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TABLE IIT

Melting Point Determinations on Prepared 2,4-Dinitrophenylhydrazones
T+, 10-, and 11-Carbon N Aldehydes and Compounds
Uomprising Bands 1 and 2

Determined

Melting Reported

Point Valnes

(corr.)

°d. °d.

n-Heptanal DNPH.... 106.3 106.0 (3)
n-Decanal DNPH.. 103.5 104.0 (3)
n-Undecana] DNPH. 104.0 104.0 (3)
Band 1 DNPH 870 .
Mixed Decana] (25%) and Uu(lecanal

(T5G:) DNP IS0 1 eaaninsssnranniisssesseascenad 84.0 | .
Mixed IIepmna,I (50%) and Undecanal

(509 ) DNEHS......ooeooeosrorooreeoreomsemessrarsennd 75.0 | ..
Mixed Band 1 and Uudeeanal (approx.

50% :50%) DNPHs. 81.0 | ...
Band 2 DNPH 97.0~-87.5 | ...
2-Decenal DNPH...oooeosmsniosrmiososisin | eeeeees 128.8 (4)
2-Undecenal DNPH 122.6 (4)

stable states, as discussed by Braddock et al. (6) must
also be reckoned with here. However, apart from
melting point variations and transition points, dis-
cussed in some detail by Wahhab (7), we have never
observed changes in absorption spectra of our deriva-
tives after erystallization by different methods and
subsequent dissolution. Stadtman’s spectrum of fur-
fural DNPH (8) is readily reprodueible and would
be described as the trens-form as judged by a trans-
mittance curve given by Braddock et al. (6). This is
clearly the stable form and the only oune repeatedly
encountered on the chromatogram under our condi-
tions., It is unlikely therefore that the mumber of
components isolated iu this work will be greatly re-
duced by duplication as metastable forms. However
the method obviously may be of great utility, as Ka-
wahara, Dutton, and Cowan (9) have shown, in iso-
lating fractions from a single source such as methyl
linolenate.

Summary

Fourteen petroleunt ether-soluble and 16 insoluble
DNPH derivatives have been isolated from rancid
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TABLE 1V

Extinction Coefficients of Prepared 2 4-Dinitrophenylhydrazones
gud of Unknown Bands 1 and 2

Hepta- Deca- Undec-
nal nal anal %’;\?gé
DNPH DNTPH DNFPH
Specific Ext. Coefl. ;
857 rar 70.30 66.90 58.10 58.85
38.90 34.15 30.30 32.05
50.10 46.25 40.10 43.40

He.
Mz alecu]a.r nght
of DNPH..oicooiiniienninennn) 204 336 350 3478

Molecula.r Ext, Coeff
20,700 22,490 20,340 20,450
11,440 11,470 10,610 11,130

14,740 15,580 14,050 1" LOB0
2-Deec- 2-Un-
- enal decenal
Fand 2 DNTPH DNPH DNPH
(88) (4)
Specific Kxt. Coeff
76 my. T8.5 78.5 78.‘5 86.3 81.7
247 mu. 473 | e | e R Vo
Molecular
of DNPH. 3432 3340 348¢ 334 348
Molecular E
376 mu. .1 26,9301 26,250 27,360 28,850 28,440

aAgsumed on basis of N content.
®Assumed on basis ol 2-decenal.
cAssumed on basis of 2-undecenal,

corn oil and their properties discussed. Kvidence
suggests that n-undecanal and n-undecenal are among
the eomponents of the rancid oil.
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Solubility of Monoglycerides in Qil and Its Relation
to the Production of Global Edible Spread’

N. N. HELLMAN, H. F. ZOBEL, and F. R. SENTI,

Northern Utilization Research Branch,

Agricultural Research Service, U. S. Department of Agriculture, Peoria, Illinois

p g HES PAPER reports the solubility of monoglycerides
l in vegetable oil and the influence of tempering

monoglyceride suspengions on solubility behavior.
Plastic mixtures of saturated monoglyecerides and
vegetable oil exhibit uniform consistency over a wide

range of temperature and, as formulated for edible

use, have been proposd as a global spread suitable for
use in extremes of temperature. Provided it has been
adegunately tempered after solidification i manufac-
ture (9), the spread leaves the mouth without a tal-
lowy sensation even though it does not melt at body
temperature. Physical studies have been made to re-
veal the basis for changes caused by tempering, and
in a previous report (5) it was established by X-.ray
diffraction and microscopic observations that mono-
glycerides in spreads recrystallized during tempering.

1 Presented at the fall meéting of the American Oil Chemists’ Society,
Minneapelis, Minn., Oct. 11-18, 1954,

The low solubility of monoglycerides found in the
present investigation explains the small temperature
dependence of global spread consistency betwen 32°
and 100°F. (0°-38°C.). Solubility data also confirm
that the monoglyceride precipitated by rapid chilling
in the production of global spread is present in an
unstable state, which is stabilized by tempering.

Experimental

Materials. To reveal the influence of fatty aeid
composition on selubility, samples of essentially pure
stearie and palmitic acid monoglycerides were investi-
gated. Four molecularly distilled monoglycerides
were prepared by Distillation Produets Ipe.,® from
the following materials: a) commercial high-purity
stearie aeid, b) commercial palmitic acid more than
90% pure, ¢) triple-pressed stearic acid containing
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approximately 45% stearic and 55% palmitic aeids,
and d) completely hydrogenated lard containing
approximately 70% stearic and 30% palmitic acids.
Periodate oxidation analyses at this laboratory indi-
cated monoglyceride purilies to be 933, 91.0, 95.8,
and 97.4% of the 1-monomer, respectively. In order
better to correlate solubilities with the properties of
global spreads, these commereial monoglyeerides were
used without further purification.

All solubility measurements were made in commer-
cial eottonseed salad oil as the lignid phase.

Methods. Weighed amounts of monoglyceride were
dissolved in known weights of cottonseed oil, and
approximately 10-ml. aliquots were placed in tfest
tubes for observation of temperature of completc
dissolution (clear points) and temperature of initi-
ation of precipitation (preeipitation points). Solu-
tlons containing from 0.1 to 20.0% monoglyeeride
(gram per 100-g. total) were ecoled slowly in a water
bath from 77° to 28°C. Solidified samples for clear
point tests were held 24 hrs. at 4°C. and then tem-
pered b days at 28°C. Clear poiuts were noted as the
bath temperature was increased from 28° at 14°C.
per minute. After determining elear points, all sam-
ples were heated to 77° and cooled approximately
2°(C. per minute for the determination of precipitation
points. Solubility data on. samples thus prepared
appear in Table I. During the cxperiments, tube

TABLE T
Solubility of Monoglycerides in Cotlonseed Oil

Traunsition points of mohoglycerides prepared from:

Concentration *

Stearic Hydrogenated | Triple-pressed| Palmitic
acid lard stearic aeid aeid

P> clear pt. clear ppt. clear ppt. | clear ppt,
7 °C. 810 o, °C. °Q. °C, e °C.
357 ... 328 e 1 e e | e e

408 (2.5 | #8.0 12.8 43.0 .. 37.0 ...

45.3 22.0 | 44.0 20.0 44.5 16,0 |42.0 135

51.6 32.0 19.6 32.8 48.5 26,5 |46.8 240

59.8 44.0 | 56.0 415 55.0 38,5 | 5647 36.0

66,0 52.5 61.7 d48.9 61.0 46.5 61,3 452

| 69.6 582 65.0 55.8 65.0 53.0 64.7 51.3

72.0 65.3 7.8 60.0 66.5 55.0 |66.8 58.0

& gram/100 gram total weight.

contents were stirred hy a brass rod terminating in a
1.0-cmn. loop and driven by a reciprocating vertical
motion. At the above rate of heating there was less
than 0.1°C. difference between bath and sample tem-
peratures. At the selected rate of eooling a 2-5°C.
difference existed betwcen bath and sample tempera-
tures, and for this reason precipitation points were
read on a thermometer immersed in oil, The rate of
cooling was a practical intermediate between fast and
slow chilling and was equivalent to cooling rates used
by other workers for thermal analysis (8, 11, 12).
Temperatures were read on a National Burean of
Standards calibrated thermometer, graduated in 0.2°
C. intervals.

Effects of quick chilling and tempering at tem-
peratures equal to those which oeceur in global spread
production (9) were also investigated. For this pur-
pose two sets of samples were brought to 77°C. and,
while stirred, were rapidly chilled in circulating
water at 12°C. Bamples containing less than 0.2%
monoglyceride were further chilled at 4°C. Clear-

2 The mention of firm names or trade producte docs not imply. that

they are endorsed or rveommended by the U. 8, Department of Agricul-
ture pyer other firms or similar products not mentioned.
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point determinations on one set of quickly chilled
samples were made with the water-bath temperature
get within a degree of the anticipated clear point so
that tempering during the determination would be
minimized. The other set of quickly chilled samples
was tempered 18 hrs. at 45°, cooled to 25°C,, and
then used for clear-point determinations as deseribed
earlier. Samples containing less than 1% mono-
glyeeride dissolved completely at 45°C. and hence
were tempered instead at 25°C., for 7 days. The solu-
bility data for tempered and untempered samples
appear in Figure 1.

X-ray diffraction patterns of the crystalline solids,
from which excess oil had been absorbed by filter
paper, were made with filtered CuKe radiation and
a Gelger-Muller diffractometer.

Results and Discussion

Dissolution and Precipitation of Monoglycerides.
Table I shows the temperatures at which monogly-
ceride suspensions at various concentrations in eot-
tonseed oil cleared on heating, and at which the first
precipitate formed on cooling homogeneous solutions.
In the coneentration range 0.25-10% monoglyeeride,
solubility Increased approximately fourfold for each
10°C. rise in temperature. This temperature coefficient
of solubility is half as large as that reported for tri-
stearin in triolein or for hydrogenated cotttonseed oil
(ILLV.=1.1) in cottonseed oil (13). Preparations
containing 10-209% monoglyceride, which is the con-
cenlration range useful for plastie spreads, clarified
near 70°C. for monostearin and about 65°C. for
spreads containing wmonopalmitin. Clear-point solu-
bility of the monoglyeerides listed in Table [, irre-
spective of the relative amounts of monopalmitin and
monostearin, was approximately 0.26% at body
temperature (37.5°C.). Uniform consistency in the
interval 32°-100°F. (0°-38°(C.) for plastic spreads
formulated with monoglyceride may be attributed to
low solubility of the solid component. It can he noted
that monepalmitin was more soluble than monostearin
and that the solubility increased as the proportion
of monopalmitin in the mixture of monoglycerides
inercased.

Monoglyceride first preecipitated Irom solutions
cooled at a moderate rate (2°C. per minnte) when the
monoglyccride concentration was 5 to 10 times greater
than apparent saturation concentrations obtained by
clear points of equivalent samples. The supercooling
necessary to cause precipitation of monoglycerides, as
discussed subsequently, may be associated with differ-
ences in the nature of the precipitated solid from that
of the golid present in clear-point determinations.

Influence of Crystal Stote on Solubility. Figure 1
shows the tempcrature of complete dissolution for
quickly chilled and tempered mixture of hydroge-
nated lard monoglyceride in cottonseed oil. It can be
noted that tempering decreased solubility from 20%
to 509, depending upon concentration. Clear-point
temperatures of samples chilled quickly and tempered
at 45° and 25°C. {Figure 1) are probably stable lim-
its since they lic on the same smooth curve as samples
solidified slowly and tempered 5 days at 28°C. The
>:25% and 0.509% points of Table I which involved
tempering at 28°C, are plotted on the tempered line
of Figure 1.

Decreased monoglyceride solubility observed to
accompany tempering might result from an increased
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Fig. 1. Effect of tempering on clear-point selubility of mono-
glycerides from hydrogenated lard in cottonseed oil. Concentra-
tions of 0.25% and 0.50% were taken from Table I and were
tempered at 28°C. Other points below 1% were tempered at
25°C.; above 1%, at 45°C.

particle size, Present evidence indicates however that
alteration in particle size causes marked changes in
solubility only in the size range 10-100A (4). Micro-
scople examination of the suspensions used for solu-
bility determinations showed that tempering may have
caused a sglight inerease in gize; however monoglycer-
ide particle size in both tempered and untempered
systems was dominantly in the range 1-5 u, which is at
least 100 times greater than the size range critical for
solubility. Solubility changes such as those found by
Hulett (7) for sulfates and fluorides in the range
0.1-2 p are now considered (4) to arise from lattice
defects resulting from grinding to reduce particle size.

Rapid chilling in our experiments and the con-
comitant rapid precipitation might cause crystal
lattice defects in the monoglyecerides. To investigate
this aspect, X-ray diffraction patterns of the mono-
glyeeride were obtained from rapidly chilled suspen-
sions and from similar suspensions after subsequent
tempering for 18 hours at 35°C. Tgure 2 presents
the diffractometer tracings from the solids of 10%
monoglyceride suspensions. The prominent side spac-
ing of 4.565A for both samples indicated that the
B-erystal form oceurred in both samples. Failure to
observe diffraction maximum in the range from 20.5°-
22° 2® corresponding to an interplanar spacing in
the range d— 4.30A-4.00A, in the pattern of the
untempered sample indicated absence of the sub-a, a,
and #' polymorphic forms. The most prominent dif-
ference between the patterns was intensification of
diffraction maxima in the tempered sample, from
planes of both long and short spacings.

Judged from the small area under the diffraction
maxima in comparison to the large area of the back-
ground, it was-concluded that only a small amount of
the gdlids in the untempered sample was in an ordered
or a crystalline state. The remainder of the sample
possessed, at most, a low degree of order. Tempering
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inereased the area of diffraction maxima, deereased
the background area, and thus was concluded to have
inereased the proportion of crystalline material. It
is unlikely that changes in particle size caused the
observed changes in background and line intensity.
X.ray diffraction line width and intensity changes
occur only for particle sizes less than 10° em. (2),
which are at least ¥, of the size mieroseopically
found for most of the particles in the suspensions. On
the basis of the X-ray diffraction results therefore it
was concluded that decreased solubility of tempered
samples results from better molecular order of the
tempered solid monoglyceride.

The diserepaney in the apparent equilibria for
precipitation and dissolution discussed in the previous
section, and shown in Table T, may arise from the
condition that precipitation point determination in-
volved equilibration of oil phase with imperfectly
organized solid whereas the clear-point determination
involved equilibration of the oil phase with tempered
and more ordered crystalline material.

The disordercd state of the rapidly chilled mono-
glveeride precipitated from oils may be similar to the
““yitreous state’’ desercibed by Malkin (12) in his
reports on rapid chilling of triglycerides from melts,
or to a “‘low extent of stabilization’ in the termin-
ology of Lutton (10). In our experiments rapid
chilling of oil solution produced a disordered variant
of the S8-polymorphic form normally obtained on slow
precipitation of monoglycerides from solvents, much
as Malkin obtained the vitreous state by rapid chilling
of u melt and considered it to be a disordered variant
of the a-form. In a discussion of polymorphic forms
of monoglyecerides erystallized from melts (12) Mal-
kin has remarked on slowness of erystallization and
arystalline transformations.

We have reported previously that the solids content
of freshly preparved global spread stored at low tem-
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F1g. 2. Effect of tempering on the X-ray diffraction spectrum
of monoglycerides from hydrogenated lard which had been
quickly preeipitated in cottonseed oil,



492 Tue JourNAL oF THE AmericaN QL CHEMigTS’ SocCIETY

peratures was slightly lower than that found after
tempering (5). Once extensive precipitation of solids
bhas oecurred, it is unlikely that appreciable super-
saturation would persist in the spread sinee the system
then is seeded heavily. To account for the lower solids
content, the solid obtained by rapid chilling must be
presumed to be more soluble. This has been confirmed
by solubility measurements. The 0.5-1.5% total
weight Inerease in solids eontent reported previously
to result from tempering global spread is somewhat
higher than the difference in solubility at 30°C. caused
by tempering as exhibited in Figure 1. The solubility
data at that tempcrature however was obtained with
precipitates from dilute solutions and hence may not
be applicable gnantitatively to precipitated svstems
with higher conecutration of monoglycerides. The
increase in solids content on tempering monoglyceride
spreads is in agreement. with the observations on cocoa
butter by Jensen (8) and on artificial ‘‘hard butter”’
by Bailey (1) but is the reverse of findings on
hydrogenated oils by Fulton (3) and on beef fat by
Hofgaard (1,6). Perhaps increased knowledge of oil
solubility of triglycerides in various polymorphic
forms or erystal states would clarify these apparent
diserepancies. As previously reported (5), the para-
dox remains that tempering increases solids content
and simultaneously decreases consistency of global
spreads.

X-ray diffraetion and mieroscopic observations re-
ported here on dilute monoglyceride systems used for
solubility determination confirm previous observa-
tions of erystal changes in spreads. In both dilute
and concentrated systems, crystal edges became more
sharply defined during tempering, and, in addition,
an Increage was noted in particle size. It therefore
appears that conversion of a compact precipitate, con-
taining poorly erystalline monoglyseride, into more
perfect, larger, diserete erystals should be considered
the dominant factor in causing softening on temper-
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ing and may also impart flow properties which con-
tribute to better mouthing qualities.

Summary

Selubility data have been presented for mono-
stearin, monopalmitin, and monoglycerides of triple-
pressed stearic acid and hydrogenated lard in eotton-
seed oil. Monoglyceride precipitated from solution by
quick chilling became less soluble after tempering
18 hre. at 45°C. Decreased solubility was related
to increased crystallinity as determined by X-ray
diffraction. Solubility data thus confirmed conclu-
sions previously reported that tempering operates to
improve global spread primarily through reerystal-
lization which is now shown to involve eonverting
precipitates of low degree of molecular order into
mare perfect crystals.
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Component Fatty Acids in Body Fats of Some Marine Fishes

Y. D. KARKHANIS and N. G. MAGAR, Institute of Science, Bombay, India

of depot and body futs of many species of fish

have been investigated. Though Lovern and his
coworkers (1) have paid particular attention to depot
fats, and the body fats of some fresh-water fish have
been studied by Pathak and his collaborators (2), less
attention seems to have been glven to the composition
of the body fats of marine species. The purpose of
the 111vest1ga.t10m now reported was to study the com-
position of three species of marine fish caught along
the coast mear Bombay. These species were: white
pomfret (Stromateus cinerus) ; black pomfret (Stro-
malteus niger) ; and pala (Hilsa ilsha).

THE FATTY ACID composition and complex nature

Samples and Methods of Analyses

Musecles from the freshly caught fish were auto-
claved at 15 lbs. pressure at 250°F. for 15 min. The
lipides were then extracted with diethyl ether, obtain-
ing about 100 g. of oil representing the body fat of
each species. Some characteristics of the oils are given
in Table T.

The oils were saponified, and the mixed fatty aecids
were prepared for analysis by the procedure of Hil-
ditch (3). The acids were fractionated by low tem-
perature erystallization in diethyl ether and acetone
(10 mL/1 g.) to obtain fractions having different
iodine values.

The fractions were methylated, and the methyl
esters In each were fraetionated by low pressure dis-
tillation (4). The yields, iodine values, and saponifi-
cation equivalents of each fraction of the methyl
esters were determined.

TABLE I
Some Characteristics of Body Fats of Marine Yizh

Oil Mixed Fatty Acids
e : Saponifi- Saponifi-
Fish I\?;illl?g vation I‘(;g 1511 : Ec‘:aﬁon
by Equiva- Lquiva-
(Wijs) lent (Wijs) lent
White pomfret.... 78.3 2761 RE 279.5
Black pomftret. 105.8 283.7 112]3.1 278.8
81.

7S N 277.4 271.0




