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Abstract 
 

Spiny bitter gourd, often referred to as the "fruit from heaven," is renowned for its 
high concentrations of lycopene, β-carotene, and various functional nutrients in its aril. 
This study explores the "Sixth Industrialization" model (1x2x3) implemented in Taitung 
to transform indigenous spiny bitter gourd into a high-value specialty crop. Regarding the 
primary industry, the Taitung District Agricultural Research and Extension Station 
established standardized production protocols by developing the "Taitung No. 1" variety 
and implementing tunnel-style trellis cultivation. In the secondary industry sector, 
academic collaborations successfully mitigated technical constraints related to lipid 
oxidation, facilitating the development of fruit powders, dripping pills, and advanced food 
processing techniques, while validating the fruit’s clinical potential in preventing non-
alcoholic fatty liver disease (NAFLD) and assisting in Type 2 diabetes management. In 
the tertiary sector, cases from the Chenggong Township Farmers' Association and young 
farmers demonstrate success in increasing market value through cross-industry alliances, 
agritourism, and culinary innovation. Finally, a SWOT analysis was conducted to 
formulate strategic goals, recommending the purification of indigenous strains and 
integration with the "Great Health" industry to achieve sustainable agriculture and rural 
revitalization. 
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1. Agilent 1260 G1312B Binary Pump  
2. Agilent Poroshell 120 EC-C18 (100 mm × 2.1 mm i.d., 2.7 μm)  
3. AB Sciex Instruments QTRAP 5500  
4. Turbo V Ion Source 
5. HPLC  

(1) 2 μL  
(2)  

A. 0.1% (v/v) Formic acid / water  
B. 0.1% (v/v) Formic acid / Methanol  
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1  ( 3 )  12  pH 

 
Figure 1. Changes in pH, probiotic microbial counts and reducing sugar of hydrolyzed 
black soybean during 12 hr fermentation with Lactobacillus plantarum subsp. BCRC 
10069 and Lactobacillus johnsonii BCRC 17010. 
a~d: Different lowercase letters on the top of each bar are significantly different (p < 
0.05) . 
blank: Tainan No. 3 black soybean without hydrolysis. 
H0: Tainan No. 3 black soybean hydrolyzed for 0 hour. 
H3: Tainan No. 3 black soybean hydrolyzed for 3 hours. 
 (A) BCRC 17010: Tainan No. 3 black soybean hydrolysates fermented by L. johnsonii. 
 (B) BCRC 10069: Tainan No. 3 black soybean hydrolysates fermented by L. plantarum. 
 (C) BCRC 17010 + BCRC 10069: Tainan No. 3 black soybean hydrolysates fermented 
by the mixture of L. johnsonii and L. plantarum. 
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2  ( 3 )  12 

 
Figure 2. Changes in pH, probiotic microbial counts and reducing sugar of hydrolyzed 
black soybean during 12 hr fermentation with Lactobacillus plantarum subsp. BCRC 
10069 and Lactobacillus johnsonii BCRC 17010. 
a~m: Different lowercase letters on the top of each bar are significantly different (p < 
0.05) . 
blank: Tainan No. 3 black soybean without hydrolysis. 
H0: Tainan No. 3 black soybean hydrolyzed for 0 hour. 
H3: Tainan No. 3 black soybean hydrolyzed for 3 hours. 
BCRC 17010: Tainan No. 3 black soybean hydrolysates fermented by L. johnsonii. 
BCRC 10069: Tainan No. 3 black soybean hydrolysates fermented by L. plantarum. 

BCRC 17010 + BCRC 10069: Tainan No. 3 black soybean hydrolysates fermented by 
the mixture of L. johnsonii and L. plantarum.
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3  ( 3 ) 12

ABTS•+ Trolox  
Figure 3. Change in ABTS•+ radical scavenging activity of hydrolyzed black soybean 
during 12 hr fermentation with Lactobacillus plantarum subsp. BCRC 10069 or 
Lactobacillus johnsonii BCRC 17010. 
a~h: Different lowercase letters on the top of each bar are significantly different (p < 0.05) . 
blank: Tainan No. 3 black soybean without hydrolysis. 
H0: Tainan No. 3 black soybean hydrolyzed for 0 hour. 
H3: Tainan No. 3 black soybean hydrolyzed for 3 hours. 
BCRC 17010: Tainan No. 3 black soybean hydrolysates fermented by L. johnsonii. 
BCRC 10069: Tainan No. 3 black soybean hydrolysates fermented by L. plantarum. 
BCRC 17010 + BCRC 10069: Tainan No. 3 black soybean hydrolysates fermented by the 
mixture of L. johnsonii and L. plantarum. 
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4  ( 3 ) 

(BCAA)  
Figure 4. Total free amino acid and branched chain amino acid (BCAA) content of the 
hydrolyzed and fermented "Tainan No. 3" black soybean. 
a~h: Different lowercase letters on the top of each bar are significantly different (p < 0.05) . 
SS: Tainan No. 3 black soybean hydrolyzed for 0 hour. 
SSE: Tainan No. 3 black soybean hydrolyzed for 3 hours. 
SSB Tainan No. 3 black soybean hydrolysates fermented by the mixture of L. johnsonii 
(BCRC 17010) and L. plantarum (BCRC 10069) . 

 (Lot ID SA03022-0323)  

 
5  ( 3 )  

Figure 5. Total oligosaccharde composition and isoflavone content of the hydrolyzed and 
fermented "Tainan No. 3" black soybean. 
a~h: Different lowercase letters on the top of each bar are significantly different (p < 0.05) . 
SS: Tainan No. 3 black soybean hydrolyzed for 0 hour. 
SSE: Tainan No. 3 black soybean hydrolyzed for 3 hours. 
SSB Tainan No. 3 black soybean hydrolysates fermented by the mixture of L. johnsonii 
(BCRC 17010) and L. plantarum (BCRC 10069) .   
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6 12  

Figure 6. Body weight gain in C57BL/6JNarl mice during 12 weeks experiment period. 

–  
a,b,c,d  (p<0.05)  
 
 

 
7 12  

  [
 (g) /  (g) ] × 100% a,b  (p<0.05)  

Figure 7. Food efficiency of C57BL/6JNarl mice during 12 weeks experiment period 
a,b,c,dStatistically significant difference between control and high-fat control at p<0.05.  
a,b,c,dStatistically significant difference between high-fat control and treated group at 
p<0.05.  
Value is expressed as mean ± SD (n=10) . 
1 Food efficiency: (body weight gain/total food intake) *100%. 
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Figure 8. Effects of black soybean protein on forelimeb muscle power in C57BL/6JNarl 
mice fed with HFD. 
a,b Statistically significant difference between control and high-fat control at p<0.05. 
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Figure9. Effects of black soybean protein on visceral fat weight in C57BL/6JNarl mice 
fed with HFD. 
a,b,cStatistically significant difference between control and high-fat control at p<0.05. 
Value is expressed as mean ± SD (n=10) .  
#Total fat is the sum of mesentery fat, kidneys fat and epididymis fat. 
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Figure 6. Body weight gain in C57BL/6JNarl mice during 12 weeks experiment period. 

–  
a,b,c,d  (p<0.05)  
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Figure 7. Food efficiency of C57BL/6JNarl mice during 12 weeks experiment period 
a,b,c,dStatistically significant difference between control and high-fat control at p<0.05.  
a,b,c,dStatistically significant difference between high-fat control and treated group at 
p<0.05.  
Value is expressed as mean ± SD (n=10) . 
1 Food efficiency: (body weight gain/total food intake) *100%. 
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Abstract 

 
To improve the functionality and potential application of domestic black soybeans 

(Glycine max (L.) Merr), it was hydrolyzed by enzymes, and further fermented by 
probiotics. This study used enzymatic hydrolysis combined with probiotic fermentation 
technology to explore its bioactivity and anti-metabolic syndrome benefits. Tainan No. 3 
black soybeans were hydrolyzed for 3 hours using amylase and cellulase, and then 
fermented for 12 hours with probiotics (L. johnsonii and L. plantarum) . This shows that 
the "Tainan No. 3"black soybeans can greatly enhance the anti-inflammatory and immune 
regulation ability of black beans after enzymatic hydrolysis and probiotic fermentation. 
This study further investigated black bean protein after probiotic fermentation would alter 
the beneficial effects on animal metabolic syndromes. The control group of 
C57BL/6JNarl mice were fed with LabDiet 5058, in comparison with a group fed with 
high-fat diet (HFD). The experiment group was fed with HFD and supplemented oral with 
black bean protein (SS) and probiotic fermentation (SSB), prepared by SS, at amount of 
1,000 mg/kg body weight. The fat and hepatic lipids, liver and kidney functions were 
analyzed and compared after 12 weeks. When feeding a high-fat diet at the same time 
oral administration of black soybean protein, the results found SS and SSB do not affect 
liver and kidney function. In conclusion, the black soybean protein SSB has positive 
efficiency in delaying weight gain, reducing body fat production, and reducing liver fat 
accumulation, indicates its potential to ameliorate metabolic syndrome and can be 
developed into high-value functional food. In the future, this processing technology can 
be used as a foundation to establish more diversified and high-value black soybean 
functional products. 
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