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Abstract: The acid-producing, viscosity-increasing, and aroma-producing capacities and laboratory storage stabilities of ten strains of
Lactobacillus delbrueckii subsp. bulgaricus were measured. The probiotic characteristics of the strains were also explored by monitoring their
antibiotic resistance, antibacterial activities, and f-galactosidase (f-gal), o-galactosidase (o-gal), and lactate dehydrogenase (LDH) activities.
Single-strain fermentation experiments show that the strain KSDB-1 had a short coagulation time (approximately 6.3 h), a lactic acid degree of
76.02°T upon coagulation, and good acid-producing ability. The viscosity and water holding capacity (1305.67 mPa-s and 50.55%, respectively)
were significantly higher than those of other strains (p<0.05). Aroma production of strains HDS-13, DDB14, and KSDB-1 was superior. Strain
HDS-13 displayed a diacetyl content of 2.88 mg/L and an acetaldehyde content of up to 30.08 mg/L. These attributes could effectively improve
the flavor of the yoghurt product. Probiotic tests show that all the ten tested strains were sensitive to most antibiotics and thus would be relatively
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safe to use. Strains HDS-13, DDB-14, HDB-1, HDS-18, and KSDB-1 could inhibit six pathogenic bacteria and effectively inhibited the growth
of pathogenic intestinal bacteria. The LDH activities of strains HDS-12 and KSDB-1 were relatively high. The B-gal activities of strains HDS-12
and HDB-17 were relatively greater than that of the other strains. The a-gal activity of strain DDS-15 was significantly higher than those of other
strains (p< 0.05), reaching 1.3263 U/mg. The collective data indicate that strain KSDB-1 has excellent fermentation properties and, to a certain

degree, satisfactory probiotic properties. DDS-15 has potential in industrial application for yogurt fermentation.
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Table 1 Criteria for judging antibiotic resistance
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Table 2 Number and fermentation time of different

Lactobacillus delbrueckii subsp. bulgaricus strains

ARG BEZLAT E)/h BAJE/°T

HDS-10 5.20+0.20° 57.47£2.30®
HDS-11 5.62+0.41° 54.70+1.81%
HDS-12 8.42+0.62° 57.77£2.69%
HDS-13 8.43+0.63° 60.92+0.44 %
DDB-14 12.5140.14° 54.78+1.62%
DDS-15 11.01£0.65° 43.59+0.74°
HDS-16 6.84+0.15° 52.3342.01°
HDB-17 6.54+0.26° 61.36+0.25"
HDS-18 6.83+0.27 55.10+0.81%
KSDB-1 6.34+0.13¢ 76.02+0.88"
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Fig.2 Aroma production performance test of different

Lactobacillus delbrueckii subsp. bulgaricus strains

22 BRI TS

% 3 FEHERIATERINFIE L # & BT IRAAEBRE ML °T)

Table 3 Changes in titration acidity during storage of fermented yoghurt by Lactobacillus delbrueckii subsp. bulgaricus strains (°T)

BARL AR od 1d 7d 14d JE AR E (1~14 d)
HDS-10 57.47£2.30% 67.58+1.29° 66.69+2.31¢ 68.74+0.32¢ 1.12+0.97°
HDS-11 54.70+1.81% 62.45+£0.54° 63.97+0.50° 68.61+2.05¢ 6.15£0.51°
HDS-12 57.77+2.69% 66.42+1.51¢¢ 67.13£1.45¢ 67.66+0.04¢ 1.18+0.47°
HDS-13 60.92+0.44% 70.1440.75° 71.80+0.18° 79.79+1.85° 9.56+1.10°
DDB-14 54.78+1.62% 63.45+1.18° 78.3240.15° 80.08+0.11° 16.55+1.07*
DDS-15 43.59+0.74° 46.65+0.58° 45.91+0.39" 47.80+1.26 1.15+0.68°
HDS-16 52.33+2.01° 65.56+1.23¢ 64.00+1.05° 69.47+0.15¢ 3.84+1.08¢
HDB-17 61.36+:0.25% 65.07+0.94¢ 72.43+1.51° 75.3342.83¢ 10.23+1.09°
HDS-18 55.10£0.81% 59.27+0.30° 65.92+0.45% 63.77+0.19° 4.43+0.11¢
KSDB-1 76.02+0.88° 82.7620.10° 90.90+1.43° 92.1241.64° 9.34+0.54°

& 4 FRIERFFEFRMFE L fh & BERLF N BARERE T (nPa-s)
Table 4 Changes in viscosity during storage of fermented yoghurt by Lactobacillus delbrueckii subsp. bulgaricus strains (mPa.s)

ARG AR 0d 7d 14d
HDS-10 690.00+13.23° 796.67+7.64° 871.7+7.6 711.0+10.1¢
HDS-11 731.67+80.98% 816.67+2.89° 848.3+2.9% 615.7+10.3¢
HDS-12 388.33+16.07" 461.67+28.43¢ 538.3+2.9% 514.3+10.3
HDS-13 883.33+2.89¢ 936.67+7.64° 888.3+2.9% 514.345.7°
DDB-14 1031.67+20.21° 1440.005.00° 1235.7+7.5° 1079.0+9.2°
DDS-15 215.00+13.232 428.33+58.59¢ 553.3+15.3¢ 348.7+5.5¢
HDS-16 831.67+10.41° 945.00+70.89° 1068.3+2.9 1055.7£1.2°
HDB-17 976.67+59.23* 1410.00£15.00° 1275.045.0° 1128.7+7.5"
HDS-18 665.00+£13.23° 745.00+5.00° 700.0+91.6d° 515.2+3.3"
KSDB-1 1305.67+75.01° 1503.33+6.51° 1538.33+2.89° 1030.00+5.00°

2.2.1

B A ARR BERR U0 R 18] BR 64 Ak
AN PR PRI IRFLIE it 4 C IR B A

AR 3 Fs, 10 AREEA AR R EEIR AL 1 d
N BEFELE 46.65 °T~82.76 °T 28], HHi#k KSDB-1
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FUR AR HDS-13 R FEIIR LR & 235 v T HAb A
Pk (p<0.05), 43514 82.76 °T A1 70.14 °T. FLERH 5
PR At 3 SRR LI R A R B R R —, o
78 FQFUAF R ORI RN e S BUK 7L R A 5 FR ALY
F R 10 BRANR B R B IR L A R FE R
) JE BRI FERE, PPk DDB-14 flE#k HDB-17 &
FEIRR LI 1~14 d J5 e RRARERE B3 T HAth s
R (p<0.05) HARWKERILRE AT, FEIR
FLIR R R T B AR A
222 HEARK BEER I SR I A6 0 T AL
AR R R R R FLAE il 4 "C I3 ) 26 58
ERR IR 4 FoR, FERVEE BT R E 2
Wrz—, LR RELF TR R RS L5 R EEFL I ZHZR
RZS, ABRBE B AL AR AR, 10 Fiti
AR R B G B EAELE 215 mPa-s F| 1395.67 mPa-s
2 Ia], HrhE ¥k DDB-14 FlE#k KSDB-1 BA B 1)

FEREREST, KB SE RN IR 20 IAE 1031.67 mPars
F111305.67 mPa-s, W2 & T HEREK (p<0.05). K
BRI | d, FEEDARIEE, Wk 7 d 55 EEETT
G /NI RE R B
223 FEMRK BRI R R H K A 6 T4k
AR R R B RR IR 4 CIC R R FRK
AR 5 B, REK ISR TS BB 5 K I
FLIE BT AR, 10 MR AR B R OR BERR LI K 1
1E 35%~50%2 18], W3k 1 d Fr7K A FIEAE, i 14
d JE A FEIRRE R N RE, X 0] RE R E A RO A &
BRI AR Ak, R B 2R 4h S R AR AR A AT
SRFK SN, HKE DDB-14. HDB-17 Al
KSDB-1 W7k 1 d JGHK 1530 54.83% 50.82%F0
56.55%, HIEk 7d FERARZE (p<0.05), HiHlX
R AR T LA o S 1) R DR R R B 1) 2L 23R
P,

7 5 TEHERFFERMFIE L Fh & BERLFLICREAE R K B9ZE 4L ()
Table 5 Changes in water-holding capacity during storage of fermented yoghurt by Lactobacillus delbrueckii subsp. bulgaricus strains

(%)

B G AR 0d 1d 7d 14d

HDS-10 31.93+2.01% 37.24+0.06° 37.18+0.46° 33.36£0.01°
HDS-11 33.71£0.31° 36.03+1.69% 38.50+0.67° 20.60+0.01°
HDS-12 21.03+1.01° 23.38+2.84° 23.98+0.01° 20.76+0.01°
HDS-13 4291+1.21° 44.51+0.37° 42.88+0.01° 32.39+0.87°
DDB-14 49.70+0.53" 54.83+1.54° 51.81+0.18" 49.90+1.32%
DDS-15 20.49+0.41° 24.91+0.01° 24.09+0.79° 20.39+0.68°
HDS-16 42.37+1.25° 49.99+0.26° 50.20+2.65" 50.57+0.83
HDB-17 44.10+0.92° 50.82+0.69° 51.67+2.06° 52.21+0.01°*
HDS-18 29.44+0,63 31.19+2.65¢ 30.37+1.68° 27.61+0.874
KSDB-1 50.55+0.45° 56.55+1.65 52.66+0.98° 47.01+1.54°

& 6 TEIERIFTERMFIL LTS 12 bt B2 ERER

Table 6 Results of resistance of different Lactobacillus delbrueckii subsp. bulgaricusto 12 antibiotics
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Table 7 Determination of bacteriostatic capacity in fermentation supernatants of different Lactobacillus delbrueckii subsp. bulgaricus

Atss  KWATE SReffmd #HIEFRATE SRFRATE GRYIRE  BERA
HDS-10 + - ¥ . L
HDS-11 ++ - + + n
HDS-12 + + ++ +
HDS-13 -+ -+ +++ +++ - -+
DDB-14 -+ -+ -+ - +H+
DDS-15 ++ ++ + + + +
HDS-16 - -

HDB-17 + +++ -+ =+ ++ ++
HDS-18 - +++ +++ ++ + +++
KSDB-1 - - + ++ - ++

VE:

PAME (=8 mm); +: Fat (8~12mm); ++: 12~16 mm; +++: 16~20 mm; +++: >20 mm.

R (p<0.05), 437128 0.3586 U/mg A1 0.3473 U/mg.
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Fig.3 Determination of related enzyme activity of different

Lactobacillus delbrueckii subsp. bulgaricus
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BERG )2 m T HARE R (p<0.05), 7305074 0.6967
U/mg #10.7093 U/mg.
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