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Effect of Lactococcus lactis on Flavor Quality of Fermented Milk Based on
Electronic Tongue and Electronic Nose

Ren Min, Duolana, Wang Shuai, LiMin, Yang Chengcong, Sun Zhihong, Sun Tiansong

{Inner Mongolia Agricultural University, Key Laboratory of Dairy Biotechnology and Engineering, Ministry of Education ;Key Laboratory of Dairy
Products Processing, Ministry of Agriculture and Rural Affairs:Inner Mongolia Key Laboratory of Dairy Biotechnology and Engineering, Inner
Maongolia 010018)

Abstract Objective: The effect of different fermentation characteristics of Lactococcus lactis on the quality of fermented
milk was explored. Methods: Fermented milk were made with 191 Lactococcus lactis strains that the flavor and taste of
fermented milk were assessed by electronic nose, electronic tongue, and multivariate statistical analysis. Results: Principal
component analysis (PCA) showed separation trends in the flavor and taste of the fermented milk samples by the strains that
had different acid-producing rates and proteolytic activity. Mann-Whitney test showed that aromatic compounds of the
fermented milk made by moderate and fast acid-producing strains more than fermented milk made by slow acid-producing
strains, while opposite trends were observed in methane, ethanol and organic sulfur (P<0.01). In terms of taste, there is strong
umami of the fermented milk made by slow acid-producing strains and the more sourness of fermented milk made by
moderate and fast acid-producing strains (P<0.01). There was a significantly negative correlation between acid-producing
capacity and proteolytic activity (P<0.01). Conclusion: The fermented milk produced by the fast acid-producing and low
proteolytic activity Lactococcus lactis had more aromatic compounds, and were sourer, while fermented milk produced by the
slow acid-producing and strong proteolytic activity strains had more methane, ethanol and organic sulfur, and stronger umami
taste.

Key words Lactococcus lactis; fermented milk; electronic nose; electronic tongue; multivariate statistical analysis
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Table 1 Information of 191 Lactococcus lactis

SrE L o B [l 3R]
AESE IMAUI0056, IMAU10086, IMAUI0068, IMAU10065. IMAU10066
i iy IMAU11497, IMAU11520, IMAUI11546
ey e e i S IMAU11505, IMAU1153, IMAU11547
AEHEBRRD il IMAU11493, IMAU11534, IMAUI1513
WhE IMAUL1558
fiE ik IMAU70097
B2 IMAU1L0407, IMAU10400, IMAU10449, IMAU10484, IMAU10422
NS TR AR TR B U IMAUTIIR3
L IMAU11207

IMAU10842, IMAU10852, IMAU10856, IMAU10860, IMAUI0S62,
IMAU1L0876, IMAUI0880, IMAUI10887, IMAU10937, IMAU10940,
IMAU10944, IMAU10945, IMAUL0844, IMAUTO848, IMAUI0850,
IMAUI10855, IMAU10877. IMAUI0897. IMAU10854, IMAU10941
IMAU10943, IMAU10946, IMAU10950, IMAU10982, IMAUI0859,
IMAU10869, IMAUI0872, IMAUIORS1, IMAUI1039, IMAU11040,
IMAU11043, IMAUI1049, IMAU10888, IMAUI0889, IMAUI0892,
IMAU10893, IMAU10894, IMAUI0951, IMAUI0987, IMAU10994
IMAUI1058, IMAUI1062, IMAUIL064, IMAU11076, IMAU11079,
IMAUT1067, IMAU11060, IMAUI1069, IMAUL1070, IMAU11077,
IMAUTI081, IMAUILI083, IMAUII085, IMAUII087, IMAUII089,
IMAUITITIS
IMAUI1R09, IMAUI1810, IMAUII815, IMAUII817, IMAUI1819,
IMAU11820, IMAU11818, IMAUI1866, IMAUI1875, IMAUI1878,
IMAUI1971, IMAU11821, IMAUI1822, IMAU11823, IMAU11816,
RE & E Sl IMAUTI824, IMAUTI827, IMAUTI836. IMAUTIS38, IMAU11843
I 5 IMAUI1845, IMAUI1855, IMAUI1863, IMAUI1879, IMAUI1882,
IMAUT1885, IMAUL1886, IMAUIIR87, IMAUII888, IMAUI11889,
IMAUI1905, IMAUL1906, IMAUILI919, IMAU11920, IMAUI11926,
IMAU11934, IMAU11936, IMAU11943, IMAU11947, IMAU11951
IMAU11981
e ] IMAUI1161, IMAUI1169
LGEEN ] IMAU11157
Wit IMAULI411, IMAUI11489, IMAU11490
i 7y IMAU11440, IMAU11463, IMAU11471, IMAU11485
LrE S IMAU11476
it i IMAU11468
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iz - IMAU11239, IMAU11258

L) MAU11262
HREmED IMAU11225, IMAU11272, IMAU11276

— 5 HOEED IMAU11299
NIRRT 56 i IMAU11309
i WS IMAU11387
1L E B IMAU11235
L E R IMAU11346
P S e i 2 4y IMAUI1119

i B B - IMAUG0037, IMAUG0040
Hiliy e IMAU40066

IMAUS0095, IMAUS0152, IMAUS0101, IMAUS0106
IMAUS0107, IMAUSDITT, IMAUS0126, IMAUS0153
S0 IMAUS0156, IMAUS0159, IMAUS0163, IMAUS0166
nMAE IMAUS0105, IMAUS0170, IMAUS0112, IMAUS0110
IMAUS0108, IMAUS0113, IMAUS0119, IMAUS0121
IMAUS50141, IMAUS50130, IMAUS0104

LB BE FL IMAUS0049
[(PE U] IMAU32258, IMAU20099, IMAU20105
A — IMAU32070, IMAU32103, IMAU32156, IMAU32611
i IMAU32676, IMAU20795
EhiE ] IMAU96004, IMAU96006
. i i IMAU90064, IMAU90221
BNk RHEs 32 IMAU90200
4% B A B i 2= 4 IMAU92089, IMAU92113, IMAU92143, IMAU94238
% E R fil A4 IMAU95017, IMAU95085
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SR AK, B ZME KSR, MI17 WikEEIREE. M17 [liAE 3L, FEE Oxoid 2AF]: PBS £
W, REET AR ERA) ; B ETHR A ISR Sl BE I PHE I ORI b v
W, H A Insent 23 ) o

PEN3 i &: A& 10 M REfbE L, ME Airsense 27 ; SA 402B HT&: AL#& 5 KRG
fEiEAE M 2 NS, HZA Insent /A #]; Eppendorf Centrifuge 5810 idi /A & O b, #EEH
Eppendorf 24 ®]; LRH-250 fHiR & 74, Ll —EREHARAR,: ZHIH-C1214C LW LIEG, LigHE
WA AT B HE AT PR A 7] Vortex-genie 2 JifiiiRi% 2%, 5 Scientific Industries 24 #]; TW-PB3X5L
KR, R E A& R E IR AT SRH 60-70 & FEHL, iR EEHRIAHRA .
1.3 iR H*
1.3.1 ZEBILAHE

¥ 191 HRAMABREIEHZESE 3 R, HIGFBCRABERBEZETER . £2BREILEY
Jii. ABJE, % 10° CFU/mL )RR NFE K, 30 CREEZE pH 4.6, BHARBAET 4 C/E# 24 h
JG TSk mmE . FIn, e REERE, & 0 h Bk BEE 5 05 IR P LA R s 2 & 3R
(FAN, mmol/L) &, THHERIEZR (A°T/h) LLKEHKFE.

1.3.1.1 P= R ZE R e

pH {8 iYW € {8 FH RS % pH 1F . 30 5 MR B 1 5 J7 V24K 488 [ F7 GB5009.239-20161131,

PRI R (A°T/h) = CREFEL pi i e IR BT - R BE S ) RS ) /R B [

1.3.1.2 2K [ /K figt 5 iyl 52

AT TR AT 2K — S (OPA) MIERFEIL 0 h LAE R S0 FAN &8, @i KAk
fhiy B TR PR I BR K AR AR R DS),

HE/KEE (AFAN, mmol/L) = (K% ri FAN & &- KB 5 FAN & &)
1.3.2 EFEXEBEIMNNE

BUREFLRE S 10 mL PIEMBGEE T 120 mL £ 500 P A f 7 237 R, RH 10 0~
J&BAAL RZE N E AR BURY A . B 1 s W8 — A mRE, JLIE 60 s. WRAETE 45 s J5iA F
faE, 4% 49, 50, 51 s B[ B AE Jy ik iR dh g o171,
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1.3.3 BFENEZBIMNE

HUE L 50 g, 1408 13 In/kK#RE, 10000X g B4 10 min i B F i WhIE & . % 100 mL & B
FL BRI S BAE o AT R R U, AR E 4 ASFATE, &S 3 OlE EE N R GG
HAE, Db Rguir 2,
1.4 Gita i

{8 B = 14> 43 MriZ: (Principal component analysis, PCA) X % B L 3% 44 08 <0k 5 R HEAT 40 ¥, fd
F Mann-Whiney 73 7 Hffi 5 5 & I8 FL 125K & T 22 55 S 3 A S (046 b, 83 Spearman AH ¢ 73 M 2 %
bR 2 MR R. A R iEF 1T Mann-Whiney LA f Spearman #XtE 437, {E/H SAS 9.0 #H1T
FE 540, i Origin 8.6 LA} GraphPad prism 6 {4 32E 47 ¥ 48 ol ¥4k .
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FLER FLER B e R B0 b O FLRE oK AL & A R FLER Al — L G LR, fE PRI K BEFL pH {EI[A
I - 2 I 3L A G AR o T 77 R A 0 AS 5] 1) B AR 0 R I L 5 ) R R R . X1 SR BHAK
B R — NS RE, PR R ] DU AN R B R P o R I PR BRI, R B R
TE R (1) RS A S i B LR N R WP FLAT B PR R e AR bR 2 — o A IT I BA S A 2l T K R R 1 7 R
BEA (E 1A) , 191 BRABRIALERE P~ BRIERTELE 1.70~6.88 A°T/h2), S XSCRB, R EN4
770K 191 MRFLRALER B 70 8 3 A, ol et P BR R bk 72 #k (S 4, FRiEFE < 3.5 A°T/h) .
HAEFA IR E PR 71 #k (M 41, 3.5 A°T/h <PRRIEH< 4.5 A°T/h) FIPRIE B2 B Ak 48 ¥k (F 4, 7 QK
R >45A°Th) , HESMMERRH I HERZ AN REFGFAEREEES (P<0.01) .
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Fig.1 The acid producing rate and FAN value of Lactococcus lactis

KEAFMPPIEARFEEREONIFERD, JLIFEAPEAEEAE, WAER T =82
B (TCA) Mo &% k&4, BB R OPA VAN & 191 FRid £ &K BEIHE FAN & &= a928 100, dEmve
ity PLER FLBR F R K e 121, [RIRERY, AHF ST AIBAE 2 5 C il 1 ALl bk i & 2K Re 71 (&
1B) , 191 FRFALEEFLERE AFAN 5N 0.28~22.47 mmol/LI20), &4 AFAN AR EEEES N 3 4
L0, R NREAKMEFEK 73 ¥ (L 41, AFAN < 3 mmol/L) . "FEEAKMEK 62
(M 4, 3 mmol/L< AFAN <7 mmol/L) , &8 H/KMFE K 56 #k (H 41, AFAN >7 mmol/L) , 342
EHAAEREFZEER (P<0.01) .
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Fig.2 Graphical representation of the principal component analysis of the taste and odor profile of milk fermented by different acidogenic rate
Lactocoecus lactis
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AT A ERAFFIERE M, PCl H kR, LU LAV AYIRA mmiIE R, SHEMRTRA
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Table 2 Eigenvector value of principal component of electronic nose

Rk A WiC LEN W3C W6S W5C wis WIW w2s W2W W3S
P fEfik s WEEY 5 Y AR bRl ) e Bt te4 i LA fe A e
PCl -0.37 0.28 -0.37 0.06 -0.37 037 0.29 037 0.36 0.15
PC2 0.18 0.58 0.18 -0.17 0.18 -0.22 0.55 -0.24 0.26 -0.25

TE: WIC MBUETIR AT & mor: W3C MEERNEK. 7 &0 WSC MBEDIR AkKe (RbeE) . 75 ama

FRER, B EPERSFEREE (R 3) &R, PCl PEWHERAWIERY, mffkHa

BRI R %, PC2 iR R i) [B] R A R 1) [R] BR AL (7] & {2 73 4 0.66 F1 0.46. 45+l 2B Al A1, fif
TR S 41 % e 3L EL A 5 B0 0 ok DA R A 55 (T R VA
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Table 3 Eigenvector value of principal component of electronic tongue

TiH Rk ik AR i R[] ARG LS fiEngk Efnk E|nk kI
PC1 0.44 0.32 0.36 0.23 -0.09 -0.46 -0.37 -0.40
PC2 0.10 0.09 0.34 0.32 0.66 0.27 0.46 -0.20

i Al Mann-Whiney 73 H7 i 52 5 5 B L AR ot o1 22 57 3 & A OGO FE b (& 3 AT 50 o i 3 )
R 3 LHAS (R I T =R T R ) o A O B LA S S e A LA S TR R A [l ok T W R . RO B Y
b, SHBZEMRT M AN F A, MERKE., CEULANRAY ENEETT M 40 F 4
(P<0.001) . FEEAORTTI, S AUKBEFLAERRIRALER T H B E 0T M A F 4L, TSR, SEoRi[E
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Fig.3 Difference analysis of the taste and odor profile of milk fermented by different acidogenic rate Lactococeus lactis
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Fig.4 Graphical representation of the principal component analysis of the taste and odor profile of milk fermented by different proteolytic activity
Lactococcus lactis
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Fig.5 Difference analysis of the taste and odor profile of milk fermented by different proteolytic activity Lactococcus lactis
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1 T AT AR S 5 X 50 95 DURTRR 95 vh #8 A vk Rk i, 5 GC-MS M e R BI04 R — 8. Xk
HFPF R T LS PCA o AL FIRIH T2 Hr (DFA) #EIX 7 bd A& IR FL i 5 J7 T R R4
KUY TEE5HTEEARLE G L0 2000 T X0 R EEFLH & B R A BR i MEstE. Bk, A8F
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