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Difference analysis of spectral properties of cheese at different
fermentation times

XU Nan, LI Wen-Yun, WU Qing-Qing, ZHANG-Cuan’, CHEN Zhi-Hong

(School of Bio and Food Engineering, Chuzhou University, Chuzhou 239000, China)

ABSTRACT: Objective To study the influence rule of fermentation time on nutritional components and
spectroscopic properties of cheese products. Methods The main components and spectroscopic properties of 2 kinds
of cheese products (25 day and 50 day) in different fermentation periods were analyzed and compared by physical
and chemical analysis, texture, ultraviolet spectrum, nuclear magnetic resonance, infrared spectrum. Results
Compared with 25 day cheese, the content of water, fat, protein and soluble sugar in 50 day cheese products
decreased significantly (P<0.01), while the hardness and chewiness increased significantly (P<0.01). The analysis
results of Fourier transform infrared spectrum showed that the absorption peaks of the 2 kinds of cheeses were
different, which was related to the structure of protein. The analysis results of nuclear magnetic resonance analysis
showed that the free water of cheese was largely lost in the early stage of fermentation, and the bound water was
dominant in the later stage. In addition, the analysis results of ultraviolet visible absorption spectra of different
solvent extracts showed that there were differences in absorption peaks in ethyl acetate extracts by hierarchical
extraction method, which were related to a, f-unsaturated acids, esters or amides, while there were differences in

absorption peaks in petroleum ether extracts by separate extraction methods, which were related to saturated
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aldehydes of flavor substances. Conclusion The spectral properties of cheese in different fermentation periods are

different, which can be used as a characteristic index for evaluating cheese fermentation period.
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0 51 &

Wi (chess), WRRT S, J&& POl & K HL X —F i IL
gt iUl Sh, vl 43 g e s Fn ket W
FEE, BaEARQ0%45%) . J§Ii@40%L4) . B Y5k
et £, BRI, KIS RTEE, AT LN Ak
I B IR R, I AT R o I [ D) | 4RI AR
AR IR i A A8 P A0 TR R R P 4 sk

Wi R—F LR I BT a4, BENG . B Koy
LN TF TP . AFEMEER. T LR AR
AT T WA TR 1R T A XU P A WG 3
IR A IR A — B A e . I
KB RT, ENEEOMRMEDNERT, EAiRs
B R A KR, TERAK . SRR /NI, e
DR AR e 4540 32 BIREIR, RIAK M INFRER, K&
FaTRaE, WOME A T 25 A5 FR AR eAh, FERE AN 4
YERTR, e IDi o 7K A 45905 1 i B3 BRI e & s 1, i
0 7 R 1 A AL S LT, 5 AR 1 BT R KA 7 ) ) A AT LA
AHEAER, M7 A 45 R R T, AT B3 I 4
ORI TR, WK A e 2R A | 2 IR I 2 5 W 43 i
bR XU ) F R R, A R i DL R B TRV A 1
ST R TESE AR

R TR IS (RN ASURT LAAE Ry 0 6 7™ 5 10 4 S AR A,
R A7 T RGA R b P R TR, PRI, P[] & e (]
Wim FRAC e BT . KUK Jon 28 B ) AR A B R 5% A5
JeohEE, HATE N R TR @S A
T POVRATR) B A9 45 i 5 7L TR o0 750 X4 i 5 o ) 5
LR TS DS O i 5 IR L7 ) | M W WPt L o
RGN RERA, X TR R L R
g5, FEbma RN BT KR R R AR
LAY T 1 B FE EA T 22 o (BT AN ) & e st ] T i
PIBRACAE AR . TR R BTG A Rt IRl A DG B 22 ek
MBS D eAb, SGiBEa BoR g 54 . LLAMER,
AT FF o e R i s A A2 pl™, o HAT Pk B
P, A DR G A £ A e 1 )z U, (R
AP R T B (0] 5 TR A 5 A o

ARMIFE AR & B [ (25 L 5O ) 0 R i 98 X 42,
K B A AL . % W 3L IR 75 (nuclear magnetic resonance,
NMR). B2 2T 4h 54157k (Fourier transform infrared
spectrometry, FTIR). 284h-0] W35 ¥ (ultraviolet visible
absorption spectrometry, UV-vis)Z XA 6] A& B At [a] T B& 1Y

TAREIE L KRS I A SO GiE R PSR T 20 4T L, W)
ARV A ] 2 TR R TR T i A PR PR 5 L AR ek A RO i
PR A A UL, LU R 1% 16 A2 7 6 e LR W3 T i i 114
PR PRI — S A AR A

1 MR5ERZE

1.1 #E5IR

Bt 2L, W AR 2 TR A

RN (F & L2 AR R A B A | ); % L
(20000 U/g, MT A TRARAH), BHhEng, +
EEMARERAE A BRAA FD); AL (R h R, RSl A iR
D WA HTAl, REETFOCHAAUEA R |, wEiR
£ B . S OorTal, 2GR AR BRA H).
1.2 FEMNHE

FTIR-7600 % (& B0} AR 21 SN G (R ELER e 62
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(DERARHE: 65 °C, 20 min, FAEJREHIZE 29 °C;

Q)& W 1 g/L, EALFSHE: 0.2 g/L;

(3) KWLM 29 °C, 30 min;

(EEFLEG At 0.4 g/L, BEFLATIAN: 50 min 245,

GYIFLEHE: 5~10 min, Z21&Hi+E: 5 min;

(6)HERLIE £514: 37 °C, 10 min;

(DIEME: L6 h, 52 h FFEE-—K, [, EE
JE 188 1~2 kg;

(8)ERWt: 7E 15%~18% B 1L iAW H =5 3~4 ho
132 3E{bsasm &

K43 F GB 5009.3—2016 &5 &4 E AR 2
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Fig.l Sampling diagram of cheese texture determination
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JEAUHR =23 MHz, Rk 5E=100 kHz, 90°fkFE=11 ps,
180°fk 5e=39 us, SIHHIERT=0.08 ms, HLHLII25=20, K7
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Fig.2 Sampling diagram of cheese moisture distribution analysis
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FESLTRAL 3 FRECE R [RERBOR BRI 1 W5 &
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#1230 min, {3 ES.0>(1000 r/min) 15 min J&7, B RS UE,
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FESALEL: B 1 mg #E5h 5 100 mg 45 KBr R4, WF4H
Y5y, BFRE R, A i A R R e )

E N FE 4000~600 em™!, BT 6 G, %A 4 cm !,
FH Excel B {22 il (i B AR e 2T S I

1.4 FIEAIE

K JH Excel 5 DPS 9.01 4 b B 54 7 50 R 25 5256
Giit - #, % Duncan K30 vk 00475 2200, ARLHSEIEL
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2.1 AEERTEIX B EEEFE SR

AN T 5 Tt EF ) 403 7 19 6 B8 R LAy A BT 2 SR ke 1
PR o GEH R, B & TR ) P SE K, 50 d WIEE YK 4 . iR
105 . B A LR P M o 2 R A S A (P<0.01), HiH,
DART P M R A d R B (2, BRI 38 39.73%, k2
KA (BEAK 27.53%) . HR Wi (BEAR 14.31%) . Z& 1T (FEAIR
5.43%). KEEWIN], SRS R SRR N (P<0.01), YEIE
ik 50.49%, X5 & B LGS 2L G, S BUlR
s 5 S 2 AR AV 1 2 i DXL 7 R U e ) B A A T
TN iR, Horh s Ne e HLAa s 2L AR IR AU . AR,
Je S IR), 2 15 S K it 4 s i — 2 B A A XU A
TR, NN S8R A RS R I — e R

R E], 37 T /K o3 i 1 R AT W R R 1T
Wi B K 78 % o WAl & T 1A ) 40 i TR B 1) 0 25 B
S REE AT KGR RS, BRGRAIWEEK, 4 NaCl
(BB T, TR A K ST RS I 28 &t K 4 FEAR
Fiky 2 i PR 26

F1 FREEERETESEEEFREDT(N=3)

Table 1 Main nutritional components in cheese at different
fermentation times (N=3)

" 7 ISt 7] )
RS AR A B /%
25d 50d
K5 1% 25.35+0.34" 18.37+0.06% —27.53
N& Wi /% 4541+0.61*  38.91+0.82° ~14.31
EA/ % 37.05£0.45%  35.04+0.18" —5.43
BRI % 4.1040.15% 6.17+0.14" +50.49
] E % 2.24+0.06" 1.35+0.03" -39.73

W RPSIEKRASEB N TEE R, AFAKRE AR
WA 3 2% 57(P<0.01),



478 B dn 2 4 R R I A 4R

13 E
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IR, BHRBERT R LE, YRR . B RN PE DL I H
Mg e 47 S A I 35 1 I (P<0.01) o, L MEL WG £y 408 o 2 B
oW, BN NE B Ok 122.69%, vk R I B v (3
120.36%) . BEEEIEHN 102.82%). RGN 8.82%), U}
T s ) 22 R B 25 (P>0.05) 0 X5 2 TR U1 18] 403 1% = A 1
WIZK AT DG, N 7K A it s R I IR, 9iF¢ 85 R IV TR ) 7 Jt
S0t A 1 A AT S A R R S A K
UNIE TS

K TESIIA], 051 P R 0% 388 o 32 2 s 0, ) SR R R
S SSRGS A IR . BLAb, Wm0 S
A VAR LR, LR A A A A B P B ) B R T
B2 FHOH IR B AR BB SR . IRAh, TR ) 4
K EIELR | BRI &R FRARGR 1), #aSEE N T
AHEAE R IGE, TR I ssoes i AR EE g, R R
R AR T P SR O

<2 A[EEEERTEWES 60 BRAGHHME(n=3)
Table 2 Texture characteristics of cheese at different
fermentation times (N=3)

B K ER ] B
otk an AR BE /%
25d 50d
/g 15.63+0.48" 31.70+0.76* +102.82
N 0.68+0.01° 0.74+0.01° +8.82
L 0.87+0.01° 0.88+0.01° +1.15
JE Bk 10.61+0.29® 23.38+0.39" +120.36
NEL g 9.21+0.26"% 20.51+0.3* +122.69

TE: W17 A RN FRRORAFLE 1.3 25 57 (P<0.05), ARKE
TR R R AFTEAR S8 35 22 57 (P<0.01), A [R5 B): 7R T i 35 L 22 5
(P>0.05),
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(T, AKAMERE R, TahbEag, Irsz ead Jr i,
R o b B AR LA FH 7 55128 K gt 0 A T R A
) X5F 7 F1 e P 0 T AR (A), Ot R T AR ROK, K
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XIS K . ARG SR E BK 3 MoK EAER AR,
W I AR LR A BT 2 AR, A7 25 d I, Bl /K
SRR, WhEE IR . BRI K U S B A
F, LS AR S R SRS, Ko BE RO, i
50 d B, Z5AIK Ty M st B B R AR e AR, R S50d
YR NFBEE G K TG BRBEAR, B3z e fiag, abF AR e
W& MEEEK 4y TR EE, WFRHTIE K
OYTRR, PIESLILIEER Z BN IR, 45A K A i3 4340

WK Z 2K A RETIHXT T, D5 ARG R K Ta,
FEEEG KT BRI NETNK Ty iEE 50 d B, B
BRI M 2288, Ay S KRS, ULBTSREIETE 25 d 5, A
Gy W shK Z W S R 1 800, KA TR BREE i, RSN
fasE, i as KA E BKPY Besh, 5 Ty F K
AL A G sk, A RGE TS s K AR IR . &
BUETE TSR 0 E K Tos TERERKE 50 d I, sk
BEFEZEH, Ay KIGBERRAR, RUIHAE 25 dJ5, HHKZ
W1 PR 2 PR SR AT 1 /0N, JK AT BRBE v I T sl itk ok, —
FBA TR BNSINE IR S, T A HK A S sk e &
IK K IRAEHS

R 3 TR LB B PIEE IR E RIEERER(N=3)
Table 3 Relaxation time and peak area information of cheese at
different fermentation times (N=3)

|

- W
254 50d 1%
Tyi/ms 0.45+0.17 0.43+0.17 ~5.45
Ay 952.52+100.20 513.22445.25 -46.12
T,,/ms 17.15+6.15 16.61+4.86 -3.15
Az 456.59+159.91  275.48+77.50 -39.67
Tyy/ms  10216.7141238.68  9009.74+2192.11  —11.81
Ass 0.390.49 0.7240.63 +84.13

T FoREE bR 4 FRIEWRRL, 210 S55K; 22: K5
WEK; 23: Ak,

2.4 A BERT(E) 3T OES S IE R AU R0
2.4.1 HBBEAR IR SN-ST BB R A

4 FPORTRIAR VA 790 A 03 B B FE 200~500 nm 31 [l
BRI T B F S A5 S N ] 3 1% 4 J s AR AR B AR 7
P SRR, i v R LA D IR (R R 5 0 5 20 43 FE A
[ 7 790 gt i A B AL 7 ) 58 b - R s e

4 P T E /NN A k< 2R LR <N <K
TESMFAREU, KW 25 d F1 50 d 057K 32 BOR Y 48 4h-m]
LR ETE I e A, JOW 22 R 3(D)].

AN ] T s 1) 4% i 2 [v) — B BB T R [ ) 4R BB
LR AR 04V B0 B 2 22 5, T RGOSR A T 25 S, SR
[ — R B 12 A RT3 790 T R B Ak 27 B AR TR, T R
HORA 22537 QR A AR BUL (R 4), 25 d WA 50 d
Wl 2 Ak . PSR . ZEAKIRIUS, S AITE 226 F1 271,
346. 221 nm BT H BUAR R i, A 226 nm IR I
ST IR R W 0L 4B 4 i 2 it IR
N5, 271 nm bW o2 fy i AR G 5 R Y, B
e PERE RS2, 341 nm BRI H R A WS 0, 2 ph T i o
B J (o3 A Ak L 45 B Y5 223 nm Ab A IR 04 5
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R P 1 S R A 2 A - 1T DLW RO 3 B MR M
JOE 3, UL ATRE R RN AR AL R, o, R
A3 BIEEEBUE (R 4), 25 d WA 50 d B LR TR . NER ., 28
KRB, 43 BI7E 310, 330, 274 nm B3 HH BUAR [R5 i

I B WA I TR — B E RS R,

W, o 310 nm 2 @, SRR 25 - BRAT,
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TR DI 25 5 R W AN [

R TEIST 1] 45 i 12 2 R PR 5 AN T
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Fig.3 UV-vis absorption spectrum of cheese extracts with different solvents
<4 INERREUREIN-AT MR 5t E R
Table 4 UV-vis absorption spectrum analysis results of cheese extracts
U FE b PRHUE W i A/nm % S AH/Abs
Ak 224, 274 0.312, 0.061
LR TR 263 0.143
25d
PR 341 0.002
FEIRIK 223 4.000
(1) g
PaRliiliis 226, 271 0.362, 0.150
R M / /
50d A
A Tl 346 0.003
ZEIRK 221 4.000
Ak 223 0.450
LR TR 310 0.014
25d
PR 330 0.003
FEIRIK 274 1.817
(247 A H
PaRliilis 223, 273 0.335. 0.067
R M 316 0.027
50d A
A Tl 343 0.001
ZEIRK 273 3.18
W% A

T /23R SEHh- 0T UL 1 P v TG i g |
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BEAk, 25 d WhEE A 50 d WAL S FAREUE: LR L R TR
BOR . 4B IGE A ith B 32 OB P A5 30 AS [R] A AR AE I A0,
HLA5 W e 2 ) o A7 /e B SR 25 5. WNFE M AR iR &
BRI P, 25 d WhmsEE 50 d WAERTE 263 nm HEL— Kb 4HAE
W, HEMSE T o, B-AIEHIR | BEEEEE n-n* BT 5 i,
T 7E S AR B A B U, 50 d W9k 4e 25 d WhREAE
273 nm A — AL 3(2)]. 273 nm WG IR 1R
i A R AR AL A A O, ARV R b A S A2
Y, B A T 2
242 KB R;45 EAAE B et 3R AN R R 69 %0k

¥ 2 RO R R RS 72 4000~600 cm ™' S FEI4IH,
A5 BXE R I LEAN AT WO EIE R, WS 25 d 150 d W 1)
LIAMETE, LI 2 B T 1 S ARG BEARL(EL 4),
BEAb, 7ERE e B I B 22 5 (3R 5).

100
75 + 50d
S
¥ sol
ﬁ 25d
25 +

3600 3100 2600 2100 1600 1100 600
BH/em?

[l 4 AN[R] K TR 0] 495 B B A L A8 S 2 A0 1]
Fig.4 Fourier transform infrared spectroscopy charts of cheese at
different fermentation times

AR K& B W 7E 3421, 2852, 1743, 1654,
1458, 1166, 721 F1 669 cm ' BHiT B /R ML A ERAE G .
H1 3421 em ™ ARG N-H I O-H i fksh a0
SRy, 2852, 1743, 1458, 1166 cm ' 435I M AENT F CH,
M FRIP AR R 3h . C=OP M Zrdksh . -CH, ZhiRs) . C-O
4R 5 | L A RAAE RIS T NH, FIBERETHE C=0 fif
AEPRFNCO W V A N-H A5 h 4R 3543 BITE 1654
669 cm ' J BLER ST RFAE RS04 721 em ! RO A PR K
S BERE CH, AR IEIR his A, X S8 A B0 FADS
X g S g 45 R — 3

WAL AN ] A AR S LT ARG A, B 2 MR
ATELLT 4 AN B RIS e 22 52, A e 1560 cm ™!
4b N-H Z5h 4R 2h, 2279 em ' Ab XM HUESE C=C ik
Bl1; 2923 em " 1N C-H B E R FRIP4EIR SN, L& 2358 em™!
bl N-H 4EiRsh .

Ho, 2923, 2279 em ! AT, ANEFAE, TCSC
PrR¥EM . 1 1560 cm™ W H 25 d Wh K AP 2R 15 A K
i (-CO-NH-) 1 W W5 5 | 76 1y i W i 0, 8 11 5 79 K ) 1
fPiERE, N-H 2 #iiRsh 5 C-N MdRsh & L ME e, B
BT B TUHS IR AL, 33K 5 SR I 5 ) 6 1 5 R A 0 L1401
BEAR, 2358 em ! S 50 d 4 L —41 SR 9 i I, I
FERE, MermitE g, b SRIE SRy, mEkE, o
M IR B o BRI T N-H S35 A 1 7 S
[X 2358 cm™ H BT AL B S | A AR AE I
W #B 5 B P I A s A BT AR DR Y, b R S i g
S5 —3, X RIS B AN & B R 2R 1 T 25
ANl P 2 5

x5 TERBERFEENEEMTRIIIERS

Table 5 Fourier transform infrared spectroscopy information of cheese at different fermentation times

W2 om ™! K2 33 Y36 /%

R /em ™! 25d 50d AT BE 1Y AH S HL A
WG s e BEIR W i e IR
669 41.912 669 64.350
721 41.054 719 70.342 N-H. =C-H. -CH,. C-N, C-O,
1500~400
1166 25.967 1172 59.165 C-0-C. C-C. -CH;, O-H
1458 24.269 1458 55.830
1560 24334
1652 54.046
2000~1500 1654 21.901 N-H, N=0, C=C, C=0
1745 46.081
1743 14.105
2500~2000 2279 25.831 2358 35.670 C=C. N-H, P-H
2852 10.784
2852 41.012
4000~2500 2923 7.249 -CH,. N-H. O-H
3421 43.322

3421 13.994
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Wi & BRI A LE K, 50 d 5 25 d IR AY SR & B 5
M 2238 0 (P<0.01), T A&BER 50 d i, K4, Emﬁ% g
W5 AT A AR & 18.37%.35.04%.38.91% . 1.35%,
T AR (P<0.01) . Horb BLR & B R N 5 R L AR
W R ARG o, A LS B A TR . B
TR S — R AN LR N A K, BEAk, 50 d U5 SR AR |

IRIY G AT S — A, (BAE AR ZVERIZ N . i 5%
G- AT L WK I R A T 0 R B, AN T A T 1] 4

W M AR MG IR CTRERIBGRAE 263 nm Ab WSS 15 22
5, 5 oa, B-AETIRR . BE . RIS BOA R, T2l He B
EATIBERIBGRAE 273 nm AEWIOEAFE 225, 15 A ™
A KR R AR AL S A G BeAh, (i B AR 2T
ST AN R A TSI I 1) A A IR A R 8 1560, 2279
2358, 2923 cm™ fE1EZE S, HhTE 2358, 2923 e b
ARG R M E A, BE— 28 R UIAN R K I 5 5% 1)
B REE A AE 22 5% , BEWIANTR) R B S WK R i 2 AT
TE S 2250, T LI DX WA AN 7] A IS r) s
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