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Supplementation of branched-chain amino acids decreases fat accumulation in the liver through 3 

intestinal microbiota-mediated production of acetic acid 4 
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Supplementary figure. S1. Proportion of each genus (A) and species (B) of intestinal flora in 21 

Design 1. 22 

*, p < 0.05 vs ST and ST-BCAA; # p < 0.05 vs ST, ST-BCAA and HF 23 

ST, fed a standard diet; ST-BCAA, fed ST with added BCAAs; HF, fed a high-fat diet; and HF-BCAA, 24 

fed a HF with added BCAAs. 25 
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Supplementary figure. S2. Effects of BCAAs on the HF-induced fat accumulation and fibrosis 27 

in the liver. 28 

Contents of hepatic triglyceride (A) and steatosis, which is one of measures included in the NAFLD 29 

activity score (B). Representative reticulin staining using silver impregnation of liver in each group 30 

(C). Values are expressed as the means ± S.D. *, p < 0.05 between the groups connected by a line. 31 

Scale bar = 20 m. 32 

ST, fed a standard diet; ST-BCAA, fed a ST with added BCAAs; HF, fed a high-fat diet; and HF-33 

BCAA, fed a HF with added BCAAs. 34 



4 

 

 35 

 36 

Supplementary figure. S3. Effects of BCAAs on HF-induced hepatic lipogenesis-related gene 37 

transcription of FAS (A) and ACC (B). 38 

*, p < 0.05 between the groups connected by a line 39 

ST, fed the standard diet; ST-BCAA, fed ST with added BCAAs; HF, fed a high-fat diet; and HF-40 

BCAA, fed HF with added BCAAs. 41 
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 44 

Supplementary figure. S4. Rate of each genus (A) and species (B) of intestinal flora in Design 2. 45 

*, p < 0.05 vs other groups 46 

HF, fed a high-fat diet; HF-cel(-), fed a HF without cellulose; HF-BCAA, fed a HF with added 47 

BCAAs; and HF-cel(-)-BCAA, fed a cellulose-free HF with added BCAAs. 48 
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Supplementary figure. S5. Effects of cellulose on the BCAA-induced reduction of hepatic fat 50 

accumulation and fibrosis 51 

Contents of hepatic triglyceride (A) and steatosis, which is one of measures included in the NAFLD 52 

activity score (B). Representative reticulin staining using silver impregnation of liver in each group 53 

(C). Values are expressed as the means ± S.D. *, p < 0.05 between the groups connected by a line. 54 

Scale bar = 20 m. 55 

HF, fed a high-fat diet; HF-cel(-), fed a HF without cellulose; HF-BCAA, fed a HF with added 56 

BCAAs; and HF-cel(-)-BCAA, fed a cellulose-free HF with added BCAAs. 57 
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 59 

Supplementary figure. S6. Effects of cellulose on the BCAA-induced improvement in hepatic 60 

lipogenesis-related gene transcription of FAS (A) and ACC (B). 61 

*, p < 0.05 between the groups connected by a line 62 

HF, fed a high-fat diet; HF-cel(-), fed a HF without cellulose; HF-BCAA, fed a HF with added 63 

BCAAs; and HF-cel(-)-BCAA, fed a cellulose-free HF with added BCAAs. 64 

 65 
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Supplementary figure. S7. Ingredients and nutrient compositions of each diet. 69 

ST, fed a standard diet; ST-BCAA, fed a ST with added BCAAs; HF, fed a high-fat diet; HF-BCAA, 70 

fed a HF with added BCAAs; HF-cel(-), fed a HF without cellulose; and HF-cel(-)-BCAA, fed a 71 

cellulose-free HF with added BCAAs. 72 

 73 

 74 

 75 
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Supplementary figure. S8. Protocol of experimental Designs 1 and 2. 78 

ST, fed a standard diet; ST-BCAA, fed a ST with added BCAAs; HF, fed a high-fat diet; HF-BCAA, 79 

fed a HF with added BCAAs; HF-cel(-), fed a HF without cellulose; and HF-cel(-)-BCAA, fed a 80 

cellulose-free HF with added BCAAs. 81 

 82 

 83 

 84 
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 85 

Supplementary figure. S9. Full-length western blot gels of FAS (A), ACC (B) and β-actin (C) in 86 

Design 1. 87 

The samples derive from the same experiment and those gels were processed in parallel. The trimmed 88 

area is indicated by the red box line. 89 

ST, fed the standard diet; ST-BCAA, fed ST with added BCAAs; HF, fed a high-fat diet; and HF-90 

BCAA, fed HF with added BCAAs. 91 
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Supplementary figure. S10. Full-length western blot gels of FAS (A), ACC (B) and β-actin (C) in 93 

Design 2. 94 

The samples derive from the same experiment and those gels were processed in parallel. The trimmed 95 

area is indicated by the red box line. 96 

HF, fed a high-fat diet; HF-cel(-), fed a HF without cellulose; HF-BCAA, fed a HF with added 97 

BCAAs; and HF-cel(-)-BCAA, fed a cellulose-free HF with added BCAAs. 98 
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Design 1 ST ST-BCAA HF HF-BCAA 

Daily intake (kcal) 95.3  2.4 98.2  3.1 106.3 3.5 113.8  4.6 

Body weight (g) 598.2  13.3 589.3  16.3 642.0  18.3 641.2  17.3 

Serum BCAA (g/ml) 69.9  2.7 73.1  4.3 62.6  1.5 71.8  2.1 

ALT (U/L) 33.1 5.1 49.5  15.0 33.6  4.9 31.4  4.9 

Total-chol (mg/dL) 86.3  5.3 85.3  8.6 70.8  3.1 80.6  5.4 

Triglyceride (mg/dL) 139.7  8.6 124.9  11.3 114.1  14.8 126.8  30.7 

Glucose (mg/dL) 130.1  10.8 128.7  14.1 143.7  5.6 142.9  5.8 

Supplementary table. S1. Daily intake, body weight and biochemical data after 8 weeks of 100 

feeding in each group of Designs 1.  101 

*, p < 0.05 vs. ST, ST-BCAA. Total-chol: total cholesterol. 102 
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Design 2 HF HF-cel (-) HF-BCAA HF-cel (-)-BCAA 

Daily intake (kcal) 113.5  4.0 115.1  3.8 109.1  2.8 117.6  4.7 

Body weight (g) 696.2  17.4 688.2  16.1 665.4  7.9 662.8  10.5 

ALT (U/L) 31.4 1.8 33.1  2.2 27.7  2.4 27.5  1.8 

Total-chol (mg/dL) 101.5  6.8 102.3  8.2 93.9  9.4 107.1  5.1 

Triglyceride (mg/dL) 129.8  8.0 130.2  13.4 127.0  9.9 121.9  15.9 

Glucose (mg/dL) 153.9  10.9 144.5  7.1 153.3  7.3 158.3  9.0 

Supplementary table. S2. Daily intake, body weight and biochemical data after 8 weeks of 112 

feeding in each group of Designs 2.  113 

Total-chol: total cholesterol. 114 
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