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A combination thin-layer chromatographic-colorimetric procedure i s  presented for the 
determination of hydrocortisone alcohol and acetate residues in milk. After extraction of 
the steroid from the milk with a methylene chloride-hexane solvent mixture, the residue 
obtained on evaporation is  subjected to thin-layer chromatography to separate the 
hydrocortisone derivatives. The zones are extracted from the adsorbent und the steroids 
determined colorimetrically by the Porter-Silber reaction with phenylhydrazine. Control 
and recovery analyses, carried out by this procedure, gave satisfactory results at all levels 
investigated with a limit of sensitivity of 10 p.p.b. Recoveries averaged 85.6% for the 
acetate and 75.1 % for the alcohol ut levels of 0.01 0 to 10.00 p.p.m. with control values 
of zero p.p.b. Related corticosteroids have also been separated by this chromatographic 
procedure. 

NTEREST in the use of hydrocortisone I derivatives as anti-inflammatory 
agents for the treatment of mastitis in 
dairy cattle prompted an investigation 
for the determination of these com- 
pounds in milk at  the parts-per-billion 
(p.p.b.) levels. Methods available for 
the determination of hydrocortisone 
residues [ 7. 3)  ivere investigated: and 
they jvere found inadequate in eliminat- 
ing interferences of milk background or 
too time-consuming to be of practical 
use. 

This report deals with the development 
of a reproducible, specific, and quantita- 
tive method for the determination of 
hydrocortisone derivatives in milk at 
parts-per-billion levels. The method 
utilizes a solvent extraction system 
that does not yield emulsions, Ivith a 
recover\- of 85 to 95% of the solvent; 
a separation of the hydrocortisone de- 
rivatives by thin-layer chromatography ; 
and measurement of the separated com- 
ponents using the color reaction de- 
scribed by Porter and Silber ( 3 ) .  

Experimental 

Reagents. PURIFIED METHYLENE 
CHLORIDE. Slurry 25 grams (approxi- 
mately 150 ml.) of Nuchar C-190N 

activated carbon Xvith 1 gallon of 
methylene chloride. Stir for 15 minutes 
using a mechanical stirrer. Filter 
through \\’hatman $12 fluted filter 
paper, or its equivalent. All of the 
methylene chloride used in this pro- 
cedure must be purified in this manner. 

SOLVENT MIXTURE. Mix four parts 
of purified methylene chloride \vith one 
part of ACS grade n-hexane. 

SULFURIC ACID-ETHASOL SOLVENT. 
Mix tivo parts of 64y0 sulfuric acid in 
water Ivith one part of absolute ethanol. 

PHENYLHYDRAZINE HYDROCHLORIDE 
REAGENT. Dissolve 50 mg. in 50 ml. of 
sulfuric acid-ethanol solvent. This rea- 
gent must he prepared fresh daily. 

SILICA GEL G A N D  HF2>+ Dis- 
tributed hy Brinkman Instruments, Inc., 
Great Neck, L. I.: N. Y. Prepare 22 
2 x 8 inch plates with a layer of ad- 
sorbent 0.25 mm. thick as folloivs: 
Mix thoroughly 20 grams each of Silica 
Gel G and HF?jq. Add 80 to 90 ml. of 
distilled water and shake vigorously for 
30 seconds. Transfer to the adsorbent 
applicator and spread rapidly over the 
plates. A l l o ~  to air-dry overnight. 
When dry, the plates should he scored 
so that there are five strips on each 
plate, each strip 1 cm. \vide (refer to 
Figure 1). 

STEROID STANDARDS. Obtainable 
from: U.S.P. Reference Standards, 46 
Park Ave., New York 16, h-. Y. il’eigh 

accurately 50 mg. of steroid and transfer 
to a 50-ml. volumetric flask. Dissolve 
in absolute ethanol, dilute to volume. and 
mix well. Label Solution .4. Pipet 
10 ml. of Solution A into a 100-ml. 
volumetric flask and dilute to volume 
\vith ethanol. Mix \vel1 and label Solu- 
tion B. Pipet 10 ml. of s3lution B into 
a 100-ml. volumetric flask and dilute to 
volume Lvith absolute ethanol. Mix \vel1 
and label Solution C. Pipet 10 ml. of 
Solution C into a 100-ml. volumetric 
flask and dilute to volume Ivith absolute 
ethanol. Mix lye11 and label Solution D. 
This is the working standard containing 
1 .O fig. of steroid per ml. of solution. 

Apparatus. Funnels. separatory. 
1000-ml.: 125-ml.. and 60-ml. capacity 
uith polytetrafluoroethylene stopcocks. 

Chromatographic equipment (Desaga)! 
thin-layer, ivith 2 x 8 inch plates. 
Flasks. acetylation. 1 0-ml. capacity. 
Rimble Cat. No. K29425. Absorption 
cells. Arthur H .  Thomas. Cat. No. 3102- 
M80.0.7-ml. capacity. 1-cm. path length. 

Vibrating shaker, Research Specialties 
Co.. Richmond? Calif. 

Analytical Procedure 
Calibration Curve. Transfer aliquots 

of standard Solution D containing 2, 4 
E. 8, and 10 pg. of steroid to test tubes and 
evaporate to dryness under a stream of 
air in a rvater bath at  55’ C. Using an 
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Figure 1 .  Chromatogram of 
hydrocortisone and alcohol 
from milk 

Dork oreos are obsorbing spots. 
Enclosed white arecis ore fluorescent 
spots. 1, origin. 2 ,  hydrocortisone 
alcohol. 3, hydrocortisone acetate. 
4, solvent front, 10 cm. from origin. 
5, p.p.m. added. 

all-glass syringe (ivithout needle), trans- 
fer 1 ml. of phenylhydrazine reagents to 
each and svirl to rinse the sides of the 
tube. Heat the mix:ures for 1 hour in 
a \vater bath at 55' 1::. Allo~v the solu- 
tions to cool to room temperature and 
transfer them. using a glass pipet, to a 
I-cm. absorption microcell. Read the 
absorbance of the solutions at 370, 410, 
and 450 mp lvith the phenylhydrazine 
reagent as a reference. Calculate the 
corrected absorbance of the standards 
and plot i t  Z'J. the concentration of steroid 
in micrograms per milliliter of phenyl- 
hydrazine reagent, where the corrected 
absorbance equals : 

The slope of the calibration curve for 
hydrocortisone acetaile is 0.1 00 absorb- 
ance units per 4.5 pg. of steroid (u  = 
22.2) and for hydrocortisone alcohol is 
0.100 units per 4.3 pg. in = 23.2). 

Analysis of Samples. Transfer four 
volumes of the solvent mixture (four 
times the volume of sample to be taken) 
to an Erlenmeyer flask of suitable size. 
Add a portion of milk containing no 
more than 20 fig. of each steroid to the 
flask Lvhile the solvent is being mixed 
vigorously with a mechanical stirrer. 
The  speed of the stirrer should be such 
that the droplets of milk in the solvent 

are kept as small as possible. \\:hen the 
speed is insufficient, emulsions may 
occur. Continue to stir vigorously for 
one hour. After this time transfer the 
contents of the flask to a separatory 
funnel of suitable size and alloiv the 
layers to separate for 15 minutes. Draiv 
the loiver: solvent layer into a graduated 
cylinder and record the volume of solvent 
recovered. Transfer the solvent to a 
beaker of suitable size and allow to 
evaporate i o  dryness overnight in a hood. 

Rinse the contents of the beaker into a 
60-ml. separatory funnel with one 10- 
and t\vo 5-ml. portions of n-hexane 
followed by 10 ml. of \cater. Shake 
vigorously for 1 minute ; allo\v the layers 
to separate. Draw the loiver aqueous 
layer into a second 60-ml. separatory 
funnel. Rinse the contents of the beaker 
with 10 ml. of distilled \vater and trans- 
fer the wash to the first separatory funnel. 
Repeat the above extraction and com- 
bine the aqueous layers in the second 
separatory funnel. If an emulsion forms: 
\\.ash the aqueous layer and emulsion 
with 20 ml. of n-hexane, discarding the 
hexane layer. 

Extract the steroid from the aqueous 
layer by shaking for 1 minute \vith 20 ml. 
of methylene chloride, allo\v the layers to 
separate. and drarv the lo\ver: solvent 
layer into a test tube. If an emulsion 
forms. dra\v the solvent layer and 
emulsion into another separatory funnel 
and shake vigorously for 5 to 10 seconds. 
Allo\v the layers to separate and dra\v 
the lo\ver layer into the test tube. 
Evaporate the methylene chloride ex- 
tract to dryness under a stream of air in 
a water bath at 55" C. Repeat the 
extraction of the aqueous layer Ivith tlvo 
additional 10-ml. portions of methylene 
chloride, combining the extracts in the 
test tube and evaporating to dryness. 

After the evaporation, rinse the contents 
of the test tube into a 10-ml. acetylation 
flask with 2-! 2-: and 1-ml. portions of 
methylene chloride and again evaporate 
to dryness with heat and air. Add 100 
pl. of methylene chloride to the 10-ml. 
flask; swirl to rinse the sides of the flask 
and dissolve the residue for spotting on 
the thin-layer plates. 

Spot the entire solution on the thin-layer 
plate 3 cm. from the bottom of the plate 
using a 50-p1. pipet. A gentle stream of 
air may be used to aid in the evaporation 
of the solvent. Add 100 pl. of methylene 
chloride to the flask and swirl to rinse 
the flask thoroughly. Transfer the rinse 
to the same spot on the plate. Repeat 
the above rinse with another 50-fil. 
portion of methylene chloride. Spot 
standards containing 10 pg. each of the 
desired steroids to aid in locating the 
correct spot after chromatography. [The 
standards also aid in estimation of the 
level present in unknown samples, but are 
not used for quantitation and need not 
be extracted from the plate.) 

Develop the chromatogram for a dis- 

tance of 10 cm. from the origin with a 
solvent mixture of 7% methanol in 
methylene chloride. Allow the chro- 
matogram to air dry and locate and mark 
the blue-absorbing spots by irradiating 
Lvith a short-tvavelength UV lamp 
(253 mp). Sote  if the sample spots are 
larger or more intense than the standard. 

For the determination of hydrocorti- 
sone alcohol, locate the correct spot using 
the appropriate standard as a reference. 
Scrape into a test tube an area of the 
plate to include the adsorbent 1 cm. in 
both directions from the center of the 
spot. ,4dd 5 ml. of absolute ethanol and 
a glass bead to aid in agitation. Mix 
vigorously for 1 minute on a vibrating 
shaker and for 15 minutes on a wrist- 
action shaker. Filter the solution into a 
test tube using vacuum and a fritted glass 
funnel of medium porosity. Rinse the 
contents of the original tube into the 
funnel with 2-, 2-, and 1-ml. portions of 
ethanol. Rinse the side of the funnel 
with an additional 1 ml. of ethanol and 
filter completely Ivith vacuum. Evapo- 
rate the ethanol to dryness in a water 
bath at  55' C. under a stream of air. 

For the determination of hydrocorti- 
sone acetate, locate the correct spot using 
the appropriate standard as a reference. 
Scrape into a 60-ml. separatory funnel 
an  area of the plate to include the adsorb- 
ent 1 cm. in both directions from the 
center of the spot. .4dd 10 ml. of 0.l.Y 
HC1 and shake vigorous1)- for 1 minute. 
Add 10 ml. of methylene chloride and 
shake vigorously for 1 minute. Alloiv 
the layers to separate ; draw off the lo\ver 
solvent layer into a 20 x I50 mm. 
test tube and evaporate to dryness in a 
water bath at  55" C. under a stream of 
air. Repeat the above extraction u i th  
two 10-ml. portions of methylene chlo- 
ride, combining the extracts in the test 
tube and evaporating to dryness. 

For a reagent blank, scrape an  area 2 
cm. long from the portion of the plate 
above the solvent front (12 to 14 cm. 
from origin) and extract in the same 
manner. 

Rinse the residue from the test tube to 
a 60-ml. separatory funnel fitted ivith a 
polytetrafluoroethylene stopcock ivith 
2-, 2-, and I-ml. portions of methylene 
chloride. Using an all-glass syringe 
(without needle) transfer 1 ml. of phenyl- 
hydrazine reagent to the separatory 
funnel and shake vigorously for 1 minute. 
If the sample spots were larger or more 
intense than the standard on the chro- 
matogram, add 2 ml. of reagent instead 
of 1 ml. 

Allow the layers to separate for 10 
minutes; draw off the lojver layer into 
a small-diameter tube and place in a 
water bath at 55' C. for 1 hour. A4110\v 
the tube to cool to room temperature 
and transfer the solution to the 1-cm. 
absorption microcell using a glass pipet. 
Read the absorbance of the solutions at 
370, 410, and 450 mp, with the reagent 
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blank as the reference. Calculate the of this mixture to one volume of milk for 
corrected absorbance of the sample and 1 hour gave 85 to 95% recovery of the 
comuare with the standard curve of the solvent used. This loss of solvent due to 
appropriate steroid. 

Calculation. 

.L, = &O - 1, 2 ( A 3 ; 0  + i 4 4 ~ ~ )  

emulsification \vas small compared jvith 

pg. from std. curve x ml. phenylhydrazine reagent 
P.p.m. steroid = 

volume of solvent recovered 
volume of solvent used 

aliquot of Milk x 

Thin-layer chromatography for the 
separation of the steroid derivatives has 
the advantage of speed and specificity 
over paper and column chromatography 
as used earlier ( 2 ) .  The hydrocortisone 
acetate used in the treatment of mastitis 
is converted, in part, in the bovine udder 
to the alcohol form of the steroid. I t  \vas 
necessary to analyze the milk for each 
form of the steroid Ivhich \vas beyond the 
capabilities of the column method. 

Recovery Determinations 

Recovery experiments on hydro- 
cortisone acetate \Yere designed to cover 
the complete range of residue values that 
might possibly be encountered in a rate of 
disappearance study-that is, from 10 
p.p.b. to 10 p.p.m. Four liters of milk 
from untreated cows were pooled to 
provide a common background for all the 
samples. Samples (200 ml.) were forti- 
fied \vith hydrocortisone acetate at levels 
of IO? 50, 100, and 500 p.p.b. and 1> 5, 
and 10 p.p.m. Four unmedicated control 
samples Ivere also run. Appropriate 
aliquots \\-ere taken from these samples so 
that none contained more than 20 pg. of 
the steroid. Table I lists the individual 
recovery values obtained on the analysis 
of these samples. An average recovery 
of 85.67, was obtained on 13 deter- 
minations with four controls of zero 
p.p.b. 

Hydrocortisone alcohol recoveries were 
carried out in the same manner as the 
acetate a t  levels of 10, 25, 50, 100, 250, 
and 500 p.p.b. An average of 75.1% 
recovery was obtained on 11 determina- 
tions ivith three control samples of zero 
p.p.b. The results of these analyses are 
presented in Table I. 

Recovery determinations were also 
carried out by fortifying control milk 
\vith a combination of both hydrocorti- 
sone acetate and alcohol and deter- 
mining each separately. The steroids 
\rere added at  levels of 10, 25, and 50 
p.p,b, of each form of the hydrocortisone; 
t\vo unmedicated controls lvere also run. 
Table I1 lists the recovery obtained on 
the analysis of these samples. Average 
recoveries of 94.574 of the acetate and 
73.375 of the alcohol were obtained with 
controls of zero p.p.b. 

Discussion of Analytical Method 

Peterson (2) and others (7 )  have dem- 
onstrated the complete partitioning of 
hydrocortisone from aqueous solution 
into methylene chloride. The use of this 
solvent system for the extraction of the 
steroid from whole milk resulted in the 
formation of very stable emulsions. 
Other solvents that were investigated, 
ether and chloroform, also gave the same 
type of emulsion. A solvent mixture of 
four parts of methylene chloride to one 
part of n-hexane afforded the easiest 
handling and best extraction of the 
steroid. Vigorous mixing of four volumes 

-4 iapid thin-layer chromatographic pro- 
other extraction procedures \\ here as cedure \vas therefore developed for this 
much as 60% of the solvent \ \as lost. purpose. 
This procedure also \\ as less time-con- The Porter-Silber colorimetric pro- 
suming than extraction by dialysis as cedure (3) has been used by numerous 
used by other uorkers. investigators ( 7 .  2)  itith slight modifica- 

Table 1. Recovery of Hydrocortisone Derivatives from Milk 

Added, 
P.P.M. 

0 
0 
0 
0 
0 .01  
0 .01  
0.05 
0.05 
0.10 
0.10 
0.50 
0.50 
1 .oo 
1 .oo 
5.00 

10.0 
10.0 

0 
0 
0 
0.010 
0.010 
0.025 
0.025 
0.050 
0,050 
0,050 
0.050 
0.100 
0.250 
0.500 

Corr. 
Absorbance 

0.000 
0.000 
0.000 
0.000 
0.043 
0.035 
0.189 
0.204 
0.171 
0.192 
0.217 
0.189 
0.172 
0.185 
0.187 
0.183 
0.192 

0 
0 
0 
0.045 
0.034 
0,087 
0.087 
0.185 
0.192 
0.211 
0.175 
0.028 
0.080 
0.166 

Vol. of Milk 
From Std. Reagent, Sample, 
Curve, pg. MI. MI. 

HYDROCORTISONE i\CET4TE 

0 .00  1 200 
0 .00  1 200 
0 .00  1 200 
0 .00  1 200 
1 .90  1 200 

9.60 1 20 
8.50 1 20 

Found, Recovery, 
P.P.M. % 

0.00 . . .  
0.00 . . .  
0 . 0 0  . . .  
0.00 . . .  
0.0095 95 
0.0078 78 
0.043 86 
0.046 92 
0,078 78 
0.087 87 
0.480 96 

~ 0.430 86 
7.80 2 20 0.780 78 
8.33 2 20 0.833 83.3 
8.45 1 2 
8.25 2 2 
8.65 2 2 

HYDROCORTISONE ALCOHOL 

0 
0 
0 
1 . 9 0  
1.40 
3.70 
3.70 
7.57 
7.69 
8.35 
7.50 

1 200 
1 200 
1 200 
1 200 
1 200 
1 200 
1 200 
1 200 
1 200 
1 200 
1 200 

4.23 84.6 
8.25 82.5 
8.65 86.5 

.4verage 85.6 

0 . . .  
0 . . .  
0 . . .  
0.0095 9 5 . 0  
0,0070 70.0 
0.0185 74.0 
0.0185 74.0 
0,0379 75.7 
0.0385 76.9 
0.0418 83.5 
0.0380 76.0 
0.060 60.0 
0.170 68.0 
0,355 71 . O  

Average 75.1 

Table II. Recovery of Hydrocortisone Acetate and Alcohol in Combination 

Steroid Added, Corr. From Std. Vol. of  Re- Found, Recovery, 
Form P.P.M. Absorbance Curve, pg.  agent, MI. P.P.M. % 

;\cetate 0 0 0 1 0 . . .  
0.010 0.039 1 . 9 0  1 0.0095 95.0 
0.025 0.096 4.70 1 0.0235 94.0 
0,050 0.194 9.45 1 0.0473 94.6 

Average 94.5 

Alcohol 0 0 0 1 0 . . .  
0 010 0.034 1 40 1 0.0070 70 
0.025 0.087 3 70 1 0.0185 74 
0.050 0.175 7.50 1 0.038 76 

A\ erage 73.3 
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tions. Because of the inconsistent back- 
ground encountered in the development 
of the color, many resorted to sample 
splitting with treatment of half the 
sample Tvith a blank reagent. These 
methods proved cumbersome and re- 
duced the sensitivity of the method 
considerably. Nelson (7 )  used the 
Porter-Silber reaction ivith a modifica- 
tion Lvhich he calls an absorption factor. 
This factor is actually- a base line meas- 
urement of the color produced by the 
reaction of the steroid Lvith the phenyl- 
hydrazine hydrochloride. This measure- 
ment technique was accurate and re- 
producible and was adapted for the 
authors' method. 

In his ivork? however, Nelson carried out 
the colorimetric reaction on the residue 
after evaporation of the solvent. Al- 
though this technique was the easiest to 
handle, the solvent residue contributed 
to the absorption at 370 mp, resulting in 
apparent low recovery of the standard 
material. IVhen the steroid \vas parti- 
tioned from the solvent into the colori- 
metric reagent, as in the work of Silber 
(-!): this effect was not encountered, and 
the characteristic curve shape \vas ob- 
tained. 

Earlier procedures i(7, 2) required that 
aliquots of the standard solution be 
carried through all or part of the analyti- 
cal method, rhus correcting the results 
for losses due to handling in the proce- 

dure. The method reported here utilizes 
a standard curve for the quantitative 
measurement of the samples. The 
standards are subjected only to the colori- 
metric reaction. The results presented 
here are absolute recoveries and not cor- 
rected for losses due to the analytical 
procedure. 

Methylene chloride from various sup- 
pliers was investigated for use in this 
procedure The concentration of large 
volumes yielded a yellow-colored fluores- 
cent residue which obscured the hydro- 
cortisone on the thin-layer chromato- 
grams. For this reason, it was necessary 
to purifv the solvent before use. Of 
the various methods of purification 
studied, slurrying ivith Nuchar '2-190s 
activated carbon proved most rapid and 
efficient. 

Several lots of the silica gel adsorbent 
were used in these studies. In only one 
case was a reagent blank value en- 
countered. Since the possibilit) of this 
blank does exist. it is recommended that 
a reagent blank of the adsorbent be run 
for each set of samples analyzed. 

Florisil !$as also examined for use in 
the separation of the steroid forms from 
the other components of the milk extract 
and gave approximately the same R ,  for 
the steroid. HoM-ever, the silica gel, 
containing a fluorescent indicator. af- 
forded a rapid and sensitive means for 
locating the steroid. The yello\\-green 

POROSITY OF FOOD PRODUCTS 

Surface Areas and Densities of 
Freeze-Dried Foods 

fluorescent background enhanced the 
contrast of the blue-absorbing spot when 
irradiated ltith a short-wave (254 mp) 
UV lamp. Under these conditions, less 
than 1 pg. can be located on the thin- 
layer plates. 

The solvent mixture of 7% methanol in 
methylene chloride employed in the 
development of the chromatogram gave 
excellent resolution in separating com- 
binations of the forms of the steroid from 
other components of the milk extract. 
Figure 1 is a graphic representation of 
the thin-layer chromatogram of the milk 
extract. 

This method can also be used as a 
precise semiquantitative procedure for 
screening milk samples for steroid con- 
tent. By spotting an  appropriate series 
of standards on the thin-layer plate. rapid 
estimations of steroid content can be 
made. 
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The specific surface areas and densities of a variety of freeze-dried foods were deter- 
mined. The specific surface areas c a d a t e d  from low temperature ( -  195" C.) physical 
adsorption data using the standard Brunauer, Emmett, Teller (BET) treatment were less 
than 1 sqiJare meter per gram for many vegetable, fruit, meat, and fish products. True 
and apparent densities determined with helium, nitrogen, or dry air as the displaced 
medium showed that a micropore structure curtailing rapid gas diffusion through the 
dried mass was restricted to those layers which formed the outer surface of some foods. 

ASY PROBLEMS encountered during M the production, storage, and re- 
constitution of dehydrated foods may 
relate directly to their porosity and 
specific surface areas. Accurate values 
for these properties, established by in- 
dependent means are, therefore, de- 
sirable. 

h-o thorough study of the surface 
characteristics of a wide variety of dried 
foods as determined tiy gas displacement 
and nitrogen adsorption has yet been 

reported. Therefore, the authors' study 
of the physical features of dry milk 
(3, 4)  has been extended to include rep- 
resentative samples of freeze-dried foods 
now being developed for commerce. 

This paper reports the specific surface 
areas of various foods as derived from 
the isotherms for the adsorption of nitro- 
gen at  -195' C. The  calculations 
were made in accordance with methods 
described by Brunauer, Emmett, and 
Teller (5), hereafter BET method. 

v 0 L. 1 4, 

The true and apparent densities of 
these foods as determined ' by gas 
displacement techniques are also pre- 
sented. From these density data an  
estimate of the relative porosities of the 
foods can be obtained. 

Materials and Methods 
Food samples were chosen so as to 

represent typical vegetable, fruit, meat, 
and fish products, freeze-dried whole or 
in diced form (Freez-Dri Products Co., 
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