined on oils extracted
from Spanish peanuts, after drying for the determina-
tion of moisture by several oven procedures, indicate
that during the drying there is little alteration of the
oil. Higher oven temperatures raised the peroxide
number slightly, and there appears to be a trend to-
ward the development of higher peroxide values in
the oil in the whole than those in the ground samples
dried at 130° C. Values are shown in Table 2.

Figures 1, 2, 3, and 4 show that higher temper-
atures not only increase the initial rate of loss but
also increase the total loss on heating. When reduced
pressures were used, the initial rate of loss was
slightly lower than that observed for the same fem-
perature at atmospherie pressure. This is due un-
doubtedly to the slower rate of heat transfer in the

TABLE 1

Recovery of Moisture Added to Specified Peanut Samples by
Specified Procedures, Values Expressed on Basis of
Conditioned Samples

Moisture
in . Total Total
Peanut sample condi- | Moisture | moisture | pmaisture
(50 gm.) tioned added? caleu- found
sample?! lated?
%o Yo Yo %
At 101° C. for 16 hours
in forced draft oven
19-tooth ground Spanish 5.07 7.07 12.14 12.11
6.59 11.66 11.64
12-tooth ground Spanish 5.05 4.87 9.92 9.86
6.78 11.83 11.81
Whole Spanish kernels.... 5.03 4.65 9.68 9.48
3.68 8.71 8.5638
Whole Virginia kernels.... 5.19 2.77 7.96 7.92
2.94 8.13 8.06
At 180° C. for 2.5 hours
in forced draft oven
19-tooth ground Spanish 5.40 5.56 10.96 10.93
7.23 12.63 12.61
12-tooth ground Spanish 5.34 6.50 11.84 11.883
5.25 10.59 10.57
At 130° C. for 5 hours
in forced draft oven
Whole Spanish kernels.... 5.46 3.78 9.19 9.13
4.14 © 9.60 9.55
Whole Virginia kernels.... 5.74 2.60 8.34 8.27
3.03 8,77 8.72
At 101° C. for 8 hours
in vacuum oven
19-tooth ground Spanish 5.29 7.57 12.86 12.84
7.28 1257 12.57
12-tooth ground Spanish 5.22 6.53 11.75 11,79
5.79 11.01 10,96
Whole Spanish kernels.... 5.09 4.01 9.10 8.93
4.09 9.18 9.03
Whole Virginia kernels.... 5.43 3.07 8.50 8.52
4.21 9.64 9.64
At 130° C. for 5 hours
in vacuum oven
19-tooth ground Spanish 5.69 7.91 13.60 13.54
8.72 14.41 14.52
12-tooth ground Spanish 5.75 9.92 15.67 15.69
8.47 14.22 14.11
‘Whole Spanish kernels.... 5.56 5.15 10.71 10.75
4.14 9.70 9.81
Whole Virginia kernels.... 5.90 5.82 11.72 11.80
5.44 11.34 11.56

1 Obtained by procedure specified, .
2 Moisture added by exposure of weighed sample in moist chamber.
3 Caleulated by addition of values found in first two columns.
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TABLE 2

Some Characteristics of Oils Extracted from Spanish Peanuts
Dried Under Specified Conditions

Temper- . Refrac- .
Peanut ature Time tive Todine | poroxide
Sample of of index number | pympert
drying drying 25° (. Wijs
°C. Hours
...... 0 1.46886 94.1 0.3
Fo:ced draft oven
Ground?®.... 101 16 1.46850 93.7 0.6
‘Whole ker 101 16 1.46864 93.6 0.7
Ground?.... 130 2.5 1.46888 94.6 1.0
Whole kernels 130 5 1.46802 929 3.3
Vacuum oven
Ground?......ccoons 101 3 1.46857 94.8 0.7
Whole kernels . 101 8 1.46873 94.0 0.8
Ground?...... . 130 5 1.46882 94.0 1.2
‘Whole kernels........ 130 5 1.46884 93.8 3.4

1 Millimoles of peroxide per kg. of oil.
? Ground in Universal food grinder using. 19-tooth blade.

vacuum oven. However, the loss in weight in the
vacuum oven soon exceeds that in the forced draft
oven and eontinues at the higher value with prolonged
heating except at 130° C. in the forced draft oven
when oxidative decomposition increases the loss in
weight after an induction period.

Samples of Spanish, Virginia, and Runner peanuts
were conditioned and ground as before. Losses in
weight on heating 5- and 50-gm. samples of 19-tooth
ground and 50-gm. samples of whole kernels in a
forced draft oven are compared in Table 3. The agree-

TABLE 3

Comp‘arison of Percent Moisture Loss on Heating of 5- and 50-gram
Samples of Peanuts hy Specified Oven Drying Procedures

19-tooth ground ]}erfgles
Time
5-gm. 50-gm. 50-gm.
samyple sample sample
Hours % % Yo
Spanish peanuts at 130° C,
in forced draft oven
1. 5.87 5.24 4.06
5.48 5.52 5,20
5.58 5.68 5.44
5.72 5.68 5.57.
5.70 5.65 5.68
5.66 6.06 5.78
7.96 7.62 6.01
Spanish peanuts at 101° C.
in forced draft oven
B 2SO OUUOTSTOUIION 519 5.24
Spanish peanuts at 101° C.
in vacuum oven
L16ueinriiiicrer e 5.96 5.71
Virginia peanuts at 136° C.
in forced draft oven
Btrteere it iaaveses s ennnnrand 5.90 5.88 5.89
Runner peanuts at 130° C,
in forced draft oven
Brrrrreerreninrmiireierennaninnsseresarene sl 6.67 6.56 6.50

ment at 130° for 5 hours is execellent in all cases ex-
cept that of the 5-gm. sample of Runner. This sample
of Runner peanuts was somewhat deteriorated, with
organoleptic rancidity being very apparent. It seems
probable that this high value was due to oxidative
decomposition with the induetion period ending before
the samples had been heated for 5 hours.

In the determination of original moisture by the
methods used it is observed that the approach to con-
stant weight oceurs in whole kernels almost as rapidly
as in the ground samples. As in the case of soybeans
(2) at 101° C. in the forced draft oven, moisture ap-
parently cannot be removed completely even with pro-

longed heating. The effect of vacuum drying at
101° C. was to inecrease the moisture value approxi-
mately 0.25% over those obtained at atmospheric pres-
sure at the same temperature. Approximately 0.50%
higher loss was obtained at 130° than at 101° C. in
the forced draft oven. A rapid rate of loss was ob-
served for the ground samples after approximately
5 hours’ heating at 130° C. in the foreed draft oven.
This increased loss is presumed to be due to oxidative
decomposition.

As was expected, fineness of grinding has some in-
fluence in increasing the initial rate of loss of mois-
ture on heating. This effect was less marked at higher
temperatures and lower pressures. If is assumed to
be associated with rate of penetration of heat and dif-
fusion of meisture depending on particle size. Pickett
(3) has shown that appreciable time is required for
heat to penetrate into whole peanut kernels. This
time increases with increased moisture content.

Summary and Conclusions

Losses in weight of whole and ground peanut ker-
nels have been studied in vacuum and forced draft
ovens maintained at both 130° and 101° C. Under
vacuum at higher temperatures appreciable non-mois-
ture material is lost. There is little change in the
characteristics of the oil in the peanut after heating
for the times indicated for the determination of mois-
ture. The amount of moisture in peanuts has very
little or no influence on the length of time required
to attain a constant dehydration level at the times and
temperatures of heating studied. Though fineness of
grinding increases the initial rate of loss, this effect
is less marked at higher temperatures. Kernel size
seems to have little or no influence on rate of loss after
several hours’ heating at higher temperatures.

Losses in weight of 5- and 50-gm. samples of 19-
tooth ground and 50-gm. whole kernel peanuts in fresh
condition after 5 hours at 130° C. in a forced draft
oven show excellent agreement (Table 3). This indi-
cates that original moisture should be determined on
whole kernels and second moisture on 19-tooth or sim-
ilarly ground kernels by heating for 5 hours in a
forced draft oven at 130° C. However, some of the
values {Figures 1, 2, 3, and 4) indicate that heat-
ing for 3 hours at 130° C. in a forced draft oven might
be adequate for the second moisture determination.
The shorter heating time on the ground sample would
also reduce the possibility of oxidative decomposition
of the small samples used for second moisture. These
procedures provide conditions of drying which reduce
both the first and second moistures to a basis of equal
dehydration of the sample material. Errors due to
changes in moisture content of peanut kernels during
grinding for original moisture are avoided. A basis
is provided for planning collaborative investigations
on the procedures for the determination of moisture
in peanut kernels for inspection and control purposes
in the trade and processing industries.

REFERENCES

1. American Oil Chemists’ Society Official and Tentative Methods,
Ameriean 0il Chemists’ Society, pp. 100, 10D (1944),

2. Hopper, T. H., Chairman, Report of the Soybean Analysizs Com-
mittee, Oil & Soap 18, 132-3 (1941).

3. Pickett, T. A, Some Effects of Heat Treatments of Peanuts.
Georgia Agricultural Experiment Station Circular 142, February, 1943,
8 pp.



