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Abstract: Descriptive sensory analysis was applied to investigate variations in the aromatic attributes of Rushan cheese at five different
stages of storage (1, 15, 30, 45, and 60 d). Five aromatic attributes were selected to assess the cheese. The results of the sensory analysis
indicated that sour, fruity, alcoholic, and rancid attributes showed highly significant differences (p<<0.001), while creamy attribute showed a less
significant difference (p<<0.05), at the difference stages of storage. The volatile composition of the cheese was studied using solid-phase micro
extraction and gas chromatography/mass spectrometry. A total of 54 volatile compounds were isolated from the cheese at different stages of
storage. On the first day, 17 types of compounds were detected, and the content was 16.8 mg/kg. After storing for 60 d, 45 types of compounds
were detected, and the content was found to be increased to 219.5 mg/kg. Partial least squares regression (PLSR) modeling was performed to
determine the correlations among the storage time, sensory attributes, and the volatile compounds of Rushan cheese. The results of the PLSR
revealed that there were positive correlations between certain volatile compounds and certain sensory attributes, such as ketones and creamys;
alcohols and alcoholic; and acids and esters with sour and rancid, respectively. Based on these results, the shelf life of Rushan cheese was
estimated. This study provided a basis for improving the quality evaluation and control of Rushan cheese.

Key words: Rushan cheese; partial least squares regression; solid-phase micro extraction and gas chromatography/mass spectrometry;

flavor

FUR A& 2 P KER RN — FME ST 7 S AE A, IR AR, B4 TR . FURII T A2,
‘B AR JEUR), SR FH IR L 2N LI sl ANz G BUEEGE SEERRC AT, KU

YR B 2015-12-22 o FLMHERE i T e FZ WO IRRRE,  Hod RUk
£EWE: SIHEBRNBSREE TIRAIRE JEYERAE T EEMIER, v E R BT 2 1)
fEBMH: B (1983-), &, i+, THF, M5osm: SRRKKS TSR A AR 5 BT KAl B K AN FL
BRI KBS (1965-), B, i, HL308, Mosm: AR BN, T I L H 2 A ]
¥ S DRI, BT FLRR I AR AR, AN AT DL

314



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.12

AN PR R 5T, 38 TT DB N P i in s B
B E AT e 7 i AT e A

PR B WA T 1) XU KR i o P 47
HERME, CEERAYINIA, PR E
SENEAERAC . EAMXE 2 2 4 1T SRR E AL
PR PR A RUR M T I RS A A8 T KRR
ORFE TR, 0t 0 o o 2 R T XU
JRICIWETCRIART D ) 5% T 7L A A T XU
P50 SR VAR AT 0 S 2 A AR o T AH A
(SPME) 2T KA AR A — Mo A HUECR,
ABOS R, R AR R HIA R, EBOLRE
R AR R, BEL 232 F T USRI T 4
PO, AR B (GC/MS) BARREXHEE i
IR FRIRAN & AT 708, PRI EANRE BT HY
IRLEAL SV L R TTR, - TR T PPAN REX
B B SR AEBEAT LUEL,  XPIE AT SR E T A A
F RN W0 7 B 1 sk,

AT TR P TS [ AR A ORI OB %, b
AN RIS SUI7L e (R R R SR AL (RIS 25
TR S FLR EAT 1 IR I T PR,
M7 S E AT BEAh, R e/ —3fe [l U5 (PLSR)
TR LR JE A SR AR Z (AR 2, A
AP A BRI 28 MFLB ™, St Tt —22
ippiibive

1 MRERE
L1 AR5 O

T A AT A1) Agilent 7890-240 35 FRHFS
BB AC, EEZERAF BME CEN
(DB-WAX; 30 mx0.25 mm, 0.25 um); Combi PAL GC
ZY)e H B EaR, Hit CTC AT E R ARl 75
pm carboxen/Z& — HIEEfESA i (CAR/PDMS) [EAH
Rk, EEEERAR; HARNE SRS,

1.2 37k

12,1 HFmay4 &

FUB IS TS EMAT SN T2, HI&m
BB B TIRE AN 1624 °C, MXHEEN
40~60% M IREE %A R, /33T 1d. 15d. 30d. 45d
F160 d [ FL AN B AT HURE 73BT o
122 RERNH

EFEAEAERTIE RN 16 A (10 26 5) fE
HNIEEVENA, BT e BRI EE AT BRI,
FEPERIRARIE, AR T 5 MARTE SRR TR

SEREME, R TRk, BRUR. KRR, JERAD
P FEE A o SR FH - AU B V) L 3 PR B 4R b A T 4304
PHERION 0=ATFEAE . 9=TF% B, X mkiA
K CA S ARHEND B S E NS 2% Wk (A IR 953D
ik CEFRRBS KRR (FRRMRERE . 3 3 FISE SR
EPD R (30% LFEETAIKD KRR (10%
T IR T4k PO ERIERETR, B20 g UIRE
(LB FE S E TV R R I, SR 3 ARl
SRttt 77 N R IR AT R VAR

123 FELMHRRY R E

FREL 2 g IR L AR & B T 20 mL (TSR,
T 20 pL (19 1,2- &R GRZE N 100 mg/L 5T HED
VENWAR, BERESTIEE N 50 C, KA 75 pm
CAR/PDMS ZEHCELAH AT HEAEIL 30 mine ZHGE K,
J5, EAREBCELAE AR A 240 “C SR I A AR
1, W 5 mine LS 25 FHRAEF: 35 "CLR%F 5 min,
PL4 C/min FBERFHEE 120 C, LA 8 ‘C/min i
RIHRZE 230 C, 545 5 min, 2R EN 1 mL/min,
AFTIERE . Bk BT REEDE T BT
RemAN 70 eV; fRELEE 240 C, B FIHEE
180 C, PHE A 100 C, A0 (Scan) &
FAHVERTE 35~300 u.

YERMALEYiEE 5 NIST 08 MIWILEY 275 i J#
HHARAEA) TR RIS B LA 2R, RIS I 5 SRk b o
i) Kovats fREATERL (KI ) HHELER, SRiEiEk
PERBRYIR ISy, AP KL AT, 25
TAEMFEIR) GCMS 244 PR ERkEE (C8-C40)
KFAT . RAEERSIT A, THE A DIE
RS 1,2- = ER T AR R LU AR
124 FAE2H

K SPSS 17.0 FRAFXSHAE AT B H R 22 04T
(ANOVA), 4 p<0.05 N E/REEZER, 2 p<0.001
NN TS |- B N A IS B T S|
Unscrambler 9.7 #AF504,  FrAHds b3 AT 5647 b
HEAL(1/spyM,

2 HR51He

21 KRBT

KR R E TR PP TR SRR S 1
AN E VR WL 1, BRI ER T A
REIR, TR, ACRIR. URFIR R RAEA 5 RT3
IS W TR A7 AE AR 0 25 22 57 (p<0.001), - Wil R I 22 57t i
FH(p<0.05). HUEEDHEERATUE I, GhlReE 1d
£ 15d Z[aiZHig s, Bk 15 d NEEPE s, B

315



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.12

JESOZHTEAG, AKRIRIUZE 1 d % 30 d 2 [7] 2155
s, Pk 30 d WIRE R R, B SRR, HR
JEME (BRWR. TMRERIE ) AR PP 23 U B )
FHERS TN . HR4E Pinho &5 AN KUK HIHFFE 45
SRR, R I RS B A TR S K T,
RRRRIEER, ASCHIRE T4 R B 230 5 L
FAR S PRI ()AL H) 45 d I, BRI
JEEWR CL R 7L Hh R SR Bk s T iR S R
WRAITE 0 I CLREAR, X TR N 7L P 5 7T 7

T TR, RAEEREVFRIZE R, T CAHEHED i OR
FRFL B S B I JPE 30 d DAY, B WSHIR R
W, AT LAEBEEE 15 d BIFLAS, TR 7K SR B
GFRE B, AT 30 d AL o X
ANETEE B R HEAT I 20 A, 7T LA A A ]
X FL R B B2 R

Yyihngk*
9

i ok s
E 1 A MR EAFL B EITE XRE

Fig.1 Graph showing average sensory scores for Rushan cheese

at five stages of storage
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Table 1 Volatile compounds in Rushan cheese at different stages of storage identified by SPME-GC/MS
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BELER
S1 766 791 ZERABR 0.40£0.06°  0.36£0.04 0332004  026£0.06  0.08+0.02
S2 1065 1071 = B 0.08+0.01 ND! ND ND ND
VATiIT R 0.48 0.36 0.33 0.26 0.08
eSS
K1 969 970 2,3-T —HA 139+023  2623+120 4.85:0.79  1.94£0.51  0.42+0.09
K2 1075 1092 2- TR ND 0.82+0.04  0.15+0.03 ND ND
K3 1175 1180 2-JR ) 0.68+0.07 2227+1.26 10.88+1.44 326+0.61  0.21+0.06
K4 1215 1213 5- )& H-2-157) ND 0.77£0.07  0.20+0.06 ND ND
K5 1277 1283 2-F 1) ND 0.28£0.05  0.23+0.04 ND ND
K6 1380 1386 2- 8 ND 246037  3.00£0.61 251069  0.10+0.02
K7 1427 1494 8-FH-2-7) ND 047+0.08  1.50+0.65 ND ND
BRIk 2= 2.07 53.30 20.81 7.71 0.73
RS
AH1 934 930 LB 138+0.18 4294042 6524062  8.68t1.12  8.70+0.95
AH2 1049 1002 1- A B 0.92+0.16 ND ND ND ND
AH3 1128 1118 2-/5%.B% 0.33£0.05  1.18+038  1.70£046  231+0.62  2.43+0.46
AH4 1324 1332 2-F % ND 1574033 3.45£0.58  0.89+0.17  0.35+0.08
AH5 1876 1872 K FEE ND 0.20+0.04 = 022+0.04 023005  0.16£0.04
BESE 2.63 7.33 11.89 12.11 11.64
7 ES
ACl 1428 1435 o 531£041  0.68+0.09  1.12£038  4.02+0.76  827+0.93
AC2 1522 1531 F 0.89+0.06  0.14+0.03  0.04£0.01  0.30+0.07  0.97+0.14
AC3 1612 1630 T 1.65£0.16  6.85£0.53 9284090  16.53£1.22 22.09+2.48
AC4 1724 1730 PRER ND ND 0.18£0.06  0.30+0.05  0.49+0.07
AC5 1756 - T Mk ND ND 0.20£0.07  0.52+0.08  0.65+0.04
AC6 1831 1855 Hid 0.61+0.13  248+041  5.08+0.55 10.76+1.15 12.60+1.19
ACT 1942 1948 SRR ND ND ND 0.16£0.03  0.24£0.05
AC8 1949 1962 B-2-Thh ND ND ND 0.1740.04  0.29+£0.04
AC9 2048 2075 FE ND 0.38£0.08  1.49+0.50  5.40+0.68  8.89+0.80
AC10 2255 2272 R ND ND 028+0.09  2.01+038  3.530.66
ACI11 2321 2519 9-RHER ND ND ND 0.20+£0.04  0.32+0.08
AC12 2468 2517 F AR ND ND ND 0.19£0.05  0.41£0.08
ACI13 2716 2733 " 2R ND ND ND ND 0.18+0.05
BESE 8.46 10.53 17.67 40.56 58.93
RS
El 812 829 L 9 By 1924037 2774037  127+027  0.88+0.11 ND
E2 885 882 L8 LB 0.86£0.12  8.79+0.60  30.74+1.42 20.16£1.85 14.00+1.53
E3 954 951 FER LB ND 1.59+0.36  1.89+046 1974039  1.50+0.39
E4 1037 1028 TR LB 0.1940.03  32.84+1.39  52.1242.56 36.42+2.20 29.41+1.43
E5 1116 1116 T 8 A Bs ND ND ND 0.38£0.07  0.78+0.11
E6 1127 1133 JRER LB ND ND 0.70£0.06  0.52+0.09  0.50+0.10
E7 1158 1164 T L LB ND 0.40£0.05  5.01+0.63  3.66£0.69  3.22+0.49
E8 1213 1267 T 8RR BE ND ND 045+0.07 0474007  0.42+0.07
BTR
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E9 1183 1187 LB s
El10 1230 1232 LB LBs
Ell 1313 1316 B A S
El12 1322 1337 BB LB
El3 1361 TR A B
El4 1386 1392 F B P b5
El5 1399 1455 TEL T S
El6 1426 1429 FE% LB
E17 1508 1523 ¥R 7 B
El8 1526 1527 T8 LBs
E19 1579 TR R BE
E20 1589 1591 FBL B
E21 1591 1610 FET Bs
E22 1637 1636 BB LB
E23 1686 F-4-R MR B
E24 1718 1722 RB A B
E25 1736 1775 +—8% LBg
E26 1796 1795 P ALBR F B
E27 1840 1842 FIARBR TBg
BER&F

ethd=s

0.05+0.01 ND ND ND ND
ND 7.06+0.52  44.17£1.77 32.05£1.73 28.21£2.21
ND ND 0.17+0.05 1.33+0.37 3.67+0.66
ND ND ND 1.01+0.13 0.81£0.12
ND ND ND 0.09+0.01 0.41+0.07

0.12+0.02 0.81£0.12 0.35+0.10 ND ND
ND 0.11+0.03 2.16+0.33 3.18+0.69  3.10+0.47
ND 0.51+0.06  15.64+0.86 26.96+1.39  22.04+2.16
ND ND ND 0.36+0.06 1.60+0.43
ND ND ND 0.48+0.06  0.55+0.07
ND ND ND 0.35+0.06  0.33+0.07

0.03+0.01 0.35+0.07 0.66+0.10 0.23+0.05 0.07+0.02
ND ND ND 0.88+0.10 1.05+0.17
ND 0.20+0.05 2.09+0.53  19.39£1.49 24.20+1.29
ND ND 0.20+0.08 2.024+0.40 3.07+0.67
ND ND ND 0.20+0.04  0.88+0.15
ND ND ND 0.13+0.04  0.18+0.06
ND ND 0.08+0.02 0.36+0.07  0.49+0.09
ND ND 0.39+0.07 3.62+0.62 7.62+0.85
3.17 55.43 158.09 157.10 148.11
16.8 127.0 208.8 217.7 219.5

72: *http://www.flavornet.org/flavornethtml; ° http://www.odour.orguk; © /&44F#42h mgke; IND R7REMEF .

23 R/ ZFRENT kAT RCE R M R

PR A0 5 e 3 e TB] 2 18] By ok A

PC2
o

PCI
2 FLEEtEmEIRER/ N ZIREYT (PLSR) HEXM S HETTE

Fig.2 Partial least squares regression (PLSR) correlation

loadings plot for Rushan cheese
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