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Abstract

The research used the MLP kernel-based numerical sim-
ulation and estimation method. To analyze the effect of
transglutaminase (TGase) on goat milk protein. Find the
optimum temperature, the optimum amount of TGase to
add, and the optimum reaction time. The experimental
method was to remove the fat by high-speed centrifugation
at 10,000 xg, 20 min, and 4 °C in goat milk and add differ-
ent contents of TGase (0, 0.25, 0.1, 0.2, and 0.3 g). Then, a
sample with a content of TGase was reacted at different tem-
peratures (30, 40, and 50 °C) and different reaction times
(1, 2, and 3hr), and then SDS gel electrophoresis was per-
formed. The cross-linking conditions at different concen-
trations were observed. After the reaction, SDS gel elec-
trophoresis was carried out, and at the end, it was fixed
with a fixative solution and stained with a staining solu-
tion, and finally, the results were obtained by destaining. To

get the best translation repair, an artificial neural network
based on the MLP kernel was used as the estimation en-
gine. Using the experimental results as simulation data, pa-
rameters such as optimal experimental temperature, TGase
dosage, and experimental duration were calculated. The ex-
perimental results showed that the optimal conditions were
the strongest at 47 °C, 0.1 g/mL, and 1 hr, with TG, and
had the greatest effect on casein in goat milk. TGase acts
most deeply on κ − casein, making casein polymerization
more pronounced. This was consistent with the estimation
conclusion of the numerical simulation.

1. Introduction
Many machine learning models have used a multilayer

perceptron classifier (MLP) as the kernel. An MLP has
multiple neurons, each of which was activated using a set
of activation functions such as the ReLU, sigmoid, and tanh
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Figure 1: Network graph of a (L + 1)-layer perceptron with D input units
and C output units. The lth hidden layer contains m(l) hidden units.

1

Figure 1. Network graph of a (L + 1)-layer perceptron with D
input units and C output units. The lth hidden layer contains m(l)
hidden units.

functions. MLP was a state-of-the-art multiple regression
model with kernels. The structure of MLP is shown in Fig-
ure 1. Many researchers have used the regression MLP ker-
nel as an estimation model in machine learning. Krithik et
al. [1] reported a novel MLP model that improved a mixture
model of a random forest classifier with a multilayer per-
ceptron regressor. The model was used for real-time rain-
fall prediction and the prediction accuracy was improved to
0.92537. In addition, Maheshwari and Lamba [2] compared
the differences in estimates of honey production among
different regression algorithms. Mahajan and Kotecha [3]
demonstrated a hybrid model for network traffic prediction
and wireless mesh networks. They also compared the pre-
diction results of several different algorithms. Maheshwari
and Lamba [2] used the MLP model to predict air qual-
ity. Their experimental results indicated the accuracy of
the model. Aboubakar et al. [4] used different algorithms
to compare power consumption estimation models and ver-
ified the predictive performance and accuracy of different
models from experimental values. In common, ones include
fresh goat’s milk, yogurt, cheese, and goat’s milk powder.
The different processing methods affected the product char-
acteristics of goat milk dairy products. Transglutaminase
(TGase) improved or modified the characteristics of pro-
teins. For example, the TGase enzyme catalyzed the hy-
drolysis of amine residues in proteins [5]. Further, there
was improved flavor and texture of dairy products and an
increase in the nutritional value of goat milk. Often used to
improve the processing characteristics of sheep dairy prod-
ucts. Glutamine aminotransferase was extracted from ani-
mals, plants, and microorganisms [6]. Glutamine transami-
nase, also known as transglutaminase (TGase), is a protein
composed of 331 amino acids. The molecular weight was
about 38,000 which improved or modified the molecules of
protein polypeptides and used covalent bonding reactions
to make molecules and molecules combinations or connec-
tions. There was modified the structure and function of pro-
tein, such as: improving the properties of protein foaming,
emulsification, emulsion stability, heat stability, water re-

tention, and gelling ability, thereby improving the sensory
characteristics, texture, and appearance of food [7]. The
main goal of this study was to use numerical simulation to
find the optimal experimental conditions for mTGase ex-
periments on goat milk conversion rate under different con-
ditions. The experimental results showed that the optimal
conditions were the strongest at 47 °C, 0.1 g/mL, and 1 hr,
with TG, and had the greatest effect on casein in goat milk.
TGase acts most deeply on κ−casein, making casein poly-
merization more pronounced. This was consistent with the
estimation conclusion of the numerical simulation.

2. Materials and Methods
2.1. Preparation of samples (goat milk pre-

treatment)

The raw goat milk used was obtained from the farm of
the Department of Animal Science, Chiayi University (Chi-
ayi, Taiwan). Centrifuge raw goat milk at 5,000xg for 15
minutes to remove fat and store in a refrigerator at 4°C.

2.2. Sampling of samples

To complete the sampling under various experimental
conditions, the experiment was divided into two groups
according to different temperatures and different mTGase
doses. First, samples were taken to examine the effects of
different times (0, 1, 2, and 3 hours) and temperatures (30,
40, and 50°C) on goat milk protein polymerization. The ex-
perimental sampling steps were the following: 1. Add 0.3 g
of TGase to 1 mL of goat milk, then let stand at 30°C for 0,
1, 2, and 3 hours respectively. Let stand at 40°C for 0, 1, 2,
and 3 hours respectively. Let stand at 50°C for 0, 1, 2, and
3 hours respectively. 2. When preparing the goat milk sam-
ple, take out 50µL goat milk and mix it with 150µL sample
Buffer to make a goat milk sample. 3. Goat milk samples
from different groups were heated at 95°C for 3 minutes to
inactivate TGase and then analyzed by electrophoresis. Sec-
ondly, different doses of mTGase 01. Added different doses
of 02. When preparing the goat milk sample, take out 50µL
goat milk and mix it with 150µL sample buffer to make a
goat milk sample. 3. Heat goat milk samples from different
groups at 95°C for 3 minutes to inactivate TGase, and then
conduct electrophoresis analysis.

2.3. Experimental data simulation

The experimental data was shown in Table 1, which were
the density volumes measured by HPLC under different
conditions. Different experimental conditions obtained dif-
ferent measurement values. Table 1. The different compo-
nents estimated by HPLC results under 50°C, 0.3g of TGase

However, to use the MLP kernel model, must have
enough data points to make effective estimates. Therefore,
the study used the mathematical interpolation method of cu-
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Time-
(hr)

αs-
casein

α2-
casein

β-
casein

κ-
casein

β-
lactoglobulin

0 60.4215 0 368.749 39.7965 50.2616
1 26.5257 38.2083 67.0589 0.497384 77.7979
2 28.5757 28.1941 64.5111 0 51.4865
3 27.2134 27.7111 52.4333 0.834663 43.9347

Table 1. The different components estimated by HPLC results un-
der 50°C, 0.3g of TGase.

Figure 2. Band intensity(OD) Variation with time at 30 °C.

bic spline to simulate possible experimental values, such as
the experimental points in Table 1. The time was subdivided
into 400 points, and then the value of each parameter was
calculated. The results are shown in Figure 2.

According to the above steps, the simulation values ob-
tained under various conditions were organized into a data
table. The purpose of this study was to estimate the opti-
mal TGase concentration, reaction time, and reaction tem-
perature. Therefore, the obtained simulation data, concen-
tration, reaction time, and reaction temperature were taken
out as input features. In addition, using the percentage of
crosslinks as the label, the MLP model was used for data
training and optimization of experimental repair estimation.

3. Results and discussion
3.1. Experimental data at different reaction tem-

peratures and reaction times

As shown in Figure 1, the reaction time, each compo-
nent, and cross-linking degree were measured at different
temperatures and different TGase dosages. Then, the sim-
ulation values were calculated from the experimental data.
Figures 3 and 4 show the relationship between reaction time
and ingredients at different temperatures.

Secondly, temperature was an important influencing fac-
tor. Therefore, the reaction time was fixed to simulate the
changes in ingredients at different temperatures. The simu-

Figure 3. Band Intensity(OD) Variation with time at 40 °C.

Figure 4. Band Intensity(OD) Variation with time at 50 °C.

Figure 5. Band Intensity(OD) Variation with temperature after 1hr
curation.

lation results as shown in Figures 5 to 7.

3.2. Experimental data of different TGase doses

In addition to reaction time and temperature, TGase
dosage was a very important factor. Therefore, it was also
necessary to fix the reaction time for different doses and
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Figure 6. Band Intensity (OD) Variation with temperature after
2hr curation.

Figure 7. Band Intensity(OD) Variation with temperature after 3hr
curation.

Figure 8. Band Intensity(OD) Variation with concentration of
TGase after 1hr curation time.

observe the changes in each component. Then, there was
simulated the distribution of different doses based on exper-
imental data. Figures 8 and 9 show the simulation results at
different times.

Figure 9. Band Intensity(OD) Variation with concentration of
TGase after 2hr curation time.

3.3. Estimation of optimal reaction time, tempera-
ture, and TGase dose

To find out the best parameter conditions, first do MLP
model training. The model was designed to use the MLP
Regressor model, which used 50 hidden layers and the max
iterations were 1000. From the calculated value, took out
the required features and put them into the input data set,
used crosslink % as the label, and split the 3200 data into a
training set and a test set, with a ratio of 8:2. The trained
model has R2=0.77 and RMSE = 0.08, which was a very
good model. Next, there was the need to estimate the opti-
mal parameters. From the experimental data and simulation
result graphics, it was found that the reaction time, reaction
temperature, and TGase dosage caused the ingredients to
reach maximum values in the ranges of 1 to 2 hours, 37 to
47 °C, and 0.5-1.0. Therefore, these three parameter inter-
vals were subdivided, each case was combined, brought into
the model to calculate the predicted value, and find the max-
imum cross-linking degree. The program code is shown in
Table 2.

After all comparisons, the optimal conditions were found
to be a reaction temperature of 47°C, a TGase dosage of 0.1
g/mL, and a reaction time of 1 hr.

4. Conclusion

The study used MLP kernel-based numerical simulation
and estimation methods to analyze the effect of transglu-
taminase (TGase) on goat milk protein and find the opti-
mal temperature. The optimal amount of TGase to add and
the optimal reaction time. The experiment was based on
fresh goat milk that was centrifuged at 10,000 xg for 20
minutes at 4 °C to remove fat and then different amounts
of transglutaminase (0.025, 0.05, 0.1, 0.2, and 0.3 g). After
the basic data was obtained, the cubic spline interpolation
method was used to simulate the data under different con-
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def findOptimize(threshvalue = 0.7):
optim = []
value = 0.0
concs = np.linspace(0.5,1.0, 200)
times = np.linspace(1.0,2.0, 200)
temperatures = np.linspace(37.0,47.0,

200)
for conc in concs:

for tm in times:
for tmpt in temperatures:

testdata = [tmpt,conc,tm]
testv =

np.array(testdata).reshape(1, -1)
testval =

extremvals.transform(testv)
val = nn.predict(testval)
value = val.tolist()[0]
if value ¿= threshvalue:

optim = testdata
threshvalue = value

return optim,threshvalue

Table 2. The Python code for estimation

ditions. The artificial neural network based on the MLP
kernel was used as the estimation engine to calculate the
optimal experimental temperature, TGase addition amount,
and experimental duration parameter conditions. The ex-
perimental results showed that the optimal conditions were
the strongest at 47°C, 0.1 g/mL, and 1 hr, with TG, and had
the greatest effect on casein in goat milk. TGase acts most
deeply on κ− casein, making casein polymerization more
pronounced. This was consistent with the estimation con-
clusion of the numerical simulation.
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