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A procedure for the stabilization of tyrosine during the acid hydrolysis of food materials 
containing carbohydrates is  based on the principle of adding excess tryptophan which 
reacts with the carbohydrate, leaving the tyrosine free. Using this method for hydrolyz- 
ing the samples, the tyrosine content of 138 different kinds of farm feeds was determined 
by microbiological assay with Leuconostoc mesenteroides as the test organism. 

i i i  cswiiti'il aniino acid coiitciii 01  T fai.rn feeds used in poultry and  s\vitic. 
rntions lias been irported by T.!.man. 
I i l i i k y i i .  and Hale [ 1 7 ) .  

. \ 1 i l i l J u ~ ~ i  tyrosine is not  onr of the 
c~sscntial amino acids, tables 011 th r  
c w n t i a l  dirnino acid content of feed- 
s r u H s  arc not entircly complete lvithout 
data 0 1 1  t ~ ~ i m i n ~ .  I m a u s e  the quant i ta-  
tive rrrlaircinents c~f animals for phenyl- 
,~ lan inr  art' greatrr  if tyrosine is nol 
1)rescnt in  the diet. T h e  sparing actioii 
o f  t!.rosinr has be tn  sholvn for rats b\. 
.\rmstrring il). for young pigs by L4ertz. 
I Ienson. Beeson ( / . 2 )5  and for chicks 12) 

.\lniquist and  G i a u  ( 7 ) .  
o n e  !Jf thc iiiajor difficulties in the  

tletcrininatioii or t!.rosine in materials 
coniainiiig carbnh!drates is that  during 
acid Ii!.drolysis tyrosine is destroyed. 
\\-it11 ihr fnr;Fation of humin substances 
( 7 .  lo) .  For this reason, alkaline hy- 
drolysis has hrrn i.ccommrnded by Block 
and \Yeis  [ . I ) .  .\lthougli i t  seems to 
have bc rn  the preference of m,ost in- 
\rsiigatoi,s. Hodson and Krueger (8) 
round a 10'; loss after barium hydroxide 
hydrolysis. and Bollins and Block ( l ] .  
;is a result nf 38 experiments on  the 
i.ecovrr!- of' ryrosine added to lacto- 
qlobulin and six experimrnts \\-it11 t ) m -  
sine alone. reported a loss of from 1 1  to  
1-7; of the added i>.rosinc after .j-hour. 
li!-drol>-sis \ \ . i i I i  .5.\- sodium h)-droxide in 
a11 oil bath at  11!1 '  to 115' C .  TIlr 
c.sprriencr of t l i r  presenr authors has 
I)ccn iiiiich thr same as the above 
reports. T h e  procedure used b! Kuiken. 
Lyman. and Hzlr (9;) for thr stabilization 
(Jf tr!.ptc)pIian dui iny alkalinr hydrol!.si< 
did noi  c~oinpletrly stabilize t )~os ine .  

'Thr ~ ) u r p n s e  nf tlic present comn.inuiii- 
c.ation is t o  rrport a new mrthod for thc 
qtabilization of t!.rosinc during thc 
Iiydrolysis of feedstuffs containing carbo- 
hydrates. and to report the tyrosinc 
content of feedstuffs and  materials \vir11 
potrntial \.aIIir a s  fa im fwdqtiiffq. 

Experimental 

Hydrolysis of Samples. .\ I-gram 
,ninplr cgoiinti to p,iss a 60-mrsh $;eve and 

Table 1. Stabilization of Tyrosine 
during Acid HydrolysisL in the Pres- 

ence of Carbohydrate 
Added before Hydrolysis 

Trypto- Tyrorme 
Storch, phan, Tyrosine, RecoverYp 

9 g m g  Mg % 
\ IF  ' (  

n 5  n o  1 0 0  8 1  81 

0 5  1 0  1 0 0  3 8  98 

( J O  0 0  1 0 0  9 1  31 

i) 0 1 0 10 o 10 1 101 

" 100 1111 of 6.1 HCI. iefliixed 24 hour\ 

Table II. Stabilization of Tyrosine 
during the Acid Hydrolysis of 

Feedstuff sa  
Tyrosine Found 
in sample, % 

Without With  
trypfo- trypto- 

Feedstuff phcn phcn 

OdtS i) 35 0 42 
Wheat 9 48 0 54 
Soybean 1 65 1 92 
Corn 0 28 0 48 
Tuna fish rnenl 2 39 z 34 

1 Grams of sample, 100 in1 of 6 Y  H( 1,  

Grams of tivptophdn ,idtlrti prim t n  

__ 

Polished rice 0 21 n 46 

I efluxed 24 hours. 

hydi olysis 

Table 111. Tyrosine Content of Farm Feeds and Materials with Potential 
Values as Feed Ingredients 

Product 

:\scon1cal 
Cladophora rulcsl i  I J  

Laminaria cloustoni 
Septune's Bounty 
RhoAympnio Pnlmnfi2 

Average Tyrosine 
Confenf,  70 - - ____ - 

No. o f  Average Crude Crude 
Samples Protein," yo Somple 

1 i . 7 3  
- 28.12  
1 10 .91  
3 

1 6.01  
I 20 63 

. \PII I . \ I .  HY-PRODGCl.!: 

Blood meal 1 8 0 . 1 4  
Bone meal, stcamrcl 1 I 5  77 
Digesta bone 1 7 . 9 7  
Digester tankage I 60.81 
Dried buttermilk - 28 .31  
Dried skimmed milk I 33.50 
Dried whey solubles 1 28.09  
Dried whole whey - 12.31 
Dried hydrolyzed \vIiey I 19 .79  
Dried sweet whole whr!- 1 12.69 
.\Teat and bone scrap I i o  02 
.\Irat. bone. poiiltr>- scrap 1 .5l 93 

7 
7 

7 

7 

FEKvt..x.r4 r i o s  FFFDS 
Ikied bre\ver's and distiller's grains 

Brewer's dried grains 1 
Distiller's dried grains I 

composite samplr I 

Corn distiller's dried grains, Dis- 
tillers' Feed Research Coiinril, 

20 .21  
29.30 

25 .77  

0 '1 
0 93 
0 2- 
0 14  
i) 61 

2 21 
0 49 
9 24 
1 63 
I 46 
1 89 
0 80 
0 35 
0 68 
0 34 
1 22 
1 2 ;  

I 22 
1 1' 

1 38 

protein 

4 . 1 -  
3 32 
2 4- 
7 . 3 3  
7 96 

2.71, 
3 11 
3 01 
1 . 6 8  
5 .16  
i , 6 4  
2 85 
2 . 8 4  
3 . 4 4  
2 68 
2 . 4 3  
7 41 

(1.03 
7.9' 

3 . 5 0  

Tnhlr 111 (Cnrrtinwd) 
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1 -gram of  uL.-tryptophan wcrr placed in a 
500-ml. long-necked round-bottomed Rask 
with qround-glass connection. One hun- 
dred milliliters of redistilled 6 .V hydro- 
chloric acid were added and the material 
was boiled undcr a reflux condenser for 24 
hours. Overheating o f  the flask above 
the liqiiid level was avoided by using ail 
clrctric licatrr Lvitli a refractory top platt, 
\vith a small hole in the centrr. Caking 01 
the mat(-rial on thr side of thr flask may lr,i(l 
to low rc,siiltr. 

L-sing a hot \vatcr bath to he,it t l i c  ll.isl,. 
tllr volirmc of hydrocliloric acid \vas r r -  
tlucrtl to approximately 5 ml. by ~ B C I I I I I I I  

clistillation. About 75 rnl. 0 1  distilletl 
watrr and 10  or 12 glass lieads were added. 
anti tticn thc flask \vas swirled to reinovl. 
any solid material adhering to the flask. 

'rhr solution was transfrrred qiiantit;i- 
tively to a 250-ml. bcaker, and neutralize(1 
with sodium hydroxide (pH 6.8) using ;I 

Bcckman pH meter. .I p H  meter wits 
found more s:*tisfactory than an indicatal. 
dye in adj:tsting the pH. because of tlir 
dark color of most hydrolyzates. 

Thc solution was diluted to 200 inl. i n  ;I 
volumetric flask and filtered. Most of thr 
added tryptophan precipitates and is 1 . r -  

moved b y  this filtration. 
Microbiological Assay. Lruconos/or V I I J , , ) ~  - 

/pro i i / r r  P60 (.Vl'CC No. 8014) was used a \  
thr assay organism. 'l'he basal mediuiii 
\vas t h c  s imr  as that used by 1,yman. 
Kriikrn. and Halt. ( 7 7 )  for the determina- 
tion of  argininr. phenylalanine. and lysinc 
\\ i th  t h c  exception that tyrosine was 
omittcd. Standard curves \vere prepared 
with L-tyrosine over the range 0 to 25  -, 
\vith points at 2.5-y intervals. 

T h r  general procedure for inaintaining 
the culture and condiictinq the assay has 
lmm descrilxd ( 7 7 ) .  

Results and Discussion 

Stabilization of Tyrosine during 
Acid Hydrolysis. I t  has been known 
for many years that both tryptophan and 
tyrosine react ivith carbohydrates when 
boiled in acid solution. As a result of 
the reaction. dark-colored humin ma- 
terials containing nitrogen derived from 
these amino acids are formed. Observa- 
tion of the color development as the. 
reaction procreds suggested that th r  
reaction bct\\.ern carboh>-dratr and 
tryptoplian is considerably faster than 
the reaction 1Jcnvern carbohydrale and 
lyrosine. By incrcasing the concentra- 
tion of tr!-ptophan to man). times that  of 
tyrosine. the reaction is shifted torvard 
tryptophan to the extent that for all 
practical purposes the tyrosine is lefr 
completrly free. T h i s  is the basis h i  

the stabilization o f  L)-rc;sine usvd in this 
invesLigation. 

Table I is reprcsentativc of sevcral 
iests on the use of rryptophan for th r  
stabilization of pure tyrosine boiled for 
24 hours in redistilled 6.V hydrochloric 
acid with and without the addition 0 1  
starch. I n  the presence of starch \vith- 
out tryptophan, 17% of the tyrosine \vas 
lost. When tryptophan was added in 
addition to th? starch, the recovery was 

Table Ill. Tyrosine Content of Farm Feeds and Materials with Potential 
Values as Feed Ingredients (Continued) 

Product 
No. of  b.verage Crude 

Samples % 
1. ' l .K\lEU'I 4TIOY I.'hEI>S (cO:on/. i 

( ' u r n  ciistillcr's tiriccl q r i m  wit11 
solublec. Distillers' Feed Re- 
search C:oiinciI. cornpmite 
sample 

I )i.icd fermelit,itioii soli~l)lr.: 
I)istillrv's solublrs 
(hrii  distiller's solt~bltx. Ilia- 

tillcrs' Feed llesrarch Coiincil. 
coiiiposite sample 

(:;tile sirup l)iit!.l f'evinrrit;rtions 
solubles 

Ihied corn lei iireiilatiuii solublcs 
AIolasses ethyl Iermentatiori $01- 

itbles (Vacatone 4 0 ,  
hlilll sprouts 

'rol.llin > r ; i u t  
Brewer's dricvl > riisl 

l ' ih I I I ~ A  
.\llchov) lllcill 

.ingola fish mral 
Fish meal 
Flounder Iiiral 
Herring fish meal. Cai idian 
Herring full meal, Canadian 
Herring fiill meal, Nor\veeian 
hlenhaden fish meal 
Pi1cli;ivd fiill me;rl 
Redfish mral 
Sardine meal 
Sardine fish ~nea l ,  (~Iii lr~in 
Sardine Lvaste-fish meal 
' r u m  fish meal 
LVhite fish inen1 

C:rab meal 

1 

1 

27 82 

2' 03 

2' 7 2  

25 13 
32 13 

7 85 
31 .83  
43.37 
46 3.5 

Average Tyrosine 
Confent, % 

Crude 
Sample profein 

~ ~ -. 

1 I!, 4 28 

0 72 2 66 

1 05 3 79 

0 70 2 . 7 9  
1 . 2 9  4 01 

0 . 0 9  1 . 1 4  
0.71 2 .23  
1 . 4 8  3 .41  
1 .6' 3 60 

1 
1 
I 
1 
1 
1 
1 
3 
1 

1 
1 
1 

3 - 

3 - 
1 
1 

58 72 2 16 3 66 
65 03 2 35 3 61 
64 74 2 23 3 45 
56 48 1 57 2 78 
73 00 2 56 3 51 
72 06 2 12 2 94 
66 59 2 26 3 39 
61 21 1 97 3 21 
63 8' 2 0- 3 24 
58 50 1 90 3 25 
53 97 1 79 3 32 
69 59 2 32 3 33 
59 35 1 94 3 2- 
60 80 2 0- 3 40 
69 06 2 33 3 37 
36 8- 1 40 3 80 

Fish solublea 
3 Condensed lisli solublea I 69.12 idrv wt .  1 0 61 n 88 

Condensed menhaden fish solri- 

Menhaden fish meal with solubles 
Dry fish solithles on alfalfa meal 

bles 

carrier 
Desiccated and drfattrd lisli mea l  
Desiccated. defatted. and deo- 

Fish glandiilar and livrr hydroly- 
dorized fish flour 

zate 

Barley. Cardona 
Barley. Goliad 

Barley, av.  
Buckwheat seed 
Corn, Country (knt l rmrn 
Corn: yello\i 
Feterita 
Hegari, earl! 
Kafir, sugar) 
Kafir, waxy 
Kafir: combinr 
Manitoba. yellow 
Milo 
Oats, Alaino 
Oats, Mustane 
Oats, Ranger 

Oats, av. 
Kedbine, 66 
Rice, Century Patna (polished) 
Rice. Rexoro (polished) 

Rice (polished), av. 
Rice, Century Patna (rouqh j 
Rice, Rexoro (rough) 

Rice (rough)! av. 
Rye, Balboa 
Rye, Tetra Prtkiis 

Rye. av. 
Shallu 
Shrock 
Spelt. White Spring 

I 
1 

64.66 (dry wt.) 
61 8' 

39 26 
80 30 

79 60 

63.66 (dry wt , )  

GRAINS 
13 93 
13.9' 
13  95 
11 52 
10.81 
9 . 9 3  

11.50 
1 9 . 6 3  
1 8 28 

9 .56  
1 9 .47  
1 14 .25  
1 11.34  
1 12 .15  
1 11 .60 
1 10.45 

11.40 
1 9 . 7 8  
1 8 . 4 1  
1 8 . 6 6  
1 8 . 5 3  
1 7 . 8 1  
1 8 16 

7 . 9 8  
1 10.47 
1 9 . 5 3  

10 .00  
1 9 .54  
1 11.59 
1 14.00 

0 8- 1 35 
2 23 3 60 

0 61 1 55 
2.65 3 30 

2 . 7 9  3 51 

1 80 2 .83  

0 52 3 7 3  
0 41 2 86 
0 46 3 29 
0 38 3 21 
0 52 4 81 
0 45 4 53 
0 66 5 74 
0 39 4 05 
0.54 6 52 
0 39 4 08 
0 43 4 54 
0 63 4 42 
0 50 4 41 
0 48 3 95 
0 46 3 9- 
0 42 4 02 
0 44 3 98 
0 3- 3 78 
0 45 5 35 
n 46 5 31 
0 46 5 33 n 40 5 1 2  
0 40 4 90 
0 40 5 01 
0 41 3 92 
0 33 3 46 
0 3- 3 7 0  
0 43 4 51 
0 31 4 40 
0 46 7 29 
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Product 

'Turghai. red 
LVheat, Frisco 
Wheat, Qudnah 
LVheat, Seabreeze 
\%'heat, Selkirk 

Wheat. av, 

GR 

Table 111. (Continued) 

N o .  o f  Average Crude 
Samples Protein," 70 

GRAIXS (Cont.) 

1 1 4 . 1 8  
1 15 .28  
1 18 .16  
1 1 8 . 5 0  
1 17 .00  

1 7 . 2 3  

LAIS BY-PRODUCTS FROM h'fILLISC 4 t i D  PR 
Corn by-products 

Corn. coarse fiber 
Corn, fine fiber 
Corn oil cake meal (qerm meal) 
Corn glutelin 
Corn gluten 
Corn gluten feed 
Corn gluten meal 
Corn steep water 
Hominy feed 

Grain sorghum sluten meal 
Grain sorghum oil cake meal 

(germ meal) 
Milo, coarse fiber 
-Milo, fine fiber 
Milo oil cake meal (germ meal) 
Milo gluten 
Milo gluten feed 
Milo gluten meal 
Milo heavy steepxvater solids 

Grain sorghum by-products 

Oatmeal feed 
Oats, table 
Rice by-products 

Rice bran 
Rice bran. Century Patna 
Rice bran, Rexoro 

Rice bran, av. 
Rice polishings 

Wheat by-products 
Wheat bran 
Wheat germ 
\%'heat germ meal 
Wheat gray short:. 
Wheat. Red Dog 
Wheat. second clear 
LVheat standard middlinqs 

Babassu meal 
Castor flour 
Castor pomace 
Copra meal 
Cottonseed meal, solvent-extracted 
Cottonseed flour (Proflo) 
Linseed meal 
Palm kernel meal, expeller 
Peanut meal. solvent-extracted 
Safflower meal 
Sesame meal. expellrr 
Soybean meal. solvent extracted 
Soybean protein (commercial) 
Sunflower seed meal 
Tung meal (commercial) 
Tung meal (laboratcry) 
Walnut oil meal (av protein) 
Walnut oil meal (high protein) 

Black-eyed peas 
Chinese-red cow peas 

Alfalfa leaf meal. dehvdrated 
Animal protein factorb 
Antibiotic feed supplement 
Grape pulp, dehydrated 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 

1 

8 . 6 0  
12 .80  
24 39 
48.51 
62 65 
21 42 
43 53 

41.19 (dry i \ t , )  
9 9' 

64 69 

18 50 
10 03 
23 22 
21 94 
60 91 
26 38 
44 93 

37.66 (dry i 4 t . J  
13 91 
16 72 

12 59 
14 50 
15 0- 
14  05 
14 00 

1 15 .69  
1 16 32 

OILSEED RESIDUES 
1 22.72 
1 65 .03  
1 39.79 
3 21 .35  
2 47.60 
1 55 94 
1 45 25 
2 

1 41 .26  
1 20.88 
1 48 .07  
1 1 3 . 0 3  
1 1 9 . 5 7  

PEAS AND BEAKS 

3 21 59 
1 22 .54  

MISCELLANEOUS 
2 1 9 . 2 7  

Average Tyrosine 
Content, % 

Crude 
Sample protein 

0 . 5 7  4 . 0 2  
0 . 5 1  3 . 3 4  
0 . 6 3  3 . 4 7  
0 . 5 5  2 . 9 7  
0 . 5 4  3 . 1 8  
0 . 5 6  3 . 2 4  

LOCESSISG 

0 26 2 91 
0 48 3 75 
0 91 3 73 
2 67 5 50 
3 72 5 94 
0 64 2 99 
1 97 4 52 
1 11 2 69 
0 43 4 31 

3 13 4 84 

0 65 3 51 
0 39 3 88 
1 14 4 91 
0 84 3 83 
2 33 3 83 
0 90 3 41 
2 24 4 99 
0 93 2 47 
0 55 3 95 
0 66 3 95 

0 46 3 65 
0 47 3 24 
0 55 3 65 
0 49 3 48 
0 45 3 22 

0 50 3 25 
0 81 2 95 
0 96 2 49 
0 50 2 83 
0 j7 3 28 
0 . 4 6  2 . 9 3  
0 .51  3 . 0 9  

0 69 3 047 
2 07 3 18 
1 15 2 89 
0 53 2 48 
1 , 5 0  3 . 1 5  
1 . 8 8  3 . 3 6  
1 04 2 30 
0 56 3 31 
1 69 3 66 
0 62 2 81 
1 55 3 41 
1 . 8 3  4 .oo 
3 .12  3 . 8 8  
1 . 05  2 . 5 4  
0 . 7 7  3 . 6 9  
1 . 4 8  3 . 0 8  
0 . 4 4  3 . 3 8  
0 . 6 2  3 .17  

0 . 7 6  3 .52  
0 . 8 1  3 .59  

0 84 4 35 
1 52 94 0 88 1 66 
1 46 13 1 54 3 34 
1 13 50 0 50 3 70 

a Values not corrected to moisture-free basis. * Dried fermentation product prepared as 
source of vitamin BII .  Amino acid composition of products is due to carrier substance. 
Other animal protein factor preparations may be different in amino acid content according 
to process used. Dried fermentation by-product from bacitracin production. 

V O  L. 6, N 0. 

9870. FVithin the limits of error to be 
expected in a microbiological test, this 
represents complete recovery. 

I t  is conceivable that  the stabilization 
of tyrosine in  a protein m,olecule might be 
quite a different matter from the stabili- 
zation of tyrosine added as the free amino 
acid. To test this possibility casein was 
hydrolyzed alone, with tryptophan, with 
starch, a n d  with both tryptophan and  
starch. T h e  values for the tyrosine 
content of the casein sample hydrolyzed 
without the addition of either tryptophan 
or  starch were 4.66 and  4.697,.  O n  the 
addition of tryptophan before hydrolysis, 
the value was raised to 4.88Yc. Al- 
though the slightly higher value appears 
to represent a n  improvement in the 
conditions of hydrolysis, the difference 
is within the experimental error of the 
microbiological test. FVhen starch \vas 
added without tryptophan, the apparent  
tyrosine content was reduced to 4.1970. 
This  destruction \vas prevented by the 
addition of tryptophan (4.70 a n d  4.71% 
tyrosine). 

T h e  sample of Labco casein used in 
this test contained 13.497, nitrogen 
without correction for moisture and  ash. 
Based on the experimental value of 
4.707, tyrosine in the sample, the 
tyrosine content calculated to 16% 
nitrogen is 4.477,. Literature values for 
the tyrosine content of casein vary con- 
siderably. Although a number of these 
are in good agreement with the above, 
the purpose of the experiment \vas to test 
tyrosine stabilization rather than to 
present a new value for the tyrosine 
count of casein. I t  appears that  par t  
of the discrepancy to be found in the 
literature concerning the tvrosine content 
of casein is due  to the fact that  whole 
casein is made u p  of several proteins of 
different amino acid composition (5, 6).  

Table  I1 shows the difference in the 
values obtained for the tyrosine content 
of feedstuffs hydrolyzed with and  without 
tryptophan. FVith a material like tuna 
fish meal which contains very little 
carbohydrate, adding tryptophan before 
hydrolysis made little or no difference. 
However, with material like polished 
rice. \vhich is high in carbohydrate and  
low in protein, the tyrosine values \yere 
more than doubled. 

Tyrosine Content of Feedstuffs. 
T h e  tyrosine content of various classes 
of materials used in feeds for poultry 
and  swine is given in  Table  111. T h e  
table also includes materials which are 
not now used as feedstuffs, but  appear  
to have potential value for such use. 

Different general classes of feedstuffs 
are  characteristically high or low in 
certain amino acids. For example, 
feedstuffs of animal  origin are in general 
higher in lysine than products of vege- 
table origin. Corn and the grain 
sorghums are  high in leucine and the 
m3jority of the oilseed meals are  high in 
arginine. Examination of the tyrosine 
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values reported here fails to reveal any 
particular class of materials which is 
either very high or very low in tyrosine. 

No literature values could be found for 
the tyrosine content of many of the farm 
feeds reported in this communication. 
G u n n y ,  Dwyer, and Stokes (7) deter- 
mined tyrosine in some food materials by 
microbiological assay after basic hydrol- 
ysis. T h e  values reported by these 
investigators are  somewhat lower for 
blood meal, milk, rye. brewer’s dried 
yeast, soybean meal, and  alfalfa leaf meal 
than those given in the present communi- 
cation. In  the case of wheat, corn, and  
barley, the values obtained in the present 
investigation are  either in satisfactory 
agreement or they are slightly lower for 

some varieties than those reported by 
Gunness, Dwyer, and Stokes (7). 
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Corn consumed in the form of flat cakes (tortillas) is  the principal food of lower income 
families in Central America. Important changes in nutritive value result from heating the 
corn in lime water to soften it for tortilla preparation. The changes in samples of white 
and yellow corn used by two families in a Guatemalan highland Indian village were 
determined. For the white corn, the combined physical and chemical loss from corn to 
masa, the dough from which the tortilla cakes are made, averaged 60% of the thiamine, 
52% of the riboflavin, and 32% of the niacin, as well as 10% of the nitrogen, 44% of 
the ether-extractable portion, and 46% of the crude fiber. The yellow corn lost 65% 
of the thiamine, 32% of the riboflavin, 3 1 % of the niacin, and 21 % of the carotene 
originally present, as well as 10% of the nitrogen, 33y0 of the ether-extractable portion, 
and 32% of the crude fiber. 

N SPITE of the great importance of tor- I tillas as the daily staple for many 
people in Mexico and  Central America, 
relatively few studies have been made of 
their chemical composition and nutri- 
tive value. Tortilla preparation is not 
standard among all countries $2 here it is a 
basic food, and additional studies are re- 
quired to determine the manner in which 
the different methods influence nutritive 
value. 

Tortilla preparation in Mexico, as de- 
scribed by Illescas ( I d ) ,  involves the addi- 
tion of one part  of whole corn to trvo parts 
of approximateli 1% lime solution. T h e  
mixture is heated to 80’ C. for 20 to 45 
minutes and then allowed to stand over- 
night. T h e  following dav the cooking 
liquor is decanted. and the corn. now re- 
ferred to as ..nixtamal,” is nashed two or 
three times with water without removing 
the episperm or the germ. T h e  cooked 
corn is then ground to a fine dough caIIed 
“masa.” About 50 grams of dough are  

patted flat and cooked on both sides on a 
hot iron plate. 

Ptrez y Pkrez (22) has presented data  
on the mineral and protein content, and 
Cravioto and  coworkers (2) have studied 
the chemical composition of tortillas made 
in Mexico. They have reported rela- 
tively small losses in thiamine, niacin, 
and  riboflavin, and a 407, loss in the 
carotene content of yellow corn. T h e  
phosphorus and iron contents increased 
15 and 377,, respectivel); and because of 
the treatment with lime Lvater? the cal- 
cium increased 20107,. 

Massieu and coworkers (79) and 
Cravioto and associates (3 )  shoxved that 
tortillas were deficient in lysine and tryp- 
tophan, and that during preparation con- 
siderable change occurred in the original 
histidine, threonine, arginine, and tryp- 
tophan content of the corn. Although 
Tapia and coworkers (25) reported that 
the Mexican preparation of tortillas im- 
pairs the biological value of corn pro- 

teins, Cravioto and associ-ztes (-1) and 
Laguna and Carpenter (77) have shown 
that rats fed tortillas gained Lveight faster 
on a diet deficient in niacin and trypto- 
phan than rats fed untreated corn. Tbis 
has been confirmed by Squibb and co- 
M orkers (2-1). 

Jaff6 (16) described the method used 
for making tortillas (arepas) in Venezuela 
and shoned large losses of fat. thiamine, 
riboflavin, and niacin. Both the germ 
and episperm are separated bv mechani- 
cal maceration, leaving only the endo- 
sperm, T h e  \-enemelan method thus 
gives a product nutritionally inferior to 
that prepared in hlexico and Central 
America. 

T h e  present nork was undertaken to 
study the effects of the lime treatment on 
the chemical composition of corn in the 
making of tortillas in Guatemala.  T h e  
data  obtained in this stud! are of practical 
value to dietitians, nutritionists, and in- 
stitutions attempting to study the prob- 
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