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Conjugated Compounds in Cow's Milk. I1 

C. Ronald Brewington, Owen W. Parks,* and Daniel P. Schwartz 

An additional 28 compounds existing in cow's nols, and aceto- and propiovanillone. The relative 
milk as conjugates, presumably detoxification amounts of the compounds are given. A compari- 
conjugates of glucuronic and sulfuric acid, were son of the amount and nature of compounds 
identified. The compounds included 13 saturated found in milk and compounds isolated from urine 
and unsaturated n-aliphatic acids, three aromatic by other workers is discussed. 
acids, four guaiacols, three catechols, three phe- 

In a previous investigation (Brewington et al., 1973) the 
presence and identification in cow's milk of numerous 
compounds existing as detoxification products of glucu- 
ronic and sulfuric acid were demonstrated. This report is 
a continuation of that  work. 

EXPERIMENTAL SEXTION 
Isolation and Einzymatic Hydrolysis of Conjugates. 

The procedures used were the same as previously de- 
scribed (Brewington et al., 1973), with the exception that 
double volumes of redistilled methylene chloride were 
used for extractions. 

Fractionation of Free Compounds. The methylene 
chloride solution of free compounds, obtained after enzy- 
matic hydrolysis, was evaporated on a steam bath under 
nitrogen to approxiinately 1 ml and treated a t  room tem- 
perature overnight with 5 ml of a 1.5% solution of sulfuric 
acid in methanol. Fiive milliliters of H2O then were added, 
and the phenolic compounds and methyl esters formed 
were extracted with 2 x 20 ml of methylene chloride. The 
phenolic compounds were separated from the methyl es- 
ters by extraction in the cold with 2 x 30 ml of a 5% 
NaOH solution, which was acidified to pH 1 with concen- 
trated HC1 and extracted with 3 x 120 ml of methylene 
chloride. Both methylene chloride solutions then were 
dried over Na2S04 and evaporated to a small volume suit- 
able for analysis. 

Gas Chromatographic and Mass Spectrometric 
Methods. The five columns employed for the gas chroma- 
tographic analysis of the two methylene chloride fractions 
obtained are listed in Table I. Column E was programmed 
from 80 to 190" at 2.5"/min; column C from 50 to 220" a t  
4"/min; column S from 75 to 220" a t  4"/min; column X 
from 70 to 150" a t  4"/min; and column 0 from 70 to 200" 
at 5"/min. The instrument used was the Perkin-Elmer 
900, equipped with a flame ionization detector and having 
an injection port and detector temperature of 230". Cer- 
tain areas were trapped, as before, and reinjected into a 
LKB 9000 combinakion gas-liquid chromatograph-mass 
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spectrometer using the same columns. The operating con- 
ditions of the mass spectrometer were the same as pre- 
viously described (Brewington et al., 1973). 

Reference Compounds. The compounds were identified 
by comparison with the mass spectra and retention times 
of authentic compounds. 4-Methylguaiacol, 4-ethylguaia- 
col, and 4-vinylguaiacol were kindly supplied by Dr. 
Aaron Wasserman, Eastern Regional Research Center, 
Wyndmoor, Pa .  3-n-Propylphenol was prepared by reduc- 
tion of isosafrole with sodium in ethanol (Cousin and 
Lions, 1937). Propiovanillone was synthesized by oxida- 
tion of 4-hydroxy-3-methoxyphenyl-1-propanol (Pearl, 
1956). 4-Allylphenol was made by alkylation of phenol 
with allyl chloride in the presence of ZnCl2 (Buu-Hoi et 
al., 1954). Fries rearrangement of catechol diacetate and 
subsequent reduction with zinc amalgam of the 4-acetyl- 
catechol formed gave 4-ethylcatechol (Miller et al., 1938). 
All other compounds were purchased commercially. 
RESULTS AND DISCUSSIOK 

Table I1 lists all compounds found to date, the relative 
amount of each found in the methylene chloride extract 
and the column(s) used in their isolation and identifica- 
tion. The Carbowax column was the most versatile for the 
array of phenols present and was particularly useful for 
the catechol compounds. The EGSS-X and EGA columns 
were satisfactory for methyl esters. The EGA gave better 
resolution for the short-chain methyl esters, whereas the 
EGSS-X column was more suitable for the long-chain 
methyl esters. 

Table I11 gives mass spectral peaks most useful in diag- 
nosis of those compounds whose spectra are not published 
or easily located. 

A comparison of the amounts of conjugated compounds 
found in milk by us and in urine (Suemitsu e t  al., 1970) 
leads to the conclusion that urine is the preferred medium 
for elimination of such compounds. However, a compari- 
son of the nature of the compounds present and their rela- 
tive amounts reveals many differences. One important 
difference is the absence in urine of aliphatic acids, which 
occur in appreciable quantities in cow's milk. Milk, on 
the other hand, contained only the aromatic acids benzo- 
ic, phenylacetic, and hippuric, whereas Suemitsu et al. 
(1970) found a host of methoxy and hydroxy derivatives of 
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Table I. Glc Columnsu Employed 

E. 5 f t  X in. (0.d.) 7.5% ethylene glycol adipate 
(EGA) and 2% H3P04  on 90-100 mesh Anakrom 
ABS 

C. 5 f t  X 'la in. (0.d.) 1% Carbowax 20M on 60-80 
mesh Gas Chrom Q 

S. 4 ft  X in. (0.d.) 20% SE-30 on 60-80 mesh 
Chromosorb W (AW-DMCS) 

X. 
Gas Chrom P 

0. 
Chromosorb Z 

5 f t  X 'la in. (0.d.) 15% EGSS-X on 100-120 mesh 

8 ft  X l,ll in. (0.d.) 3% OV-1 on 100-120 mesh 

All columns were stainless steel and silanized. 

Table 11. Compounds  Identified as 
Conjugates in Cow's Milk 

Relative Glc column(s) 
Compound amount" used in isolation 

Phenolb 
p-Cresol 
4-E thylphenol 
3-n-Propylphenolb 
4-Allylphenol b 

Catecholb 
4- Methyl~atechol~ 
4-Ethylcatech~l~ 
Guaiacol 
4- M ethylguaiacol 
4-E thylguaiacol 
4-Vinylguaiacol 
Vanillin 
Acetovanilloneb 
Propiovanilloneb 
Methyl vanillate 
Ethyl vanillate 
p-Hydroxy acetophenone 
&Decalactone 
y -D odecalact one 
&Dodecalactone 
Indole 
Benzoic acidb 
Phenylacetic acidb 
Hippuric acid 
Butyric acidb 
Caproic acidb 
Caprylic acid 
Nonanoic acid 
Capric acid 
Undecanoic acid 
Lauric acid 
Tridecanoic acidb 
Myristic acidb 
Pentadecanoic acidb 
Palmitic acid 
Palmitoleic acidb 
Heptadecanoic acidb 
Stearic acidb 
Oleic acidb 
Linoleic acidb 
Linolenic acidb 

m 
vl 
vl 
1 
vs 
vs 
S 
m 
vs 
vs 
S 
vs 
vs 
m 
S 
vs 
vs 
m 
vs 
vs 
vs 
VS 
S 

1 
vl 
S 

S 

1 

m 
vs 

vs 
S 
vs 
m 

1 
m 

vs 

vs 
S 
m 
S 

vs 

vl, very large; 1, large; m, medium; s, small; vs, very 
small. Compounds identified in present work. 

benzoic, phenylacetic, and phenylpropionic acids in urine. 
Hippuric acid, though not found in urine, was present in 
overwhelming quantities in milk, much more than p-cre- 
sol. Another important difference was the presence in 
urine of only a few phenols, namely, phenol, p-cresol, 
guaiacol, p-ethylphenol, 3-propylphenol, and catechol. 
Catechol in particular was prbsent in large quantities in 

Table 111. Mass Spectra of Compounds  Identified 

Compound Mass spectrum, m / e  (relative intensity) 

3-n-Propylphenol 136 (M +) 135), 121 (14), 108 (45), 
107 (loo), 94 (8 ) ,  91 (9), 
79(10), 77 (25) 

134 (M') (loo), 133 (71), 119 
(16), 117 (18), 115 (19), 107 
(51), 105 (32), 103 ( l l ) ,  91 
(21), 79 (18), 78 (15), 77 (39), 
65 (11) 

138 (M-) (43), 123 (loo), 91 (E), 
77 (17), 65 (ll), 51 (13), 39 (13) 

138 (M +) (loo), 123 193), 105 (7), 
95 (34), 77 (201, 67 (19), 55 (17) 

150 (M +) (loo), 135 (86), 107 
(38), 79 (12), 78 (101, 77 (311, 
53 ( l l ) ,  51 113), 43 (28) 

166 (M+)  (46), 152 (ll), 151 
(100). 123 (26). 108 (111, 77 

4-Allylphenol 

4-Ethylcatechol 

4-Methylguaiacol 

4-Vinylguaiacol 

Acetovanillone 

(91, 65 (10) 

(loo), 123 (19), 108 (9), 77 (6), 
65 (7) 

Propiovanillone 180 (M +) (23), 152 ( lo) ,  151 

urine, but only in trace amounts in milk. The reasons for 
these differences are beyond speculation except that dif- 
ferent mechanisms are involved in the elimination of com- 
pounds into urine and milk. 

With the exception of phenol, p-cresol, vanillin, and 
guaiacol, none of the phenolic compounds identified have 
been found in milk systems before. Most of the phenolic 
compounds found are degradation products of plant lignin 
(Pearl, 1967) and this is their most probable source. Cobb 
et al. (1963) and Scanlan et al. (1968) have suggested that 
vanillin, which is an important flavor compound in heated 
milks, is formed by the action of heat on precursors arising 
from the degradation of lignin. The fact that vanillin was 
found as a conjugate indicates that vanillin is formed be- 
fore any heat treatment. However, it may be that more 
than one mechanism is involved in the formation of vanil- 
lin as well as in the formation of other compounds. If the 
possible precursors of vanillin could be found free in milk, 
additional merit could be given their suggestion. Likewise, 
if many of the phenols identified as conjugates could be 
found free, more plausibility could be given to our specu- 
lation that these compounds may also originate from the 
action of enzymes. It is doubtful, though, that enzymatic 
hydrolysis of the vanillin conjugate, which apparently oc- 
curs in a very small amount, would release enough vanil- 
lin to cause any significant flavor change. 
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