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Effect of homogenization of cream on composition,
yield, and functionality of Cheddar cheese
made from milk supplemented with ultrafiltered milk !

Bonney S. @MMEN, Vikram V. MisTRY*, Manoj G. MR

Minnesota-South Dakota Dairy Foods Research Center,
Dairy Science Department, South Dakota State University,
Brookings, SD 57007, USA

Abstract — Cheddar cheeses were made from milks supplemented with ultrafiltered skim milk to 4.57
and 5.93% protein and from milks without supplementation to serve as controls (3.18% protein).
Milks were standardized (casein-to-fat ratio of 0.7) with unhomogenized cream or homogenized
(6.9/3.45 MPa) cream. The six treatments were replicated five times. Rennet clotting time decreased
with protein concentration and homogenization of cream increasgg thétime to reach an ampli-

tude of 20 mm on formagraph after rennet clotting time, decreased with homogenization and concen-
tration. g, the amplitude on formagraph after 40 min of rennet addition, increased with protein and
homogenization. Cheese moisture ranged from 37.29 to 39.37% and the proportion of fat in dry
matter ranged from 52.9 to 53.7%. Cheese yield adjusted to 37% moisture and 1.5% salt and adjus-
ted yield per kg protein increased significantly in treatments with both protein concentration and
homogenization. Fat recovered in cheese decreased with concentration in unhomogenized treat-
ments while it increased in homogenized treatments. Protein recovery increased with protein concen-
tration. A sensory panel did not detect any significant difference in flavor, flavor intensity, and body
and texture with protein supplementation, but there was a significant increase in the body and texture
scores in treatments with homogenization. Hardness of cheeses increased in treatments with concen-
tration. Meltability of cheese increased with age in homogenized treatments. Free oil and free oil on
fat basis decreased in treatments with homogenization and concentration. These two parameters also
decreased with cheese age with a larger decrease for the homogenized treatments.

Cheddar cheese / homogenization / ultrafiltration
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1. INTRODUCTION In a previous study on selective homog-
enization of milk fat in the manufacture of

Milk concentration prior to cheese man-Cheddar cheese [25] it was found that
ufacture has the advantages of increasehomogenization of cream improved the
yield and higher throughput [15]. Moreover, body and texture and functionality and also
it can also be used to standardize cheejncreased the fat and protein recovery in
milk, so that uniformity in finished product cheese, thus increasing cheese yield. It was
composition and quality may be maintainecconcluded that first and second stage
[9]. Ultrafiltration is a selective low-pres- homogenization pressures of 6.9 and 3.5
sure membrane concentration process WhiqmpPa for 35% fat cream was optimum for

separates high molecular weight speciethe manufacture of Cheddar cheese.

(10 000 to 200 000-mol?) from a fluid o . _
stream. The mechanism of this process ar | N€ objective of the present investigation
its applications in the dairy industry haveWas to study the effects of homogenization of
been well documented [18, 19, 24]. For35% fat cream at 6.9 and 3.5 MPa, respec-

Cheddar cheese making, milk concentratelively on the composition, yield, and func-
by ultrafiltration up to 2 times does nottionality of Cheddar cheese made from milk
require modifications in equipment [3’ 11],Supp|.emented W|th ultraflltel‘ed m||k up toa
but the cheese may have short body anProtein concentration of 5.93%.

mealy texture [14]. Kosikowski et al. [17]

reported that high quality Cheddar chees

could be made from milk supplemented 2. MATERIALS AND METHODS
between 1.5 and 1.9 times. Significant o

reduction in yield due to high fat losses in  2.1. Ultrafiltration

whey were reported when cheese was mac

using traditional equipment from milk con- Raw whole milk (1,950 kg) was sepa-
centrated by ultrafiltration and having milk rated at £C (De Laval Separator Co., New
protein levels > 5% [8]. The fat loses canYork, NY, USA) to 0.53% fat and then pas-
be attributed to the coarse protein networkteurized at 73C for 15 s, cooled to 4C
segregation of fat from protein, and decreasand stored. This milk was warmed to%5

in fat/protein interfacial area [7]. and ultrafiltered using a spiral wound mem-

Fat losses during Cheddar cheese makirbrane of 5.6 msurface area (model 1/1;
may be lowered by using homogenizecKoch Membrane Systems Inc., Wilming-
milk; however, homogenization of milk ton, MA, USA) to a final five-fold volu-
caused curd shattering and improper curmetric concentration (approximately 16.15%
matting [6, 27], possibly because of theprotein). The ultrafiltered milk (retent_ate)
adverse effects of homogenization on milkwas cooled to 16C and stored at 2C in
proteins. These disadvantages of mill38 L stainless steel cans. Ultrafiltration was
homogenization on cheese making werconducted in five batches (330 kg of milk
minimized by using homogenized cream irper batch). All retentates were warmed to
the manufacture of reduced fat Chedda21 °C, pooled, transferred into 9 kg plastic
cheese [21, 22]. This selective homogecontainers and frozen at —20 until used.
nization of fat improved the body and tex-
ture, increased cheese yield, and reduce _ o
free oil in reduced fat Cheddar cheese [21 2.2. Cheese milk standardization
22]. This principle of cream homogeniza-
tion was applied to full fat Cheddar chees¢ Raw whole milk at £C was separated
with similar results [25] and has also beerto 0.53% fat milk and approximately 40%
reported to produce a “non-fat leaking”fat cream. The cream was standardized to
Cheddar cheese [26, 38]. 35% fat using the separated milk and was
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split into two parts. One part was homogethe treatments except P1CO where it was
nized (P1) in a two stage Gaulin homogeadded at 6.06-kg" protein. This lower rate
nizer (Manton Gaulin, Haskon Inc., St. Paulof starter addition in P1CO was a measure to
MN, USA) at 55°C at first and second stagecontrol the cheese moisture which tends to
pressures of 6.9 and 3.5 MPa, respectivelincrease when homogenized cream is used
while the other part was pumped througH21] After 30 min of ripening, double-
the homogenizer with no pressure (P0). Thetrength rennet extract (ChynfgxPfzier
creams were pasteurized immediately affood Science, Dairy Ingredients Division,
65.5°C for 30 min and cooled and storedPfzier Inc., Milwaukee, WI, USA) was
at 4°C. The separated milk was pasteurize@dded at the rate of 0.11 iy~ of milk.
at 62.8°C for 30 min, cooled and stored atWhen the rennet curd was firm, it was cut
4 °C until used. using 0.65 cm wire knives and allowed to
Cheddar cheeses were manufacturefi€@! for 15 min. The curds were cooked to

from milks with (C1 and C2) or without ¢ .C (POC1, POC2), 37C (POCO, P1C1,

(CO) supplementation with ultrafiltered milk P1C2) or 3¥C (P1C0) in 30 min. They
(16.15% protein). Milks were standardizedVere held at those temperatures and stirred

: ; : for 60 min for P1CO, 30 min for POCO
(casein-to-fat ratio of 0.7) with unhomoge- ¢ !
nized or homogenized cream. The six treat- 0C1, POC2 and 35 min for P1C1 and P1C2

ments included milks with 3.18% protein efore the whey was drained and collected.

(POCO, P1CO0), 4.57% protein (POCL, P1C1 hese differences in cook temperatures and
and 5 ’93% prétéin (P(E)CZ P1C2) ar,1d wer olding times were measures taken to ensure

. b o o Similar cheese moisture in all treatments.
replicated five times. The mixing of 0'53A)During cheddaring, the curds were turned

fat milk, cream, and ultrafiltered milk for i .
the standardization of cheese milks and sufg:%fgé?'g’%ﬂ/h:?nﬁ; dpgu?(g Se{rzl’dsr?cl)tgge%

sequent cheese making were done in twlq1 9 kg rectangular hoops. They were

iig;%%ﬁ?;:qir\&ago(d'vv ;[eh:lt%?/ver: %\’/?” pressed overnight_at 276 kPa (Kusel AFVS-
USA) prior to cheese m.a’lking The wei’ghtc’) pec., Kusel Equipment Co., Duncan, SC,
cheese milk for CO was 1lé 5 kg and forUSA)’ dehooped, welghed_, .pgckaged N
C1and C2. 68 k 2 Kg Cryova® bags (Cryovac Division, W.R.
' 9. Crace and Co., Duncan, SC, USA), sealed
under a vacuum (Multiv& Koch Inc.,
2.3. Cheese manufacture Kansas City, MO, USA) and ripened at
4-6°C for 24 weeks. Whey expelled during

Two randomly selected treatments ofPressing was collected in polyethylene bags,
cheese were made per day. Cheeses for ofgich were wrapped around each hoop.
replicate, i.e., six vats of cheese, were made
within three consecutive days. The temper- )
ature of cheese milk was raised to°g®@  2.4. Sampling
and the following were added: 0.4 mL of
calcium chloride/kg milk (Marschall Foods  Cheese milks at 32C were sampled
division, Rhéne-Poulenc, Madison, WI, prior to the introduction of any additives
USA), 0.03 mL of annatto color/kg milk and cooled immediately to 4C. Whey
(Marschall Foods division, Rhone-Poulencdrained after cooking, cheddaring, and salt-
Madison, WI, USA), and direct vat seting was collected in 38 L cans, cooled and
mesophilic starter culture (M58 or M61; stored at 4C. The next day, whey collected
Superstart Starter, Marschall Foods divi-during pressing was pooled with the stored
sion, Rhéne-Poulenc, Madison, WI, USA) atwhey and warmed to 32 and sampled.
the rate of 8.26-§g 1 protein in milk in all The cheeses were sampled after 1, 4, 12,
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and 24 weeks by cutting a 1 kg block fromgraph after 40 min of rennet addition jg a
the cheese block, shredding, and mixing andnd represents curd firmness after 40 min.
then drawing a representative sample for

composition analysis. 2.5.3. Functionality

The texture profile analysis (TPA) of the
cheeses at 1, 4, 12 and 24 weeks of age were
done using a two-bite test to 75% [35]. A
force distance curve was obtained using a

. ik Sintech texture instrument (model 2/D;
Fat in separated milk, cream, retentateyrs® gintech Inc., Research Triangle Park,

cheese milk, cheese, and whey was detef;~ USA) with a crosshead speed of
mined by the Mojonnier method [1, 2], totalg r’nmmin—l and a 45.4 kg load cell, on

protein by the macro-Kjeldahl method [1]5 o\ 5 ¢m cylindrical samples. Hardness

and ash by a muffle fumnace at 53D [1, and fracturability were determined using

2]. Non-casein nitrogen in milk was deter- ; ;

; ; advanced software for materials testing ver-
mined with the Rowland method [28]. The gjo 5 1 (Test-work¥ software:; Reseagrch
total solids in cheese milk and whey Werel'riangle Park, NC, USA) '

determined using the oven method [1, 2]. -

Cheese moisture was analyzed using an Meltability of cheeses at 1, 4, 12, and
Ohaus MB200 moisture balance (Ohaug4 weeks was measured using the UW-Melt-
Corp., Florham Park, NJ, USA) [4]. Lac- meter [37]. It was expressed as the percent-
tose content was calculated by differenceage change in height of cheese (7 mm thick-
A sodium electrode with a Corning 150 ananess and 30 mm diameter) after 10 s at a
lyzer (Corning Medical) [12] was employed constant force of 0.36 N when heated to
for salt in cheese determination. Acid-solu60°C.

ble protein in cheese was determined by Free oil in cheeses at 1, 4, 12, and

2.5. Analysis

2.5.1. Composition

macro-Kjeldahl method [16]. 24 weeks was measured using a modified
_ . Babcock test method [13] Free oil on fat
2.5.2. Rennet clotting properties basis was calculated as the ratio of percent

free oil to fat percent in cheese and

The rennet clotting time (RCT),k and ~ expressed as a percentage.
a,, of cheese milks were measured using a
Formagraph (N Foss Electric, Hillerod, Den-  2.5.4. Sensory evaluation
mark) [20]. One milliliter of double-strength
rennet extract (Chym&x Pfzier Food Sci-  An experienced panel of three judges
ence, Dairy Ingredients Division, Pfzier Inc.,evaluated the randomly coded cheeses for
Milwaukee, WI, USA) was diluted to flavor, flavor intensity, and body and tex-
100 mL. From this, 110L was mixed with  ture on an 11 point scale (0 = poor/low fla-
10 mL of milk at 33°C. The RCT was mea- vor intensity to 10 = excellent/high flavor
sured as distance between the origin and thgtensity) at 4, 12, and 24 weeks of age.
point where the baseline started to increase
in width on the graph obtained on the record-
ing chart. The time interval between RCT 2.6. Cheese yield
and an amplitude of 20 mm on the chart was
measured as,k The time required to reach  Actual cheese yield was calculated as the
K, after rennet addition may be related taveight of cheese obtained from 100 kg of
the time at which the curd is cut duringmilk after pressing. The adjusted yield was
cheese making [20]. The amplitude of thecalculated at 37% moisture and 1.5% salt



Cheddar cheese with UF and homogenization 81

levels. Adjusted Yield = Actual Yield  milks were maintained at 0.7 = 0.01. The
(100 - (actual % moisture + salt))/(100 -actose content in milk calculated by dif-
(desired % moisture + salt)). Theoreticalference was 4.81, 4.61, and 4.48% in CO,
yield was calculated by the Van Slyke for-C1, and C2 respectively. These low levels of
mula [34]. Van Slyke Yield = [(0.93 Fat % lactose in higher protein concentrations
+ (Casein % — 0.1)¥ 1.09]/(100 — Mois- would not have been achieved if vacuum
ture %). condensed milk or reverse osmosis reten-
te or dried milks were used for supple-
entation. The casein-to-protein ratio was
.76, 0.79 and 0.80 for CO, C1, and C2
respectively. This increase is due to the loss

Fat and protein recoveries in cheese antf
whey were also determined. Componen
recovery (%) = (% component in product
quantity of product)/(% componexiuan-

tity of milk) x 100. of non-protein nitrogen by ultrafiltration.
2.7. Statistical analysis 3.2. Composition of cheese and whey
The design of the experiment was a2 Fat in cheese varied between 32.30 to

factorial in a randomized complete block33.92% but the fat in dry matter was not
with five replications of cheese making. Thesignificantly different P > 0.05) among
three levels of protein concentration (COtreatments. Protein, moisture, and moisture
C1, and C2) and homogenization with orin fat free substances of cheese ranged
without (PO and P1) were the main effectsbetween 23.49 and 25.18%, 39.37 and
Composition was analyzed as a randomized6.2%, and 54.8 and 58.2%, respectively
complete block design. Functionality and(Tab. I). Though an increase in moisture
sensory data were analyzed as repeated meegith homogenization may be expected [21]
sures in a factorial design. SRE9] soft- it was not evident here as changes in cheese
ware was used to analyze the data usingnaking parameters such as cook temperature
PROC ANOVA for composition and PROC and holding time were made. As it is known
MIXED for yield, functionality, and sen- that homogenization and ultrafiltration
sory. The least squares means were sepgesults in cheeses with varying composi-
rated afP = 0.05. tion, the cheese making parameters like rate
of starter culture addition, cook tempera-
ture, holding time were altered within the
3. RESULTS AND DISCUSSION treatments so that cheeses with similar com-
position were made. From an earlier study
[25] it was found that there was an effect of
homogenization pressure within the homog-
enized treatments on the different parameters
studied even though the different cheese

the protein in cheese milk was homogenize aking parameters were not altered. So it
the p 9 an be assumed that the effects on parame-
in the P1 treatments. Fat and protein cong

tents of the cheese milks increaded (0.05) tﬁrs studied in this experiment were due to

. . . e treatments rather than the varied cheese
with concentration while they were the sam aking parameters
among homogenized and unhomogenize 9p '
treatments (Tab. I). The mean protein in CO, Salt and salt in moisture phase of cheese
C1, and C2 were 3.18, 4.57, and 5.93%n the homogenized treatments were higher
respectively, indicating a concentration of(P < 0.05) than in the unhomogenized treat-
1.43 times in C1 and 1.86 times in C2 relaments. This is due to the reduced syneresis
tive to CO. The casein-to-fat ratios in cheeseéluring and after salting in the homogenized

3.1. Composition of cheese milk

The ultrafiltered milk represented
4.9 times concentration (protein basis)
Approximately 86.8% of the fat and 5.9% of



82 B.S. Oommen et al.

Table I. Compositiod of cheese milk, Cheddar cheese, and whey.

Treatment$

POCO POC1 POC2 P1CO P1C1 P1C2

Cheese milk
Fat, % 3.48 5.17 6.77 3.49 5.19 6.84
Protein, % 3.18 4.50 5.9 3.19 458 5.9%
Casein, % 2.2 3.5¢ 4.7P 244 3.61° 478
Total Solids, % 12.08 15.14 18.04 12.19 15.2Z 18.16

Cheddar cheese
Fat, % 3248 3350 33.92  32.3¢ 32.64 33.58
Protein,% 2419 2449 2518  23.4% 23.5F 24.00- ¢
Moisture, % 39.08 37560 36200 39.37 38.72 37.29
Ash, % 2.98 3.14 3.3®b 329 3.280 343
Salt, % 1.09 1.10 1.19 1.53 1.4 1.48
SMS3, % 2.8 2.9d 3.3c 3.9 3.6 4.0
FDM4, % 52.6 53.7 53.2 53.3 53.3 53.53
MFFS, % 57.8 56.9¢ 544 58.2 57.3.b 561
pH® 5.04 509 ¢ 517 5.12&b 50@c 514b

Whey
Fat, % 0222 036 0563 0.167 0.22% 0.342
Protein, % 0.88 1.23 154 0.9¢¢ 1.2¢ 1.54
Ash, % 0.72 0.82 0.9¢* 0.65! 0.76 0.84
Total Solids, % 6.95 75F 8.1&¢ 6.90" 7.4%F 7.99

a b,c,d §yleans in rows with no common superscripts diffeg(0.05).

1Means of 5 replicate batches.

2P0 = unhomogenized cream, P1 = homogenized cream, CO = 3.18% protein in milk, C1 = 4.57% protein in milk,
C2 =5.93% protein in milk.

3Salt in moisture phase of cheese.

4Fat in dry matter.

5Moisture in fat free substances.

6pH after pressing at day 1.

treatments. Salt content was not affected bynean RCT and k averaged over PO and
ultrafiltration. Fat and protein percentages irP1 decreasedP(< 0.05) with concentration
whey increasedR < 0.05) with increase from 27.1 (CO) to 17.2 min (C2), and 30.85
in protein concentration and fat was lower in(CO) to 4.35 min (C2), respectively. Thga
the homogenized cream treatments (Tab. l)ncreasedR < 0.05) from 8.6 (CO) to 61.15
mm (C2), i.e., curd firmness increased with
concentration. Similar observations were
3.3. Rennet clotting properties reported by Green et al. [6] and Guinee et al.
[8] for ultrafiltered milks and may be
The Px C interaction were not signifi- attributed to a decrease in the aqueous phase
cant P > 0.05) for RCT but it was signifi- volume due to ultrafiltration which increases
cant P < 0.05) for k,and g, (Tab. 1l).  the number of effective collisions, increased
Therefore means of RCT were comparedecondary phase interactions due to an
by averaging over P and C (Tab. Ill). Theincrease in calcium concentration, and an
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Table Il. Analysis of variance for rennet clotting properties, yield, and fat and protein recovery.

F value for source of variation

Attribute P c? PxC
RCTS 4.25* 176.24* 1.965
k204 18.49* 932.83* 9.18*
a405 33.84* 2002.30* 4.22*
Actual yield® 110.38* 4819.60* 7.15*
Van Slyke yield 21.12* 3855.34* 1.285
Adjusted yield 144.08* 19 683.99* 9.45*
Adjusted yield per kg fat 25.44* 3.58 1.2
Adjusted yield per kg protein 61.43* 60.23* o0
Fat recovery in chee%e 127.30* 6.04* 4.14*
Fat recovery in whéey 423.26* 11.12* 11.55*
Total fat recoverit 2.63'S 0.97MS 1.8INS
Protein recovery in cheee 7.28* 38.15* 0.2%s
Protein recovery in whéy 55.05* 482.67* 2.7%s
Total protein recovefy 0.16%s 9.60* 0.03's

* Significant (P < 0.05).

NSNot significant P > 0.05).

1There were two levels of P: without homogenization (P0) and with homogenization (P1).
2There were three protein concentration levels: 3.18% (CO0), 4.57% (C1) and 5.93% (C2).
3RCT = Rennet clotting time.

“4kyo= time taken for amplitude on formagraph to reach 20 mm after rennet clotting time.
5a40: amplitude on formagraph after 40 min of rennet addition.

6Yield of cheese not adjusted for salt and moisture.

" Theoretical yield based on Van Slyke formula.

8Yield adjusted to 37% moisture and 1.5% salt.

910,12, 1%g of component recovered per kg component in milk.

13,145um of the recoveries of component in cheese and whey.

increase in the protein as a percentage of 3.4. Cheese making characteristics

total solids. Homogenization increased

(P < 0.05) RCT and g from 20.6 to  Curds from all homogenized treatments
21.5 min and 36.1 to 40.1 mm respectivelywere more elastic than the unhomogenized
This increase in g may be explained by ones at cheddaring. No curd shattering or
the participation of homogenized fat glob-improper matting was observed during
ules in the formation of gel structure due tacheese making. Greater quantities of fines
adsorbed casein on its surface [30] whickvere observed in POC2 than in P1C2.
increases the solid material entrapped in the

gel rather than trapped within the voids of

the gel. The increase inawith concentra-  3.5. Cheese yield

tion was greater with treatments which

included homogenized cream (Tab. Ill). The analysis of variance for yield is
Though k,decreasedR < 0.05) from 15.3 shown in Table Il. Where R C is signifi-

to 12.9 min with homogenization, homoge-cant, treatment means are compared and
nization had no effect on,kfor C1 and C2 where they are not, either P means averaged
(Tab. ). over C or C means averaged over P are com-
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Table Ill. Rennet clotting propertiésf cheese milk.

Treatment$

POCO POC1 POC2 P1CO P1C1 P1C2

RCTS, min 26.00 18.85 16.90 28.20 18.90 17.50
kzog, mm 33.7 7.43 478 28.0 6.85 3.99!
3,,°, mm 8.06 4200  58.3C 9.2C 4720  64.0C

a b.c.d §leans in rows with no common superscripts diffex(0.05).

1Means of 5 replicate batches.

2P0 = unhomogenized cream, P1 = homogenized cream, CO = 3.18% protein in milk, C1 = 4.57% protein in milk,
C2 =5.93% protein in milk.

3RCT = Rennet clotting time.

4kyo= time taken for amplitude on formagraph to reach 20 mm after rennet clotting time.

5a4o= amplitude on formagraph after 40 min of rennet addition.

Table IV. Yield! and component recovérgf Cheddar cheese made with homogenized cream and
ultrafiltered milk.

Treatment?

POCO POC1 POC2 P1CO P1C1 Pi1C2

Yield
Actual yiel, % 10.03 146¥ 1858 1046 15.3% 19.68
Van Slyke yield, % 9.85 14.46 18.64  10.07 14.84 19.18
Adjusted yiel&, % 9.76 1457 189 10.0% 14.98 19.5%
Adjusted yield per kg fat 2.85 2.82 2.79 2.88 2.89 2.87
Adjusted yield per kg protein 3.07 3.20 3.19 3.15 3.27 3.29

Recovery
Fat recovery in chee$&% 94.40 94.7% 09299 96.8F 96.75 96.6F
Fat recovery in whey % 599 6.0 692 43¢ 372 4099
Total fat recover§, % 100.35 100.76 99.91 101.2 100.47 100.70
Protein recovery in chees&bo 76.26  78.39 78.98 77.09 79.19 79.39
Protein recovery in whé{, % 2591 23.44 2157 2497 2241 21.12
Total protein recovefy}, % 102.17 101.83 100.55 102.06 101.6 100.51

a b.c.d. qvleans in rows with no common superscripts diffex (0.05).

1Means of 5 replicate batches.

2pQ = unhomogenized cream, P1 = homogenized cream, CO = 3.18% protein in milk, C1 = 4.57% protein in milk,
C2 =5.93% protein in milk.

3Yield of cheese not adjusted for salt and moisture.

4Theoretical yield based on Van Slyke formula.

5Yield adjusted to 37% moisture and 1.5% salt.

6.7.9.1%q of component recovered per kg component in milk.

8.115um of the recoveries of component in cheese and whey.

pared (Tab. IV). The actual and Van Slykg(Tab. IV). The actual yield was higher com-
yield increasedR < 0.05) in treatments pared to Van Slyke yield for the homoge-
with concentration and homogenizationnized treatments, indicating higher fat and
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protein recovery with homogenization. Thean integral part of the gel structure. Thus,

increase of adjusted yield with concentrafat lost due to increased concentration can be
tion was higher when homogenized creamecovered back by employing homogeniza-

was used. It increased by 93.6% from POC@on of the fat.

to POC2. When homogenized cream was pq0in recovery in cheese increase

used, the corresponding increase was 94.9%3 < 0.05) in treatments with concentration

This increase in yield due to homogenizatiorhnd homogenization (Tab. IV). Cheese
is in agreement with the observation of othyetaing some whey proteins when made from
ers [21, 25]. Adjusted yield per kg fat inrafiltered milk [15]. The stable fat-protein

milk was significantly higherR < 0.05) in -5 hjey formed due to homogenization of

fht ;Z?c?v?irr?g rt]?g E gr fz? :25;32‘:‘; igfczhg éso ®ream improves casein recovery as the com-
. o . ) lex forms a part of the cheese structure.
with homogenization. Adjusted yield per kg(?CJ X P uetd

protein in milk increased(< 0.05) with

concentration due to the increased whey 3.6. pH

protein recovery in cheese. It also increased

(P < 0.05) with homogenization by 2.7%  pH of cheeses varied significanty< 0.05)
because homogenization increased caseigith cheese age (Fig. 1). Also pH increased
recovery. with concentration for all ages except for
. . . P1CO0 which had a higher pH due to lesser
_ Mistry a_md .KOS'kOWSk' [23] reported an quantity of starter inoculation during cheese
increase in yield when milk was supple-maying. The increase in pH with milk pro-
mented to 1.88 times the total protein. Guineg,i, concentration might be due to the higher

etal. [9] observed that losses of fat and prop tfering capacity of the milk proteins in
tein in whey were not influenced by milk higher protein milks [14].

protein level when cheese was made from
milks with protein levels ranging from 3 to
4.6%. 3.7. Acid-soluble protein

_ Fatrecovery in cheese decreased 0.05)  acig-soluble protein content in cheeses
in treatments with concentration for PO Wh”eincreasedR < 0.05) with age due to prote-
it was sameR > 0.05) for P1 (Tab. IV). The |ysis put decreased & 0.05) with con-
decrease in fat recovery may be due to lowgleniration, indicating lower proteolysis in
degree of aggregation of the casein m'ce",eﬁigher concentration (Fig. 2). The slower
when the curd was cut [6], coarse proteifaie of proteolysis in cheeses made from
network and reduced fat/protein interfacial,yrafiltered milks has been attributed to
area [7]. The coarse protein network wouldq ey rennet to casein ratios, inhibition of
have led to the tearing of the coagulum whilg) 55mins byB-lactoglobulin retained, and
cutting thus decreasing the fat recovery ifne resistance of undenatured whey proteins
cheese. Guinee et al. [8] reported that faf, degradation [6, 10]. Homogenization had

losses in whey were greater for milk con-q effect on acid-soluble protein (Tab. V).
taining more than 5% protein. Homoge-

nization increases the fat/protein interfacial

area, which aids in a stable complex for- 3.8. Functionality

mation between fat and protein [5] Though

casein is predominant, some whey proteins The TPA-hardness and TPA-fracturabil-
are also present in the protein part of théty of cheese increase® g 0.05) in treat-
complex [30, 36]. These casein particlesnents with increased protein concentration
adsorbed to the fat globule surfaces help th& cheese milk (Tab. \Fig. 3). Lower mois-
globules to aggregate with caseins and forrture content in cheese, lower levels of
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Figure 1. pH of cheese as a function of age. () PO@);R0C1; &) POC2; @) P1CO; &) P1C1,;
(+) P1C2. PO = unhomogenized cream, P1 = homogenized cream, CO = 3.18% protein in milk,
C1 =4.57% protein in milk, C2 = 5.93% protein in milk.

£ 6,00
D
5 550
S 5,00
[}
5 4,50
=
S 4,00
0
5 3,50
g 3,00 ]
R 2,50
0 5 10 15 20 25

Age (wk)

Figure 2. Effect of protein concentration of cheese milk on acid-soluble protein content with age of
cheese. CO (-) = 3.18% protein in milk, @) & 4.57% protein in milk, C2K) = 5.93% protein in
milk. Means averaged across P.

proteolysis, coarser and stronger protein net- Treatments with homogenized cream pro-
works, and reduced ability of fat and pro-duced cheeses which were resistant to frac-
tein phase to move in relation to each othelure, but as concentration increased, the
[7] tend to increase hardness and fracturasheeses tended to fracture. As the cheeses
bility. There was a decrease in hardnesgged, they produced typical compression
(P = 0.0517) and fracturabilityP(< 0.05) curves as in the control cheese (POCO) which
with cheese age due to the breakdown aflearly showed the yield point of fractura-
the protein network during proteolysis.  bility.
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Figure 3.HardnessA) and fracturabilitys) of cheese as a function of protein concentration in cheese
milk. Means averaged across P and all ages.

Meltability of cheese increased € 0.05) Sood and Kosikowski [31] suggested that
with age up to 4 weeks which may bethe lowering in meltability in cheeses made
attributed to the breakdown of the caseirirom ultrafiltered milks is due to the entrap-
matrix, release of calcium, and increasednent of free moisture by the denatured whey
hydration that occurs in cheese with proteproteins. Because of reduced syneresis in
olysis [18]. Homogenization increasedhomogenized treatments, there is more mois-
(P < 0.05) meltability with aging (Tab. Vv ture entrapped in the curd which may be
and Fig. 4). Meltability was lower for responsible for lowering of meltability with
homogenized treatments at 1 week but ifomogenization when the cheese is young.
became significantly higher at 12 weeks ofAS the cheese ages, the break down of casein
age. The decrease in meltability with milk@nd the release of the homogenized fat glob-
homogenization [33] was reported for Moz-UleS entrapped in the casein matrix due to
zarella cheese because of adsorption c;q:roteolysua _vvoul_d probably increase the abil-
casein on the fat droplets, which preventdy Of casein micelles to slip around each
the fat from spreading. The reversal of me:ﬁther and may increase meltability of
characteristics could not be observed i omogenized treatments.

Mozzarella as itis not aged for longer peri- - pree oj and free oil on basis fat decreased
ods. Meltability of cheese decreased withp < 0.05) by 10.4 and 9.4%, respectively
concentration at 1 and 4 weeks of cheesgith homogenization (Tabs. V and VI).
age for both homogenized and unhomogeyyiison and Johnson [38] and Nichols [26]
nized treatments (data not shown). Thougkeported decrease in fat leakage in Cheddar
the meltability continued to decrease withcheese by homogenizing cream, while Peters
concentration at 12 and 24 weeks of age fqp7] and Tunick [32] reported the same trend
the homogenized treatments, the trenavith homogenized milk. Free oil is an indi-
reversed for the unhomogenized treatmentgation of the degree of emulsification of fat
In spite of these interactions, the meltabilityin cheese [22, 27, 32]. Homogenization
of P1CO was not differenP(> 0.05) from decreases the fat globule size and there by
POCO. increases the surface area of the globule [26]
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Table V. Analysis of variance for functional, textural, and sensory characteristics of Cheddar cheese.

F value for source of variation

Attribute P c?  PxC Age® PxAge CxAge PxCxAge
PH 4215 1.98%S  4.98* 26.40* 0.0 15NS .30V
Acid-soluble protein 4195 13.66* 0.02S 1635.37* 0585 1.1PhS .55
Hardness 148 518 0.68S 2.7NS 0.69% 0.69\S 0.3MS
Fracturability 0.185 5.74* 1.13'8 9.81* 0.03S 05NS  0.9NS
Meltability 0.3 0.90%S 4.29* 53.69* 4.51* 2.10S  0.39\S
Free Oil 2350 4.18* 0.5%° 41.76* 3.61* 0.6%S 0.24S
FOFB* 20.97* 10.97* 0.0685 43.53* 3.90* 0.58'S  0.29\s
Flavor 19.66* 1.985 248 15.99* 1.18'S 0.90NS 0.68'S
Flavor intensity 0.085 0.10%S 0.18%S  33.10* 0.38'S 0.2  0.08\S
Body and texture 73.52x 2408 1.1NS  30.42¢ 1.36'S 2,045 1.0

* Significant (P < 0.05).

NSNot significant P > 0.05).

1There were two levels of P: without homogenization (P0) and with homogenization (P1).
2There were three protein concentration levels: 3.18 (C0), 4.57 (C1) and 5.93% (C2).
3Cheeses were analyzed at 1, 4, 12 and 24 weeks.

4FOFB = of free oil on fat basis.
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Figure 4. Meltability of cheese as a function of age averaged across all protein concentrations. * Change
in height of cheese at 8C in 10 s. £) Unhomogenized treatment®) Homogenized treatments.

which necessitates additional surface-activevith ultrafiltration. The close protein net-
material. Adsorption of casein on the fatwork in cheeses made from higher protein
globules [30] whose surface area is increasagilk tend to entrap the fat and thus reduce
by homogenization increases the emulsifithe free oil in cheese. A combination of both
cation of fat. homogenization and protein concentration

Free oil and free oil on fat basis decreasegan reduce free oil on fat basis to a large
(P < 0.05) by 7.3 and 11.3%, respectivelyextent (Tab. VI).
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Table VI. Free oil and free oil on fat bais 3.9. Sensory characteristics

Attribute Flavor, flavor intensity, and body and
. texture were influenced by cheese age and
Free oil  FOF8 flavor, and body and texture were influenced

Homogenizatiod by homogenization (Tabs. VI and VII).
PO 1277 3848 Increase in flavor scores with homogeniza-
P1 11.48 34.88 tion may be due to the higher percent salt

Concentratiof in moisture phase_: of cheese and salt con-
co 12668 3917 tent in homogenized treatments. Flavor
c1 11.9% 36.008 scores decreaseEl(: 0.05) W|_th aging. Pan-
c2 1178 3478 elists reported bitterness in aged cheese,

which may be the reason for lower scores.

Age (weeks) Flavor intensity increased®(< 0.05) with
1 1426 43.18 age as expected. Body and texture scores
‘112 ﬁ?’g ggéi increasedR < 0.05) with homogenization.

>4 101f  30.66¢ The homogenized treatments haq a longer
body compared to the unhomogenized treat-
A B, CMeans in columns within the same parameterMents. The body and texture scores of P1C2
with no common superscripts diffe? & 0.05). were greaterR < 0.05) than those of the

! Means of 5 replicate batches. control (POCO) at all ages. The cheeses did

2Free oil on fat basis. :
3P0 = unhomogenized cream, P1 = homc)genizecg]ot develop any rancid flavor related to the

cream. susceptibility of homogenized fat to
4C0 = 3.18% protein in milk, C1 = 4.57% protein in increased lipolysis. Immediate pasteuriza-
milk, C2 = 5.93% protein in milk tion after homogenizing the cream would

have inactivated the lipase enzyme.

A decreaseN < 0.05) in free oil as well as
free oil on fat basis was observed when the 4. CONCLUSION
cheeses aged (Tabs. V and VI). This decrease
was more prominent for the homogenized .|t islwell known that yltrafiltrat?on of
treatments as seen from a significaRis( milk prior to cheese making helps increase
0.05) Px Age interaction (Tab. V). This the yield of cheese. This study has demon-
decrease in free oil was not expected witt§trated that the yield can be further increased
age because the cheese which underg08¥ using homogenized cream in addition to
proteolysis with age, would release the fal trafiltration, thus improving cheese mak-

entrapped in the casein matrix. In anothe}?d €fficiency. Furthermore, homogenized
: . cream increased meltability of cheese with
experiment Nair et al. [25] reported an

age and improved the meltability of cheeses

increase in free oil with age in C:he‘jdarmade from ultrafiltered milk. Free oil and

cheese for both homogenized and unhog.qq o) on fat basis decreased with homog-
mogenized treatments. As free oil is an '”d"enization, concentration, and age. These
cator of the extent of fat emulsification, it sharacteristics would open more avenues
can be assumed that there was a Controllqg" the use Of these processes Of homoge_
release of some components with age dugization of cream and ultrafiltration in

to proteolysis. These components probablgheese manufacture if it can be demonstrated
were good emulsifiers. Further explorationthat the improved functionality can be car-
may be needed to study the mechanismied over to those foods where these cheeses
involved in this phenomenon. are used as ingredients. Homogenization of
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Table VII. Effect of homogenization and cheese[2]
age on sensory characteristics

Attribute [3]

Flavor Flavor Body and

intensity texture

Homogenization 4]
PO 6.8% 5.79 6.4%
P1 726  5.79 7.32 [5]
Age (weeks)
4 739 511€ 637
12 6.94 586 7.1 [6]
24 6.88 6.3% 7.2K1

A B.CMeans in columns within the same parameter
with no common superscripts diffé? € 0.05).

1 Means of 5 replicate batches. Eleven point hedoni
scale was used in which 0 = poor/low flavor intensity
to 10 = excellent/high flavor intensity.

2P0 = unhomogenized cream, P1 = homogenizefg]
cream.

cream and ultrafiltration may be used ing;
combination to tailor make cheeses meet-
ing customer specifications for functional
attributes. The homogenized treatments werﬁo]
characterized by their higher body and tex=
ture scores. Milk supplemented up to 5.93%
protein with ultrafiltration may be used to
make good quality Cheddar cheese with
high yield and solids recovery, and improvedll]
functionality by using homogenized cream
as a fat source.
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