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Abstract  
Analytical  methods for the determination of 

total and water insoluble combined lactic acid 
in lactic acid modified fa t ty  glycerides are de- 
scribed. The acids are liberated from their esters 
by saponification. Lactic acid is determined by 
simple acid-base t i t rat ion after  removal of f a t ty  
acids via liquid-liquid extraction. Water  solu- 
ble constituents are extracted from a diehloro- 
methane solution of the esters with 5% aqueous 
sodium sulfate prior to determination of water 
insoluble lactic acid. Methods are rapid, simple, 
and suitable for  use in a plant control labora- 
tory. Extension of the procedure provides for  
the simultaneous determination of fa t ty  acid and 
glycerine on a single sample. 

Introduct ion 

ACTIC ACID modified monoglyceride mixtures have 
ecently gained commercial importance as emul- 

sifters in shortening used in cake-mix. These mixtures 
represent mixed glycerol esters containing varying 
amounts of lactic and fa t ty  acids. The effectiveness 
of these emulsifiers depends upon their chemical com- 
position. I t  is alleged that  water soluble lactic acid 
present as mono-, di-, and tri laetin and /o r  free lactic 
acid does not contribute to the emulsification proper- 
ties of these products. Therefore it is important  to 
have rapid, simple, and reliable analytical methods 
to measure both the total lactic acid and the water 
insoluble combined lactic acid, (WICLA) .  

The methods most commonly used for the deter- 
mination of lactic acid involve conversion of the acid 
to acetaldehyde and subsequent colorimetrie measure- 
ment of the aldehyde. An excellent review of the per- 
t inent l i terature on these methods is given by Fet t  
(1). The colorimetric method of Barker  and Smn- 
merson (2) employing p-phenyl phenol was modified 
and adapted to the determination of lactic acid in 
shortenings by Fe t t  (1).  Fr iedemann and Graeser 
(3) measured the lactic acid content o~ biological 
samples by oxidizing the acid to acetaldehyde with 
manganese dioxide, distilling the aldehyde into bi- 
sulfite, and t i t ra t ing the bisulfite complex iodometric- 
ally. Par t i t ion  chromatographic separation of organic 
acids, lactic acid included, is reported by Marvel and 
Rands (4). 

The methods mentioned above are all tedious and 
time consuming. Special precautions must be taken 
to avoid: (1) loss of acetaldehyde (bp 20.2C) by 
evaporation, and (2) contamination from lactic acid 
on the skin. The colorimetric methods are designed 
specifically for  measuring lactic acid in the ~g range 
and are therefore not easily adapted to the analysis 
of lactated glycerides containing 10-20% lactic acid. 
The methods presented in this paper  involving sa- 
ponification of the esters, separation of the fa t ty  and 
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lactie acids by liquid-liquid extraction, and t i t rat ion of 
the lactic acid with s tandard alkali are simple, rapid, 
and suitable for use in a plant control laboratory. 

Experimental 
To determine the total lactic acid content of lactated 

monoglyceride mixtures, the esters are sapouified by 
refluxing with an accurately measured volume of a 
s tandard alcoholic potassimn hydroxide solution to 
yield glycerol and the potassium salts of lactic and 
fa t ty  acids. The soap solution is converted to an 
aqueous solution by the addition of water and evapo- 
ration of the alcohol. The volume of mineral acid 
required to just neutralize the potassium hydroxide 
is determined by t i t rat ing reagent blanks with hydro- 
ehloric acid to the methyl red end-point. Addition of 
the same volume of acid required to neutralize the 
reagent blank to the saponified sample solution lib- 
erates lactic and f a t ty  acids f rom their respective 
salts and converts the potassimn to potassimn chlo- 
ride. Extract ion with hexane renmves the liberated 
fa t ty  acids, leaving the lactic acid in the aqueous 
salt solution. Quantitative determination of lactic 
acid is accomplished by simply t i t ra t ing the aqueous 
solution af ter  hexane extraction with a s tandard al- 
kali to the phenolphthalein end-point. The effect of 
any acidic or basic impurities in the solvents and 
reagents is cancelled out by a similar t i t rat ion of 
the hexane extracted reagent blank. 

Water soluble glyeerides are removed by extracting 
a dir solution of the sample with a 5% 
aqueous sodium sulfate solution. Af ter  removal of 
the diehloromethane by evaporation, the W ICLA con- 
tent of the sample is determined by the same proce- 
dure as used for the determination of total lactic aeid. 

Analysis Procodures 
Apparat~s. Erlenmeyer  flasks--250 ml--alka]i-re- 

sistant glass. Separatory funnels--250 ml--Teflon 
stopcock. 

Reagents. Alcoholic K O H - - a p p r o x  0.5N--dissolve 
96 g of KOI t  in 1000 ml of 95% ethanol. Allow solu- 
tion to stand overnight. Fi l ter  to remove precipitated 
~:arbonates. Dilute to 3000 ml with 95~;: ethanol. 
Solution should remain clear. 

Sodium sulfate solut ion--5% w/v---dissolve 50 g of 
Na2SQ in 1000 ml of distilled water. 

All other reagents and apparatus  are common labo- 
ra tory  items. 

(a) Determination of Total Lactic Acid 
Weigh accurately a sample containing 140-170 mg 

of lactic acid into a 250 ml alkali-resistant Erlen- 
meyer flask. Pipette 20 ml of 0.5N alcoholic K O H  
solution into the flask and reflux for 30 min to sa- 
ponify the sample. Add 20 ml. of distilled water and 
concentrate the soap solution to approx 20 m] by 
evaporation on a steam bath or hot plate. Run re- 
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T A B L E  I 

Accuracy  of 5Iet l lod 

Sample  Lac t i c  acid  Lac t i c  acid Re 'overy. 
p resen t ,  mg found,  mg t~. 

T r i g l y c e r i d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

U S P  lact ic  acid 
( 1 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( 2 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( 3 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Mix tu r e  No. 1 - - T r i g l y c c r i d e  
d- lac t ic  acid  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Mix tu re  No. 2 - - t r i g l y c e r i d e  
+ lac t ic  acid  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Mix t l l r e  No. 3 - - t r i g l y c e r i d e  
-}- lac t ic  acid  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Non@ 

158.3  
131 .4  
175 .0  

162.4  

132.8  

173.3  

None 

t 5 5 . 2  
128..1t 
172.1 

160 .5  

131.2 

172.1 

98 .0  
98.1  
98.3  

98.8  

98.8  

99 .3  

agent blanks, omitt ing only the sample, in the man- 
ner described above. Cool sample aud blanks to 
approximate ly  40C. To the blanks only, add 10 
drops of methyl  red indicator solution, and t i t ra te  
to the indicator end-point with 0.5N HC1. Record 
volmnc of HC[ required. To the saponificd sample, 
add the same volume of 0.5N HC1 as required to 
neutralize the blank solution. Swirl flask dur ing 
addition of acid to disperse the l iberated fa t ty  acids. 
Add 50 ml of hexane to both sample and reagent 
blanks. Swirl sample flask vigorously to dissolve 
f a t ty  acids. Transfer  solutions to 250 nfl separatory 
funnels and agitate for approx  30 see. Wi thdraw 
the aqueous phase into a 300 ml Er lemneyer  flask. 
Wash the hexane solution with 50 ml of distilled 
water  and combine aqueous wash solution with the 
original aqueous phase in the Er lenmeyer  flask. Ti- 
t ra te  sample and reagent  blank solutions to phenol- 
phthalein end-point with s tandard 0.1N KOH.  Use 
the difference between the blank, Vb, and the sample, 
Vs, to calculate the lactic acid content of the sample. 

(b)  Determination of Water Insoluble Combined Lactic Acid 
(WICLA) 

Weigh accurately a sample containing 140-170 mg 
of W I C L A  into a 100 ml beaker. Dissolve sample, 
heat ing if necessary, in 25 ml of dichloromethane. 
Transfer  sample solution to a 250 ml separa tory  fun- 
nel using 25 ml of dichlQronlethane to rinse the 
sample beaker in order to obtain quant i ta t ive trans- 
fer. Add 50 ml of 5%, w/v,  aqueous sodium sulfate 
solution to the separa tory  funnel. Agitate  the sep- 
a ra tory  funnel  for approx  30 see and allow the two 
phases to separate.  Wi thdraw the lower diehlorome- 
thane phase into a second 250 ml separatory fmmcl  
and t ransfer  the aqueous phase to a 250 ml beaker. 
Repeat  the extraction of the dichloromethane solution 
with two additional 25 ml portions of 5% aqueous 
sodimn sulfate sohltion in the same manner  described 
above. Combine the aqueous extracts and wash by 
shaking in a separa tory  funnel  with 50 ml of dichlo- 
romethane. Combine the dichloromethane solutions 
and t rans fe r  to a 250 ml alkali-resistant Er lenmeycr  

TABLE II 

Precision of Tot:al Lac t i c  Acid and W I C L A  Dc le rmina l lon r ,  
S a m p l e s - - C o m m e r c i a l  L a c t a t e d  iffonoglyceride 

Tota l  lac t ic  acid found  W I C L A  found  
g lac t ic  a c i d / 1 0 0  g sample  g lac t ic  a c i d / 1 0 0  g sample  

15 .7  
15 ,7  
15.9  
15 ,8  
16 .0  
16 .0  
15.8  
15 .7  
15 .8  
15 .8  

Av va lue  15 .8  

Stand dry •  

13.1 
13.0 
13.5  
13.2  
13.3 
13.4  
13.5 
13.4  
13.4  
13,6  

13.,3 

-4-0. 2 

flask. Evapora te  the dichloromethane solution on a 
steanl bath under  a s t ream of nitrogen unti l  no odor 
of solvent remains. Add 50 ml. of 95% ethanol to the 
flask and evaporate under  a s t ream of nitrogen unti l  
no odor of solvent remains. Repeat  ethanol t rea tment  
a second time. (Ethanol  is used to "ehase" the last 
traces of dichloromethane since the lat ter  will con- 
sume alkali and consequently be nleasured as lactic 
acid.) Run reagent blanks as described above, omit- 
t ing only the sample. 

Deternfine the lactic acid coutent of the dichloro- 
methane residue usiug the procedure described under  
(a) above, s tar t ing with: Pipet te  20 nil. of 0.hN alco- 
holic K O H  . . . .  Report  results am water  insoluble 
~.ombim~d l ac tb  acid ( W [ C L A ) .  

R e s u l t s  a n d  D i s c u s s i o n  

To prove the accuracy of the method for the deter- 
nlination of total lactic acid, it was necessary to pre- 
lmre synthetic mixtures since a s tandard  sanlple of 
lactated nmnoglyceride was not available. Known 
mixtures of a f a t ty  tr iglyceride and USP lactic acid 
were prepared  and the lactic acid content determined 
by the proposed procedure. Each component, i.e., the 
tr iglyceride and lactic acid, was also subjected to the 
analysis procedure. The results are shown in Table I. 

The precision of the method was evaluated by 
running  10 determinations on a conmlereial lactated 
monoglyccride sample. The results are shown ill 
Table l 1. Se~'eral months '  expcrieuce with the method 
ill analyzillg commercial lactated monoglycerides has 
shown that duplicate analyses usually agree within 
_+ 1.5% (relat ive) .  

Several soh'ent systems, including the commonly 
mnployed ch lo ro fo rm:wate r  system, were investigated 
as possible systems for the extraction of water  soluble 
lactic acid and lactic acid esters pr ior  to the determi- 
nation of W I C L A .  The system dichloromethane:59i  
aqueous sodium sulfate was found to be the most 
satisfactory.  Pract ical ly  no emulsion difficulties arc 
encountered using this system. 

A large sample of a commercial lactated mono- 
glyceride was carefully washed with warm water  to 
renlove all water  soluble components. Saponification 
analysis of the water  insoluble esters indicated that  
the sanlple contained 13.6 g;100 g WICI ,A.  Ten de- 
terminations of W I C L A  were run  on this sample 
using the proposed procedure. The results are shown 
in Table I I .  Experience has shown that  duplicate 
deternfinations of W I C L A  usually agree within • 
2% (relat ive) .  

Other water  soluble acidic or basic compounds, free 
or combined, will interfere with the method. Such 
compounds are normal ly  not present in commercial 
lactated monoglyceride nfixtures. 

The proposed procedure can be extended to in- 
elude the quant i ta t ive determinat ion of lactic acid, 
f a t ty  add,  and glycerine contents of a lactated mono- 
glyceride mixture  using only a single sample. F a t t y  
acids are recovered by evaporation of the hexane 
extract  of the acidified soap solution. Quanti tat ion 
of the fa t ty  acid moiety can be achieved either by 
weighing the hexane residue or redissoh, ing the resi- 
due in alcohol and t i t ra t ing  the acids with s tandard 
alkali solution. The acid number  of the f a t ty  acids 
is a prerequisite if the la t ter  technique is used. The 
glycerine content, if desired, call be obtained by  peri- 
odic acid oxidation of the aqueous phase af ter  t i t ra-  
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tion of the lactic acid. Sample size is adjusted by 
diluting the t i t ra ted aqueous phase to known volume 
with distilled water  and removing an aliquot portion 
for  periodate oxidation. Lactic acid does not inter- 
fere with the periodic acid reaction if the reaction 
is carried out at room temp. F a t t y  acid and glycer- 
ine contents determined in this manner  agree well 
with the values obtained using the s tandard  AOCS 
Methods 0-4-40 and Ca-14-56, respectively. 

~IODIFIED F a T T r  G L Y C E R I D E S  5 1 1  

Acknowledgment 
The authors are indebted to Rose Grady  who car- 

t ied out much of the experimental  work. 

R E F E R E N C E S  
1. Fett. Helen M.. JAOCS 38, 447 -450  (1961) .  
2. Barker ,  S. B., and W. H. Summerson,  J. Biol. Chem. 138,  5 3 5 -  

554 (1941) .  
3. Fr iedemann,  T. E., and J. B. Graeser,  1bid. 100, 291 -308  (1933) .  
4. Marvel. C. S., and R. D. Rands,  Jr . ,  J. Am. Chem. Soe. 72. 2 6 4 2 -  

2646 (1950) .  
[ R e c e i v e d  A p r i l  12, 1 9 6 2 ]  

Separation of Fatty 
Alumina 

Ester-Mercuric Acetate Adducts of 

H. B. WHITE, JR2 and F. W. QUACKENBUSH, Department of Biochemistry, 
Purdue University, Lafayette, Indiana 

Abstract  

A chromatographic  procedure is described for 
the elution separat ion on alumina for 100-rag 
samples of methyl  pahni ta te  and f a t ty  ester- 
mercuric  acetate adduets. Oleate and linoleate 
were obtainable in pure  fo rm;  however, the lino- 
lenate adduet  did not separate eompletely f rom 
the linoleate adduet. For  quant i ta t ive results 
the use of a lumina of proper  act ivi ty and ba- 
sieity is essential. E ther  with small anlounts of 
acetie acid is a suitable eluant. Since the original 
esters can be regenerated easily the ability to 
isolate individually the oleate and the linoleate 
adduets in high yield ean be useful in radio- 
bioehemieal work. 

Introduction 
TTEMPTED separations of the f a t ty  acids f rom small 

samples (ca. 100 rag) have employed three gel> 
eral methods: (a) direct separat ion of the acids or 
their  esters by physical means (1,2,3,4); (b) con- 
trolled oxidation of unsaturates,  with subsequent 
fraet ionat ion (5,6,7,8); and (c) the formation of 
derivatives or adducts to magni fy  differences in 
propert ies  before fraetionation.  Disadvantages of di- 
rect separat ion and oxidation procedures are that  
the former  generally are incomplete and the lat ter  
do not permit  recovery of the intaet unsatura ted  
aeids. Some derivatives may promote separation but 
fail  in the requirement  for  f a t ty  aeid regenera- 
tion (9). Mercuric acetate adduets are potential ly 
suitable in both respects. They have been used to 
separate  sa tura ted  f rom unsa tura ted  f a t ty  acids on 
Florisil  (10) and on silica gel (11) columns. Re- 
cently, par t ia l  separations of the adduets of indi- 
vidual  unsa tura ted  components have been reported 
on silica gel (12). 

The present  repor t  concerns the adaptabi l i ty  of 
a lumina as an adsorbent  in separat ion procedures 
which employ mercuric  acetate adduets. 

Materials and Methods 
Samples of methyl  palmitate  and oleate of high 

pur i ty  were obtained f rom the Hormel  inst i tute.  
Linoleate of 98% minimum pur i ty  with oleate as 
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tile contaminant  was isolated by urea adduet  frae- 
tionation f rom the mixed methyl  esters of safflower 
oil (13). Pure  linolenate was extracted as its mercuric 
acetate adduet  f rom linseed oil methyl  esters (14). 

Basic and neutral  aluminas of different degrees of 
act ivi ty (adsorbi~lg eapacity)  were prepared by sup- 
plying known amounts of deionized water  to the an- 
hydrous material.  The degree of deactivation was 
proport ional  to the amount of water  added. Activi- 
ties I, lI ,  I I I ,  and IX" refer  to the different grades of 
almnina established for s tandardizat ion purposes by 
Brockmann and Schodder using a number  of azo 
dyes (15). These grades were obtained through the 
a~ldition of 0%, 35{, 6 ~ ,  and 1 0 ~  water, respec- 
tively, on a w / w  basis to the d ry  metal  oxide. No 
a t tempt  was made to remove moisture that  may have 
been present on the alumina before the deactivation 
t reatment .  

A sample of methyl  ester weighing about 100 mg 
and of known eomposition was dissolved in 1 nfl of 
methanol and heated at 80C for 30 lnin in the pres- 
ence of mercuric acetate, 2 0 ~  in excess of the theo- 
retical amount needed to react with the double bonds. 
The reaction mixture  was cooled to room temp and 
t ransfer red  in 10 ml of ethyl ether to a previously 
prepared  column of 15 g of alumina, 11.5 cm high by 
1.3 cm wide, covered with ether. A water  jacket at 
15C surrounded the colmnn. Elut ing solvents with 
increasing proport ions of acetic acid in ether and 
corresponding increasing eluting power were passed 
through the colulnn in stepwise manner.  The flow 
rate was between four  and five ml 'rain. 

Solvent was removed from the ehtatcs with a ro ta ry  
evaporator  unti l  a residual vol of approx  10-20 ml 
remained. Following decomposition of the adducts 
by a 10-rain t rea tment  at room temp with 100 ml of 
methanol-ether (1:1, v v) and 10 ml of eoneen- 
t ra ted hydroehloric acid, the homogeneous solution 
was t ransfer red  to a separa tory  fmmel  with 100 ml 
of hexane. Af te r  the epiphase was extracted with 
water  and dried on a eellulose eolunm, the solvent 
was removed and the residue t ransfer red  with metha- 
nol to a 50-nil volumetric flask and made to vol. 

A siluplified speetrophotometrie determinat ion for 
ester groups (16) was used on an aliquot of the 
nlethanolie solution. A fur ther  aliquot was analyzed 
for ester compositiou by gas liquid part i t ion ehroma- 
tography  under  conditions described previously (17). 


