FEENTEE 57(3) © 171-183, 2024 171
DOI : 10.6991/JTLR.202409_57(3).0003

FTHRBRASESF ISR FEETE AN
el P2 $F 3 — B AT F

e 2)(3
%/ﬁi% 23)

Wl E - 11248 H 18 M #E2 M - 112412 H 27 H

W B

RE G H B Rl AR MR > DU R R = AR PREER T - B RAME Ry BA
FHERFREEARLAES] - BEELEEECEN R  FRF ARG IRV EIEEEIRE - HEEN Y2
B B E A AT KA BT I - SRS EARHT « (RE R RR R NI H i AR R R AR AP E R - (ST
BB oo R I A A RV & & - TR SRR R E AR iR e M e - BN E
fREERRERR TR YIS © B T8RRI ER SR EE n I RE T EE - AR E B AL E AT
% ~ AELE - A B YIRS E R A ER 2 AR - R IR TR A B S PRI g 2 Al T 1R
af o 2 FERRAAMNER AT e R F R AR EEIIIR - ERmiI T ERERERET] -

Bt PR ~ OREERIT « ARG « RV ~ 2 -

4

FE N AL LB B SRR o SRR I E R A Y — - RS AR R 4
IS BRI A R A AR PTah » BB IR SR HIERE - 2% B BE - 0 - - RBESS B BB B AR
(Geiker et al,, 2021) - ErpIE—TBRRS BTNt » MEFHILNHRARE » 3t G PEGH BT PITBRIH - fUETDE
BYFIIME R R AR TR - AL B RERTRET - FUS SR - AOREET « 106 A IEFIRTE By
M (Ren et al., 2021)

HEEENILGERE TH S B RO (R TG TEET » ST AR SRR O
BB AR ARG LR DA B S B AR BRI IIATH (Wolk, 2017) o FELEAR » S E B BB T B AOFE R
AR - AR ATHEOHARET SR BEE R  SEN T AR P IR0y (BT 6 )
FAEEE L )RR (Alirezalu er al,, 2020; Kim et al, 2021) - RIS AEREMBRER 2 » e 57485 AL AREE S £
5 UFRFISLEN T YRS (Flores ef al., 2019) -

e I L YA B R - ORI B B T TS (Huang e all, 2021) » LRSS
WL AT S A e RS SRR o MRV - ISR R A S
FULRY AN ST B &7 B RSH (da Silva e al,, 2019; Dominguez ef al., 2021) - BB EBIRA - 215 EE
I P TR A8 P L BT 2 A 53 (RS U RS5 » DAB S ELAT BRI A 1L P55 (Foggiaro et al.
2022) « #4TT > AT AR cPAYBERN R — TS AR - DR Py B B B SR T » PHANIRERLIE -
SEHKBI - S R T RS - RILTE SHEETEL (Badar o al,, 2021) » {EAELEHAL o B
S B LAIR R PTAZICE K  TE R BRI (de Carvalho et al., 2020) <

PRI RO ILEE PR R 1 ~ BRK (L U ECH L 57 10 % RRERI S £ % (Cengiz and Gokoglu, 2007) -
RPIER BT BSTIER] R 5 Mo ST A TS - SRR UL
(Roobab er al,, 2021) » " RGFHERE | FTLUEM = EMERE ¢ L (EREHEL) - ZRIRIIE - B - DR - TE

|

(1) B E SRS & 28 2777 5% -
(2) B EESR TR IR
(3) #ENIEE > E-mail: tewan@tlri.gov.tw °



172 AR SR YA IR R e A B PRI 2 PRa e — R

i~ BTSSR - SARAECA S0 DLBE TRAANIEE R, + By FAHEL » [V BCRAIIT © IL AR
B LSRR BRI T RFESB AR AT § LI (RIS - BN T R AR 3BT A (B R B
TARSBTARIRRSY USRS T LUE M 85 A (TR © CRESARTIEDNRST » HREAINS
8 3 LR & SRR A A T RS A LS (Asioli et al., 2017) -

EEE R B DA T TR - WSRO HEBLRIRIE - YIeces - B ass U S
YRR ERENE S T RIS ARIEAS (SR ) F AT SRS B E TR ST
(B2 A B R 5 R 5 BRI, (Vidal et al., 2023) « RIS BELRIIRIDR FREE AT » 15
BRI R L B BRAYAR Y (Rangel-Vargas ef al., 2021) - BRI T a8 Bt A A Y B TR 5) -
DR B A S S A R MR DN 2 B L DI T T B 2 1 B A B I K
P o PR » IR R R AL T3 2 2 B+ IR AR B e T -

Y A R R RS (F BB P BB YY) AR RI A BRI A B E - SAT > I A s
PR — EAEIERT S Bl » DR B 5 T4 G T P S P B R T 3 A BB P 2 S T - A ph A Y
HALEYIRIEARERY) - G140 N- 25548 (Alirezalu ef al., 2019) - ZEERHE L AVIE S FERRRIIACAT - AR EERY
(LA ATHESERS - B (VB = DNA SESHIER (Karwowska er al., 2022) - By T saliE BRI - AT D)
REUTER A VIR AR (REFRIRR T (Ozaki ef al., 2021) - IS A Bl FIHAPIEEHUIHT RARTY B BACES (R (LSRR
B (Dominguez ef al., 2020; Munckata er al., 2021) AR T EIAISER » (AT T FESE ~ oot SEAE ) - HPAEE
YINTRRREE - RIS e Y B B L B TR RS » LR AT B T M2 o 2 Y e o Y S 2
(Hwang et al., 2018) - STMISIAIERF S - HELLNE - MRS B RN TSI ovbia by - wHsR
4407 7 R Y B Y O L8R B B - 1 I R RS (U + T (S Y Y e
N- GERYREAIBR (Awad ef al., 2022) » 73 AT B R 2 SR IS S R 2 R T YRS - JA MR S0 R
A S M ST (R T A5 o MO R » DRI TR IO PTIER B R 2 PR B 4 B (Tabanelli er
al.,2022) -

DAFRPARR AP LA T B R  rekEn R e » 5 R — (RS T AL B2 4 - 1E
S PRI EAINRIIK S - TSR SRS AR (Pintado er al., 2016) ; B EEHH IR
A BRCR - IR T AR (S RIS B (Lorenzo ef al., 2015; Teixeira ef al,, 2021) ; GHfHEAE
TP T S F T » AR SIS R » R BT R A - LU SRR (1
IS ) 2R -

R T YA B I T R e ST S R B L S A T3 — BRI L
AT AL B S A B+ BB 5 N BB L A BT A B ATEIERD (Alirezalu er al,, 2017) - L » B
R R AR 8B B IR TRE  JC3SBbs RO BB TR T Z S0 (Awad ef al., 2022) -

BT SR RS - SR R A R AR M B M 22 VR - PSRRI TS
R B RAARY » BT RIS R A B8 T R B R AU 08 (Hygreeva
et al., 2014; Pintado et al., 2021) - $HEHH BB HTHRTITER » SUBAEYS I TREEE TSR % K ARHIBAITE A 4tk
SR (5 (Sbardelotto ef al., 2022; Tan ef al., 2023) » XSS TRV L A IS Y R AT -
(R LB ST R DR PR a S (R -

L B R IR
R AL B R SR M R I > DA S VIR B R A - o] R P
PRI TR - DU B SRR -

* 1L REGTHE RARIREMEY)

Table 1. Commonly seen foodborne microorganisms in meat products

Items Microbial species References
Bolognese sausage Enterobacteriaceae Jiménez-Colmenero et al., 1997
Chicken and turkey meat Pseudomonas spp., Salmonella spp., and Staphylococcus Li et al., 2020

aureus
Pork Campylobacter spp. and Salmonella spp. Lietal., 2020

Ready-to-eat meat products Lactobacillus spp. and L. monocytogenes Lietal., 2020
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Table 2. Organic acid salts commonly used to inhibit foodborne microorganisms in meat products

Items Microbial species References
Citric acid E. coli and L. monocytogenes Casco et al., 2015; Bushell et al.,
2019; Ben-Braick and Smaoui, 2021
Lactic acid E. coli, L. monocytogenes, Salmonella spp., S. aureus, Total plate  Brewer ef al., 1995
counts
Sodium acetate L. monocytogenes, Mold, Total plate counts, and Yeast Barmpalia et al., 2004; Barmpalia
etal., 2005
Sodium lactate E. coli, Enterobacteriaceae, Lactobacillus spp., L. monocytogenes, Brewer et al., 1995; Bedie et al.,
Psychrotrophic bacteria, Salmonella spp. 2001; Lin and Lin, 2002; Hwang ef al.,
2011
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Table 3. Main bioactive compounds and antimicrobial species of plant-derived extracts and essential oils

Plant source Bioactive compounds Antimicrobial species  References
Green tea extract  Epicatechin, epigallocatechin, epicatechin gallate, and E. coli, Alirezalu et al., 2017
epigallocatechin gallate L. monocytogenes
Olive leaf extract Oleuropein, oleuroside, demethyloleuropein, S. aureus, S. enterica,  Liuetal., 2017,
ligstroside, and verbascoside L. monocytogenes and  Cordery et al., 2018;
S. enteritidis Alirezalu et al., 2020
Onion and Allylsulfide, diallilsusfide, catechins, and gallic acid L. monocytogenes, Alirezalu et al., 2020;
Garlic extract S. enteritidis, E. coli, Stupar et al., 2022
E. faecalis, and Molds
Lemongrass Citral, geranial, neral, myrcene, and limonene E. coli, Boeira et al., 2018;
(Essential oil) L. monocytogenes, Kieling et al., 2019

L. plantarum, and
Staphylococcus spp.

Sage Thujone, camphor, eucalyptol, and viridiflorol S. aureus, E. coli, Soji¢ et al., 2018;
(Essential oil) B. subtilis, Durovi¢ et al., 2022
P. aeruginosa, and
A. niger
Thyme Thymol, carvacrol, p-cymene, linalool, terpinen-4-ol L. monocytogenes, Cutillas et al., 2018;
(Essential oil) S. aureus, E. coli, gojic’ etal., 2018;
S. typhimurium Sojié et al., 2020

A FF S TEY IR A I3 58 R A B T 2E A R ZAE A (Munekata er al., 2020) « 55 ZHEY)MER
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2021)  FEYIREHAY 2R ZhE) (terpenes) ~ ZEPAKE (phenylpropane) ~ B ~ B ~ BE 5 - (HIEE BN T @ &E
B BEENSGESE T4 (Pateiro et al., 2021; Singh et al., 2022) -

TG A E TR AR > & BT 7E (Sharma er al., 2022) - 5F ARG B A EEZWHIH G T E R F
R BIRNZR AR T A R E AR ~ Jbd ~ 1S5 R ARAE (Alirezalu er al., 2020) - EREFIEH R E Y
EFR TR A G - SRSk (viridiflorol) & %2 H} (epirosmanol) » EICZMHIAEE ~ KR - BEBLAERS
B ~ EVTIE RS (Sojic et al., 2018) « [LAL  SELMEYINE TS S CEERE - KEIEHE - SRR R R
B AN A R (Durovic er al., 2022) »
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TEYIREHP2A SEMER T » TEZ B 6B RS © KET 20 — 60 FEA[E] R 53 A 5
BEY > HBEESR S R0WES =R A T EERYE - A > Eks T ER a4 YrE R
=Y R TLAGEE R @ AR T 22 (8 (F A BEEETIRE > A EEAE YRS HATHIIE R4 (Kachur and Suntres,
2020) - (AL FEYIREHEVIEE R N EER RN R E RS > T 2R @B A VIR R [E A I fE R AR e - s
B LR BYENSUKEM EEREEMEE  CYEIUFRASIE(EBEE R EEE AN YE
HURENME ~ BEME SRS AL - A% EYINEHE S L EZEHAEN ATP A9FES: - BT EIEMREE 'R
SLEEE A E Y DNA SRIVEZHESE - B8RS EMEETREYISET (Pateiro er al., 2021) ©

HEEEHE R AMIER > HelfEMAEY A HERHIHEIER (Coimbra ef al., 2022) - B BEEHE
FHIRRS S E B - TSR (Sojié ef al., 2020) B MBI - SO EHRE - KISEE D
PR EAREIHIHIE A (Coimbra er al., 2022) - FF2MH5C 3 B BB bE 5 R BT HNHI A ISR B B 2 R B 2E
R HEAR (Cutillas er al., 2018) - H EREE T BA BFITEER - Moy EA b S EEINE S
(Lorenzo et al., 2019) - B T ¥ 2FE8MAEY) ~ BERFFE I B A EBEERSN  SEEYEHE A SIIREY)
BTSN - AR ARG > DURESE A LEE IR (Coimbra et al., 2022) -

TEHEEEEEH > ETEES HE EREE A REEREE 2 — - #F2W5eis B R EEYE R
HUREVME  TERFEATHIEFIR > ABERERERASE | FHEEEWHESMERIEER
] 7 S EEFHAPR (Sharma et al., 2020) ©

B ] BLSE AR BN > RSy R BT I LS RES o (T TR RIS R E e w e E Rk E A Rl -
AERAEREUR > EREEYZEIY) & = A E KA TIHIER (Martucci er al., 2015) o S L &R EHE VG
SHEEEAEI T AR T > ATIEDOPIRE - KEGIRE - S OEERE - ZUiFE KB EN A £ (Hygreeva
etal.,2014) -

7 FIRE ) H A A B 2 L Y ek R A7 AR 2 5l - (50 R AR A A B 220 B 2 5 A A S 2R T R s T AU
FIER - EINFEE S EE AR EFE MR BB EHLE EE T A SRR & RMEMEY 4 & (/£ 2T
EL8CT » S AllEIE 1.23 B 2.63 ¥1#H ) - TENITE A FEIFEFRE T > JAZE 0 RELEE 28 RAVEETF KRBT RIEIE 0.57
B 0.06 {E¥E{E (Gouveia er al., 2016) - B[ HEZEE R HYAH & o e A S (R Enh R B s I 50 - 15
BIENFE > N S an iE IR B AR S RO I B S R R AT RRSAR S - PR F A AR E AR - AN
RERAE R - EFEE YR EAE S O] {5 D T B S A R S - G SRR SR L2 2 10T RATSRES 2 — (Ozaki
etal,2021) »

TESEFE A P DA SEGHAUR (0.1 27 0.5%) 1A HART el IR RS Y 4 & CRUK 2.1 57 3.1 BE8(E ) Bif5
RE (JBE 1.05 ¢ 1.85 BHE{HE ) - 281 > EEEYIEHEARBECEIEER © 1boh > BEEREHE Kz
B AHEIE P S RS - i EA SR B2 = /5 B (Zhang et al., 2016) -

KSR RN PFE A B RG(E R 0.78 B 1.56% FE32M5H - &5 REURI A=Y B A BHEGERCR © K
it B BT 1 5 S P S A A B S B DH AU Y (CORER 0.2 3,0.5 S61 88508 ) > 6 LU P B B ol AL (Sojic
et al., 2019) = $b4h > (AR AR E A CF G T MEYSE - IR H o] & B2 a3 A EF/ BN
AR - R T RV AR M BEL A RE B A & (RUE 0.54 HEUE ) - BBz ARG B BT B B RVHIH 4=
E7HE8 (Khorsandi et al., 2019) -

B BB W 2E(E (microencapsulation) JII AL AVELE » HA 4 fE AR A A it 2o R AR P AR R AT
5 > (EiSTEgTH - (ERIMEYEH > SR s B B b BRI B R T IR E I E (BB T
115 — 1.79 H¥E > MBE(LEHEKR 2.19 — 3 $8H ) - SAFEE (HIRADRK 1.11 — 1.82 HE(E » 2
BEAEME IR 1.58 — 1.99 HHUH ) ~ e (A A ERE (HIRALRIR 1.07 — 2 B8UE » (B (B HI(K4.13 — 4.69
HEUE ) RARRE ((BHIRAHRUR 0.72 — 1.26 H¥UE - FUIBFLE AL 1.44 — 2.04 HEH ) - 14N fEE TR
(i FH B A LB BRI SR R W S R B R A B R EEE - B E iR B L ORGEAE Y A
o ARELESS > ETTERMEYIEHIEROE AR « SN EEEREYE RS A SR > RS H
I E /R E % (Ghaderi-Ghahfarokhi er al., 2016) « [t4) - FEEFFHE L ARENPTEE S » BRIEERE
Sepy 8 ] RETR B2 (Ghasemi et al., 2020) - (R AT —TAWFSEH > (AR RERINE — B8 O 7E R B Z LIS
S FEE R A B BN A YR S B A BHEEAHE /F A (Radiinz er al., 2020) -

B LS Hshem - B R LAY T A RANFI A G S OEERE - KIBRE - 2R O
REAR o S —TEZET - sF 6 T R E SR BB RS U e R Ay (RIBREE ~ DFIRE - &
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AR E N B ERE ) E48 A B A Y A RANHIZIRL (Jayari er al., 2018) - {f KR H B & H
(0.01 — 0.05%) » SR BT 1 L DR B 2 A 5 S 2 RATFINE F (LYIRUE 0.5 (BB EUE ) - AL CE AT SR (3%)
W B EEHE A MAEYE EA TR (UK 4 — 7 EEEEER a0 - fhoh - HEEH (0.075 —
0.15 pL/g) RIITAFE AR - 253 AR HAEE A B A BEE TR AR R (BIE 0.47 — 1.48 HWH(H ) ~ ALBEE (K
1K 0.33 — 0.56 $1#{H ) ISR TE (K 0.32 — 0.82 ##{H ) » BB HEHIEE I T AR SMED 2
ZMEAER (Sojié et al., 2020) -

PR B 3L T oA B 3 R i VB RCR, - AE s i gErh - (RIS TR T &5 (3.05
mg/g) DLEE G R S RE A A < 5 AT PR (R 0.86 #E(E ) VAR » MR I(LT A A R
B EEAVINE/E ] (Radiinz er al., 2019) - BREFFIMEAERFEATEETHROEN - BRERERHEIFIK
~ RIGRRE K R AR - ER bR AR A B &R A Y - R4 - RS AN 1E
F F R A EER  (Sojié et al., 2018) -

PR I A i e T 2 M S Fe (b A 2R A R IR Z TR, - B LT SefE A AR 7 o
ARSI R YR - e 2 I IR VIR B R R B L s - SR RS B AL RINEIER (%
& 1.19 — 2 B8 () ~ ALREE (FURIK 1 — 2 98E ) ~ KEBRE (EYIEHEECR 1.15 — 1.79 BE{E - M2 &t
FEYIREIRIE 3.23 — 3.86 HWHIH ) ~ &= OHEIRE (EYIRHIRIK 2.12 — 2.62 WHUE - (B ELEYIREHIR
1. 3.99 — 4.59 () DR BRI EEIE 4 (FEYDRHIRIE 1.62 — 1.92 H8{E - fEBRE(LHEYIE K 2.96 —
3.16 HHE ) - b5k AR HHIH SR YA RBCRE BLAIE AR (0.05 B¢ 0.10%) - i HisB #(LE Yk
SINEIF FH B (£ (Ghaderi-Ghahfarokhi et al., 2017) - 2% 3 S| A Y)ZE FUY)ELE VIR Ay 1 ZOE MR R oy EHIHH T &R
MY -

A
WEEHEEHRFEEEEE  FEEERME - REsUEERIIYE R RS - NILE R - etk

A RE NS FRORIE NN © BF ST seE I (i - DURMRE A FN IR E R & - 280 > s -

R B i B AN I B T B S E YRR A R - (I RAATE B2 f = B IR A e e MR AR T
B AP ERE MBI T - BEIRIELESRARVIESR ME - BEINIIEYIH A sEE I T AR
I EVE P E A AR o (ERIMINER A DU R R E AR E IR - ARSI C B BATE
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Abstract

The purpose of this review was to summarize applications of some important natural bacterial inhibitors that had the
potential to be used in clean labeled meat products to enhance the preservation technology. Livestock products were nutrient—
rich foods. However, it also provided a suitable environment for microbial growth. Increasing consumer demand for safe
and high quality products had made it increasingly important to develop new clean labeled meat products that were low in
fat, salt, and food additives. However, reducing the amount of salt and nitrite in products that inhibit microbial growth might
result in reduced stability and safety of clean labeled meat products, thus posing a significant risk to consumer health. In
order to avoid the proliferation of food—borne microorganisms in the storage process of clean labeled products, this review
presented a comprehensive study of natural antibacterial substances such as organic acids, organic salts, plant extracts,
and essential oils to enhance the preservation technology of clean labeled meat products. In conclusion, the use of natural

bacteriostatic agents can enhance the shelf life of clean labeled meat products and has potential for use in meat processing.

Key words: Clean label, Freshness, Meat product, Natural antibacterial agents, Safety.
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