
�9 T E C H N I C A L  

The Determination of Lactic Acid in Shortening 
Lactylated Glycerides, by Liquid-Liquid 
Partition Chromatography 
R. J. BUSWELL, Food Research Department, Armour & Co., Oak Brook, Illinois 

Containing 

Abstract 
Shortenings containing ca. 1% lactic acid added 

as lactylated g]ycerides are analyzed for total or 
water insoluble combined lactic acid (WICLA)  
by a liquid-liquid part i t ion chromatographic pro- 
cedure. The sample is saponified, acidified with 
H2SQ,  dispersed on silicic acid, slurried with 
chloroform and t ransferred to the top of a chro- 
matographic column composed of a 0.5 N sulfuric 
acid stat ionary phase supported on silieic acid. 
After  elution of the fa t ty  acids by chloroform, 
15% n-butanol removes the excess H2S04 fol- 
lowed by a well resolved lactic acid fraction. 
Ti trat ion of the lat ter  fract ion with s tandard 
methanolie sodium hydroxide has shown the lactic 
acid recovery to be 94%. The WICLA determina- 
tion requires 7 hr and has a s tandard deviation 
of +--0.020%. 

Introduction 

G LYCEROL LACTOPAL1KITATE (GLP)  has been used 
as a shortening emulsifier in prepared mixes for 

several years. Analytical  techniques for lactylated 
shortening are necessary to insure uniformity  in pre- 
pared mixes and to control product  cost, since GLP 
is considerably more expensive than the other emulsi- 
fiers used in mixes. Fe t t  (1) recommends the water 
washing of lactylated shortening to remove such non- 
emulsifiers as mono-, di-, and tr i laetin before ap- 
praising the active GLP content on the basis of the 
" c o m b i n e d "  lactic acid conch. Fe t t  (1) has adapted 
Barker  and Summerson's  (2) colorimetric procedure 
using p-phenylphenol to the analysis of lactylated 
shortenings. Although Fe t t  reported only the analy- 
sis of shortenings, the present author and probably a 
number of others have used this method on GLP as 
well. The method is complicated by the extreme sen- 
sitivity of the color forming reaction which necessi- 
tates great dilution of sample solutions with the re- 
sult that a fract ion of a ~g of lactic acid contamination 
can cause a serious error. Barker  and Summerson 
(2) have shown that  troublesome amounts of lactic 
acid can be found on the operator 's  hands and Neid- 
linger et al. (5) have recommended elaborate pre- 
cautions against accidental addition of the acid from 
this source. 

In two similar t i t r imetr ic  procedures the samples 
are saponified and acidified before extraction with an 
organic solvent to remove the fa t ty  acids. The lactic 
acid contents are calculated from the differences be- 
tween the t i trat ions of the remaining water layers 
and similar water layers obtained f rom blank de- 
terminations. Acidulation in the Stetzler and Andress 
(3) procedure for the analysis of GLP is accomplished 
by adding the exact mineral  acid equivalent of the 

1 Presented in part at the AOCS Meeting, New Orleans, 1962. 
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alkali used for saponification. In the second method, 
Pohle et al. (4) when analyzing either lactylated 
monoglycerides or shortening containing the latter, 
add an excess of mineral acid which is t i t ra ted along 
with the lactic acid in the water  layer. The usual 
volumetric errors are impor tant  because relatively 
eoncd alkaline and acid solutions are metered in the 
presence of a small amt of lactic acid. The measure 
of lactic acid, sample t i t rat ion minus blank, is ade- 
quate for  the determination of lactic acid in GLP, 
but it falls to about one ml when the Pohle et al. (4) 
procedure is applied to shortening lactated at the 
usual rate of ca. 0.9%. This report  describes the sepa- 
rat ion of lactic acid f rom the large amt of fa t ty  
acids and mineral  acid by liquid-liquid part i t ion 
chromatography before t i tration. The t i t r imetr ic  pro- 
cedures determine any water  soluble acid whereas the 
chromatographic method is specific for  lactic acid 
because of its characteristic retention v o l u m e .  

Experimental 
To determine WICLA,  a dichloromethane solution 

of the sample is washed with water ;  the solvent is 
evaporated and the sample is saponified with alco- 
holic potassium hydroxide. Af ter  acidification with 
H2SO4, the sample is dispersed on silicic acid, slurried 
with chloroform and t ransfer red  to the top of a 
chromatographic column composed of a 0.5 N H2S04 
stat ionary phase supported on silicic acid. The fa t ty  
acids are eluted by chloroform and then 15% n- 
butanol in chloroform removes the excess H2S04 fol- 
lowed by lactic acid. 

Special Apparatus:  

Extract ion cylinders, 25 ml, with siphon. 
Hypodermic syringe, 2 ml, with No. 24 needle. 
Er lenmeyer  flasks, 10 ml. 
Condenser, air, with rubber sleeve to fit 10 ml 

Erlenmeyer.  
Microburet, 5 ml, calibrated to 0.01 ml. 
Chromatographic tube, 10 mm I.D. and 300 mm 

long, with coarse f r i t ted  disc. 
Technicon fract ion collector with drop counter. 
Automatic buret,  10 nil, calibrated to 0.05 ml 

with reservoir and soda-lime trap. 

Reagents: 

Alcoholic potassium hydroxide. Dissolve 150 g 
reagent grade K O H  (85-87%) in one liter 95% 
ethanol (Formula  3A). Moderate discoloration 
does not affect the determination. 

Sulfuric acid solution, 16% v/v,  dilute 160 ml 
concd reagent grade H2S04 to one liter. 

Methyl red solution, 0.02 g dissolved in 100 ml 
60% ethanol. 

Mallinckrodt silicie acid No. 2847. Remove small 
particles by repeated suspension in distilled 
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T A B L E  I 

Ana lys i s  of Synthe t ic  Samples  

% Tota l  
lactic acid  Recove ry  

A d d ( d  F o u n d  % 

Sh o r t en ing  .................................................... None  I None I ...... 
Sh o r t en ing  ~- r e a g e n t  g r ade  lactic acid ........ [ 0,918 / 0 .860 ] 93.7 
Shortening ~- r e a g e n t  g r a d e  lact ic  acid  ........ I 0 . 9 1 8  I 0 , 8 6 6  I 94 .3  
Sh o r t en ing  + glycerol lac ta tes  ...................... I 1.00 I 0 .941 I 94.1 
S h o r t e n i n g  ~ glycerol  lac ta tes  ...................... I 1.00 l 0 .957 I 95.7 

water  and decantation. Dry  overnight at l l0C.  
H2S04, ca. 0.5 N. Dilute 13.9 ml coned reagent  

grade H2S04 to one liter. 
Chloroform, U.S.P. Wate r  wash twice and equili- 

brate  with 0.5 N H2S04. 
Methanolic sodium hydroxide, 0.025 N accurately  

standardized. 
Phenol red solution 0.1 g mixed with 11.4 ml 

0.025 N methanolic NaOH in a mor ta r  and di- 
luted to one liter with ethanol. 

Bu tano l - -Ch lo ro fo rm solution, 15 volmnes n-bu- 
tanol and 85 volumes water  washed U.S.P. 
chloroform arc equilibrated with 3.0 volumes 
0.5 N H2S04. 

T H E  J O U I g N A L  O F  T H E  A M E R I C A N  0 I L  C H E M I S T S '  S O C I E T Y  V O L .  4 1  

T A B L E  I I  

Precision of W I C L A  D e t e r m i n a t i o n  on a Commerc ia l  
L a c t a t e d  Sho r t e n ing  

Per cent W I C L A  

.850 

.863 

.849 

.797 

.834 
.809 
.839 
.826 
.837 
.819 

A v e r a g e  .832 
S t a n d a r d  dev ia t ion  ~ 0 . 0 2 0 0  % 
Total  lactic acid  1.01 and  1 . 0 3 %  

Procedure 

Weigh accurately 0.40-0.44 g lactylated shorten- 
ing into a 25-ml graduated  cylinder and dissolve it  in 
15 ml dichloromethane. Add 10 ml distilled water,  
invert  the cylinder 25 times and sipon off the water  
layer when it has separated f rom the dichloromethane. 
Af te r  a total of three water  washings pour  the di- 
chloromethane solution into a 100-ml beaker. Wash 
the cylinder once with acetone and twice with dichloro- 
methane, adding the washings to the 100-ml beaker. 
Evapora te  the solvents on a steam bath under  an air  
stream. Removal of the last droplets of water  is aided 
by the addit ion of a few ml acetone to the coned 
sample on the steam bath. Using dichloromethane in 
a 2-ml hypodermic syringe quant i ta t ively t ransfer  
the sample to a 10-ml Er lenmeyer  flask and then 
remove the dichloromethane by  placing the flask on 
the steam bath under  an air jet. Following the recom- 
mendation of Stetzler and Andress (3) for the com- 
plete vaporization of dichloromethane, the sample is 
t reated on the steam bath until  no solvent odor is 
detectable, then 1.0 ml ethanol is added and heating 
is continued unti l  the solvent odor again disappears.  
(The diehloromethane must  be completely removed 
because acidification is based on a blank t i t ra t ion of 
K O H  used and the loss of K O H  by reaction with 
traces of diehloromethane causes an excess of H:SO4 
which is difficult to separate chromatographical ly  
f rom lactic acid). Pipet te  1.0 ml alcoholic K 0 H  into 
the sample flask and into two small beakers. At tach 
the air condenser to the 10-ml Er lenmeyer  flask and 
place it on the steam bath for  one-half hr. Dur ing  
the saponification, t i t ra te  the alcoholic K O H  blanks 
to methyl  red end points using 16% v / v  H e S Q .  To 
prepare  the chromatography  column mix 2.7 ml 0.5 ?r 
HeS04 with 4.0 g silicic acid, s lur ry  the mixture  with 
chloroform and t ransfer  it to the chromatography  
tube using a powder funnel  temporar i ly  attached to 
the top of the chromatography tube to facil i tate the 
transfer .  The packed column is ca. 11 cm in depth 
with a holdup of 5.4 ml. When the saponification is 
complete, remove the condenser, and place the flask 
under  an air jet  on the steam bath  unti l  the sample 
gels. Add 0.1 ml ethanol and an amt  of 16% v / v  
H2S04 equal to the blank t i t ra t ion determined above. 

Af te r  warming the sample mixture  slightly on the 
steam bath to decompose the soaps, mix in 0.6 g silicic 
acid and quickly add ca. 2 ml CHC13. St ir  the mixture  
with a rubber  policeman attached to a small glass rod 
bent to fit the Er lenmeyer  flask until  the solid phase 
is homogeneous. Using CHC13 f rom a wash bottle 
t ransfer  the sample mixture  to the chromatography  
tube being careful  to keep the lumps of silicic acid 
moist at all times. Wipe  the sides of the column by 
pressing a t ight  fitting filter paper  disc into the tube 
to produce a sample section ca. 2.3 cm deep and then 
remove the powder funnel  f rom the top of the tube. 
Careful ly  wash the CHC13 soln. of f a t t y  acids into the 
column and continue elution with CHC13. Transfer  
the chromatography  tube to a f ract ion collector 
equipped for drop counting and begin collection of 
2.6 ml (ca. 110 drops) fractions. To each test tube 
there is added 0.5 ml methanol and 1 drop phenol red 
solution before fitting the test tube with a ni trogen 
bubbler and t i t ra t ing  the fract ions with 0.025 N 
methanolic NaOH.  When the complete elution of 
f a t ty  acids is indicated by a low and constant t i t ra-  
tion, the last of the CHC13 is allowed to run  into the 
silicic acid bed and elution with butanol-chloroform 
is s tar ted immediately at a rate of 0.5-0.6 ml /min.  
I f  the test tube filling at  this t ime is numbered zero, 
two HeSO4 peaks will be found with max at  tubes 
2 and 7 followed by the lactic acid peak with a max 
at tube 14 or 15. The water  insoluble combined lactic 
acid content is calculated f rom the total t i t rat ion of 
the lat ter  peak, usually fract ions 12-19 inclusive, a f ter  
subtraction of the product  ( reagent  blank) of the 
number  of tubes in the peak and the small and con- 
s tant  t i t rat ion found before and af ter  the peak. 

Total lactic acid may  be determined by eliminating 
the water  washing step and weighing the sample di- 
rectly into the 10-ml Er lenmeyer  flask for saponifica- 
tion. 

Results and Discussion 

A blank determinat ion on unlactyla ted shortening 
revealed two H2S04 peaks but  no peak was observed 
at the retention volume corresponding to lactic acid. 
The first H2S04 peak was associated with a port ion of 
cloudy eluate formed by the mixing of wet chloro- 
form in the column with the newly added wet butanol- 
chloroform solution. A second H2S04 peak of much 
smaller size was then eluted. Dur ing  twelve analyses 
of lactylated shortening the th i rd  peak, due to lactic 
acid, was well separated f rom the second H2S04 peak 
and it exhibited a max at  either f ract ion 14 or 15. The 
total time required for  the W I C L A  determinat ion was 
7 hr  and for  the total lactic acid determinat ion 5.5 
hr. 

Because a s tandard  sample of lactylated shortening 
was not available, the accuracy of the method was 
determined by analysis of synthetic mixtures  for  total 
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lactic acid. The esterification of 3 moles reagent 
grade lactic acid with 2 moles glycerol yielded a mix- 
ture of glycerol lactates that were added to shorten- 
ing on the basis of their  saponification equivalent. 
Reagent grade lactic acid was also added to shorten- 
ing in relation to the lot analysis. The results show 
in Table I. 

Precision. The estimation of precision given in 
Table I I  was obtained from ten W I C L A  determina- 
tions on a commercial laetylated shortening. 

Determination of Similar Acids. As new fat  emulsi- 
fiers which contain low tool wt hydroxylated acids 
appear  and require analysis, the present method might 

be adapted for this purpose. For  instance, in a pre- 
l iminary experiment, 012% citric acid in shortening 
has been eluted qualitatively from this system by a 
mixture of 55 volumes n-butanol and 45 volumes 
chloroform. 
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Search for New Industrial Oils. XI. Oils of Boraginaceae 
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Abstract 
Analysis of seed oils from 29 species of the 

family Boraginaeeae revealed widespread occur- 
rence of 6,9,12-oetadecatrienoic and C,s noncon- 
jugated tetraenoic acids in addition to linolenic 
and other common C16 and C,s acids. The 6,9,12- 
oetadecatrienoic acid ranged in amount from 
0-27%, tetraene from 0-17%, and linolenic acid 
from 0.3-50%. iodine values of the oils ranged 
from 88-225. 

Introduction 
NALYSIS of seed oils from an extensive sampling 
of the plant  kingdom reveals that  the family 

Boraginaceae is unique in the f requency with which 
nonconjugated tetraenoie acids occur. In  the first 
paper (2) f rom this continuing program two species 
in the family were reported to contain small amounts 
of tetraene on the basis of ultraviolet absorption 
after  isomerization by alkali. In  later  samples, oil 
was analyzed by gas-liquid chromatography (GLC),  
and the tetraene was identified as an 18-carbon acid. 
Fur thermore,  the trienoie fraction was shown to in- 
clude two components. One had the equivalent chain 
length (ECL)  of the usual linolenic acid and the 
other the ECL of the 6,9,12 isomer (4), long known 
only in oil f rom the genus Oenothera, family Ona- 
graceae but  recently reported from Humulus lupulus, 
family Moraceae (5). The tetraenoic acid has been 
identified as 6,9,12,15-oetadecatetraenoic acid in oils 
f rom Echium plantagineum (6) and Onosmodium 
occidentale (1), and our GLC identification of the 
6,9,12-octadecatrienoie acid has been confirmed. 

This paper contains the analyses of seeds and oils 
f rom 29 species in the borage family. 

Materials and Methods 
The plant family Boraginaceae includes some 100 

genera and 2000 species, mostly herbaceous and often 
perennial. There are five subfamilies, one of which 
is divided into five tribes (7). Four  of the sub- 
families and all five tribes are represented in this 
paper. Numerous species are grown as ornamentals, 
but we do not know of any studies directed toward 

1 A laboratory of the No. Utiliz. Res. and Dev. Div., ARS, USDA. 
2 A division of ARS, USDA. 

large-scale seed production for industrial  use. Seed 
samples were provided by the U. S. Dept. of Agri- 
culture 's  Crops Res. Div. as obtained by staff botanists 
f rom wild plants, by botanists under  contract in 
various parts  of the world, or by purchase from com- 
merical seed suppliers. 

Seeds were cleaned and analyzed as previously 
described (2). The components analyzed included 
seed plus pericarp in all instances except two, Para- 
cary~tm angustifolium and Lappula redowskii, for  
which seed only was analyzed. Methyl esters were 
prepared from the oils by HCl-catalyzed methan01y- 
sis. 

Each ester preparat ion was analyzed by GLC at 
least three times in equipment described previously 
(3).  A rapid exploratory analysis was made in a 
125 x 0.3 em column to ident i fy  the slowest moving 
components. Then each ester preparat ion was analyzed 
on two different columns: a 200 x 0.6 cm glass column 
containing 20% Apiezon L on 60-80 mesh Celite 545 
at 258C with a helium flow of 90 ml/min and a 
200 x 0.6 cm glass column containing 20% LAC-2-R 
446 on the same support  at 196C with flow rate of 
120 ml/min.  In  the polar column the peak of the 
Cls tetraene (ECL 20.1) overlapped the Ceo esters. 
However, in the nonpolar column as operated, the 
Cls tetraene (ECL 17.4) was widely separated from 
the Ceo esters but  coincided with the 6,9,12-triene (4) 
and was not ful ly  separated from the usual Cls un- 
saturates. The percentage of tetraene was determined 
by subtracting the C2o methyl esters (ECL 19.7-20.0) 
f rom the Apiezon L chromatogram from the methyl  
esters in the Ceo region from the LAC-2-R 446 col- 
umn (ECL 20.0-20.4). The percentage of 6,9,12- 
triene (ECL 19.3 LAC-2-R 446 column) was deter- 
mined from the LAC-2-t~ 446 chromatogram w h e r e  
separation was complete. When the nonpolar column 
was operated at 210C with a flow rate of 116 ml/min,  
the peak rePresenting the tetraene and 6,9,12-triene 
was separated from that  of the usual Cls unsaturates 
and the amount agreed with the sum of these two com- 
ponents determined by the procedure described. 

Results and Discussion 
In all but  three of the samples analyzed (Table I ) ,  

GLC shows the presence of C13 tetraene, Cls 6,9,12- 
tricne, or both. The exceptions are Lithospermum 
o~cinale, Ehretia acuminata, and E. aspera, whose 


