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10% cream was sterilized by UHT treatment. 
The OD of both eanned and uncanned UHT 
10% cream increased up to the 6th wk of incu- 
bation and maintained this OD for up to 30 wk 
as shown in Fig. 1. However, these increases 
were not significant in comparison with the in- 
crease in the unsterile 10% cream and auto- 
claved hemoglobin in the same Fig. 1. More- 
over, increases of optical densities of sterile 
10% cream and hemoglobin were in accord 
with results of Nakai et al. (4) at high temper- 
atures of storage, although concentrated milk 
was used in his study. Since there was no mi- 
crobial contamination, no coagulation, and no 
gelation in the canned UHT 10% cream dur- 
ing storage at 23 ± 2 C and 32 ± 1 C, the in- 
creases of OD of canned and uneanned UHT 
10% creams m,ay have been due to chemical 
decomposition of milk protein producing cer- 
tain substances absorbing light at 400 m~. 

Decomposition of protein molecules during 
storage, in general, may provide 'an explanation 
for changes in stability of UHT 10% cream. 
From Fig. 2 the protein decomposition was not 
caused by proteases which had survived. No 
protease activity was in UHT creams stored at 
23 ~ 2 C under sterile conditions for 22 me in 
our laboratories. The decrease of casein-N in 
UHT ereaa-n which occurred at both 23 ± 2 C 
and 32 __+ 1 C was unlikely to be related to 
survival or reactivation of native protease. 
Samel et al. (6) reported that casein N content 
decreased in UHT milk stored at various tem- 
peratures, especially at 37 C. They also report- 
ed, on the other hand, that increases of non- 
protein N and noncasein N were directly relat- 
ed to storage temperature; the higher the stor- 
age temperature the greater the increase of 
nonprotein N and noneasein N. Our results of 
protein decomposition appear to agree with 
those of Samel et al. (6) except that the in- 
crease of nonprotein N was insignificant in 

cream stored at 23 ± 2 C. The decrease of 
casein N content and increase of noncasein N 
and nonprotein N appear to be due to heat in- 
duced proteolysis in 10% cream stored under 
sterile conditions. 
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Amino Acid Composition of Granules and Spots 
in Grana Padano Cheeses 

Abstract 

Amino acids concentrated in Grana 
Padano cheese in two different physical 
forms, granules and spots. The major 
amino acid in the granules was tyrosine 
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followed in concentration by phenylala- 
nine and glutamic acid. 

Composition of spots was predomi- 
nantly leucine and iso-leucine with tyro- 
sine essentially absent. Composition of 
the free amino acids in the granules dff- 
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fered from that in the whole cheese. 
Bacterial populations were much higher 
in amino acid localization than in cheese 
as a whole, suggesting that bacterial ac- 
tion is a major contributing factor to the 
phenomenon of amino acid localization. 

Introduction 

Hard white granules of tyrosine in some fer- 
mented foods were first described in 1880, as 
quoted by Steinegge,r (17) for Emmenthal 
cheese. They then were thought to be deposits 
of salts. In 1926, Mirri (11) described tyrosine 
granules in eountry-ca~ed hams. Zeetti (18) 
and Piettre (12) attempted to determine their 
origin in cured meats and concluded that they 
were not produced by microorganisms. Several 
erratic observatinns have been published (9, 
16) regarding tymsine granules in cheeses. 
Bitter and Schilt (14) also detected other 
white ~ormatio~s with diameters approximate- 
ly 5mm, called 'fleeken' (spots) by the au- 
thgrs; their composition of free amino acids 
W a s  giVLWI. 

From the literature two kinds of formations 
in cheeses were known; crystalline tyrosine 
granules, and more amorphmas granules con- 
taining calcium lactate (8). Further investiga- 
tion seemed desirable to know more of varia- 
tion ,in such formations during ripening and of 
the mechanism of free amino acid production. 

The for~natio.n of ~ree amino ac;ds has been 
detected in all types of cheese independent of 
the consistency and period of ripening, and al- 
so in cheese without rind (3). The mechanism 
of this fox,nation is not fully understood but it 
is likely (8) that it arises from the poor solubil- 
ity of some amino acids, probably produced by 
some bacteria (14). Flfikiger and Schilt (7) 
and Bitter et al. (13) published the amino 
acid composition of granules and spots without 
distinguishing between them. Later, Mascherpa 
and Giolitti (10) reported on compositions of 
spots and granules in a type of Italian cheese, 
Grana Padano, at the end of ripening. 

We report results cf detailed investigations 
of spots and granules from their first detection 
up to long ripening in Grana Padano cheese. 
In physical characteristics granules appear 
generally as spherical crystals with a 1.0 to 
2.0 mm diameter, spots as small areas of white, 
soft amorphous material with 5.0 to 6.0 mm 
diameter in the surface of cheese slices. We 
studied methods of detection, isolation, varia- 
tions in chem~ical composition, and genesis of 
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the am~no acids. 

Experimental Procedure 

Experiments were on 16 Grana Padano 
cheese cakes which were made {rom a stock of 
milk free from antiseptic agents (~ormalde- 
hyde). 

Isolation of granules. Granules were careful- 
lY removed from the surface of thin slices of 
cheese with suitable needles. Weighed gran- 
ules were ground, dissolved in .1 HC1 and de- 
proteinated with sulfosalicylie acid. Centrifu- 
gation gave a clear supernatant which was 
treated with ethyl ether to remove some fat 
residues and was analyzed on an Amino Ana- 
lyzer 3A27 C. Erba. The analysis was on 
granules taken each time from a different 
cheese cake from 4 to 25 rno old. 

Isolation of spots. The analysis as described 
was a~so on spots from wh~ole cheeses 18 and 
25 me old. The covering material of spots was 
removed before analysis. Cheese 'where neither 
tyrosine granules nor spots were visible was al- 
so analyzed. 

Results and Discussion 

Amino acids analyses are in Tables 1 and 2. 
Our main concern was to follow changes in 
component amino acids during ripening. Vari- 
ation in composition of granules and spots was 
considerable. We were able to detect variation 
in component amino acids in time by amino- 
analyzer. 

A number of amino acids: asparagine, pro- 
line, glutarnie acid, valine, methionine, iso- 
leueine, tyrosine, phenylalanine, lysine, and 
his~idine, increased steadily during ripening; 
threonine, alanine, and ornithine showed no 
change; and o~-amino butyric acid, trypto- 
phane, and arginine increased only a~ter 10 to 
12 me of ripening. Tyrosine gave the ~ollowing 
values: 48.2 g/100g ,initially, 82.5 g/100 g 
after 18 me, and 70.2 g/100 g a~ter 25 me. 
These refer to samples from the inner part of 
the cheese where humidity was approximately 
constant over tiane. 

We noticed a nonhomogenous distribution 
of granules and spots in the cheese; we han- 
dled some pieces of cheese containing consid- 
erable amounts of granules and spots. Differ- 
ent erystall,ine forms were found. The granules 
in the holes of the cheese were spherical, 
smooth, and peduncolate. Others in the cheese 
mass were either starlike, bowls, crystalline 
needles, rough, or polymorpMe. We have no 
satisfactory explanation of tkis variation. 
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TABLE 1. Free amino acids in the granules and in the whole cheese; composition data. 

¢J1 

Amino acids 4 months 6 months 8 months 9 mor~ths 10 months 11 months 12 months 13 months 18 months 25 months 
A* B b A B A B A B A B A B A B A B A B A B 

Aspartic acid 
Threonine 
Serino 

~ Asparagino 
Proline 
Glutamic acid 
Citrulline 
Glycirte 
Alartine 
~-amino but-yr. 

acid 
Valino 
Methionine 
iso-Leucine 
Leucine 

.11 .12 .09 .12 .13 .17 .11 .18 .07 .14 .14 .17 .15 .22 .22 .21 .11 .28 .11 .26 

.13 .19 .15 .25 .14 .30 .17 .28 .15 .25 .20 .34 .19 .33 .35 .39 .19 .47 .18 .52 

.13 .13 .13 .17 .11 .23 .16 .23 .13 .20 .21 .28 .19 .29 .24 .38 .23 .55 .21 .51 

.32 .70 .34 .74 .18 .95 .42 .82 .38 .75 .44 1.20 .35 1.03 .25 1.17 .57 2.45 .72 2.84 

.29 .64 .32 .74 .38 .89 .52 .76 .42 .68 56 1.07 .57 1.14 .53 1.30 .45 1.25 .48 1.57 

.57 .94 .68 1.28 .78 1.60 .76 1.52 .71 1.23 1,10 ~.31 1.12 2.14 1.25 2.31 1.02 2.72 1.02 2.88 
.09 .20 .11 .16 .11 .39 .20 .36 .12 .27 .17 .35 .18 .32 .22 .37 .11 .56 .14 .51 
.09 .10 .09 .11 .13 .15 .10 .14 .10 .13 .13 .28 .12 .19 .13 .20 .11 .25 .10 .26 
.08 .11 .09 .14 .09 .18 .09 .15 .09 .14 .15 .23 .12 ,23 .15 .2~3 .13 .30 .12 .31 

. . . .  02 . . . .  01 .02 . . . .  01 . . . .  01 . . . e  .03 . . . e  .03 . . . °  .01 ° 

.24 .37 .26 .47 128 46 .26 50 .45 .40 .75 .41 .70 .49 .77 

.12 .16 .11 .18 .12 .21 .14 .20 .14 .17 .18 .25 .16 .32 .24 .28 .34 .32 .21 .35 
.20 .32 .24 .41 .24 .53 .25 .48 .24 .42 .34 .59 .33 .60 .49 .65 .74 .76 .45 .77 
.39 .67 .43 .73 .47 .97 .46 .85 .46 .75 .52 ,81 .52 .95 ,80 .98 1.33 1.03 .73 1,15 

Tyrosine 48.20 .18 61.20 .21 47.30 .23 53.00 .20 50.80 .18 54.90 .20 52.20 .21 47.80 .21 82.50 .19 70.20 .23 
Phenyl~anine 3.28 .36 3.40 .48 2,77 .53 3.03 .45 2.90 .39 4.08 .54 3.35 .53 3.85 .58 8.83 .67 4.60 .72 
Ornithine .07 .07 .07 .13 .06 .09 .05 .C6 .10 .11 .06 .13 .08 .17 .06 .05 .04 .16 .03 .09 
Lysine .35 .60 .42 .79 .45 .92 .48 .86 .43 .75 .62 1.15 .61 1.16 .76 1.50 .70 1.80 .52 1.66 
Hht idine  .07 .12 .15 .25 .09 .24 .14 .24 .16 .24 .14 .19 .13 .13 .19 .34 .15 .37 .12 .41 
Tryptophan . . . .  03 . . . .  04 . . . .  05 . . . .  05 . . . .  04 . . . .  05 . . . °  .06 . . . ¢  .07 .06 .16 .0~ .15 
Arginine . . . .  02 . . . . . .  ~ . . . . . .  ¢ . . . .  01 . . . .  01 . . . .  02 . . .~  . . . c  . . . c  .01 .05 .05 . . . ¢  .02 

z 
t-" 
© 

z 
(5 

* Grams of amino a c i d s / 1 0 0 g  granules. 
h Grams of amino ac ids /100g  whole cheese (dry weight) .  
c Traces. 
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Composition of slpots. Spots in the cheese 
can be seen only after 1 yr  .of r ipening and  on- 
ly easily in the cheese mass of 16 to 18 me 
cheese cake. Composition of spots per  100 g 
was mainly leucine 9.86 to 7.68 g; iso-lencine 
4.96 to 4.13 g; glutarrrie acid 1.84 to 1.99 g; 
methionine 1.64 to 1.93 g; valine 1.52 to 1.72 
g; and aspara~ine 1.63 to 1.29 g; which were 
the minor components of the granules. In  the 
whole cheese the same amino acids per  100 g 
dry weight  were 1.03 to 1.15 g; .76 to .77 g; 
2.72 to 2.88 g; .32 to .35 g; .87 to .95 g; and 
2.45 t~ 2.84 g (Tables 1 and 2).  

At this stage we are unable to give a satis- 
factory explanation for later formation of spots 
and differing component amino acids of spots 
and granules. 

Bacterial analysis. A preliminary topographi-  
cal analysis of the mieroflora in different parts 
of the cheese showed that  the number of mi- 
croorganisms was up  to 10 times higher along 
the boundaries of the tyrosine granules than in 
the whole cheese. The microorganisms were 
yeast, streptococci, and laetobaoilli. 
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TABI~ 2. Free amino acid in spots, in whole cheese, and in the cheese without granules and spots; com- 
position data. 

Spots Whole cheese 
(dry weight) 

Months Months 
18 25 18 25 

Cheese without 
granules and spots 

(dry weight) 
Months 

18 25 

g/100 g 
Aspartic acid .21 .19 .28 .26 .35 .32 
Threonine .37 .34 .47 .52 .612 .62 
Serine .48 .34 .55 .51 .72 .66 
Asparagine 1.64 1.29 2.45 2.84 2.40 2.62 
Proline .88 .93 1.25 1.57 1.55 1.86 
Glutamie acid 1.84 1.99 2.72 2.87 3.13 3.60 
Citrulline .38 .30 .58 .51 .60 .58 
Glycine .26 .18 .25 .26 .31 .30 
Alanine .29 .26 .30 .31 .39 .37 
a-amino butyr. 

Acid . . . .  

Methiordne 1.64 1.93 .32 .35 .32 .25 
iso-Leucine 4.96 4.13 .76 .77 .78 .74 
Leneine 9.86 7.68 1.03 1.15 .97 .68 
Tyrosine .08 .08 .19 .23 .14 .13 
Phenylalanine 1.10 1.24 .67 .72 .84 .83 
Omithine .09 .08 .16 .09 .10 .10 
Lysine 1.23 1.00 1.80 1.66 2.18 1.70 
Histidine .28 .24 .37 .41 .48 .41 
Tryptophan .08 .05 .16 .15 .20 .20 
Arginine .06 . . . "  .05 .02 .02 .05 

" Traces. 
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Abstract 
We compared raw, roasted, and pres- 

sure-flakod corn in dry matter and starch 
digestion studies in vitro. For dry matter  
digestion, incubations were I, 4, 8, 16, 
24 and 48 h. Dry matter  digestion was 
increased in hours 1 through 24 by pro- 
cessing. Digestion in the 48-h period was 
decreased by processing which suggests 
that processing may increase the ease 
of utilization but not total utilization. 
Roasting decreased 48-h dry matter  di- 
gestion more than pressure flaking. Starch 
digestion with incubations 1, 4, 24, and 
48 h favored processed corn at all hours 
except 4. The 48-h observations from 
both studies indicate that  while process- 
ing enhances starch utilization, it impairs 
utilization of other components in the 
grain. Prediction equations for dry mat- 
ter and starch digestion for each corn 
treatment from length of incubation 
period and squared length of incubation 
period had multiple correlations of .96 
or greater. 

Introduction 

Numerous processing methods have bee~ 
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developed to improve utilization of ~eed grains 
by ruminants. While some of these processes 
produce reasonably consistent results, those 
from other similar processes are often varied. 
Frequently, variations are even within the 
same process. Examples include work with 
flaked grain (4, 7, 8), high moisture grain (1, 
5, 3), and roasted coin (2). Understanding 
the mechanism of action not only helps explain 
variations, but it can be t~sod also to develop 
a system of quality control, suggest improve- 
ments in present processes, and stimulate ideas 
for new processing techniques. In this study, 
two in vitro experiments compared dry matter  
and starch digestion in raw, roasted, and pres- 
sure-flaked grain. 
Experimental Procedure 

Raw (Raw 1) and roasted (Roast 1) corn 
were secured from the Purdue University Live- 
stock Research Farm 4. Since pressure flaked 
corn was not available locally, both raw (Raw 
2) and pressure flaked (Flake 2) corn of the 
same origin were purchased commercially. 
Roast 1 was prepared in an electric powered 
ROAST-A-TRON. 5 This machine consists of a 
cylinder housed within a jacket. Fins on the 
outside of the cylinder lift the corn through the 
electric coils. The  teanperature at which the 
corn exits the machine is controlled by regulat- 
ing the rate at which the corn passes through 

4 We~t Lafayette, IN. 
Registered trademark, product cff M/x Mill, Inc.~ 

Bluffton, IN. 
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