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Fermentation characteristics of Streptococcus thermophilus and Lactobacillus helveticus in fermented milk
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Fig.2 Score plot of principal component analysis
of non-volatile substances for raw and fermented

milk samples
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Fig.3 Volcano plots of the distribution of differential substances in the ST and LH groups relative to the LS group
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Fig.5 Changes in metabolism of key non-volatile substances in three groups of fermented milk samples
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WARPE I 3 Ak LR o & 225, 1F

FURK L ST ZH3R45 1 e BBORLEEIE 43, G830 T
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KT e L ) SR RGP AR RSP A -, ST
AR B AR FTR S UR VP4 51K, WA UM
WSR3 fe i , BRI fc =, BRR A R R T
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AN R G BRI, B B BRI 2, 5 8 T
8.00+2.08, J5BRWRIAF T 7.17+2.44 , [5] i i1
fIRAEI R WA R E R, LS iP5
AeH ST 405 LH 4 r%e i, ZEU &K W EIk
FHBR AN S BRI /0 ST o #2255 BbAh,
AIREC T T PR DA 3 7= S iS4, ST 41
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Table 1 Sensory evaluation results of fermented milk

ST LH LS
F & 5.25+0.92" 492 +1.75" 5.42 +0.76*
kiE 525+ 142 5.17 +1.82 5.67 + 1.65

LA 492 + 1.80° 5.75+1.23 525123

R A S 4.92 + 1.80° 475 £ 1.59° 6.50 + 1.89°

EEERE 3.58 +1.19" 5.17 + 1.95 625+ 1.16"

= Bk R 5.92+2.18" 4.00 +1.78" 425+ 1.36%
P 5.17 + 1.82 6.92 +2.14 5.08 £ 1.75°

AL 3.42 + 1.32° 3.92 + 1.66° 3.33 £ 1.25°

o 3 3.58 = 1.61° 4.17 +1.82° 475 £ 1.96°

Ht A 5.25+ 1.48 5.17 +2.03 4.42 +1.50°

Ak Bk 408 + 1.32° 5.67+2.72 5.58 +1.32
K BER 5.50 + 1.61° 6.42 +2.43 6.00 + 1.87°

WAk 5.50 + 1.80" 3.33 + 1.49" 5.08 £1.71°

Flgek 3.58 +1.26° 4.08 + 2.66" 417 +1.77°

bk 3.67 = 1.70° 3.33 +2.09° 3.42 +1.55°

Bk 1.33 £ 1.18" 3.25 + 1.64° 1.83 + 1.40

ek Bk 3.67 = 1.37° 8.00 = 2.08" 5.67 + 1.43"
ok 3.83 +1.82¢ 1.58 +0.95" 2.67 + 1.37%

R BER 5.33 + 1.65° 5.75 £ 2.83° 6.17 +1.91°

3 ek 5.50 + 1.66* 2.50 + 1.50" 425 +1.59°

Rk 2.58 +0.95 242 +2.14 250+ 1.32

Flgek 433 +1.49° 4.17 £2.79° 4.83+2.37°

ek 1.00 + 0.41" 2.83 + 1.46* 2.83 £2.44

BR ok 1.42 +0.76" 4.17 £2.03 2.58 + 1.89%

fruk Bk 3.75 + 1.48" 7.17 +2.44 483 £1.28
ok 2.83 +1.95 1.50 + 0.87° 217 £1.28°

K Bk 3.67+1.31° 5.00 + 2.55° 4.92 +2.06°

Rk 1.83 + 1.07" 5.00 +3.24* 3.33 £2.05*

B EFE 336+ 1.75 1.42 +0.86" 3.50 +1.32¢

IE /NEFREOR A M BETES #2857, P<0.05,
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Fig.6 Score plot of principal component analysis

of volatile substances for raw and fermented milk samples
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Analysis of Key Metabolites of Streptococcus thermophilus and Lactobacillus helveticus
Fermented Milk

YAN Pengyang, LIU Zixuan, SUN Ying,

YANG Bo,

ZHOU Peng, LIU Xiaoming"

(School of Food Science and Technology, Jiangnan University, Wuxi 214122, Jiangsu)

Streptococcus  thermophilus CCFM1095 in combination with Lactobacillus helveticus CCFM1263 significantly

improves fermentation efficiency, but the mechanism of interaction has not been cleared. Therefore, this paper evaluates
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the fermentation characteristics of the complex strains and the metabolomic profiles of the fermented milks, and analyses
the effects of key metabolites on fermentation characteristics. Metabolomics analyses showed that compounding significantly
promoted the enrichment of pathways such as alanine, aspartate and glutamate metabolic pathways, lysine degradation
pathway, TCA cycle, pyruvate metabolism and nicotinic acid and nicotinamide metabolic pathways, and increased the u-
tilisation of citrate and nicotinamide by the strains Production of L-glutamate, fenugreek acid, a-ketoglutarate, and 4-
trimethylaminobutyric acid lipids, which significantly promoted the growth of both strains. The fermentation characteristics
of the complex fermented milk were significantly improved. The viable bacterial count of the strains could reach 10® CFU/
mL. This study provides theoretical basis for further analysis of the interaction mechanism between Streptococcus ther-
mophilus and Lactobacillus helveticus.

Keywords Streptococcus thermophilus; Lactobacillus helveticus; fermented milk; sensory evaluation; volatile compounds;

non-volatile compounds



