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164 . Wang, Cotiage cheese

Predicting cottage cheese cutting time using a light backscatter
sensor |

By T. WANG', J.A. LUCEY'®, M. CAsTiLO"? and F.A. PAYNE?

| 'Department of Food Science, University of Wisconsin-Madison, 1605 Linden Drive, Madison, W153706-1565, USA

E-mail: jalucey@facstaff.wisc.edu -
2Department of Biosystems and Agricultural Engineering, University of Kentucky, C. E. Bamhart Building, Lexington,

KY 40546-0276, USA

An optical light backscatter sensor was investigated as a device to determine the cutting time of cottage cheese. A
complete randomized block design with 3 repeats was used to study the impact of different gelation temperatures (23, 27
and 32 °C) and starter concentrations (0.50, 2.75, and 5.00%) on gelation. A low ¢oncentration of rennet (2 ppm) was also
added and gelation was monitored using an in-line light backscatter sensor operated at 880 nm and the gel cutting time of
milk was visually evaluated. Linear regression between the cutting time {tout) and various parameters callected from the
light backscatter ratio profile (and its first and second derivatives) were used to generate prediction eguations. The simple
equation, tou = Bo + Pitemaxz, Using the light backscatter parameter tzmaxz, the time to the second minimum of the second
derivative of the light backscatter ratio profile, predicted cutting time with a standard error of prediction {SEP) of .28 min
and Rz of 0.997 within the wide range of gelation rates tested. Light backscatter parameters are useful for prediction of
cutting under the wide range of processing conditions tested for cottage cheese manufacture. :

Voraussage iiber die Schneidezeit von Cottagekése mit Hilfe eines Licht-Rilckstreumessverfahren-Sensors
Eine optischer Licht-Riickstreumessverfahren-Sensor wurde als Vorrichtung zur Bestimmung der Schneldezeit von

Cottagekdse gepriift. Ein vollsténdig randomisiertes Blockdesign mit 3 maliger Wiederholung wurde eingesetzt, um die

Auswirkung unterschiedlicher Gelierungstemperaturen (23, 27 und 32°C) und Saureweckerkonzentrationen {0,50, 2,75
und 5,00%) auf die Gelbildung zu priifen. Eine geringe Labkonzentration (2 ppm}wurde ebenfalls eingesetzt und die Ge-
lierung mit einem in-line Licht-Rilckstreumessverfahren-Sensor bel 880 nm verfolgt. Die Gelschneidezeit wurde visuell
bewertet. Die lineare Regression zwischen Schneidezeit (t.) und anderen von dem Licht-Rickstreumessverfahren-
Verhaltnisprofil (und seinen ersten und zweiten Ableitungen) gesammetten Parametern wurde zur Entwicklung von Vor-
aussagegleichungen verwendet. Die einfache Gleichung tes = Po + Pitzmaxe. die den Licht-Rickstreumessverfahren-
Parameter tamae und die Zeit bis zum zweiten Minimum der zweiten Ableitung des Licht-Rickstreumessverfahren-
Verhaltnisprofils verwendet, sagte die Schneidezeit mit einem SEP von 6,28 min und R2 von 0,997 innerhaib des weiten
Bereiches der untersuchten Gelierungsraten voraus, Licht-Riickstreumiessverfahren-Parameter sind von Bedeutung fiir

die Voraussage des Schneidens im weiten Bereich der fur die Herstellung von Cottagekése untersuchten Verarbei-

tungsbedingungen.

55 Cottage cheese (predicting cutting time)

55 Cottagekise (Voraussage der Schneidezeit)

1. 4ntroduction

Traditionally, coitage cheese has been made by bac-
terial fermentation of skim milk with or without rennet
addition. The cutting time (tun) for this type of cheese
depends on factors such as milk composition, gelation
‘temperature and calcium, enzyme (rennet) and starter
{irocudum) concentrations. The temperature and inoculum
concentration can be easily manipulated, which allow
the testing of cutfing time prediction under a wide range
of gelation rates. Several authors have indicated that a
precisely defined gel cutting time significantly affects
yield and texture properties of cottage cheese (1, 2, 3).
“Therefore, being able to accurately select the cutting
time for milk gels during cheese making is a significant
factor to improve final product quality and consistency.
There has been extensive amount of research fo-
cused on monitoring the phenomena of milk coagula-
tion .and cutting time prediction {4, 5, 6). A number of
devices like vibrational probe, rheometer, hot wire and
optical sensor have been tested for predicting cutting
time (7), but only a few references have been found re-
garding monitoring gel formation in cottage cheese (3,
8. 9, 10, 11). Cottage cheese gels are formed primarily as
a result of acid production by the starter culture as well
as some contribution by rennet if a low concentration

{few ppm) of this optional ingredient is used. Light
backscatter in the near-infrared wavelength range (650
1200 nm) measures the steadily increasing size of ag-
gregates during coagulation. However, because of the
variability of cottage cheese making conditions, where
starter cultures and slow rennet activity are involved, the
light backscatter profile must be analyzed to determine
robust correfations that provide an accurate cutting time
prediction over the wide range of conditions typically en-
countered during manufacture. The objective of this study
was to investigate the light backscatter response during
cottage cheese manufacturing as affected by tempera-
ture and inoculum concentration to obtain information
for exploiting this cutting time prediction technology.

2. Materials and methods
2.1 Milk sample preparation for coagulation tests

Low-heat skim milk power (Dairy America, Fresno,
CA) with 6.51 mg g1 of undenatured whey protein nitro-
gen (12) was dispersed in deionized water 1o prepare a
10% (wiw) total solids solution. Reconstituted milk sam-
ples had a protein content of 3.8320.01% and were for-
tified with CaClz to a concentration of 0.2 g/kg and

Milchwissenschaft 6¢ (2) 2005




S5 20d 80 N>P|

—

W o wm T |

T~ T

fun }

Wang, Cottage cheese

heated at 63°C for 30 min. After heating, milk was rap-
idly cooled in ice water and stored at 4°C overnight until
use: The milk sample was preheated to the desired tem-
perature before inocuiation for each experiment. Starter
culture was prepared 13 h before the experiment by
fermenting 0.5% (w/w) mesophilic lactic acid starter
(Chr. Hansen, Ready Set 98, Milwaukee, WI} in steril-
jzed skim milk (~10% of total solids) at 25°C untilpH 4.8
as described by CASTILLO ef af. (8). The detailed proce-
dures for reconstitution of the milk and the data acquisi-
tion process are shown in Fig. 1.

Low-heat treated skim milk powder

10% (wiw) milk
Addition of CaClz at 0.2 g kg
Heat treatment (+63°C for 30 min)
Gooledto ~4°C
Stored overn@ht at~4°C
Heated to 22, 27 or 32°C
Addition of starter Addition of 2 ppm .rennet

Milk coagulation

Light backscatter measurement  Actual cutting time determined

(tma, Rmex, R'max, eic.) visually (teur)

Fig. 1: Flow diagram of model cottage cheese gelation and
data acquisition processes.

2.2 Milk coagufation monitored by light backscatter
sensor '

Two liters of milk were placed in a mini-vat, which
had a light backscatter sensor mounted on the vat wall.
The entire unit was placed in a water bath at the desired
incubation temperature, The starter culture was added
at time = Omin and then the 2mg/kg rennet (CHY-
MAX®Extra, Chr. Hansens, Milwaukee, W1y was added
at time = 5 min. The milk was stirred for 30 s to-ensure
thorough mixing of milk, starter and enzyme. Coagula-
tion of milk was then monitored by starting the Co-
Agulite software of the backscatter sensor {Reflectronics
Inc, Lexington, KY), as described by CASTILLO et al. (8).

165

2.3 Visual cutting time determination

When the milk gel was approaching its eutting time, a
round end glass rod (7 mm in diameter and 20cm in
length), was used o assist in the determination of cut-
ting time. The glass rod was placed vertically in the
middie of the milk gel with 8 cm height of rod above the
gel surface, which ensured that it was easy to judge the
curd rigidity near the cutting time. When the glass rod
could maintain its vertical position for a short period of
time (~3 s}, a spatula was then used to cut the milk gel.
The final cutting time was determined whenever the cut
surface of milk gel was smooth and had clean edges.

2.4 Data analysis

Data were analyzed using the multivariable regres-
sion procedure of Statgraphics version 5.0 (Manugistics,
inc, Rockville, MD) to predict the visually determined
cutting time from the light backscatter parameters. Analy-
sis of variance was performed using the multifactor
ANOVA procedure of Statgraphics.

3. Results and discussion

An ANOVA for tan was conducted to determine the
main sources of variation in variables. Effects of gela-
tion femperature and inoculum concentration were sta-
tistically significant (p <0.001)for teu (Table 1).

The Pearson’s corrrelation coefficients of all the pa-
rameters collected from the light backscatter sensor
are compared in Table 2. Significant (p<0.05) correla-
tions between fu: and.time based parameters (imax,
tzmax, t2mae, t2min, aNd tzminz} were observed, which justi-
fied the usefulness of time-based parameters as cutting
time predictors. The detailed information for the pa-
rameter definitions Is given In previous work {9).

Tahh1' Analysisoivmmﬁsﬁﬁsﬁwfomoﬂage
_ cheesecmtmgﬁmﬂ .

Source . DF Sum of squares F-va[ua
Model- . . 3 289472 74,722
- Replieate - - A 3z 0:253
Gelation: temperature A 192407 148.992
' lnocumm concentration. - 1t 9674% 74912
Error L 23 . 29702
C’;ﬁrrectedfofal SRS AR o 1| 7 S
;egrae Hmdam Ihe:e F Jllag\raiue ANOVABE
. ol e‘.qtlal:(.a.sE ype -
statistic, ZSzgmﬁcantatpw o level. Not significant at p=0.1 level.

Table 2: Pearson corvelation coefficients between various backscatter variablest .
Time based parameters _ o . : Reﬁsctanoa
t2max - Timax tamin tamaxz tmiz teu . based parameters

tout 0.6073 0.5873 0.5853. 0.5833 0.5514 L o
R'max -0.8262 -0.8402 0.8412 -0.8442 -6.8637 -0.058%

‘Rmax -0.8252 -0.8392 0.8412 -0.8432 . -0:8622  -0.0580=

- R'imax -0.8182 -0.8322 0.8332 -0.8352 . -0:8552 -0.043ns: Highly mrrelated
Rfin -0.8262 -0.8412 0.8422 -0.8442 | -0.8642 . -0.0580 axcept for Rcut
Rmax2 --0.8282 -0.8422 -0.8432 -0.8452 -0:8652- - 0.080ms -
Rminz - -0.8242 . -0.8382 -0.8392. -0.8422. . -(.8612 -GOFSHs

 Reig .~ 0.404ms 04270 042888 043508 - Q4724 - - -0.356m _

TIN=2T; 2p<0 001, 3p<0 01, 4p<0. 05, "snot significant. Detailed information ¢ on: tl'pedsﬁ‘aiﬁon of parameters is gwan byCA&meef L -{9}:;
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“Tabile 3: Regression models for the prediction of cutting time'

B3 R . SEP (i)

‘Wodel .. o . o B4 B2
o= Potitoma?. . 13 1.02 - - 099 - 628
Tt = PotBitamin : 443 103 . - = 089 - 683
e =PorPe amase* Batoming _ 3.02 0.53 050 - 099 - 3.98.
W e = ﬁfR”m_agg"*é-ﬁztzmampstmz 228 35997 0.72 0.30 0.99 - 3.03
VU an = ﬁgﬂ-ﬁ'lTa-:ﬁz[S]-hﬁsT[SF .. 1288 -24.97 74,74 156 0.91 3383
- e

reflectance ratioprofie (R): znyn2is the time at second minimum of second derivative of reflectance ratio profile (R). 4R max2 is the first
miaxdmur of second defivative-of reflectance ratio profile (R). 5T = temperature; [S] = starterconcentration.

iction. 2tomaxz IS the time at second maximum of

3.1 Effect of gelation temperature and inoculum
concentration on gelation properties

Temperature affects gelation in several ways, includ-
ing starter growth rate (10, 13), enzyme reaction rate
{14, 15), thermal motion of caseins and the rearrange-
ment of casein particles (11, 16). Since -acidification
and gelation was significantly influenced by tempera-
ture and inoculum concentration, a mode! (modelV in
Table 3) was developed that incorporated temperature
and inocculum concentration to describe cutting time.
Figure 2 is a response surface plot based on maodel V
and shows the effect of gelation temperature and inocu-
lum concentration on visually determined cutting time.
ANOVA analysis indicates that gelation temperature
and inoculum concentration had statistically significant
(p<0.001) effects on the cutting time. The interaction
between these two variables was also significant (p<0.05).

@
8

500

Cutting time (min}
=
g 8

Inoculum cancentration (%)

§

Z 1 % 8 g
Temperature {°C)

5
32

Fig. 2: ‘Response surface plot of the effect of gelation tem-
perature and inoculum concentration on cutting time

{tcut) by model V. :

3.2 Cutting time prediction
Selection of the best, [i.e. highest R? and-lowest
standard error of prediction (SEP)], 1, 2 and 3 variable
prediction models for te was performed. The inde-
pendent variables (gelation temperature and inoculum
concentration) together with dependent variables (vari-
ous light backscatter parameters) were tested, Table 3
summarizes the best-fit models for prediction of teu.
Modet |, which predicts the cutting time solely with the
time based parameter tomaxe, had a R? of 0.997 and
SEP of 6.28 min. This model agrees with previous re-
search (10), where tzmax Was selected as the best sin-
gle parameter when cutting time was set as a constant
pH value (pM=48). The time based parameter tamiz

was also a potential objective parameter for predicting
tau, in terms of R2 and SEP (Model ll). Since taminz is
sometimes difficult to determine precisely (from back
scatter profiles), other parameters within the tmax t0 tow
time range, which corresponds to the gel assembly pe-

riod (11), were aiso examined for their prediction ability.

Model Il was a combination of tamaxe and tzmin2. The ap-
proximately equal value of the regression coefficients,
B+ and Bz, indicates the equal importance of temaxe and
tominz in the prediction, as shown in Models | and i. The
R2 value was improved and SEP was reduced to 3.98 min
in Mode! Hil by compared to Model1 or Il. By including in
Model HI the response parameter, R'max, reduced the
SEP from 3.98 to 3.03 min (Model IV}, but was not prac-
tical for in-plant operation because it would require the
determination of 3 regression cosefficients rather than
two. Models including more parameters were not in-
cluded due to their complexity and impracticality for in-
line operation at a cheese manufacturing plant.

_ 4. Conclusions

Cottage cheese type gelation over a wide range of -

gelation rates (different temperatures and: inoculum
concentrations) were monitored by a light backscatter
sensor and several of these optical parameters were
used to predict the cutting time {i.e. pH=4.8). {rrespec-
tive of the temperature and inoculum concentration used,
the cutting time coutld be accurately predicted using pa-
rameters solely derived from the optical sensor with a
standard error of prediction from 3.03 to 6.63 min. The
use of a light backscatter sensor appears to be a prom-
ising methad for accurately predicting the cutting time of
a cottage cheese type gel system. .
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