School Lunch Pizzas Topped with
Low-Fat Mozzarella Cheese

ABSTRACT
The nutritional quality of meals
served in the National School Lunch
Program will be improved in the near

future, and pizza is one of the entrees

that will be affected. Pizza is one of the
most popular meals in schools, but the
percentage of calories from fat in the
product is well over the desired maxi-
mum of 30%. The amount of fat in pizza
can be substantially decreased by-lower-
ing the fat level in the Mozzarella cheese

topping, but the reduced-fat Mozzarella -

cheeses on the market have not-gained
wide. acceptance because of their poor

_texture, flavor, and meltability. A low-fat
Mozzarella cheese developed in this lab-
oratory has texture, melting, and string-
ing qualities- comparable to those of full-
fat Mozzarella. Manufacture of this
cheese, which contams <10% fat,
requires. ‘only. minor changes in process-
ing temperature and storage time. This
low-fat Mozzarella has been -produced
on a.commercial scale and processed
into frozen pizzas for school lunches. Tri-
als in public schools indicated that piz-
zas topped with this cheese are accept-
able to students.

INTRODUCTION

School lunch pizzas
~The USDA has announced that start-
ing in 1998, meals served in the National
School Lunch Program must meet the
government’s Dietary Guidelines for
. Americans (Groves, 1994; McGinley,
1994) Once the’ regulatlon is in place,
no. more than 30% of school lunch calo-
_ries’ may come from fat..Only 1% of the
'92,000° schools in the Program currently

meet this gundelme (McGinley, 1994).

Nearly all of the schools in the Pro-
gram bake and. serve frozen plzzas for
lunch at least once a week. In.most
‘cases, 15-25% of the weight of a frozen
plain pizza is Mozzarella cheese, which
can account for at least 50% of the fat in

the product (H. Engebretsen, Tony’s
Pizza Services, personal communica-
tion). Fat is responsible for at least 38%
of the calories in most frozen pizzas, but
if the fat content of the cheese can be
reduced to'<10%, the calories from fat
will be lowered to the 30% guideline.
Several reduced-fat Mozzarellas are
commercially available, but their melting,
texture, and flavor are generally unac-
ceptable, which has and have limited

their popularity.
Characteristics of low-fat cheese

limited the sales of low-fat cheeses
(Dryer, 1994). The relatively low number
of fat globules in reduced-fat cheese
results in a more extensive syneresis
process and a denser structural matrix,
leading to a-cheese that is too firm, too
dry, or not meltable enough (Emmons et
al., 1980). In cheese, fat can be consid-
ered as a kind of filler which influences
the rheology of the product (Desai and
Nolting, 1994). Cheese becomes softer
when the amount of liquid fat which is not
bound to the protein matrix increases
(Green et al.,
Excessive hardness in cheese can also
be prevented by manufacturing at an
optimum ratio of moisture to casein
(Lelievre and Gilles, 1982). In Mozzarella
cheese, hardness and meltability are
affected by the manner in which moisture
is distributed in the protein matrix (Merrill
et al., 1994). Protein fibers in Mozzarella
are separated by columns of water,

which contain emulsified fat droplets

(Oberg et al., 1993). Removal of fat theo-
retically results in narrower columns,

. which would cause the fibers to coalesce .

and make the cheese harder and less
meltable (Merrill et al., 1994). Increasing
moisture content in low-fat Mozzarella
should assist in_control of hardness and
meltability by preventing the protein
fibers from compacting further.

Fat is a primary source of flavor in
cheese (Fox et al., 1994). A 1992 taste

'1985; Luyten, 1988).
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test of low- and no-fat cheeses, including
Mozzarella, indicated that most had little
or no flavor (Burros, 1992). The flavor of
cheese is adversely affected when the
amount of fat is decreased since flavor
compounds are dissolved in the fat and
released when the cheese is eaten
(Jameson, 1990). Flavor compounds in
cheese include short-chain fatty acids
resulting from lipolysis of triglycerides, as
well as products generated from proteol-
ysis at the fat-protein interface (Olson
and Johnson, 1990). When fat is elimi-

.nated from cheese, these fat-soluble

Problems with flavor and texture have * :components are not perceived (Fox et

al., 1994). Lipase enzymes, which are
routinely -added in the manufacture of
Parmesan, Provolone, and Romano
cheeses, will generate more flavor-pro-
ducing fatty acids (Jameson, 1990;
Olson and Johnson, 1990), but when the
total amount of fat is low, additional lipas-
es may not compensate for lack of fat as
a source of, and a solvent for, flavor

" components.

With these concepts in mind, this lab-
oratory set out to produce a low-fat Moz-
zarella with acceptable texture, melting,
and flavor. Such a Mozzarella was devel-
oped using 22.7-kg batches of milk
(Tunick et al., 1991, 1993). Its textural
and melting characteristics are similar to
those of Mozzarellas containing at least
twice the fat. At the request of the Food
and Nutrition Service, which administers
the National School Lunch Program,
preparation of this cheese was scaled up
in a commercial plant to determine if it is
suitable for frozen pizzas. The purpose of
this study is to show that low-fat Moz-
zarella cheese can be manufactured
commercially using accepted cheese-
making ingredients and procedures,
processed into frozen pizza, and accept-
ed by students.

MATERIALS & METHODS

Cheese manufacture
A 9275-kg batch of milk was stan-



dardrzed to 0.8% milkfat and pasteurized
at' 73Cfor'17s; the total:solids contents
was 9. .7%. After the addition of 250 ml
lipase (Sanofi Bio-Industries, Waukesha,
Wwl) and 0.9 kg CaCl2, the milk was
heated to 35C in a closed vat (Damrow,
Fond du Lac, WI)-over a 45-min period.
When the temperature was reached,
113L of liquid starter. culture, a propri-
etary mixture of Streptococcus ther-
mophilus-Lactobacillus bulgaricus starter
(Marshall-Rhone Poulenc, Madison, WI)

and Streptococcus lactis (Chr. Hansen’s

Laboratory, Milwaukee, WI), were added.
After another 55 min, 1.18 L of calf ren-
net (Chr. Hansen’s) were added. The rest
of the cheesemakmg procedure is shown
in Table 1. The cheese was packaged in

2.3-kg loaves and stored at 4C for 10 wk. -

The final pH was 5.24.

Pizza manufacture
Dunng the storage period, the cheese .

commerclal pizza

ervrng

Analytlcal tests:

‘The’ morsture ccontent of the low-fat’
Mozzarella was ‘determined by the

forced-draft oven method (AOAC, 1990)
and fat. content was determined by the
modrfred Babcock test (Kosikowskr,
1982) "Percentage of protern was deter-
mmed:by automated Kjeldahl analysrs

*(Malin | and Brown,

RESULTS & DISCUSSION

The cheese was manufactured with-

‘out artificial ingredients or major changes

in cheesemaking procedures. Mozzarella
is normally cooked at 40°C or higher
(Kosikowski, 1982), which removes mois-
ture from the cheese and causes some
inactivation of the chymosin and starter
culture microorganisms (Kindstedt,
1993). When the cook temperature is
reduced to 35°C, the curd retains more
moisture, which results in a softer cheese

and a higher level of proteolysis after the,

cheese is made (Tunick et al., 1991,
1993). The breakdown productsvof Og
casein that takes place during the
extended storage period weakens the
dense protein matrix, softens the cheese

further, and eliminates the textural and

melting problems often displayed by
reduced-fat Mozzarellas (Tunick et al.,
1991, 1993). The breakdown. products of
0gq-casein have been shown by comput-

~’erlassrstecl olecular modelmg tobe:
j,small compact structures which could”
-easily move: aside when' force is applied
994) Degradatron of -
"_er middle school and an elementary

school. Informal discussions with the stu-
- dents at those schools revealed that they

es, does not oocur to ‘any extent in

one’s diet if it is not eaten. Therefore,
tests on the pizza were performed in a
cafeteria in a local middle school with
students in grades 6-8. Students who
chose pizza lunches were given ques-
tionnaires on which they could rate the
product. Ninety usable responses were
received and rating points were assigned
(Table 3). The average rating was 3.08,
which corresponds to “good”. The stu-
dents who assigned “fair” and “poor” rat-
ings ate the pizzas without complaint and
without leaving much uneaten, which
indicates that many of these responses
were not entirely serious.

Table 3. Results of student:
surveys

Rating Points % of Students
" Excellent 5 21

Very Good 4 23
Good 3. 18
“Fair 2 ' 18

. ,-1993; Tunick et

- The pizzas were also served in anoth-

iked the product the older students were

‘ especrally interested in the fat reduction.

g | rom The amount' of uneaten pizza, a key indi-

'the ‘addition ‘of lrpase enzyme. Laboratory '
trials have shown' that an adjunct culture

of Lactobacillus casei, which generates a
desirable diacetyl flavor, can be added in
place of lipase. Calf rennet was used

since it is the traditional coagulant for -
‘Mozzarella; prehmrnary experrments have :
demonstrated that other types f '

severe.

— “of Part s_k_l"" lozzarella (rable 2 ond

Slabs rnto stretcher at 88°C for 3 min
'Cheese into brine (23% NaCl) arc -
Cheese'packaged:

- 4'00
»1'4:(‘)Q,

2:25 P - o kab.“. 0.
2:40, 3:20

3:45 529 - -

Jioolvsis that'

“cator of aoceptance, was low at all of the
-schools. Cafeteria personnel did not

expenence any difficulties in heating the
pizzas. The cheese toppings browned
heavily only when the time and tempera-
ture condrtlons in the oven were too

“The labelmg laws enacted in 1993

: ',permlt the use of the descnptor “light” on
" a food label if the fat content is at least

- 50%less than that of the reference food
;»'?(Mermelstem 1993) :The Mozzarella in

this_study. contams less than half the fat

.in the cheese’ dunng



Table 2. Compositional analyses of Mozzarella cheeses (Posatl
and O, 1976) and of the low-fat Mozzarella in this study

Mozzarella Type % Fat % H,0 % Protein %NaCl
Low-Fat: 7.0 545 31.2 1.22
Regular 21.6 54.1 19.4 0.94
Low Moisture 24.6 48.4 21.6 1.07
Part Skim 1 5.9 53.8 243 A_ 1.20
Low Moisture Part Skim 171 486 275 1.35

refrigerated storage enhance the texture,
melting, and flavor of the product. The
low-fat pizzas were well accepted by
school students in lunch room trials.
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