Table V. Relative Magnitude of
Variance Component

Tissue Caitle Swine Chicken
{(Spar?/S4)100
Fat 29.6 48.2 71.8
Lean 32.9 51.1 49.5
Liver 27.8 26.3 58.9
Kidney 46.4 57.0 44.0
Tripe 30.8 . .
Av. 33.4 41.8 55.8
(Spr?/S42)100
Fat 20.6 39.3 10.2
Lean 38.0 24.5 26.7
Liver 28.0 20.0 12.9
Kidney 30.0 25,0 31.6
Tripe 22.5 . .
Av. 27.6 24.8 20.3
(8p4?/844)100
Fat 25.1 1.8 15.6
Lean 22.2 6.4 12.3
Liver 17.1 41.6 11.8
Kidney 14.0 14.3 12.9
Tripe 9.7 . S
Av. 17.6 22.9 13.0
(542/842)100
Fat 13.2 10.7 9.8
Lean 4.0 3.2 8.8
Liver 17 .1 10.1 7.3
Kidney 5.0 3.8 6.9
Tripe 29.0
Av, 13.7 7.4 6.2
(848*/S542)100
Fat 11.3 0 1.5
Lean 3.6 14.9 2.7
Liver 10.0 3.7 9.0
Kidney 5.7 0 4.6
Tripe 8.1 . -
Av. 7.7 3.2 4.6

apparent relationship between the var-
iance components and the tissues studied
on a within-animal basis.

FORAGE ANALYSIS

Table VI. Results of 94 Independ-
ent Assays of Control Tissue plus
Added Ingredient Indicated at A

Level
No. of
Independent
Tests at No. of o
Sensitivity Declared  Declared
Animal Level Residve Residue
Cattle 33 26 78.7
Swine 4 3 75.0
Chicken 57 46 80.7
Total o4 75 79.8

The theoretical power of this proce-
dure at the true A value is 509%. This
means that there would be a 3 (beta)
risk (failure to declare residue when
truly there) of 509, 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 809%. This
implies, therefore, that there is only a
209, B risk at the A criterion. It is
realized that these data do not prove
such power really exists for all tissues.
However, studies will be continued and
data will continue to be accumulated
on the ability to detect residues at the
approximate parts per million level
indicated in the developmental studies.

A check on the reproducibility of the
developmental system and method of

Carbohydrate Content in Alfalfa Herbage
as Influenced by Methods of Drying

QALITATIVE and quantitative de-
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

! Present address, Department of Agron-
omy, University of California, Davis, Calif.
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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, 17). 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

Table VII. Approximate Parts per
Million Indicated by Replication of
Development Assay Design

Approximate P.P.M.

Test ’ Rep. 1 Rep. 2

1 0.03-0.05 0.05-0.08

2 0.20-0.40 0.30s
3 0.10-0.20 0.20¢
4 0.05-0.10 0.05-0.10

5 0.20-0.30 0.10-0.30

6 0.03-0.05 0.01-0.03

@ Dosage range failed to bracket A

criterion.

analysis was attempted by replicating
each of six 3 X 3 X 3 experimental sys-
tems twice. Table VII 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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changes and accelerated respiratory losses
similar to those occurring during wilting
(72).

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.



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 sucrose was highest under the 70° C. treatment.
and the total of the three sugars were less uniformly influenced.

Percentages of glucose, fructose,

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
(about 27° C.); herbage dried in paper
bags in forced-draft ovens at 60° C.,
70° C., or 100° C. for 90 minutes and then
drving to completion in a similar oven at
70° C.; or herbage freeze-dried. Oven-
dried samples were placed in the drying
ovens within one-half hour after cutting.
Freeze drying was accomplished by
immediately pouring liquid nitrogen over
freshly cut herbage and packing it in
crushed drv ice. The dry ice-herbage
mixture was coarsely ground through a
thoroughly chilled meat grinder. The
ground material was held in a freezer at
—10° C. until most of the dry ice had
evaporated. It was then freeze-dried in
an apparatus similar in principle and
design to that described by Davies,
Evans, and Evans (4.

All dried samples were ground with a
Wiley 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 P,O; in a vacuum desiccator stored
at —2° C.

Total available carbohydrates were
extracted by the enzyme method of
Weinmann (74), as modified by Lindahl,
Davis, and Sheperd (8). or by the 2%
H,SO,; method as described by Smith
{73). Reducing power was determined
and the results expressed as per cent
total available carbohvdrates.

Sugars were extracted with aqueous
ethanol. Approximately 100 ml. per
gram of sample of hot (80° C.} 809,
ethanol was added to the sample in an
Erlenmever flask. The flask was shaken
vigorously on a Burrill shaker for 1 hour.
The residue was allowed to settle by
storing overnight in a refrigerator. The
extract was decantea the following day,
and the residue was re-extracted. The
residue was then rermoved 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-
teins were precipitated from the aqueous
sugar solution (about 10 to 15 ml.) by
adding 2 ml. of a 109, (w./v.) neutral
lead acetate solution. The lead-protein
precipitate was washed and removed by
filtration. and the excess lead was 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 pH 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.

Aliquots consisting of 0.4 ml. of these
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 were
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 allowed
for complete equilibration, with occa-
sional swirling. 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 25X200
mm. test tube and the contents were
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
l-cm. cuvettes and absorptions were
read at 580 my in a Beckman DU spec-
trophotometer. Duplicate or triplicate
determinations were made on each
duplicated sample. Duplicate blanks
and sugar standards were included with
each set of determinations.
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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 were 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 29, H,SO, extraction methods, are
shown in Figure 1. The lowest values
obtained for both sets of samples and
with both extraction methods were from
the air-dried treatment. Progressively
higher values were obtained in the
following order: 60° C., 70° C., 100° +
70° C., and freeze-dried. Relative
amounts of total available carbohydrates
recovered in relation to drying treatment
were 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 shown in Table I. Per-
centages of glucose, fructose, and the
total percentages of the three sugars for

FREEZE
DRIED

DRYING TREATMENT

PER CENT TOTAL AVAILABLE CARBOHYDRATES
o

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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disadvantages of oven drving (7). How-
ever, cost per sample is higher than when
conventional drying methods are used,
and conditions of sample storage are
critical, since enzyme inactivation is mini-
mal. Storage conditions must be care-
fully controlled 10 avoid chemical
changes if freeze-dried samples are to be
stored for more than short periods of time
(7, 77).

The results of this study supported the
conclusions of Link () that no universal
method for drying plant tissue can be
relied on for accurate results, because
plant tissues vary so widely 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 tc 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.

lts 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.

THE alcohol-soluble components of
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 identity.

Experimental Procedure

Approximately 100 pounds of lightly
roasted blanched peanuts served as the
original material for this investigation.
The fractionation procedure used to
obtain the water-soluble fraction is
identical to that used for the isolation
of pinitol (7).

The column chromatographic sep-
arations were made using a 9-cm. id.
X 40-cm. column, packed with What-
man cellulose powder. The powder
was prewashed by extraction with
methanol in a Soxhlet apparatus for 3
hours. It was applied to the column
in a slurry and packed thoroughly by
running the solvent, butanol-acetone—
water (2:2:1), through the column.
This solvent was used for all the column
fractionations of material from peanuts.
The synthetic product, N-methylhy-
droxypyroline, was 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-water (4:1:1) as the
developing solvent. This fractionation
was followed by paper chromatography
on Whatman 3MM paper, using the
same developing solvent. Only the
fractions containing one component with
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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 was 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 was heated in a microsublimator
to 180° C. under vacuum to separate
this sublimate, which constituted ap-
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