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Table 3. Stability of mixed total diet material for selected inor-
ganic elements (dry material stored at 20 'C up to 30 months,
Ag/g, mean±1I S.D.)

Element Initial' Afterb Afterb Afterb
I month 6 months 18 months 30 months

Ca 1643±45 1712±24 1618±46 1612'
Mg 608±10 618±4 594+16 611
K 6150+170 5510±120 5960±80
Na 6320=40 5860±130 6120±95
P 3337±33 3217±15 3198±50 3277

Cu 3.05±0.20 2.83±0.06 2.60±0.08
Fe 30.0 ±1.0 31.0 ±1.5 29.5 ±0.9 31.2
Mn 5.63±0.03 5.30±0.06 5.21±0.05 5.23
Sr - - - 2.83±0.04 2.7 ±0.07
Zn 29.6 ±~0.5 30.5 ±1t.1I 29.5 ±L0.7 32.7

*AAS flame.
b AES-ICP.
c Results under this column are averages of two determinations.

Besides the inorganic constituents, phytate was
also determined in the dry material, and was found
to contain an initial level of 1.4±0.2 mg/g [3]. The
storage stability of this constituent is being
investigated.

This preliminary investigation has demonstrated
the feasibility of exploring a total mixed diet matrix
for certification as a multicomponent Standard
Reference Material (SRM). A bigger batch of a
second mixed total diet is under investigation as
part of a systematic study to evaluate the stability
of several components over a period of at least 3-5
years. The experience gained from this investiga-
tion has helped in understanding some of the prac-
tical difficulties faced in the preparation of a
natural biological reference matrix for multiple
components, especially organic constituents.

The authors are thankful to John Jones and
Kathleen Cook (FDA) and Robert Watters (NBS)
for elemental analysis, Michele Schantz (NBS) for
organic analysis, and Eugene Morris (USDA) for
phytate analysis.
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Dramatic advances in the development of tech-
niques and instruments in recent decades have im-
proved the quality of all analytical work including
that directed at determining vitamins. The pursuit
of accuracy, however, still involves detailed exami-
nation of every step in a procedure, including stud-
ies on seemingly trivial manipulations. New
methods must also be checked against established
procedures and finally, tested in collaborative stud-
ies. The development and evaluation of methods
for measuring vitamin A in Canada is described as
an example. These procedures were designed to re-
place the antimony trichloride color reaction in the
analysis of various materials ranging from serum
collected in nutrition surveys to milk being
checked for fortification.

Several publications have recommended simple
fluorometric methods for the measurement of vita-
min A in blood. Comparison of the results of fluo-
rometric and colorimetric methods, however, re-
vealed large differences. Investigations confirmed
that blood contains at least one fluorescent
carotenoid, phytofluene, which interferes in analy-
sis for vitamin A [1]. Chromatographic purification
or correction formulas were needed to eliminate
the errors [2,3].

Milk, in contrast, contains little phytofluene.
Fatty acids from milk include fluorescent lipids,
but these can be removed by saponification. A sim-
ple method was developed for milk in which I mL
was saponified and then extracted with hexane in a
stoppered centrifuge tube [4]. The method could be
used to examine large numbers of samples and it
was adopted by several laboratories involved in
milk analysis. Uniformity in milk analysis was
maintained in Canada by a quality assurance
program. Between 1979 and 1982, ten laboratories
in Canada participated in a project in which 4
samples of milk were circulated for analysis on 20
occasions. The standard deviations of 6 laborato-
ries using the fluorometric method were usually
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less than 10%.
Liquid chromatography (LC) methods are now

often recommended for the analysis of vitamins
and there are many reports of the separation and
detection of retinol, retinol esters and carotenoids.
Methods have been developed for normal and re-
versed phase separations of retinol after saponifica-
tion of retinol esters extracted directly from foods
and tissues [5]. Retinol and carotenoids are often
measured in extracts of serum by reversed-phase
LC [6]. Unfortunately, collaborative tests of LC
methods for measuring retinol in foods have
yielded disappointingly high standard deviations,
and few of the many LC methods proposed for the
measurement of vitamin A in blood have been ex-
amined critically or collaboratively.

To assist the evaluation and development of
methods for vitamin A, a reference LC method
was designed for the analysis of foods and tissues.
The method involved saponification of substantial
amounts of sample in ethanolic pyrogallol. A small
portion of the digest was extracted in centrifuge
tubes, and the extract was evaporated under nitro-
gen in the presence of a trace of nonvolatile hex-
adecane. The residue was subjected to LC on a
silica column. All-trans retinol was eluted after 5
minutes and small amounts of 13-cis isomer were
eluted a minute earlier. Each step in the method
was studied in detail and modifications were intro-
duced to eliminate possible sources of error. The
tests included comparisons of various methods of
saponification, and investigations of distribution ra-
tios for retinol between solvents and saponification
digests. The stability of retinol was investigated
during evaporation of solutions in common sol-
vents. Two important points emerged. First, the
vitamin was rapidly decomposed in chlorinated
solvents; this decomposition was due to the pres-
ence of HCi and it was eliminated when the solvent
was washed with alkali or water. Second, the vita-
min was unstable after pure solutions in any
volatile solvent were evaporated because it was
then deposited alone on the inside surface of a dry
container where it was difficult to protect, even
with nitrogen. The survival of vitamin in many
methods of analysis thus depends on poorly under-
stood roles of protective materials in extracts
which are derived accidentally from reagents or
samples.

The tendency of retinol to decompose in air af-
fects the accuracy of standards. Retinol purchased
from suppliers typically contains more than 20%
impurities and once a vial is opened, the contents

deteriorate rapidly. Solutions of pure retinol could
be prepared by collecting and pooling eluate from
several LC runs, and the concentrations could be
determined accurately from the absorbance. Al-
though fresh preparations yielded excellent stan-
dards for LC, there appeared to be no reliable
method of storing them for longer than a few days.
Solutions in organic solvents decomposed when
sealed under nitrogen, and exposure to traces of air
accelerated the process. In contrast, solutions of
retinol in cottonseed oil, which can be quantita-
tively diluted in solvent for use in LC, were rela-
tively stable and their vitamin content fell less than
1% per month. Oil solutions were therefore pre-
pared for use as standards in routine analysis, and
they were calibrated at intervals by LC analysis
using freshly purified retinol as a primary standard.

A Waters 990 photodiode array detector, which
scans a range of wavelengths during LC and plots
complete spectra of the eluate, was used to test for
the presence of interfering substances. The detec-
tor confirmed that the main peak in the LC analysis
for vitamin A in all samples was all-trans retinol.
Moreover, the spectrum of the smaller, earlier peak
was similar to that of the 13-cis isomer when ex-
tracts were prepared from infant formula or milk.
The occurrence of the cis isomers was not con-
firmed in blood, however, and the small peak de-
tected by the fixed wavelength detector at the
retention time of the 13-cis isomer was concluded
to be a polar carotenoid.

Adjustments of the saponification step permitted
the reference method to be applied to oils, foods
and feeds. Comparisons of the reference method
with the fluorometric method indicated that the
latter overestimated the true retinol content of un-
flavored milk by less than 10%.
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Within the dose ranges and conditions envi-
sioned for food irradiation processing, there is lit-
tle, if any, measurable effect on nutritional value of
proteins, amino acids, carbohydrates, and lipids.
The protein efficiency ratios of a number of foods
radiated at doses adequate to achieve commercial
sterility were not significantly altered by the treat-
ments. Though ionizing radiation does produce
changes in carbohydrates, lipids, amino acids, and
proteins, these reactions are minimized in foods ir-
radiated under proper conditions [1]. It is impor-
tant to stress that nutrients are protected by their
molecular environment from ionizing radiation.
These same nutrients in aqueous solution may un-
dergo severe degradation when exposed to doses of
ionizing radiation equivalent to those used for the
treatment of foods. Irradiation at subfreezing tem-
peratures in the absence of oxygen results in better
products and greater retention of vitamins than
does irradiation at ambient temperatures in the
presence of air. The effects of high dose irradiation
of meats in vacuo at temperatures of -30 'C or
lower on their vitamin content have been reported
in many studies.

The reactions of vitamins to ionizing radiation in
fresh meats and poultry products irradiated at nor-
mal processing temperatures and in the presence of
air for increased shelf life and/or elimination of
food-borne pathogens are much less well known.
This prompted the Food Safety Inspection Service
to request the Agricultural Research Service to
conduct a study of the effects of ionizing radiation
on five vitamins in fresh poultry and pork meats.
An experimental design was developed to deter-
mine the effects of gamma irradiation in the pres-
ence of air at processing temperatures between
-20 'C and +20 'C and at doses between 0 and
7.0 kGy on the vitamins cyanocobolamin (B1 ,2),
pyridoxine (B), niacin, riboflavin, and thiamin (B,)
using response surface methodology [2] to predict
the effects with reasonable accuracy in fresh poul-
try and pork chops. A response surface statistical
design was chosen to provide a series of equations
allowing the prediction of the effects of radiation
treatments on vitamins over the entire area covered
by the experimental design. Implicit in the design
described below is the assumption that the vitamin
content of the samples would not be altered by ei-
ther freezing nor warming to temperatures of
-20 'C or +20 'C, respectively. A radiation dose
of 0.5 kGy was included in the study with pork
chops because that would be representative for
pork irradiated for the inactivation of trichina. The
range of radiation doses and the irradiation temper-
atures were selected to include those which would
have the greatest probability of being selected for
elimination of food-borne pathogens other than
Clostridium botulinum as well as for shelf-life ex-
tension for the product. Seven fresh center cut Join
pork chops (1/2 inch thick) were used for each
replicate sample with three replicates for each
treatment (radiation dose and uncooked versus
pork chops cooked after irradiation). Five replicate
samples were used at the zero radiation dose (con-
trol) and at 3.5 kGy and 0 'C. Samples were irradi-
ated at temperatures of -20°, -10', 0', + 10', and
+20 'C and at doses of 0, 0.5, 1.75, 3.50, 5.26, and
7.0 kGy. The irradiation protocol is illustrated in
table 1. The number of replicates indicated is twice
that shown above because one-half were analyzed
raw and the other after cooking. The protocol fol-
lowed for poultry was similar except that four
breasts per replicate were used and the 0.50 kGy
radiation dose was eliminated. The discussion
which follows will be limited to a partial presenta-
tion of the effects of thiamin as they relate to valid-
ity of the experimental design.
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