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1-“Spun paste” or Stretched Curd
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2- Hyper Spectral Imaging (HIS)
3- Partial Least Square Regression (PLSR)
4-Principal component regression (PCR)
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10- Otsu-Canny edge detection algorithm
11-Latent Variable (LV)
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7- ASTROMICROBIAL2700G
8- Rhizomucor Miehei
9- Region of Interest (ROI)
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18- Multilayer Perceptron Neural Network (MLPNN)

19- Majority Vote Regression Algorithm (VOTING)
20 -Principal Component Analysis (PCA)

21 -Full Spectrum

22- Univariate Analysis

23- Data manipulation
24 -K-fold Cross Validation
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12 -Partial Least Squares Regression (PLSR)

13- lterative predictor weighting Partial Least Square (IPW-PLS)
14 -Sub-window permutation analysis Coupled with PLS (SwWPA-
PLS)

15 -Random Forest

16 -Multiple Linear Regression (MLR)

17 -Support Vector Machine (SVML)
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Table 1. The effect of different treatments on the textural and functional characteristics of mozzarella cheese

Textural & Functional Properties

Treatments
Hardness Adhesiveness  Springiness  Cohesiveness Gumminess Chewiness
(A) 4498.4"+612,58  187.78%+45.66 0.506+0.05  0.301%+0.12 14399+245.92 919.9"+217.95
(B) 1766.4'+140.85  181.14°#27.97 0.3929%+0.01  0.2319+0.006 496.8"+31.38 192'+17.15
© 13613.7°+1304.63 2.3194+0.20 0.748%+0.05  0.391%+0.20 4797.87%+337.48 3650.72428.11
(D) 11056.57+962.26 31.32%+9.94  0.665°+0.26 0.48%+0.12  4282.637+623.02 2351.659+338.08
(E) 14584.4°+756.41 12.93%+0.70 0.838°+0.15  0.402°+0.20  6334.06°+464.85 5063.14"+475.49
(©) 11156.3°+830.4 9.621+1.04 0.774°£0.29  0.447°+0.24 6397.36°+988.41 4321.73°+472.12
) 12775.19+713.93 2.88910.24 0.845%+0.004 0.347°+0.16  4360.98°%71.15  3733.99%+66.42
(K) 9759.359+726.49  39.83°+19.66  0.791°+0.20  0.394°+0.03  4346.23°+514.84 3691.24°+535.53
(L) 17459.5%+726.49 2.479+0.24 0.837%£0.004 0.3919+0.23  7361.95%+218.39 5638.74%+177.63

Numbers with the same letters in each column have no significant difference at the 5% significance level
(P<0.05). Adjusted R squared for univariate analysis in all variables= 0.964.

(A): Control High Fat; (B): Control Low Fat; (C): Control Low Fat; (D): Control Low Fat + Acid; (E): Control
Low Fat + Acid + Caseinate; (G): Control Low Fat + Acid + WPC; (J): Control Low Fat + WPC; (K): Control

Low Fat + WPC + Caseinate
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FIG 1. The effect of process conditions on the reflection pattern in mozzarella based on Hyperspectral imaging
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(B): Classification of mozzarella cheeses based on treatment formula

FIG 2. Mozzarella cheese classification results using PCA
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Table 2. The optimal pre-processing selected method in textural properties of Mozzarella based on PLSR

Latent
P-Ir-g);;faur:iae:s Proiglzicrtlzdn:fhods Variable R’ RMSEc Rp RMSEp
Hardness SG_Smoothing 7 0.855 2867.115  0.846 2911.290
Adhesiveness SG_FD 4 0.802 57.480 0.809 56.390
Springiness SG_Smoothing 9 0.890 0.081 0.850 0.094
Cohesiveness SNV-Detrend 4 0.644  0.076 0.654 0.071
Gumminess SNV 9 0.842  1473.950 0.835 1446.520
Chewiness MSC 12 0.920 836.013 0.817 1186.170
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Table 3. Results of calibration models development on Mozzarella texture using Machine learning algorithms

Selected .
Texturfal wavelengths Feature s_electlon ML R%p RMSEp RPDp
Properties algorithm algorithms
number
MLR 0.826 307.37 1.8
PLSR 0.844 292.5 1.99
SVML 0.841 295.7 1.92
Hardness 31 IPW-PLS MLPNN 0.868 2705 214
RF 0.807 322.9 1.71
VOTING 0.878 260.5 2.22
MLR 0.669 71.19 1.36
. PLSR 0.779 60.11 181
. Genetic
Adhesiveness 24 : SVML 0.746 63.85 1.7
Algorithm
MLPNN 0.764 61.79 1.78
RF 0.808 56.49 1.90
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VOTING 0772  60.93 1.99
MLR 0802 0.106 1.79

PLSR 0821  0.102 1.97

Springiness 25 Genetic SVML 0838  0.097 2.05
Algorithm MLPNN 0848  0.094 212

RF 0.725  0.123 1.67

VOTING  0.826 0.1 1.96

MLR 0581 0076 1.2

PLSR 0.661 0.07 1.35

. N SVML 0617 0074 1.28
Cohesiveness 32 B-Coefficient MLPNN 0.66 0.07 134
RF 0.655  0.071 1.34

VOTING 07 0.067 1.91

MLR 0813 153067 18

PLSR 0814 152828 1.8

. SVML 0815 152263  1.81
Gumminess 22 SWPA_PLS MLPNN 0793 160222  1.76
RF 056 217716  1.22

VOTING 081 15425  1.79

MLR 0813 11984  1.79

PLSR 0819 11813 1.8

Chewiness . Genetic SVML  0.822 1170 1.89
Algorithm MLPNN 084 11172  1.96

RF 0.468 18172  1.14

VOTING  0.81 1207 1.8
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Changing the thermo-mechanical properties, variety of formulation and storage conditions, 36
samples of low-fat mozzarella cheese were produced and their hardness, adhesiveness,
cohesiveness, springiness, cohesiveness, gumminess and chewiness were evaluated by TPA
followed by analyzing data using completely randomized factorial design with univariate analysis
through IBM SPSS Statistics. 26. Then, Imaging of the same samples with a Hyperspectral camera
in the range of 400-1000 nm as well as pre-processing the spectra and preferring the important
wavelengths by feature selection algorithms to developed the calibration models including
multiple linear regression algorithms, partial least squares regression, support vector machine with
a linear kernel, multilayer perceptron neural network, random forests and majority voting
algorithm was performed in Python software followed by the performance of models were
evaluated. Results showed that the more increased the stretching time in hot water from 2 to 8
minutes, the more the hardness, springiness, gumminess and chewiness and cohesiveness
increased, but adhesiveness was decreased. The majority vote algorithm (VOTING) revealed the
highest performance in hardness prediction (R%p=0.878, RMSEp=2606.52 and RPD=2.12) and
was able to predict the cohesiveness of mozzarella with higher accuracy more than other
algorithms. Multiple linear regression couldn’t predict the adhesiveness properly, but random
forest method with high performance predicted this feature (R?p=0.808, RMSE=56.49,
RPD=1.90). The multi-layer perceptron neural network with the least error, predicted springiness
(R?p = 0.848, RMSEp = 0.094, RPD = 2.12) and chewiness (R?p = 0.84, RMSEp = 1117.21, RPD
= 1.96) with high accuracy. All methods except random forest were able to predict the gumminess
of mozzarella with high efficiency. In this study, it was cleared that the process conditions had
significant effects on the textural characteristics and the Hyperspectral imaging was found to be a
suitable alternative method for estimating the textural characteristics of mozzarella cheese.
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