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Effect of Lactic Acid Fermentation and Plant Ingredients
on the Quality of Black Bean-Based Sausages
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ABSTRACT

This study evaluated the synergistic effects of fermented black beans, lupini beans, and other plant-based ingredients in
the development of plant-based sausages, with a focus on phytic acid reduction, texture optimization, and gluten replacement
potential. Fermentation with Lactobacillus plantarum significantly reduced phytic acid content by 33.7%. Sausages formulated
with fermented black beans demonstrated increased adhesiveness but decreased cohesiveness and chewiness. The fermented
formulations also exhibited increased redness and lower pH values, which can be attributed to lactic acid production during
fermentation. Incorporating 5% lupini bean powder enhanced the hardness of sausages by 1.3-fold and improved chewiness
and overall textural attributes, indicating its suitability as a gluten alternative. Higher concentrations of lupini bean powder
further increased redness, yellowness, and pH. Additionally, the inclusion of starch, textured vegetable protein (TVP), and
carrageenan improved hardness and chewiness while contributing positively to lightness, yellowness, and pH. These findings
suggest that the strategic combination of fermented legumes and texturizing agents can enhance the nutritional and textural

properties of plant-based sausages.
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Black bean

Il <= | addedwater (1:1ratio) |

[ Blended for 2 min

I &

Fermented at 36 C
for 24hr

1 &

[ Mixed for 5 min

) W—

inoculated L. p/antarum (1%)

J added soy proteinisolates (10, 15%)
gluten (0, 5%),
J lupini bean powder (0, 5,10%)

tapioca and potato starch(5%),
TVP(5%), k—Carrageenan(1, 2%)

4

Filled into collagen
casing

0

Boiled at 75T
for 30 min

J:> physicochemical and

[ sausage textural properties

Fig. 1. Flow diagram for manufacturing the plantbased
sausage.
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Table 1. Formulation of fermented plant-based sausage with various ingredients

Sample" sliif;it(et’;)) ?soo};ai)ero(t;i)l)l Gluten (%) Ir;(l)ls:g;rb(eo:; Starch (%) TVP (%) k-Carrageenan (%)
N10GO 84 10 0 0 - - -
N10G5 79 10 5 0 - - -
N15G0 79 15 0 0 - - -
N15G5 74 15 5 0 - - -
F10GOLO 84 10 0 0 - - -
F10GOL5 79 10 0 5 - - -
F10GOL10 74 10 0 10 - - -
F15GOLO 79 15 0 0 - - -
F15GOLS5 74 15 0 5 - - -
F15GOL10 69 15 0 10 - - -
F10G5L0 79 10 5 0 - - -
F10G5L5 74 10 5 5 - - -
F10G5L10 69 10 5 10 - - -
F15G5L0 74 15 5 0 - - -
F15G5L5 69 15 5 5 - - -
F15GSL10 64 15 5 10 - - -
F15G5L5S1 64 15 5 5 5 0 0
F15G5L5S2 64 15 5 5 5 0 0
F15GSLST 64 15 5 5 0 5 0
F15G5L5k1 73 15 5 5 0 0 1
F15G5L5k2 72 15 5 5 0 0 2

D N: used non-fermented bean, F: used fermented bean, G: gluten, L: lupini bean powder,

S1: tapioca starch, S2: potato starch, T:

textured vegetable protein, kl: x-carrageenan 1%, k2: x-carrageenan 2%. All samples contained 5% vegetable oil and 1% salt.
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frabt EE7F Aele o] B Eq A 3tste] m
Th Table 29} 2T} Ao} FEE 314 &2 A2l <] 7
EARS 1498 mg/g o= APAT A3l 17.6 mg/g? Ak}
ATKLee JY &, 2021). ¥FH X ZE|E 24413 <t AA RS
) 3] EAto] 14.93 mg/gollA] 12.76 mg/g & 724 (p<0.05)
o2 st 787921 FEARS A oA ol
FHo] f9xlo] YolA FEA Begire] gAJo= ,qE
b 8hgFo] A dtH(Feizollahi E 5 2021). £ AollA+=

mesenteroides S 7FA THKCTC 13372, 13374)% ‘?—-}EE

S AF gJEA0] ZHz} 11.36£0.91, 10.95£0.48 mg/gO =
AR L plantarum(KCTC 2100402 a3 745
9.9+0.04 mg/gl 2 THE F T2l L. mesenteroides (KCTC
13372, 13374)2 L& S wjH} vEL] ko] {294
© 7 74438k thp<0.05)(Table 2). FAHte] F7Fo| whebA
S|EAF ko] FolS Holtw fAFEe] AYSHE BAke.
2 Q18) pH7} FHAEe] JEARS RajAl7) 7)o A-F 24
o= WeA7e woith AAaulE TE B e o
A= zte]7} 97| wjEe]thCoulibaly A 5 2011). AFA+
oﬂ}ql—_ =9 w H]-._,T_/] J,]EA]— .r.oHoﬂ 7].;(1— 3_47]. =2 7)—1

2 L. plantarum .2 B 1% 9 =H|(Reale A 5 2007), & A
FAME L. plantarum ©] A2lE]e] T EANS 7P 3150
2 BfA7le Aew vehgth
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Table 2. Effect of lactic acid bacteria fermentation on the changes of phytic acid in black beans

389

Phytic acid content (mg/g)

Non-fermented L.mesenteroides L.mesenteroides L.plantarum
Control (Black bean) KCTC 13372 KCTC 13374 KCTC 21004
With soaking for 1 day
14.93+0.73") 12.76£0.51° 11.36£0.91° 10.95+0.48° 9.9+0.04

Y Mean+S.D. (n=5) within each row followed by different letters is significantly different (p<0.05).
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Table 3. Effects of fermentation, soy protein isolate, and gluten on the textural properties of plant-based sausage

Sample" Hardness (g) Adhesiveness (g) Resilience Cohesiveness Gumminess (g) Chewiness (g)
N10G0? - - - - - -
N10G5 573.00424.00% 38.33+4.04° 0.09+0.01° 0.27+0.03° 157.33+14.01¢ 43.00+12.29°
N15G0 1,164.60+62.67" 27.00+4.72¢ 0.10£0.01° 0.32+0.01° 372.20421.96° 162.00+16.49°
N15G5 1,229.33+93.60° 27.00+1.73¢ 0.12+0.00° 0.35+0.00° 426.33+29.94° 208.67+11.68°
F10GOL0? - - - - - -
FI0G5LO  420.67+39.58° 79.33+5.03° 0.05+0.00° 0.20+0.01° 83.6749.50° 16.33+4.16
FI5GOLO  623.33+16.07° 95.33+12.66™ 0.050.00° 0.160.02¢ 97.33+12.50° 15.33+3.06°
FI5G5L0  1,164.67+99.63" 102.67+19.66" 0.07+0.00" 0.22+0.03¢ 250.67+15.28° 59.67+5.13¢

D F: used fermented bean, N: used non-fermented bean, G: gluten. All samples contained 5% vegetable oil and 1% salt.

? Sausage was not formed with N10GO and F10GOLO.

» MeanS.D. (n=6) within each column followed by different letters is significantly different (p<0.05).
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Table 4. Effects of soy protein isolate, gluten, and lupini bean powder on the textural properties of plant-based sausage

Sample" Hardness(g) Adhesiveness(g) Resilience Cohesiveness Gumminess(g) Chewiness(g)
F10GOL0” - - - - - .
FI0GOL5  562.40+58.20°% 81.80+9.63% 0.05£0.01% 0.18+0.01°® 104.40+8 448" 17.20+0.84"
FI0GOL10  829.00+50.94° 99.25+5.74% 0.06£0.01% 0.170.028 138.25+20.69°% 24.00+3.16"
FISGOLO  623.33+16.07° 95.33+12.77 0.050.01° 0.16+0.028 97.33+12.50%" 15.33+3.06
FI5GOL5  872.40+46.60° 97.80+17.60™ 0.06+0.01¢ 0.17+0.03" 151.404+27.73 27.40+7.09
FI5GOL10  1,136.83+67.83¢ 47.00+21.75¢ 0.07+0.00° 0.19+0.02°" 217.50+40.68% 47.17£10.82%¢
FI0G5L0  420.67+39.58¢ 79.33+5.03% 0.05+0.00% 0.200.01%F 83.67£9.50" 16.33+4.16
FI0G5L5  454.83+75.46" 56.50+9.65¢ 0.08+0.01° 0.25+0.02 113.00+£20.07%" 27.50+4.59¢F
F10G5L10  809.60+198.51¢ 48.00+17.70¢ 0.08+0.01° 0.23+0.02° 180.2042.75% 37.80+£11.84%
FI5G5L0  1,164.67+99.63° 102.67+19.66" 0.07+0.00° 0.22+0.03°% 250.67+15.28°¢ 59.67+5.13¢
F15G5L5  1,486.00+33.85 64.75+12.82% 0.09+0.00° 0.26+0.01% 381.25+18.68 107.004£9.35°
FI15G5L10  1,728.75+72.39" 56.50+5.74° 0.10£0.01° 0.27+0.01° 468.25+42.66" 135.00+17.15

D F: used fermented bean, G: gluten, L: lupini bean powder. All samples contained 5% vegetable oil and 1% salt.
) Sausage was not formed with F10GOLO.
» MeantS.D. (n=11) within each column followed by different letters is significantly different (p<0.05).
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Table 5. Textural properties of commercial plant-based sausage

Sample Hardness(g) Adhesiveness(g) Resilience Cohesiveness Gumminess(g) Chewiness(g)
F15G5L10Y  1,728.75+72.39Y 56.50+5.74° 0.10£0.01° 0.27+0.01¢ 468.25+42.66° 135.00+17.15°
A 2,383.33£133.79" 3.33+1.53¢ 0.42+0.01° 0.7120.01° 1,686.67+111.61°  1,522.33+94.52°
B 2,663.25+202.24 6.25+3.26° 0.31+0.01° 0.56+0.01° 1,490.75+120.85°  1,312.00+105.35°
C 5,890.00+319.87°  36.00+20.81° 0.31+0.04° 0.53+0.04° 3,101.67+288.45"  2,772.00+276.24
Average of 3,645.53 15.19 034 0.60 2,092.69 1,868.78
A, B, and C? i ‘ ‘ . ,092. ,868.

D Plant-based sausage was prepared with fermented bean, soy protein isolate, gluten, and lupini bean powder.
? Commercially available products, A: Vegefood, B: Nextmeal, C: Sahmyook food.
» MeanS.D. (n=3) within each column followed by different letters is significantly different (p<0.05).
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Table 6. Effects of soy protein isolate, gluten, starch, TVP and k-carrageenan on the textural properties of plant-based

sausage
Sample” Hardness(g) Adhesiveness(g) Resilience Cohesiveness Gumminess(g) Chewiness(g)
FI5G5L5  1,486.00+£33.85%  64.75+12.82" 0.09+0.00° 0.26+0.01* 381.25+18.68° 107.00£9.35¢
F15G5L5S1  1,836.50+48.83" 50.50£15.41% 0.10£0.01%* 0.25+0.02% 458.25+39.60° 114.75+12.15%
F15G5L5S2  1,666.25+80.79° 47.50+7.41% 0.1120.01 0.27+0.01° 456.00+26.04° 134.50+5.57°
F15G5L5T  1,931.25+119.78°  83.75+21.87° 0.09+0.01 0.24+0.01° 470.50+46.98° 118.63+16.98%
F15G5L5k1  1,932.75£135.12°  75.00+27.60™ 0.10£0.01* 0.27+0.01%* 509.00+34.32° 155.25+7.68"
F15G5L5k2  2,198.75+144.45"  40.00+10.92° 0.10+0.01% 0.27+0.02 592.75+47.67" 184.0+19.27°

D F: used fermented bean, G: gluten, L: lupini bean powder, S1: tapioca starch, S2: potato starch, T: textured vegetable protein, k1,
2: k-carrageenan 1%, 2%, All samples contained 15% soy protein isolate, 5% lupini bean powder, 5% vegetable oil and 1% salt.
? Mean£S.D. (n=6) within each column followed by different letters is significantly different (p<0.05).
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Table 7. Effects of fermentation, soy protein isolate, gluten, and lupini bean powder on the color and pH of plantbased

sausage
Sample" L b pH
N10G0” - - -
N10G5 63.79:0.22%% —1.43£0.19' 10.88+0.49" 6.68+0.02°
N15G0 58.93+1.12" —1.110.13' 8.76+0.64' 6.78+0.01°
N15G5 61.40+1.38°¢" —1.39+0.04' 11.34+1.65" 6.65+0.02°
F10GOLO - - _
F10GOLS 67.26+1.25%° 3.02+0.23" 14.43+1.12"% 4.76+0.05™
F10GOL10 59.92+0.11¢" 3.554+0.36°1 15.09+0.62°% 4.76+0.01™
F15GOLO 67.61+2.21% 2.39+0.05" 14.01+0.34' 4.7340.02"
F15GOL5 62.80+3.46° 2.85+0.55 13.57+1.00¢ 4.96+0.04'
F15GOL10 59.29+1 40" 3.42+0.31°%" 14.10+0.48" 5.16+0.04%"
F10G5L0 69.56+1.39° 2.94+0.06" 15.24+0.72%" 4.5240.02°
F10G5L5 62.35+0.80°% 3.89+0.06" 13.90+0.42' 4.82+0.01™
F10G5L10 57.91+0.62° 4.18+0.18° 16.27+0.46°¢ 4.93+0.01'
F15G5L0 62.17+1.25°%¢ 3.02+0.54" 14.35+0.29" 4.82+0.01™
F15G5L5 57.63+0.44' 3.30+0.158" 14.10+0.48" 4.99+0.01
F15G5L10 54.54+1.03 3.68+0.21%% 16.79+0.62° 5.12+0.03¢"
F15G5L5S1 63.93+0.79% 2.85+0.05' 16.44+0.13°% 5.20+0.02"
F15G5L5S2 65.35+0.25% 3.17+0.06" 16.40+£0.67° 5.19+0.01%
FI5GS5LST 68.23+0.94 3.8340.16°%" 16.88+0.73° 5.1140.01"
F15G5L5k1 68.85+0.07% 3.18+0.10" 16.80+0.51° 5.04£0.01*
F15G5L5k2 66.35+0.73% 3.38+0.16" 16.61+0.40% 5.08+0.01"
AY 60.50+1.17%" 14.91+0.02° 20.45+0.11° 7.40+0.02°
B 69.12+0.31° 4.09+0.04° 16.07+0.15%% 6.24+0.02¢
C 48.66+1.97% 11.75+0.46° 26.60+2.12° 5.98+0.01°

Y F: used fermented bean, G: gluten, L: lupini bean powder. All samples contained 5% vegetable oil and 1% salt.

? Sausage was not formed with N10GO and F10GOLO.

» Commercially available products, A: Vegefood, B: Nextmeal, C: Sahmyook food.
Y MeantS.D. (n=24) within each column followed by different letters is significantly different (p<0.05).
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Fig. 2. Photographs of plant-based sausages. (A) F15G5L0, (B) F15G5LS5, (C) F15G5L10, (D) F10G5LO, (E) F10G5LsS,

(F) F10G5L10, (G) Nexmeal.
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