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Production and physicochemical properties of black bean yogurt made with
lactic acid bacteria isolated from vinegar and Kimchi

Seong-Yeop Jeong', Suna Kang", Na Ra Lee’, Myeong Seon Ryu, Xuangao Wu', Da Sol Kim', and Sunmin Park"*
Microbial Institute for Fermentation Industry
'Department of Food & Nutrition, Institute of Basic Science, Obesity/Diabetes Center, Hoseo University
“Department of Nanobiomechatronics, Hoseo University

Abstract This study evaluated the physicochemical properties of a novel black bean milk yogurt made by lactic acid
producing bacteria isolated from vinegar (Bacillus acidiproducens, BA) and kimchi (Lactobacillus plantarum, LP).
Commercially available Lactobacilli mixture for yogurt (YF) were regarded as control bacteria. To investigate optimal
conditions to make black bean yogurt, different types of bacteria (BA and LP) and dilution ratios of black bean milk and
water (1:1, 1:1.5, and 1:2) were used. Titratable acidity and pH were affected by these dilution ratios, but not by the
different types of Lactobacilli used. Titratable acidity and pH were lowest in the 1:1 diluted sample. The visible cell count,
sugar content, and viscosity were significantly higher in the sample containing the black bean milk: water ratio of 1:1 than
the rest of the samples. In the sensory test, black bean yogurt made with BA showed a higher overall acceptability score,
similar to yogurt made with YF. In conclusion, black bean yogurt made by fermentation with BA and with 1:1 black bean
milk:water dilution ratio was better than ones made with LP and at other dilution ratios.
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plantarum®] Ao}, 2E4 S|
g Wardel sl A & Ao =
AEsle maste] oA tekst A 7]
th(15). HEAT= A 57 wet
= SEXA=U(16) L plantarum®] 735 A8 A|Fo
slal el tigk E w7} Wl ol 4T F U=
st @7F = 2 AFHE AxoA Ulibde] e
/3 dhelglols B8 2 FA8IA, o] FolA el F2 Bacillus
acidiproducens < AE3IAT A ATl WEH B acidipro-
ducens ¥t BT EA5IH, 37°C, gl Ak Ak
S sk Ao duA 3Utk17,18). o] ol tig A= B
o] FYHA] FUAT 2 zoA A&IIEZ Ao el At
NME AEst A7A] s Aol o2 IS v AL

= 7tEn.
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Nz8h R 470 BAEO R AT AH BESA AZ 2 Belso F2

SrEol AL, B yoprt Aol wol drEe] e
2S wol A3 she oMM eRIAIE ATk oln=Ats BEE &
UE AFoltt. I F A2 F Tl K AMEEE s 5
o] HoL}a(19,20) A1 715 HE(21), YHE 32 oA =
7422,23) 5 ThSS 45 Ad AFo|th 2 ATH oA
Tox AMEEle PEAIIE FREe] i oA HIixrt
FRonF uFFol vl YE-{HE Axsted Afsiviar @
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2 AFollME XA 22l Lactobacillus plantarum YD09
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o 34 YE-F A=z HH AL FYsta AEY 34
WR-FE AxstL 2 &8 38HE 5AS dotr At sigitt
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S AFHsl 9.0mLe] A AEAd
40.85% NaClell H7fste] 13727F 9 (blender) w23} 3
S 10 v DIE SAEE 343 T Lactobacillus MRS broth
(Difco, BD, USA)Z ¥HE Hau|Aol| 0.1 mLY =2 & § 30°C
ol 297 wgBit). HiA] Aol FAE TR nE 2
o e, A wet EEeta Ad8st #S BCP (bromocresol
purple, 0.004%) 75t MRS B#u)=]o] =@ste] 30°CollA 24
AZr wjekstel FE F9el =2l 3 YA aFE A
Halit}h, Ee2ldk Akt MRS Aol wjoFate] A v
3lgeste] 20% (viv) FEIH S(glycerol) 2 1:12] ¥]&Z T3l
HAE 2E(stock)S AlFste] —80°ColM Hsion, Ao
ARE3E7] Aol MRS HAIA] O 28] Al wjdste] 848 =
Q1 = Aol AR5

FE (curd)@y FFo| Mut

e 4F T AS(cwd)E FAsE 4TS Adsiy] fls)
o 10.0% 2A$-H- HlR](skim milk broth, Difco, USA)ol )
o3k Ba] #F(2.0x10° CFU/ML)E 0.02% HE3sled 37°ColA 4

[s}
 ZA(2.0x10° CFU/ML)S 0.02% FE3ke] 37°ColA
447 ARuFeEA A= FAASEH A A 5Ho] B
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Ak #5942 16S IRNA 4] 418 ot ®el +
FE sAsATE 28] 52 Genomic DNAE ZR Fungal/Bac-
terial DNA MiniPrep kit (Zymo Research, USA)E ARg-3}e] -
Z3lsith. #Eld DNAS F3 o= &to] PCR 3313 th. PCR
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ation), 55°COlA] 60%7}F annealing & 72°CollA] 6027} extension
9] cycle2 353] 3}t 16S rRNA G7144 Eole (F)rtaz
A (Seoul, Korea)ol|l 2]F3te] 21315 T
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Table 1. Yogurt made from black bean milk fermented with
different lactic acid bacteria and water contents

Group Liquid from Water Sugar
name black bean (mL) (mL) ()

Y1 75 75 10.5

ABT-4 Y2 60 90 10.5

Y3 50 100 10.5

I L1 75 75 10.5

. plantarum

YD09 L2 60 90 10.5

L3 50 100 10.5

B acidivrod B1 75 75 10.5
. acidiproducens

VGl B2 60 90 10.5

B3 50 100 10.5

Y, L and B indicated that liquid from boiled black beans were
innoculated with Probio-Tec® blended culture (ABT-4), L. plantarum
YDO09, B. acidiproducens VG, respectively, and 1, 2, and 3 indicated
the dilution ratios of the liquid from black bean and water=1:1, 1:2,
and 1:3, respectively.

W A EAR 718 (Microbial Institute for Fermentation Industry,
Sunchang, Korea)ollA] #&wh2 A} 21Zo4 28 Bacillus
acidiproducens VG1 & ARl it dubygos g
e Fgow ol AM-EI = ABT4 (Lactobacillus aci-
dophilus, Streptococcus thermophilus, and Bifidobacterium; Pro-
bio-Tec® blended culture, Hansen, Denmark)7-3F] AR5}
oFe 252 wE7] $Iskd L plantarum YDO09, B. acidipro-
ducens VGl 2 HZZ9 TF (ABT4) Z4Hte zkzb 5.0 mLe)
MRS ARl 37°CellA] 184]7F ket & Au kst uj gl
< 100mLe] MRS AulR]ol] 0.02%4 FEdH] 37°CellA] 244]
7+ kst H, zhzhe] 5 w500 pl, 20.0% glycerol 500
uLE Egsle] HAE AE(stock)S AZSAT 4 F59] &=
o= 2.0x10° CFU/mL®] 3 4ktg Hfates sigith

STEEE A3 A 7] BEg 259 dFE 50 mL
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o] AN 2B E|(starter)Z AME-3FATE olw A} 2ElEHE F A
7} 1.0x10° CFU/ mLe] =% Az}t
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Z3 £ v HEF] wiFH= Table 19 YERAITE A
&3t g wEl A YI(YE, Probio-Tec® blended culture,
Hansen, Denmark), Lv*(L. plantarium YDO09, Microbial Institute
for Fermentation Industry, Sunchang, Korea), B +*(B. acidipro-
ducens VG122 TFFaIh AM2ElE Azt da-fo Az
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o) E¥ ¥ E7]E AASL E-E(LB-32HP RPM professional
blender, L’equip, Seoul, Korea)ol] Y3 AzZJeje} &2 1112 YL
287 A £ Zopd &, AZZE A FET dof Wi
olFA B FEH B HIES L, 115, BE 129 HE&R
AAE F, 7.0% (wh) A5 78kl It 7]1(AC-12 auto-
clave, Jeio tech, Deajeon, Korea)oll4 121°CollA] 15 min &<t 4k
3Rt F 9l X (CLB-201-04 vertical laminar flow cabinet,
CHC lab, Deajeon, Korea)ollX] 37-40°C7FA] 2)3] % A3t
F ZEFEIE 247 2.0% (viv) BFSe] a8 A e ol
3.0x10* CFU/MLE] 2312 $Hratal SIQlth o] & 244
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Black beans soaked in water
(over5 hours)

!
Take soaked black bean and grindingwith water

(Black bean and water=1:2)
!
Squeeze the mixture with gauze and obtain the liquid |

I
Add water (dilutionratio of black beans and water

-1:1,1:1.5,1:2)
sugar (7.0%, wiv) and autoclave (121°C, 15 min)
!

‘ Cooling until 37~40°C |
!

‘ Add the bacteria stock 2% (v/v) and mix them |
l

| Fermentation (37°C, 24 hours) |
!

‘ Fermented milk storagein 4°C |

Fig. 1. Manufacturing process of yogurt made from black bean
milk fermented with different lactic acid bacteria and water
contents.
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o
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Ay A= SPSS X213 (Stastistical package for social sci-
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4L two-way ANOVAZ ZA319th. ANOVAZ =438 18 1
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GeneBankell E5%¢] S& o] 24htE7] BLAST search
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Table 2. pH and titratable acidity of yogurt made from black bean milk fermented with different lactic acid bacteria and water contents

Fermentation periods (hr)

0 6 12 24
Y1 6.53+0.11%* 6.48+0.05* 4.68+0.07°* 4.38+0.07
Y2 6.59+0.03% 6.51+0.03" 4.65+0.03° 4.35+0.01
Y3 6.62+0.02% 6.49+0.02¢ 4.62+0.02° 435+0.03
L1 6.58+0.02 6.57+0.02° 5.33+0.16° 4.40+0.04

pH L2 6.60£0.03% 6.60+0.02° 5.14+0.13° 4.34+0.02

L3 6.63£0.02 6.62+0.01° 5.19+0.19° 4.30+0.02
Bl 6.64£0.06%° 6.35+0.01¢ 4.53+0.04° 437+0.05
B2 6.66£0.06% 6.350.02¢ 4.53+0.03 4.37+0.04
B3 6.69+0.04° 6.36£0.03¢ 4.52+0.05 4.37+0.1
Y1 0.15£0.01° 0.38+0.03° 0.92+0.03* 1.14+0.02°
Y2 0.16+0.01° 0.33+0.01® 0.76+0.1* 1.00£0.03%
Y3 0.15+0.00° 0.29+0.1® 0.66+0.01° 0.97+0.03%
L1 0.17+0.01* 0.35+0.03® 0.74+0.05% 1.11£0.03%®

Titratable acidity L2 0.17+0.01° 0.30£0.01% 0.64%0.03° 0.97+0.02%
L3 0.17+0.01* 0.28+0.01° 0.62+0.03° 1.02+0.04%
Bl 0.17+0.01° 0.330.02® 0.79+0.03® 1.04+0.03°
B2 0.16£0.01* 0.27+0.01° 0.75+0.03® 0.98+0.02%
B3 0.14+0.01* 0.26+0.02° 0.710.03® 0.93+0.04¢

Y, L and B indicated that liquid from boiled black beans were innoculated with Probio-Tec® blended culture (ABT-4), L. plantarum, B.
acidiproducens, respectively and 1, 2, and 3 indicated the dilution ratios of the liquid from black bean and water=1:1, 1:2, and 1:3, respectively.

Values are meantSE (n=3).
*Significant difference by the different bacteria at p<0.05.
*Significant difference by the dilution of soybean at p<0.05.

““Different alphabets in the same row indicate significant differences among the groups by Tukey’s test at p<0.05

Table 3. Changes in numbers of viable cells in yogurt made from black bean milk fermented with different lactic acid bacteria and

water contents

Fermentation periods (hr)

0 (x10%) 6 (x10%) 12 (x10%) 24 (x10)
Y1 2.70+0.13° 4.48+0.57° 3.88+0.40° 5.6140.46"
Y2 3.07+0.18" 4.47+0.34° 3224042 4.19+0.26"
Y3 2.98+0.20" 3.48+0.29° 3.08+0.21° 4.40+0.17"
L1 3.28+0.39" 4.41+0.35° 3.42+0.25° 5274033
L2 2.90+0.16° 431£0.35° 2.97+0.16° 4.00£0.39"
L3 3.30+0.14° 3.94+0.39° 3.04+0.23° 3.79:£0.29™
Bl 3.00+0.17° 4.50+0.20° 3.44+0.16° 433£041°
B2 3.2040.40° 4.03+0.40° 2.93+0.25° 3.90£0.56™
B3 2.90+0.11° 3.2440.09" 3.02+0.43° 3.55+0.15°

Y, L and B indicated that the liquid from grinded black beans were innoculated with Probio-Tec® blended culture (ABT-4), L. plantarum, B.
acidiproducens, respectively and 1, 2, and 3 indicated the dilution ratios of the liquid from black bean and water=1:1, 1:2, and 1:3, respectively.

Values are meantSE (n=6).
"Significant difference by the dilution of soybean at p<0.05.

“Different alphabets indicate significant differences among the groups by Tukey’s test at p<0.05.
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e, AEFFANNE 55 dae-fe A3t ikt ¢
Q1 1.0x10° CFU/MmL ol dolgtal geostal Act. 2 AFelA] A
e FE3 59 111 &R AR ] voF A w#2l L
oA Al g -Fo FARE s e eI 1 W
& AAFE YRR ol EA A2l BolME 5.0-9.0x10°8
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AFollMs ol 2g ol Aol gdled, 1:19] H&o|
A YSF Lol =2 #s Jehd A2 Hol, AgE diribE
o] YFe# LP#9] F24lo] 93 vzl 2o AlsH).

=
Els ot 14 Ad= Fig 20 JERH
th % 3 T3 B9 Hl&o] 1119 Aol 123+2.0°BxE
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ot =& 7+ VERNSITHFig. 2B, p<0.05). EE--Fo] HAEe A
H&E, 8, pH, 84, 25, 28E 5o 94 HI61), A=
o] A3} UHS BHo| ey, o] AE FAHT o =,

pH, &, 2% Foll G5 etk E3 A Tl dFs &
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Fig. 2. Sugar contents and viscosity of yogurt made from black
bean milk fermented with different lactic acid bacteria and
water contents. A. Sugar contents. B. Viscosity. Y, L and B
indicated that the liquids from grinded black beans were innoculated
with Probio-Tec® blended culture (ABT-4), L. plantarum YD09, B.
acidiproducens VGI, respectively and 1, 2, and 3 indicated the
dilution ratios of the liquid from black bean and water=1:1, 1:2, and
1:3, respectively. Values are meantSE (sugar contents: #=3,
viscosity : #=6). Significant difference by the dilution of soybean at
p<0.05. **Different alphabets indicate significant differences among
the groups by Tukey’s test at p<0.05
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Table 4. Chromaticity of yogurt made from black bean milk
fermented with different lactic acid bacteria and water contents

Chromaticity
L* a* b*
Y1 72.3+0.1° 2.5+0.1%* 13.2+0.1%*
Y2 72.5+0.1° 1.9+0.2° 12.5+0.1°
Y3 72.5+0.1° 1.3+0.1¢ 11.8+0.1¢
L1 72.5+0.1° 1.740.1% 12.440.1°
L2 72.5+0.1° 1.440.1% 12.5+0.1°
L3 72.6+0.1° 1.6£0.1% 12.440.1°
Bl 73.4+0.1* 1.6+0.2% 12.5+0.1°
B2 73.1+£0.2% 1.540.1% 12.1+0.2%
B3 71.9+0.2° 1.540.1% 11.3+0.1¢

Y, L and B indicated that the liquid from grinded black beans were
innoculated with Probio-Tec® blended culture(ABT-4), L. plantarum,
B. acidiproducens, respectively, and 1, 2, and 3 indicated the dilution
ratios of the liquid from black bean and water=1:1, 1:2, and 1:3,
respectively. L*: 0 yields black and 100 diffuses white; a*: negative
and positive values indicate green and magenta, respectively; b*:
negative and positive values indicate blue and yellow, respectively.
Values are meantSE (#=9).

*Significant difference by the different bacteria at p<0.05.
"Significant difference by the dilution of soybean at p<0.05.
““Different alphabets indicate significant differences among the groups
by Tukey’s test at p<0.05.
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Fig. 3. Sensory evaluation scores of yogurt made from black
bean milk fermented with different lactic acid bacteria and
water contents. YF, LP and BA indicated that liquids from grinded
black beans were innoculated with Probio-Tec® blended culture
(ABT-4; YF), L. plantarum YDO9 (LP), B. acidiproducens VG1
(BA), respectively, and dilution ratio of black bean and water=1:1:
n=19).
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