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o ZE B - AH (0 3% - B 1% 4% K (headspace-solid phase microextraction-gas chromatography-mass spectrometry,
HS-SPME-GC-MS)Fl & AH {4, 13% - 88 B¢ 5 3% £ R (liquid chromatography-tandem mass spectrometry, LC-MS/MS)
AT LR R R . B R KR A S AR E, £ER 80~110 CHALFRAT, B #kb
PR B3, K56 A WeFL AR RE A, P RMEASRMESE I, 76 110 °C. 4 s AFT, WERMMKE MR
IR AR, ORI 6.2 g, IWERIESEINE] 0.18, 54 0.708 mm, &N 4.8 g PAb FHLS A5 i £
59 P L KR, HiH 90~121 °CAb# g 2580 i T EH S AN, ARG M {H (odor activity value, OAV)4y
B WoR A EEFLR EE XKD AR . IAEHLRR, DL o-X BRI R 5 T Eh EE i i, 7E 652 FpE
RV b, PAEH 90 °C. 15 min A 110 °C. 4's, 100 °C. 15 min 1 115 °C, 4 s Z&F FAEEH IR
W, FEXTHRAF 6 DN IAEIARE P, R 12 AN BEAF WY T, Fie AFEMGBAET, K56
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Influence of varying heat treatment conditions on texture and flavor
compound profiles in fermented milk produced by Lacticaseibacillus
paracasei K56

LI Qing-Yuel’z, LI Xiao-Xia', WANG Ran', LAN Hang-Lian3, BA Gen-Na*,
SUN Yuan-Zheng®, ZHAO Zhi', HE Jing-Jing', HONG Wei-Lian>*"
(1. Department of Nutrition and Health, Key Laboratory of Functional Dairy, Co-constructed by Ministry of Education and
Beijing Government, China Agricultural University, Beijing 100190, China; 2. School of Food Science and Engineering,

Tianjin University of Science and Technology, Tianjin 300457, China; 3. Inner Mongolia National Center of Technology
Innovation for Dairy, Hohhot 010100, China; 4. Inner Mongolia Yili Industrial Group Co., Ltd., Hohhot 010110, China)

ABSTRACT: Objective To investigate the effects of varying heat treatment conditions on the texture profile and
volatile/non-volatile flavor compound dynamics in fermented milk produced by Lacticaseibacillus paracasei K56.
Methods Fermented milk produced by Lacticaseibacillus paracasei K56 was subjected to heat treatment at
temperatures ranging from 80 to 121 °C. The texture, volatile flavor compounds and non-volatile flavor
compounds were analyzed wusing a texture analyzer, headspace-solid phase microextraction-gas
chromatography-mass spectrometry (HS-SPME-GC-MS), and liquid chromatography-tandem mass spectrometry
(LC-MS/MS). Results Under heat treatment conditions ranging from 80 to 110 °C, the hardness of fermented
milk produced by Lacticaseibacillus paracasei K56 decreased, while cohesiveness, and springiness increased. The
optimal textural properties, particularly in terms of cohesiveness and gumminess, were achieved at 110 °C for 4 s,
exhibiting a hardness of 6.2 g, cohesiveness of 0.18, springiness of 0.708 mm, and gumminess of 4.8 g. The 59 kinds
of volatile flavor compounds were detected following heat treatment, with the 90-121 °C range significantly
enhancing the levels of ketones and alcohols. Odor activity value (OAV) analysis identified esters, ketones and
organic acids as the dominant flavor contributors in the fermented milk, with J-decalactone and isoamyl acetate
serving as the key odorants. Among the 652 kinds of non-volatile metabolites analyzed, the heat treatment groups
90 °C, 15 min and 110 °C, 4 s, 100 °C, 15 min and 115 °C, 4 s exhibited overlapping metabolites. Comparative
analysis revealed 12 significantly differentiated indole compounds among the control group and 6 heat-treated
samples. Conclusion  The textural properties and flavor compounds of fermented milk produced by
Lacticaseibacillus paracasei K56 vary significantly under different heat treatments. The treatment at 110 °C for 4 s
achieves optimal results, enhancing texture and increasing flavor diversity. These findings provide a critical scientific
basis for quality enhancement in fermented dairy products.

KEY WORDS: Lacticaseibacillus paracasei K56; fermented milk; heat treatment; textural properties; flavor
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ARG, TR AERE b 9 R AN E SR AN . LE U 7
AT, PR WY i SRR SR, B i
e EER, BERSTEH IR T IR FF R I ] 1 RAPIRE, 7
A AFFIEE B, O HL7E 1k E o RE A%l 2 T 2% & 0 T
JE ARSI R

TEH I B W (O e s, 2 AR A R A
A PR PEE X A A XU 5 5 S b R A
R, REEFAEG S MBS, HBR R 2 R A B
Ak . B AR R A Tt o, AL E A RSk
AP AR A, SECL SRR NN, BER A
e I, DTl AT S G ) S IFL O [
IR Rt 20 R L R B A L R A S A
FRW . —J7 I, —SEE R KRB, Ao wE |
RMBEIEE, ATRES IR A B 2k, AT 5 B0k 15
FLISA B AR SR B U555 o5 — T i, iR el B S| Kk — 2t
PEAERE, ANSERIAESL )| IR AL N A, XS 2
A OB HE R XU 5T, QLR | kIR R SRS Y
O 4 T LAl SRR ) U AR AL, o8 242 T 2L 9% XA B 52 4 A
o BEAh, PAARE AN RN EAGEL BE | AN TR B[R] ) A2
e, 2 X A e L P A e R A AN TR R G 5
AR C A7 A A R SOV I AN T 4 2 PR 5
MG T- 2 e L e o RUBR AR, T 2 9 B B AR AR D
WRitR . BT ESFLAFE K6 2r & A b [E @ HE 4 LIAE,
PR SIS L UE SR T FUAT I KS6 bk 2 2, &l
TREFLAT B K56 T W e i i s SR /N IR 4G
. T RCELAF I KS6 SRR RAF M sk, A
FIRG 2 R T B P B K56 K I SL e Al B B PR 2% 1
R BEFLARAEAL RIS

AT B SN AL FE KS6 K 7L Al Rk,
A TRDIEAGELIE | B (6] R ke L i) oAl i, i — 28
X AR PR T L T R A A A AT T A E
Mr, FFo0E A R EE | ARk (] R R AE 55 A e Y
WEAh, BRGEIIHT 14505 B T A S WA S A 43 A A A
Yy, QIRUHIR LA IRETR . B2, RBIRER T R4
PR TS AP I TE R KR 22 S ARic Yy, O IRAL s Sk BT
AN e A L b ST B A4t T 4k dhe

1 MR5ERZE

1.1 KX

AR (Ll =99.5%) .2- F BE-3-BER (21 99%) . L-2-
TR E R (P = 98%)[ V0 4% 35 S48 B 25 (1) 5 2 A PR
] FACEN[LEEE 0.85%, HhE B 254 A BRA |l (b an)];
FUB[1E KRR R (B A RA R RGOS, 55 H
Fisher 24 wl); Jo/K CWE(EiE4E, KHBOE AL 2R R
Hl); MRS $i Bedb mt it B e A R |, #il T gL
FEAT IR KS6(P 5t BRI Sl A P03 A PR D) o

12 UFE5EE

Brookfield CTX Jihsr#r{¥ (35 E Ametek Brookfield
5 7l); 7697A-8890-7000D T4 S AH 615 L1506 FH AL (35 1
Agilent /> F]); Wonbio-96¢ /=i i 2H 2 BE AN (1 T A A
YF ARA PR3 7]); UHPLC -Q Exactive HF-X i /= %5 FH £,
A L AR TR IO P B R R GE[FEER R B ()
HFRAE; HSS T3 43%4E(100 mm=2.1 mm, 1.8 pm)(3 F
Waters A Al )o
1.3 XWHE
13.1 REE3Le ) &

B 2 KB (50£5) °C, Tl E B 103 25 B A L
#3, 300 r/min fiE$ 25 min, FILSEREM; 7£ 50 °C NHHE
30 min; PHAMRRFEIE 15~20 MPa [E 11 F ¥ At B, 1
FTUF MV TR A (95+1) °C N ABAE; BRI M LR H &
(37+1) °CJ5, H:Ff 1x107 CFU/g BRI T M& FL AR A1 K56, 7F
(37+1) °CHMF N A BE 72 he ¥ L BEFLAY AL 7 0y, 1 iy ifEA T
Sk 2E(CK), 6 17343 53 80 °C, 15 min; 90 °C., 15 min;
100°C., 15 min; 110°C., 4s;115°C, 4s; 121 °C, 4 s #47
P, FERAG AR AR, FE 4 °C R iR ikfT .
1.3.2  Fuyasteadm

SR BEFLI R R 4 I GHARIBZAHEDI 25 )5
PEAT, JERSVER%E . ] Brookfield CTX J&i b4 {0 &
HE R R WL R, ALHERERE | N MR . R TAL0
PREFXAE S TN, TR RE L I AR Sk AR (] ik
FEAR A 1, 3 F1 3 mm/s, WAERH 35%, Mk REH
EAEN 40 mm W EDEDRSK 1) F 28 1% & EFLAR1H 30 mm.
1.3.3  ARi#ran 5 54

SR P T0 2 ] AH o 26 B -S0ME 8 T - 0T 3 RO B R
(headspace-solid phase microextraction-gas chromatography-
mass spectrometry, HS-SPME-GC-MS), 4 WANG 2519

TR A X R VA G WA T Ay B RN . AL R AN
T ¥ 0.5 mL #AbHAER S 4ibKIRA, A 1.5 g NaCl
F11.55 ppm BN AR 2-H Be-3- B, KRG 40 BB iz
AN A NRAE IR 4% PR 15 min J5 4T
SPME, T 65 °CIi%s H1jil % 30 min, JKf SPME £F4E7E
250 °CF&AL 15 min JEWRHE RS AR 20 AR T, 5
WIS 2B SPME £F4E T GC i, 250 °CTF {24F 5 min,
FEME R A A5 W e g, (8 Agilent 7200 Q-TOF Jiil
X5 7890 HUSURH (i SRR FEA AR I o LA S A R i sh A
BT, W BCE A 1.1 mL/min, VR %R EETE 250 °C.
E 3 A 0 2 ) S5 1 R S v AR S O 1 B
(national institute of standards and technology, NIST)H [ 5t
WESHIATICEL, SRR TP AR E SRR IS
GC-MS ) J& If 0 ¥% 4 MassHunter workstation
Quantitative Analysis (v10.0.707.0)5 43517 AL, S8
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CSV %I =GB R M, XA = 450 L 45 19 (5 B
FEaE R . AU 2 PRSI IR SR B o AR LA S AR ]
TN AR PR PRV (LR | R SR AT AR Ak e 1 I
B L BR, JFEAT RIURFIES I W AR i
THEPESE, FEHEAE A Fiehn Al NIST A 3084 .
EJG R B EEEF AW = T & L (hitps://cloud.
majorbio.com)iFATE R 4T o G T A AL B, Al
FEFEHT 80% ALK LBRELARAE, BIPR B 2=/ —dIRE gL Al
TAH 80%LA A8tk , FRUEAT AR 28 BRABL (LR HE 4 b B
AME RN A3 BRAED), Ay 98/ INEE i B B SRR AN B E A R Y
22, RN — A 12 AR AR J5 335 04 £14 0 157 56 2 B4 7 ) —
1k, 1B )E MEIEAERE . [WI IR QC FEAAIXIAR
Wi 22 (relative standard deviation, RSD)>30%M725 7, Fik
7 logio A3, 15 B4 T 5 8250 B OB AR
1.3.4  ApAEZ Y T

A ZHAO U T (1 7 P00 47 $AAb FEAE &) v I
FERAPEACH D SR ORI S 2 o HAACDBRINTR - MR PRI
50 mg T EARAES, 8 400 L F A (80%, V:V)FI
0.02 mg/mL ) L-2-F A N &N 0 AR AT A ) 4 32
B, B IRAWAE-10 °CF #EL, Il Wonbio-96¢ = it ft
AR, 78 50 Hz FAb#E 6 h, SRJ5 57 BIAEARIEL AR T
Pl 40 kHz #7503 30 min, FEHESLMORHENRIR T IRAFK
15 30 min DUEE FTEER, SRJRTE 4 °CTREL 12000 r/min
20 15 mine K5 BV BN, HT 0N @ 3%- Rk
Jti% 4 AR (liquid chromatography-tandem mass spectrometry,
LC-MS/MS)J3 . a7 HiXh-3500 V, IE&THIA N
3500 V, BAIEIRE N 325 °C, MNIEHEIE K 425 °C, MS
SrBERN 60000, MS/MS 434y 75000 J5iie i Fi B N
70~1050 m/z. FfEhUERER R 2 uL, FE A 0.4 mL/min, FE
TRORFFTE 40 °C. TEMHT ], A FE G A TE 4 °C.

B R Z A, WO i - BT X (liquid
chromatography- mass spectrometry, LC-MS)JE IS A
ARG 2 AL FAR 4 Progenesis QI (Waters Corporation, Milford,
USA)BA TR E | W] B . PREAITRIRCIE | WEEX 5,
RZAF RN AR B T] | JSOAT BO RIS B AR AR R, [R]
B MS 1 MSMS B {5 B 5 AU A I EdiE 2 HMDB
(http://www.hmdb.ca/)Fll Metlin (https://metlin.scripps.edu/) L
KT AREHATICR, 152G YE R 48PS iR AL
& FAE R EHEEY = F & F(https:/cloud.majorbio.com)
Tr8dE e B R 80% MU LR B, P
EATIECRMZS SRR LRI IH — T Xof A A SO 0 1%y i o 54
JEHEFTIA—Ak . [RIBSHBR QC #£ 4% RSD>30%yA5 i, Jf: ik
7 logio A3, 15 B4 T 5 8250 B OB AR

1.4 HIELE

HS-SPME-GC-MS #1 LC-MS/MS $tdi8 4T 15

B . B IH— L REE T 2% ZHAO TR iy )y
B AL B R FH MetaboAnalyst A PN B G831 53 X 4%
PRHEAT T I e AN ME A AL I, IR i e/ 3 vk A ) o A
(partial least squares discriminant analysis, PLS-DA K- ¥4k
S IYE MetaboAnalyst (https://www.MetaboAnalyst.ca)H .
Progenesis QI #XFABET, A4 C- B BT E] . m/z FRE 15 8
XF LC-MS ¥ R #E R ) B A T4 8 o A e
TG R LG, R (% (P<0.05)H] THfE
2H [B] () I 35 22 5 A0 T A% 45 5 2P (variable importance in
projection, VIP){§43, VIP 43 Fi{E PLS-DA 7 AR f 5
B FRARARUE . i Origin 2018 @# K #, GraphPad
Prism 9 JHI T4 Bodha 22 53 1.2 11 (P<0.05), Frf Bdla 4 L
PHEAR R 22 2

2 H#R55%

2.1 HALIE K56 & EE L RS

T 2o S5 b A A AN O [ R R L T MY, A FE R
B ONERM. SRS, SR 1A FR, SR
KL R 12,9 g, KBEFLZ 80 °C. 15 min AR
T REFRAR R 9.0 go S XT IR AHEL, REEFLAE 90 °C. 15 min
F1 100 °C. 15 min 4b 385 185 B i 25 P4 (P<0.05), 40310
8.1 g M 6.0 g, RIEFLIE 110 °C 4 sAbFRJSHESE Jy 6.2 g, 5
115 °C, 4 s #l 121 °C. 4 s WAL B g2 5
(P>0.05), 4-ALfEMAL ISR, FLERERASE L5
A B AR TR R AR R S, SN a-FL AR
H5 p-FLERE A kAR BB S, IERFIEEA R
SOk, (A5 & B LA A g it (R R S e s il
BB 5k R FL A A B 12 IR A SS B E FRBEAIS, DS TE
L I D %, BT A1

R RANE 1B iR, STRANEER 059, &
W72 80 °C. 15 min A1 90 °C. 15 min A3 ST B
4 0.54 F10.57, 55X, EmEFLZ 100 °C. 15 min
I 110°C, 4 s bR RMHEINT 0.13 F10.18, 115°C. 4's
121 °C, 4 s 55X RE2H i P SR 1 T 31 25 55 (P>0.05),
80~110 °CHLLBRAAMF T, KA AL BRI (38 n, PSRk
B ETHEY FE 110 °C. 4 s AbFR T N ERMESOR e fE .
100 °C. 15 min 1 110 °C ., 4 s FIFAL ST AT RESS N T
T s 1) R LA B Al e 22 ) Fy e R i R B, TR T
;o 5. ERALEUN S R BB 4, ARG N
TREED AR PR — B . BEAh, TR Y P R A T
HIBEREEE AR G o BRI, B IR B 2 S BURE I ot IR 4,
TE B/ INASHIN 55 AH B A FH P BB I 7, 3 5 350 Mt 1)
I TOMSE R RERE, DA T 8 TR R AIE T B o

PSRN 1C Fios, XFIRLM: R 0.578 mm, &
Pl e ad 80 °C (15 min AbHL 5 B3 B 3 FEK 4 0.472 mm
(P<0.05), B A BIE B A 34, #¢:#E 90 °C. 15 min
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N
K56 & BFFAEA

- RN N
< Qoo N 0 oo

/g

L 3
K56 & BEFLFEA

TE: AR TR R 4 ) HoAT 22 St (B35 (P<0.05)
Bl 1 ORFE SIS EXT K56 R REFLAE M AEEE(A) . WERIE®B). 3PE(C) . & M D)
Fig.l Effects of different heat treatment conditions on the hardness (A), cohesiveness (B), elasticity (C) and gumminess (D) of
K56 fermented milk samples

F] 110 °C .4 s HALBEZSET M 0.688 mm 311 %) 0.708 mm.,
TE 80~110 °CHULIRA T, Bl HRAbFIIRLE ARSI, i I
AEP FHER. SXREMLE, KBEFLE 115 °CL 4 s Fl
121°C, 4 s ALFLF A5k &R T 0.389 mm Al 0.446 mm
(P<0.05), Z5RFHIMLHEEE M 90 °C. 15 min IEME
110°C. 4's, KEEFLAH KL, REEAFHIRFIER, A58
e, HEMARGRRMEE T, 32 %5 Rei sk & v ik
ElFERmBe A B TR RO, EEAAEE
HA B-AERE A S SHEAMEIER, BB R — e
R AL i LA e i P L B A A {2 g T Ak P
IS [A] AN AT BE 25 230 - 2 1 RN B-FLEREE ARG W25
A, SEMRRSAYE IR, AT AR 3
SR 1D FoR, SHRAREM N 43 g, &
W7l 0k 80 °C, 15 min, 90 °C. 15 min 1 100 °C, 15 min
b3 JE 3 P % HR A 1 PR SR M T i 2 1 25 R (P>0.05)
Bl AL IR IS N, AEAS IR PEAE 110 °C . 4 s b3
TEBEHNE 4.8 g (P<0.05), BRElE, £ 121°C, 45 &
EFEARZE 3.1 g (P<0.05), 7E 110 °C. 4 s ZbFRfY & EERL

AEEASREALS A REIEE TR S a5, RE
BARAEARESY, & T kLSRR, 1B in
T REEFLIE N, (8 L TR
2.2 FAAIE K56 RKEEFLIER NIRRT L

AN AL T K56 K IEFL A 59 FhE &2k
KR o, REEFLARBRARE RS . IR, B, T, MR%2
Al XUR D) B 255 VE PR 25 5, (0 A3 Rl XU 4 s 0 % A
vt P JRUA B ke P A D, R 7 o R e (A B
0, L E I XRTSY, E 24 AT, RS mEK
BRJS . HHLIR R 7 URE S P AR R X R . 20k
PR, 5 IR AH H(7916.52 mg/L), BT b B4 A7
HLER AR 5 B2 8 AR, b 110 °CRYA LR & AR A%
(6208.32 mg/L, & EYFANTEREE 12%) (P<0.05). 7E
90~121 *CHUbBE S, MAZY &g, Hrph 110°C. 45
TR A(1105.33 mg/L, A S FTAHXT &R 2.1%)
(P<0.05), 5t EZAAH L (613.2857 mg/L), Zoxd#ibHHL iy
B2 i & A AR R, i 80 °C. 15 min AbBHJE, B
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2591
A 9500
— R fii] —
9000 - BE mmAaYER —
E3
3 8500 g e &
on
E 8000}
ﬂmﬂ
T 7500 H
'
o
<7000 H
6500
6000
’1,\
§ \QQ N N
K564 B FEA

s

5-
4+ igm ®
3_
2t o
~ 1} 8o |
S -
03 OB —
L1t .
S i @CK
S 2 e A80°C. 15min
o 31 $90°C. 15 min
~ 4 i @100 °C, 15 min
5 110°C. 4s
-6 O115°C. 45
,; baa A121°C. 45

4321012345678 0910
PC1 (27.20%)

T * RN 22 5 (P<0.05), [ 3 1],
K2 P AE BT K56 K IEFLAE i 45 & XU ) B AR 28 15 3% 4 (A) AL 43 434 (B)
Fig.2 Volatile flavor compounds and their content (A) and principal component analysis (B) of K56 fermented milk samples under different
heat treatment conditions

FEAR; 90~121 °CHUbHLS, W25 M I(P<0.05). HARFLHE .
BT . A R AR o Y AL sl Ak 2 A Ab AT RE R A=, (HAA
TGRS TR . R . SRR R (AR Ak 32 el ARG R v
FIRBE S EG . R . ERAIEE AL A, WIELER . MR . 3-F40E-2-
TR, 2,3-% 4
2.3 AR KS6 AB2ZLIE A MENRIIRERK S 7547

FETHIE 1 19 Fir F A & 4 KU 5T A 53 %o AN )
oab A5 14 1 K e FLRE S HE AT 3 AL 4 43 AT (principal
component analysis, PCA), H1[& 2B " 4%l, PC1 Bipk®R N
27.20%, PC2 TTHAE N 20.40%, MTTHAE N 47.60%, 72
551 FNEE 2 A BEA AT b S R i XUAAFAE . CK AV T Y
A0 B AR AR B e 22, 150 5 H A AR 1 R
KRR E R, Zd#ubPE 80 °C. 15 min AN
100 °C. 15 min ZbFRAYRE L AXATAE Y BlAON, FERAERL 4
AifE Y ®hiZEm, PiBIFE PC1 b33 80 °C. 15 min F
100 °C. 15 min ZbIAYHE S S5HAD 4 40(90 °C. 15 min,
110°C, 45,115°C, 4s #1121 °C., 4 s){FEELFBFH ., 1E
PC2 FHEARREATMWTRSy, o, $4b¥E 90 °C. 15 min,
110 °C.4 s H1 121 °C .4 s 2046 7E X &h b 07, $UbBE 115 °C,
4 s A3ATHE X HR 5, ARG 90 °C 15 min, 110°C 45
F121 °C, 4 s XM T SHAB 115 °C, 4 s K FHEESE
SRE, FH0°C, 15min Al 110 °C, 4 s PULBHLAETF
Y PS T=
2.4 RAIE K56 A BEFZLIE A MR R AT SR
EMES

FE R PR e 1 FL 0 S A T DR AR AUE 19 52 e A A R T
R BEFLIG VR B AR £ & B, H T e A4 B <K
. FEARFTIAEIRXT KS6 &R KMl fitrh, Ao

I F M XS B IE E {E (relative odor activity value,
r-OAV>1.0)ffi i 19 FhoCHsa & MR T, X 2y i 3=
BALFEIRSS . WS ERFIA MRS, HUbHLE, axebdfl
B r-OAV A5k i 2, FRBH A FI X K e L v XU R
AEEEN, 5 CK FEAAHEL, 5 FhALL PR RORE
(90 °C. 15 min, 100 °C. 15 min, 110 °C. 4's, 115°C. 4 s
A1 121 °C. 4 )R OAV 14, A1), 80 °C . 15 min
FEA BRI 2E /) OAVs B 3 B (P<0.05); FE2SAE
80°C. 15 min #] 110°C. 4 s BFHEH(P<0.05)., PUbHF,
BERAR T A HLRRIY -OAV (P<0.05), i 110 °C. 4 s 1Y
r-OAV iy 175.34, i | RN 2R H B2 X 51 RS,
EATATFHVEREA & LA SA XU AE i kb c O
e 3 pioR, EEEYEh, IR CK A H(1103.90),
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