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Figure  5 shows the distr ibution of these points along 
the regression line. The regression line is plotted f rom 
the regression equation: 

y ~ 14.77 -~- .09409x 
where y ~-- oil content (percentage)  

x ---- meter  readings 

A conversion table to translate meter  readings into 
oil content was drawn up f rmn the regression equa- 
tion. The s tandard  error  of estimate in determining 
oil content by  the dielectric method was found to be 
0.27 in terms of percentage of oil. The coefficient of 
correlation was found to be + 0.98. 
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Discussion. The method of analysis described above 
appears  to be quite suitable for  practical  application 
to the rapid  determination of the oil content of soy- 
beans. Results on a single sample can be obtained in 

about  15 minutes, the variable being the rate of filtra- 
tion. I f  a series of samples is analyzed, then the time 
per sample is fu r the r  reduced because the grinding- 
extraction of one or more samples can take place while 
previous extracts are filtering. I t  is estimated that  
two analysts working with two grinder-extractors  and 
one electronic tester could analyze f rom 20 to 30 sam- 
ples per  hour. 

The technique of analysis is simple enough so that  
nonchemists can, with br ief  instructions, per form the 
analysis with the speed and accuracy previously 
indicated. 
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The Isolation of Monoglycerides from Lard and from Bread I 
N. H. KUHRT, E. A. WELCH, W. P. BLUM, E. S. PERRY, and W. H. WEBER, 
Laboratories of Distillation Products Industries, Rochester, New York 

SECTION A 

General Procedures, Results, and Discussion 

M ANY experts  in the field of fats  have concluded 
that  na tura l  edible oils (at  least before exten- 
sive refining) contain up to 1% of monoglycer- 

ides (1, 6-7, 9, 11-16). These conclusions were based 
upon the expected chemistry of fats  and upon such 
propert ies  of the fa t  as acetyl values, and periodic 
acid oxidation studies. Fur thermore ,  because the main 
components of fats  are triesters of glycerol, it seems 
likely that  some hydrolysis  will take place dur ing 
cooking of a food that  contains fat,  and that  cooked 
products  will contain an appreciable amount  of mono- 
glycerides. Monoglycerides have been reported as be- 
ing formed f rom a tr iglyceride shortening dur ing the 
baking of bread (5). 

This repor t  describes a s tudy of the monoglyceride 
content of lard and of baked bread by  actually isolat- 
ing the monoglyeerides, using techniques similar to 

* Communication No. 186 from the laboratories of Distillation Prod- 
uets Industries. Presented at. the Houston Meeting of the American Oil 
Chemists' Society, April 29, 1952. 

those of Jones and co-workers (10), who isolated 
monopalmit in f rom pancreas. 

General Procedure 
Extraction and Purification of Monoglycerides. To 

isolate the monoglyceridcs, methods were chosen 
which involved only soh'ent extraction and crystalli- 
zation. The following procedure combines the best 
features of the several modifications presented in the 
experimental  section. The lipids are removed by  stir- 
ring with large volumes of warm petroleum ether 
(Skellysoh'e F) .  The Skellysolve F is p refer red  as a 
solvent to an ethyl ether-ethanol mixture  since, in the 
extraction of broad, ether-alcohol renmves large quan- 
tities of sugar, flour, and starch products. The fat  
recovered f rom the Skellysoh,e F extract, af ter  re- 
moval of the solvent, is fu r ther  worked up by  the fol- 
lowing procedure which is suitable for most fats. The 
extracted fat  is first t reated with 10-20 volumes of ace- 
tone. The phospholipids which are present  in the fat  
precipitate and are removed. After  removal of the 
acetone the fat  is dissolved in 20 par ts  of ethyl ether 
and washed with distilled water. Vigorous shaking 
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produces an emulsion in the water  layer which is of- 
ten slow to break. The washing procedure can be fa- 
cilitated by  withdrawing of the emulsion, centrifug- 
ing, and adding the ether layer back to the main bulk 
of the ether solution. The water  washing is continued 
until  no fu r the r  water  emulsions are formed which 
sometimes requires as many  as 8 to 10 washes. 

The washed ethyl ether solution is dried with so- 
dium sulphate and the solvent removed. The treat- 
ment  up to this point eliminates compounds more 
polar than monoglyeerides. The washed fa t  is s t irred 
with 8 to 10 volumes of warm methanol and the solu- 
ble port ion decanted. Two more extractions with 
methanol are made and the combined extracts clarified 
by  centrifuging.  The solvent is removed under  vac- 
uum. This procedure concentrates practical ly all of 
the monoglycerides in the methanol soluble fraction. 

The monoglyeerides of sa turated fa t ty  acids are 
readily removed and purified at this stage by  dissolv- 
ing the methanol soluble fract ion in 20 volumes of 
Skellysolve F and cooling the solution to + 5 ~  The 
precipi tated saturated monoglycerides are purified by  
reerystall ization f rom Skellysolve F at room temper-  
ature.  

Substances other than monoglyeerides which are 
soluble in methanol are the diglyeerides, f a t ty  acids, 
and toeopherols. The monoglyeerides can be separated 
f rom these constituents by an additional extraetion 
with methanol containing 30% water. A procedure 
generally easier to car ry  out is to redissolve the meth- 
anol soluble fract ion in 20 par ts  of methanol and to 
dilute with water  to make a 70% methanol solution. 
The 70% methanol soluble portion will contain the 
monoglyceridcs in a fair ly  pure  form. A port ion of 
the monoglyeerides will remain in the methanol-insol- 
uble lipid fract ion and can be removed by repeated 
extractions. I f  there is an appreciable amount of free 
f a t ty  acids in the original fat, some portion may re- 
main in the 70% methanol. Fa t t y  acids were not a 
factor  in these experiments. I f  they are present, they 
can be removed by  dissolving the 70% methanol-solu- 
ble fract ion in 20 volumes of Skellysolve F and ex- 
t raet ing with an equal volume of 80% methanol. The 
monoesters are extracted by  the methanol and the 
f a t ty  aeids remain in the Skellysolve F .  

Ident{fication. The periodic acid oxidation method 
(8) for  monoglyceride analysis was used to follow the 
progress of all the purification procedures. Free glyc- 
erol was determined by  the method of Bradford  and 
associates (2). The na tura l ly  occurring monoglyeer- 
ides were established as essentially pure by periodic 
acid analysis and fu r the r  identified as monoglyeerides 
by  saponification, by  inf rared  spectroscopy, and by 
countercurrent  distr ibution (Table I ) .  

Results and Discussion 

Lard. Prime steanl-rendered lard was chosen for 
investigation for two reasons. I t  is an i lnportant  COla- 
sti tuent of nmst of the bread consumed by  the public, 
and it represents one of the few unrefined fats. The 
1,000 grams of fresh commercial pr ime steam-ren- 
dered lard with a peroxide value less than 1 and less 
than 0.05% of free f a t t y  acids analyzed for  1.1% 
monoglyeerides by  periodic acid oxidation. The meth- 
anol extracts  (Section B) contained 9.4 grams of 
monoglycerides. The methanol extract  was purified 
by  the method outlined, and 5.1 grams of essentially 
pure  monoglycerides were obtained. 1.7 grams of 

T A B L E  I 

Proper t ies  a of the Frac t ions  of Crys ta l l ine  Monoglycerides of Sa tu ra t ed  
F a t t y  Acids and  Concentrates  of Monoglycerides of 

U n s a t u r a t e d  Fa t ty  Acids 

Monoglyceride extract  Sample  
f rom No. 

Sa tu ra t ed  Monoglycerides 
Chemically reacted la rd  ......... ' NK-SA 
L a r d  ....................................... NK-191A 
6% F a t  bread ......................... 
2 .5% Fa t  bread and  added  

monoglycorides .................... 
2 .5% Fa t  bread ..................... 
2 .5% Monoglyceride-free 

fa t  bread .............................. 
2 .5% F a t  bread, second 

batch .................................... 
U n s a t u r a t e d  Monoglycerides 

Chemically reacted la rd  ......... 
L a r d  ...................................... 
6% F a t  bread ........................ 
2 .5% F a t  bread and added 

monoglycerides .................... 
2 .5% F a t  bread ..................... 
2.5 Monoglyceride-free 

fa t  bread .............................. 
2 .5% Fa t  bread, second 

batch .................................... 

NK-151A 

NK-177A 
NK-179A 

NK-180A 

NK-42A 

NK-9A 
NK-191B 
NK-153 

NK-177B 
NK-179B 

NK-180B 

NK-45B 

Per iodic  
acid as- 
say for  

monoglyc- 
erides, 

% theory 
98 
96 
99 

99 
97.5 

99 

96 

99 
96 
97 

99 
98 

96 

84 

Free 
fa t ty  Mel t ing  
acids po in t  

:/~ ~ 
71-73.5 

71.5-73.5 
72-73.5 

0 71-72.5 
0 71-72.5 

0 71-72.5 

0 72-73.5 

2.1 ........ 
1.6 ........ 

2.3 ........ 
3.1 ........ 

2.5 ........ 

2.1 ........ 

a,,Theory,, for  the sa tu ra ted  monoglycerides is monopa lmi t in  and for 
tho u n s a t u r a t e d  monoglycerides is monoolein.  There was  no free glyc- 
erol in any sample. I n f r a r e d  analyses showed all samples to be "prac-  
t ically pu re"  monoglycerides.  For  other  analyt ical  data  on samples 
NK-177A, NK-191B, and  NK-179B see Table XI .  By coun te rcu r ren t  
extract ion 94.1% and 85.2% of monoglycerides were recovered f rom 
samples NK-179A and NK-45B, respectively.  

monoglyeerides were rejected as low potency fractions 
in the final purification steps. The kilo of pr ime 
steam-rendered lard thus contained f rom 5.1 to 6.8 
grams of na tura l ly  occurring monoglyeerides. 

This finding confirmed some earlier work of our 
laboratory.  Several gallons of pr ime steam-rendered 
lard purchased f rom Oscar Mayer and Company were 
distilled on the centr i fugal  molecular still; a 10% 
str ip cut was taken and found to contain 6% mono- 
glycerides in the strip cut, corresponding to an origi- 
nal content of 0.6% monoglyceride. While developing 
extraction methods, a small sample of another  batch 
of commercial pr ime steam-rendered lard furnished a 
concentrate of 39% monoglyeerides, which corre- 
sponded to an original content of 0.7% monoglyc- 
eride. 

6% Fat Bread. A batch of bread was made in the 
laboratory,  using an amount  of pr ime steam-rendered 
lard equal to 6% of the flour weight (Section C). Five 
of the six loaves of bread f rom this dough were used 
to determine the amount  of monoglycerides present  in 
the bread. The bread was sliced and air-dried for  
three days and ground to a fine crumb to facili tate the 
extraction. Even with thorough drying and grinding 
only 85% of the lipid was recovered. F rom the recov- 
ered fa t  16.5 grams of essentially pure  monoglycerides 
were obtained and identified. Since 0.5 gram of mon- 
oglycerides was present  in the pr ime steam-rendered 
lard, this represents a gain of 16.0 grams of monoglyc- 
erides in the baked bread,  or 3.20 grams per  loaf. 

2.5% Fat Bread. Several batches of b read  were 
made with the lard content reduced to 2.5%, based on 
the flour weight. The baking procedure is reported in 
Section D and the extraction in Section E. Fa t  re- 
coveries f rom these breads  varied between 63 and 
67%. 

When the lard  content of the bread was reduced to 
2 .5~ ,  a much smaller quant i ty  of monoglyceride was 
recovered f rom the baked bread than f rom the 6% fat  
bread. In  bread made with 2.5% of pr ime steam-ren- 
dered lard, there was 0.75 gram of monoglyeerides per  
pound loaf. h i  the bread to which had been added 
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the distilled monoglyeerides of cottonseed oil (MY- 
VEROL,  Type 18-85) in an amount  equivalent to 0.83 
gram of monoglyeerides per  pound loaf, 0.86 gram of 
monoglyeerides was recovered. The bread made with 
lard f rom which all na tura l ly  occurring monoglyeer- 
ides had been removed contained 0.45 gram of mono- 
glyeerides per pound loaf. I t  is therefore evident that  
the amount  of monoglyeerides added to a bread dough 
has little bear ing on the quant i ty  of monoglycerides 
present  in the baked bread. I t  is also evident that  it is 
impossible to prevent  the occurrence of monoglyeer- 
ides in bread by  carefully removing the monoglyeer- 
ides f rom the ingredients since the bread  baked with 
extracted monoglyeeride-free lard c o n t a i n e d  0.45 
gram of monoglyeerides per  pound loaf. 

These experimental  breads were examined for soft- 
ness over a period of a week and an additional three 
days of a i r -drying elapsed before the fa t  was ex- 
tracted. To eliminate the possibility that  the mono- 
glyeerides were produeed by  long periods of aging, 
another  batch of bread was made with 2.5% of pr ime 
steam-rendered lard. The bread was sliced directly 
af ter  being taken f rom the oven and air-dried for 15 
hours before grinding and subsequent fat  removal. 
This experiment  is discussed in Section E. The bread 
was found to contain 0.53 gram of monoglyeerides per 
pound loaf. This is 30% less than reported for the 
delayed extraction bread. This loss might be at tr ib-  
uted to the fact  that the bread was not thorouglfiy 
dry, but  the difference is not sufficient to indicate that 
nmnoglyeerides are formed on aging. Another  expla- 
nation would be that  variable quantities are formed 
dur ing the uncontrolled hydrolysis occurring at the 
time of the baking of the bread.  

The presenee of monoglyeerides in the baked bread 
does not appear  to contribute to bread softness. The 
softness of the bread appears  to be due to a reaction 
taking place in the dough stage. Monoglyeerides f rom 
any source, present  at the t ime of the nlixing of the 
dough, accomplish this function. The untreated prime 
steam-rendered lard makes the bread considerably 
softer  than the bread made with extracted monoglye- 
eride-free lard. A discussion of these measurements  
is contained in Section D. 

Identificatio~ of Monoglycerides from a Reaction 
Product of Lard and Glycerol. The effectiveness of 
the extraction procedures for monoglycerides pro- 
duced f rom lard by the customary chemical means 
was also studied. Pr ime steam-rendered lard and C. 
P. glycerol were reacted as discussed in Section F. 
The monoglyeerides in this reaction mixture  were pu- 
rified according to the solvent procedures used to de- 
termine the na tura l ly  occurring monoglycerides. The 
extracted and purified fract ions of the monoglyceride 
of sa turated acid and the monoglyeerides of the un- 
sa tura ted  acids confirmed the extraction method and 
proved to be identical to the na tura l ly  occurring 
mouoglyeerides found in lard and bread. 

Summary 

The isolation of crystalline sa tnrated monoglyeer- 
ides and the prepara t ion  of 85% or higher concen- 
trates of the unsa tura ted  monoglyeerides f rom bread 
and lard were described. The monoesters were identi- 
fied by  inf ra red  speetrophotometry,  by  eountereur- 
rent  extraction, by  monoglyeeride analysis (periodic 
acid oxidation),  by  fa t ty  acid analysis, and by  glyc- 
erol analysis. 

A sample of lard containing no added monoglyeer- 
ides yielded 0 .19~ of crystalline saturated monoglye- 
eride and 0.32% of quite pure  unsa tura ted  monoglye- 
erides, or a total of 0.51% monoglycerides. Fract ions 
of intermediate pur i ty  account for up to 0.2% more 
monoglyeerides. 

Bread was made with 6 ~  (based on the flour) of 
lard containing no added m o n o g l y e e r i d e s ;  t he  
" p o u n d  loaves"  yielded a fat  extract  containing 
about  25% monogl3"cerides, which upon concentration 
yielded 3.20 grams of pure nmnoglyeerides per loaf. 

Two batches of bread made with 2.5% lard contain- 
ing no added nmnoglyeerides yielded 0.75 gram and 
0.53 gram of pure monoglyeerides per loaf. Bread 
made with 2.5% of lard f rom which the natura l ly  oc- 
curr ing  monoglyeerides had been removed yielded 
0.45 gram of pure monoglyeerides per loaf. The bread 
made with this monoglyeeride-free lard became hard 
appreciably  faster  than the bread made with the lard 
containing the natural  monoglyeerides. 

Bread made with 2.5c/c lard plus 0 .25~ of added 
distilled monoglyeeride concentrate (0.83 gram mono- 
glycerides per loaf) yielded 0.86 gram of pure nmno- 
glyeerides per loaf. 

These experiments show tha t :  a) lard contains an 
appreciable amount of na tura l ly  occurring monoglye- 
erides : b) bread made with lard as the sole shortening 
will contain monoglyeerides:  e) the amonnt of mono- 
glyeerides formed in the bread depends upon the 
amount of fat  used as shortening. 

SECTION B 

Extraction of Prime Steam Rendered Lard 
One kilo of pr ime steam-rendered lard obtained 

f rom Tobin Packing Company, Rochester, New York, 
was melted and extracted with three portions of warm 
methanol. 

The first and second methanol extracts were com- 
bined. Phospholipids were removed f rom the 21.9 
grams of extracted fat  remaining af ter  assay by add- 
ing 400 ml. of acetone and filtering off the precipi- 
tated phospholipids. The acetone was removed under  
vaeumn, and the fat  dissolved in 400 ml. of ethyl 
ether. The ether solution was washed repeatedly with 
water, dried over sodium sulphate, and evaporated 
under  nitrogen. 

The acetone soluble fract ion of 20.6 grams was ex- 
t racted twice with 200 nil. of methanol. The methanol 
extracts were combined and the solvent removed un- 
der vacuum. 

The methanol soluble fract ion of 10.8 grams was 
dissolved in 200 ml. of warm Skellysolve F and cooled 
to +5~ The.Skellysolve F insoluble fract ion was 
removed by filtration and reerystallized f rom Skelly- 
solve F. The Skellysolve F solutions were combined 
and the solvent removed under  nitrogen. The Skelly- 
solve F insoluble fraction, NK-191A, has been fur ther  
identified as a saturated monoglyeeride by  its melting 
point and by  inf rared  analysis (Table I ) .  

The Skellysolve F soluble fract ion of 8.5 grams was 
extracted twice with 100 ml. of 95% methanol. The 
methanol extracts were combined and the solvent re- 
moved under  vacuum. 

The 9 5 ~  methanol soluble fract ion of 7.1 grams 
was extracted with 100 nil. of 85% methanol. The 
methanol was removed under  vacuum and the fat  dis- 
solved ill 100 nil. of ethyl ether. The ether solution 
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was water-washed and dried over sodium sulphate and 
the ether removed under  nitrogen. 

The 85% methanol soluble fraet ion of 5.4 grams 
was extracted with 100 ml. of 70% methanol. The 

m e t h a n o l  was removed under  vacuum and the fa t  
dissolved in 100 ml. of ethyl ether. The ether solution 
was dried over sodium sulphate and the ether removed 
under  nitrogen. The 70% methanol soluble fraction, 
NK-191B, has been fu r the r  identified as the mono- 
glycerides of unsa tura ted  aeids by its f a t ty  acid and 
glycerol composition (Table X I )  and by its in f ra red  
analysis (Table I ) .  

The extraction and purification data are shown in 
Table II .  

T A B L E  I [  

Ex t rac t ion  and Pur i f ica t ion  of Monoglycerides From 
One Kilo of P r i m e  Steam Rendered  L a r d  

Solvent  

F i r s t  methanol  ................................ 
Second methanol  ............................. 
Th i rd  methanol  ............................... 
Acetone ........................................... 
Methanol  ......................................... 
Skellysolve F (d-5~ ................... 
95% Methanol  ................................ 
85% Methanol  ................................ 
70% Methanol ................................ 

Monog:yceride Dis t r ibu t ion  

Soluble f ract ion Insoluble  f rac t ion  

Wt.  P u r i t y  ~,Vt. P u r i t y  

g. % g. % 
15 48 . . . . . . . .  

2~ . . . . . . . .  
5.5 6 

20.6 45:8 i : 3  0"" 
10.8 62 8.7 1.5 
8.5 55 2 . 0  96 
7.1 65 1.2 1%.6 
5.4 73 1.5 30.4 
3.3 96 1.8 51.5 

The total weight of purified monoglycerides ob- 
tained was 5.1 grams corresponding to 0.5% of the 
weight of the pr ime steam-rendered lard. A total of 
1.7 grams of impure  monoglycerides was rejected in 
the purification procedure. Inclusion of the impure  
monoglycerides would br ing  the total to 6.8 g., or 
0.7% of the pr ime steam-rendered lard. 

SECTION C 

Preparation and Extraction of Bread 
Made with 6% Lard 

Preparation of Experimental Bread. Several people 
connected with the bread industry  have advocated the 
use of a bread formula  containing a high percentage 
of fat,  sugar, and milk solids. One such formula  
known as 6-8-6, designating 6% shortening, 8% sugar, 
and 6% milk solids, has been proposed by  Dr. Glabau, 
director of the Labora to ry  and Exper imenta l  Baking 
Depar tment  of the journal,  Bakers '  Weekly. A batch 
of b read  was made in the laboratory,  using this for- 
mula and, as shortening, pr ime steam-rendered lard. 
Five one-pound loaves were used for  the extraction 
and identification of the l ipid constituents. 

Procedure. All of the ingredients" listed in Table 
I I I  were mixed for two minutes on low speed in a 
Hoba r t  Mixer. The bread  hook was scraped down and 

T A B L E  I I I  

Bread  ] ;ormnla 

Ing red i en t s  

Bread  flour ........................................ 
W a t e r  ................................................ 
Milk powder ...................................... 
S u g a r  ................................................ 
Yeast ................................................. 
Salt  .................................................... 
Malt  ................................................... 
Shor ten ing  ........................................ 

Quan t i ty  Pa r t s  by 
weight  

g r q ~ ' t 1 8  

2,000 100 
1,250 62.5 

120 6.0 
160 8.0 

50 2.5 
45 2.2 
10 0.5 

120 6.0 

the dough mixed for four minutes on medium speed, 
scraping at the end of two minutes. 

The dough was allowed to rise for 21~ hours at 
S4~ and 83% humidity.  The dough was punched 
and allowed to rise for one hour and 20 minutes at 
S7~ and 89% humidity.  

Af te r  molding, the 500-grain loaves were allowed to 
rise for 40 niinutes and then baked at 425~ for 26 
minutes. 

Extraction of Bread Made With 6% Lard. The 
bread made with 6% lard was sliced and air-dried for 
three days. The dried bread was ground to pass a 20- 
mesh screen. The 1,615 grams of crumbs were divided 
into three parts,  and each portion was extracted three 
times at 37~ with 2,000 ml. of Skellysolve F b rand  
of light petroleum ether. The solvent was reduced to 
500 ml. in the combined extracts by evaporation under  
nitrogen, 2,000 ml. of acetone were added to this solu- 
tion and the precipi tated phospholipids removed by  
filtration. The acetone and Skellysolve F were re- 
nloved under  vacuum and the fa t  dissolved in 400 ml. 
of ethyl ether. The ether solution was washed re- 
peatedly with water, dried over sodium sulphate, and 
evaporated under  nitrogen. The lipid fract ion recov- 
ered anmunted to 85% of the initial pr ime steam- 
rendered lard. 

The acetone soluble fract ion of 70 grains was dis- 
solved in 750 ml. of warm Skellysolve F and cooled to 
d-5~ The Skellysolve insoluble fract ion was re- 
moved by  filtration. The Skellysolve F solutions were 
combined and the solvent removed under  nitrogen. 

T A B L E  IV 

Ext rac t ion  and Pur i f ica t ion  of Monoglycerides F rom 
Bread  Made Wi th  6% L a r d  

Monoglyceride Dis t r ibu t ion  

Solvent  

W a r m  Skeilys()lve F . . . . . . . . . . . . . . . . . . . . . . .  
Acetone ........................................... 
Skellysolve F ( + 5 ~  .................... ! 
Acetone (-~-5 ~ C.) ............................ 
Skellysolve F ................................... 
Methanol ......................................... 14.4 

Soluble f rac t ion  ] Inso lub le  f rac t ion  

Vvt. P u r i i y  ~ , V t .  Purity__ 

~. % ~ - . .  % 

57.3 ] 20.2 10.0 I 
8.2 56 l 1.78 i 

. . . . . . . .  2 5  I 9 ~ 
97 47.5 ! 

The Skellysolve F insoluble fract ion was dissolved 
ill 100 ml. of acetone and cooled to d-5~ The pre- 
cipitated fat  was removed by  filtration and the ace- 
tone removed under  vacuum. 

The Skellysolve F insoluble, acetone-soluble frac- 
tion of 8.2 grains was dissolved in 100 ml. of hot Skel- 
lysolve F and the precipitate removed by filtration at 
room temperature .  The Skellysolve F solution was 
evaporated under  ni trogen and added to the 57.3 
grams of the first Skellysolve F soluble fraction. The 
Skellysolve F, reerystall ized insoluble fraction, NK- 
151A, was fu r the r  identified as a sa turated mouoglyc- 
eride by  its nleltiug point and by inf rared  analysis 
(Table I ) .  

The combined Skellysolve F soluble fractions total- 
ing 62.5 grains was extracted three times with 400 ml. 
of methanol. The methanol extracts were combined 
and the solvent removed under  vacuum. The methanol 
soluble fraction, NK-153, has been fu r the r  identified 
as the monoglycerides of unsa tura ted  fa t ty  acids by  
inf rared  analysis (Table I ) .  

The extraction and purification data are shown in 
Table IV. The total weight of purified monoglycerides 
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obtained f rom the five loaves of bread was 16.5 grams. 
Approximate ly  0.50 gram of na tura l ly  occurring 
monoglyeerides was present  in the pr ime steam-ren- 
dered lard used as shortening. There was consequently 
a net gain of monoglycerides in the finished bread of 
16.00 grams formed dur ing the baking. 

S E C T I O N  D 

Preparat ion of Exper imenta l  Breads with  
2.5% Lard 

Since much of the bread consumed contains approx- 
imately 2.5% fat  (based on the flour weight) ,  it 
seemed desirable to isolate the monoglycerides which 
occur na tura l ly  in bread containing this level of fat. 
Therefore a batch of experimental  bread was baked 
with 2.5% pr ime steam-rendered lard as the sole 
shortening. I t  is also desirable to know if the quan- 
t i ty  of na tura l ly  occurring monoglyeerides would be 
increased or decreased by  the addition of monoglycer- 
ides to the dough. A batch of bread was therefore 
made with 2.5% pr ime steam-rendered lard and 
0.25% of distilled monoglyeerides made f rom cotton- 
seed oil (MYVEROL Type 18-85). The na tura l ly  oc- 
curr ing lard monoglyeerides reported in Section B 
may  also have an effect upon the monoglycerides 
fornied in bread. Therefore a third experimental  
b read  was made containing 2.5% of pr ime steam- 
rendered lard which had previously been extracted 
with methyl  alcohol to remove the monoglycerides. 

Procedure. The formula  for these breads was the 
same as that  given in Table I I I  except for  the reduc- 
tion of shortening to 50 grams. For  the bread made 
with added monoglycerides, 5 grams of distilled mono- 
glyeerides were incorporated with the 50 grams of 
shortening. 

The straight  dough method reported in Section C 
was used to prepare  the breads with no change except 
to increase the size of the molded bread f rom 500 
grams to 570 grams. 

Bread Softness Test. The bread was cooled and then 
wrapped.  The wrapped  bread  was stored at room tem- 
pera ture  and a loaf selected each day for softness tests. 
Softness was measured by  the Baker  Compressimeter 
method (3) with the results reported in Table V. 

T A B L E  V 

Sta l ing  of  Expe r imen ta l  B r e a d  

Bake r  Compress imeter  Da ta  

Shor ten ing  

2 .5% L a r d  plus  0 .25% distilled 
monoglycer ides  of cottonseed 
oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 .5% L a r d  ....................................... 
2 . 5% Monoglycer ide-free  la rd  ......... 

G r a m s  of stress resul t ing in 3-mm. 
s t ra in  (depress ion)  for b read  a g e d  

~ 1 l ~ 1 9  hrs.  
44 hrs.  ] 67 hrs.  92 hrs.  

15 19 a 23.6 
28 a . . . . . . . .  

aOff-seale r ead ings  indica t ing  stress g rea te r  t h a n  32 grams .  

The softness of the experimental  bread containing 
added monoglycerides was extended for 24 to 48 hours 
beyond the bread  made with pr ime steam-rendered 
lard. The bread made with extracted monoglyceride- 
free lard firmed almost 24 hours before the bread made 
with lard containing its na tura l  monoglycerides. 

Six loaves f rom each experimental  batch of bread 
were selected for the lipid extractions described in 
Section E. 

S E C T I O N  E 

Extract ion  of Monoglycerides  from Bread 
Extractio~ of Bread Made Without Monoglycerides. 

The following prefer red  extraction and purification 
scheme was used to examine the breads made with 
2.5% shortening. 

The 6 loaves of bread made with 2.5% prime steam- 
rendered lard were sliced and air-dried for  three days. 
The dried bread was ground to pass a 20-mesh screen. 
The 2,140 grains of dry  crumbs were divided into 
three parts,  and each portion was extracted three 
times with 2,000 ml. of Skellysolve F at 37~ The sol- 
vent was renmved f rom the combined extracts  u n d e r '  
nitrogen. The lipid fract ion recovered amounted to 
67% of ttle initial pr ime steam rendered lard.  

The Skellysolve F soluble fract ion of 33.5 grams 
was dissolved in 400 nd. of acetone and the precipi- 
tated phospholipids removed by  filtration. The ace- 
tone was removed nnder  vacuum and the fa t  dissolved 
in 400 ml. of ethyl ether. The ether solution was 
washed repeatedly with water,  dried over sodium sul- 
phate, and evaporated under  nitrogen. 

The acetone soluble fract ion of 31 grams was ex- 
t racted twice with 300 ml. of methanol. The methanol 
extracts were combined and the solvent removed un- 
der vacuum. 

The methanol soluble fract ion of 8.06 grams was 
dissolved in 200 ml. of warm Skellysolve F and cooled 
to + 5 ~  The Skellysolve F insoluble fract ion was 
removed by  filtration and recrystallized f rom Skelly- 
solve F. The Skellysolve F solutions were combined 
and the solvent removed under  nitrogen. The Skelly- 
solve F insoluble fraction, NK-179A, has been fu r the r  
identified as a saturated monoglyceride by  its melt ing 
point and by inf rared  analysis (Table I ) .  

The Skellysolve F soluble fract ion of 6.6 grams was 
extracted twice with 100 ml. of 70% methanol. The 
methanol extracts  were combined and the alcohol re- 

T A B L E S  VI .  V I I .  V I I I .  I X  

Ext rac t ion  and  Pur i f ica t ion of Monoglycerides f r o m  B r e a d  

Monoglyceride Dis t r ibut ion  

Solvent Soluble f ract ion Insoluble  f ract ion 

Wt .  i P u r i t y  Wt. P u r i t y  

VI .  Made with 2 ,5% L a r d  

I g. ~/~ i . I % 
\Varm Skellysolve F. ...................... ~3.5 17 I g.. I -. 

2.5 Aceto .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 17,4 ] 2 3  ] 
Methanol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' 8.00 64 
Skellysolve F ( + 5 ~  .................... 6.6 [ 48.5 1.7 97.5 

7(,~/~Meth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.9 I 98 - - 1 . ~ 0  O 

V I I .  Made with 2 .5% L a r d  and Added Monoglycerides 

W a r m  Skellvsolve F ........................ i 35 31 8 I ... 
Acetone ...... : .................................... / 33.4 19 1.6 I "'ti 

57 22.9 0 Methanol  ......................................... ~ 10.5 46 2.2 99 
Skellysolve F ( + 5 ~  .................... / 7.3 

99 / ~ -  / 70% Methanol  ................................. 3.0 ] _ _  12 

V I I I .  3Iad~ with Monogl,vceride-Free L a r d  

\Va rm Skellvsolve F ........................ i 31.5 12.7 i k 
Aceto .............................................. ! 28.6 11,9 [ 2:8 ] "'0 
Methanol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : 5.47 63 23 i 0 
S k e l ) ' s o l v e F ( + 5  C.) .................... ! 4.0 51 0.9 99 

7 0 ~  Methanol  ................................. i 1.70 90.2 ]i 1.33 ]: 13 

IX.  Made with 2.5(/eLard,  Second Batch  

W a r m  Skellvsolve F ........................ I 26.5 13.5 .... I 
A c e t o n e  ....... "- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22.9 14.7 2.4 "'0 

- 96 Skellvsolve F ( + 5 ~  .................... 2"~ 11.8 0 75 I 
Methanol .......................................... 3.~ 05 5 I - ~ I  4~ 
70t7~ Methanol  ................................ ; 2.2 1 - - 8 4  j 1.42 I 
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moved under vacuum and the fat dissolved in 100 ml. 
of ethyl ether. The ether solution was water washed 
and dried over sodium sulphate and the ether removed 
under nitrogen. The 70% methanol soluble fraction, 
NK-179B, has been further identified as the mono- 
glycerides of unsaturated fatty acids by its fatty acid 
and glycerol composition (Table XI) and by infrared 
analysis (Table I). 

The extraction and purification data are shown in 
Table VI. 

The total weight of purified monoglycerides ob- 
tained from the 6 loaves of bread was 4.5 grams. 

�9 Present in the prime steam-rendered lard was 0.25 
gram of naturally occurring monoglycerides. There 
was a net gain of monoglycerides in the finished bread 
of 4.25 grams formed during baking and correspond- 
ing to 8.5% of the initial prime steam rendered lard. 

Extraction of Bread Made with Monoglycerides. 
The 6 loaves of bread made with 2.5% prime steam- 
rendered lard and 0.25% monoglyeeride yielded 2,049 
grams of dry crumbs. The lipid fraction recovered 
amounted to 63.5% of the initial prime steam ren- 
dered lard and monoglyeeride. 

The extraction and purification data are reported 
in Table VII. 

The Skellysolve F insoluble fraction, NK-177A, has 
been further identified as a saturated monoglyceride 
by its melting point and by analysis of the fatty acid 
and glycerol (Table XI)  and by infrared analysis 
(Table I) .  

The 70% methanol soluble fraction, NK-177B, has 
been further identified as the monoglycerides of un- 
saturated fat ty acids by infrared analysis (Table I).  

The total weight of purified monoglyeerides ob- 
tained from the 6 loaves of bread was 5.2 grams. A 
total of 0.24 gram of impure monoglyeerides was 
rejected in the purification procedure. Monoglycer- 
ides added in this bread formula amounted to 4.5 
grams. There was a net gain of monoglycerides in the 
finished bread of 0.7 to 0.9 gram. 

Extraction of Bread Made with Monoglyceride-Free 
Lard. The 6 loaves of bread made with 2.5% extracted 
prime steam-rendered lard, free of monoglyeerides, 
yielded 2,155 grams of dry crumbs. The lipid fraction 
recovered amounted to 63% of the initial extracted, 
monoglyceride-free, steam-rendered lard. 

The extraction and purification data are reported 
in Table "VIII. 

The Skellysolve F insoluble fraction, NK-180A, has 
been further identified as a saturated monoglyeeride 
by its melting point, by infrared analysis, and by 
countercurrent extraction (Table I) .  

The 70% methanol soluble fraction, NK-180B, has 
been further  identified as the monoglycerides of un- 
saturated fatty acids by infrared analysis (Table I) .  

The total weight of purified monoglycerides obtained 
from the 6 loaves of bread was 2.5 grams. Fractions 
containing impure monoglycerides amounted to 0.]7 
gram of monoglycerides. There was produced 2.7 
grams of monoglycerides in the finished bread cor- 
responding to 5.4% of the initial extracted, mono- 
glyeeride-free, prime steam-rendered lard. 

Extraction of Second Batch of Bread Made with 
Lard as Sole Shortening. A second batch of bread 
was made to determine whether the age of the pre- 
vious breads had influenced the monoglyceride con- 
tent. The 6 loaves of bread made with 2.5~ prime 
steam-rendered lard were sliced immediately after re- 

moval from the oven and the slices strung from a 
suspended wire to air-dry for 15 hours. The lipid frac- 
tion recovered from the 2,235 grams of dry crumbs 
amounted to 50% of the initial prime steam-rendered 
lard. 

A slight modification was made in the extraction 
and purification procedure. The saturated acid mono- 
glyeerides were removed prior to a methanol concen- 
tration. The data are found in Table IX. 

The Skellysolve F insoluble fraction, NK-42A, has 
been further identified as a saturated monoglyeeride 
by melting point and by infrared analysis (Table I) .  

The 70% methanol soluble fraction, NK-45B, has 
been further identified as the nmnoglyceride of un- 
saturated fatty acids by infrared analysis and by 
eountercurrent extraction (Table I) .  

The total weight of purified monoglycerides ob- 
tained from the 6 loaves of bread was 3.2 grams. A 
total amount of 0.25 gram of naturally occurring 
monoglyeerides was present in the prime steam-ren- 
dered lard. There was a net gain of monoglycerides 
in the finished bread of 2.95 grams formed during 
baking and corresponding to 5.9% of the initial prime 
steam-rendered lard. 

S E C T I O N  F 

Extraction of Monoglycerides from a Reaction 
Product  of Lard and Glycerol 

A monoglyceride reaction product was made by 
mixing 85 grams of prime steam-rendered lard, 30 
grams of C. P. glycerol, and 0.1 gram of sodium hy- 
droxide at 180~ for two hours and the catalyst 
inactivated by the addition of 0.1% phosphoric acid. 
The reaction mixture was dissolved in 1,000 ml. of 
ethyl ether and the ether solution washed four times 
with water, dried over sodium sulphate, and the ether 
solution evaporated under nitrogen. Sixty-six grams 
of the ether-soluble fraction were dissolved in 800 ml. 
of acetone and the insoluble material removed by fil- 
tration. The acetone was removed under vacuum and 
the fat dissolved in 600 ml. of ethyl ether. The ether 
solution was washed repeatedly with water, dried over 
sodium sulphate, and the ether solution evaporated 
under nitrogen. 

The acetone-soluble, water-washed fraction of 63 
grams was dissolved in 600 ml. of warm Skellysolve 
F and cooled to -~5~ The Skellysolve P insoluble 
fraction was removed by filtration and recrystallized 
from Skellysolve F. The Skellysolve F solutions were 
combined and the solvent removed under nitrogen. The 
Skellysolve F insoluble fraction, NK-SA, has been fur- 
ther identified as a saturated monoglyeeride by its 
melting point (Table I) and was used as a standard 
for a monoglyccride of saturated fatty acid for infra- 
red analysis (Figure 1). 

The Skellysolve F soluble fraction of 50 grams was 
extracted twice with 100 ml. of 70% methanol. The 
methanol extracts were combined and the alcohol re- 
nmved under vacuum and the fat dissolved in 100 ml. 
of ethyl ether. The ether solution was water-washed, 
dried over sodium sulphate, and the ether removed 
under nitrogen. The 70% methyl alcohol soluble 
fraction, NK-9A, was used as the standard for mon- 
oglycerides of unsaturated fatty acids for infrared 
speetrophotonletry (Figure 1). 

The extraction and purification data are given in 
Table X. 
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TABLE X 

Extrac t ion  and Pur i f ica t ion  of Monoglycerides from a 
React ion P roduc t  of L a r d  and Glycerol 

Monoglyceride Dis t r ibu t ion  

Solvent  Soluble fraction Insoluble  f rac t ion  

]1 . VV P u r i t y  Wt.  P u r i t y  t .  

g. % g.  % 
Acetone ............................................ 63 46 1 32.85 0 
Skellysolve F (-~5~ ..................... 50 32.6 98 
70% ~eth~nol .................................. I 6.65 99 --~5-- I ~ '  

S E C T I O N  G 

Identificatio~ of Monoglycerides by 
Chemical Methods 

Identification by ,b~aponifieation. The monoglycer- 
ide of the sa tura ted  f a t ty  acid was expected to be 
monopalmit in since palmitic acid is the predominant  
sa turated acid in lard. The nlonoglyeerides of the 
unsa tura ted  f a t ty  acids were expected to be those 
of oleic and linoleic acids since these acids predomi- 
nate in lard. To identify fu r the r  the extracted and 
purified samples as monoglycerides of these part icu-  
lar acids, several samples were split into f a t ty  acids 
and glycerol. The identification of fract ion NK-177A 
serves as an example of the analytical  methods. 

Isolation of Fatty Acid: NK-177A. A 0.3]-gram 
sample of the purified ester was saponified, using 0.3 
gram of potassium hydroxide dissolved in 1 ml. of 
water  and 1 ml. of ethanol. The mixture  was heated 
under  reflux for  one hour. Three ml. of water  were 
added and the aqueous residue was acidified with di- 
lute sulfuric acid. The precipi tated acid was taken 
up in ether and washed repeatedly until  there was 
no trace of mineral  acid. The ether solution was dried 
and the ether removed under  nitrogen. The dried 
weight was 0.24 gram, or 77.4% (theory for pahnitie 
acid 77.5%). The neutralization value of the acid 
was 219 ( theory for palmitic acid 219). 

Isolation of Glycerol: NK-177A. As an added check 
an a t tempt  was made to recover most of the small 
quant i ty  of glycerol f rom the aqueous phase. 

The water-soluble materials  and all the washings 
f rom the palmitic acid were dried under  vacuum. The 
salt residue was extracted with ethanol. The ethanol 
extracts  were evaporated, and the result ing sy rupy  
residue accounted for 24.8% of the original material  
( theory for  glycerol in monopalmit in 27.9~). By 
periodic acid oxidation (2) this material  was found 
to be 90.5% glycerol. I t  is assumed that  some of the 
glycerol was lost in the various collection and evap- 
oration steps. 

The unsatura ted  monoglyeeride fract ion extracted 
f rom bread made with 2.5% lard and the unsatu- 
rated nlonoglyceride fract ion extracted f rom the prime 
steam-rendered lard were also examined by  saponifica- 
tion with the results reported in Table XI .  

Melting Points. The melt ing points of the various 
sa turated monoglyceride fractions obtained by  the 
capil lary method and reported in Table I are all sim- 
ilar. A mixture  of the sa turated monoglyeeride frac- 
tions f rom the lard reaction product,  NK-8A, and 
f rom the 2.5% lard bread, NK-179A, melted over the 
same range of 71 to 72.5~ as did the individual 
fractions. 

Other Chemical Properties. The pur i ty  of the mono- 
glyceride fract ions was fu r the r  established by .de te r -  
mination of the percentage of the free f a t ty  acids and 
free glycerol as reported in Table I. 

T A B L E  X f  

Ident i f ica t ion  of Monoglycerides by Saponif icat ion 

Sample 
Fa t ty  icid 
recovery 

Obs. Cole. 

% % 
Saturated monoglyceridcs from 

bread made with  2.5% lard  ~ ! 
and 0.25% monoglycerides--  / 

NK-177A .................................... 77.4 77.5 a i 
U n s a t u r a t e d  monoglvcer ides  

from bread made ~;ith 2.5% I 
l a r d - - N K - 1 7 9 B  ......................... ' 78,1 78.55:  

Unsa tu r a t ed  monoglycerides 
from lard- - -NK-191B ................ 78.8 78.5 b i 

Neutral i-  
zation 
va lue  

Obs. Calc. 

219 219 a 

199 199 b 

200 199 ~ 

Glycerol 
recovery 

Obs. Calc. 

% % 

22.5 27.9 a 

21,1 25.8 b 

20.7 25.8 b 

Calculated as the monoglyceride of palmit ic  acid. 
~Calcuiated as the monoglyceride of oleie acid. 

S E C T I O N  H 

Examinat ion  of Monoglyceride Fractions by 
Infrared Spectrophotometry 

The inf rared  spectrum is now general ly accepted 
as the finger pr in t  of an organic compound since 11o 
two organic compounds have exactly the same spec- 
t r u m ;  in fact, different isomers of the same compound 
have different spectra. Because inf rared  absorptions 
are caused by" intramoleeular  vibrations, any  change 
or rea r rangement  within the nlolecule will affect its 
spectrum. As a result, a change in crystalline form 
will affect the inf rared  spectrum just  as the spectra 
of the liquid and crystalline states of the same com- 
pound will be different. When comparing inf rared  
spectra, all compounds should be run under  similar 
states and conditions. 

A Perk in-Elmer  Model 12A inf rared  spectrometer 
was used for this work. A NaC1 pr ism was used for  
all spectra over the inf rared  region f rom 2u to 15u 
A 0.002" spacer was used for  the monoglycerides of 
sa turated fa t ty  acids and monoglycerides of unsatu- 
rated f a t ty  acids. In  addition, for  bet ter  definition 
of the spectrum between 6.7~ and 10.75~, a 0.001" 
spacer was used for the unsaturates.  Since all the uu- 
saturates were liquids, they could be run as s traight  
oils but  the er.vstalline sa tura ted  monoglycerides had 
to be melted on the cell and then solidified at room 
temperature.  All melted saturated monoglyceride sam- 
ples were allowed to stand for  several days. In  the 
crystalline state the peaks are very sharp and there 
are more absorption bands than in the liquid state due 
to the removal, through molecular interaction, of de- 
generacies which had existed in the free nloleeule. The 
broad nature of some of the bands in liquids may 
arise f rom the influence of intermolecular  collisions, 
two or more close bands thus being broadened and 
caused to overlap by  the degenerates. 

Tables X I I  and X I I I  present  the wavelengths and 
probable  vibrat ion assigmnents for the crystalline sat- 
ura ted monoglycerides and for the liquid unsatura ted  
nlonoglycerides. These are based upon the examina- 
tion of samples NK-SA and NK-9A but  are ful ly com- 
patible with earlier work done with l-monoglycerides 
made f rom a number  of f a t ty  acids. The inf rared  
transmission curves of samples NK-8A and NK-9A 
are shown on Figure  1. 

Because the sa tura ted  and unsatura ted  portions of 
monoglycerides f rom lard are mixtures  of several mon- 
oglyeerides, the composition of the various samples 
nlay be slightly different and the inf rared  spectra 
may vary  slightly in the intensi ty of some of the 
minor  peaks. However  all the major  nmnoglyceride 
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TABLE XII 

I n f r a r e d  Absorption Bands  of Crystalline Monoglycerides of 
Sa tura ted  Fa t ty  A c i d s  

~,Vavelengths 
in microns (~) Strength  Assignments 

2.95-3.2 

3.35-3.5 

5.76 

6.78 

7.04 

7.16 

8.02 

8.19 

~8 35 
doublet/ 8:45 

~891 
doublet ~ 9106 

) ' 9 4 1  
double~ 9:55 

10.08 

10.59 

10.94 

11.33 

11.75 

12.03 

12.34 

12.84 

13.91 

Strong 

Strong 

Strong 

Strong 

Medium 

Strong 

Weak 

Weak 

Medium 
Strong 

Medium 
Strong 

Strong 
Strong 

Strong 

Strong 

Medium 

Weak, broad  

Medium 

Medium 

Weak 

Weak 

Medium 

- - O - - H  st re tching (alcohols) 

C--H stretching 

C ~ O  stretching (ester) 

C--H bending (CHc and CH:0 

O- -H bending 

C--H bending (C--CH.~) 

C ~ O  bending 

--C--O stretching (ester) 

C--O st re tching (secondary alcohol) 

C--O stretching (p r imary  alcohol) 

C--C stretching 

C--C stretching 

C--C stretching 

C--C stretching 

C--H rocking 

C--H rocking 

C- -H rocking 

C--H rocking 

C--H rocking 

characteristic peaks listed in Tables X I I  and X I I I  
should be present. 

r 1 0 0  Unsaturoted monoglycerides 

�9 9 ~, 8 0  

T: 60 
40 

o 
20 

5 4 5 6 7 8 9 l0  H 12 15 14 
Wovelength in microns 

INFRARED TRANSMISSION CURVES OF MONGLYCERIDES FROM THE 
REACTION PRODUCT OF LARD AND GLYCEROL 

Solutoted monoolycerides 

t O 0  - 

8 0  
.g 60 

4o 

N 
2 5  5 4 5 6 7 8 9 10 I I  12 13 14 15 

Wovelenqth in microns 

Fro. 1 

Saturated Monoglycerides. All the prepara t ions  of 
sa turated monoglycerides listed in Table I compared 
very well with the s tandard  NK-SA. All the peaks 
were present  in all the samples, and none of the ab- 
sorption peaks shifted in wavelengths. A few minor  
variat ions occurred in absorption intensities, but  no 
peaks disappeared and no new peaks appeared.  A 
weak shoulder peak at  10.35~ and a weak peak at 
11.33~ varied slightly, as did the sharpness of the 
weak peaks between 7.60~ and 8.36~. I t  was noted 
tha t  samples NK-177A and NE-179A were exactly 
alike in every respect by  infrared.  

Unsaturated Mo~oglycerides. The unsatura ted  mono- 
glycerides listed in Table I, when compared with the 

TABLE XIII 

I n f r a r e d  Absorption Bands  of Liquid 
Unsa tu ra ted  Monoglycerides 

V(avelengths ] 
in microns (g)  Strength Assignments 

about 

about 

2.8-3.1 

3.35-3.5 

5.76 

6.05 

6.8 

7.05 

7.25 

8.52 

8.97 

9.52 

10.14 

10.74 

1 1 . 4 6  

11.78 

13.86 

Strong 

Strong 

Strong 

Weak 

Strong 

Weak 

Strong 

Weak 

Strong 

Strong 

Strong 

Medium 

Medium 

Broad,  weak 

Broad,  weak 

Medium 

0 - - H  stretching .alcohols- 

C--H stretching 

C _ O  stretching (ester) 

C : C  s t re tching 

C--H bending (CH2 and  CH:0 

O- -H  bending 

C--H bending (C--CHa) 

C = O  bending 

II 
- - C - - 0 - -  stretching ester 

C - - 0 - -  stretching (secondary alcohol) 

C - - 0 - -  s t retching (p r imary  alcohol) 

C--C stretching 

C--C stretching 

C--H rocking 

C- -H rocking 

C--H rocking 

s tandard  NK-9A, check very well in all respects. The 
slight variat ions observed were merely slight differ- 
enees in intensities of absorpt ion peaks. Weak shoul- 
der peaks at 7.23~ and 9.14~ varied slightly. The 
intensities of the peaks at 10.14~ and 10.74~ changed 
ill some of the sanlples. However  all of the absorp- 
tion peaks were present at the same wavelengths in 
all the samples. Samples NK-177B and NK-179B were 
exactly alike. 

There is no doubt that  all these samples tested by  
inf ra red  are monoglyeerides. Every  sample has all 
the absorption peaks found in the s tandard  mono- 
glyceride sample at the exact same wavelengths. I f  
any of these samples were a different compound, not 
only would the absorption peaks va ry  great ly  in in- 
tensities but  the wavelengths would shift. Slight va- 
riations are to be expected since these are mixtures  
of several monoglycerides, bu t  the controlling fact  is 
that  no peaks have disappeared and no new peaks 
have appeared.  

S E C T I O N  I 

C o u n t e r c u r r e n t  E x t r a c t i o n  E x p e r i m e n t s  

Countereurrent  distributions were carr ied out in a 
50-tube appara tus  described by Craig (4) and manu- 
factured by  tile Otto Post Scientific Company (Otto 
Post Scientific Company, Massapeth, New York) .  The 
solvent systenls used in all distributions were Skelly- 
solve B and an aqueous methanol solution containing 
15% water  by  volume. Both solvents were sa turated 
with one another  so that  volume changes dur ing the 
distr ibution would be reduced to a minimum. The 
procedure consisted of charging each tube of the ap- 
para tus  with 10 nil. of the aqueous-methanol solvent 
delivered by means of an automatic pipette. Into tube 
0 was added 10 ml. of Skellysolve B, where it was 
equil ibrated with the aqueous methanol, allowed to 
separate, and then decanted into tube 1. The use of 
this s tar t ing charge of Skellysolve B insured complete 
saturat ion of the aqueous m~thanol phase with Skelly- 
solve as it led the sample through the apparatus .  To 
tube O was then added the sample to be f rac t ionated;  
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the sample was added as a 10 ml. aliquot of a solution 
in Skellysolve B of the material to be tested. Equili- 
bration consisted of 20 inversions of the apparatus. 
Settling was permitted for a fixed period of time and 
controlled for each transfer. Drainage time for de- 
cantation was also controlled. After  each transfer  a 
10 ml. charge of the Skellysolve B was added to tube 
O. 

The operation was continued until 50 transfers 
were completed. Before the 49th transfer the Skelly- 
solve B " l e a d e r "  had to be removed from the 49th 
tube so that this last transfer could be made. At the 
completion of the distribution both layers in each 
tube were syphoned from the tubes into weighed alu- 
minum cups. Solvents were removed by passing warm 
air over the cups which were contained in a suitable 
chamber so that the exhaust air could be vented prop- 
erly. When free of solvents, the cups were reweighed. 
A plot of the net weight of the cups against the tube 
number produced the characteristic d i s t r i b u t i o n  
curve. 

The samples of monoglycerides used to establish the 
positions of the peaks were prepared in the Research 
Laboratories of Distillation Products Industries. The 
monooleate was synthesized directly from 98~ pure 
oleic acid and glycerol while the lard monoglyceride 
was made from prime steam-rendered lard and glyc- 
erol. Purification was accomplished by molecular 
distillation. 

Results and Discussion 

The results of the eountercurrent distribution ex- 
periments are given as weight distribution curves in 
the accompanying figures. In Figure 2 is shown the 
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Fro. 2. Countercurrent extraction curves for monoglyceridc 
of oleic acid. 

weight-distribution curve for 0.1277 g. distilled mono- 
oleate. The position of the peak in the curve occurs 
between the 8th and 9th tube. Monoglyeerides pre- 
pared from lard give a peak at the same position as 
can be seen from Fgure  3 which shows the distribu- 
tion of a 0.1318 g. charge. 

The theoretical curve for the distribution of pure 
monooleate has been calculated and is shown on Fig- 
ure 2. The partition coefficient K was computed from 
the experimental curve by using the weights of pairs 
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]"],J. 3. C o u n t e r c u r r c n t  extraction curve for distilled m o n o -  
glyeerides prepared from lard. 

of tubes (% andT~_~) which were chosen near the nlax- 
imum and by use of the following equation (17) : 

K = T,/T,_~F (1) 
K = T~_IF'//Tr (2) 

where K ~ partition coefficient 
T = fraction of original substance present in 

tube r 
n = number of transfers 
r = tube nmnber 

F ~  (n + l  - -  r ) / r ;  F'---~ (r + 1 ) / ( n - -  r) 

The value of an average partition coefficient thus 
conlputed was .210. I t  is the average from four pairs 
of tubes as follows: 

r - - 7 ;  .192 
r ~ 8 ; .2105 
r~---9: .2135 
r ~ 10 ; .2255 

Avg. .210 

The theoretical value for T .... (specifically T~.s) 
for the maximum of the distribution was computed by 
the expansion of the relation: 

T,,., = n ! Kr / r  ! ( n - -  r) ! (K + 1)" 

Vsing the values 
n = 49 
r -~ -8  

K ~ .210 

Once T4,.s was computed, its value was inserted in 
equations (1) and (2) and T,., values were calculated 
for various values of r, thus giving the theoretical 
curve on Figure 2. 

Although the fit of the two curves is not perfect, 
the agreement shown in Figure 2 is sufficient to indi- 
cate that the experimental curve is that for an almost 
homogeneous sample of monooleate. The total amount 
of monoglycerides contributing to the peak of the 
curve can be obtained by summation of the weights 
of each fraction in the peak. The values for the lower 
ends of the peak should be obtained by extrapolation 
of the peak to zero ordinate. The peak in Figure 2 
contains 94.6% of the monooleate sample used for this 
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experiment.  In  Figure  3 the sum of the fractions in 
the peak amounts to 92.0% of the lard  monoglyceride 
sample charged to the distr ibution apparatus .  

Since this work was initiated, a publication ap- 
peared by  Zilch and Dut ton (18) in which the weight 
distr ibution curve for the monoglycerides of cotton- 
seed oil was given. The solvent system used was 80~- 
aqueous ethanol and pentanehexane petroleum sol- 
vent. The distr ibution was carried out in a 25-tube 
apparatus .  The distr ibution coefficient was 0.28, and 
the position of the monoglyceride peak occurred at 
the four th  tube. 

While the details of procedure are different, the re- 
sults of Zilch and Dut ton are in good agreement  with 
the results of the present  work. The differences be- 
tween the two are due to the choice of solvents and to 
the number  of t ransfers  applied in developing the 
curve. A change in the polar i ty  of either solvent 
causes a variat ion in the distr ibution coefficient while 
increasing the number  of t ransfers  in a given distri- 
bution produces a shift  in the position of the peak. 
This, then, is independent  substantiat ion that  the 
"peak" obtained by  countercurrent  extraction can be 
used to ident i fy monoglyeerides. 

Because in the final use of this method the mono- 
glycerides to be examined may  be associated with tri- 
glycerides and some fa t ty  acids, it seemed advisable to 
determine the effects of fats  and f a t ty  acids on the 
position of the monoglyceride maximum. A mixture  
vf 21.3% distilled lard monoglyeerides, 19.8% stearic 
acid (Hys t rene  97), and 58.9% shortening ( K r c m i t )  
was prepared  f rom which a homogeneous sample 
amounting to .2028 g. was distributed. The results 
are shown in Figure  4. The monoglyeeride peak De- 
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F r o .  4. C o u n t e r c u r r e n t  e x t r a c t i o n  c u r v e  f o r  l a r d  n l o n o g l y c e r -  
i de s  in  p r e s e n c e  o f  f a t  a n d  s t e a r i e  a c i d .  

curred at the usual position, the eighth tube ;  bu t  
neither the f a t ty  acid nor the tr iglyceride showed in- 
dividual or combined peaks. The distr ibution curve 
merely approached the 49th tube asymptotically.  I t  
is of interest  to point out however tha t  the distribu- 
tion of stearic acid (Hys t rene  97) alone, but  under  
identical conditions, gave a well-formed peak at the 
44th tube. I t  appears  therefore f rom the above ex- 
per iments  that  the presence of either f a t ty  acid or 
t r iglyceride has no effect on the distr ibution of the 
monoglycerides, but  the distr ibution characteristics 
of th~ f a t ty  acid are changed by  the presence of the 

tr iglyeeride shortening. The monoglyceride peak oc- 
curs at  essentially the same positions either in the 
presence or absence of the fa t ty  acid or triglycerides. 

These results then were the basis for the inonoglyc- 
eride determination of bread fa t  extracts. The weight 
distr ibution curves for  two bread fa t  extracts de- 
scribed in the earlier sections arc given in F igure  5. 
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Fro .  5. C o u n t e r e u r r e n t  e x t r a c t i o n  c u r v e s  f o r  m o n o g l y e e r i d e s  
f r o m  2.5c/~ l a r d  b r e a d .  

The monoglyceride fraction, NK-45B, was liquid at 
room tempera ture  and is assumed to contain mostly 
monoglycerides of the unsa tura ted  fa t ty  acids. The 
curve was developed f rom 0.1025 g. of the fract ion ; t h e  
peak in the curve, including the extrapolation of the 
sides to zero ordinate, contains 0.0873 g. or 85.2% of 
the original amount.  The product,  NK-179A, was 
solid and assumed to be monoglycerides of saturated 
f a t ty  acids. The curve was developed f rom 0.1002 g., 
and the sum of the material  represented by  the peak 
when extrapolated to zero is 0.0943 or 94.1% of the 
original sample. The small peak at the r ight-hand side 
of F igure  5 may be due to free fa t ty  acids. The re- 
sults show that  both samples were of high puri ty,  the 
sa tura ted  monoglyceride sample being the purest.  
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