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Nutritive Properties of Pork Protein and Its
Supplemental Value for Bread Protein’
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INTRODUCTION

Peork ordinarily constitutes about 45 pereent of all the meat con-
sumed in the United States. The average per capita consumption of
pork during the period 193539 was 56.1 pounds, and in 1944 the quan-
tity eaten was 74 pounds.? It has been estimated by the National Re-
search Council (&) ® that in 1940 the total production of protein in pork
in the United States was £92,800,000 pounds as compared with 2,125 -
213,500 pounds in all classes of meat, including edible byproducts, or
42 percent of the total meat protein,

-

;#Meat is generally recognized as a source of protein of high nutritive
¥ilue; yet our knowledge of the subject is still inadequate, particularly
asiregards the nutritive properties of the protein in different cuts and
gg_ades of meat and the effects of various factors on the protein. Ad-

itional information is aiso needed on how pork and other meats may

acnsed most effectively in the diet to supplement the proteins in other
fm.:él products that are kmown to be deficient in certain essential amino
acias,

“The purpose of the research herein reported was to determine the
digestibility and growth-promoting values of the protein in different
de ydratedv roasted cuts of fresh pork and the supplemental value of
th¥ protein for that in different kinds of bread. For the purpose of
cg@parison, dried whole milk was tested also. The experiments were
cafiducted during 194344 in rat-feeding tests at the United States
Department of Agriculture, Beltsville Research Center, Reltsvilie, Md.

1 Received for publication Yuly 10435,

8 UNITEL BTATES RUGKAU OF AORICULTURAL FCONOMICH, THR NATIONAL FOOD EITUATION,
21. 19 pp., HMus. 1944, [Processed ]

® Italic numbers in parentheses refer to Liernture Clted, p. 12,
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PREVIOUS INVESTIGATIONS

Heagland and Snider (3) compared the growth-promoting values
of the profein in dehydrated raw ham, top round of beef, and shoulder
of lamb. 'When the protein of pork was fed to young rats at a 10-
percent lovel, it had practically the same value 2s the protein of other
meats. In another experiment, the same authors (4) determined the
nutritive value of the protein in dehydrated raw ham and in both de-
hydrated row and cooked beef chuck. Pork had a somewhat higher
value than either the raw or cooked beef.

Mitchell, Beadles, and Kruger (7}, as the result of nitrogen-balance
experiments with rats, reported a bioclogical value of 79 for pork ten-
derloin as compared with an average value of 74 previousl?- obtained
for other cuts of pork. In those experiments the term “biological
value” indicates the proportion of nbsorbed nitrogen utilized by the
animal. Those authorities stated that in their experience the dif-
ferent cuts of pork possessed rather constant values.

In a recent study of meat dehydration, Hanking and associates (9}
reported the resulés of experiments to determine the digestibility and
biological values of the protein in precooked dehydrated pork, beef,
and mutten. The values for different ots of pork and beef varied eon-
siderably, but the average values for the three kinds of meat were
similar. The average Liological value for the total protein in dehy-
drated meat was approximately the same as the value for dried skim
milk. The protein in dehydrated meat was considerably more digest-
ible, however, than the protein in dried skim milk. In these experi-
ments the term “biological value” indicates the value of the fotal
protein for maintenance and growth.

Information concerning the amino acid content of the proteins in

foods is of fundamental importance in the evaluation of the protein.
Beach, Munks, and Robinson (7, p. 435) determined the quantities of
10 amino zcids in 6 soft organs of cattle and in the muscle tissues of a
variety of cold- and warm-blooded animals. They state:
In general it can be scon that muscle tissues of these different classes of
anlmalg do not differ widely in Lheir amino acid patterns, which implies that the
same amine acid composititen of muscle profeins is repeated throughont the ani-
mal kingdown angd {ndieates that, as far as these 10 amino acids are concerned,
the protein of onu muscle is ag good as that of anolher in supplying amino seids
in the diet.

Block and Bolling {2} determined the quantitics of 11 amino acidsin
a variety of animal and plant proteins. The advantage in using amino
acid analyses for the nutvitional evaluation of proteins in the com-
pounding of foods and feeds was stressed.

There appear to be no published data concerning the supplemental
value of the protein in pork for that in cereals and cereall products.
For beef, however, data are available which show that the protein
has a high value for supplementing the proteins in cerenls and certain
cereal products.

EXPERIMENTAL PROCEDURE
DEescripTiON oF PrOpUCTS TESTED

Two experiments were conducted with cuts from hogs that were
slaughtered at different times. The four hogs used in the first experi-
ment were fed corn, tankage, alfalfa leaf meal, linseed meal, middlings,
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soybean meal, and minerals, They varied from 211 to 226 days in age
and from 200 fo 215 pounds in weight at the time of slaughter. The
carcasses were chilled ab temperatures of 33° to 35° F. and were cut 5
days after slaughter by a method that involved the preparation of full-
cut head, two-rib picniec shoulders, and short-cut hams. The cuts used
in the studies of the nutritive properties of the protein were both pienic
shoulders, both shoulder butts, the left ham, and the left loin from
each carcass.

The meat was roasted in the following manner: The cuts were
placed on racks in open pans and roasted in an electric oven at a
temperature of 325° to 350° F. until the internal temperature of each
cut reached 155° to 160° F. All roasted cuts and drippings were stored
at about 34° until they were debydrated. The lean meat was separated
{rom the other components, ground, and mixed with the juice, exclusive
of fat. The mixture was reground, spread on screen trays, and dried
in a current of air at 155° to a moisture content of less than 10
percent. The average cooking time and dehydration time required
are shown in table 1. Each of the four samples of dehydrated pork,
representing the ham, Ioin, picnic shoulder, and shoulder butt, was
stored in a friction-top tin bucket at 0° until time for fat extraction.

TaBrw 1 —Average roasting and dexydralion time for different cuts of pork?
EXPERIMENT NO.)L.—WHOLE CUTS ROASTED

Average Aveoraee Avernga de-
Sumple rorsted woefrht of masting hydration
fresh meat time time

Pounds Minutes Minules

Loip . 10.85 112 200
Plenie sheulder. v T.20 229
Eheuider butt, 4,32 133
pig - 15. 1 340

EXFFRIMENT NO.2~WIOLE CUT3 AND OROUND MEAT ROASTED

Whole cut, of—
Lai

—

g e

w2
139
345
101
08
o7
it}

BEEB

Shoulder hutk
H

—

am.
Ground meat oii—
Loin
Pienle shoulder
Bhoulder butt
Ham

et el ek
;o

! 'The hnps used in"experiment No. 1 were slnughtered Oct. 4, 1043; those used in experiment No, 2 wers
slaughtered Apr. 20, 1944,

In the second experiment also, four hogs were used. Two were fed
corn, tankage, alfalfa leaf meal, linseed meal, and minerals, and the
other two received corn, tankage, linseed meal, ground clover hay, and
minerals. At slaughter the hogs ranged from 211 to 240 days in age
and from 182 to 202 pounds in weight. Slaughtering, chilling, and
cutting methods were the same as those used in the first experiment,
and the study was concerned with the same cuts,

In the second experiment, however, the picnic shoulder, shoulder
butt, loin, and ham from each hog were cooked in two ways: As the
entire cut and as ground meat. Tie purpose of this procedure was to
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determine the effect of variation in the time of epoking on the nutritive
value of the protein. The four cuts from one side of each hog were
cooked as in the first experiment. The ground meat from the corre-
sponding cuts from the other side of each hog was roasted in equal
quantities in glass baking dishes of uniform size under the same oven
and meat temperature conditions. In this experiment also, the cooked
whole and ground samples were dehydrated. However, drying was
accomplished at an air temperature of 160° F. for a uniform period
of 165 minutes, As in the previous experiment, the dehydrated meat
from each cut was stored in a friction-top tin bucket at 0° until the
fat was extracted. Bach Jot of dehydrated pork in esch experiment
was thoroughly extracted with ethyl ether in a percolator and then
heated overnight in an electric oven in a current of air at a maximuam
{emperature of 140°. The meat was then ground fine and stored in
covered glass jars at approximately 20°, Table 1 gives the roasting
and cooking time for each cut in the second experiment.

Enriched white bread, 100-percent whole-wheat bread, and commaer-
cial rye bread were obtained from a Ia rge bakery in Waailington, D.C
The white bread was made from a mixture of equal parts of hard
gpring wheat and hard winter wheat flours. It was enriched at the
bakery by the addition of thiamine, niacin, and iron, in accordance
with the requirements of the Food Distribution Administration of the
United States Department of Agriculture (18). Sufficient condensed
milk and dried skim milk were added to supply 4 percent of milk solids.
The whole-wheat bread was made from I{ansas hard winter whole-
wheat flonr to which was added 3 percent of dried skim milk. The
rye bread was made from a mixture of 70 percent of first-clear wheat.
flour and 80 percent of daik rye ilour,

A number of lots of white bread and one lot each of whole-wheat;
und of rye bread were used in the tests. Euch lot of bread was ground
through a meat grinder and then spread in thin layers on shallow
trays and dried in a current of air at a maximum temperature of 140° F.
The dried bread was ground fine and stored in covered glass jars at
20°. The following amino acids were added to two of the white-bread
diets: d-lysine monohydrochloride to one diet and this amino acid,
together with dl-valine, to the other diet,

Two lots of dried whole milk of & well-known brand were purchased
in vacuum-sealed tin cans.

All lots of dried pork, dried bread, and dried milk were analyzed for
moisture, ash, nitrogen, and fat before being used in compounding
rations.

Diers FeD

Dehydrated pork, bread, and milk were incorporated in diets in such
proportions that each product or mixture supphed 1.6 percent of nitro-
gen, The following quantities of the B vitaming wero added to each
100 gm. of diet in addition to any of these vitamins present in the
dehydrated pork, bread, or milk: Thiamine hydrochloride, 0.3 mg.;
riboflavin, 0.3 mg. ; pyridoxine hydrochloride, 0.6 mg. ; ealcium panio-
thenate, 1.5 mg. ; and choline chloride, 20 mg.

The fat-soluble vitaumins were incorporated in the form of 2.6 per-
cent «f refined corn oil, to which were added sufficient vitamins A and D
so that 1 gm. of the diet contained 5 International units of vitamin A
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and 1 unit of vitamin D. Sufficient ketile-rendered lard was added
to make 10 percent of fat in the diet. Salt mixéure amounting to 4
percent and sufficient dextrin to make 100 percent completed the diet.
Diets made up sccording to the above formuls have been found to be
adequate for rormal growth in rats, except for the limiting factor pro-
tein, which was purposely placed at & suboptimum level.

- Alow-protein dist, fed to the rats during the digestion tests in order
to correct for the exeretion of so-called metabolic nitrogen, was made
. up as follows: Dehydrated cooked cured ham, sufficient to supply 0.6¢
percent of nitrogen, and the other constituents as indicated above.
Each diet was made up in the quantity of 1,000 gm. and was stored in
covered glass jars at about 40°'F, until it was used. :

Feepine TESTS

Fach diet, containing 1.6 percent of nitrogen, was fed to eight male
alkino rats for 30 days. The rats weighed approximately 40 gm. each
and did not exceed 25 days of age at the beginning of the tests. Rats
from different litters were distributed evenly among the different
groups. Each rat was kept in an individuval cage, whick was provided
with a raised screen bottom, 2 self-feeder, and a drinking vessel. The
bottom of the cage was covered with a sheet of blotling paper. The
rats were weighed twice weekly and the quantity of feed consumed
was recorded. The temperature of the rat laboratory was maintained
at approximately 75° K.

The digestion tests were conducted after the growth experiments
had been In progress about 21 days. All feces from each rat were
collected for 7 days, and the quantity of feed consnmed during the
same period was determined. The feces were dried to constant weight
at 100° C. Hair was removed from the partially dried feces by a blast
of air. The diets and feces were analyzed for nitrogen.

In order to correct for metabolic nitrogen in the feces, the following
procedure was followed: At the end of the 30-day growth tests, each
rat was changed to the low-protein diet. After a preliminary period
of 3 days, the feces were collected for 7 days and the quantity of feed
consumed was recorded. The feces were analyzed for nitrogen. Since
it had been previously determined that the nitrogen in the low-protein
diet was practically 100-percent digestible, it was therefore assumed
that the nitrogen excreted by the rats while on this diet was of meta-
bolic and bacterial origin. In the calculation of the true digestibility
of the nitrogenous compounds in a diet containing 1.6 percent of
nitrogen, correction was made for the nitrogen excreted by each rat
when it was fed the low-protein diet, adjustment being made to the
same feed intake.

In addition to the actual determinations of digestibility, values were
also computed for the mixtures of pork or of milk and bread. These
were based on the weighted averages of the vulues previously deter-
mined for the individual constituents,

Tn the experiments reported, the nutritive properties of the different
products were compared in terms of nitrogen, the constituent actually
determined chemically, rather than in terms of crude protein, since
different factors are commonly used to convert the nitrogen content
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of meat, milk, and bread into protein. Furthermore, an appreciable
proportion of the nitrogenous compounds in meat is not true protein,
The term “biological value” indicates the value of either the total or
digestible nitrogen, as the case may be, for maintenance and growth
expressed s gain in weight per gram of nitrogen consumed.

EXPERIMENTAL RESULTS

Pork, Driep WiaoLE MILK, AND BREAD

" In table 2 are shown the results of experiment No. 1, in which the
different cuts of pork were roasted whole. Comparable data for
dried whole millt and for different kinds of bread are presented also.
The results of the digestion tests indicate little variation in the digesti-
bility of the nitrogenous compounds in the different euts of pork; all
were highly digestible. The nitrogenous compounds in white bread
were considerably less digestible than those in pork but somewhat
more digestible than those in dried whole miik, whole-wheat bread,
and rye bread.

The results of the growth tests suggest thal the nitrogenous com-
pounds in the loin and shoulder butt were of higher biological value
than those in either the ham or the pienic shonlder. However, table 1
shows that & much longer time was refquired to roast the ham and
picnic shoulder than the loin and shoulder butt, although the final in-
ternal temperature of all cuts was approximately the same. These
observations suggest that the differences in biologieal value were due,
in part, to differences in cooking time. The average biological value
of the nitrogen in the four cuts of pork, when expressed as gain in
weight per gram of total nitrogen consumed, was approximately the
same #s the value for dried whole milk, but when expressed as gain in
waight per gram of digestible nitrogen consumed, the average value
for pork was slightly lower than the corresponding value for dried
whole milk.

Tanre 2.—dverapge biological values and digeslibilily of nilrogeneus eompounds
in different cuts of pork rousted wwhale (ecxperiment No. 1), in dried whole mdlk,
aaed in different kinds of bread, when fed {o male rats for 80 days

(afn in weight per
gram of—

Oninin | Feed eon-
welght | sumed | mon) pie | Digestible
trogen nitregen
eansumed | consumed

Gource of nitropen in dist

Groms Qrama

309 22,00
th] 19.71
320 21,48
i) 18.79

Average 08 0. 76

Drled whole millke.. .. 2121
White bread 2 146 7.01
White bread--1 pereent Iysing Plird 18,233
White bmad-4! percent lysine40.8 percent

valine, .- —- 260 17,9
Whole-wheat bread. 214 0. 55
Rye bread. ... a.7o

288
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The datn in table 2 also indicate that the nitrogenous compounds in
white bread (without added amino acids), in whole-wheat bread, and
in rye bread were of much lower biological value than those in either
pork or dried whele mille, whether the comparison is made on the basis
of total or digestible nitrogen, The nitrogenons compounds in whale-
wheat bread were definitely superior to those in white or rye bread,
When the comparison is made on the basis of digestible nitrogen, the
value for white bread plus lysine was only slightly lower than the
average value for pork, ™he addition of both lysine and vakine to
the white-bread diet did not improve the growth-promoting value of
ithe diet above that when lysine nlone was added. The deficiency of
the white bread in lysine is clearly apparent, but a deficiency of valine
is not indicnted. In making these comparisons, it should be remem-
bered that the white bread contained 4 pereent, and the whole wheat
bread 3 pevcent, of skim-milk solids. Light and Frey (6) report
results indicating that white bread made without millk 1g deficient in
both lysine and valine, and Jones and Divine () indicate that wheat
flour is deficient in Iysine, valine, and threonine,

Table 3 shows the resulis of the second experiment. Tn this test.
as alrerdy indicated, cuts from one side of the hog were roasted whole,
as in the first experiment, whereas the corresponding cuts from the
opposite side were boned out and the ground lean ment was voasted
under uniform conditions. Table 1 shows considerable variation in
the time required to roast the whale euts, but in the ground state the
cuts were roasted in practically uniform time,

When the cuts were voasied whole the biological values varied nearly
two points, but when the cuts were roasted as ground meat the values
vavied & maximum of only one point, in terms of gain per gram of
nitrogen consumer. These results suggest that the method of cook-
ing, particularly the time requived, affected the biological value of the
nitrogenous compounds in the different cuts of pork., More satisfae-
tory results were oblained when the gronnd lean meat was roasted in
glass baking dishes under more uniform conditions than was possible
when the cuts were roasted whole,

TABLE 3.—Average biological values of nilrogencus compounds in different culs
of pork {erperiment No, 2) ag affccled by method of roasting, when fed to mate
ruts for S0 diye

Gplpt in
. weight per
Source of nitroren I Aol (3"‘(1;1 hi? F‘(;(;g"ccgn- erm if total
R nitragen con-
suroed
W hote ent ol— Cromy Grama Crams
oln - e iiamaiaseoaa 100 AL 19, 62
"enle showlder 115 342 21. Gt
Shonlder butt. 115 0 21,70
BAm.. .. 122 358 2L
AVOIMES -+ oo eee o e eemme mmemmmn e e s e m e e e oo EEE! 428} o0, 5
Crrount ment of— . T T
TN e e e een g mn A dmm e mmhes m——————— 116 342 2117
Plente shoulder, .- . 129 371 2168
Shoulder butt 14 338 21.91
TAM. oo o 122 304 20.89
Avoragn. ..., 122 354 21,41
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MixTURES ‘0F PORK AND BrEap anD MK AND Breab

In table 4 are shown the results of the tests with mixtures of meat
from the different cuts of pork roasted whole and white bread, and with
mixtures of dried whole milk and white bread. There were compara-
tively small differences between the actual (true) digestive coefficients
of the nitrogenous eompounds in the mixtures confaining the same
proportions of the different cuts of pork. The values for mixtures of
dried whole milk and bread were slightly lower than the values for
corresponding mix{ures of pork and bread. The compuied digestive
coefficients for the nitrogen in mixtures of pork and bread differed
only slightly from those determined by experiment. On the other
hand, the digestibility of the nitrogen in mixztures of dried whele milk
and bread was appreciably higher then the computed value. These
results suggest a possible supplemental relationship affecting the di-
gestibility of the nitrogenous compounds in mixtures of dried whole
milk and white bread.

Only slight, differences were found between the bioclegical values for
total nitrogen in similar mixtures of white bread and different cuts
of pork. As was to be expected, the value for digestible nitrogen was
somewhat higher for each mixture than the corresponding value for
total nitrogen. The bielogical values of the total nitrogen in mixtures
of dried whele milk and white bread were approximately the same as
the average values for similar mixtures of pork and bread. When
the comparison is made on the basis of digestible nitrogen, the values
for mixtures of milk and bread were slightly higher than for the corre-
sponding mixtures of pork and bread.

manLe 4. —dverage Wological values and digestibility of nitrogenous compounds
in migtures of different enis of pork rousted whole gnd while bread, and in
miztures of dried whole milk and while bread, when fod to male ruls for 30 days

Gain in welght | g aleestibillty

DOF gras of—
Fend
SBource of nitrogen 1n diet %‘g@g? stﬁéd otal Ijl))ilggg};.
v nitropen . Com-
con. L?;rl:‘e'n Agtuai puted
somed | ool

0.8 peroent In white bresd and 9.8 perecnt
{n— Frama Qrams Grams Grama | Percent | Percent

Loin 124 359 2L60 22,42 6.6 w3
Plenie shouldor__. .. 167 327 0. 46 2. 27 05, 8 .4
Bhioulder hutt ... A 33 21,5 235 5.8 05.8
Hom._... - 14 o 20,04 22,16 H.02 5.4

AVCIBEH . e e smmmemamm i ———— 13 335 2115 2.M 658 05.9

1,667 percent 1o white bread and 9.533 per-

eent in —
Lol o e mmam———— e ———— a7 204 18.51 16,36 95, 4 95,2
Picnie shoulder. &8 200 18, 14 18.97 84.0 05.8
Shoulder butt. .o 114 297 1B8.04 18,95 05,1 84,8
BEam 9% 53 if. 42 19. 47 M, 08 4.7
LR I 8g 203 8. 28 19.17 65.0 95.@

0.8 percent in white broad and 0.8 percent

in dried wholemllk, . e amanas 12 360 2056 22,54 044 ol

1,067 perceet I whito bread and 6,633 per-
cent in defed whelemitk ... oocaolll ] iz 3 18.09 19 32 jro i 2.0
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A comparison of the data in tables 4 and 2 shows that the average
biological value of the total nitrogen in mixtures containing equal
parts of pork and bread nitrogen was slightly higher than the average
value for the pork cuis alone. When the comparison is made on the
basis of digestible nitrogen, the average value for the mixiures of
pork and bread was appreciably higher than the average value for
the pork euts alone. The biological values for the nitrogen in the mix-
tures containing 1 part of pork nitrogen and 2 parts of bread nitrogen
were somewhat lower than the values for the corresponding pork cuts
alone,

Tn table § are shown the biological values of the nitrogenous com-
pounds in the mixtures of roasted ground pork cuts and white bread,
These results indicate only slight differences between the different diets
that contained the syme proportions of pork and bread nitrogen. In
other words, the nitrogenons compounds in one cut of pork were ap-
proximately as eflicient as those in another cut in supplementing the ni-
trogenous compounds in the bread. A comparison of table 5 with table
3 indicates that the values for the mixtures of equal parts of pork
and bread nitrogenous compounds were slightly higher than the values
for the ground pork alone. Furthermore, 2 comparison of table 5
with table 4 shows that the average biological value for the total
nitrogen in the mixfures containing equal parts of pork and bread
nitrogen is appreciably higher than the value for total nitrogen in a
similar mixture of dried whole milk and white bread. The data in
table 5 confirm those in table 4 in indicating the high supplemental
value of the nitrogenous compounds in pork Tor those in white bread.

Tante G—duerage biolegical values of nitrogenous compounds in mizturea of
diffareni culs of pork rousted ground and white dreud, when fed to mule raés
for 30 days

CGain In
Qater § Feed wc!ghtp?r
T in eod coms EYRI &
Souree of nitragen In diet wolght Sumod tolal nitro-
Eon con-
aurmeql
4.8 pcrfcnl. In white bred and Orams Grama o Grams
3 33 2,
Plenle shouider 120 361 2174
135 17 242
128 an 22,13
B VIR, o i et m e e e e 128 30 2.7
1087 peroent In whita brerd nod 6,533 porecal in—
U 42 366 i8, 6B
Plenle shoutder a—— 76 314 19,00
Bhoulder butd . ... W 325 0. 25
L2 A o vl 367 18,81
AVOTARD .o oaanns 85 313 . 68

In table 6 are shown the nutritive values for the nitropenous com-
pounds in_mixtures of roasted whole pork loin and white, whole-
wheat, and rye breads. The mixture of pork and white bread had
an appreciably higher digestive coeflicient than that containing either
whole-wheat or rye bread, whether the mixture contained equal parts
of pork and bread nitrogen or 1 part of pork nitrogen to 2 parts of
bread nitrogen. These results are in harmeny with the igestive




10 TECHNICAL BULLETIN 906, U. 3. DEPT, OF AGRICULTURE

coefficients for the different kinds of bread alone, as shown in table 2.
The computed digestive coeflicients agree closely with the values de-
termined experimentally. .

When the diets contained equal parts of pork and bread nitrogen,
the biological values for the various mixtures differed only slightly
whether calculated on the basis of total or digestible nitrogen. When
there was 1 part of pork nitrogen and 2 paris of bread nitrogen, the
value of the nitrogenous compounds in the diet that contained whole-
wheat bread was the highest and the value for the diet that contained
rye bread was the lowest, but the difference was not large.

" " A comparison of the data in tables 2 and ¢ indicates that the biologi-
cal value of pork loin ulone was slightly higher, as measured by total
nitrogen, than that of equal parts of pork loin and bread nitrogen, but
when measured by digestible nitrogen the values were approximately
the same. The biological value of nifrogen in pork loin alone was
considerably higher than that of mixtures containing 1 part of pork
nitrogen and { parts of bread nitrogen.

Tanne 6.—Average Liological values and digestibility of nilrogenous compounds
fn miztired of pork loin raasted whole and while, wholewheat, and rye breads,
when fed o male rais for 3¢ days

Qain In weipht

T m AEnE | Truo digestibility

Bouree of nitrogen In diet %%ligg? Total IHgest-

e nl-
nitrogen
con Lrogen Aectual

con-
sumed sunied

Com-
puted

.8 pereont in lo!in and 0.8 pereent ln— Pereent | Fercent
White brend, ooy e e e 1 4 350 . A2 . & i,
Whole-wheat brend 3457 LT 3 01,4
Rye hread . , .0

Avernge 353 . ¥ 5.3
0,533 pereent In lnin and 1067 pereent In—
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DISCUSSION

The experiments herein reported indicate that the nitrogenous com-
pounds in fresh ham, loin, picnic shoulder, and shoulder butt were of
approximately equal nutritive value when the different cuts were
roasted as ground meat under uniform conditions. This conclusion
appears justified not only from the experiments in which the ground
cuts supplied all the nitrogen in the diets, but also when the ground
cuts were fed in mixtures with bread. These results are in harmony
with the statement by Mitchell and coworkers (7) that the different
cuts of pori possess rather constant biological values. The some-
what variable results in the experiments in which the roasted whole
cuts supplied all the nitrogen in the diets appeared to be due to the
differences in time required to roast the various cuts.

The experiments also indicate the marked superiority, in biological
value, of the nitrogenous compounds in each cut of pork as compared
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with the value for each kind of bread, even though the white bread
contained 4 percent, end the whole-wheat bread 3 percent, of skim
milk solids. The inferiority, in nutritive value, of the nitrogenous
compounds in bread is due chiefly to the well-known deficiency of wheat
four in lysine, and perhaps in certain other essential amino seids (5,
6}. Apparently, the addition of 8 or 4 percent of skim-milk solids to
the breads did not nearly make up this deficiency, but the addition
of 1 percent of lysine to the white-bread diet grestly improved the

rowth-promoting value of the protein. 'The low nutritive value of
the nitrogenous compounds in white, whole-wheat, and rye breads,
when each was the sole source of nitrogen in the diet of rats, indicates
that these breuds will have correspondingly low nutritive values when
consumed by humans unless supplemented with foods containing an
ample supply of lysine.

When each cut of pork was fed in a mixture with white bread so
that each of the two products supplied an equal quantity of nitrogen,
the mixtures had as high biological value as pork alone, When the
diets contained 1 part of pork nitrogen to 2 parts of bread nitrogen,
the mixtures had somewhat lower biological values than the pork
cuts nione but much higher valuus than the breads slone. The sig-
nificance of these results for human nutrition is that pork supplies in
relative abundance the amino acid Iysine, in which wheat flour and cer-
tain other cereal products are very deficient, as well as other essential
amino acids. Therefore, a digt containing equal parts of pork or other
animal protein of equally high nutritive value, and cereal protein,
or even 1 pi rt of pork protein and 2 parts of eeveal protein, will supply
mixed proteins of high biological value.

SUMMARY

Experiments were conducted to determine the digestibility and
biological, or growth-promoting, value of the protein in hams, loins,
pienicshonlders, and shoulder butts from hogs weighing approzimately
200 pounds each at slaughter. Tests were also conducted with dried
whole milk; white, whole-wheat, and rye breads; mixtures of pork
and bread; and mixtures of dried whole milk and bread. Young male
albino rats were the test animals,

The protein in all cuts of pork was highly digestible, the average
digestive coeflicient being 98.8, The coeflicient for white bread was 93;
rye bread, 90.5; whole-wheat bread, 89.3; and dried whole milk, 90.1.

The biological values of the protein in all cuts of pork were high
when the meat was roasted under uniform conditions and were
approximately the same as those for dried whole milk.

{Vhen white, whole-wheat, or rye bread was the only source of nitro-
gen in the dicf, the protein in each was of much lower biological value
than that in pork. Whole-wheat bread was somewhat superior to
white or rye bread,

Pork fed in mixtures with bread had & marked effect in making
ﬁood the deficiency in lysine and possibly in other amino acids, The

1ological value of the protein in mixtures containing equal parts of
pork and bread nitrogen was equal to that in pork alene. In mixtures
of 1 part of pork nitrogen and 2 parts of bread nitrogen, the protein
was of somewhat lower%)iological value than that in pork alone but of
much higher value than that in bread alone,
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When pork was fed in mixtures containing equal parts of pork
nitrogen and of nitrogen in white, whole-wheat, and rye breads, the
total protein in the three mixtures was of approximately the same
biological value. The protein in a mixture containing 1 part of pork
nitrogen and 2 parts of whole-wheat bread nitrogen was somewhat

i.s)upeﬁmr to that in comparable mixtures of pork and white or rye
read.
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