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POROSITY, SPEC IFIC GRAVITY AND FAT DI SPERS ION IN BLUE C HEESES 
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Saint Paul , Minnesota 55108 

Abstract 

Porosity was measured in Blue c heeses made 
from (i) homogenized butter oil - reconstituted nonfat 
dry milk (4 % fat). (ii) homogenized butter oil 
reconstituted nonfat dry milk (14 % fat) s tandard ized 
to 4% fat with r econstituted nonfat dry milk , (iii} 
homogenize d raw c ream (14 % fat) standardized to 4% 
fat with raw s kim milk , and (iv) homogenized pas
teurized c ream (14 % fat) s tandardized to 4% fat with 
pasteurize d skim milk. Cheeses made from (i) were 
the mos t porous and were significantly different from 
the other c heeses . In cheeses made from (i) and (ii) , 
about 40% of the holes were less than 2 )J m2 in 
area, while in cheeses made from {iii) and (iv), 50% 
of the hol es were less than 2 )J m2. Cheeses made 
from (iii) did not contain holes larger than 22 1.1 m2, 
whereas c heeses mode from (iv), (ii) and (i) c ontain 
ed 0.76 , 1. 29, a nd 5.27 %, respec tive ly, of holes larger 
than 22 11 m2. Cheeses made from (i) had t he lowest 
sp ecific g ravity and wer e signific antly different from 
the ot hers . Fat was well dispersed in cheese made 
from (i) with few s mall c lu s ters. The other cheeses 
contained many large c lu s t ers of fat globules, and 
the fat distribution was less uniform than in c heeses 
made from (i). 

Init ial paper received June 09, 1988 
Manusc ript received August 16, 1988 
Direc t inquiries to H.A. Morr is 
Te le phone number : 612 - 624 - 4293 

Key words: Blue c heese, porosity, specific grav ity , 
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Introduction 

There is interest in making Blue c heese from 
butte r oil and reconstituted nonfat dry milk in such 
countries as Egypt. A first a ttempt was made by 
Oma_r and Ashour (1982) , who made Blue c heese from 
unhomogenized c ream standardized to 3.8 % fat with 
reconstituted nonfat dry milk and also from rec onsti 
tuted dry whole milk. However, these c heeses were 
inferior to those made from fre s h cow 's milk. 

In the manufacture of Blue c heese in the 
United States, it is common prac tice to separate 
whole milk into 12-14% fat cream and skim milk . 
The cream is homogenized and then recombined with 
the sk im milk. A less common practice is to simply 
homogenize whole milk. The u se of these homoge 
nized produc t s results in the produc tion of an ope n 
bodied, porous cheese s truc ture that favors mold 
growth and sporulation (Morris, 1981). The resulting 
c heese is superior to that made from unhomogenized 
milks. 

It is pos tul a ted tha t homogenization and incor 
poration of air in the milk up to the time of adding 
r enn e t increases porosity and r esults in a less dense, 
more porous cheese than when unhomogenized milks 
are u sed (Morris, 1981) . But information is lacking 
about porosity per se and d ensity of Blue c heese as 
influ enced by the homogeniza tion treatment. 

Overall curd structure may be visualized as a 
para- casein s ponge in whic h fa t globules, bac t e ria 
(Kimber e t a t., 1974), whey (Green et al. , 1981) and 
gases (Kalab e t al., 1982 ; Lowrie e t a t., 1982) are 
held. Whe ther the fat globul es exis t s ingl y or in 
c lu s te r s , a nd the amount of entrapped air, undoubt 
edly influence the structure a nd thu s the phys ic al 
parameters of c heese, such as porosity, size distribu 
tion of holes in cheese, and density . 

Cheese porosity is defined , theoretically , as the 
r atio of the volume of the holes (pores ) in c heese to 
the total volume of cheese (Noel e t a l. , 1987). Our 
interest in porosity was ins pired b y the work of 
Green et at. (1981). They measured coarseness of 
the protein matrix in cu rds and c heeses . This was 
done by printing mic rographs of the matrix on trans
parent paper. For c heese samples, the micrographs 
were placed on a 28 x 19 line rec tangular grid 
(Green e t al., 1981). "The black parts of the photo
graph (c asein) made the grid invisible, but the grid 
lines could be seen through the clear parts of the 
photograph (fat, whey, or holes). We simply counted 
the number of bits of grid line visible, ignoring their 
length. The frequency of phase c hange was (count x 
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2) I tot al length of lines on the grid in mm. The 
coarseness was defined as the reciprocal of the fre 
quency. Our prints were 72 x 48 mm and total 
length of lines on grid in mm 11 (Green , M.L. personal 
communication, 1987.). 

To measure porosity accurately, all sec tions of 
cheese would n eed to be examined. Thu s, in prac
tice, the method for coarseness b y Green et al. 
(1981), or sim ilar app r oac hes are feasible 
ap proximation s to ac tual porosity. 

Although pores have been noted in c heese 
s tructures and milk gel s by Eino e t a l. (1976) , Glaser 
et al. (1980). Green et a l. (1978 , 1981), Kalab and 
Emmons (197 8), and by Kalab and Harw alkar (1973), 
porosity as such has not been measured. 

Yiu (1985) studied fat distribution in commer c ial 
Blue cheese. She found large fat globules in the v i
c inity of the mold, while the fat globules away from 
the mold were smaller. It is not known whether or 
not the cheese was made from homogenized milk s or 
homogenized creams. 

Homogenization is essential to combine butter 
oil efficiently with r econ s tituted nonfat dry mil k and 
to improve the quali t y of c heese over the use of un 
homogenized mixtures. Comparability of resulting 
products with regular homogenized cream and milk in 
the manufacture of Blue c heese does not appear to 
have been investigated. 

The literature on cheese density seems to be 
restricted primarily to work by Mayes and Radford 
(1983) , who de termined density in Cheddar cheese by 
determining the weight in a ir and the weight s us 
pended in a liquid. They obtained values ranging 
from 1.073 t o 1.078 g / mL a t 20°C, and from 1.088 
to 1.096 g/mL at 8 ° C. 

In view of the aforementioned, the purpose of 
this work was to obt ain information on porosity, 
density and fat distribution in Blue cheeses made 
from homogenized mixtures of butter oil and 
reconstituted nonfa t dry milk. 

Methods and Materials 

Materials 
------rfie following materials were u sed (sources are 
indicated in parenthesis); butter oil (Level Valley 
Dairy Products, West Bend, WI); grade A low heat 
nonfat dry milk (NOM) (Mid - America Dairymen, Inc ., 
St. Paul, MN); calf rennet ( Pfizer, Inc . , Milwaukee, 
WI); calc ium chloride (Da iry l and Food Laboratories, 
Inc., Waukesha, WI); Penic illium roqueforti powder 
(Dairyl and Food Laboratories, Inc ., Waukesha, WI); 
me thylene blue and eosin (Hartman-Leddon Company, 
Philadelphia, PA) ; potassium hydroxide (Allied Chemi
cal, General Chemical Division, Morristown, NJ); 
Sudan III dye (Sigma Chemical Company, St. Louis, 
MO ); e thanol ( Midw est Grain Products, Atchison, KS); 
ace tone (Chemical MGF Corp. , Gardena, CA); kero
sen e (Che mical Warehouse, Univers ity of Minnesota, 
Minneapolis, MN); monoc hlorobenzene an d osmium te 
trox ide (Aldrich Chemical Company, Inc. , Milwaukee, 
WI); formaldehyde (Hawkins Company, Minneapolis , 
MN) ; hematox ylin (E.M. Science, Cherry Hill , NJ); 
"hemo De " ( a deparafinizing mixture of terpene, min
eral oil, and butylated hydroxy-anisol ) (P MP , Medical 
Industries, Los Angeles, CA); sodium phosphate dibas 
ic, hydrochloric ac id and glacial acetic acid 
(Mallinckrodt, Inc ., Paris , KY); monobasic sodium 
phosphate (Columbus Chemical Indu s tries, Inc . , 

Columbus, WI); glycerin, a luminum ammonium sulfate , 
sodium iodate and Permount Mounting Medium 
(Fisher Scientific Company, Fair Lawn, NJ); and 
paraffin (Surgipath , Grayslake, IL). 
Cheesemaking 

Butter oil, sufficient to produce 4% or 14% fat 
blends with reconstituted (9 % solids) NDM were pre 
pared. NDM was thoroughly dispersed in water heat 
ed to 43.5 °C. The appropriate amount of butter oil 
was then added to the milk. The mixture was heated 
to 54.5°C with agitation until all the butter oil was 
melted. Both 4% fat in recon s tituted nonfat dry milk 
(4% RNDM) and 14% fat in reconstituted nonfat dry 
milk (14 % RNDM) were homogenized at 13790 + 3448 
kPa (2000 + 500 psi) and 54.5°C. All products u sed 
in the manufacture of cheese were double s tage 
homogenized at 13790 + 3448 kPa and 54.5°C in a 
Gaulin Model 125 / 83M F12A, 3841 / H (Manton Gaulin 
Company, Inc . , Everett, MA ). After homogenization 
the 14 % fat RNDM was s tandardized with reconsti
tuted NOM to 4% fat (14-4% RNDM) . Both mixtures 
were held overnight a t 4-5°C. Two 454 kg portions 
of norm al raw whole milk (3 .8% fat) were used to 
make the control cheese. One portion was separ ated 
to get 14% fat cream and skim milk. The cream was 
homogenized, then recombined with the skim milk to 
mak e 4% fat milk (14 - 4% R). The other portion of 
normal raw milk was separated and both 14 % fat 
cream and skim milk were pasteurized, then 14% fat 
pasteurized cream was homogenized and added back 
to the pas t eurized s kim milk to make 4% fat milk 
(14-4% P). Blue c heeses were made from 182 kg of 
reconstituted non fat dry milks a nd 454 kg of 14 - 4% 
R and 14- 4% P u sing the method described by Morris 
(1981), except that calciu m chloride was added to 4% 
RNDM, 14- 4% RNDM and the 14- 4% P milks. 
Cheese - making trials were done in triplica te . 
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Table 1 describes the sample designations used 
in the rest of the paper. 

Table 1 . Sample designations. 

Designation 

4% RNDM 

14- 4% RNDM 

14- 4% p 

14- 4% R 

Cheese porosity 

Blue cheese made from 

Homogen ized 4% fat in reco ns ti 
tuted nonfat d r y milk 

Homogenized 14% fat in recon 
s tituted nonfat dry milk s t and 
ardized to 4% fat with reconsti 
tuted nonfat dry milk 

Homogenized 14% fat pasteurized 
c r eam s tanda rdized to 4% fat 
with pasteurized skim milk 

Homogenized 14 % fat raw cream 
standardi zed to 4% fa t with raw 
skim milk 

Blue cheese samples were taken before salting , 
prepared and stained u s ing the method of Han sson et 
al. (1966) with the following modifica tion : sections 
were 4 lJm thick prepared by using a cryogenic mi
c rometer (Model CTD-International-Harris Cryostat 



Blue c heese porosity , density and fat dispersion 

Int ernational Equipment Company, Needham He ights, 
MA). Two photomic rographs of each c heese wer e 
obtained u s ing a c amera (Nikon l\1 - 355, 35 mm , 
Nikon , Tokyo. Japan) a ttached to a ligh t microscope 
(Olympu s BH, Olympus Optical Company Limite d, 
Tokyo, Japan). A transparent micrograph was made 
for each photomic rograph ob tained. Trans parent 

Table 2. The poros ity of Blu e c heeses. (Porosity = 
ffietO'fiil area of holes I the total a rea of the 
photograph . ) 

Poros ity& 

Cheese samplesTrtal 1 Trml Porosityb SE 

4% RNDM 0.1259 0.0988 0.1124 * .. 0.0136 

14 - 4% RNDM 0.0716 0 .0680 0 . 0698* 0.0018 

14 - 4% p 0.0625 0.0598 0.0612* 0.0014 

14 - 4% R 0.0530 0.0479 0.0514* 0 .00 17 

a = mean of two photographs; 
b = mean of the two trial s; 
SE = s tandard e rror for the two trials; 
* = not sign ificantly differ ent; 
** = significantly different. 
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Figure 1 . Light photomic rographs of sec tion s of BJue 
c heeses : 

A - 4% RN DM; B - 14 - 4% RND M; 
C - 14 - 4% P; a n d D - 14 - 4% R. 

F = lat; P = protein ma tri x ; - H = holes 

mic rographs we re used to measu re the area of the 
holes (pores ) us ing a Hi pad digitize r (Hous ton In s tru 
me ntal , Au s tin, TX) a ttached to a n Apple II compute r 
(Apple Computer , Inc . , Cupertino, CA). The area of 
eac h hol e on the micrograph was recorde d in c m2 
and the tota l area of the photomicrograp h was calc u 
lated in c m2. The ratio of the area of the holes to 
the area of photomicrograph was calc ul a ted a nd 
ca ll ed poros ity . Actual dimen s ions in lJ m2 were u sed 
in the di splay of frequency dis t ributions a nd in 
statis tical calc ul a tion s. This experimen t was 
dupli ca ted. 
Spec ific gravity of cheese 

Cheese samples were cut into 1 e m c ubes . Four 
c ubes we re used for each t ype of c heese . The me th 
od desc ribed by Stoll (1966) to measure the specific 
gravity of c urd using different solutions of ke rosene 
and monoc hlorobenzene was u sed to measure s pecific 
gravity. The ex periment was tr ipl ica ted. 
Dis t r ibution of fa t in c heese 

Cheese pteces (1 x 1 x 0.3 em ) were fix ed in 
10 % buffere d formal in solution (Hansson e t al., 1966) 
and postfixed in 1.5% osmium t e troxide to s tab ili ze 
the fat and s tain it black. Routine Harris he matoxy 
lin and eosin method (Luna, 1968) was used for 
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Figure 2. Size frequency distribution of holes (area in ~m2 ) in blue cheeses: 
------,;-: 4\ 1\NDM; B - 14- 4\ 1\NDM; C - 14- 4% P; D - 14- 4% R. 

fhe number (~ of tofal number) is g iven per 2 ~m2 c lass widths. -

s taining and preporing the cheese on the slides 
except that the sec tions were not dipped in ommonic. 
or lithium and hemo De was subs tituted for xylene. 
The distribution of fat in c heese was studied u s ing 
two slides from each of the four c heese types and 
photomic rographs were obtained u s ing a Nikon 
camera attached to a light microscope. This 
experiment was duplicated. Therefore, four slides 
were evaluated for each type of cheese by counting 
the number of clusters in 8 fields for each slide. 

Results and Discussion 

Porosity of cheese was calculated by the ratio 
of total area of holes and the area of cheese ob 
served. Holes as measured in this s tudy con tained 
whey or gases. Cheese mode from 4~ RNDM hod the 
most porous s tructure and was significantly ( P less 
than 0.05) different from other cheeses (Table 2 and 
Figure I) . 

The frequency d istribution of hol es in the Blue 
cheeses is shown in Figure 2. About 50% of the 
total holes were less than 2 l! m2 in Blue c heeses 
made from 14- 4% R and 14 - 4% P, while cheeses mode 
from 14- 4% RNDM and 4% RNDM had only about 40% 
of the total holes less than 2 ~m2 . Cheese made 
from 14-4% R did not have any holes larger than 22 
llm2, while cheeses made from 14 - 4% P, 14 - 4% RNDM 
and 4% RNDM had 0.76, 1.29 and 5.27% of the total 
holes larger than 22 JJm2, respectively . Cheeses 
made from 4% RNDM were the only ones that had 
holes larger than 36 1.1m2 (3.16%). 
Specific gravity of cheese 

The mean spectfic gravities for each of the 
three trials along with the overall means are shown 
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in Table 3. Cheeses made from 4% RNDM had the 
lowes t spec ific gravity and were significantly diffe
rent (P less than 0.05) from the other c heeses. 

Specific gravity values varied from 1.0339 to 
1.0520 at 32°C. According to Mayes and Radford 
(1983), Cheddar cheese varies in density from 1.073 
to 1.078 g/ml at 20°C and from 1.088 to 1.096 g/ml 
at 8°C. Thus, Blue cheese is much lighter than 
Cheddar cheese. Not surprising, the most porous 
cheese had the lowes t spec ific gravity (cheese made 
from 4% RNDM) and the cheese that had the least 
porous structure had the highest specific gravity 
(cheese made from 14- 4% R). This suggests that 
many of the holes contained gases and not whey. 
Dis tribution of fat in cheese 

1 he dtsfrtbution pattern of fat globules was 
studied in Blue c heeses mode from the homogenized 
mixtures of 4\ RNDM, 14 - 4% RNOM, 14 - 4% R and 
14- 4% P. The t e rminology to be used concerning the 
association of two or more fnt globules is that of 
Mulder and Walstra (1974), whose plate 3 c learly 
shows the difference betwee n noes and homogeniza
tion clusters. The distribution of fat in Blue cheeseS 
made from 14 - 4% RNDM, 14 - 4% R and 14-4% P waS 
not uniform and existed mostly as clusters (Figs . 3B, 
C and D). The non -uniformity of distribution is 
similar t o other cheeses (Hall and Creamer, 1972; 
Taranto et al., 1979). In contrast, fat in cheese 

Fil!';'res 3 and 4 (on the opposite page) . Light pho
tomicrographs of sections o f Blue Cheeses showing: 
~~~: examples of overall distribution of fat; and 
F"Jg\ire4: exomples of c luster formation. 
A=4%RNDM; B - 14- 4% RNDM; C - 14- 4% R; and 
Q- 14-4% P. - The black particles are fat. 
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3A 

Ba rs= 50 ~ m (for all figure s in Fig . 3) . Bars 5 lJ ffi (for all figure s in Fig. 4). 

. .. 
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Table 3. The specific gravity of cheeses. 

Specific Gravity8 Specific Gravityb SE 

Cheese samples: Trial 1 Trial 2 Trial 3 

4% RNDM 1.0347 1.0358 1.0347 1.0351** 0.0006 

14 - 4% RNDM 1.0449 1.0460 1.0430 1.0446* 0.0012 

14 - 4% 1.0453 1.0471 1.0453 1.0459* 0.0006 

14 - 4% R 1.0483 1.0498 1.0471 1.0484* 0.0006 

a = mean of four samples of cheese for trial; b = mean of the three trial s ; SE = standard e rror of the three 
trials; * = not s ignifi cantly different ; * * = signifi cantly different . 

Table 4. Fat distribution (clu s ters ) in Blue c heeses . 

Nu mber of c lu s t ers& 
Number of 

Cheese Trial 1 Trial 2 c lu s tersb SE 

4% RNDM 2 .0 2. 0 2 .0** 0.00 

14 % RNDM 5.0 5.0 5.0* 0.00 

14 - 4% p 4.0 4.0 4 .0* 0 .00 

14 - 4% R 5.0 4.0 5 .0* 0. 5 

a = mean of the number of c lu sters in 16 fie lds for 
each trial ; b = mean of the number of c lu s te r s in 32 
fi elds in the two trials; SE = s t andard error o f the 
two trials; • = not s ignificantly differen t ; * * = 
s ignificantly different. 

made from 4% RNDM was distributed more uniformly 
in the form of s ingle globules (Fig. 3A) or as floc 
cutes (Fig. 4A), although a few c lusters were present. 
Cheeses made from 14- 4% RNDM, 14- 4% R and 14 - 4% 
P had many c lu s t e r s of fat entrapped in casein mat 
rix (Figs. 46, C and D) . The numbe r of c lu s ters was 
s ignificantly different from c heese made from 4% 
RNDM (Pless than 0.05) as s hown in Table 4. These 
results would be predicted from the work of Ogden 
e t a l. (1976), who found that homogenization of 
cream induced the c lustering of fat globules due to 
sharing of fat globules by c ase in micelles. Clusters 
formed by homogenizing 14 % fat mixtures were not 
dispersed by the second stage homogenization or by 
s tandardizing to a 4% fat mixture (unpublished data , 
Kebary, K.M.K.). Similarly, Knoop a nd Peters (1972) 
found in Cam emb ert c heese made from partly homog
e nized milk that fa t c lu s ters were embedded in the 
casein matrix. As noted , c heese made from 4% 
RNDM had a few smal l clusters and floccules . In 
preliminary work on changes in the distribution pat 
tern of fat globul es in homogenized raw milk, ho
mogenized pasteurized milk and i n the homogenized 
4% RNDM mixture left for 48h at 10°C, there was a 
slight increase in the number of floccules . This 
observation does not account for the relatively 
greater number of noccules observed in the cheese. 
Perhaps agitation of the milk , or other factors 

during manufacture results in more aggregation of 
this type. Al so, aggregation of fat globules was 
ob served in Cheddar c heese (Taranto e t al. , 1979). 

In conc lu s ion , cheese made from 4% RND M had 
the highest poros ity and lowest specific gravity end 
was significantly different from cheeses made from 
14 - 4% RNDI\1 , 14- 4% R and 14 - 4% P. Fat distribution 
was more uniform in cheese made from 4% RNDM 
then cheese made from 14 - 4% RNDM, 14- 4% R and 
14- 4% P. Many c lusters were noted in c heeses made 
from the 14- 4% produc t s. 
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Discu ssion with Rev iewers 

M.L . Green: It s houl d be poss ible to d educe the 
density of the contents of the holes from b e tween 
cheese comparison s of the proportions of holes and 
dens ities. This s hould help to identify hole contents. 
What does suc h an analysis reveal? 
Authors: Your question led us to plot the means for 
porosity against the means for specific gravity to 
determine the regress ion equation and the correlation 
coefficient as shown i n Figure 5. As would be 
expected, on average, as specific gravity increases, 
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porosity decreases. It would appear to be possibl e t o 
calculate the weight of air from the specific gravity 
i f the composition of the c heese is also known . The 
formula is: 

%F + %N + %W + %air 

(%F I SF)+(%N I SN)+(%W I !)+( %air I S a ir) 

where S = spec ific gravity , F = fat, N = solids not 
fat a nd W = water. Using the S de term ine d by ex 
perimentation , S ofF= 0.93 , S of N of 1.6007, S of 
a ir is 0 . 001205 (a t 20 °C and atmospheric pressure for 
dry ai r), and the cheese com pos ition at the time the 
S was de termined, the amount of a i r can be calcu 
l a ted by solving for % air. Unfortunately, we meas
ured s pecific gravit y of the cheeses before the 
c heeses were salted and before mold grew in them 
and determine d c heese composit ion aft er salting, thu s 
we do not have the needed informat ion . We plan to 
do this experiment. 
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Figu r e 5. The relat ion ship between porosity and 
specific gravity for the four cheeses used in these 
experiment s: 

A - 4% RND M, B - 14- 4% RNDM , 
~- 14-4% P, and Q - 14 - 4% R. 

L. K. Creamer : Could porosit y have been measured by 
weighmg the c heese, weighing the c heese subme rged 
in oil and then evacuating the c heese while sub 
merged a nd weighing the degassed c heese? 
Au thors: Such an approach migh t be feas ibl e if the 
pores contained only gases. But if some c ontain gas 
(air , carbon dioxide or ammonia) and others contain 
whey, the problem becomes more complicated. How 
well gases might be evacuated from the cheese 
matrix while immersed in oil would need to b e 
explored. 

L.K. Creamer: Why was porosity measured on only 
two set s of c heese? 
M.L. Green: In Tabl e 2, why only results of two 
trial s when experiment was done in triplica te? 
Authors : The overall projec t was concerned with the 
manufacture of Blue c heese from nonfat dry milk and 
butter oil . Three cheese -m aking trials wer e planned 
using the preparations indicated in this pape r. 
Initially we planned on following acid deve lopmen t , 
sen sory evaluation of the curds during manufac ture, 
c hem ical composition of the cheeses, specific grav ity 
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of the c heeses, ext ent and dis tribution of mold 
g rowth , and c hem ical changes during ripening along 
with sensory evaluat ions. Trial s were sc hedul ed for 
the spring, summer, and winter. After the firs t trial 
we inc luded porosity and fat dis tribution in the 
c heese to the p ar ameters to b e determined. To avoid 
possible c omplications of variation s in salt content 
and mold grow th in the c heeses, specific gravity, 
porosi ty and fat dist ribution were all de termined on 
t he c heeses jus t prior to dry salting. Cheeses from 
the fir s t trial had b een salted , punc he d, a nd mold 
had grown in them before we had decided to 
de te r mine poros ity and fat dis tribution. That is why 
spec ific gravity was run on the c heeses in the three 
trials and poros it y and fat distribution were run only 
on the las t two trials. 

M. L. Green: In the absence of evidence t ha t the fat 
glObules a r e c lu s t e red in the milk s a t the s tar t of 
c heesemak ing, can the authors sugges t why clu s tering 
s hould occur. Could the mode of aggregation of the 
case in have any influence? 
Authors: We do have evidence tha t fat g lobules were 
c lu s t e r ed in the milks at the s tar t of c heesemaking. 
This is a part of the unpublished work referred to in 
the tex t. The same is true in commercial 
manufacture as shown in Fig. 6. The c r eation of 
homogenizat ion induced c lu s t e r s is explained in the 
Ogden e t al. (1976) , and in the Mulder and Walstra 
(197 4) r eferences in the text. Since homogenization 
c lus t ers are only r edispe r s ibl e with con s ider able 
e nergy, t hey are not brok en up when the 
homogenized 14 % fat mixtures are s tandardize d to 4%. 
Ogden e t at . ( 1976) a lso s how ed that the c lu s te r s 
s tay intac t after d ilution . They al so ex pl ain the 
effects of fat content , shareabl e surfac tant (casein 
mice11es) content , homogenization pressure, and 
surfac tant partic le size on the ex ten t of cluste ring. 

L. V. Ogden: Does the more open c heese that results 
from homogenization of 4% milk ac tually resu lt in 
better mold growth and more acceptable product? 
Au t hors: All of t he c heeses made were very accept 
~ol d did grow more abundantl y in t he cheese 
made from the 4% fa t conta ining butter oil - reconsti 
tuted nonfat dry milk bl end tha n in the others. We 
did not use 4% homogenized normal milk but would 
expect similar results. 

L. K. Creamer: On the basis of the presen t result s 
woul d you r ecommend a ny particul ar manufac tur ing 
protoc ol? 
Authors: For the manufacture of Blue cheese fro m 
muc tures of but te r oil and reconstituted nonfa t dry 
milk , i. e., 14- 4% RND M vs. 4% RND M, based on 
porosity , speci fic gravity and mold growth , the 4% 
fa t mix ture woul d be preferred . But r esult s from a 
consumer acceptance p anel s howed tha t ther e was no 
significant difference between the c heeses a t four 
months of age, but at eight months the 14 - 4% RNOM 
c heeses wer e preferred. Since the c heeses were 
relatively comparable from a consumer viewpoint, the 
economics of homogenizing a lower volu me of 14 % 
fat produc t compared to homogeni zing the 4% 
mixture woul d favor the manufac ture from the 14- 4% 
RND M mixture u sing conventional me thods. 

B 

Figure 6. Effec t of fat content on c lus t ering and 
stzes of fat g lobules of normal milk (commercial sam
ples) homogenized at 13790 + 3448 kPa. A - unho
mogenized c ream (14% fat) ; B - homogenizid 14% fat 
c r eam; C - homogenized 14%- c r eam diluted back to 
3 .4 % fa t- with skim milk . The magnification is same 
in the three mic rographs. 
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