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ast milk protein is formed from the immediate di
nd more specifically from the carbohydrate of that diet, In
ttzmplting to influence ratas of production of milk, srecial
Lrentlon aust be given to this dietary ceomponent since its influe
ttendz far bevond the provision of energy to the lactating mcthec
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We succesded in a significant, though not primary objective in

this research, The major part of the project was persormed in the
chiiizpoines, and not in 3 main Cliy of the Philippinez. Ths
a3zinliiantion o7 the technoiogy was sufiiciznt foar the c22perarting
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fnvestiza<ar, [r., Nizva Libroje of UPLZ, to join in a

Droiect,
cEOJECT RTRCET
introdection and 2ackrcound
in rzzions of the world where mainutrition is rampant, one or
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“W0 foods oft:sn supoly in exces:z of the total caloric and

u

srot2in {ntake. When a dier nas oniy slight variety, one or two

O

heory, provide the information ne2ded to evaluate
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“he orelative aszimilation of these few diatary components. The stab]-
232t0Res Or carbon, nitrozen andsor hvdragen, as they oaccur naturaijly
in the consumed foodsz, might nrovids this information.

the folilowiny standard convention has baen

For convenisncs z

-

adopred Ior the regerting of da-a reizated to these isctope Palirs:
(PECSYRCS sample
d2lta € = (--mmmmmm e _L.. - 1) x 1000 (per miiy.

[

A corresponding transformation i5 used for delta N and delta D. The
standards are FDB carbonate for carbon, atmospheric nitrogen fcr
nitrogen and Standard Mean Ccean Water (3MOW) for hydrogen. This has
been discussed in detail in severa] publications (c.f., DeNiro and
Epstein, 1973; Schroeder, 1983).

The theoretical benefits of these tracers is that they are
naturaily occurring and as such already exist as measurably different

vaiues in normally consumed foods. No added tracers may be necessary.
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'aiues in the rang:2 of -3 o/0n0 te -14 o/

hey are not radiocoactive and 50 du noi produce any excepticonal hazara

N their use, They are thersfore applicable for situatiansz as
=nzitive as nursing moth=ars,

In plants, delta C values fal! into two main cat22oriss,
3rerred to as C-3 tvuoe and C-¢ tvpe. The categcries orizinate from

o (Table 1), A sivs=n viant

iven delza < value throughout the world, provided {t

S ZrowWwn In the open atmeosshecs,

Delza N values of a olant are dependant upon the da2ita N value
f the available nitraogen in the soiil, jus* as the deita € values of
slant arz dependen: uson the delta C of the carbon dioxide of :he
Ablent alr, Because this del-z varies with the <vpe of

2rtilization, the deita N value o7 3 3iven plant species can vary
iven community (Taole 1.

21ta D vaiues of a p.ant are dependsnt upon the dei<a D of the
at2r used by the plant. This can vary within short geographic
Istances and so plant type is not an indisca-or of the delta D of the
lant (Table 1), In genera! as distance from the equator increases,
ne delta D of rain water becomes mor= negative (that is it contains
2latively less deuterium). The water molecule, HDO, welghs a bit
cre than HHO. Gicbally, most evaporation occcurs in the tropics, and
O most cloud vapor is formed there. As these vapors move to
ncrzasing tatitudes, there iz 3 slight perference for the heavier
clecule~ to rain out. The result is that the remaining water vapor

5 tighter, or has a more negative delita D value.



It is these naturally occurring differences in delta values that
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he pot ial for isotope pairs to be tracers in nutrition ot

SunENs in a manner similar to that usazd in studies af lower anina;

nuitrition, For 2xaapie {7 & person consumes as the main mar<icon orf
tae diszt two focds, one C-3 and one C-4, the relative assiniiation of

these foods mav be r2rlectad in the delta C values of newly *aormed

tissue, excremen:t and breath carbon dioxide., Since in efface "vou are

“~hat vou =at, tie entire isotooiea ccmpesition of a body mizht bpe
2upecizd Lo refla22t the vajues of the diet. This has becn found ta be

Ta2 case for oa variety of animals, including human
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23 MSre or l=2ss constant delta values for long periods of

times (a* least many months) or over greater than S-roid weighs Zains
t=cho=ller ot al., 1985: our work reported hers, Flgures [ and 2.
Ta2nnical Worpk Plan

To 2zvaiua<z the fidelity of the Isctepe pairs as tracers in
numan nutcition, freas living subjects wers provided with contralled

dia2ts to9r perisds ranging up to 20 consecutive days,

Ul
b

2N was to maintzin the diets for up to 45 days. The dizcomiort

O

2xperieanced by the test subjects on such strict diets made 20 days
th2 maximum period tested. The dists consisted of a singiz component

(zither a C-3 or C-4 type plant) or of a mix of two foocds, at times

ane C-3 and one C-4, and at times both C-3 or both C-4. 1In all cases

<~
.
nd
[

mins and minerals and water were supplied. For variety, one small
‘ruit or vezstable was permitted daily. Samples of newly formed body
sources were collected at pre-determined intervals during the trials.
‘hese sources consisted of feces, urine, breath, saliva, vlood serum,

‘acial shavings, and breast milk separated, by centrifuging, into jts
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used for evaluation must be carerfully 2lected,

)

We (work reported herein) and aothers (Schosller et al 13887 have
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o long pericods in which the delta 2, delta N and de=lta

007 fhe dizt qave been maintained at s fairly constant aversize, the
tIotipe values of blood, halr, feces Somz to match these vaiues, This
S-nEtancy i3 the uszual case rfor statl2 povularions or a given

-~

0/ 00 variation in delta O values

in hair taken from iocal residents orf Wuxi, China, a city inland from

shangnal. Ther: hairs delts o Averaded 00 59.050. Aniasal feoeds sampled
In thiszs ares had vaives That zveraged at =22 g, 00. Thz miik From Wux:
fad a dslta © g7 -0, ¢Al3 averade value for hair at Wuxi was quite
diffapent from andtner ciny in the Far Zact, Sangzkek, where *he deirta
2 oI residents’ halr was -1 9/3u. The Bangkoi value reflects the
Righ intake 0f z2afoods (Zei1na C approximately =15 tao -19; by
TESLAENTS of tnisz city. Hais taken from rezidents or Chicaze twork by
Zzhoziler, oo, cit, and 2f Pennsylvania (our study! had deita o

values all between -:15.4 and -17.7. Within two families (fivs members
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0/00. The only
excepltion was in one family. There, the one family member who

maintained a dist in which neither meat nor fish wer caonsumed had a

G

vaiue 2 o/00 differsnc frcm that familv's av

~
.

W

2, The similarity of

[}

3
delta C values in these two separated locations in the United States
is reflected in the simiiarity in the delta C of foods. Powdered millk
was sampied in the USA for its delta C values. For milk taken from

California, Florida and Pennsylvania, the delta C values ranged only
from -13.0 to -19.7. i.e., 3 spread of less than 2 0/00. Animal feeds

ar=2 apoar

w

ntly similar in these locations. This close agreement in

the delta C of powdered milk was the same within all countries

10
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tested, although the absolute values differed greatly among the
countries: USA ~-19 (skim); Israel -22 (28% fat); Denmark -28 (28%
fat); Australia and New Zealand -25 (28 % fat); Australia -26 (skim).
Though sampled less intensively than was hair, the blood serum delta
C data also had less than a 2 0/00 spr=ad over all samples taken
within these stabie populations.

The delta C is constant in these cases because stable
populations tend to eat a diet that provides on the average, a
canstant source of isotope intake.

A gual of our research was to determine the fidelity of delta C
a5 an indicator of relatively short term changes in diet. It is in
such cases that the specific body source must be considered. The data
included in the accompanying tables and figures are indicative of the
results attained in this study.

In cases where the subject is having normal bowel mavements (at
least one per day), within five days the stool delta C matched the
dietary intake of carbohydrate in cases when 0ats or rice were the
carbohydrate source. This was true for rice-only diets as well as for
diets in which the rice (delta C -27) was supplemented with a
protein-rich food such as fish (delta C -23), mungbean (delta c -26)
or milk (delta C -28). When corn was the source of carbohydrate,
regardless of whether consumed in a corn-only diet or when the corn
was supplemented by a protein-rich food such as milk (delta C -21) or
mungbean (delta C -26), the stool delta C was consistently more
negative than the corn, having a final value of between -15.5 and -
15.6. This discrepancy between fecal delta C and diet delta C for

diets in which corn was the main carbohydrate may in part be

11



attributed to the lignin content of the corn. Processed white rice
and processed oats (as used in these diets) are low in lignin. The
grain is therefere largely digestible. In the corn there is a
cartition between the lignin and the starch plus protein fractions.
Thiz concentrates lignin in the stool. By separating corn into its
fiver and non-fiber fractions, we found that corn lignin is 5 o0/00 to

0/00 more negative than the total corn grain. Total corn solids are

~J

! o/00 to 3 o/00 more negative than the corn solubles. These
stservations can account for much of the shift in fecal delta C
relative to the distary corn delta C and the lack of such a shift in
the rice-based diets.

The importance of these findings is that even when measuring
stool delta C values as an indication of diet digestibility, one must
consgider the partition that may occur within the individual
components of the diet. Processed rice or oats are recammended for
such studies since partition has not been found.

Urine delta C correlated with the delta C of the main protein
food, being 4 +2 o/00 less negative than the protein assimilated.

Thi

U]

was ftrue for rice-only diets (-27 for the rice; -Z2 for the
urine) and for more balanced diets, Thus when rice (-27) and fish (-
23) were consumed, the urine had a delta C of -19. When rice (-27)
and milk (-26) were consumed, the urine delta C was -21. When lIsraeli
milk (-21) was substituted in this diet, the urine delta C shifted to
-17. As with feces, when corn was the main dietary carbohydrate, the
delta C of urine did not follow the rice-related trend. Both for
corn-only diets (delta C -11) and for diets in which corn was
consumed with a protein-rich food such as mungbean (delta C -26) or

nilk (-21), the urine delta C consistently stabilized at a value

12



which fell between -15 and -18 o/00. This value range encompasses the
delta C values of feces in the corn-related diets. We do not have an
explanation as to why the delta C cf urine and feces should be so
similar in corn-related diets, when in rice plus protein food diets,
the urine and feces had distinctly unequal delta C values.

Neither saliva nor blcod serum delta C values were satisfactory
tracers of short term chanzes in the diet. With hindsight, it was
possible to account for the cbserved trends by attributing the
sources of these amino acid-rich body fluids to an active amino acid
pooi being composed of 30% recently assimilated foods and 70% to
catabolized body tissues. While the delta C values conform to this
3:7 dis:icibution, the resulting delta C value is so dependent upon
the body store, that small variations in this value mask much largar
variations in the relative assimilation rates of the current dietary
components.

In the rice-related diets, with a balance of carbohydrate and
proteins, delta C values of breath carbon dioxide matched those of
the diet provided that the diet was kept constant for at least three
davs. When corn only was consumed, the breath delta C showed a clear
measure of body tissues heing catabolized, although this catabolism
was not at the same rate in each subject tested. With the corn-cnly
diet, the morning breath delta C (after the all-night fast) was 2 to
3 o/00 more negative (closer to the stable, pre-diet value) than the
breath delta C five hours after breakfast had been consumed (figures
6A and 6B). When the corn was supplemented with milk, the difference
between morning and noon breath delta C was usually 1 o/0o0 or less.

The morning-noon changes in breath delta C were a few tenths of a

13



0/00 Iin the rice-based diets. Since the stable breath values (i.e.,

the pre-diet values) were about -Z4 /0o, switching to rice, ric

1]

[»}

bean or rice-miilk represented a change of only - 2 to -2 o/0o in diet
delta C, whereas switching to corn-only represented a change in diet
of 413 o/0c, and switching to corn-bean or corn-milk represented a
change of 48 o/qn. Hence, shifts between catabolism as in the
fasting, pre-breakfast, samples and the noon samples where the day’s
rood is contributing to the en2rgy pool, will produce a more extreme

chang= in breath delta C with the corn-based diets than witn the

W

rice-based diets. Breath delta C appears to be a valuable tracer for
current sources of metabolic ener

O0f all the body sources tested, breast milk was found to be the
most rapidly influenced by th2 immediate diet, Delta C of the breast
miik lactoses came to within 4 o/00 of the dietary carbohydrate within
12 hours of a change from C-3 to C-4 and from C-4 to C-3 type
carbohydratas. This change continued during periods up to 20 days of
sampling. Breasc milk protein and lipid changed more gradually,
reaching this equilibrium after two to five days of a new diet. For
diets of rice plus fish, corn plus mungbean and corn plus fish, the
breast milk lactose delta C was similar to the breast milk protein
delta C and both were similar to the dietary carbohydrate. The lipid
fraction was consistently 2 o/00 to 6 o/o00 more negative than the
lactose and protein. This more negative value for the lipid is found
in all plant and animal tissues,
Delta N (Tables 1, 3, 4; Figures 2, 3, 5, 7)

The relationship between the delta N of assimilated foods and
that of body tissue forming from this food is less exact than that of

delta C. With animals confined to a rigid dietary regime, the

14



relation between food and tissue delta C values has a standard
estimste of errcr of less than 1 0/00 over a 20 o/00 range in delta C
valuves (fizure 1), With similarly confined animals, the standard
estimate of error in delta b ‘5 2.2 0/00 over i1 delta N range ot only
10 o/00 (figure 2). The spead of 4.4 in the uncertainty of prediction
encompasses over 4C% of the potential values of delta N. Thus
although the correlation between delta N of tissue and delta N of
food is valid (probability of chance being < 0.0001), the correlation
coafricient (r?) is only 0.6, as compared with >0.9 in the diet-body
tissue relationships for delta C.

Delta N data related to long term diets are presented in figure
2. These data include those génerated in this research as well as
those of DeNiro and Epstein (1981J. It is worth noting that the data
of DeNiro and Epstzin, by themselves, also show only a weak
correlation between diet and body delta N values.

For animals consuming the same diet for long periods of time
(and for stable pPopulations of humans, as discussed in relation to
delta C, above), the average delta C of newly formed protein tissue
is O to 1 a/co less negative than the utilized food. That is the
tissue closely matches the food. The average delta N of newly formed
tissue is 3 o0/00 to 4 0/00 more positive than the food. This large
excursion in tissue delta N from the delta N of the food is due to
fractionation of amine groups during metabolic transamination. The
extra neutron in 15N, as compared to 14N, in the small amine groups
makes a the significant weight difference in the molecule and so
affects rates of diffusion and chemical reaction.

All of the body sources tested in this research reflected the

15



weak relation between delta N of recently consumed foods and delta N
of body tissue. In all cases the tissue was more positive than the
diet delta N, however the difference between tissue and diet ranged,
with no apparent pattern, fron 0.5 o/00 to 10 0/00 more positive,
This held true for protein-poor diets (rice only or corn only ) and
for balanced diets (rice plus fish; rice plus milk; corn plus
mungbean),

A survey of the delta N data listed in table 3 demonstrates this
poor match betwesen diet and body delta N. After 20 days of constant
diets, with average delta N values ranging from +1 o/co to +8 o/00,
the delta N values in saliva, blood serum and breast milk protein
ranged frocm +7 to +11. Urine samples show=d a wider range, but no
clear or consistent r2lationship to the consumed diet delta N value.

Considering this inexactness in delta N, in cases other than
those in which diets have been constant for very long times, or
during which 5-fold or more weight gains have been achieved, deita N
does not appear to be a consistently reliable, quantitative tracer.
This not the case when large amounts of 15N are artificially added to
a diet. In such cases, 15N (or delta N) has proven to be a reliable
tracer (cr., the extensive work of CNRC at Baylor College of
Medicine, Houston, Texas).

Delta D (Tables 1, 4; Figures 8A, 8B, 8C)

The usefulness of the stz,le isotopes of hydrogen, when used in
their natural concentrations, as tracers in the food web is more
problamatic than that of nitrogen. Results of delta D analyses were
found to be sensitive to techniques used, as was discussed in the
Technical Work Plan section. The lack of a clear trend in the delta D

data for the data taken in this research is shown in table 4 and

16



figure 8. Schoeller et a] (ibid) found a match between average delta
D of ingested foods and delta D of blood plasma and hair. Our work
with confined animals did not show any trend between delta D of

supplied feed and delta D af animal muscle.
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Table 1 Isotopic values and related data for foods used in this project,

C4 foods

Foed delta C delta N delta D
corn -11.4 -16
corn -11.4 -10
corn -11.2 +16.5 + 8
corn -11.2 +16.5 -14
corn -11.2 +11.4 ~-12
corn -10.2 +10.2 =31
corn -12.1 -26
corn -11.8 + 2.0 -28
corn -11.3 + 2.7 -10
corn -10.9 + 1.9 -18
corn -11.4 + 1.9 -61
corn -11.2 -58
corn -10.5 -1.1 -9
Kelloggs -12.0 +16.5 + 8
corm— +11.4 -14
flakes +11.4 -12
cane sugar -11.3 -0
cane sugar -11.4 +12
carne sugar -11.4 + 8
care sugar -10.8 -34
cane sugar -10.9 -16
cane sugar -11.0 -4
pineapple -11.6 -3
pineapple -13.1
average * S.D.

Foods of animal origin

delta C delta N

Australian full fat milk -28.7 to -29.3 +3.3 to +3.7
Australian skim milk -26.2 +3.8 to +5.1
Danish full fat milk -25.9
USA skim powder milk ~18.0 to -19.7
Israeli milk -21.6 to ~23.3
Israeli eqgs -15.8 to -17.9 + 4,6
Israeli chicken -17.8
Phil. mudfish -22.7 +13.5
N.Atl. cod -18.7
whitefish -17.8
salmon -17.5

halibut -13.9 to -17.7



Table 1| continued

C3 _foocs
Fced celta C delta N gelta D
pearut -26.3
pearut -26.3
teet sugar -Z25.6
kteet sugar —22.6
teet sugar -25.7
rica -26.3 -44
rica -27.5 +4.8 =55
rica ~235.3 +5.6 -48
ric= ~26.9 +3.3 -43
rice -27.4 -54
rica . -26.7 =38
rica -26.0 =20
cocorut meat -23.7
ccccrut meat -26.9 =163
cccorut meat -25.9 ~-1S6
czcornut o1l -27.5 -164
ccecorut oil -27.0 -178
cats -26.9 +3.3 =62
cats -26.9 +8.8 =61
cats -256.6 +%.9 &0
cats -26.6 +7.6 =59
Cheerics -26.2
wheat ~22.3
wheat -23.4
soy -2.0
tofu -28.7 +0.3
scy protein -24.4 +0,1
avocado -28.8
perumin -28.9
tcmato -29.1
banana -24.8
onicn -235.0
guava -25.8
guava -27.7 -&0
cabbage ~27.0
mungbean -25.8 +2.7 -83
mungbean -25.9 -1.5
dates -23.8
dates -24.3
chayote ~26.2



Table 2 delta C values of selected body tissues collected from adults
consuming the indicated diets.

Rice (-24.9) — Mungbean (-26.1)

1.4

day # Feces Saliva RBC blood serum urine

0 -24.9 -21.:% -22.4 -22.2 -18.9
-21.8 -22.3

5 ~-22.7

10 -23.4 -23.2 =-21.9

-23.4

15 =-23.5 -21.3

20 -26.4, -26.1 -23.8 -23.5, -23,2 -21.8

-28.6 -23.6 -22.9 2.6, -2

Rice (-26.9) - mudfish (=22.7)

breast milk

rday # Feces Saliva RBC blood serum urine lipid lactose protein
0 -24.6, -24.0 -20.6 -26.1, -20.2 -26.0, ~-21.8 -17.8 -27.1 -27.3 ~26.8
~-20.5 -20.2
S -19.1
10 =-27.1 -23.1 -22.6 -18.0 -27.4 -27.4 -26.5
-22.2
15 ~-27.8 -21.4 =26.0 ~22.2 ~23.8
20 ~26.0 -22.5 -21.3 -19.3 -27.3 =-25.6 -25.8
-27.4, -25.9 -22.5, -23.2 ~22.6, -22.9 -18.8, -19.0
Rice (=26.9) - milk (lipid - 30.0, lactose + protein - 26.2)
day # Feces Saliva RBC blood serum urine
6) -28.6 -22.0 -21.5, -25.3 ~-22.5 -22.6, -18.5
-23.4 -20.6, -21.1 -21.2, -21.7
S -20.8
10 -24.2 -22.6 -18.9
~-23.4
15 -172.3
20 -26.5 ~27.0 -23.5 -~19.9, -26.1
-27.0, ~28.3 ~24.2, -23.7 ~-22.6, -23.1 -22.2
Corn (-11) -~ mungbean (~2&.1)
breast milk
day # Feces Saliva RBC blood serum urine lipid lactose protein
0 ~26.2 -21.4 -22.3 -19.3 -25.5 -22.2 -24.1
S -15.3 -15.5 -18.8 -13.8 ~-12.0
10 -14.8 -16.9 -20.3 -14.9 -19.3 -12.7 -12.8
15 -14.2 -13.2 -19.3 -12.2 -16.5
20 -15.5 ~-16.9 -19.1 -14.8 -18.1 -15.9 -16.1




Iable 3 delta N values of selected body tissues collected from adults

consuming the indicated diets.

Rice (+4.0) - mingbean (-1.0)

_dav # Feces Saliva serum urine
0 +7.5 +9.1 +13.8
5 6.3
10 6.9 8.6 7.8
15 8.2
20 +4,3 7. 7.8 7.2

Rice (+4.0) - fish (+13,0)
day # Feces 2aliva ser.m urine
4] +0.1 +9.3 +13.0
5 11.6
10 8.6 9.6 10.8
15 9.5
20 9.7 10.2 12.2

Rice (+4.0) - milk (+4.5)

day # Feces Saliva serum urine
0 +/.9 +3,1 +3.8
5 9.7
10 8.1 9.2 4.4
15 12.6
20 +/.7 8.8 8.9 12.7

Corn (+3) - mungbean (-1.Q)

_dav # Feces Saliva serm uripne
0 +8.2 +10.6 +8.6
5 4.7
10 7.1 9.3 3.9
15 9.5
20 6.7 8.6 1.8

10.7
10.9
10.9

+9.4
9.7
8.0
3.4
8.1



Tabkle 4. Representative values of delta C, delta N and delta D from
selected body specimens and dietary components during feeding
Fegimes in which Ltwo adults consumed eithepr boiled rice or corn as
their main food Fap twenty daye,

delta D

Diemt

ooillsd corn —-13.5 -1.1 -3
bailed rice —-27.8 +3, 8 —-355
corn diet rice diet
day delta C delta N delta D delta C delta N dslts D
saliva 0 =-21.8 +10, 2 -1G2 ~22.5 +P.5 ~81
14 -18.0 +9, 7 ~-27 -2%.59 +37. 03 ~-1a1
20 -1a.2 +7.8 -24 -235.2 +7.2 =100
arine 0 ~ZTELD +7.3 —55 -21.7 +o.7 47
15 -15.7 +5.1 -22.3 +7.1 -52
20 ~17.7 +5.2 -87 -22.8 +3. 5 =50
tecag 0 —-23.8 +45,3 -125 -24.,7 +5.0 ~-120
14 =15.9 +4,72 -73 —-268.& +5. 73 -125
20 -13.4 +3.4 =100 ~-26.6 +3.1 =142
hair 0 -2, 2 +10.0 -72 ~20.8 +72.5 -6
15 -17.8 +%. 3 =105 ~-21.4 +7.3 ~38
Izoteric values Ffor blood ssrum while adults consumed only carn (C-4)

or rice (C-I) during the periods indicated.
DTET delta C delta N delta D
Lxiled corn ~10 - 105
bhoiled rics -27 +3 =160

Corn diet

days )

-21.4
-20.7

=-20. 3

FRice diet

day: 0

D o
[

-192.9
~20.1
-19.6
-17.7

—-19.6
~19.7

delta C

— +2.3 ——
- 10.0 ——

10.6
10.0
10.0

9.4
9.8
9.4 -

O 10 20
-— +9.9 --
—— 8.8 -
- 9.5 -
9.3 10,7 9.4

— _85 [p—
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Table 5 celta C of carbon dioxide
the indicsted diets.

in breath collected frcm subdects consuming

day # 0 ] 2 5 10 15 19 0 kg food eaten
E3 AR L S 28 S als) AR Bl jla) AR BL 2 BR L BS £8 i £
cormn -23.4 -21.8 -21.6 -253.3 -21.7 -19.4 -20.9 -18.0 -20.2 -17.6 -18.3 -16.5 -18.4 38.1 com
(Rancy) -23.7 =21.7 -20.8 -20.3 ~-18.5
comn -23.2 =21.7 =22.4 -21.9 38.4 com
(Loreng) -23.6 -22.8 -22.7 =21.5
com + -23.9 -21.8 -18.2 -21.3 -22.3 -20.4 -19.9 -19.0 -19.2 -19.5 -14.9 -18.7 40.9 com
mungoean -24.4 -23.0 -20.8 -18.0 -20.3 -18.4 -18.2 11.8 mungbezn
(Lito)
corn + -23.2 -22.8 -20.0 -15.2 -15.9 -16.8 -16.9 -17.5 =17.6 -14.9 -14.9 34.8 com
monetean -22.6 ’ -14.2 22.1 nmungcean
(Leyda)
rice + -24.8 -24.5 -25.0 -25.5 -25.5 -28.5 -25.4 -26.0 -25.8 -25.3 -26.0 -2£.2 -25.6 31.3 rice
muncbesn -24.7 -24.1 ~-25.5 -25.7 -26.3 -25.9 20.0 munccezsn
(Lily)
rice + -24.1 24,0 -24.8 -24.9 -24.5 -25.6 -26.0 -26.4 -26.4 -23.4 -25.7 -24.8 -25.5 -24.9 22.5 rice
mungtesn -24.0 -24.2 -24.3 =-25.7 -Z4.7 -25.% -4.8 8.02 munccezn
(Veq)
Gener  rice + -25.2 -25.8 -25.4 -25.8 -25.7 -25.6 19.7 rice
m.a0ean 14.7 mungcesan

rice + -23.9 -23.4 -23.9 -24.3 -24.5 -24.7 =241 -74.83 -25.2 =24.7 -24.7 -25.1 -24.9 -25.2 15.9 rice
fisn -24.0 -23.4 -24.,3 ~24.9 -25.2 4.13 fisn
(Sonia)
rice + -21.8 -21.7 -22.7 -24.2 -23.4 ~25.4 -26.0 -26.4 ~26.3 -25.9 -25.8 -25.9 -26.3 -25.1 34.1 rice
fish -21.8 -22.0 -22.4 -25.9 -26.6 -25.5 2.76 fisn
(Leyca)
rice + -25.0-24.4 -18.6 -75.6 -25.4 ~26.4 -26.2 -26.5 ~26.4 -26.8 -25.1 -24.5 -25.3 -25.9 26.4 rice
milk -24.9 -24.3 =244 ~-25.9 2.28 milk
(Romy)
rice + -24.6 -24,7 -24.9 -25.5 -26.1 -26.3 -26.2 -26.9 -26.2 -26.5 -26.4 -27.1 -26.0 -26.4 27.6 rice
milk =245 -24.4 -26.0 -26.8 -26.3 2.97 milk
(Inday)
cormn+ -25.1 -22.1 -22.2 -24.1 -19.7 -19.0
milk -24.8 -23.8 -19.4 -18.9
(Pauia)
corn+milk -20.2 -19.5 ~20.4 41.0 com
(Virgie) 3.0C milk,
(Veo) -23.1 -21.4 -20.9 -18.3 =23.7 -22.5 -23.9 -23.0 -24.0 -20.8 -23.6 -22.3 -24.0 28.3 com
corn+mi Tk 2.79 milk

Food delta C: com -11.0; mundbean -26.0; rice -26.8; mudfish -22.7; milk 1ipid -30.0:

milk protein + lactose -26.2

BB = before breakfast; AB = after

breakfast; L = Tunch; S = surper time.



delta C of muscle

Figure 1. delta C v
consuming a single-
animals exerienced
of the diet.
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delta N muscle

Figure 2. delta N values of muscle tissue taken from animais
consuming a single-component diet during a period in which these
animals experienced a greater than S5-fold weight gain vs the delta N
values of the diet.
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delta N

delta C

Flgure 3A. delta C and delta N values of selected body tissues
including breath and breast milk fractions (lipid, lactose,
protein) taken from a nursing mother consuming a corn (delta C
-11.0, delta N +3) Plus mungbean (delta C -26.1, delta N -1) d
for twenty consecutive days.
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delta C

Figure 3B. delta C and delta N values of selccted body tissues
including breath and breast milk fractions (lipid, lactose,
precein) taken from a nursing mother consuming a rice (delta C
-26.9, delta N +4) plus mudfish (delta C ~22.7, delta N +13) diet
for twenty consecutive days.
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delta C

Figure 4. delta C values of breast milk fractions sampled fram a
mother nursing twice daily during a diet change from C-3 (delta C
-25) to C-4 (delta C-11) and then to C-23 foods,

4A: Only the grain products weren ~hanged while continuing consumption
of dairy (delta C -23) and vegetable (delta C -25) foods throughout
the entire experimental period.

4B: The entire diet was either C-3 or C-4 during the indicated
Periods,
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delta C

-Figure 6.
adults consuming the indicated
(delta C values:
having a
(P sambles collected before breakfast;

6A

delta C values of breath carbon dioxide collected from
diets for twenty consecutive days.
rice -26.8; mungbean -26.1; corn -11.2; milk -28.7,
lactose plus protein delta C -26.2).

L samples collected at lunchtime).
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delta N

Figure 7. delita C and delta N values of selected body tissues
collected from adults consuming soy protein (delta C ~24.6, delta
N +0.3) and oats (delta C -26.7, delta N +7) for ten consecutive
days foll!owed by a two day period of mixed C-3 and C-4 type
foods.
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delta D

delta D

Figure 8. delta D values of selected body tissues collected from
adults consuming the indicated diets for ten or twenty days.
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