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OVERALL OBJECTIVES are to evaluate the effectiveness of the r8Lios 

o f 1 :3 C / 1 2 c: (d e I t 3. C). 1 5 N / 1 £1 1\1 (d e I t;3, N) and [l i H (d e I taD) a s the y 

(I C C U [ nat u r.:t I I v i n h u III i-J n f ',', u d 5 Cl s t [' act::- r sin hum", n nut r i t i (I n • 

wit h \.J h i c h d te' j r. cl C (' d Ii It ,.:, u ~; ~.' c.I a san i n d i cat 0 r 0 f the die t. b e i n g 

CCt;I~'~UlilC'cl ;:.no:l thO'ti. pc'!" Clf thl'; cli(~t \;Jhich is being assimilated or 

",xcreted; ~:econcl:'=ifY: Lo~valuate dc·lta N as a qualitative indicator 

(I t d i ,,:t ;:, j' Y I' J IJ lei 11 • 

ACH I EVEr'lENT::; --"-"_. ------------

Four nuLriliun eXpl?rilllents were conducted in this period. These 

t (~, s t sus e d ;~ v a [ i e t)' 0 f com P [I n en t sin a nat t e In p t t 0 i sol .:0. t e the 

P [' i m a f:l SOli r C 1:;- s ,:,: U 11 l [, i but i T I g tot hE' bod y tis S U f: 5 W hie h w e 5 a ITI pIe. The 

duration of the experiments ranged from three days to three weeks. In 

several tests breath was monitored in addition to the body tissues 

S3l11pll?d in the past. 

In sunlmz.ry. the fE'sul'(s of the experjments of this perioci 

demonsi:('2t(,,! that tht! della. C values of urine. saliva and blood serum 

are prE.'dicLors of the "l~:osirni latelJ proteins. F'rovid~-d th::'lt a 

correction is rn;:,dE' for inclusion of c:::dabolizt"d !neder-ial in new 

tis sue s. A P F' r f) x i lil ate I y J (I % 0 f the met.::::t b a lie a I I Y ci C t i ve F' 0 0 I 0 f a rn i no 

Cicids is taken f['olTI ('t:'cc'ntly consumed foclds and apprOXiIll.:1telv 70% is 

t i:t k e 11 t rum T E.' C 'I c I E! ci '~I r C:O:. t a 1-, l) I i ;~ e ci b IJ c.I v t i~;!oj u e. \~ h I~' n 1: h C' cI i e tis 

con s tan t CI V I? r I CI n g F' e f i ods. .:: '..l ,:; has i r 1 3. n i 111.:1 i h usb an cI I' Y w he l' -2 f i vet 0 

t.en fold weight. g,:tin~3 i'.l/e possible on a single diet. then both 

C LI r f' e n t diE' t d n d c.::< tab 0 liz e cl tis s II E' 5 h:3 V f? t h,,:, 5 a 111 e d ': I t a C val u e • I n 

such ca"ies LhE.' mat.ch betwt'Jen diet deltct C and lfIuscle cit"lta Cis 

excel lent. III Ll sci "" cI e I t. a C ::1 v era \1 (J sO. f:3 (j / 0 CI ,0 less lJE.'gative than 



the diet del ta C, with a 9S% confidence interva! of less than 1 0/00. 

We observe this relationship over the entire range of dietary delta C 

values (Figure 1). 

When the diet is changing, as in the case of free living humans, 

the contributiun of the body pool delta C value becomes the dominant 

term in determining the delta C of the newly fo"'med tissues. The 

inc Ius i (I n CI f bot h c' f t h ,? set e r fll 5 (0. -; x bod Y po a Ide I t a C + O. 3 )( 

recently con~umed fcod delta C) predicts the delta C values of blood 

serum. !O:3~iv;:\. anel urinE? to within 2 0/00 for data taken in this 

p[c:'iect, pr,jl/idte'd that thc~ diet has bl~en conslant for twenty days. An 

i n f a 11 teo 11 S L: min b' 0 n I v b rea s t 111 i I 1< i s a Iso sub j e c t t a c han g I? sin 

dietary della C since breast milk delta C reflects the mother's 

c h Cl. n gin g die', (T a b I eli n u u r F i [. s t P [. 0 g res s Rep art ) . 

The If!lolion bt?t\'Jt~('n della Not the eliel and t~at 01' the tissues 

sampled is less exact. Even with corrections for the 4 0/00 

fractionation that exists betw~en lhe diet delta N and the assimilated 

delta N (see our Fourth Progress Report), and for the 3:7 ratio in 

contributions of newly assimilated foods v~ cataboliz2d tissues, delta 

r~ remains a qualilative, not quantila.live indicator of assimilated 

foods. 

Experiment 1: 

In th~s experiment, for ten days, free living adults consum~d 

diets reslricted to ~-3 foods. The main protein came from purified 

s I) Y pro t e i 11 ;:. n c1 p '! 3 II U t s, 0 r f I' 0 m f u I I ere a OJ pew d e l' e d mil k () f 

A u s t r a I i ~~ nor i gin Co n d P E' a 11 L: l s. A u s l r a I ian fTI ilk was c h 0 sen bee a use the 

cows there receive a pure C-3 diet. This produces a milk with a delta 

C value of -29.3. containing cas~in with della C -28.5. This highly 

.,' ,. 
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neg~tive value is in contrast with milk of U.S.A. origin. In US 

milk. th~ mixed (-3 + C-4 diet of dairy herds produces a delta C 

val u e i nth (~ In 1 I k 0 f a p pox i IT. a t ,-:;. I y - 1 9 for F) () W d e f' e cl ski rn mil k • 

In both th.::, soy-based 2,ncJ ml!v.-based diets, C-3 truits, 

v e get a b I ~ S 3. n ci Yo' h to> aLb I t:'- a d w .::> rep e l' mit ted. The s e had a del t a C 

val u e () f 3 P f-' r 0 )( i 111 a t C' I y _. ~: (:J • 

R ,? sui t ~~ f <] r t h i '3 f:! x per i fI1 e n t 3 rei i s t I? c! i n Tab I e 1. Bas e don the 

::; :)' dis t rib uti I) n bet wee 1"1 l' E' C e n t I yin g est >0' d f a ods and c 3 lab a liz e d 

ti:3",~ues. the predicted delta C ot sa.liva, serulll and urine in the soy 

diet is -21,7. This is in close 3greement with the values rneasured nn 

c1;~ys #5 Zinc! illO (-:::1.5. -:21.::::. -22.2. lor saliva, serum and urine, 

respectivL"!ly, ObSef'Vf::>d orl day 10). Tht:' dclt.i:! ubl3ined from the diet in 

\0.' h i .~ h rn ilk 5 u P F' I .: 0 cl t. Ii e III E!. i n F' r 0 L E' i II h a \I to' the :0 a meg 0 0 d rn a t c h bet wee n 

calculated 3nd measured values. 

The similarity of fecal delta C for the two tests demonstrates 

the simi lariLy of the average isotopic composition of these two 

dif'ts. 

Experiment 2: 

The elata from this c"perimelF. are limited to isotopic values of 

blood serum. Free living adults consumed either rice or corn (plus 

watEr and vitamin/mineral tabl(·ts) tur tE'l1 or twenty days. The 

r e "; t, Its a r- t? Ii:, c- d : n Tab I e 2. T h 0 C c! I ell I 3 ted E' qui lib r 1 u m val u e s for 

Gel t a C 0 f t II t~ ~; (? r urn .0\ [e - 2 L. for the r' ice dIe tan d - 1 9 for the cor n 

eliet. Fur the' t\o.'i!ntv day diets, therE.' is good agreem.?nt be:ween the 

observed 3T!d calculated values. ThE' absence of baseline (day 110) data 

for the 10 clay test rnakt?s interpretC:ition of the data difficult. 

As in t.he expel'iments of the previous report periods, the delta 

N and della l.) values do not follo\oJ consistent trends. The 4 0/00 

4 ~. 
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fractionation of delta N is only an approximation and may vary 

depending upon the availabil ity of diet2ry protein. This may be the 

c au s E' c' r t. hI? W L" 3 k man n e [' i n W hie h cl t? ltc:, N t r a c: k s c han g e sin the die t . 

T h~' III U J L i 1-' ] ,:, ::; u u r c to:::~ l! J h y d r 0 g l~ n a va i Jab J l~ t c the f r eel i Ii j n g t est 

subjects iTIc.j·:t.:' dl?finilion of the dietary hydrogen intake inl]:,ractical. 

Experiment 3: 

Delta C of exhaled carbon dioxide should be an incl;cator of 

f(lods met;3.bo] i::t",d f::n enersy. In pre] iminary expt?riments during which 

c n lye -- :3 f U 0 d S \1 e l' t:' C I") n ~: U III e d for 5 d Cl '! s, we 0 b s e r v e d c I G sea g r e erne n t 

L"." l w 10' e n cI i e t ,7\ n tl b r 1::':-'1 I: h del t --' C val u e ,,;, bot h b e i n gap pro x i mat ely - 26 

0/00. 

To lI1E'd5Ure Lhl:e shorl term rl?SpOnSe of breath delLa C to dietary 

changes, a subje:'c:t, whose normal dif't is rich in C-3 type foods, 

C ::' n 5 U III e don] 'I C U f II (C - I .. ) ~. 0 r :2 /j h 0 U r s, the n s wit c he d to a C _. 3 die t 

(mixed ric(?, mungbean, orclngf-' and then, on day n3, ate corn plu'> 

lTlungbean. i3f'?ath \./::1:3 sampled ;:~t varied inLervals during the test and 

was analysed for della C al the CN~C by S. Sekely. The results of 

thi,,; lest dee listt·rJ in Table 3. 

It is only on day #3 that any evidence of the C-4 component 

bee 0 m E:' 5 l'" V ide II tin ttl E" b r e "t!. h. B y t his tIm e • the die t had c han g edt 0 

include (:---3 foods Cind so the ful I impact of th.? C-4 component was 

muted. 

The data indicale that two or more days of constant diet are 

required for brc·ath La be an indicator of consumed foods. 

This 511:·,,1 l'e:~punse ot breath delta C to the di,-:·t is surprising. 

Readily digestiLle foods would seem to be rapidlv available to the 

metabol Ie ll['ocesses and so this experiment warrants repetition. 

5 "\' .\ 



The slow response of breath, serum and saliva to diet is in 

mar ked con t y' a ~3 r t (I the I' cq:.>i d r ,~ s po n seLl f b rea still ilk t 0 die t a f' Y 

ch3nges. The data repor10d in our First PI'ogress Repo~t are typical 

of the many studies \.Je helve rn,::"de of li:.\ctating womE'n. Six hours after 

Chdtlging the c.c:',rb(lhydrate of the woman's cii..:-'L from (:-3 (dE,lta C -25) 

to C-4 (0'21ta C -12), the delta C of Iler milk lactose had changed 

t I' 0 m -- :=: j. 5 t 0 - 1 7 . 6. T hI:' b=:, e n h 0 U l' S aft 10' r l he die t c han g e , the 

Ide t 0 sed elL a C w d S - 1 !:) • :) • W e s '2 .::' l hat I.:. c l Cl S C f 0 f OJ a t ion i ~:; a I m 0 s t 

immediately repsonsive to lh,? consumed food. Th,:! protein component of 

the mil k ;OJ I s c. c han g ed, but by 3 0 I 0 0 • T his i 5 imp f- e s s i v e sin c I;> the 

pro 1. e i n -- [, i c' h 1 c) (> d S 0 f her die t (m ilk, egg 5, m edt) w ere n C' t c han g e d . 

Expel illlC'nt il: 

T h i ~~ ex p e f i I Ill? J\ tis the In 0 5 t ext ens i ve 0 l' t his 5 i x m 0 nth 

reporting per jod. For ten days, subjects consumed one of the 

following diets: corn only (C-4), COJ'n plus mungbeeJn (C-4 + C-3), 

rice plus mungbean (all C-3), cor-n plus Australian mill< (C-4 + C-3). 

Sampltc":' tjf bloud :3E'l'Um, saliva, urine, rect::·s and breath were 

c c' I I ':;' c; t E' cI t h f' 0 ugh 0 U t t h I? t est p t? r i L) cI s. T h 1'::' ~; 3 to pIe S 3 r e cur r e n t I y 

b I:.' i n g F' l' U C e c:; s .:: d for d 12 I t a Can a I y s: is. The d a taw i I I pro v ide a 

compclrisun of the assimilatiun of mungbean. a common local protein 

~; 0 u j c e, \.Ji t h t Ii a t 0 f III ilk, c\ h i g h qua I t i y pro t e in. 

CONCLUSICIN ---------

Isotopicly spl?aking, it is popular to say: "You are what you 

'? at." I t ~~ e e II~ 5 t hat t his 10 u s t be mod i fie d t () rea d "You are what you 

ate." The della C response of tissues we have measured is slow (weeks 

to r,:-,aeh tl'~il1sient equilibrium) and t.hen it is heavily influenced by 

the existillg body composit.ion, i.E' .• \,1)3t you ate, cumu!atively, ol/':2.r 

the past Illontl-,~-. ')1' yt.'ars. We have found that only breast milk lactose 

6 
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and p r (I t e in) and E' X C rem e n t (u r i n e and f e c e s) c han g era pi d I y a 11 d i ~1 

accord with the recently consumpd diet. 

The Ion g 1 e [- In ["L" S P 0 11 ~:;; t> 0 i F' 0 P u I a t ion s t 0 die tar y 11 0 r m sis 

e v i d .:c' 11 t I f 0 nl 5 t u d i t:.' ~; WE Lof n d () til'? r 5 h::, \! .:? Tn ad e . WI? h 3. IJ e f 0 U n d t hat h air 

f r Cr min d i v i d u a I 5 I i v i n g 0 n t. h .:c' l:' a s teo a s t ~=t n d t h '" mid - \oJ est 0 f the 

U . S • A . iss i mil 3. r. a p p r Ct x i III 3 t c' I y - 1 G • 5. T his rei I e c t s the C - L~ i n p L1 t 0 f 

cor 11 - fed cat tIe and po u I try (- 1 L~) and the III i ,; e d ,~ - L~ and C - 3 fee d 0 f 

dairy herds (powdered skim milk frum California, Florida and 

Pt:'l1l1sylvania had delta C values of -19. -19 ':Hld -18, respectively). 

The foods of Wuxi. China .=tre imaged in the- (Ielta C of loccll 

inhabitElnts hair (-22) and in the dt:.'lta C of their foods (pig -28, 

fi~)h -22, milk -21), In Israel, our hair has a delta C value of 

approximately -18, our protein-rich foods -22 (dairy) and -16 

( po lJ I try) . 

Fl-om the resul ts to date, it is becoming clf:!ar- that del ta C is a 

useful tracer only when good baseline data are available and the diet 

is controlled during an experimental period of at lec:~st a week. 

FUTURE EXPER I f1ENTS 

D U lin g r Ii E' f 5_ n ell per i 0 d 0 f t his p r- () icc 1.. w e w i I I e mph a s i z est u die s 

o f ass i mil ::, l i 0 11 b y I a c t;:d i n g w 0 m ':. nan d 0 f ;~ cI i etc I] m bin i n g cor nan d 

fish. ThesE.' ft'.'sults in combinCitioll wit.h those of Experilllent 4, described 

abo v e , r c> I a t c~ d i I • .:' c tl y t (j the nut r- i t ion net' d S 0 f pop u I ;:, 1.. ion 5 a t r i 5 k 

for malnutrition. 

T Co (1;0' t. '" \, E- h a v e s pen t $ 1 03 , 83 1 . 24 0 r 69. 2 % 0 l' CJ u r bud get, The 

political activity in the Phil ippines has continued to cause some 

delays in the planning and iOlplF:>rnentation of the experiments and 

7 
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therefore in some of the planned outlays. Because this research is 

n I:) t [, 3 sed i n 3 III 3. j 0 l' In e t r 0 pol ita nee n t e 1'. com m u n i cat i lJ n s are 1 e S 5 

rapid than we would desire. 

8 



Table 1. Isolopic values for selocled body tissues sampled while 
adul t Oldies con:;umed pure C-3 diE·ts fOf ten days and then consumed 
C .J ~ C - 4 t ,~, '::' d ~:, fur ,'_ d d Y S • 

DIET dt;? I laC de I taN 

SljY protein 
\' te' IS \~ t .::; b I e 5 

'::1nd oats 
b r e,-1 d 

f'i:'d blood ce I Is 
blood serum 
s~ ... I i ',I:J 

uri 11(:: 

rc·d blood cells 
blood serum 
sai iva 
uri ne 
f eCt?S 

DIET 

p(lwd~· r ed mil k 

-24.6 

-26 
-25 

" 
" 

" casl"in 
" fat. 

vE'getab I es 
b r t::-3 d 

and Oelts 

+0.3 

day 0 

-21.0 
-20.7 
-20.0 

delta N 
day 0 

delta C 

-29.3 
-26.5 
-:31.5 
-26 
-25 

(if:? I La C ( PDB, aiDa ) 
day r-

::J clay 1 0 II 
- - -- - - - - - - -

-21 0 -2J 6 I I 
-21 1 -21 " 1/ L 

-:::~ 1 r, -- 21 5 II 
-::~ 1 L, ., '-.' " 1/ . .:.. ......... ~ 
- 26 4 - 'J-' .:.. I. 4 I ,/ 

(at.mosphel·ic: nitrogen, 
day 5 day 10 II 
- - - - - -.-----

ttl.S +7.3 I I 
8.7 8.4 II 
6.7 6. 1 II 
6.1 L~. 9 II 
5.0 3.5 II 

del ta N 
-------

+3.5 

delta C (PDB, 0/00) 

day 12 
- - - - --
-21 ~. 

~: 

-21 1 
.,- 19. 9 
- 17. 8 
-25. 9 

0/00) 

day 12 
------

7.4 
9.0 
6.9 
9.4 
4.6 

day 2 day 4 day 7 day 10 II day 11 

f~BC 

serum 
5ali'/a 
urine 
f(o>cc·s 

-20.5 

-19.6 

-20.5 
-20.8 
-19.7 
-21.2 
-26.4~ 

-20.G 
-"::0.7 
<~I). 9 
- 22. I~ 

<20.5 
<~1. ..:, 
.. 20. G 
-22.;:i 

shal/inF~s-19.7 '-13.(. --1~j.U 

~This fecal sample was taken on d.:,y »3. 

serum 
sa I iva 

day 0 
cI e I t.3 N '.;:' t 1:10 5 p her i c 

day 2 day 4 day 7 
- - - - - -- - _. -- - - - - - .- .-

+ 7 3 ~ 6 6 + t; 8 
t3 4 3 ,-' :3 t3 

- - - - - -
-20. 6 II -20.8 
- 21 5 I / -21.3 
-20. 8 I ;' -20.3 
- ' .. -, ~: I I .!...L. J -19. 1 
-26 ,. /1 -24.2 
- E~ f, / I -19.7 

nitrogen, 0/00) 

day 10 II day 11 
- - - - - .. - - - - - -
t '3 9 I I 

4 8 I I 4 6 

note: Acidifying sctmples prior to analysis h;:~d no I~ffect on the 
rJ e I t a C a I' del taN val II €'. 1\ c i d i j i cat i (I n r 01il 0 V E' S C.3 j' bon a t (, - car bon 
which 1Tl':,y hl~ fJrl'~,t?nt alrd f'l"tarcls volatilization Llf ammonia-nitrogen. 



Table 2. Isotopic values for blood serum whi Ie adults consumed only 
corn (C-4) or rice (C'-.'3) during the periods indicated. 

DIET 

boi I (O,d corn 
boi ied rice 

C:':irn diet 

day: 

~ice diet 

day: 

clt.:.-I ta C del La N 

-10 
-27 

0 

-21.4 
-20.3 
-20.3 

o 

-23.0 

delta C 

10 

-21.2 
,. '.9.9 
-20. 1 
-19.6 
-17.7 

della C 

10 

<21.7 
-:21. 7 
-:':':1.6 

-6 
+5 

20 

-19.6 
-19. 7 

:20 

-23.:3 

-10:::-
-lGO 

delta N 

0 10 
- - - - -

+<).3 

10.0 
10.6 '3.6 
10.0 9.8 
10.0 9.4 

de I t.a N 

o 10 

+9.9 
13.8 
~:I • 5 

C) • ,=: 1 ,j. 7 

20 

9.L:. 
1 O. 1 

20 

9.4 

delta D 

o 10 20 

-82 
-86 

-95 -78 -89 
-83 -·76 -83 
-83 -81 

de I ta D 

o 10 20 

-84 
-85 
-80 

-83 -91 -85 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxx 

x x x x x x x x x x x .': :-: x x x x x x x x x x ,: >< x x x x x x x x x x x X '< X X X X X X ): x x x X ), X X x' X X X X X X X ;~ X X x 
T ,Ct b I ~·3. D '= I L ,:';. C I} cl I I.J L' S u fbI C· ,Cl I h s ;,' III /- I c' d \,1 h i I c' sub j "~'l' I. ",~ 11 S U III e d 3 

diet cClniainin,,; (lilly ':-4 UJ '.'.j ,,[ :,:, lI:i.'{ ul ('-il :.1 I'",! C-,:; l .. ,c,d~ .. 

[J.::, v II l 
C" r II i C -.:. ) 

t. i III t' del t Ci \ ' 

(IDOO 
O'J:2() 
1000 
11,)0 
1,:'''!O 

1600 
[I Ci Y II J 

-23.4 
- 72. 1 
-:-':2.3 
<:3. :3 
<:,=;.,] 
- .:::/~ . :) 
.~ :~ I~ • 2 

(' ,) l' n + III U n ~; [) e;:, n 

t ~ Ill!.:' ,,1,.' I 1. 3. C 

Oeie'\) 
\)I'::(~O 

(,900 
C9~-:O 

12::50 
1250 
1310 
1 ,dO 

1610 

- ~,II • 9 
<~LI. C 
-:: 1 .0 
- 21 . 1 
-20.Q 
-.20.5 
--16.9 
- ::: 1 . 3 

[Id V 11:'-
r'1 i x eli C - J (r ice. III u n g b e a Il • j r u it) 
l i Ila:' d 1:':' I l Cl C 

0f300 
1300 

Day U4 

-24.:':: 
-23.4 

11ixed C-4 t C-3 
tim~ deltCi C 

lS00 
130') 
1300 
1300 

10 

- 19. 1 
-20.9 
-19.7 



Figure 1 

o 
~ o 

The relation of the 8c of several animals to 
the DC of their diets. 

r----r--r----r--'---'---I --,---r'-y-----r---r--I I 1 - 30 Prawn and guppy data are for whole 
ground animals. 
Other animals: dala are for -7--- CC 
flesh. 
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p = prawn 
cc =common carp 
sc=silver carp 
g =guppy 
s = sheep 

sw =sil k worm 
sbom=soybean oil meal 

I =Iilapia (niloticaXOlJrea) 
ch=chicken (broiler) 

p d=daphnia 
_/OL-~--·~--L--L--~ __ LI __ ~I __ ~ __ L_~~ 
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-II 

I 
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Q) 
U .... x 

E 
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..c::. 
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-2/ -3/ 
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) I J I II... j-' 1 

0 .c: .c: "0 E Ul '+- Ul 
C Ul UlQ)OQ) 0 C 
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This figure is adapted from: Schroeder, G. (1987> Carbon and nitrogen 
budgets in manured fish ponds on Israel's coastal plain. 
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