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Abstract: To prepare a selenium-enriched probiotic fermented milk, Lacticaseibacillus paracasei SCFF20, a selenium-
enriching strain isolated in our laboratory, was employed to ferment milk at 42 “C for 12 hours. The physicochemical
indexes, selenium content, flavor compounds and some other indicators of the prepared fermented milk were systematically
evaluated. Four experimental treatments were conducted as follows: SF group was performed using commercially available
L. paracasei. BF group was performed using L. paracasei SCFF20 alone. XF group was performed using L. paracasei
SCFF20 and selenium nanoparticles (SeNPs), and YF group was performed using L. paracasei SCFF20 and sodium
selenite. Results showed that the XF group exhibited significantly higher Se(0) content (4.05+0.01 mg) and " value
(1.30+0.02) compared to other groups (P<0.05), demonstrating L. paracasei SCFF20's ability to selenium biotransformation
and its synergistic effect with SeNPs during milk fermentation. Furthermore, electronic nose and GC-MS analysis indicated
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that both L. paracasei SCFF20 and commercial L. paracasei contributed esters, alcohols and aldehydes to the flavor profile

of the fermented milk. Notably, the XF group showed enhanced flavor diversity, particularly in esters and acids compared

to the SF group. Therefore, the incorporation of L. paracasei SCFF20 with SeNPs markedly improved both the selenium

content and flavor complexity in the fermented milk. This study provides a theoretical basis for research on biogenic

selenium-enriched fermented milk and its related product development.
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2 AR AT 1 U 3R, BRATG AT BB 2318 N
AP ZHRA TR AR | ST . ST RERRAT . O IAER
o . HURIE D RRISGR FILS PEAS T 45 2 APt ), il
T AR AT ATIRAIE 5], FRE L =532 A Hb X b7
TCHHE sl AR . B 53 A AL CAnAl & Al
ZAFEMR ) AN TCHLAM CANTr PR £k . SIEAR AR ER) PRI 2,
TR UK RS, TR, AR PR A A L EE
PERICHL N HAR IR S 9Kl (SeNPs ) J2&
H B 4 A B MR, B8 e i A= R BE R
BARMBENE, Bl 2 — o B HA TS AE SR
@t

AR RN B SN T s 2 e
(GRAS), H: 4 hl SeNPs S AT T &) 2%
ETH, 2R A SeNPs #iA S J—Fh ekt 4
T AR O, T EL AT DA I R RS b sl > A 2w A ™
A IR TS QLA A E S M A R ) it A it
V22t A= B P] LIAE B 58 DA FE AR, ITEE S, T
W 25 A TS ST (AN SeNPs) iz X B AT &
FEVEIU . WFIE R W, A% AR BEDRE VA 12 £8 5% 16
SeNPs ML FEEADHE = -FrBe: 175, WL
22 MO s i N AR P HEOR, AT R ERTE A it P9
WA B )5, Se® LHETE AL SeNPs.  HAT, VFZE s
FF A M6 JCH L% A6 A BLA " | 25 A TR e il
RS A A T AR TP S I E e R ekt e
g A Ll o B A R LR B AR FL A B E SR Y
{H A IRIET, SCELAS T Al St A g XU | Pt as A=
DB LA R g iR, X i — 4 e T LR R P EE,
WA B T &E i Ge & s MRS 4 h 57 . Ak,
T B 1R PR LR o R AR MR AR i i sz 3]
V2, HE AT E PYX i A a0 R LR S A
PN e o AP I 18 A = =11 B AR SRV i g R S
KARAENG B AL R BEFL P #EA T R goxd Lo i .

A 5% g 2= AT WA SR R B EI T IR LIS A T
SCFF20( Lacticaseibacillus paracasei SCFF20) 1] LA
g VAT iR £ 3 IR A7 SeNPs, H BLAG 350 19 = Aifti B
Jtel, T, AAHFFEAR R TS FLE AT E SCFF20
KT 25 A IR AN 2 2 TR TREFL, ARITTIATER SN A
(RIS AR A P (B, 2 | PSR 5 . SRV 355 i LA
BB R PRI B 43 52 . ASEFE B & —30E
TP B R A TR LAR i, SR RIS AR —Fiie G 3L
PR MR = i, SR ¥ B 2R e 0 A I L B T T S -
mn R PR RYE

1 #REE%E
1.1 #HRIS{ER

Bt FL P EETR AR AR
Nl BT FLESAT B SCFF20 (Lacticaseibacillus
paracasei SCFF20)  PUJIEAL T2 B i T
FPRGEE 0o L. paracasei V924 AR A
FRAF]; MRS 85 9R3E R IBAE YRR R A
Al AP SRR SR AT FR S T — IR BEIREN (43
Hrat) g T AL TR A RN E]; i8R . i3 Ak
A srtral, ERTTRE LA A R A B Tkl
NOOTHTal) R SRR A A FR A A5 B
R R (Aggel)  FymBhr T A bR R A R A
] WATEREN (G4t BHERPE AL T A A BR A E] o

BSC-250 fHiRIERRIIRAH i RSO AR
INHE]; DZKW-4 R BVETRZK R bt 24l i
OB A RN F] s YC-330L = #AE PRk
IR B BB BR 2 7] ; SW-CJ-2FD M TAER

g ZRIR AR BRAE]; ST RS I 28R KR A

(MVS-83) PKILMAHFAESIRHE GE) AIRAF]L &
KB TRE DAL KIB2ASE 5 A (b)) ey
45w PHS-10pH 1+ #2207 MR A RS F
ETT-CP5000 FEFL AR T IR ERI A RAF;
UltraScan VIS {221 3 [# HunterLab; UV-1601
MO OCRETE  dbE A ER R S T s A BR BT
2\ ] ; Optima8000 % ICP-OES & 8 Gi%iX 2
PerkinElmer; iNose L& IEEGE EIPR A 24 FR
233 TSQ8000 AR - Bl AL FEER KR
BHE L F] S
12 A
1.2.1 RFEFLEEATIE Rl B 25 1T Soks & 15
F (&) T M FLBS AT B SCFF20 AT 8 &l T WS FLES AT
D A MRS WA 8% 35 806 A0S U AT A, PR
P& A MRS WA 35 557 B v il 25 Fh 7 2ol & 1 o

s

\ 4 A 4
sorest (i | I () [ﬁfﬂn ]
4
it I omon, | | v ) 4@ 2 |

1 B e

Fig.1 Preparation process of the fermented milk base
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Table 1 Treatment methods of four experimental groups
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BFZ4H Bl % LIS AT B SCFF20+4- 3L

WAL S BT B BT R LS AT 1 3%, 305 290 (8000 r/min ) W AR AT IE, Jorl AR BER /K B VE3 VR B3
Frag 2R 2L, T A FLERAT R 10° CFU/mL,
B A5 B BELERAT B SCFF20853%, 385 B0 (8000 r/min) AR IATTHE, JG B/ B K I VE3 W N
B A FL b HEAT & I, BT FLESFT R SCFF20¥k B2 10° CFU/mL.

RO AL 35 051 R 37 °C, YR #FE 180 r/min, WA 24 h, Hefh it 3%, WRGRRHAHK B2

Il B LI HT B SCFF20+SeNPs+
XF4l M ey

Il 1 LT B SCFF 20+ 1 Al 2
YRAL ¥ H+EEL

120 pg/mL) " il £ H Er SeNPs Y BRI, il 89,02 (8000 r/min ) 25 Bk BA, 138 5 50> (12000 r/min) Y34
SeNPsHURL, T P AE FER K W1k 3K 3Bk IR AT VR, PV I i e A L A 1 R I, T B LI AT 7

SCFF20¥% % 10® CFU/mL.

BT B FLESFF B SCFF20(10° CFU/mL) Bgi it A= 2L 6 Wi, s in b i i b4 73 6] A 1t

TE: XEAYFAL IR TR A4 120 pg/mL, XFALE e /EMRS ;373 AR TR T RESLRAT B SCRF 2046 A W A # A B 4 SLH AT R B,

Y AR EL A AR M A A L A I8
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24 pH #|3ik 4.6~4.7 Bl {5 1L & 9%, ¥R 0. 3. 6.9
FI 12 h 43 B BUREIN 2 I 22 & BEFLOO TR EE . pH. T Rl
BB . RIBSHRE, BT 4 C X1 FiE# 12 h,
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P4 G TR 7K AR IR = SR B iR 41 (0.3%) F L b HH
(10%) FA R 4], F 85 °C KH 20 min, EI 5
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Fig.2 Technological process of the fermented milk

with live cultures

1.2.3 AEFFLEALFEIRNE B RIS 0 A iR
FLAERS 3 h WS pH. AT 12 5 . 25 B8 PR &% 6
o WETMIREL 10 mL & BEYs 3L, A IES Y pH 1
ME pH; ARYEFTHIBA () )7 LI DB A 7253
53T, WL 25 mL ARG, LA T B9 2 7Y
BT, SRR TR & I TR EE S, I
&N B VIR E 20 s, BT E R BN
20 °C, iz AT A Ay 10 s, T Vi 2 102 R I B 725
BT B8 Chen %8P 17k, B 15 mL & B0k
PEAT A T3 2 TR B I R, 5 R B W A IR AN S A T

H I E(CFU/mL)

1.2.4 REFZLOZENE R TTRAB-
BB, WLELTH FRLEPE 0.375 mm BEFT (0 25X AR
1F. MEIFESEEE A 25 mL R EEZLT 40 mm K
G A o L A LA, (e FHRS WA AR S IR F T 14 5,
LGB R4 ZLAE R 23 X REAE, R BEFLAVE S hSAE, X
RESL B 2Z AT EIFICSE L7, b7, a MAE{H . AE
EHHF AN (D #FATIHE, a2 EARE AN
E

AE = VAL +Ad +Ab" A (D

1.2.5 KEFFLETA S EINE BT Se(0) F i
PRI AE AR Biswas 2501 097 R, SRS AR A
JT G A5 AV Sk BAL T AT 14 A 7R 22 A0 B A v R 4R
(y=0.00534x-+0.00154, R?>=0.998, i, y FEoR I G)E
ODs ums X 278 Se(0) & E(mg) ) o W FRIRER & ik 73
J&, i3t 8000 r/min B5.0> 10 min WAEGH #5324 F
Se(0). #RIGH 0.9% BYSEALENEE IR BERPR IR, T35
ULVEH LT AR BA EE 2 AE 15 mL ifb#A(1 mol/L)
Hh, PR IST . Bf)S, BOBRISAIBEUIVE, IS
B3 CRET M S LTAF A MR I G BE (OD s ) o
1.2.6 RFEZLEM S ENE  BYE Martinez 552 (19
D7, RE A BEFLA Y Se W E ., iIHEA 2 mL &
HNO; 1 1 mL 30%(v/v)H,0, W BV 2548, XF
PAGMY SeNPs A TIRTE . ¥ Hs, Ll Ir
B WA R 100 mL, Fd i B & 45 5 TR
(ICP-OES) s H43-#7 Se(0)HE . ICP-OES 4 #rhif
JTCE TR S s wl, T3 1150 W, 5000
1% 0.55 L/min, Z53 45 r/min, ¥HV< 1R 12.5 L/min,
B 0.50 L/min, OGS 196.090 nm.
A S A SRR FH A (2) 1AL

Tiliid JR (%) = (m, /m,) x 100 = (2)

U my 2 SeNPs H il & B, mg/kg; m, N
Na,SeO; Hli & &, mg/kg.
1.2.7 KEFFWETFESNT  FlIHBFEXTRFETL
AR R R DA T e ), Fe - B L B U
JRPERIANFE 2 ran . WH 10 mL &L F s il
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b, R IR 5] s T3k, SEA T RE 3 YRS
(B, MxESE AL PERE] 120 s, Zeds E 20T
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Table 2 Types of sensitive substances of electronic nose

sensors
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S11 FFEHAE Y
S12 )
S13 Y, =il
S14 AN

1.2.8 RFEFLIE A MEXRY BT 2 R REFL T
¥ 2 P R ) )5 R FH GC-MS EA7 3 %2 24, i B
10 mL ‘& BEZLAE S T 25 mL T Es A, L BEfR
FH FiE A N AR B (MR E 1%, v/v), 50 °C T 10 min,
#4 50/30 um DVB/CAR/PDMS [EARFSFE B4 A
Tz, T 50 °C FEAE B 30 min, T 250 °C #FFF
FA# 2 5 mine (8 FH 450 2R RS ai A< (>
99.99%), fHE L 1.0 mL/min. #¥IIRIRIELE 35 °C
M TFARSE 5 min, LA 5 °C/min FYBEEE TR 140 °C,
{54 5 min, FELL 10 °C/min BB EEFF 2 250 C, 4K
JETEULIRE FAAERE 3 min, JHEiE MS 4548 fATH

BHE 70 eV, BT UIRE 280 °C, &HFIBIAH#TE
&l m/z 40~400,

1 BEE: B EeAE R PNAR 0 A & AR S, SR
W ARV — A T o AEXT I T AR L, R
it TP A ZH A3 AR T R BE AR A A S (3) T4

Ai

C1:A—S><Cs &)

o, Ci KRR S A5 R ERBR LS )
J ), ng/kg; Cs A BFIE HH R A9 B 0 ¥R B, ng/kg;
A CARE S TR T N A R I TR As SR PIAR
) PR R 1 ) (ol T FH
1.3 HiEAE

% ] IBM SPSS Statistics 26.0 %K {4 JE 17 % P
53HT, SR FH BRI 22 77 22 93BT (One-way ANOVA) Fll
Duncan 75 A 7225353087, P<0.05 B RR 2257 W3
I EE 3 K, 455 LAFIE GO =hr w22 (SD)
Z%/~, A GraphPad Prism 6.0 £[5],,

2 EREN
21 KBRS
T AR 2 I LA B K pHL AR T

4.6~4.8%1, DU K EEZL I BL S Eh AR b an gk 3
N, Zead 12 h B 1), SF. BF, XF #1 YF PU4H &
BEFLIY pH SJE20T I o R R I [a] P 4 A
A pH EVAR SR R A, b XF ZH 0 pH R R
St HAth = 2H & leL, H XF 209 70 i 2 BR E F gk
PEA Y T HAL L EERL . P8 Lee S50 HiRiH, & BEHL
TR B YRR S LR BAKE FLMH R I i FLIR AT G, K
FLIMK pH N R 2 5 B0RS 2R 1 7 A5 H S T
KR EEAE, Wi pH A REATCARN T 33 22 198 B i B9, &
Tl —20 R AR S 4n . FLER SR . H AR IK,
MHFHRLI . 455 % W, SeNPs FIAFAEAN LR &)

F 3 B pH. NI ERRIL | B AR R B RN 18] 9 A2 fl

Table 3 Changes of pH, titratable acidity, viscosity and total bacterial count with time in the fermented milk

SiE| 215 KO h K3 h K6 h K9 h KL h K12 h JG#12h

SF  6.923+0.005*  6.677+0.005°  5.957+0.014° 5.513+0.010° 5.057+0.007  4.823+0.005°  4.793+0.003f

- BF  6.923£0.003" 6.397+0.007°  5.683+0.012°  4.927+0.031  4.870£0.005¢  4.723£0.003°  4.660+0.004"

P XF  6.923+0.005" 6.427+0.007°  5.667+0.003°  4.850+0.005'  4.593+0.007°  4.483+£0.007"°  4.370+0.012¢

YF  6.923+0.003'  6.383+£0.012°  5.820+£0.005°  5.483£0.003¢  5.147+0.005  4.847+0.021°  4.710+0.009"

SF 0.887+0.010"  2.626+0.022°  2.691+0.035%  2.770+0.024° 3.445+0.045° 3.833+0.039°  4.050+0.019*

TR (/L) BF  0.887+0.010" 2.512+0.010°  2.746+0.014°  2.720£0.019'  3.174£0.014°  4.339+0.036°  4.692+0.037°

By ]3 % [

e XF  0.887+0.010"  2.534+0.025¢°  2.809+0.023¢  2.846+0.044°  4.437+0.029° 5.411£0.079°  5.721+0.129°

YF  0.887+0.010° 2.859+0.019°  2.853+0.005¢  2.871+0.005 3.028+0.021¢ 3.552+0.010°  3.916+0.015°

SF 25.22+0.43°  25.30+0.24° 25.78+0.46° 29.47+0.79° 60.77+1.30¢ 79.37+0.21° 86.44+0.19*

S (mPas) BF 25.22+0.43°  26.90+0.53¢ 25.46+0.46° 29.71+0.90¢ 62.37+0.88¢ 94.07+0.20 138.89+0.37°

mra-s

XF 2522+0.43°  27.34+0.25° 27.38+0.27° 46.20+0.80" 99.05+0.23¢ 163.10£0.15°  217.00+3.54°

YF 25220437 28.91+0.47° 25.62+0.97" 38.18+0.24¢ 45.86£0.52° 74.67+0.51° 120.190.30°
SF  8.107+0.003"  8.327+0.003°  8.593+£0.020  9.183£0.006°  10.260+0.005"  10.523+0.008"  10.499+0.005
- BF  8.109+0.005° 9.431+0.016¢  10.139+0.023°  10.488+0.013°  10.510+0.008"  10.600£0.003"  10.590+0.004"

i 1% (lg (CFU/mL)) . . .

XF  8.124£0.008"  9.353+0.011°  10.117+0.013°  10.496+0.003°  10.587+0.003°  10.623£0.005*  10.6250.003"

YF  8.113x0.010¢  9.482+0.010°  10.146£0.006°  10.493+0.009°  10.451+0.006"  9.182+0.006°  9.090:+0.013"

2 SFZH A T8 R T % FLES AT B ; BEZEL R &l T 1% L% AT B SCFF20; XF41 A SeNPs Uk -+l T 1k L AT B SCFF20; Y F AL Ay SVt 2 4 + 1) T 1k L B T v

SCFF20; [/l —ATHIARR/ING FRERORTFAE R E M2 5, P<0.05,
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WIREZE , 45 & i AR T A TR L A T 6 SO B AT RE T AR A <171 -

TEsFLESAT B SCFF20 B BRI, I HREW =4 K
LR, A SRR R LAY pH RN &= o] i IR .

W &I, RIEEZLH RS A A A vl B2k

LRI AR, 32 3 WAl LI Y, DU R IR ZLAE e AT B
pH 51 TR, e BT . pH FIR] i MR S5 26

BEE RS, NFR 3 nJLIEH, K1 9 h f& DU A& 1
FLELEE W TS, T B pH AR ] ERR R 1Y

T, A3 A ML pH B2 IS8R P 38 s TG H
BERIMG . KEFFLEE BT IS R B (R 3),

B 2H e WL R TR 24 A TRTBCER R 37 7E 10° CFU/mL
Lo FTFBE IR A4 71 R R R BE 18 iRy >k B 3 il 4

JHPH, SF ZH7E 0~11 h PYBG T, Bl )5 14 K 2218,
BF ZHH1 XF ZH M\ 0~9 h #4358, ) 9~12 h #&FF
£, M YF 4o nTBE il A AR4eN A9 55 3/ E A S 8O B
BUEABE O h JG IR FRE(ER 3),

ZE ATk, BlE ARt R pURE RS, KTl pH 2
TR, IR | RIS RO A Y 2 LTt
FaE, BITESFLHATE SCFF20 HIr=2LlR & BERE J11T
F iR ESZLESAT B, EL SeNPs BO%SInaT LIfE
BT EEFLESAT B SCFF20 1 A2 Tam Pk, fEAs R IRk
R A, T SIAPGPREN s IS4 i &) T s 2L PR 19
A, B R TEZLATG B EUR . AN T4 TR 5 X1 3R
T FH P KA 0 S AT PR 5 X = 398l W A A e i
PR 2 BRI ST R RGP R T - d 2 A PR P 2
FHE, TSRS AR ER W REAIR T ik A Wy i = B 22 A¢
P, X BB 5 AT IR ER % A AR P RO A F ER
st 2
22 KREELGESW

SeNPs 2 520 & P L ) B (o AR 1k, T 201 (0 2 2
mm Y — IR, RS SRS B E 1 — R R R
TLAARFIE, DI ST 2% 34 i ARAT- . ASBFoTim (0.2
A5 K EERLA B, @it L7, a" . b FIAE {H AL
B E, UNER 4 FoR, TRl i FLIEFT B SF 41
5 R A & T 1 L AT BT SCFF20 & 1 19 BF 21 .
XF 2H . YF HAH b, BB S50 L7 b E 1A
EPEZES(P<0.05), MTRER S ARARBRER T LAfE & 1L
FRAEMUER R B AP, AEA R T, LFE =M
0~100 fYHH | BEEE, R ABIE, a (BN (SRE) 2]
IE(LT ), pE MG (BE ) B)IE () . A 4 mTL
B, AR AS ROt 2 i B e A R L LT a"
b MH (P<0.05) ., /N SeNPs J& By XF 40 A& W7l a B

F4 HFL.J 0 AEERN KO

Table 4 Chromatic aberration of the fermented milk based
on the value of L", a*, b, and AE

it L a b AE

SF4H 1.13+£0.01* 0.2340.00° 1.50+0.02° 1.89+0.02°
BFZ 0.82+0.01° 0.24+0.01° 1.42+0.00° 1.66£0.01°
XF4H 0.57+0.01¢ 1.30+0.02° 1.26+0.01¢ 1.90+0.02°
YF4H 0.61+0.01°¢ 1.19+0.01° 1.33+0.01°¢ 1.89+0.01°

TE: Al —FI AR/ NG FREFROR A B TE2E SR, P<0.05,

=7, HORO® YF 20, DEBHEIT S ZLESAT PR SCFF20 7£
KPRl A BB RS A U AL P AT IR 4, = SeNPs iy
KPR LA A LT A AR, I KB OS5 o H, X
K Sk & A A LAY b B A IR, 33X s 2 I &t A&
BERL I (O R 4T G B s B
23 ABIABRRMEESH

DU 2H & B L2 Al Se(0) & &= i 3 o,
XF 20/ Se(0) &~ 4.05+0.01 mg, 235 T HAD
ZH (P<0.05), YF 4 i 3 25 /& TR A 19 SF 2H #n
BF ZH(P<0.05). Itt4h, YF 24H Se(0) &1 5 XF ZH4H
22 0.95 mg, X RITAEFLESFT A SCFF20 TEAMFL
FREAE A RO WA R 4N 5% 168 SeNPs, (i B RTE
LR FL P IFALBE 15 MRS B3R HAIG, TT AR A
A ZUITRE AT E R L S SR TN R, BRI
A ZLBHERE, REUAAE IR AR BRI ER AN =3B
WAL Se(0) o AR A=Yk AR # EH 2L,
AN ES R AE A AR AT 52, I 2 PR 19— Lk
HADRerEEEbae ).

Ib
j-l

SF4l  BF4l  XF4l  YF4
215
B3 R Se(0) & B4R
Fig.3 Results of elemental selenium Se(0) content in the
fermented milk
T SF 20 Jy i 85 W) T W L AT 1 5 BF 418 @)1 s 2L I A 1
SCFF20; XF 41 & SeNPs § ki +#l + % 7L i #F 76 SCFF20;
YF 20 2y S Al 2 40+ 1 1% L A I SCFF20; A Rl/NE -k
For I EMEES, P<0.05, & 4 T,

) w ~
T

Se(0) 7 i (mg)

(=]

24 KREILRWSENH

>R FH HUBR & 45 B AR R 5615 { ICP-OES
e A2 LA 2H Fh i BV B . ANl 4 TR, XF 4H
AR S5 0.49 me/L, YF ZHAU &5~ 0.50 mg/L,
BRI TS LIS AT SCFF20 5350 il 4z Ak sl A #L
AL 97.35% o ARG B il A B LA 5 2 1]
W TAERTER LR A IR DY 2T TR &
& B TR ) A5 TR W P F ST (27.7 ng/kg) PP, EL SF I
BF WiZH Al & E34<0.02 mg/L., HETIREE S RS
R AT LI PR A e AR SCHRE , fH GB 1903.21-
2016 B M SRR AT B I B ) A ISR BRI HL
&8 =97%. Kk, T EEFLEEFTEE SCFF20 £f7&
ZE IR HE . AN, P A R L
SRS EAE 0.049~0.050 mg/L 2 (8], 2% GB 14880-
20124 & A 5 FRIRALT YA AR AEXT 5 LK R
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Fig.4 Comparison of total selenium concentration in the
fermented milk

RE : B FRRALTAN 1Y S BT 50~200 pg/ke LRI,
ASWIFFE AT B A R AL AT 2R
25 ETHFENLEZXRYIRS

W 5 s, PCL STEkEEA 97.35%, PC2 BTk
SN 2.22%, BT ER I F] 99.57%(>85%) , UiHA
PC1 F1 PC2 H.£5 IZ BAE S AR RS 2SR, HOREZFLAY
R EZIE R PCL P o IR, [6]—A% il 10 280808 A
AR, 22 F—4H A9 B A2 MR e M B4,
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P IRUBRZH A e 25 5500 NIEL 5 AT AR 5 4H R 1%
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Fig.5 Principal component analysis of volatile flavor
components in the fermented milk
T SF 20 Jy i 85 @) -+ W L AT 15 BF 418 @) s L AT 1
SCFF20; XF £ 3 SeNPs ki +l 1~ /i FL. % #F & SCFF20;
YF 20 g AP R 4+ 1 s LI AT 181 SCFF20; NR 20 49 i 2
L.

2.6 HT GC-MS WL BEFLIE L M KRB 4T

SR GC-MS X & L A #E & MH RUR 4 o il 2,
R 5 s, ANRIH A LR A E2E 7. S A
KW FLRE O LA 15 FRAE R MERR Y R, Hod
SF 2H 11 ', BF ¢H 12 A, XF 44 12 #, YF 4H 12 Fp,
NR 41 5 Fh.

P 2AE 4 5T 1 A AR (B — FRARAIR, BT DA & B L
PR RUA S i) LEARE B R L v LY (g 7 SR ARt
SENRME G YT DTk, Horh O SR EA R K
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Table 5 Comparison of volatile flavor substances in the fermented milk

Yy i (ng/kg)
Fpk CAS%H5 £ B3 st ] (min)
SF BF XF YF NR
S
LR T 141-78-6 3.40 532.86 395.83 109.83 566.31 -
ZHASEZRPER 89-91-8 8.61 96.65 57.76 281.04 417.41 -
ECRR MR 123-66-0 14.42 227.77 441.70 33.38 107.87 284.17
FRAEER 2 e 628-97-7 36.04 273.22 100.23 663.29 126.63 -
S
D-Z LA 35320-23-1 1.37 369.35 316.83 185.20 316.57 195.18
S 123-51-3 13.47 94.56 84.09 21.54 - -
K 60-12-8 31.17 48.58 44.17 59.22 177.05 -
[i7ES
2,3- IR 473-81-4 8.77 - 2869.35 5239.56 4926.82 -
UGBS
3-F5E-2- T 513-86-0 13.25 - - - 148.91 -
A
B 98-00-0 21.7 - - 359.64 269.67
S
1,4,7,10,13- L3+ HkE 188.59 40.58 59.46 214.28 - - -
HoAth
4-FPGREE T 59121-24-3 2.08 148.37 253.98 183.05 216.91 -
L S IR AR AR 29427-58-5 1.43 39.18 55.21 32.30 46.90 151.33
I ) — (b 3 ) ik 3055-98-9 26.3 - - - - 254.94
PR L 60-34-4 4.47 198.52 798.46 369.33 1214.70 395.52

s SFZH A T8 Rl T % LIS AT 7 ; BRZEL R I T 1% FLIEK AT B SCFF20; XF4L A SeNPs Uk -+l T~ 1k L A B SCFF20; Y F AL Ay VAt 2 64+ R 1 1 L B T v

SCFF20; NRALU e A= FL4 s =" Fom AR ERZM I o
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HETR 2 e & Hbfae i o EAE BB o, S5
T T R EEFLASEEIN . s S R AR I XU RRAIE DS,
AT BEACTR T2 SR Rl . Y LA 5 LRI A
KPR B R, ange 5 iR, AT R A gk
FLONR 4H), BEEA=-ZLIG N T B B AP i
FEXT A A& B2, BT B LIS AT B SCFF20 Figh>k
Tt ey e ) A& B LH (X F 2H) B ok e A e e o

2 BRI AR E L P, R A AR
BhF XU AFEZ P50, e, RS nT AR AR He ol
T AR DL O BT R AN AL R B, dnsk 5
7%, BT RS FLES AT SCFF20 Fnil e [7) % 1% 4= 2L 4H
(XF A YF 40) K lEr=a4 17 hERE, WA 8+ 5%
FLISAT 1 & 19 4H (SF ZHH1 BF 4H) ARy A bl . iR
W o 2 2R v LR B 4 A IS L R B R
A, TR WA A XUBRM, AnEk 5 B, &I
FL W& AT B SCFF20 & g 40 7= A 2,3- LT R
(BF 41 2869.35 ng/kg. XF 2 5239.56 ng/kg. YF 41
4926.82 ng/kg) , 1M 115 @I+ EE FLAES AT B & Rl I
e 2,3- TR ILNTR . WRZSH) T 3 R AN AR
Wi 2 AR A SRk, Bl R i A T e 2k,
BRAZIK T- FR W5 AR ) AU . 3-8 052 - T I B A 5
AW, ZLAESE . . a3k 5 R, 3-58 3 E-2-T
B AE &) T S FLIES AT SCFF20 FINP ARG R 4R 3[R A&
Pirb =, A & T2 5 A T

SRR, AR T S LA M U B 1)
SR T BRI, B SIS | SN
LERBRY T, W28 2R . I EIL 2R PR . AR
IR Z BRSNS 2 A, HL Al ) T s LIS AT B
SCFF20 ;= AL 1) XK 5t Z2 APt A = i 65 1 1%
FLIEAT PR, 2 — SRS | Me2E AN R, an
2,3-FF BTN . AFAEIIR £ R AT A5
3 #ig

AT R HEN T EEFLIES AT B8 SCFF20 & il £
BEGTE B L, SeNPs BV I AT A8 25 HE R T-15%
FLESAT B SCFF20 PR IS, [ AR L RSk &
BRI AT RN S I 21— B R E A&+
FiE FLIE AT PR SCFF20 Y2, /b Rl L A i B 4K
o [FIAT, SeNPs JUik: A1 &)+ % L& AT 5 SCFF20
LW & WELH (XF 2H) K EFL o B &, H Se(0) & i
W E R T HAZE (P<0.05) . R, B+ BSFL IS AT B
SCFF20 il &5 i) & B BEA U, HARFDES
PRIt 25 4 35 DA AR R LI Se(0) &t B4R, Il
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