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Figure S1. The preparation method of phosphate buffer
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Table S1. The information of the known formulated flavors. 

Formulated flavors Formulation Ratio 

B1 
Hops Extraction 
Fig Extraction 

0.5 
0.5 

B2 
Chamomile Extraction-A 

Fig Extraction 
0.5 
0.5 

C1 
Roman Chamomile Extraction-A 

Tobacco Maillard Reactants 
Valerian Root Extraction 

0.33 
0.33 
0.33 

C2 
Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 

0.33 
0.33 
0.33 

C2-300 
Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 

0.33 
0.33 
0.33 

C2-20% 

Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 
Propylene Glycol 

0.26 
0.26 
0.26 
0.2 

C2-40% 

Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 
Propylene Glycol 

0.2 
0.2 
0.2 
0.4 

C2-60% 

Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 
Propylene Glycol 

0.13 
0.13 
0.13 
0.6 

C2-80% 

Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 
Propylene Glycol 

0.06 
0.06 
0.06 
0.8 
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Table S1. Cont. 

Formulated flavors Formulation Ratio 

C3 
Alfalfa Extraction 
Plum Extraction 

Chicory Extraction 

0.33 
0.33 
0.33 

D1 

Raisin Extraction 
Alfalfa Extraction 

Fig Extraction 
Hops Extraction 

0.25 
0.25 
0.25 
0.25 

D1-400 

Raisin Extraction 
Alfalfa Extraction 

Fig Extraction 
Hops Extraction 

0.25 
0.25 
0.25 
0.25 

D2 

Tobacco Maillard Reactants 
Carob Extraction 

Valerian Root Extraction 
Plum Extraction 

0.25 
0.25 
0.25 
0.25 

E1 

Carob Extraction 
Chicory Extraction 
Alfalfa Extraction 
Plum Extraction 

Roman Chamomile Extraction-A 

0.2 
0.2 
0.2 
0.2 
0.2 

E1-50% 

Carob Extraction 
Chicory Extraction 
Alfalfa Extraction 
Plum Extraction 

Roman Chamomile Extraction-A 
Propylene Glycol 

0.1 
0.1 
0.1 
0.1 
0.1 
0.5 

E1-75% 

Carob Extraction 
Chicory Extraction 
Alfalfa Extraction 
Plum Extraction 

Roman Chamomile Extraction-A 
Propylene Glycol 

0.05 
0.05 
0.05 
0.05 
0.05 
0.75 
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Table S2. The detailed results of the known formulated flavors dataset. 

No. Formulation Prediction results ACC(%) TPR(%) FPR(%)

B1 
Hops Extraction 
Fig Extraction 

Hops Extraction 92.31 50.00 0.00 

B2 
Chamomile Extraction-A 

Fig Extraction 
Chamomile Extraction-A 

Fig Extraction 
100.0 100.0 0.00 

C1 
Roman Chamomile Extraction-A 

Tobacco Maillard Reactants 
Valerian Root Extraction 

Roman Chamomile Extraction-A 
Tobacco Maillard Reactants 

Valerian Root Extraction 
100.0 100.0 0.00 

C2 
Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 

Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 
100.0 100.0 0.00 

C2-300 
Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 

Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 
100.0 100.0 0.00 

C2-20% 
Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 

Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 
100.0 100.0 0.00 

C2-40% 
Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 

Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 
100.0 100.0 0.00 

C2-60% 
Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 

Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 
100.0 100.0 0.00 

C2-80% 
Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 

Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 
100.0 100.0 0.00 

C3 
Alfalfa Extraction 
Plum Extraction 

Chicory Extraction 

Alfalfa Extraction 
Plum Extraction 

Chicory Extraction 
100.0 100.0 0.00 

D1 

Raisin Extraction 
Alfalfa Extraction 

Fig Extraction 
Hops Extraction 

Raisin Extraction 
Fig Extraction 

Hops Extraction 
92.31 75.00 0.00 



Molecules 2023, 28, x FOR PEER REVIEW 5 of 15 
 

Table S2. Cont. 

No. Formulation Prediction results ACC(%) TPR(%) FPR(%) 

D1-400 

Raisin Extraction 
Alfalfa Extraction 

Fig Extraction 
Hops Extraction 

Raisin Extraction 
Alfalfa Extraction 

Fig Extraction 
Hops Extraction 

100.0 100.0 0.00 

D2 

Tobacco Maillard Reactants 
Carob Extraction 

Valerian Root Extraction 
Plum Extraction 

Tobacco Maillard Reactants 
Carob Extraction 

Valerian Root Extraction 
Plum Extraction 

100.0 100.0 0.00 

E1 

Carob Extraction 
Chicory Extraction 
Alfalfa Extraction 
Plum Extraction 

Roman Chamomile Extraction-A 

Carob Extraction 
Chicory Extraction 
Alfalfa Extraction 
Plum Extraction 

Roman Chamomile Extraction-A 

100.0 100.0 0.00 

E1-50% 

Carob Extraction 
Chicory Extraction 
Alfalfa Extraction 
Plum Extraction 

Roman Chamomile Extraction-A 

Carob Extraction 
Chicory Extraction 
Alfalfa Extraction 
Plum Extraction 

Roman Chamomile Extraction-A 

100.0 100.0 0.00 

E1-75% 

Carob Extraction 
Chicory Extraction 
Alfalfa Extraction 
Plum Extraction 

Roman Chamomile Extraction-A 

Carob Extraction 
Plum Extraction 

Roman Chamomile Extraction-A 
Raisin Extraction 

76.92 60.00 12.50 
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Table S3. The information of the unknown formulated flavors. 

Formulated flavors Formulation* Ratio 

L1 

Hops Extraction 
Raisin Extraction 
Alfalfa Extraction 

Fig Extraction 
Plum Extraction 

0.2 
0.2 
0.2 
0.2 
0.2 

L2 

Hops Extraction 
Raisin Extraction 
Alfalfa Extraction 

Fig Extraction 
Plum Extraction  

Propylene Glycol 

0.1 
0.1 
0.1 
0.1 
0.1 
0.5 

* This information was not known at the time of our analysis with the model, and we were informed 
of the corresponding components after submitting the result. 
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Table S4. The detailed results of the unknown formulated flavors dataset. 

No. Formulation Prediction results ACC(%) TPR(%) FPR(%) 

L1 

Hops Extraction 
Raisin Extraction 
Alfalfa Extraction 

Fig Extraction 
Plum Extraction 

Hops Extraction 
Raisin Extraction 
Alfalfa Extraction 

Fig Extraction 
Plum Extraction 

100.00% 100.00% 0.00% 

L2 

Hops Extraction 
Raisin Extraction 
Alfalfa Extraction 

Fig Extraction 
Plum Extraction 

Hops Extraction 
Alfalfa Extraction 
Plum Extraction 

84.62% 60.00% 0.00% 
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Table S5. The information of the formulated flavors with different qualities. 

Formulated flavors Formulation Ratio Weight(mg) 

C2 
Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 

0.33 
0.33 
0.33 

66.7 
66.7 
66.7 

C2-300 
Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 

0.33 
0.33 
0.33 

100.0 
100.0 
100.0 

D1 

Raisin Extraction 
Alfalfa Extraction 

Fig Extraction 
Hops Extraction 

0.25 
0.25 
0.25 
0.25 

50.0 
50.0 
50.0 
50.0 

D1-400 

Raisin Extraction 
Alfalfa Extraction 

Fig Extraction 
Hops Extraction 

0.25 
0.25 
0.25 
0.25 

100.0 
100.0 
100.0 
100.0 
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Table S6. The plant flavors of the database before and after the extension. 

Before extension After extension 

Galbanum Extraction Benzoin Ointment 

Carob Extraction Peruvian Infusion 

Chicory Extraction Tobacco Burley Extraction 

Roman Chamomile Extraction-A Brazil Tobacco Extraction 

Roman Chamomile Extraction-B Maple Maple Extraction 

Alfalfa Extraction Galbanum Extraction 

Plum Extraction Fenugreek Extraction 

Hops Extraction Jujube Extraction 

Raisin Extraction Zimbabwe Tobacco Extraction 

Fig Extraction Carob Extraction 

Valerian Root Extraction Chicory Extraction 

Tobacco Maillard Reactants Coffee Extraction 

Yunnan Tobacco Extraction Cocoa Extraction 

 Labdanum Extraction 

 Green Tea Extraction 

 Roman Chamomile Extraction-A 

 Roman Chamomile Extraction-B 

 Virginia Tobacco Extraction 

 Alfalfa Extraction 

 Malt Infusion 

 Plum Extraction 

 Hops Extraction 

 Raisin Extraction 

 Seabuckthorn Extraction 

 Tamarind Extraction 

 Aglain Odorate Concrete 

 Turkish Oriental Tobacco Extraction 

 Tulip Concrete 

 Fig Extraction 

 Smoked Plum Extraction 

 Valerian Root Extraction 

 Tobacco Maillard Reactants 

 Yunnan Tobacco Extraction 
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Table S7. The detailed results of the DeepMID model after extension on the known formulated 
flavors dataset. 

No. Formulation Prediction results ACC(%) TPR(%) FPR(%) 

B1 
Hops Extraction 
Fig Extraction 

Hops Extraction 
Coffee Extraction 

93.94 50.00 3.23 

B2 
Chamomile Extraction-A 

Fig Extraction 
Chamomile Extraction-A 

Fig Extraction 
100.0 100.0 0.00 

C1 
Roman Chamomile Extraction-A  

Tobacco Maillard Reactants 
Valerian Root Extraction 

Roman Chamomile Extraction-A  
Tobacco Maillard Reactants 

Valerian Root Extraction 
100.0 100.0 0.00 

C2 
Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 

Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 
Jujube Extraction 

96.97 100.0 3.33 

C2-300 
Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 

Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 
100.0 100.0 0.00 

C2-20% 
Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 

Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 
100.0 100.0 0.00 

C2-40% 
Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 

Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 
100.0 100.0 0.00 

C2-60% 
Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 

Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 
Jujube Extraction 

96.97 100.0 3.33 

C2-80% 
Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 

Carob Extraction 
Raisin Extraction 

Valerian Root Extraction 
100.0 100.0 0.00 
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Table S7. Cont. 

No. Formulation Prediction results ACC(%) TPR(%) FPR(%) 

C3 
Alfalfa Extraction 
Plum Extraction 

Chicory Extraction 

Alfalfa Extraction 
Plum Extraction 

Chicory Extraction 
Tamarind Extraction 

96.97 100.0 3.33 

D1 

Raisin Extraction 
Alfalfa Extraction 

Fig Extraction 
Hops Extraction 

Raisin Extraction 
Fig Extraction 

Hops Extraction 
Coffee Extraction 

93.94 75.00 3.45 

D1-400 

Raisin Extraction 
Alfalfa Extraction 

Fig Extraction 
Hops Extraction 

Raisin Extraction 
Alfalfa Extraction 

Fig Extraction 
Hops Extraction 
Coffee Extraction 

96.97 100.0 3.45 

D2 

Tobacco Maillard Reactants 
Carob Extraction 

Valerian Root Extraction 
Plum Extraction 

Tobacco Maillard Reactants 
Carob Extraction 

Valerian Root Extraction 
Plum Extraction 

Tamarind Extraction 

96.97 100.0 3.45 

E1 

Carob Extraction 
Chicory Extraction 
Alfalfa Extraction 
Plum Extraction 

Roman Chamomile Extraction-A 

Carob Extraction 
Chicory Extraction 
Alfalfa Extraction 
Plum Extraction 

Roman Chamomile Extraction-A 
Tamarind Extraction 

Jujube Extraction 

93.94 100.0 7.14 

E1-50% 

Carob Extraction 
Chicory Extraction 
Alfalfa Extraction 
Plum Extraction 

Roman Chamomile Extraction-A 

Carob Extraction 
Chicory Extraction 
Alfalfa Extraction 
Plum Extraction 

Roman Chamomile Extraction-A 
Jujube Extraction 

96.97 100.0 3.57 
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Table S7. Cont. 

No. Formulation Prediction results ACC(%) TPR(%) FPR(%) 

E1-75% 

Carob Extraction 
Chicory Extraction 
Alfalfa Extraction 
Plum Extraction 

Roman Chamomile Extraction-A 

Carob Extraction 
Plum Extraction 

Roman Chamomile Extraction-A 
Raisin Extraction 

90.91 60.00 3.57 
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Table S2. The detailed results of the DeepMID model without SPP layer on the known formulated 
flavors dataset. 

No. TN TP FN FP ACC(%) TPR(%) FPR(%) 

Test set 4936 4939 61 64 98.75 98.78 1.28 

B1 10 1 1 1 100.0 100.0 0.00 

B2 11 2 0 0 84.62 50.00 9.09 

C1 9 3 0 1 92.31 100.0 10.00 

C2 10 2 1 0 92.31 66.67 0.00 

C2-300 10 2 1 0 92.31 66.67 0.00 

C2-20% 10 2 1 0 69.23 0.00 10.00 

C2-40% 10 2 1 0 76.92 50.00 11.11 

C2-60% 10 1 2 0 92.31 75.00 0.00 

C2-80% 10 1 2 0 100.0 100.0 0.00 

C3 9 0 3 1 92.31 66.67 0.00 

D1 8 2 2 1 92.31 66.67 0.00 

D1-400 9 3 1 0 84.62 33.33 0.00 

D2 9 4 0 0 84.62 33.33 0.00 

E1 7 4 1 1 84.62 80.00 12.50 

E1-50% 7 2 3 1 69.23 40.00 12.50 

E1-75% 7 1 4 1 61.54 20.00 12.50 
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Table S9. The information about plant flavors. 

Name Vendor 

Benzoin Ointment Shanghai Qiyuan Flavor & Fragrance Co. Ltd., Shanghai, China 

Peruvian Infusion Hunan Zhufeng Technology Co., Ltd. Changde, China 

Tobacco Burley Extraction Shanghai Qiyuan Flavor & Fragrance Co. Ltd., Shanghai, China 

Brazil Tobacco Extraction Shanghai Qiyuan Flavor & Fragrance Co. Ltd., Shanghai, China 

Maple Extraction Hunan Zhufeng Technology Co., Ltd. Changde, China 

Galbanum Extraction Guangzhou Huafang Tobacco Flavor Co., Ltd., Guangzhou, China 

Fenugreek Extraction Hunan Shafu Trading Co., Changsha, China 

Jujube Extraction Guangdong Bosch Flavor & Fragrance Co., Ltd., Guangzhou, China 

Zimbabwe Tobacco Extraction Hunan Shafu Trading Co., Changsha, China 

Carob Extraction Guangzhou Huafang Tobacco Flavor Co., Ltd., Guangzhou, China 

Chicory Extraction Guangzhou Huafang Tobacco Flavor Co., Ltd., Guangzhou, China 

Coffee Extraction Hangzhou Jiemin Flavor & Fragrance Co., Ltd., Hangzhou, China 

Cocoa Extraction Shanghai Qiyuan Flavor & Fragrance Co. Ltd., Shanghai, China 

Labdanum Extraction Guangzhou Huafang Tobacco Flavor Co., Ltd., Guangzhou, China 

Green Tea Extraction Guangzhou Huafang Tobacco Flavor Co., Ltd., Guangzhou, China 

Roman Chamomile Extraction-A Guangzhou Huafang Tobacco Flavor Co., Ltd., Guangzhou, China 

Roman Chamomile Extraction-B Zhuhai Guanglong Flavor Co., Ltd., Zhuhai, China 

Virginia Tobacco Extraction Shanghai Qiyuan Flavor & Fragrance Co. Ltd., Shanghai, China 

Alfalfa Extraction Guangzhou Huafang Tobacco Flavor Co., Ltd., Guangzhou, China 

Malt Infusion Hunan Zhufeng Technology Co., Ltd. Changde, China 

Plum Extraction Guangzhou Huafang Tobacco Flavor Co., Ltd., Guangzhou, China 

Hops Extraction Guangzhou Huafang Tobacco Flavor Co., Ltd., Guangzhou, China 

Raisin Extraction Guangzhou Huafang Tobacco Flavor Co., Ltd., Guangzhou, China 

Seabuckthorn Extraction Guangdong Bosch Flavor & Fragrance Co., Ltd., Guangzhou, China 

Tamarind Extraction Hangzhou Jiemin Flavor & Fragrance Co., Ltd., Hangzhou, China 

Aglain Odorate Concrete Hunan Jiali Flavor Co., Ltd., Yiyang, China 

Turkish Oriental Tobacco Extraction Guangzhou Huafang Tobacco Flavor Co., Ltd., Guangzhou, China 

Tulip Concrete Shanghai Qiyuan Flavor & Fragrance Co. Ltd., Shanghai, China 

Fig Extraction Guangzhou Huafang Tobacco Flavor Co., Ltd., Guangzhou, China 

Smoked Plum Extraction Shanghai Qiyuan Flavor & Fragrance Co. Ltd., Shanghai, China 

Valerian Root Extraction Guangzhou Huafang Tobacco Flavor Co., Ltd., Guangzhou, China 

Tobacco Maillard Reactants Guangzhou Huafang Tobacco Flavor Co., Ltd., Guangzhou, China 

Yunnan Tobacco Extraction Guangzhou Huafang Tobacco Flavor Co., Ltd., Guangzhou, China 
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Table S10. Detailed information of the reagents. 

Reagents Purity Manufacturers 

KH2PO4 ACS reagent,≥99.0% Sigma-Aldrich (Shanghai) Trading Co.Ltd., Shanghai, China 

TSP 99 atm% D Sigma-Aldrich (Shanghai) Trading Co.Ltd., Shanghai, China 

NaOD 40wt.%in D2O,99atm%D Sigma-Aldrich (Shanghai) Trading Co.Ltd., Shanghai, China 

DMSO-d6 99.8 atm% D, Ningbo Cuiying Chemical Technology Co., Ltd., Ningbo, China 

D2O 99.9 atm % D Ningbo Cuiying Chemical Technology Co., Ltd., Ningbo, China 

CD3OD ≥99.8 atm % D Ningbo Cuiying Chemical Technology Co., Ltd., Ningbo, China 

 

 


