
- 

Table V. Relative Magnitude of Table VI. Results of 94 Independ- Table VII. Approximate Parts per 
Million Indicated by Replication of Variance ComDonent ent Assays of Control Tissue plus 

Tissue 

Fat 
Lean 
Liver 
Kidney 
Tripe 

Av. 

Fat 
Lean 
Liver 
Kidney 
Tripe 

Av. 

Fat 
Lean 
Liver 
Kidney 
Tripe 

Av. 

Fat 
Lean 
Liver 
Kidney 
Tripe 
.4v. 

Fat 
Lean 
Liver 
Kidney 
Tripe 

Av. 

29 .6  48 .2  
32 .9  51 .1  
27 .8  26 .3  
4 6 . 4  57 .0  
30 .8  
33 .4  41 .8  

(SDR'/Sd2)100 
20 .6  39 .3  
38 .0  24 .5  
28 .0  20 .0  
30 .0  25 .0  
2 2 , 5  . . .  
27.6  24 .8  

( S D A ' / S ~  11 00 
25.1  1 . 8  
22 .2  6 . 4  
17 .1  41 .6  
1 4 . 0  1 4 . 3  

9 . 7  , . .  

1 7 . 6  22 .9  

(SA'/Sd' 1100 
13 .2  10 .7  

4 . 0  3 . 2  
17 .1  10 .1  

5 . 0  3 . 8  

13 .2  10 .7  
4 . 0  3 . 2  

17 .1  10 .1  
5 . 0  3 . 8  

1 1 . 3  0 
3 . 6  14 .9  

1 0 . 0  3 . 7  
5 . 7  0 
8 . 1  

Chicken 

71 .8  
49 .5  
58 .9  
44 .0  

55 .8  
. . .  

10.2 
26 .7  
12 .9  
31 .6  

20 .3  
. . .  

1 5 . 6  
1 2 . 3  
1 1 . 8  
1 2 . 9  

13 .0  
. . .  

9 . 8  
8 . 8  
7 . 3  
6 . 9  

6 . 2  
. . .  

1 . 5  
2 . 7  
9 . 0  
4 . 6  
. . .  

Added Ingredient Indicated at A 
level 

No. of  
fndependent 

Tests ot NO. of  % 
Sensitivity Declared Decfored 

Animal level Residue Residue 

Cattle 33 26 78.7 
Swine 4 3 75 .0  

57 46 8 0 . 7  Chicken 
Total 94 75 7 9 . 8  

_ _ _ _  

Development Assay Design 
Approximote P.P.M. 

Test Rep. 1 Rep 2 

1 0.03-0.05 0 05-0.08 
2 0 20-0 40 0.300 - 
3 0 70-0 20 0 20a 

0 0 5 4  10 
0 1 0 4  30 

0 05-0 10 
0 20-0 30 

4 

6 0 03-0 05 0 01-0 03 
3 

a Dosage range failed to bracket 
criterion. 

The theoretical Po\\ er of this proce- 
dure at the true 3 value is 507,. This 
means that there would be a 13 (beta) 
risk (failure to declare residue when 
truly there) of 507, at the A point if the 
sensitivity of the assay does not increase 
with increasing amounts of residue. It 
was of interest to check this empirically 
As of this date. 94 independent studies 
were run at the parts per million esti- 
mated as the upper limit of the sensitivity 
ranges These data are summarized in 
Table VI These results indicate that 
the ability to detect residues at  the A 
point is approximately 80%. This 
implies, therefore. that there is only a 
20y0 p risk at the 3 criterion It is 
realized that these data do not prove 
such po\+er really exists for all tissues 
However, studies !vi11 be continued and 

analysis was attempted by replicating 
each of six 3 x 3 x 3 experimental svs- 
tems t\vice. Table VI1 contains these re- 
sults in terms of estimated parts per mil- 
lion of the test system. These data indi- 
cate that the approximate sensitivity: of 
the test procedure is reproducible. 
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FORAGE A N A L Y S I S  

Carbohydrate Content in Alfalfa Herbage 
as Influenced by Methods of Drying 

UALITATIVE and quantitative de- Q terminations of carbohydrates are 
performed in various studies of agronomic 
crop plants. Drying and storage of plant 
tissue are often necessary because of the 
numbers of samples to be processed and 
the length of time involved in many 
chemical analyses. For carbohydrate 
analyses to be of maximum value, 
changes in plant composition during 

1 Present address, Department of Agron- 
omy, University of California, Davis, Calif. 

preservation and storage must be mini- 
mized. Investigators have observed 
the effects of various preservation pro- 
cedures on a variety of plant materials 
(2, 3, 6, 7, 9, 7 7 ) .  Changes in organic 
constituents have been attributed to 
respiratory losses, metabolic intercon- 
versions, and deleterious effects of high 
drying temperatures. Studies of changes 
occurring during wilting (70, 75) also 
are pertinent, because conditions within 
a mass of plant tissue during early stages 
of drying may be conducive to metabolic 

C. A. RAGUSE' and 
DALE SMITH 

Department of Agronomy, 
University of Wisconsin, 
Madison 6, Wis. 

changes and accelerated respiratory losses 
similar to those occurring during wilting 

Changes that may occur in the con- 
tent of some carbohydrate constituents 
during the drying and preservation of 
alfalfa herbage are considered here. 

Materials and Methods 
Herbage from a stand derived from a 

single clone of Vernal alfalfa was har- 
vested at  or near bud stage on May 24, 
1962, and again on October 11. 1962. 

(72). 

306 J. A G R .  F O O D  CHEM.  



In a comparison of drying methods, fresh alfalfa herbage was dried at room temperature 
(ca. 27" C:.), 60" C., 70' C., a combination of 100" followed by 70" C., or freeze-dried. 
Respectively, the drying treatments resulted in progressively higher percentages of total 
available carbohydrates and of carbohydrates nonextractable with 80% ethanol. Per 
cent of sucx-ose was highest under the 70' C. treatment. Percentages of glucose, fructose, 
and the tottaI of the three sugars were less uniformly influenced, 

Subsamples were subjected to one or 
another of the following five drying 
treatments: herbage allowed to dry in 
an open paper bag at room temperature 
jabout 27' C.) ; herbage dried in paper 
bags in forced-draft ovens at 60' C., 
70' C.. or 100' C. for 90 minutes and then 
drying to completion in a similar oven at  
'0' C. ; or herbage frceze-dried. Oven- 
dried samples were piaced in the drying 
ovens \vithin one-half hour after cutting. 
Freeze drying was accomplished by 
immediately pouring 1 iquid nitrogen over 
freshly cut herbage and packing it in 
crushed dry ice. The dry ice-herbage 
mixture \+.as coarsely ground through a 
thoroughly chilled meat grinder. The 
ground material was held in a freezer at  
-10' C. until most of the dr)- ice had 
evaporated. I t  was then freeze-dried in 
an apparatus similar in principle and 
design to that described by Davies, 
Evans, and Evans ( 4 ) .  

. i l l  dried samples \+'ere ground with a 
LViley mill through a 40-mesh screen. 
The small amount (of fibrous material 
remaining in the mill was combined with 
the ground portion of the sample. Air- 
dried and oven-dried samples were stored 
in tightly capped glass jars, Freeze- 
dried samples were stored in glass jars 
over PzOj in a vacuiim desiccator stored 
at -2' C. 

Total available carbohydrates were 
extracted by the enzyme method of 
ih'einmann (74). as modified bv Lindahl, 
Davis. and Sheperd ( ,Pi.  or by the 2% 
H2S04  method as described by Smith 
i 73). Reducing povb'er was determined 
and the results expressed as per cent 
total available Carbohydrates. 

Sugars were extracted with aqueous 
ethanol. .4pproximately 100 ml. per 
gram of sample of hot (80' C.) 80% 
ethanol was addt.d to the sample in an 
Erlenmeyer flask. The flask was shaken 
vigorously on a Burrill shaker for 1 hour. 
The residue \\'as alloived to settle by 
storing overnight in ii refrigerator. The 
extract \cas decantea the following day, 
and the residue \vas re-extracted. The 
residue was then removed by filtration: 
dried. and stored. Ethanol was removed 
from the combined filtrates plus washings 
by evaporation. 

Subsequently. two methods were used 
to determine sugars. In the first, pro- 
reins were precipitatrd from the aqueous 
sugar solution (ab0L.t 10 to 15 ml.) by 
adding 2 ml. of a 107, ( ~ c .  ,v.) neutral 
lead acetate solution. The lead-protein 
precipitate was washpd and removed by 
filtration. and the excess lead \vas pre- 
cipitated with potassium oxalate. Lead 
oxalate crystals were washed and re- 
moved by filtration. and the filtrate was 
made to an appropriate volume. Re- 

ducing sugars were determined by testing 
an aliquot for reducing power. Total 
sugars were determined by testing the 
reducing power of an  acid-hydrolyzed 
aliquot. Nonreducing sugars were esti- 
mated by subtraction. In  the second 
method, proteins were precipitated (as 
above) with neutral lead acetate solution, 
and the lead-protein precipitate was 
removed by centrifugation. The aque- 
ous sugar solution (about 50 ml.) was 
then mixed with about 10 meq. of a 
cation exchange resin [AG-50(H), ob- 
tained from Calbiochem] to remove ex- 
cess lead. The resin was washed and 
removed by filtration. The sugar solu- 
tion was adjusted with NaOH solution to 
approximately p H  6.8. evaporated to 
less than 3 ml. with a Rinco rotary 
evaporator, transferred quantitatively to 
a 10-ml. volumetric flask, and made to 
volume. 

Aliouots consistine of 0.4 ml. of these 
Y 

concentrated solutions were applied as a 
streak to Whatman No. 1 chromatogra- 
phy paper and developed by descending 
chromatography with an ethyl acetate- 
acetic acid-water ( 3  : 2 :  1 v./v.) system. 
Side "marker" strips, obtained from 
spots of the sample solution applied at  
both ends of the sample streak, were 
sprayed with a p-anisidine phosphate 
solution and used to locate the separated 
bands of sucrose, glucose, and fructose. 
Bidimensional co-chromatography with 
known sugars had previously established 
that sucrose? glucose, and fructose \\'ere 
the three principal sugars of this alfalfa 
herbage. The bands were sectioned, 
placed in 10-cm. Petri dishes. and eluted 
by adding exactly 20 ml. of distilled 
water. About 30 minutes were allokved 
for complete equilibration, with occa- 
sional s\virling. One-milliliter aliquots 
were used for anthrone determinations 
of the above three sugars. 

Anthrone reagent was freshly prepared 
on the day of use by dissolving 100 mg. of 
anthrone crystals in 100 ml. of reagent 
grade concentrated sulfuric acid. The 
aqueous sugar solution was layered on 5 
ml. of anthrone reagent in a 2 5 x 2 0 0  
mm. test tube and the contents icere 
mixed while in an ice water bath. After 
heating in a boiling water bath. 10 
minutes for glucose and 8 minutes for 
sucrose and fructose. the test tubes were 
cooled rapidly to near room temperature 
by immersing them in an ice water bath. 
The cooled samples were transferred to 
1-cm. cuvettes and absorptions ivere 
read at 580 mp in a Beckman D T  spec- 
trophotometer. Duplicate or triplicate 
determinations were made on each 
duplicated sample. Duplicate blanks 
and sugar standards were included Icith 
each set of determinations. 

V O L .  1 3 ,  NO. 

The residue remaining after 80% 
ethanol extraction was further extracted 
with the enzyme procedure of Weinmann 
(74) as modified by Lindahl and co- 
workers (8) .  Aliquots \vere used to 
determine reducing power, and the 
results expressed as per cent of enzyme- 
extractable carbohydrates. 

All determinations of reducing power 
were made with the Shaffer-Somogyi 
method as described by Heinze and 
Murneek (5). Glucose was used as the 
standard and results were calculated on a 
dry weight (70' C.) basis. 

Results 

Percentages of total available carbo- 
hydrates in the herbage, using the enzyme 
and 27,  H2S04 extraction methods, are 
shown in Figure 1. The lowest values 
obtained for both sets of samples and 
\vith both extraction methods Ivere from 
the air-dried treatment. Progressively 
higher values \cere obtained in the 
folloicing order: 60' C., 70' C., 100' f 
70' C. .  and freeze-dried. Relative 
amounts of total available carbohydrates 
recovered in relation to drying treatment 
\cere similar for both sampling dates. 

Percentages of sucrose, glucose, and 
fructose and the total percentages of these 
three sugars, based on anthrone determi- 
nations, are sho\vn in Table I .  Per- 
centages of glucose? fructose, and the 
total percentages of the three sugars for 

A I R  60 C 7 0  C 100°C. F R E E Z E  
7 0 ' ~ .  D R I E D  

LL 
w 3 R  E C  

a D R Y I N G  TREATMENT 

Figure 1 .  Influence of method of drying 
on total available carbohydrates in 
alfalfa herbage sampled twice at bud 
stage during 1962 
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A8R B0.C. 7 0 ' C .  IOO'C. 
D i l l i D  70'C. 

DRYING T R E A T M E N T  

Figure 2. Influence of method o 
ing on enzyme-extractable car 
drates in residues left after 80% 
anol extraction of alfalfa herbage 
pled twice at bud stage during ' 

F R I E Z E  
DlllED 

f dry- 
bohy- 
b eth- 
i sam- 
I962 

Figure3. Effc 
herbage 

!Ct oi 

Left. Whole samples 
Right. Residues of I L , , , , , , ~  

the May 24 sampling exhibited 
gressively higher values in the fall 
order: air-dried, 60" C., 70° C., I(  
70' C., and freeze-dried. This w 
the case for the October 11 sam 
where all values for glucose and fr 
were relatively law. The highest 
percentage was found at  the 7U- ti. 
treatment and appeared to be a reflection 
of the high value obtained for sucrose 
from that treatment. For both sampling 
dates, the highest value for sucrose was 
obtaii 
for re 
and 
Soma 
tions, 
infarr 
determinations and are not reported 

A possible artifact of the 70' and 60' C. 
treatments was noted during the chroma- 

owing 
100 + 
as not 
piing, 
uctose 

total ." I 

'drying treatmentoi 

._..Î _ *̂ I, L- ^_. .__. 
i indenticol samde weiqhts of alfalfa 

trisaccharide, yielded only one spot extent that when subsamples were later 
on a single-dimension chromato- redried at 70' C. there was a weight loss 
gram. The substance was obtained in of about 6%. The freeze-dried samples, 
larger quantity, hydrolyzed with HCI, stored in a desiccator over P20s ,  suffered 
concentrated, and rechromatographed a weight loss of about 0.2%. 
with known monosaccharides. The re- 
sults suggested that a t  least glucose and 
fructose, and possibly a third mono- 
saccharide, were present. The identity for carbo- 

~;zcuss;osion 

L. .A  _ .̂̂  ̂ ^_, P.. ~~ " .  .. . . . .  

," 
ned with drying at 70' C. Values shown Yn Figure 2. The pattern of re- and 
ducing sugars, nonreducing sugars, fo 
total sugars, based on Shaffer- Same as that discussed previously for total the 
mgyi copper reduction determina- available carbohydrates. did not fo 

presented essentially the Same Physical differences among the ground two 
nation as that given by the anthrone 

sponse to drying treatments was the 

samples due to drying treatments were Pended . .  

tographic separation of sugars. The sub- 
stance, presumably a carbohydrate, re- 
acted with anthrone and withp-anisidine 
phosphate. Its position on the chroma- 
togram in relation to sucrose and to 
the origin suggested a trisaccharide. 
Subsequent co-chromatography with 
raffinose, a commonly occurring 

of the third monosaccharide was not 'LyUL"LCb dllU IUL L a l U W l y U r a L C S  nun- 
estahlished. 

from enzyme extraction of the residue re- 
mainin= after 80% ethanol extraction are 

extractable with 80% ethanol were lowest 
Percentages of carbohydrates obtained from the &dried treatment. Pro- 

gressively higher values were obtained 
from the c., 70' c., 100' f70" c., 

:-dried treatments, respectively. 
r glucose and fructose and for 
if glucose, fructose, and sucrose 
llow a consistent pattern for the 
)ling dates and probably de- 
1 part on the relative propor- 

nons 01 mono- and disaccharides present 
at sampling. Evidence (6, 7, 9, 10, 1'4 
75). implicates respiratory losses, meta- 

observed. The color, texture, and vel. 
ume of the freeze-dried samples were 
markedly different from the oven-dried . . .  . 
and air-dried samples, as shown in Figure 
3. Freeze-dried material was greener in 
color, appeared to be more homogeneous 
and uniformly ground, and occupied a 
greater volume per unit weight. The 
air-dried and oven-dried samples, stored 
in glass jars in the laboratory, equili- 
brated with atmospheric moisture to the 

Table 1. Per Cent of Sucrose, Glucose, and Fructose in Alfalfa Herbage 
Sampled Twice at Bud Stage during 19620s Influenced byMethods of Drying 

Sompling Doter 
Moy 24  October I I 

Treatment Sucrose Glucose Fructose Toto1 Sucrose Glvrore Fructose Total 

Air-dried 2 .2  0 . 7  0.8 3 . 7  2 . 5  0.0 0.7 4.0 
60" C. 2 .0  0 .9  1.0 4.7 3 .2  0.8 0.7 4.7 
70' C. 3.2 1 . u  1.1 5 . 3  3 . 9  0 . 7  0.7 5.3 
100" + 

dried 2.0 2.4 

70'C. 2 .5  1.2 1.5 5.2  2.4 0 .7  0 . 0  3 .9  
FrfXZC- 

1.0 7.0 2 . 9  0.0 0 . 9  4 . 6  
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b o k  interconversians, and deleterious 
effects of heat as factors that may alter 
plant Carbohydrate composition during 
conventional sampling and drying pro- 
cedures. 

The physical condition of the ground 
freeze-dried samples was different from 
that of the other drying treatments. 
Rapid freezing of the herbage probably 
resulted in freezing of the water in the 
plant as small crystals disiributed uni- 
formly throughout the tissue. Removal 
of this water by freeze drying left a more 
highly porous and less dense tissue than 
that resulting from conventional drying 
methods. This condition would seem to 
be conducive to more uniform grinding of 
the dry samples and more thorough 
penetration by extracting solutions. 
Both of these results occurred. 

The freeze-dried material was as- 
sumed to be most nearly like fresh her- 
bage in carbohydrate composition. This 
method appears to avoid some of the 



disadvantages of oven drying ( I ) .  How- 
ever, cost per sample is higher than when 
conventional drying methods are used, 
and conditions of :,ample storage are 
critical, since enzyme inactivation is mini- 
mal. Storage conditions must be care- 
fully controlled to avoid chemical 
changes if freeze-dried samples are to be 
stored for more than short periods of time 
(7: 1 7 ) .  

The results of this !jtudy supported the 
conclusions of Link (9) that no universal 
method for drying plant tissue ran be 
relied on for accurate results. because 
plant tissues vary so Ividely in chemical 
and phvsical nature and in enzyme con- 
tent and that individual experimentation 
is required to determine an appropriate 
drying temperature. It seems clear, 
then. that an investigator must consider 
carefully sampling and drying pro- 
cedures in relation tcl the objectives of a 

study, especially if small amounts of 
easily altered constituents are to be 
determined. 
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An imino acid derivative, melting at 236-8’ C., which has not been reported previously 
as a constituent of an edible product was isolated from peanut flour (0.02% yield) in 
the course of a chromatographic investigation of the nonprotein fraction. Its identity 
as N-methylhydroxyproline was proved by elemental analysis, molecular weight de- 
termination, and comparison of the infrared spectrum of the compound with that of N- 
methylhydroxyproline synthesized in the laboratory. The structure of the synthetic 
product was confirmed by elemental and functional group analysis as well as by nuclear 
magnetic resonance. 

HE alcohol-soluble components of T peanut flour are being investigated 
at this laboratory to assess their contribu- 
tion not only to the biological value of 
peanut flour, but also to the formation 
of flavor and aroma in roasted peanut 
products. This paper describes the 
procedure used in the isolation of an 
imino acid derivative not previously 
reported as a constituent of an edible 
product and the methods used to estab- 
lish its identit).. 

Experimental Procedure 
Approximatelv 100 pounds of lightly 

roasted blanched pea nuts served as the 
original material for this investigation. 
The fractionation procedure used to 
obtain the \i.ater-soluble fraction is 
identical to that used for the isolation 
of pinitol (7) .  

The column chromatographic srp- 
arations were made using a 9-cm. i.d. 
X 40-cm. column, packed with What- 
man cellulose powder. The powder 
was pretvashed by extraction ivith 
methanol in a Soxhlet apparatus for 3 
hours. I t  was applied to the column 
in a slurry and packed thoroughly by 
running the solvent, butanol-acetone- 
water (2:2: l ) ,  through the column. 
This solvent was uaed for all the column 
fractionations of material from peanuts. 
The synthetic product, A’-methylhy- 
droxypyroline, \vas prepared by the 
method of Leuchs and Felser (8)  and sepa- 
rated from the reaction mixture by chro- 
matography on the same column, using 
butanol-acetone-Ivater (4: 1 : 1) as the 
developing solvent. This fractionation 
was followed by paper chromatography 
on TVhatman 3MM paper, using the 
same developing solvent Only the 
fractions containing one component with 

an R ,  identical to that of the natural 
crystals were combined. 

Material containing the crystalline 
product from peanuts was obtained from 
a composite of 16 fractionations of the 
water-soluble fraction (7) .  This was 
divided into lots of about 4 grams each, 
which were rechromatographed sepa- 
rately using butanol-acetone-water 
(2:2:1) as the developing solvent. As 
the solvent evaporated, crystals formed 
in fractions which represented 0.02% of 
the peanut flour. The crystals were 
washed several times with methanol and 
the supernatant liquid was decanted. 

When the melting behavior of this 
material \vas observed, it was noted that 
at 200-04’ C. a sublimate separated as 
needle crystals. leaving plates in the 
residue. Consequently, the impure ma- 
terial \vas heated in a microsublimator 
to 180’ C. under vacuum to separate 
this sublimate, ivhich constituted ap- 
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