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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.

Hr essential amino acid content of

farm feeds used in poultry and swine
rations has been reported by T.man.
Kuiken. and Hale (/7).

Although tyrosine is not one of the
amino acids, tables on the
essential amino acid content of feed-
stuffs are not entirely complete without
data on tvrosine, because the quantita-
tive requirements of animals for phenyl-
alanine are greater if tyrosine is not
present in the diet. The sparing action
of tvrosine has been shown for rats by
Armstrong (2). for young pigs by Mertz.
Henson, Beeson (/7.2), and for chicks by
Almquist and Grau (7).

One of the major difficulties in the
determination of tvrosine in materials
containing carbohvdrates is that during
acid hvdrolysis tyrosine is destroyed,
with the formation of humin substances
(7. /0). For this reason, alkaline hy-
drolysis has been recommended by Block
and Weiss (.J).  Although it seems to
have been the preference of most in-
vestigators, Hodson and  Krueger (&)
found a 10 loss after barium hydroxide
hvdrolysis. and Bolling and Block ().
as a result of 38 experiments on the
recovery of tyrosine added rto lacto-
globulin and six experiments with tyro-
sine alone. reported a loss of from 11 o
176¢ of the added tyrosine after 5-hour
hvdrolysis with 5.V sodium hvdroxide in
an oil bath at 113° to 1253° C. The
experience of the present authors has
been much the same as the above
reports.  The procedure used by Kuiken,
Lyvman, and Hale (&) for the stabilization
of tryptophan during alkaline hydrolvsis
did not completely stabilize tvrosine.

The purpose of the present cominuni-
cation is to report a new method for the
stabilization of tvrosine during the
hydrolysis of feedstuffs containing carbo-
hydrates, and to report the tyrosine
content of feedstuffs and materials with
potential value as farm feedstuffs.

essential

Experimental

Hydrolysis of Samples. A l-gram
sample ground to pass a 60-mesh sieve and

Table 1. Stabilization of Tyrosine
during Acid Hydrolysis® in the Pres-
ence of Carbohydrate

Adced before Hyc'rolysis

Trypto- Tyrosine

Starch, phan, Tyrosine, Bgcoveryf
g g mg. Mg. %
Mg. “¢
0.0 0.0 10.0 9.1 91
0.5 0.0 10.0 8.3 83
0.0 1.0 10.0 10.1 101
0.5 1.0 10.0 9.8 928

* 100 ml. of 6.V HCI. refluxed 24 hours.

Table Il
during the

Stabilization of Tyrosine
Acid Hydrolysis of
Feedstuffs®

Tyrosine Found
in Sample, %
Without With

trypto- trypto-

Feedstuff phen phen”
Oats 0.35 0.42
Wheat 0. 48 0.54
Soybean 1.65 1.92
Corn 0.28 ().48
Tuna fish meal 2.39 2.34
Polished rice 0.21 0.46

“ Grams of sample, 100 ml. of 6V HCI,
refluxed 24 hours.

b Grams of tryptophan added prior to
hydrolysis.

Table Hl. Tyrosine Content of Farm Feeds and Materials with Potential
Values as Feed Ingredients
Average Tyrosine
__ Content, % __
No. of Average Crude Crude
Product Samples Protein,® % Sample protein
ALGAR
Ascomeal 1 3.75 0. 24 417
Cladophora rupestiis 2 28.12 0.99 3.52
Laminaria clouston? ! 10.91 0.27 2.47
Neptune’s Bounty 1 6.01 0.14 2.33
Rhodymenia Palmata 1 20.69 0.61 2.96
ANmmaL By-prRODUCTS
Blood meal { 80.14 2.21 2.76
Bone meal, steamed 1 15.77 0.49 3.1
Digesta bone 1 7.97 0.24 3.01
Digester tankage 2 60 .81 1.63 2.68
Dried buttermilk 2 28.31 1.46 5.16
Dried skimmed milk 1 33.50 1.89 5.64
Dried whey solubles 1 28.09 0.80 2.85
Dried whole whey 2 12.31 0.35 2.84
Dried hydrolyzed whey 1 19.79 0.68 3.44
Dried sweet whole whey 1 12.69 0.34 2.68
Meat and bone scrap 2 50.02 1.22 2.43
Meat. bone. poultry scrap 1 51.93 1.25 2.41
FErRMENTATION FEEDS
Dried brewer’s and distiller’s grains
Brewer’s dried grains 1 20.21 1.22 6.03
Distiller’s dried grains ! 29.50 1.17 3.97
Corn distiller’s dried grains, Dis-
tillers’ Feed Research Council,
composite sample 1 25.77 1.38 5,36

VOl 6 NO.

Table IIT (Continurd )
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{-gram of pr-tryptophan were placed in a
500-ml. long-necked round-bottomed fask
with ground-glass connection. One hun-
dred milliliters of redistilled 6N hydro-
chloric acid were added and the material

Table lll. Tyrosine Content of Farm Feeds and Materials with Potential

Values as Feed Ingredients (Continved)

Average Tyrosine
Content, %o _

was boiled under a reflux condenser for 24 Prod SNO. "’f A;e":’?eacé‘,‘de Samo] Cn.;d.e
hours. Overheating of the flask above reduct amples rotein,” 7o ample protein
the liquid level was avoided by using an FerveNTaTion FrEDS (Cont.)
clectric heater with a refractory top plate Corn distliers dried orains witl
with a small hole in the center.  Caking ol orn distitier's driec  grains with
he material he side of the Aask mav leac solubles. Distillers’ Feed Re-
the material on the side of the flask may leac search  Council. composite
to low results. sample 1 27.82 1.19 4.28
Using a hot water bath to heat the flask. Nried fermentation solubles
the volume of hydrochloric acid was re- Distiller’s solubles 1 27.03 0.72 2.66
duced to approximately 5 ml. by vacuum Corn distiller’s - solubles.  Dis-
distillation, About 75 ml. of distilled tillers” Feed Research Council. .- . }
water and 10 or 12 glass beads were added. composite sample . ! 27.72 1.05 3.79
) . Cane sirup hutyl fermentations
and then the flask was swirled to remove colubles ’ | 25 13 0.70 5 79
any solid material adhering to the flask. Dried corn ferimentation solubles 1 32.13 1.29 4.01
T'he solution was transferred quantita- Molasses ethyl fermentation sol-
tively to a 250-ml. beaker, and neutralized ubles (Vacatone 40 ) 1 7 85 0.09 1.14
with sodium hydroxide (pH 6.8) using a Mule sprouts 1 31.83 0.71 2.23
Beckman pH meter. A pH meter was Brewer’s dried yeast 1 43.37 1.48 3.41
found more satisfactory than an indicator Torula yeast 1 46.35 1.67 3.60
dye in adjusting the pH, because of the Frsi By e
dark color of most hydrolyzates. . 18R BY-PRODUCTS
The solution was diluted to 200 inl. in a Fish meals e -
volumetric flask and filtered. Most of the Anchovy meal ! 58.7 2.16 3.66
) U . Angola fish meal 1 65.03 2.35 3.61
added trypt(?phan precipitates and is ve- Fish meal 1 64 74 223 345
moved by this filtration. Flounder meal 1 56.48 1,57 2.78
MicrobiologicalAssay. Leuconostoc mesen- Hcr]‘ing fish meal, Canadian 1 73.00 2.56 3,51
teroides P60 (ATCC No. 8014) was used as Herring full meal, Canadian 1 72.06 2.12 2.94
the assay organism. The basal medium Herring full meal, Norwegian 1 66 59 2.26 3.39
was the same as that used by Lyman, I\V.Ienha‘den fish meal 3 61%1 1-9Z 3.21
Kuiken. and Hale (77) for the determina- E(l:gl;{;ildnil(ﬁlmm} ,]) 253350 %80 ggg
ti(:m of arginine, plhenylalanine, ar.1d lysine Sardine me(al 1 33 97 179 335
with the exception that tyrosine was Sardine fish meal, Chilean 1 69.59 2.32 3.33
omitted.  Standard curves were prepared Sardine waste~fish meal 1 59 .35 194 3 27
with L-tyrosine over the range 0 to 25 + Tuna fish meal 2 60.80 2.07 3.40
with points at 2.5-y intervals. White fish meal 1 69.06 2.33 3.37
The general procedure for maintaining %1_1‘2}111) nlmlall 1 36.87 1.40 3.80
th lture and ducting the assay has ‘1sh solubles
been deseribed (170 e e AR A Condensed fish solubles 2 69.12 (dry wt.) 0.61 0.88
) ' Condensed menhaden tish solu-
bles 1 64.66 (dry wt.) 0.87 1.33
. , Menhaden f{ish meal with solubles 1 61.87 2.23 3.60
Results and Discussion Dry fish solubles on alfalfa meal
. . s carrier 1 39.20 0.01 1.55
Stabilization of Tyrosine during Desiccated and defatted lish meal 1 80.30 2.65 3.30
Acid Hydrolysis. [t has been known Desiccated, defatted. and deo- .
N H - C
for many vears that both tryptophan and _dorized fish flour = L 79.60 2.79 3.51
DR . o h Fish glandular and liver hvdroly-
wyrosine react with f:arboh}dlates when rate 1 63.66 (dry wt.) 180 83
boiled in acid solution. As a result of
the reaction, dark-colored humin ma- GRains
terials containing nitrogen derived from Barley, Cordona 1 13.93 0.52 3.73
these amino acids are formed. Observa- Barley. Goliad 1 13.97 0.41 2.86
. Barley, av. 13.95 0.46 3.29
tion of the color development as the Buckwheat seed 4 11 52 0 38 3 21
reaction proceeds suggested that the Corn, Country Gentlemen 1 10.81 0.52 4.81
reaction between carbohydrate and gorn,_ yellow i‘} 1? 28 822 é;i
.- an i ide . - the eterita . . 5.
uyptophcfn is considerably faster than Hegari, early 1 063 039 305
the reaction benween carbohydrate and Kafr, sugar 1 8 28 0.54 6 52
tyrosine. By increasing the concentra- Kafir, waxy 1 9.56 0.39 4.08
tion of tryptophan to many times that ol Kafir, combine 1 9.47 0.43 4.54
tyrosine, the reaction is shifted toward Manitoba, yellow ! 14.25 0.63 4.42
’ ' Milo 1 11.34 0.50 4.41
wyptophan to the extent that for all Oats. Alamo 1 12 15 0. 48 3 95
practical purposes the tyrosine is left Qats, Mustang 1 11.60 0.46 3.97
completely free. This is the basis for Oa(t)s, Ranger 1 %(1)1(5) 81‘2‘ ggg
abilizati .d i ‘e ats, av. . . .
.the St.:ibllllzdtlon of tvresine used in this Redbine, 66 1 9 78 037 3 78
nvesugauon. ) Rice, Century Patna (polished) 1 8 .41 0.45 5.35
Table I is representative of several Rice, Rexoro (polished) 1 8.66 0.46 5.31
tests on the use of wyptophan [or the R_RiCCC(POIiShCS): aV-( | 11 §g% 818 53%2
ST el : . ice, Century Patna (rough) 7. . 5.12
stabilization of pure tyrosine boiled for i gl ough) 1 8.16 0.40 4.90
24 hours in red1s.tllled 6A hydl(l)C.hIOll(. Rice (rough), av. 7 08 0.40 5 01
acid with and without the addition of Rye, Balboa 1 10 .47 0.41 3.92
starch. In the presence of starch with- Rye, Tetra Petkus 1 9.53 0.33 3.46
out tryptophan, 179% of the tyrosine was Rye. av. 10.00 0.37 3.70
, ’ . Shallu 1 9.54 0.43 4.51
lost. When tryptophan was added in Shrock 1 11.59 0. 51 4.40
addition to the starch, the recovery was Spelt, White Spring 1 14 .00 0.46 3.29

768

AGRICULTURAL AND FOOD CHEMISTRY



Table Ili. (Continved)

Average Tyrosine

Content, P
No. of Average Crude Crude
Product Samples Protein,® % Sample protein
Grains (Cont,)
Turghai, red 1 14.18 0.57 4.02
Wheat, Frisco 1 15.28 0.51 3.34
Wheat, Quanah 1 18.16 0.63 3.47
Wheat, Seabreeze 1 18.50 0.55 2.97
Wheat, Selkirk 1 17.00 0.54 3.18
Wheat, av. 17.23 0.56 3.24
Graiy By-propucTs FROM MILLING AND PROCESSING
Corn by-products
Corn, coarse fiber 1 8.60 0.20 2.91
Corn, fine fiber 1 12.80 0.48 3.75
Corn oil cake meal (germ meal) 1 24 .39 0.91 3.73
Corn glutelin 1 48 .51 2.67 5.50
Corn gluten 1 62.65 3.72 5.94
Corn gluten feed 1 21.42 0.64 2.99
Corn gluten meal 1 43.55 1.97 4.52
Corn steep water 1 41.19 (dry wt.) 1.11 2.69
Hominy feed 1 9.97 0.43 4.31
Grain sorghum by-products
Grain sorghum gluten meal 1 64.69 3.13 4.84
Grain sorghum oil cake meal
(germ meal) 1 18.50 0.65 3.51
Milo, coarse fiber 1 10.03 0.39 3.88
Milo, fine fiber 1 23.22 1.14 4.91
Milo oil cake meal (germ meal) 1 21.94 0.84 3.83
Milo gluten 1 60.91 2.33 3.83
Milo gluten feed 1 26.38 0.90 3.41
Milo gluten meal 1 44 .93 2.24 4.99
Milo heavy steepwater solids 1 37.66 (dry wt.) 0.93 2.47
Oatmeal feed 1 13.91 0.55 3.95
Oats, table 1 16.72 0.66 3.95
Rice by-products
Rice bran 1 12.59 0.46 3.65
Rice bran, Century Patna 1 14 .50 0.47 3.24
Rice bran, Rexoro 1 15.07 0.55 3.65
Rice bran, av. 14.05 0.49 3.48
Rice polishings 1 14.00 0.45 3.22
Wheat by-products
Wheat bran 2 15.41 0.50 3.25
Wheat germ 1 27.45 0.81 2.95
Wheat germ meal 1 38.63 0.96 2.49
Wheat gray shorts 2 17.78 0.50 2.83
Wheat, Red Dog 1 17.39 0.57 3.28
Wheat, second clear 1 15.69 0.46 2.93
Wheat standard middlings 1 16.52 0.51 3.09
Or1Lseep RESIDUES
Babassu meal 1 22.72 0.69 3.04n
Castor flour 1 65.03 2.07 3.18
Castor pomace 1 39.79 1.15 2.89
Copra meal 3 21.33 0.53 2.48
Cottonseed meal, solvent-extracted 2 47 .60 1.50 3.15
Cottonseed flour (Proflo) 1 55.94 1.88 3.36
Linseed meal 1 45.25 1.04 2.30
Palm kernel meal, expeller 2 16.93 0.56 3.31
Peanut meal, solvent-extracted 2 46.19 1.69 3.66
Safflower meal 1 22.10 0.62 2.81
Sesame meal, expeller 3 45.44 1.55 3.4
Soybean meal, solvent extracted 2 45.75 1.83 4.00
Soybean protein (commercial) 1 80.32 3.12 3.88
Sunflower seed meal 1 41.26 1.05 2.54
Tung meal (commercial) 1 20 .88 0.77 3.69
Tung meal (laboratory) 1 48.07 1.48 3.08
Walnut oil meal (av. protein) 1 13.03 0.44 3.38
Walnut oil meal (high protein) 1 19.57 0.62 3.17
Peas axD BEans
Black-eyed peas 3 21.59 0.76 3.52
Chinese-red cow peas 1 22 .54 0.81 3.59
MISCELLANEOUS
Alfalfa leaf meal, dehydrated 2 19.27 0.84 4.35
Animal protein factor? 1 52.94 0.88 1.66
Antibiotic feed supplement” 1 46.13 1.54 3.34
Grape pulp, dehydrated 1 13.50 0.50 3.70
¢ Values not corrected to moisture-free basis. ® Dried fermentation product prepared as
source of vitamin B;:. 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,

YOL 6 NO.

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

It is conceivable that the stabilization
of tyrosine in a protein molecule 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, and with both tryptophan and
starch. The values for the tyrosine
content of the casein sample hydrolvzed
without the addition of either tryptophan
or starch were 4.66 and 4.699,. On the
addition of tryptophan before hydrolysis,
the value was raised to 4.889,. Al-
though the slightly higher value appears
to represent an improvement in the
conditions of hydrolysis, the difference
is within the experimental error of the
microbiological test. When starch was
added without tryptophan, the apparent
tyrosine content was reduced to 4.199.
This destruction was prevented by the
addition of tryptophan (4.70 and 4.719,
tyrosine).

The sample of Labco casein used in
this test contained 13.499; nitrogen
without correction for moisture and ash.
Based on the experimental value of
4.709% tyrosine in the sample, the
tyrosine content calculated to 169
nitrogen is 4.479,. 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 was to test
tyrosine stabilization rather than to
present a new value for the tyrosine
count of casein. It appears that part
of the discrepancy to be found in the
literature concerning the tyrosine content
of casein is due to the fact that whole
casein is made up of several proteins of
different amino acid composition (5, 6).

Table IT shows the difference in the
values obtained for the tvrosine content
of feedstuffs hydrolyzed with and without
tryptophan.  With 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, which is high in carbohydrate and
low in protein, the tyrosine values were
more than doubled.

Tyrosine Content of Feedstuffs.
The tyrosine content of various classes
of materials used in feeds for poultry
and swine is given in Table III. The
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
majority 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.
Gunness, Dwyer, and Stokes (7) deter-
mined tyrosine in some food materials by
microbiological assay after basic hydrol-
ysis. The wvalues 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

CORN NUTRIENT LOSSES

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
Important changes in nutritive value result from heating the

families in Central America.
corn in lime water to soften it for tortilla preparation.

The changes in samples of white

and yellow corn used by two families in @ 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.
of the thiamine, 32% of the riboflavin, 31% of the niacin, and 21% of the carotene
originally present, as well as 109%, of the nitrogen, 33% of the ether-extractable portion,
and 32% of the crude fiber.

IN spITE of the great importance of tor-

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 where 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 (74), involves the addi-
tion of one part of whole corn to two parts
of approximately 19 lime solution. The
mixture is heated to 80° C. for 20 to 45
minutes and then allowed to stand over-
night. The following day the cooking
liquor is decanted, and the corn, now re-
ferred to as “nixtamal,” is washed two or
three times with water without removing
the episperm or the germ. The cooked
corn is then ground to a fine dough called
“masa.”” About 50 grams of dough are

770

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

Pérez y Pérez (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 409 loss in the
carotene content of yellow corn. The
phosphorus and iron contents increased
15 and 37%, respectively, and because of
the treatment with lime water, the cal-
cium increased 20109,

Massieu and coworkers (79) and
Cravioto and associates (3) showed 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-
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The yellow corn lost 65%

teins, Cravioto and associates (<) and
Laguna and Carpenter (77) have shown
that rats fed tortillas gained weight faster
on a diet deficient in niacin and trypto-
phan than rats fed untreated corn. This
has been confirmed by Squibb and co-
workers (24).

Jaffé (/6) described the method used
for making tortillas (arepas) in Venezuela
and showed large losses of far, thiamine,
riboflavin, and niacin.  Both the germ
and episperm are separated by mechani-
cal maceration, leaving only the endo-
sperm. The Venezuelan method thus
gives a product nutritionally inferior to
that prepared in Mexico and Central
America.

The present work was undertaken to
study the effects of the lime wreatment on
the chemical composition of corn in the
making of tortillas in Guatemala. The
data obtained in this study are of practical
value to dietitians, nutritionists, and in-
stitutions attempting to study the prob-



