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Figure S1. Temperature profile of the reaction system



Table S1. All Possible Combinations of Reaction Networks during Lactose Catalytic

Hydrolysis
Number | Reactions Degree of Freedom (DOF) | Reasonable?
1 R1,R2,R3,R4,R5,R6,R7 |7 X
2 R1,R2, R3, R4, R5,R6 6 v
3 R1, R2, R3, R4, R5, R7 6 v
4 R1, R2, R3, R4, R6, R7 6 X
5 R1, R2, R3, R5, R6, R7 6 X
6 R1, R2, R4, R5, R6, R7 6 X
7 R1, R3, R4, R5, R6, R7 6 X
8 R1, R2, R3, R4, RS 5 v
9 R1,R2, R3, R4, R6 5 v
10 R1, R2, R3, R4, R7 5 v
11 R1,R2, R3, R5,R6 5 v
12 R1, R2, R3, R5, R7 5 v
13 R1, R2, R3, R6, R7 5 X
14 R1, R2, R4, R5, R6 5 v
15 R1, R2, R4, R5, R7 5 v
16 R1, R2, R4, R6, R7 5 X
17 R1, R2, RS, R6, R7 5 v
18 R1, R3, R4, R5, R6 5 v
19 R1, R3, R4, R5, R7 5 v
20 R1, R3, R4, R6, R7 5 X
21 R1, R3, R5, R6, R7 5 X
22 R1, R4, RS, R6, R7 5 X
23 R1,R2, R3, R4 4 v
24 R1,R2, R3, RS 4 v
25 R1, R2, R3, R6 4 X




26 R1,R2,R3,R7 4 X
27 R1,R2, R4, R5 4 v
28 R1,R2, R4, R6 4 X
29 R1, R2, R4, R7 4 v
30 R1,R2,R5, R6 4 v
31 R1,R2,R5,R7 4 v
32 R1, R2, R6, R7 4 X
33 R1,R3, R4, RS 4 v
34 R1,R3,R4,R6 4 v
35 R1,R3, R4, R7 4 v
36 R1,R3,R5,R6 4 v
37 R1,R3,R5, R7 4 X
38 R1,R3,R6, R7 4 X
39 R1,R4,R5,R6 4 X
40 R1, R4, RS, R7 4 X
41 R1, R4, R6, R7 4 X
42 R1, RS, R6, R7 4 X
43 R1,R2,R3 3 X
44 R1,R2, R4 3 X
45 R1,R2, RS 3 v
46 R1,R2,R6 3 X
47 R1,R2, R7 3 X
48 R1, R3, R4 3 v
49 R1,R3,R5 3 X
50 R1,R3,R6 3 X
51 R1,R3,R7 3 X
52 R1, R4, RS 3 X
53 R1, R4, R6 3 X




54 R1, R4, R7 3 X
55 R1,R5,R6 3 X
56 R1, R5, R7 3 X
57 R1, R6, R7 3 X




Table S2. Overview of kinetic studies on catalytic hydrolysis of lactose, glucose, and

galactose
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Table S3. Tuned operational conditions of pH 1.1 lactose hydrolysis with varying
targeted output (lactose conversion, selectivity and yield of monosaccharides, and
HMF selectivity), and comparison between simulated and experimental results

No ‘ T t P Yiac (%) | Scas (%) | Yaas (%) | Suwmr (%)
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Y ac: lactose conversion; Sggs: selectivity towards monosaccharides (glucose and
galactose); Y ggs: yield of glucose and galactose; SyvE: selectivity towards HMF; S:
simulated results; E: experimental results.

In this section, we focus on optimizing the operational parameters to achieve the highest
possible GGS yield while keeping HMF selectivity to a minimum, ensuring efficient and
cost-effective production. Herein, we set up a targeted monosaccharide yield of 90% with
minimized HMF selectivity and conducted simulation based on the kinetic model 16. The

numerical simulated tuned conditions were adopted in lab-scale batch test, while the
optimized conditions from our previous study were also presented in Table 4 for
comparison. An initial lactose concentration of 15 wt.% and pH of 1.1, and a temperature
range of 120 to 150 °C were used in simulation and experiments.

As shown in Table 4, a GGS yield over 95 % is impossible under the pH conditions and
temperature range. However, simulation results successfully minimized HMF formation
while achieving the targeted 90% monosaccharide yield. When the optimized parameters
from the simulations were applied in lab-scale batch tests, the experimental outcomes
closely matched the predicted results, confirming the accuracy of the kinetic model. Both
the simulations and experiments demonstrated significantly lower HMF levels compared
to the conditions optimized in our previous study, as shown in Table 4. The excellent
agreement between the simulated and experimental data validates the robustness of the
model in predicting real-world outcomes. This strong correlation suggests that the
optimized parameters derived from the simulations can be effectively scaled up for larger
production, offering a reliable approach to balance high GGS yield with minimal HMF
formation, thereby improving the overall economic and environmental viability of the
process.
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