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Preparation of GEO and GEO-VO emulsions 

The formulation of wall materials (WPC/IN and WPC/MD) was optimized 

in terms of emulsion physical and flavor stability according to previous studies 

[1,2]. The experiment design was set as shown in Table S1 and the stability and 

flavoring retention results were shown in Fig. S1 and Fig. S2, respectively. 

Table S1. The experimental design for preparing GEO and GEO-VO emulsions. 

GEO emulsions (g/30g) Emulsification methods 

WPC IN MD VO GEO Homogenization Sonication 

4.5 1.5 - 0.3 1.5 √ √ 

4.0 2.0 - 0.3 1.5 √ √ 

3.0 3.0 - 0.3 1.5 √ √ 

2.0 4.0 - 0.3 1.5 √ √ 

1.5 4.5 - 0.3 1.5 √ √ 

4.5 - 1.5 0.3 1.5 √ √ 

4.0 - 2.0 0.3 1.5 √ √ 

3.0 - 3.0 0.3 1.5 √ √ 

2.0 - 4.0 0.3 1.5 √ √ 

1.5 - 4.5 0.3 1.5 √ √ 

 

Fig. S1 TSI curves of GEO emulsions stabilized by different types and ratios of 

wall materials. 
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Fig. S2 Variations in the profiles of the majority compounds in GEO emulsions 



stabilized by different types and ratios of wall materials. 
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GEO emulsion had the highest physical stability and best flavor retention 

capacity when emulsified and stabilized by WPC and IN at a ratio of 3:1 as wall 

materials. Therefore, WPC:IN at the ratio of 3:1 was further employed to study 

the effect of VOs addition on the stability of GEO emulsions and encapsulation 

efficiency of GEO microcapsules. 



Table S2 Volatile compounds of corn oil, soybean oil and olive oil. 

Corn oil  Soybean oil  Olive oil 

Compounds 
Percentag

e (%) 

 
Compounds 

Percentag

e (%) 

 
Compounds 

Percentag

e (%) 
Compounds 

Percentag

e (%) 

(2R)-2-amino-

3-

sulfinopropan

oic acid 

3.16 

 (2R)-2-amino-

3-

sulfinopropan

oic acid 

8.07 

 
(2R)-2-amino-3-

sulfinopropanoic 

acid 

0.45 3,4-bis (methoxycarbonyl) benzoic acid 6.71 

2-

(methylamino)

ethanesulfonic 

acid 

29.27 

 2-

(methylamino

)ethanesulfoni

c acid 

12.27 

 

2-(methylamino) 

ethanesulfonic acid 
1.52 (Z)-1-methoxyhex-3-ene 2.21 

Urea 
9.28 

 Butan-2-

amines 
1.55 

 
Formamide 6.39 (E)-hex-2-enal 5.23 

2-

aminopropan-

1-ol 

6.95 

 Acetic acid 

8.70 

 
2,3-

dimethyloxirane 
0.87 (E)-hex-3-en-1-ol 8.57 

3-

methylbutanal 
2.68 

 Hexane 
8.44 

 
Acetic acid 5.75 

6-

phenylmethoxyhexoxymethylbenzene 
3.97 

Pentanal 

21.93 

 2-

fluoroacetami

de 

17.88 

 

Ethyl Acetate 2.23 3-methyl-2-phenylpyrazolo [1,5-a] 

pyridine 
0.91 

Hexanal 26.72  Toluene 3.47  Pentanal 0.32 

 
 

 Propylcyclope

ntane 
15.72 

 
Cyclopentanol 0.35 (5E)-3-ethylocta-1,5-diene 1.18 



 
 

 Hexanal 
22.06 

 
3-methylbutanal 1.74 

3-N-(1,3,5-trimethylpyrazol-4-yl)-1H-

1,2,4-triazole-3,5-diamine 
1.93 

 

 

 (2,4-ditert-

butylphenyl) 

5-

hydroxypenta

noate 

1.84 

 

Ethyl N-propan-2-

yloxycarbamate  
0.27 Tris (trimethylsilyl) arsorite 0.35 

 
 

 
  

 (E)-2-methylbut-2-

enal 
0.45 

(4-cyanophenyl) 4-(2-propoxyethoxy) 

benzoate 
0.94 

      Toluene 0.66 Ethylidenecyclohexane 2.28 

      (Z)-pent-2-en-1-ol 0.40 [(Z)-hex-3-enyl] acetate 16.87 

  

 

  

 (2R)-2-

aminopropanoic 

acid 

0.31 
2,6,6-trimethylbicyclo [3.1.1] hept-2-

ene 
1.23 

  
 

  
 Pentylcyclopropan

e 
0.24 Nonanal 1.63 

  
 

  
 2,4-

dimethylhexane 
17.84 

Ethyl N-(1-adamantylcarbamothioyl) 

carbamate 
1.31 

      Oct-1-ene 0.21 Undecan-1-ol 3.18 

  
 

  
 

Cyclooctane 0.20 
(1R,4R,4aS)-4,7-dimethyl-1-propan-2-

yl-1,2,3,4,4a,5-hexahydronaphthalene 
1.29 

Total 

compounds 
99.99 

 
 100.00 

 
   99.99 

Sulfur-

containing 

compounds 

32.43 

 

 20.34 

 

   1.97 



Diallyl 

disulfide and 

Diallyl 

trisulfide 

0.00 

 

 0.00 

 

   0.00 

 



Fig. S3 The size distribution analysis for GEO (A), GEO-CO (B), GEO-SO (C) and GEO-OO (D) emulsions and the emulsions after 

standing for 12 h (E, F, G, H), obtained by ImageJ software analysis based on the images confocal laser scanning microscopy of laser 

results. 



Fig. S4 Droplet size distributions of the freshly prepared GEO and GEO-VO 

emulsions (A, C and E) and the emulsions after standing for 12 h (B, D and F). 
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Fig. S5 FTIR spectra of GEO and GEO-VO microcapsules. 
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Fig. S6 TGA curves of GEO and GEO-VO microcapsules. 
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