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OVERALL OBJECTIVES: evaluate the affectiveness of the patios of

13C/120 (delta C), 18N/14N (delta N) and D/H (delta D) as bhey ocoup
naturally in human foods as tracers in human nutrition.

ORJECTIVE OF THIRD SIX MONTHS: analyze sanples taken in previcus

nutriticon experiments; evaluate the data relative to the
gtfectiveness of the three isotope pairs as traceps in human
nutrition; plan additional nutrition experiments.

RCHTIEVEMENTS

Sample Analvsis

Samples taken in the preceding nutrition experimant have been

analyzed. This experiment consisted of 12 adult subjects consuming
either corn (delta C -9.7) on rice (delta C ~27.0). In a CROSESG— OV
design, six subjects first consumed boiled rice and i consumed
boiled corn, for ten consecutive days. Then, following a six day
break, the 5@bject5 reversed theip diets and those who had consumed
tice now consumed corng those who had consumed corn now cornsumed
plce. The cooked food was supplied in unrestricted quantities and
multi=vitamin plus mineral tablets wepe given to each subject daily.

ALl sampling and first stage preparation of the samples was
perforned on—site, at Bigaa, Cabuyan, the test =ite. The actual
lzsotope analyses were performed, as planned in the project format,
using isotope separation mass spectrometers, in commercisl
laboratories located in the USA. The samples included haip, fecaes,
urine and saliva taken each two days, starting with the fipst day and
finishing with the last day. The only lack in samples wWas with feces.
Saliva and ubine were teadily available from the subjects.

All samples were dried at Y0 C Upon collection. Two drops of

concentrated HCl were added to the upine prior to deying. While this
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prevented the lose of nitrogen by evaporation, it introduced an
edthaneous source of hydrogen and so delta D datea arpre not reported
for the urine.

Carhon dioxide for the delta C analyses was collected feom the
combustion of the sample at 575 C in the presence of copper oxide and
silver wire. Hydrogen was collected as water vapor formed in the
combustion for delta C. This watelr was reduced to hydrogen gas by
reaction with zinc at 450 C. Alternatively, uranium was used to
reduce the water to hydrogen. Residual adsorbed hydrogen on the
Luranium may cause a "memopy" effect between gamples. Therefope
hydrogen analyses wepe pertarmed in consecutive duplicates. The zinc
was used for only one reduction and discarded. Therefore no memopy
effect was ppresent, Nitrogen for delta N was collected from
combustion of the sample at 850 C followad by a programmed reduction
in temperature.

Representative data from these analyses are presented in Table
L. The values ‘are referenced to FDE carbonate top delta C,
atmosphepric nitrogen for delta Ny, and SMOW (Standanrd Mean Ocean
Water) for delta D.

Hased on replicate analyses, one standard deviation of values in
Table 1 is appraximately 0.3 o/oo for delta C, 1.0 o/oo for delta N
and 10 o/o0 for delta D. We have not yet identified the causes of the
unusually high variability for delta N and delta D analyses.
Typically standard deviations for delta N and delta D are 0.5 o/oo

and 5 o/oo, respectively.

Evaluation of Data

The isotopic compositions of the diets were well suited for the
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goals of this experiment. ERetween the corn and rice there was a 17

0/c0 difference in delta C and a 10 o/on'difference in delta N
values. The difference in delta C results from the fact that corn ie
a C=4 type plant while the rice is a C-Z type plant. The difference
in delta N resulted from different types of fertilization aving bean
used with these two crops. The value of delta D varies considerably
from crop to crop (see Table 1 of Fipst Frogress Report) . Eased on
the range of opinions enpressed in publicshed resaearch, there is no
firm and comprehensive eiplanation of these differencas. The dalta D
of the *fap water at Rigaa (~54) is similap to values we have measured
at other times in this general area (e.g., at UPLE approximately 20
km distant, water delta D AEREERES) &

The response of the subjects to the diets was variabla. At first
observation of the results, it might be inferred that occasionally
extraneous foods were consuned during this pepiod. However, the
subjects assured us that only those foods and vitamins included in
the tests were consumed. A careful inspection of the data reveals
that for each subject, at least one of the sample categqories
responded. to the diet. This indicated that the lachk of PEEPDH&E.NaE
due to & physiological, and not a dietary, excursion from the
1s0topic trend of the supplied food.

The most problematic Pesponse was that of subject Marivic, an
tini=married, 18 vear old woman weighing 45.4 kg at the start and 4405
Kg after 10 days of the rice-only diet. Neither hepr saliva nat: Lpine
showed an isotopic response to the rice. In the othepr subjects, thepea
was a clear, though not quantitative, response to diet by Lath of

these sample categories. However Marivic's feces delta 0 values fraom




day 6 through day 10 matched her rice diet almost exactly, indicabing
ner adherence to the experimental diet.

The fecal samples of subject Foleng, a 29 year old married male
(94.5 kg on day zero and S54.5 ke an day 10) showed no delta C
pesponse to the corn diet although his upine and saliva delta o
responte was similar to that of the other subjects.

Among the three isotope pairs studied, only delts £ was a
predictor of the 10 day diet. The delta C values of saliva and urine
agreed to within 1 o/o00 for each subject. With the exception of
subjezt Foleng, fecal delta C most clearly resembled the cietary
intake. Allhough by day 4, fecal delta C matched dietary delta C faop
the rice diet, the equilibration of fecal delta C with corn was not
reached during the 10 day period. The ease of eating rice relative to
ease ot eating corn is shown by the vdluntary S04 greater consumption
of rice in both 10 day periods pelative to the consumption of comnm.
This higher intake likely affected the rate of fecal 2quilibration
with diet. An 1ncrease in corn lignin (delta C ~17) in the fecal
mattes can shift the feces to be approximately 1 o/oo more negative
than the ingested total corn grain.

The delta N of the samples failed to respond to the dicts in &
recogritzable manner within this 10 day period. Although the delta N
value of the diet differed by as much as 14 o/oo frem the initial
dalta N of the given sample category, there was no trend wilh time of

sample delta N toward diet delta N. Nitrogen, being a component of

protelin, may have entered the samples via catabolism of Freviously
stored bady tissues. This explanation is not substantiabed by the
time zero values of delta N which, wespecially for the cuwnulative

nature ot hair protein, should be representative of the body staore.

u



http:heolenterv'.5O

During this research period, we have made parallel studies of
delta M as a tracer, working with lower animale. In that work, sinple
diets were kep: constant during 3 to 10 fold weight gains by the
animals (eomething quite impossible to demand of human subjects) . The
results showed that body delta N is approximately 4 o/oo more
positive than diet delta N. The coprrelation was highly significant (F

0.0001) . However, the standard error of estimate for the regression
equation of these data was 4 o/c0. A 4 0/00 erros out of a total
range of 10 o/oo0 in the delta N of foods reduces delta N to a
marginal, qualitative tracer of dietary intake. In contrast. in that
same work, muscle delta C was observed to be only 0.8 o/oo less
negative than the diet. The standard erraor of estinate was 1 o/ob. A
1 0/00 eprror out of a total Fange of 20 o/oo in the delta C of foods
makes delta C useful as a quantitative tracep.

The delta D values listed in'Table 1 show no clear trend related
to the diet. The data do not appedr to be confounded by hydrogen from
the drinking water. The subjects were all residents of the immediate
area where the test was conducted. Therefore, their hody water delta
Dy which reflects the drinking water delts D, did not undergo largs
changes during the time preceding and including the experimental
Periad. Although some 20% of the hydragen in protein is labile and
subject to exchange with body water, both the absolute values and
the trends of sample delta D vs time are not indicative of @ither
inclusion or exclusion of the constant delta D water hvdrogen in the
pocl of labile hydrogen. The 10 day period was insufficient to
achigve an evaluation of the effectiveness of delta D as & nuteibion

tracer.




Future Experiments

The simple, one component diet places considerable €train on the
subjects. Reluctance was expressed hen a longer tepn experiment was
stggested. Recause equilibrium was not reached in & 10 day period,
the next experiment is scheduled to last 20 days with the
maditication that after each 5 day period, one o two meals
consisting of the same carbohydrate—pich staple plus a meat or fish
supplement will be given. Sampling will concentrate on the days most
remate from the consumption of the supplement. Although the goal of
the experinent is to establish a non—invasive tracer syeabem, ralking
blood will be included in the sampling regime (serum and REC

Separalbely).

To date we have spent $40,601.15 or 27% of our bucget. In the
next six months we anticipate increased erpenses for isotope analyses

and data processing.




Table 1. Representative values of delta C, delta N amd delta D from
selected body specimens taken during a feeding regime in which adults
consumed either boiled rice or corn for 10 consecutive cays.
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Table 1 cowtinued
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