
The  spectrum of the unhydrolyzed 
material taken in the ultraviolet (Figure 
2)  indicates a peak a t  248 mp. T h e  
unhydrolyzed material was also subjected 
to ultracentrifugation a t  60,000 r .p.m.,  
but no peak was discernible. indicating 
that the material is of low molecular 
iveight. 

O n  paper electrophoresis in veronal 
buffer a t  8.7 under the same conditions 
as for fraction Aal, the bulk of the nin- 
hydrin-positive material moved toward 
the negative pole. .A heavy spot ap- 
peared a t  2.5 cm. from the origin and 
another a t  1 cm. A very faint ninhydrin- 
positive spot moved 9 cm. toward the 
positive pole. \Yhen a duplicate strip 
was checked for carbohydrate. the bulk 
of the material also moved toward the 
negative pole in the same position as 
the ninhydrin-positive material. One  
faint sugar spot was located a t  12.2 cm. 
to\vard the positive pole. \Vhen a 
duplicate strip was checked for phospho- 
rus. the bulk of the material remainrd 
a t  the base line, but some of the material 
streaked toward the positive pole with a 
definite spot a t  around 13 cm. 

\Vhen this fraction (.&a2) \vas run in 
0.1.11 sodium carbonate a t  p H  11.  
the ninhydrin-positive material moved 
toicard the positive pole. TIYO spots 
appeared: one a t  4.5 cm. and another 
a i  cm. T h e  bulk of the carbohydrate 
material again moved toward the nega- 
tive pole in the same position as it did 
a t  pH 8.7, but two spots moved toward 
the positive pole, one at  5.5 c m .  and 
another again a t  13 cm. The  phos- 
phorus-containing material moved es- 

sentially the same as it did a t  pH 8.7. 
The  fact that  a pH of 11 \vas necessary 
to cause the ninhydrin-positive ma- 
terial to move to the positive pole, 
suggested a high content of basic amino 
acids. Hoivever: a Sakaguchi test for 
arginine was only faintly positive. 

Fraction Aan, when heated with fat, 
produced an  odor similar to that of 
broiled steak. HoLvever, when small 
aliquots of fractions .4al (protein) and 
Ab, (carbohydrate) were added to 
.&a2 and then heated. the odor, based 
on subjective evaluation. \\,as equivalent 
to the odor observed for the original 
fraction A. At the present stage of 
this work i t  appears that  fraction Aal 
contains the material necessary for the 
“basic” odor of broiled steak, but other 
constituents--i.r., protein (fraction ,4al) 
and carbohydrate (fraction .&bl)--are 
necessary for the development of the 
cooked meat flavor and odor. Natural 
fat and hydrogenated fat, which \cere 

used interchangeably in heating the 
isolated material. also contribute somr- 
thing to the odor. T h e  same basic 
odor can br produced if the three frac- 
tions are heated in mineral oil. but it is 
distinguishable from that ivhen natural 
or hydrogenated fats are used. 

T h e  fractionation procedure was tried 
on chicken and pork loin. T h e  ma- 
terial (fraction Aa?) isolated in these 
experiments had the same basic odor 
as the material isolated from beef. 
\$’hen heated with fat. the odor was 
similar to that of broilrd steak. Ho\v- 
ever thrrr  ~ve re  enough distinguishing 
charactel istics to indicate ivliich ma- 

FEED A D D I T I V E S  MEASUREMENT 

Ultraviolet Method for Determination 
of Streptomycin in Feeds 

HE USE OF ANTIBIOTICS in animal T feeds is constantly increasing and 
state feed control laboratories face 
problems in determining these drugs. 
.4s most feed control laboratories do  
not have facilities for biological assay 
procedures, the development of chemical 
methods for determining antibiotics in 
feeds is an  urgent problem. 

All current AOAC methods for anti- 
biotics are microbiological assay pro- 
cedures. \\Then these AOAC procedures 
for antibiotics \\..ere being studied (72) ,  
streptomycin was not considered because 
it \vas not widely used. Now that its 
use in poultry and swine feeds is in- 
creasing, it is imperative that a suitable 
chemical method be devised. 

terial had been isolated from chicken 
and which came from pork. T h e  248- 
mp peak was present in both materials. 

At present. attempts are in progress 
to identify the various components 
present in fraction .4a?. and to attempt 
to determine the role of these constit- 
uents in the produciion o f  odor and 
flavor in meat. 
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T h e  streptomycin molecule can be 
determined by any one of three basic 
ways: analysis for the streptose moiety 
by determining the alkaline degradation 
product, maltol; for the combined 
guanidine groups; and for the .\-meth- 
yl-1-glucosamine fraction. 

Schenck and Spielman (7I)  showed 
that heating streptomycin a t  100’ C. 
for 3 minutes with 1,V sodium hydroxide 
converted to streptose moiety of the 
streptomycin molecule quantitatively to 
mal to1 (3-hydroxy-2-methyl-4-pyrone). 

Eisenman and Bricker ( 6 )  reported 
the use of this reaction in a spectrophoto- 
metric method, in which the color reac- 
tion between maltol and ferric iron was 
emploved to estimate the concentration 

of streptomycin. Boxer, .Jelinek, and 
Leghorn (I) used the color reaction be- 
tween maltol and the Folin-Ciocalteu 
phenol reagent, as well as the ferric iron - 
maltol complex, for streptomycin de- 
terminations. St. John. Flick, and Tepr  
(73) and Angeles ( 7 )  adapted the colori- 
metric maltol procedure for the assay 
of streptomycin in fermentation broths. 

\*arious investigators determined strep- 
tomycin by means of the combined 
guanidine groups. ‘The two general 
procedures used were colorimetric esti- 
mation with sodium nitroprusside and 
potassium ferrocyanide (70) and colori- 
metric estimation of the condensation 
product with biacrtyl and 1-naphthol 
(2 ,  ,?, 7). 
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The ultraviolet method of determining streptomycin in feeds involves a dilute sulfuric acid 
extraction of the streptomycin from a ground feed, separation of the aqueous extract from 
the feed solids, neutralization of the extract, and further separation of the neutralized ex- 
tract from the solids. This is followed by concentration and purification of the streptomycin 
with an ion exchange resin, elution of the streptomycin from the resin, conversion of the 
streptose moiety of the molecule to maltol, and the quantitative determination of the 
streptomycin by means of the ultraviolet absorbance of maltol. Recoveries at the recom- 
mended level averaged 98.4%) with a coefficient of variation of 4.8%. 

Figure 1 .  Amberlite IRC-50 Na 
form column 

Determination of streptomycin using 
the .V-methyl-1-glucosamine fraction of 
the molecule has not been widely em- 
ployed. Kamata et  a l .  (8) used the 
reaction between the .\-methyl-1-glucos- 
amine and acrtylacetone, followed by 
the colorimetric reaction with p-di- 
methylaminobenzaIdeh).de, to cstimatc 
the streptomycin. 

' l h e  separation of streptomycin from 
fermentation broths using ion exchaiigr 
resins has been the subject of much dis- 
cussion. Doery, Mason, and \Veiss (.5) 
as well as St. .John, Flick, and Tepe (7.3) 
used Amberlite IRC-50 in their analyti- 
cal procedures for the chemical assay 
of the streptomycin content of fermenta- 
tion broths. Kotula ( 9 )  in his investi- 
gation of the adsorption and elution of 
streptomycin with five different cation 
exchangers, showed .4mberlite IRC-50 
to be the most suitable) n i th  recoveries 
in the order of 33%. 

Procedure 

Preparation of Calibration Curve. 
Prepare a calibration curve by trans- 
ferring 0.5, 1.0, 2.0, 3.0. 4.0, 5.0, and 
6.0 ml. of a standard streptomycin solu- 
tion containing 100 fig. of streptomycin 
per ml. into 10-ml volumetric flasks. 
Add 1 ml. of 1.V sodium hydroxide and 
bring to volume with distilled water. 
This will yield standards from 50 to 600 
pg. Place the 10-ml. volumetric flasks 
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in a 90' C. hot \rater bath for 5 minutes. 
Cool the flasks by placing them in an  ice 
water bath. Determine the absorbance 
of each standard with a Beckman D L  
spectrophotometer at  324 mp in 1.0- 
cm. silica cells. Plot a standard curve 
from the observed absorbance values. 

Standardization of Amberlite IRC-50 
Resin. T o  minimize resin problems due 
to variations in available exchange resin 
batches, the fo1loJving procedure \vas 
used. 

Place 100 grams of Amberlite IRC-50, 
H form, 16 to 50 mesh: in a 1-liter Er- 
lenmeyer flask Ivith 250 ml. of 5% 
sodium hydroxide and shake mechani- 
cally for 1 hour. \\:ash the resin into a 
Salvarsan tube. or similar tube, plugged 
with glass ivool at  the constricted end to 
retain the resin. \\:ash the resin until 
the effluent is neutral to litmus. 

Air-dry the i\mberlite IRC-50, Na 
form, for 24 hours and store the resin in 
a closed bottle. Prepare an  ion ex- 
change column containing 8 inches of 
resin. 'The dimensions of a convenient 
form of the column are shoivn in Figure 
1. Backwash the resin and allow it to 
settle without a flow. Drain the column 
to within 1 cm. of the resin bed and lvash 
the column mith 100 ml. of distilled 
water. Sever allow the liquid level to 
drain into the resin bed. After the 
column ~vash  water has drained to Lvithin 
1 cm. of the resin bed, add 500 pg. of 
streptomycin in 2.50 ml. of ivater. Pass 
the solution through the resin at  thc 
volumetric rate of 3 to 5 ml. per minute. 
Drain the liquid level to within 1 cm. of 
the resin bed. \.\;ash the column with 
two 25-1111. portions of distilled water and 
drain to within 0.5 cm. of the resin bed. 
Elute the column with 2% (by volume) 
sulfuric acid at  the volumetric rate of 
1 ml. per minute. Collect i-ml. frac- 
tions of the eluate in 10-ml. volumetric 
flasks containing 5 ml. of 1.V NaOH. 
'rwelve fractions are usually sufficient. 
Place the volumetric flasks in a 90' C. 
hot water bath and proceed as de- 
scribed under Preparation of Calibration 
Curve. 

Determine the recovery and elution 
curve for the batch of resin. If the 
recoveries of streptomycin are 957; or 
greater, the resin is suitable for use. 
If recoveries are less than 957& repeat 
this complete procedurc. 

F O O D  C H E M I S T R Y  

Determination of Streptomycin in 
Feeds. Place a quantity of ground 
feed containing approximately 500 pg. 
of streptomycin in a 500-ml. Erlen- 
meyer flask, fitted with a ground- 
glass stopper. .4dd 200 mi. of 0.02.\- 
sulfuric acid and shake mechanically 
for 1 hour. Place the contents of the 
flask in a 250-ml. centrifuge bottle 
and centrifuge for 5 minutes a t  2000 
r.p.m. Filter the turbid solution through 
H. Reeve Angel To. 711 filter paper, 
or its equivalent. Measure the quan- 
tity of filtrate. This will yield the 
aliquot size for the calculations later in 
the procedure. 

Neutralize the filtrate with 1.V sodium 
hydroxide to a pH value of 7.0 It 0.2. 
Place the filtrate in another 250-ml. 
centrifuge bottle and centrifuge for 5 
minutes. Filter the clear supernatant 
through H.  Reeve Angel S o .  711 filter 
paper. Transfer the gelatinous precip- 
itate onto the filter paper and Ivash 
several times {vith water. Discard the 
precipitate. 

Pass the filtrate and washings through 
the hmberlite IRC-50, Na form, column 
at the volumetric rate of 3 to 5 ml. per 
minute. Permit the filtrate to flow to 
Xvithin 1 cm. of the resin bed. \\'ash the 
column with four 50-ml. portions of dis- 
tilled ivater and drain each to within 1 
cm. of the column before addition of the 
next wash. Drain the final wash to 
\\-ithin 0.5 cm. of the column. 

Elute \vith 27, (by volume) sulfuric 
acid at  the volumetric rate of 1 ml. 
per minute. Discard the eluate before 
the appearance of the streptomycin 
and collect the fraction containing the 
streptomycin (determined from elution 
curve). 

Pipet 3 ml. of the well-mixed eluate 
into two 10-ml. volumetric flasks. Bring 
to volume with 7.V sodium hydroxide 
and shake well. Place one flask (I) 
directly in an  ice water bath. Place 
the other flask (11) in a 90' C .  hot lvater 
bath for 5 minutes and then cool in the 
ice \vater bath. Centrifuge the contents 
o f  each volumetric flask before deter- 
mining the absorbance values of each 
in 1.0-cm. silica cells with Tvater as a 
blank. 

Subtract the absorbance of flask I 
from that of flask I 1  and determine the 
quantity of streptomycin from a stand- 



a id  curve. Determine the total amount 
of streptomycin present from thr  ratio 
o f  the total volume of extracting liquid 
10 the aliquot taken and from the ratio 
of thr  total volume of streptornycin- 
containing eluate to the 9-ml. aliquot. 
'Total micrograms of streptomycin in the 
sample can be converted to grams pr r  
ton by using the appropriatr factors. 

Results 

Determination of Streptomycin by 
Combined Guanidine Groups. SODIUM 
SITROPR~;SSIDE-~'OTASSIC.M FERROCYA- 
SIDE ~ ~ E T H O D .  T h e  Monastero proce- 
dure  (70) for the determination of coni- 
bined guanidine groups, although suffi- 
cirntly sensitive, proved to be too depend- 
ent upon pH for consistent results. In  the 
rlution of streptomycin from the resin, 
i i  was extremely difficult to adjust the 
pH of the eluate precisely to a value of 
7.0 with no appreciable change i n  
volume. 

Biacetyl - Naphthol Condensation 
Method. T h e  low sensitivity as well 
as the relatively high blank made the 
determination by the biacetyl-naphthol 
method (lj 3, 7) unsuitable for strepto- 
mycin determination in feeds. 

Analysis by A\T-Methyl-l-glucosa- 
mine Fraction. Determining strepto- 
mycin by means of the .V-methyl-l- 
glucosamine fraction \vas not attempted 
because the intensity of the color d r -  
veloped in the condensation \vith acetyl- 
acetone and p-dimethylaminobenzaldr- 
hyde was grossly insensitive (X I  at the 
levels necessary in feed determinations. 

Analysis by the Alkaline Degrada- 
tion Product, Maltol. COLORIMETRIC 
~ I E T H O D .  \Vith the procedure of St.  
.John, Flick, and Tepe ( 7 3 )  (a  colori- 
metric reaction bctween iron and rnaltol), 
the smallest quantity determinable \vas 
approximately 1 mg. Although ex- 
tremely reproducible and relativrly sri1- 

sitive. this method \+$as still insufficiently 
sensitive for determining streptomycin 
i n  fecds. 

dure is basically similar to that used in thr 
colorimetric iron determination of mal- 
to1 (7.3). Measurement of the ultra- 
\ iolrt absorbance of maltol ra thrr  than 
of the color complex proved to be a very 
sensitive, reproducible method of de- 
termining the streptoinyciri content i n  
feeds. 

.\ calibration curve in thr range oi' 
SO to 600 pg. \vas established accordin? 
to the previously described procedure. 
'I'iventy-six determinations. all at dif- 
rerent levels, from five separately prr- 
pared standard solutions were made. 
.i'he coefficient of dctermination. I ?  

( 7 1 ) .  indicates the percentage of ex- 
plainable variation in the concentration 
as driermined by absorbance readings. 

L-LTRAVIOLET h'fETHOD. 'l'his pr0CC- 

T h e  calculated r4 value of 0.9918 indi- 
cates [hat 99.l8yL of the variation is 
accounted for and 0.827{/, is not. T h e  
0.82% unaccounted for is considrred 
the per cent error in pure solution. 

Recoveries of Streptomycin from 
Feed. An unmedicated poultry feed, 
Rutgers' Ration 15,  \vas blended Ivith 
streptomycin at a level of 20 ~ g ,  per gram 
of feed (approximately 20 grams per 
ton of feed). 7'he blendrd sample was 
ground prior to analysis. Kecoveries 
in the 300- t o  600-pg. level (Table I)  
ranged from 91.6 to 108.0:& with an over- 
all average of 96..57;. Six replications 
a t  the sarnr level, 500 pg.,  yielded an 
average r e c o v t ~ y  of 98.47;. T h e  co- 
efficient of variation bet\vern replica- 
tions at [he 500-pg. level was 4.8:4. 

Bxause  aliquots taken from the eluate 
containing streptomycin are approxi- 
inately *, to 4 of the total volume, a 
factor of 3 to 4 is necessary. This means 

contain 50 to 65 pg. of streptomycin. 
'I'hesr concentrations approach the lower 
limit of the calibration curve and arc 
subject to greater errors. ' l 'he aliquot 
of  a 500-pg. sample would contain 125 to 
165 p g . .  a more accurately determin- 
able quantity. Sample size is strictly 
governed by the amount expected in thr 
aliquot taken from thc eluatr  fraction 
containing the streptomycin, 

Several attempts to eliminate the need 
to aliquot the eluate containing thr 
streptomycin were unsuccessful. Con- 
verting thr  streptose moiety to nialtol 
and steam-distilling the maltol werr ng( 
satisfactory; concentrating the acid 
rluate failed, and chloroform extraction 
of the maltol proved to be short of quan-  
titative. 

'l'he measurement of a sample's ab- 
sorbance before and after its conversion 
to maltol eliminates any interfering sub- 
stances absorbing a t  324 mp.  'The in- 
crease in absorbance after heatiiig is 
attributable to streptomycin alone. De- 
terminations on the same feed with no 
streptomycin added indicated that other 
substances may absorb at 324 m , u ,  but 
heatiiig dues not alter thrse absorbance 
values. Some drugs commonly used 
with streptomycin. such as penicillin, 
furizolidone, sulfaquinoxaline, nicar- 
bazine, and glycarbylamidr, did not 
interfere. Other  drugs Xvcrr not studied 
for possible interference. 

'I'he binding of streptomycin by some 
of the feed components initially caused a 
problem. Preliminary studies of ex- 
traction showed that streptomycin was 
not quantitatively removed from the 
feed. and. as time progressed. less and less 
streptomycin was removed from the feed 
by extraction. By using a dilute aqueous 
acid extraction, the binding \vas broken 
and the streptomycin quantitatively re- 
coverrd from thr frrd samplrs. I t  

at the 2OO-pg. level a12 aliquot \vould 

Table 1. 
from a 

Feed 
Sample, 
Grams 

1 0 

1 . i d  

2 j u  'I 

3011 

Recovery of Streptomycin 
laboratory-Prepared Feed 

200 150 

155 
160 
150 

300 275 
280 

.iOO 490 
480 
472 
510 
463 
5 40 

600 580 
550 

170 

Av." 9 6 ,  5 
A v . ~ ,  98.4 

' 1  K a ~ i g r  in which quantitative recovrry 

', Recommendrd rancc. 
is possible. 

appears that grinding arid or storing the 
samplr for a time caused the sulfate salt 
to revert to thr  free base, which is in- 
soluble in \vater. T h e  dilutr acid ex- 
tracted the free basr as the soluble sulfatr 
with a quantitaiivr rrcmvery. 
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