N\ pISSN 27334554
2 ISSN 27334562

J. Dairy Sci. Biotechnol. 2023;41(1):1-8
https://doi.org/10.22424/jdsb.2023.41.1.1

REVIEW

Check for
updates

¢ o2 XU WSS 2t HSHEHUHES #8
31 YJHO[EIMO[RIASHD

Applying Response Surface Methodology to Predict the
Homogenization Efficiency of Milk

Sungsue Rheem' and Sejong Oh*’

'Division of Big Data Science, Korea University, Sejong, Korea
“Division of Animal Science, Chonnam National University, Gwangju, Korea

Received: February 16, 2023
Revised: February 22, 2023
Accepted: February 23, 2023

*Corresponding author :

Sejong Oh

Division of Animal Science, Chonnam
National University, Gwangju, Korea
Tel : +82-62-530-2116

Fax : +82-62-530-2129

E-mail : soh@jnu.ac.kr

Copyright © 2023 Korean Society of
Dairy Science and Biotechnology.

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is
properly cited.

ORCID

Sungsue Rheem
https://orcid.org/0000-0001-7009-3343

Sejong Oh
https://orcid.org/0000-0002-5870-3038

https://www.ejmsb.org

Abstract

Response surface methodology (RSM) is a statistical approach widely used in food proce-
ssing to optimize the formulation, processing conditions, and quality of food products. The
homogenization process is achieved by subjecting milk to high pressure, which breaks
down fat globules and disperses fat more evenly throughout milk. This study focuses on
an application of RSM including the logit transformation to predict the efficiency of milk
homogenization, which can be maximized by minimizing the relative difference in fat
percentage between the top part and the remainder of milk. To avoid a negative predicted
value of the minimum of this proportion, the logit transformation is used to turn the
proportion into the logit, whose possible values are real numbers. Then, the logit values
are modeled and optimized. Subsequently, the logistic transformation is used to turn the
predicted logit into the predicted proportion. From our model, the optimum condition for
the maximized efficiency of milk homogenization was predicted as the combination of a
homogenizer pressure of 30 MPa, a storage temperature of 10C, and a storage period of
10 days. Additionally, with a combination of a homogenizer pressure of 30 MPa, a storage
temperature of 10T, and a storage period of 50 days, the level of milk homogenization was
predicted to be acceptable, even with the problem of extrapolation taken into account.
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Table 1. Experimental design in coded factors and responses

Design  Run RDIF (%, from _ L=logit(P)=
Ca point  order KooKk X USPHS code)’ P=RDIF/100 log(P/[1-P])
1 1 2 -1 1 A 30.12 0.3012 -0.84159
2 2 5 -1 A 1 36.36 0.3636 -0.55977
3 3 20 -1 1 -1 48.69 0.4869 -0.05241
4 4 10 -1 1 1 59.62 0.5962 0.38966
5 5 11 1 -1 A 0.73 0.0073 —4.91255
6 6 15 1 -1 1 1.96 0.0196 -3.91243
7 7 13 1 1 -1 4.09 0.0409 -3.15487
8 8 17 1 1 1 8.55 0.0855 —2.36986
9 9 1 -1 0 0 38.91 0.3891 -0.45110
10 10 7 1 0 0 2.63 0.0263 -3.61153
1" 1 4 0o - 0 3.55 0.0355 -3.30208
12 12 16 0 1 0 15.73 0.1573 -1.67846
13 13 18 0 (. 5.65 0.0565 —2.81536
14 14 6 0 0 1 7.84 0.0784 —2.46429
15 15 3 0 0 0 8.55 0.0855 —2.36986
16 15 8 0 0 0 6.99 0.0699 —2.58823
17 15 9 0 0 0 6.56 0.0656 —2.65633
18 15 12 0 0 0 6.78 0.0678 —2.62099
19 15 14 0 0 0 5.88 0.0588 —2.77301
20 15 19 0 0 0 6.98 0.0698 —2.58977

Xi=—1, 0, 1 stands for homogenizer pressure=10, 20, 30 MPa; X,=—1, 0, 1, storage temperature=10T,
15C, 20T; and X;=—1, 0, 1, storage period=10, 15, 20 days.

" The lower RDIF is, the better homogenization efficiency is.

USPHS, United States Public Health Service.
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Table 2. Coefficient estimates and related statistics in the logit model

Model term Coefficient estimate SE t-value p-value
Intercept -2.6048 0.0485 -53.75 0.000
X1 —1.6446 0.0446 -36.89 0.000

X2 0.6662 0.0446 14.94 0.000
X3 0.2860 0.0446 6.42 0.000
Xi? 0.5812 0.0850 6.84 0.000
X2 0.1223 0.0850 1.44 0.181
X3 -0.0273 0.0850 -0.32 0.755
X1 Xz 0.1952 0.0498 3.92 0.003
Xi X3 0.1327 0.0498 2.66 0.024
Xa X3 -0.0069 0.0498 -0.14 0.893

P =802 /1 + 480 = exp(-4.8602) / [1 + exp(-4.8602)] = 0.0077
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Fig. 2. Three-dimensional surface plots of the logit model for each pair of coded factors, where
X1==1, 0, 1 stands for homogenizer pressure=10, 20, 30 MPa; X,=—1, 0, 1, storage temperature=
10T, 15T, 20T; and X;=—1, 0, 1, storage period=10, 15, 20 days.
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Fig. 3. Predicted values of RDIF against milk storage periods. Homogenization efficiency is
acceptable if RDIF is no higher than 10%.
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