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nose) FEAGE . THZS - [ AH A BL-UAH £33 - TS v
(HS-SPME-GC-MS) 1 £ &5 43Hr (PCA) 4l A1
FH AT AT 2 B aet o v 0 PR3 P 0 IR A R0
AWM F HS-SPME-GC-MS %5 & Hi, T &4
WrERIE 2R (Saccharomyces cerevisiae) 7z I % il i1
BT NI =g N S 3 25 N 2
TRAK AN T B R FH R T — 2 I B k4R

1 MESTHE

1.1 #R5IR5

B T RS (T T S [ B K ),
SEEA R (1.520.2) kg, k. ZANME. EH,
WK Wk T B A IR ) 3 cmx2 cm %2 cm
(KxTExJZ) iyt LELEERE | &R K A RD
T AR D BRI AR TR T .

12 UFE5EE

fE R 1E 9 B 7R 46 (LHS-250SCN), | i B 3%
1028 i 1 A BR 2\ M AR KT R4S (DHG-
9053A), il —fERFAERA AR HAh¥h
S AN o [ ARG AR B (SPME) F-3h A
FHi, 65um PDMS/DVB (3 — W Sk 4 b/ — 24
FHIR) F Wk, 3 E Supelco 24 A ; FOX-4000 S,
ERIESUIATAY (BT 5, E-nose), ¥ [E AlphaM.O.S
Z3H]; 6890 GC-5975 MS BRI, &l Agilent 23 F],

1.3 HREHE

5% BRI 3% AP &) TR R T i b
FNE, 7E4°C FHEHI 2 ho B O d AYRE S AR My X} IR
4, i H o, RGN RIARIEK 0.5% 1)
fEhE, 0h Y 45 R AREER:, idh 241,
WP A & BEWET, JFE T 28 °C. FHXE
(RH) 85% M5 46, WURERT ] 4350028 3 F1 5 d,
SYRRC A Z3. Z5. Y3. Y5,

14 SKEFE

W F & oM B% Yang 25U 07 1R
EE e, HEBRFRIL 2.5 g UIRRIF A, A 5 mL
0.18% NaCl ¥, 21K G E T A shib A (R
K. 10mL), HLF5 &M AN TGS 2
R, WA 150 mL/ming FESLRE 4 °C, T VERT
] 120 s, PAEERTE] 600 s, THas =S8, o4
B[] R 600 s, =AW [E] 2 600 s, i 2 4 500
r/min, TZSPEGISE WAL 2 500 uL; TEGHER
2500 pL/s, BREAFESHEEME 8 K,
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M BAMER I HS-SPME-GC-MS
0 e T PR R A R Ao Tl 5 g VIR Y
A A 10 mL 0.18% NaCl 5, S IEE T
T2z PEREIR A A% . 20 mL). A5 76 K I IR
450 °C 25 40 min, R JE 42 B A GC
FELT, 250 °C f##T 5 min,

GC-MS » #1 GC-MS il 2 : HP-5MS it
YEBMEFE (30 mx0.25 mm, 0.25 pm); ANZrHEE
R, THRFRF S Zang 2507 ({07 8:, IR
o FERIHERIREE M 40 °C, P 2 min, L) 4 °C/min
AR THE 2 160 °C, #RJ5 LA 10 °C/min Y3 T}
JRZE 250 °C, %45 5 min, FUiEAME. B TERE
4 230°C, DURRATHREE N 150 °C, HFHER 70 eV,
GC-MS %4 f# F Xcalibur #4443 B7 . 38 38 75 1]
NIST F Wily BT 808l FE i A e v, o 1 IR UEDE
R 43 0 TS, AR B SR, 4 IE
DETC B2 34K T 800 B (Fe KA 1 000) AT LLEAIA .
A FH AR — Al R i AN RV RE i 25 HE R MRS
WIRFRRT A A3 F i AR R PSP STk
H A8 FLAH XS RIE PE{E (relative odor activity value,
ROAV) iR,

CR; o Tstan

stan Ti
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K, CR; il CRyy,, 43 il 46 B I HE 2 11 B 53 F1 T
i B A XU BT R S5 K114 18 P ARG B EE (%)
Tt o Ty R Ty 209U 38 SCHR o 238 00 B R 42 2 1
A0 G B 7K AFRIRT R A XU B R 5 K 114 1 1 <
BRI, fb A0 ROAV R, X 48 1A KUK 1) B
BREEAE K . — A ROAV =1 (4 5T 2 R 5 1
FEEREAY; K10, ROAV N 0.1~1 By I
A% VA A5 0 2 S MDA ot 11 4 AR XU

15 HIESH

{ifi ] Origin 8.5 i {F BE A7 % e b AN AR 14T
FIH] SPSS 20 B A FEATHARGE T 0 b o E AT
#1 (principal component analysis, PCA) Hi Alphasoft
V11 A Gt A #4704

2 4

21 HBHFELZERSH

FOX4000 H{1 51 18 MMERRes N 1 R,
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Tab.1 Electronic nose sensors and corresponding

representative sensitive compounds

i BB G
sensors sensitive compounds
LY2/LG AEM, mitet, S, W
oxynitride, sulfde, chloride, fluorine
LY2/G WENAY, K, &
carbon oxide, amines, ammonia
LY2A A w, CFF, W
ammonia, ethanol, acetone
LY2/GH Jiz, &
amines, ammonia
LY2/gC TL LA
hydrogen sulfde
LY2/gCT ke, ThE
propane, butane
T30/1 A
chloride
P10/1 wEtEY, &, A
hydrocarbon, ammonia, chlorine
P10/2 ke, ZhE
methane, ethane
P40/1 )
chlorine, fluorine
T70/2 R, THIOR, —RAumR
toluene, xylene, carbon oxide
PA/2 e, 2, LR
amines, ammonium hydroxide, ethanol
P30/1 wEMEY, &, OB
hydrocarbon, ammonia, ethanol
P40/2 A, & W
hydrogen sulfde, chlorine, fluorine
P30/2 i, MERR R S
ketone, hydrogen sulfde
T40/2 o W
chlorine, fluorine
T40/1 £
fluorine
TA2 N
ethanol

—}
—— Y3
—A— Y5
LY2ZAA 73

LY2/gCTL

LY2/gCT

P40/1
E1 AELEREEAFELESKEILE
Fig. 1 Radar chart of volatile odor of H. nobilis after

different treatments
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BMRE. 0. ZMY AFMTE TA/2, T40/1. T40/2,
P30/2. P40/2. P30/1. PA/2. T70/2. P40/1,
P10/2. P10/1 F1 T30/1554% % v {555 il g (AT
B @AY 225, PEIHIX 12 AL R AG I H i 4% 2
b G MA K, e A E B T G S
Wi 7 (B LB, 156 B LA A5 B g A ) 1) £k
EYA R

FWA R EZ G, Bk —
20 T REAT A O B AR il o 1SS AR M i T VR R N
— LA SRR, K20, ZFY HRHE
T B FER T E . SR T A Z A
(PC1 F1 PC2), X FNHFAE ] i 1) REUy 22 DR
R, R 2 haE Bz, Hih PCl 5T
HRE N 96.983%, PC2 MY TTHAHE N 2.801%, AL5T
Bk H 99.784%., Z LHFN Y ZH BUHE &5 43 A AH 25 5
TE, A BRI R F b R 1) f RSO A BRI
ZR.ZMY A, 0F3drEE ST,
TSR Z IR K 1 3 F 5 d BB B A
L, RPASWRZESAHE, B, Z 4P HEdE
SRS 4B, Y R B S A TR =
SRR, YA Z A Y AARA RN 2ES . ElRS
IR R B A R L R 25 SRR, IR R
] LR R A X 48, R XA

2.2 GC-MS &

A [a) Ak H2F S £ D) P B R 1 o AL A
BEFRZE (R 2). BE2E. Be2E (R 3). Jede e Hifbit
w4, Hh Z AP ERY AR S L

F =86
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Fig. 2 PCA analysis chart of H. nobilis after
different treatments
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Tab. 2 Relative content of aldehydes and ketones in different groups %
K 215 groups
names 0 Z3 VA Y3 Y5

Tl  hexanal 24.95+0.05° 20.66+0.07° 13.38+0.11° 3.77+0.03" 2.21£0.05"
Ef#% nonanal 5.78+0.09° 5.01+0.05¢ 3.75+0.04° 4.49+0.08° 1.65+0.04"
Pil%  enanthal 0.64+0.01° 0.16=0.03" — — —
%% decanal 1.67+0.02° — 9.87+0.18" 2.06+0.03° 0.90+0.02"
+INBe)ERE  hexadecenal — 14.24+0.05 — — —
T PUkEmE  tetradecanal — 1.52+0.02" 8.5420.05° — —
Jhi-4-28 /% cis-4-decanal — — 3.45+0.05° 3.63+0.03" —
R phenylacetaldehyde — — — — 2.94+0.06
2-+—4Eld  2-undecanone 2.64+0.04° 2.54+0.04° 2.3740.02" — —
2,3-%—ffil 2,3-octanedione 2.76+0.06" — — — 0.68+0.02°
3-3f 3-octanone — 4.130.02 — — —
2-Lfil  2-nonanone — 1.70+0.02° 2.23+0.02° — —
2-BEf  2-heptanone — — 2.53+0.07 — —
B4 muskone — — — — 0.80+0.02
it total 38.44 49.96 46.12 13.95 9.18

W FATAFE EAR T BEROR 2 F B2 (P<0.05); “— R Rk H, TH

Notes: different superscript letters in the same line indicate significant differences (P<0.05); “— means not detected, the same below

B YHTERRY AN SRS Y3
FYS HMHE RS YA A 28 F130 Fl, [k Z3
M zs ds 2 6 Fh, Ui R R BT LIE R
£ Rk

23 SWREMYIERS

BAE RIS Y ROAV B 245 445 &
A3 0 B E S AP AR S RO . K
T £1 i RS R i ROAV W36 5. 1-9 M5 -3-1%
TEA A A SRR, BE R, I
ROAV,,,=100, Z3 4t ROAV>1 ) RS BRY) i
A5, Y34 ROAV>1 W i A 8 Ff, B
IS nEERE v DU S S R R XBR . Z 41R Y 4
0.1<ROAV< ¥l AT 3-2C0 . 2-BEf . &
i . D-AFigds . 25, THRATR . CER L ER AN 2-
SEMEE, BTN R )RR A — R R .

3 v

AR E Rl R B A, BN B
JRUR BT R S A AR 1 -3
etk g HATBE AR . 75 SR AN LR i) £ R R
Yoot WEBEBOUR IS A BT R R, X S5 95A
SRR AR, I HE PO R W AR
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A 22 SRR 17 TR 1 8L AR s RIRE RN R
BAH RN 1-CBES BTE Y3 M YS Ao hl T
FET 6.41% F1 6.93%, 156 BH 2 BF (1 9% in vl L i 3
fffa P KR . DLk, ELBERED 2-BEEE A AR
PR, TTRASRAE AR . BERIA N 2 kI A XU
RS, FOVRERER A M E R BRIR
VER AR R, JF HEAMREES ., O, T
FIBE WAL S T ) BRI, 3 26 B R TR
H AR RN AR 107 R 0 S Ak, R T Y Y 7
Z g PUGE RN Ry B il R

P B B R R W R rh b A BRI I
REFBERY S8 HRE, BREE R Y
Jo B (R BE AT AR A LR 28 5 B 2R I TR 1
YERT, XPhERAGAE 28 R it A v 7 Ak
(A T AL il 5 | 2P, e B TR ™ A 1) TR LA K R A
S, MR EERR A IR A BB DT AR, Y 4
TER BER R P AR RIS 12 F, FE 1,28
Tl FIROER. CROEE . BROTE .
TIULERR OWR . 9- T ANIRIGTR LR . TSR T
TRROHE . T MRLHE. 5,8,11,14- 11k VU A R
ST, R ERA R EESE, Hh, OO
B Oliveira P Ay A R e . 8 M AL R 7y
o ZHMY A ¥4 Y Bk i, Olesen
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Tab. 3 Relative content of alcohols and esters in different groups %
I SR 413 groups
types names 0 73 z5 Y3 Y5
fi#2%  alcohols 1-Cif¥  1-hexanol 8.67+0.06° — 3.0740.02° 2.26+0.07° 1.74+0.03"
1-3E4#-3-8  1-octene-3-ol 21.11£0.06° 20.13£0.11¢ 17.50+£0.10° 5.07£0.04"  3.02:0.06*
2-£FEC\FE  hexanol,2-ethyl 3.65+0.05 — — — —
2-F%E-1-+/5EF  1-hexadecanol, 2-methyl- 2.73+0.06° 1.80+0.03° 1.02+0.06" — —
2,3-TZF butane-2,3-diol — 1.12+0.02" — — 1.23+0.03°
2-FfiE  2-heptanol — 2.06+0.05°  3.13+0.06 — —
2-fiF  2-octanol — — 1.5440.04 — —
2-FJfWE  2-octenol — — 2.17+0.04°  1.85+0.02* —
2-T-f§ 2-nonanol — — 11.57+0.04 — —
1-TH  1-butanol — — — — 5.80:0.02
KL phenylethanol — — — — 10.22+0.17
1-/%/  1-pentanol — 3.83+0.04° 1.87+0.04° 14.68+0.01°  8.24:+0.09°
1-+-LfF  1-heptadecanol — — 0.73+0.04 — —
Bt total 41.56 28.94 42.15 23.86 30.25
Bg2% esters  1,2-2KHIER T =EMlg  butyl octyl,1,2-phthalate — — 0.79+0.02°  1.25+0.02°  0.80+0.03"
FFERLTE  ethyl caprylate — — — 9.20£0.10" 10.14+0.10°
CUER . ethyl caproate — — — 0.96+0.03"  1.33+0.05
MR LT ethyl decanoate — — — 5.25£0.09"  4.52+0.08°
+VUEER 416 ethyl Myristate — — — 1.45+0.33 —
9-F/NHMEIR TR 9-hexadecenoicacid,ethylester — — — 4.26+0.05"  3.52+0.03"
TN B palmitic acid ethyl ester — — — 2.19+0.03°  5.24+0.21°
TR  ethyl nonanoate — — — — 0.78+0.02
+ MR 4EE  ethyl laurate — — — — 0.32+0.02
VIR LB ethyl oleate — — — — 2.67+0.07
RS methyl formate — — — — 1.79+0.03
5,8,11,14- ik PUJAER .15 ethyl eicosalate (cis-5,8,11,14) — — — — 1.11£0.05
Bt total — — 0.79 24.56 32.22
x4 FRAPRERAMBYROETSE
Tab. 4 Relative content of hydrocarbons and others substances in different groups %
EA s 5 groups
names 0 Z3 z5 Y3 Y5
Z4J5t  decane 2.38+0.07 — — — —
+-tJt n-Heptadecane 2.25+0.02° 1.47+0.02° 1.81+0.04° 2.84+0.02° 3.54+0.02°
+H %t n-pentadecane — 5.02+0.05° — 1.25+0.04° 0.80+0.02°
IEF#5E  heptane — — 3.23+0.07 — —
+/\%t octadecane — 0.67+0.02 — — —
B ocimene 2.210.05 — — — —
a-f1 71/ o-caryophyllene 7.24+0.03 — — — —
Fifr¥%  caryophyllene — 1.51+0.03" 1.93+0.04° 3.11+0.02¢ —
8-1-LJtks 8-heptadecene — 3.12+0.03° — 1.15+0.04° —
175 1-hexadecene — — 2.28+0.04 — —
D-F7#54  D-limonene — — — 3.90£0.03 —
1-+TihkME  pentadec-1-ene — — — 1.39+0.03° 0.89+0.02°
%% naphthalene 2.25+0.02° — — 1.73£0.04° 2.15+0.02°
Z  phenol 3.34+0.04 — — — —
THEM  eugenol 2.28+0.05° — — 14.08+0.04° —
PIBHER  pyruvic acid — 1.16+0.02* — 3.18+0.02° —
VR oleic acid — — — — 11.60+0.21
1IE+75FEX  N-hexadecanoic acid — — — — 6.44+0.03
THERIEF  2,6-Di-tert-butyl-4-methylphenol — — — 0.960.02 —
ARG oxime-, methoxy-phenyl- 3.4420.03¢ 0.7140.03" 1.89+0.02° 1.28+0.02° —
BRI furan — — — 2.75+0.04° 1.02+0.06°
BT total 25.39 20.72 10.80 37.62 26.44
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x5 TRIEHNZEHEERIEL M SRS RIETSIKEEE (ROAV)
Tab.5 ROAY of volatile odor components of H. nobilis meat in different groups
fetr W1/ (ng/ke) 4L groups

names threshold 0 73 75 Y3 Y5
1-EJ#-3-  1-octene-3-ol 1 100 100 100 100 100
2-Pifi¥  2-heptanol 10.87 — 0.94 1.65 — —
1-C\F¥  1-hexanol 5.6 7.33 — 3.13 7.96 10.29
2-FJ#EE 2-octenol 40 — — 0.31 0.91 —
L% nonanal 1 27.38 24.89 21.43 88.56 54.64
C\%  hexanal 4.5 26.26 22.81 16.99 16.52 16.26
24/ decanal 2 3.96 — 28.20 20.32 14.90
PEl%  enanthal 3 1.01 0.26 — — —
# LB phenylacetaldehyde 4 — — — — 24.34
3-3f 3-octanone 28 — 0.73 — — —
2-Tfi§ 2-nonanone 5 — 1.69 2.55 — —
2-BEfifl  2-heptanone 140 — — — 0.10 —
2-+—%ili 2-undecanone 7 1.79 1.80 1.93 — —
£ caryophyllene 40 — 0.19 0.28 1.53 —
D-¥7# 4% D -limonene 10 — — — 0.38 —
% naphthalene 60 0.18 — — 0.57 1.19
T#M eugenol 6 1.80 — — 46.29 —
FFRZME  ethyl caprylate 19.30 — — — 9.40 17.40
TR LEE  ethyl nonanoate 3000 — — — — <0.1
CR I ethyl caproate 320.40 — — — <0.1 0.14

PR Z S 3 EOR IR T R W IR 1Y) B-4R 2 Y Ek (References):

ORI R B Fe vh S R R . Hovb, 2,33
Wt T~ % M a5 A RS IR 1) MR . A REgY R
C8~C19 b Jomk H HA B i B, X 3 A XUk
WA bR oTEkAE R, & IR TR A AL B R |
R ffol iy, mEde . B MR RRE
ViR VAL G Y L IR 0 45 & I f LA R 1Y
AU

FIFH HS-SPME-GC-MS 254, T 8 5 AR 4 #r
R RIS 0t A SR AR T . F T B R
NRBEFIR R B A2 SR . BERE R
Fofr 12 AT S0 0 PR AR SO, R v AR Y i
e HEA R R 10030 . S AR
SR B/ s 9 H A A i e 24 s n
T12F, Hp oA, BB, MR .
F IR L TR AN R R S T K SR/ A
{7 RFIE B ARWFIE NS K AR AR IR K 128
I R AR T — 2 I BRI AR

(3 7 WA A SUT 52 B s 42 B Al 22 )
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Effects of yeast inoculation and fermentation on the odor of
Hypophthalmichthy nobilis

ZHOU Huimin ', SHI Wenzheng '?, ZHENG Changliang', KE Lina', QU Yinghong *’
(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China;

2. Shanghai Engineering Research Center of Aquatic-product Processing & Preservation,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: Studying the effect of yeast fermentation on the odor of Hypophthalmichthy nobilis can provide a cer-
tain theoretical basis for the processing of the fish. H. nobilis thin thorns and more meat and a strong earthy smell,
which is less popular with consumers. Some of them are processed into frozen fish fillets, fish meal products and
fish balls. The market is mainly for live sales, the utilization rate is not high, and a lot of waste is generated, which
pollutes the environment and wastes resources. In recent years, the improvement of the organoleptic properties of
fish and meat products through fermentation has received considerable attention. Traditional fermented fish is fer-
mented under natural conditions by using microorganisms carried by the environment or by itself. The fermenta-

tion process is difficult to control and it is difficult to ensure that the number and types of microorganisms are the
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same, and the quality of fermented products varies greatly; furthermore, the product fermentation cycle is longer,
resulting in fish meat the excessive oxidation of fatty acids reduces the nutritional quality of processed products. In
addition, traditional fermented fish methods are diverse, processing environments vary greatly, product quality is
unstable, and fermented flavors vary greatly. Raw materials, microbial activities, environment and other factors
will affect the quality of fermented fish. The core technology is the breeding of microbial starters. Microbes play
an important role in the physical, chemical, nutritional and sensory properties of fermented products. Therefore,
research and development of related microbial starters to improve the quality of fermented fish products has prac-
tical significance. Appropriate processes are sought to improve the flavor quality characteristics of the products. At
present, lactic acid bacteria are the most used in fish fermentation, because they produce acid during the fermenta-
tion process to reduce the pH value to inhibit the growth of other spoilage bacteria, and through acid-induced pro-
tein denaturation to enhance texture characteristics and improve taste. However, yeast, as another typical food
industry probiotic, can produce more pleasant fruit aromas, but it has not been used in industrial fish products. This
research uses silver carp as the research object, Saccharomyces cerevisiae as the fermenting agent, and combines
headspace-solid phase microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS) with
electronic nose (E-nose) to study the odor changes during 3 and 5 days of fermentation. Results showed that
after yeast fermentation, there were 12 kinds of esters, including nonanal, decanal, ethyl caproate, ethyl
caproate, ethyl oleate and methyl formate, which gave the fish a ‘fruity aroma’ and ‘almond aroma’, so that
the flavor substances were more abundant. After fermentation, the content of 1-octen-3-ol decreased by
16.04% and 18.09% after 3 and 5 days, which greatly improved the odor of H. nobilis. The E-nose and prin-
cipal component analyses found that the different groups could be discriminated easily, indicating that the smell of
the fish after the S. cerevisiae fermentation has changed greatly. The analysis of odor substance activity showed
that there were 8 main odor substances after 3 days of fermentation, which was 3 more than that the group without
adding S. cerevisiae, indicating that add S. cerevisiae can increase the main odor substances of silver carp. Ketones
and hydrocarbons in different treatment groups also contributed to flavor, such as 3-octanone, 2-heptanone, caryo-

phyllene, D-limonene, naphthalene, ethyl nonanoate, ethyl caproate, 2-octenol, etc.

Key words: Hypophthalmichthy nobilis; fermentation; Saccharomyces cerevisiae; flavor
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