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me/ke , FPEE M 2 H A o 3.13 mg/kg, AR 4 K
K 2K 2 (W T BUIR T 1.000) , 25 FH AL R TR &
P& B 2 5 M\ 4.82 mg/100 g F+ 2 30.71 mg/100 g, #7
B A BT E 17.81 mg/100 g, AR EE 415
I E 10.98 mg/100 g, 1T G 2 #4584 A1 PR A 1 1
T B A BRI A R R TR, S EORTN R
ST Y 7 R B TR T Tt R S TN T T 22 Tl 3%
PERAR, AL RE 155 , 5 BOR N B R & = A1X, iF
T 3 2 1 2

VAN T PR AR RS 1 R 1 R A SRR B o B T et
FRMTREAR, AT BE A D PR 2 PR R I 5 R A 2R ml
RE A 7= 7= A O, X 25 RS Li S8BT Ak

A R e R A TR R A AR, S A R 1
P A B> G 2R 5 BN T R MR A, T RER:
PR 88 5 2 5 Y 2 R AT S A TE A A
BE—E H RS G , R BEAE S R B A S
A, B S A DR R R AR Y S AR Ay
T 0 B R i 10 > D6 R 5 4 B T R ARG, T
RESR AT 0 AT 5 2 I I S B Y LB AR

3 R

BT 70 TV A T A o) 5 e U 1 5 )
¥ RN A A EIERS 36 FhaE & T XUR
Yy ot , FL b B R R 2SR 28 A A
12,8,3,6,7 F, BINIDER S, 5 & P XU )
B AT AL IR A Y 24 R & 1 KU )
o, Forp s R AT R A S T 2,2,
3,5 F, PRERELLEILKE 20 B R E KR Y
Jo, Horp PR R RN L 2 A e > T
3,2,3,2,6 B, AU N B A RE 1 & M Rk
W0 B A v TS I T R, U6 i
i 1) KU 5 B A W #0 7 F BL AT — S RO M K
PE. S5 G OAV X Ih i o SC 5 KUK ) S 0E 17 25 5
R VS I ) A R A E 9 R K KUE B
(OAV>1), 25l ke 6 fr, B2 2 PRI 2K 1
T, o3l O 3-H I T E S lE Tl D-4-25 B
R O 1 -FM-3- . BEREA 6-H JL-5-p¢
K =2~ A A0 B R A RE L 2T 3B TRE
H KBS OAV AEF/NF AR B IN B FRE 5 R
JO A B 7R 0 A o ) R i S S 1 RO 5 R I
i VR I GRS VS A T R R Y
Jiig J05 4% e XA 40 5 5 L AR WA IR f AR 1 D
PR AT R AH R T AR S I B AR &, Az m
il A2 2 g U 7 i AR B A/, A R A R AR
VI R R A D e AN AR Y 2 W
WG, AE S 50 s R R SR Ak 2B A & T KU )
5 F A ek L S T 400 o A U D XU ) I 1 A
U TN R AR T B R R T KR A L
R IR i AT 4 D52 DR T R A A A R R A R 4
TEFARFT B AT R R 2 BR B T S O
SN 5 R A | R S SRR G S o R 1R
TR RN 2 R e M O R A R R e A Tl RN R
AT T 7 22 G 5 0 P A, S B A RE T 0 55, T



237

Ay AR T e B 8 & KR B 7 vm

pa
1%

$23% H5W

°(S0°0>d) Gt A FE Y L o

»80°¢ F 09°SeEY SYEFPSERY 2L6'8 F C0'E9CI 8BS F19%vCC €91 F 8L9TC pe0°e F ¥°STY JOLT F L9°6ET WEEY
FET F 6E°8Y pPE0F LTYT L0V F 00°LLI SE0FCITI )CI'0F79'8 €T FC6'19 KEI0F96'8 Wz Ly
pST0 F98°8 SLITOFSICH €T F069¢ 281°0F LT9 2600 F ¥7'9 €0 F €081 B800FCo'S WNE UK
060+ 996 o770 F 66°L LTT F91°6E 2£C0FL9T OL°0F €977 €0 F69°CI1 #0°0F 1TTC WhE ¥
S€0F0OLTC »8C°0F 2061 T T F167CE »80°0 F9L°01 »S00 *F 8501 p8CO0F LTI 910 8801 WE ¥
0€0F 8601 «STOFISLI JTTFIL°0€ €10 F 6EY LOI0F 1L p61°0 F 10°6 JLO0FC8Y W ¥
«€0'T F66'9¢ JATO0FOLYI 0Y"CF 2099 LSO F 6761 900 *F789 pSE0F LEOT 36C°0 F 79 WE Y th
aL6'T FSI'IL 2§90 F STOY W8LCTFYLOL 2SL0F 66°SC pLV°0 F 16°CE i]CS0F L6'ET 5620 F €6°CC WE Y
SLITOF 019 sV1°0F 66'C 1S°0F LOVI p0C°0 * 689 ;800 F L8'S ©1'0FLL'8 CI'0F 608 T
SSE0F YTl STOF8LLI FIUTF IV 1E BL'0OF619 2CI'0F1E°8 peC’0F LG0T 61°0FCT9 WNE 54
S8V F 17°€9 OI'T FL67C8 oLV'GF Y80S 28E0FCIEY 0TO0F¥9°er oV 1T +26CS 2090 FOLEY WE
S0 F LY 6l &CT0F 1961 ST F 8669 LSO F 81°6 2800 F L9°01 >8€°0 F 8S'LI OL0F 19711 T G
pE I TFILT9 SYTFS8YL (V7 F 68°1C1 FSTFILSY OUTIFLI'SY SYTFLELY 2890 F 8CT'LY wWhE
0€0FLOTT p8COF L6I £TLF SE601 910 F€E¢S 1600 299 980 F ¥6'6¢ 2£60F8ILE W
SV OF LESI F9°0 F LSS 1680 F SS1C 900 F 60°C pIT0F00°C1 2S1°0 F 789 F0°0F667C WE
W0CTO0FIIL 00+ 00°1¢C [T+ 9799 600F01'Y »C0°0F 6£F 070 F L8'8I LOI0F 1LY WE 7
pe80 F9I°0¢ 89°0 F 8¢'8Y £GEFITLO 70 F €8¢l IS8 FCL'L 9L0F 66'7¢ 610+ 1TTI WEY
:90°0 F91°C 29C°0F 8901 «8€ 1 F 11°8¢ pIT0F8CTL LI0FLLS STOF8OTI BLI'0F 88V WEY
WH P LR WH P 8
1 [ WY
4w = 14 9

(3 001/8w) Sursseoord Fuump [oI9YoRW PaINI—AIP UL JUSIUOD PIOR OUIWE 931 Jo SA3URY) 1 9[R],
(BOOLPW HEWESHEER M HBRNTUSH WL v ¥



238 SRS TN S e 2023 445 5 1)
My i s /b R R AR YR XU B I A A aroma compounds in animal-derived foods[J]. Journal
i, 10 BH T s ] 25 e £ 1) XUBR T 1% 5 A W R AR of Chinese Institute of Food Science and Technolo-
FHEA — 2 B AR e gy, 2016, 16(7): 209-215.
[8] AFZAL M I, DELAUNAY S, PARIS C, et al. I-
dentification of metabolic pathways involved in the
s £ X # . .
biosynthesis of flavor compound 3 —methylbutanal
N T T L T T Tme—— from leucine catabolism by Carnobacterium maltaro-
/\‘L‘,..\, Y /;Lv'fl, =L, . \E/ JD1 A,
(1] Egﬁnﬁ]ﬁ%;qlvﬁﬁttﬁﬁﬁj aREE 201 maticum LMA 28[J]. International Journal of Food
= M DU = L . nn R, ,
Ul Microbiology, 2012, 157(3): 332-339.
42(16): 138-144. . . ) .
[9] ANTONIO C, REIS S, CESAR R, et al. Simulta-
HUANG Y R, WANG W, ZHAO W H, et al Lo . .
neous determination of ketoacids and dicarbonyl
Comparative analysis of the contribution of different . . .
compounds, key Maillard intermediates on the gen-
umami substances to the umami taste of dry—cured . . .
eration of aged wine aromalJ]. Journal of Food sci-
Spanish mackerel  (Scomberomorus niphonius) [J].
ence, 2007, 72(5): S314-S318.
Food Science, 2021, 42(16): 138-144.
. . [10] XU Y S, LI L, REGENSTEIN J M, et al. The
(2]  AREI%, ROCLD, dkHk, . T s T A . ,
N contribution of autochthonous microflora on free fatty
AR AL B BEGE[T]. A B, 2021, 46(3): 116- i )
14 acids release and flavor development in low—salt fer-
mented fish[J]. Food Chemistry, 2018, 256: 259-
LIN J J, ZHAO W H, ZHANG L, et al. Study on 267
the process and quality changes of dry—cured mack . e ,
1? N q ydT i | 2021 I [11] TRFH. % Bt B b 2 15 e e B 2L IRUBR O
erel[J]]. Food Science and Technology, , : P . .
- © BLEBFSEID). B ITHIKE, 2017,
WANG W X. Study on protein degradation and fla-
[3] ARMENTEROS M, ARISTOY M C, BARAT J M, . . . .
vor formation mechanism during sour fish fermenta-
et al. Biochemical changes in dry—cured loins salted . R . .
tion[D]. Wuxi: Jiangnan University, 2017.
with partial replacements of NaCl by KCI[J]. Food . )
[12] YANG J, WU S L, MAI R J, et al. Formation of
Chemistry, 2009, 117(4): 627-633. . i . . .
amino acid—derived volatile compounds in dry—cured
[4] WU S L, YANG J, DONG H, et al. Key aroma . ) .
mackerel  (Scomberomorus  niphonius): Metabolic
compounds of Chinese dry—cured Spanish mackerel . . . .
pathways involving microorganisms, precursors, and
(Scomberomorus  niphonius) and  their  potential ) ) )
intermediates [J]. Food Chemistry, 2021, 364 (2):
metabolic mechanisms [J]. Food Chemistry, 2020,
130163.
342(3). 128381.
[13] AGGARWAL K K, KHANUJA S, AHMAD A, et
[5] ZENG X F, XIA W S, JIANG Q X, et al. Contri- L . .
al. Antimicrobial activity profiles of the two enan-
bution of mixed starter cultures to flavor profile of . . .
tiomers of limonene and carvone isolated from the
Suanyu - a traditional Chinese low - salt fermented . .
oils of Mentha spicata and Anethum sowadl]|. Flavour
whole fish[J]. Journal of Food Processing and Preser-
& Fragrance Journal, 2010, 17(1): 59-63.
vation, 2017, 41(5): el3131.
[14] KARAPANDZOVA M, STEFKOVA G, CVETKOVIK]
[6] BENET I, MD G, CARLES I E, et al. Analysis of . . o .
I, et al. Chemical composition and antimicrobial ac-
SPME or SBSE extracted volatile compounds from o ) . ) .
tivity of the essential oils of Pinus peuce (Pinaceae)
cooked cured pork ham differing in intramuscular fat . o .
flesIT. LWT Food Sei d Technol growing wild in R. Macedonia|)J]. Natural Product
rofiles [J]. — Food Science and Technology, Lo
profiles [J] & Communications, 2014, 9(11): 1623-1628.
2015, 60(1): 393-399.
e [15] MAKWANA S, CHOUDHARY R, HADDOCK J, et
(71 R, EHE, WTE, F PR EmRIREA

A B fifk X A S O B PR ). P R R,
2016, 16(7): 209-215.
WU N, WANG X C, TAO N P, et al. Contribution

of lipid oxidation and degradation to the formation of

al. In—vitro antibacterial activity of plant based phe-
nolic compounds for food safety and preservation|[]].
LWT - Food Science and Technology, 2015, 62
(2): 935-939.



236 H5M

T Uy STARAN T e By 55 & Rk 89 7 v

239

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

SUN H W, SUN N, LI H, et al. Development of
multiresidue analysis for 21 synthetic colorants in
meat by microwave —assisted extraction —solid —phase
extraction—reversed —phase ultrahigh performance lig-
uid chromatography|[J]. Food Analytical Methods,
2013, 6(5): 1291-1299.

MONTAGU A, MARIE-LAURE J G, ELISABETH
R, et al. Stress conditions induced by carvacrol and
cinnamaldehyde on Acinetobacter baumanniil]]. Fron-
tiers in Microbiology, 2016, 7. 1133.

ARO J, NYAM-OSOR P, TSUJI K, et al. The ef-
fect of starter cultures on proteolytic changes and
amino acid content in fermented sausages[J]. Food
Chemistry, 2010, 119(1). 279-285.

SHI C, GUO H, WU T, Effect of three
types  of the
lipidomics profile of tilapia fillets by UPLC-Q-Ex-
tractive Orbitrap mass spectrometry[J]. Food Chem-
istry, 2019, 298(15): 125029.

SARNOSKI P J, O KEEFE S F, JAHNCKE M L,
et al. Analysis of crab meat volatiles as possible
blue (Callinectes
sapidus) meat by gas chromatography —mass spec-
trometry[J]. Food Chemistry, 2010, 122(3):. 930-
935.

LORENZO J M, FRANCO D, CARBALLO J. Effect

of the inclusion of chestnut in the finishing diet on

et al.

thermal processing methods on

spoilage  indicators for crab

volatile compounds during the manufacture of dry-
cured “Lacon” from Celta pig breed[J]. Meat Sci-
ence, 2014, 96(1). 211-223.

B ESCIE, AEB, 5. IHGER X AL b
P A PE I B2 R )], & Bk, 2017, 38(18):
60-66.

KANG C C, SHI W Z, DIAO Y D, et al. Effect
of heating temperature on volatile components of sea
bass meat[J]. Food Science, 2017, 38(18): 60-66.
XK. A5t 1 G 4% 2 1k KUK 4 o S 00 e HCHE Rl
PLEIBF5E[D]. Abnt: PERLFABE, 2020.

LIU H. Identification and formation mechanism of
key volatile flavor compounds in Beijing roast duck
[D]. Beijing: Chinese Academy of Agricultural Sci-
ences, 2020.

FAEN, BEA, RYH, % KT IRAE-HS-
SPME/GC-MS 73 #7 4% 75 J5 3%k 4 245 S A I LA 52 i
[J]. BEaE, 2021, 42(14). 209-217.

WANG H J, HUA J J, YU Q Y, et al. Analysis

[25]

[26]

(27]

(28]

[29]

(30]

(31]

[32]

[33]

of the effect of green killing methods on the forma-
tion of chestnut aroma of green tea based on irae—
hs—spme / GC-MS[J]. Food Science, 2021, 42(14):
209-217.

XU Y, BI S, XIONG C H, et al. Identification of
aroma active compounds in walnut oil by monolithic
material adsorption extraction of RSCI8 combined
with gas chromatography—olfactory—mass spectrometry
[J]. Food Chemistry, 2023, 402 134303.

TR, RAE, W, G BEROKE I A A
P v 2 0K i B g oA A R ). A Rl
2019, 40(20): 67-73.

WEL'Y B, WU X, ZHOU H, et al. Law of protein
hydrolysis and lipid oxidation during fermentation
and maturation of salami sausage[J]. Food Science,
2019, 40(20): 67-73.

HUANG Y, LI H, HUANG T, et al. Lipolysis and
lipid oxidation during processing of Chinese tradi-
tional smoke—cured bacon[J]. Food Chemistry, 2014,
149 31-39.

QIU C 'Y, ZHAO M M, SUN W Z, et al. Changes
in lipid composition, fatty acid profile and lipid ox-
idative stability during Cantonese sausage processing
[J]. Meat Science, 2013, 93(3). 525-532.

FFICRE, XUSCE, BRACK, 5. I HGR B2 X 57 5 5
JiE R PE BT | B T TR M A% R R KUK A 5 0 4 5 i T,
A FheE, 2021, 42(16): 54-60.

FU C G, LIU W Y, CHEN Y Z, et al. Effects of
heating temperature on physicochemical properties,
fatty acids and volatile flavor compounds of Xinjiang
horse fat[J]. Food Science, 2021, 42(16). 54-60.
ZHANG S Y, ZHANG C Y, QIAO Y, et al. Effect
of flavourzyme on proteolysis,

antioxidant activity

and sensory qual ities of cantonese bacon|[J]. Food
Chemistry, 2017, 237 779-785.

SALUM P, GUCLU G, SELLI S. Comparative eval-
uation of key aroma-active compounds in raw and
cooked red mullet (Mullus barbatus) by aroma ex-
tract dilution analysis[J]. Journal of Agricultural and
Food Chemistry, 2017, 65(38): 8402-8408.

LI'Y L, FAN D M, ZHAO Y L, et al. Effects of
quercetin and cinnamaldehyde on the nutrient re-
lease from beef into soup during stewing process|[J].
LWT -Food Science and Technology, 2020, 131:
109712.

WEIBEL H, HANSEN J. Interaction of cinnamalde-



240 E N W 2023 445 5 41

hyde (a sensitizer in fragrance) with protein [J]. channel in algesic and analgesic actions of the or-
Contact Dermatitis, 2010, 20(3): 161-166. ganic compound limonene[J]. European Journal of
[34] KAIMOTO T, HATAKEYAMA Y, TAKAHASHI K, Pain, 2016, 20(7): 1155-1165.

et al. Involvement of transient receptor potential Al
Effects of Microorganisms on the Flavor of Low Sodium Dry Cured Mackerel
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Abstract In order to study the effect of microorganisms on the flavor of low sodium dry cured mackerel, the effects of
bacteriostatic agents (limonene and cinnamaldehyde) treatment on the volatile flavor substances and their precursors sub-
stances in low sodium dry cured mackerel were determined. The results showed that both bacteriostatic agents could in-
hibit the production of flavor substances in dry cured mackerel, reducing the flavor substances from 36 to 24 and 20,
respectively. The key aroma substances were reduced from 9 to 8 (octanal, nonanal, heptanol cis—4-decanal, decanal,
hexanal, 1-octene-3-alcohol and 6-methyl-5—heptene—2-one), and 3—methylbutyraldehyde was reduced. Bacteriostatic a-
gents also inhibited the production of fatty acids and amino acids, suggesting that microbial activities had a significant
effect on the flavor of low sodium dry cured mackerel. This study provides some technical support and theoretical refer-
ence for the processing technology of dry cured mackerel.

Keywords mackerel; bacteriostatic agents; flavor substances; amino acid; fatty acid



