
Table X. Calculated and Observed Loss in Nutritive Value in 
Evaporated Milk Diets 

Protein Efficiency 

sweefened condensed evaporated 
W h e o t  + W h e a t  f 

Expt. milk milk 

1 3 .25  3 . 0 6  
2 2 . 8 1  2 .42  
3 2 .77  2 .40  
4 3.30 2.91 
5 3 . 7 0  3.12 

Decrease in Nutritive Value 
with Evaporated Milk, % 

Calculated 
Observed 1 .54  X x-value 

6 1 5 . 4  
14 1 2 . 3  
1 3 . 5  1 1 . 3  
12 1 5 . 7  
1 5 . 5  1 5 . 4  

anticipated from the previous investiga- 
tion (70) on the relationship between in 
vitro lysine availability and in vivo pro- 
tein evaluation in milk powder, when the 
regression equation of loss in nutritive 
value y on lysine deterioration x was: 

Y = -31.71 + 1 . 5 4 ~  (1 1 
Lysine deterioration is defined here as 

reduction of in vitro lysine availability 
compared to the reference standard and 
loss in nutritive value as the decrease in 
protein efficiency in comparison to the 
same standard. This equation was 
established with milk + methionine as 
sole protein source. Such a diet has an 
initial excess of lysine of 20.67, as may 
be seen by solving equation 1 for y = 0> 
when x becomes 20.6%. The value of 
-31.71 for the intercept of the re- 
gression line on the y-axis is the ex- 
pression for this lysine excess in milk. 
Because of this excess, lysine deteriora- 
tion in evaporated milk does not affect 
the nutritive value of the latter. This is, 
however, not the case when milk is used 
as a supplement to wheat. 

TYhen lysine is present in adequate 
amount or is limiting in the reference 
diet, the regression goes through the 
origin and equation 1 becomes 

v = 1 . 5 4 ~  (2) 

In the wheat-milk mixtures used here, 
lysine is always limiting, so that equation 
2 can be used throughout to estimate the 
decrease in nutritive value from lysine 
deterioration. However. the units for 
Y must remain those established for 
equation 1-i.e., lysine deterioration x 
is expressed as per cent of available 
lysine in reference milk (Table 11). 

The diet containing wheat + sweet- 
ened condensed milk is the reference for 
calculation of lysine deterioration and 
loss in nutritive value in the correspond- 
ing diet with evaporatrd milk. The 
wheat part of the diet remains unchanged 
in all comparisons. so that its content in 
available lysine is per se irrelevant. 
For computation of lysine availability in 
the wheat-milk mixtures used. available 
lysine content of white wheat flour was 
taken as equal to lysine content, namely 
1 .97c of the protein. Lysine availability 
in meetened condensed and evaporated 
milk is taken from Table 11. The com- 
putation of lysine deterioration in the 
evaporated milk diets used is shown in 
Table IX. 

The last column of Table IX cor- 
responds to the x-value in equation 2. 
The loss in nutritive value J can now be 
calculated and compared to the observed 
decrease in protein efficiencv (Table X). 

M I N E R A L  CONTENT O F  MEATS 

Mineral Elements in Adipose Tissue 
of Lamb and Pork 

LTHOUGH DATA are accumulating on A the mineral element content of 
raw and cooked muscle meat (4, 5) and 
of organ meats (3 )>  little is known about 
the mineral composition of the cellular 
matrix of the fatty tissues of meat. 

In this study, separable lean and 
separable fat portions of cuts, essentially 
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representing skeletal muscle and fatty 
tissue of lamb and pork, were analyzed 
for total content of nine mineral ele- 
ments, using emission spectroscopy. 

Experimental 

Separable lean and the corresponding 
separable fat portions were obtained 
from 21 raw rib-loins and 18 raw legs of 
lamb and from 24 raw rib-loins and 20 
raw whole hams (legs) of pork. Lambs 

With the exception of experiment 1, 
the agreement between observed and 
calculated values is good. This shows 
that the diminution of nutritive value 
observed with evaporated milk can be 
predicted from the results of the 
enzymatic in vitro digestion confirming 
the value of this method for evaluating 
the quality of milk proteins. 
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Lvere crossbreeds raised under tivo dietary 
regimens, feed lot and pasture, and were 
from 4 to 14 months of age at  slaughter. 
Swine were of Duroc or Yorkshire breed, 
and were slaughtered when they reached 
225 pounds live weight, regardless of age. 
For each cut. the muscle, adipose tissue, 
and bone with waste and gristle were 
separated, and all of the separable lean 
or separable fat thus obtained was 
weighed, ground, and thoroughly mixed. 
On one portion of each fat or lean compos- 
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Amounts of nine elements in physically separable fat and separable lean portions from raw 
lamb and pork rib-loin and leg cuts were determined by emission spectroscopy. Calcium, 
copper, iron, and sodium levels per 100 grams of protein in separable fat tissue of lamb 
and pork cuts were significantly higher-generally about twice that of separable lean of 
the same cuts. However, on a fresh weight basis, because of the lower protein level of the 
adipose tissue, element content was about one-third that of separable lean. On an 
equivalent protein basis, separable fat of lamb contained more iron, boron, and phos- 
phorus than did separable fat of pork. 

ite, moisture, crude fat. and total nitro- 
gen by micro-Kjeldahl were determined, 
using the procedures of the AOAC ( 7 ) .  
Since the nitrogen of separable fat or lean 
tissue is assumed to be protein nitrogen, 
the factor 6.25 was used to convert 
nitrogen values to protein. Kepresenta- 
tive portions of each separable lean 
sample were dried under a battery of heat 
lamps, washed four times with petroleum 
ether, and ground in a Wiley mill, using 
procedures to minimize metal contamina- 
tion. Residual moisture and fat de- 
terminations were made on each sample. 
Samples of lamb separable fat, after an 
hour under the heat lamps, were also 
fat-extracted with petroleum ether. 
Residues were dried overnight in a 70’ C. 
convection oven and ground in an agate 
mortar. The pork separable fat samples 
were the combined dry, fat-free residues 
from triplicate Soxhlet crude fat de- 
terminations, also ground in an agate 
mortar. -411 prepared samples were 
stored in screw-cap bottles a t  4’ C. 
Test checks showed no measurable 
amounts of the nine elements present in 
the solvent-extracted fats. 

Potassium was determined by flame 
photometry, using a Beckman DU spec- 
trophotometer with flame attachment 
and photomultiplier. For the determi- 
nation of boron, phosphorus, magnesium, 
iron, aluminum, calcium, copper, and 
sodium, the Bausch & Lomb medium 
quartz spectrograph and the analytical 
system of Hopkins and Eisen (2) were 
used with the following modifications. 
LVeighed samples (usually 10 mg., range 
5 to 15 mg.) of the separable lean or 
separable fat residues were transferred to 
preburned carbon electrodes. The sam- 
ples in the electrodes were then ashed in a 
controlled furnace fitted with a quartz 
liner by gradually raising the tempera- 
ture to a maximum of 540’ C. for the 
last 10 minutes of a 2-hour period. Four 
arcings per sample were made, each 
on a separate day, and data from 
the four plates were averaged arith- 
metically. 

Since calcium had not been detected 
in measurable quantities in the separable 
lean of lamb but was present in measur- 
able amounts in the fatty tissue, calcium 
determinations were made on the lamb 
separable leans, using a Hilger Littrow 
spectrograph and a 5-level standard 

Table 1. Element Content and Equivalent Protein Content of Raw Adipose 
Tissue and Separable lean of l amb and Pork Cuts 

Profein 
in Fresh 

Tissue, % 
(Nitrogen 
X 6 .25 )  Calcium Copper  Iron Sodium 

Element Contenf, M g .  per 100 Grams of Protein f Standard Error 

Lamb leg 
Separable fat 3 . 5  111 f 13 1 . 0 5  f 0 .12  1 3 . 4  f 0 . 9  551 31 
Separable lean 20 .0  25 f 1 0 .48  f 0 .03  7 . 2  f 0.4  314 f 14 
Mean differencen . . . 86 i 13 0.57 f 0.11 6 . 2  f 0 . 9  237 f 34 

Separable fat 3 . 2  261 f 29 0 .89  f 0 .07  1 2 . 3  i 0 . 7  551 f 15 
Separable lean 19 .3  55 f 7 0.46 f 0 .03  6 . 6  f 0 . 3  389 f 12 
Mean differencea . . . 206 =t 28 0 .43  f 0.08 5 . 7  f 0 .7  162 f 21 

Separable fat 3 . 2  69 f 7 0 .72  f 0 .09  9 . 1  f 0 . 8  563 f 23 
Separable lean 21.1 29 f 1 0 .36  f 0.01  4 . 4  f 0 . 2  340 f 11 
Mean difference“ . . . 40 f 8 0 .36  f 0.09  4 . 6  f 0 . 7  223 i 22 

Separable fat 3 . 6  94 f 13 0 .71  f 0 . 0 5  7 . 7  f 0 . 4  439 f 16 
Separable lean 20 .8  36 f 2 0 .32  f 0 .02  4 . 1  i 0 . 2  365 f 10 
Mean differences . . . 58 f 13 0 .39  f 0 . 0 5  3 . 6  f 0 . 4  74 f 12 
0 All differences highly significant, P = 0.01 or less. 

Lamb rib-loin 

Pork leg 

Pork rib-loin 

curve. This provided a three-fold in- 
crease in sensitivity of the element. 

To eliminate such variables as moisture 
and extractable fat and to obtain a 
common basis for comparison, mineral 
element values were calculated as milli- 
grams of element per 100 grams of pro- 
tein. 

Results and Discussion 

Boron content per 100 grams of pro- 
tein in the separable fat portion of cuts 
averaged 0.31 mg. in lamb and 0.16 mg. 
in pork. Aluminum values for the fatty 
tissues averaged 1.9 mg. in lamb and 1.3 
mg. in pork on a comparable protein 
basis. Neither element was detected in 
the separable lean portion of cuts, nor 
was manganese detected in either fat or 
lean of the two species. 

In  both lamb and pork, phosphorus, 
magnesium, and potassium in fatty tis- 
sues were essentially the same as in 
separable lean portions of cuts on an 
equivalent protein basis. In  lamb, 
values averaged 850, 84, and 1500 mg., 
respectively, per 100 grams of protein in 
separable fat compared to 820, 106, and 
1500 mg. in separable lean. In pork, 
comparable values were 702, 72, and 
1400 mg. in separable fat tissues com- 

pared to 772, 117, and 1300 mg. in 
separable lean. 

Based on equivalent protein content 
(Table I) ,  levels of four elements- 
calcium, copper, iron, and sodium-were 
considerably higher in fatty tissues than 
in lean of both lamb and pork. The 
coefficient of variation for the spectro- 
graphic procedure for these elements in 
lamb and pork samples was approxi- 
mately 257,. In  spite of this range 
in the replicated spectrographic data, 
practically no overlapping of individual 
data was observed between content in 
separable lean and in fatty tissue from the 
same cut. Using differences between 
content in fatty tissue and in separable 
lean of each individual cut, the signifi- 
cance of mean differences was tested by 
Student’s method (6). For all compari- 
sons for these four elements, differences 
between content of corresponding fatty 
tissue and lean were highly significant 
(P = 0.01), and in all comparisons but 
one, “t” values far exceeded requirements 
for significance at the 0.001 level. 
Protein content of separable fat of both 
lamb and pork, however, was about one- 
sixth that of separable lean. Therefore, 
on a fresh weight basis, the content of 
these elements was approximately one- 
third as great per gram in separable fat  
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Pepsin inhibition by carrageenin was studied to determine whether the addition of the 
polysaccharide to foods interferes with normal protein digestion. Different levels of 
carrageenin were added to solutions containing various concentrations of egg albumin, 
hemoglobin, casein, or soybean protein dissolved in HCI-citrate buffer, pH 1.6. Carra- 
geenin at 0.085% level or lower did not affect pepsin activity in any of the solutions 
containing 1.0% or more protein, but there was marked inhibition of pepsin activity with 
higher concentrations of carrageenin or lower concentrations of protein. The protein 
level at which inhibition by a given concentration of carrageenin occurred, and the effect 
of pH on the degree of inhibition, varied from one protein substrate to another. Experi- 
ments in vivo further indicated that the levels of carrageenin used in foods do not interfere 
with normal protein digestion. 

HE PROTEOLYTIC ACTION of pepsin T may be inhibited by certain sulfated 
polysaccharides. In 1954, Levey and 
Sheinfeld (J )  reported that heparin and 
chondroitin sulfate inhibit the pepsin- 
catalyzed hydrolysis of proteins, and 
more recently Houck et ai. (3) reported 
that carrageenin, a sulfated polysac- 
charide from seaweed, is almost equally 
effective as an inhibitor of pepsin action. 
Data were obtained from studies both 
in vitro and in vivo suggesting that 
carrageenin affects pepsin activity. 
These authors reported that carrageenin 
ingested in drinking water (5 mg. per 
ml.) will inhibit iilcerogenesis in rats 
with pylorus ligation or subcutaneous 
injections of cortisone and in dogs 
subjected to large doses of histamine. 

Since carrageenin is used as a stabilizer 
in many food products, the conditions 
under which pepsin inhibition by car- 
rageenin occurs have been studied to 
determine whether addition of the 
polysaccharide to foods interferes with 
normal protein digestion. The results 
of these studies are presented. 

Reagents and Methods 

Casein, Hammerstein quality; soy- 
bean protein. 887, protein; and pepsin 
(3 x Crystalline) were obtained from 
Nutritional Biochemical Corp., and 

commercial grade carrageenin was ob- 
tained from Xlarine Colloids. Inc. 
Egg albumin was prepared from fresh 
hen eggs, and hemoglobin from fresh 
beef blood according to the procedure 
of Anson and Mirsky ( 7 ) .  

For tests in vitro, different levels of 
carrageenin were added to solutions 
containing various concentrations of egg 
albumin, hemoglobin, casein, or soy- 
bean protein dissolved in hydrochloric 
acid-citrate buffer, pH 1.6. The quantity 
of pepsin which was then added 
depended on the substrate and the 
assay used for following protein hydrol- 
ysis. Three different assays were em- 
ployed, since no single procedure was 
suitable for measuring protein hydrolysis 
when different proteins are used as 
substrates. The Riggs and Stadie assay 
( 6 )  was used with egg albumin, the 
Anson and Mirsky assay ( 7 )  with hemo- 
globin, and the Volhard and Lohlein 
assay (2) \$.ith casein or soybean protein 
as the substrate. 

For studies in vivo, male rats weighing 
approximately 150 grams were fasted 
18 hours, and then given, by stomach 
tube, 2 ml. of a solution containing 
milk proteins with or  without car- 
rageenin. The dosing solutions were 
preparations of cow’s milk modified 
to rescmble human milk (carrageenin 
is used in most prepared infant formulas 
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Figure 1. Effect of carrageenin on 
hydrolysis of egg albumin by pep- 
sin 
Egg albumin concentration [s], i s  expressed as 
mg. per  ml. of incubation mixture, and velocity, v, 
i s  expressed in arbi t rary units 

as a stabilizer). Exactly 1 hour after 
receiving the dosing solutions, the rats 
were killed with chloroform. the 
abdomen opened immediately, and the 
gastrointestinal tract ligated in two 
places-the esophagus directly above 
the stomach and the intestine 20 inches 
below the pylorus. The ligated seg- 
ment was then removed. and the con- 
tents of the stomach and intestine were 
washed into a beaker with water. The 
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