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Abstract

This research developed a rapid method based on near infrared spectroscopy coupled
with chemometrics for evaluation of processed food (pork sausages) qualities and shelf life.
Changes in physical (color, cutting force), chemical (pH, thiobarbituric acid), microbiological (total
plate counts, lactic bacteria) and sensory qualities (color, odor, appearance, overall acceptability)
of pork sausages were monitored during the storage at 4 °C. Near infrared spectroscopy also

used to measure the reflectance of the samples in the wavelength range of 400-1000 nm.

The results showed that pH, cutting force, color values (L*, a*, b*) decreased with storage
time. Total plate counts (TPC) increased with storage time and exceeded the standard limit of
bacterial counts for sausage products after storage for 16 days. Lactic bacteria were not detected
during 0-8 days of storage, but significantly increased after storage for 8 days. Growth of bacteria
affected qualities including cutting force and color values of the products. It was found that a
decrease in pH values of the product was caused by an increase in number of lactic bacteria.
Results of sensory evaluation revealed that off-odor, slimy appearance, and off-color increased,
while overall acceptance scores of the products decreased with increasing storage period.

Changes in sensory qualities were caused by bacterial growth during the storage.

For the NIR spectroscopic analysis, reflectance spectra of the products during storage
were first mathematically pretreated using Savitzky-Golay 2" derivatives before submitted to
chemometrics for data analysis. Principal component analysis (PCA) was used for data reduction
and clustering. It was found that PCA could discriminate samples into different clusters according
to their qualities due to different storage time. Partial least square regression model was used to
predict the number of total bacteria in the products. The results showed that PLSR could predict
total bacteria found in the samples and gave coefficient of determination (RZ) of 0.85 for calibration
and 0.81 for validation. Root mean square error of calibration (RMSEC) and root mean square error
of validation (RMSEV) of 1.88 and 1.22 Log (CFU/g), respectively, were calculated from the PLSR
model. The results suggested that NIR spectroscopy coupled with chemometrics developed in this

research could be used to indicate microbiological quality.
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Electronic transition Lm‘ﬂuL@q@@mﬂ@ummmﬂmqq ultraviolet WAz visible azn113LAn
dl % o a aa// a % o va
nsilasuudassziunasnuresdiaansedluluanaiu lnafanimnsvsu uazvinlidiaanseu
o = | o o PR | a . o 8y a = o o
ﬁl?ﬂu\iiﬂﬂ% ?SQUW@NW‘LAW@]\WHHQWLQN N7 transition @31’1’11‘1&Lﬂﬂﬂ’ﬁLﬂ@ﬂuLLﬂ@Qﬁ‘zﬂUW@\i\ﬂu

m@qma‘ﬁmmzmmguﬁfm

Rotational transition \iALE43N HIANANHUIDLUNWANT] AIENANIUW TBINITUNUT
[ o 1 o [ % 09/1 dll A 1 = o
FLAUNANULUUBUNANETEAL AstiiaTy L@f]@@j@ﬂ@uLL@\‘lluﬁQ\ﬂNIﬂ?LQW IQJL@Q@“’QWJ?‘Z@‘LI

WANIUIBIN TN UGITY

Vibrational transition asann wsazazmanilsznauiluluianaacdunasnaaiuaziin
= o o dl ' dl A dl ] a = dl o o
NITAUNANTUNLUUBU LN@I&IL@Q@@jﬂﬂ@uﬂ@uLL’&ﬂiM“ﬁ’N’ﬂuW?’]L?ﬂ AUNTAUUILAUNAIINU

NTIUsTALINAII BN IAUNGTY

dspauRaansthan s lamluntsnsadin ey lusedlsynetaasanmns
13u daenan lugnannnud 3 x10" 4 3x10™ Hz sitefiAnuananawLls=anns 2500-16000 nm
mmﬂ?iﬂw,l,ﬂmm@qwzﬁmuﬁLﬁlmfﬁmLﬁmmmi@éummimm@ (vibration) ANLANFANTD
SZAUNENLTBINNTAN 1BNAINT F29AAL Visible and ultraviolet a¢lugaapaad 3x10™ B

3x10'® Hz visafAxen9AanLlszans 400 - 800 nm (Chalmers and Grifiths, 2002)



The Electromagnetic Spectrum

Yisible
X-Rays b= Microware
P P
Gamma ' Uy | IR \
Rays F T ! Radio
-]
mEtErS L 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
1013 1ol 109 107 1079 103 101 10
[® 1] L 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
Wavelength 101 10°? 107 10% 10? 101 10 10*%
nm 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 102 10° 10?2 10t 108 108 1010
Frequency Hz 1 1 1 1 1 1 1 1
1n2! 10t? 107 10t® 1013 1gt! 10° 107
Energy kcal 1 1 | | 1 | | 1
10% 10% 104 102 108 1072 1074 108

g‘ﬂﬁ 1 Electromagnetic spectrum

11 Reusch (2013)

Near Infrared (NIR) spectroscopy

Spectroscopy LTuN13ANE interaction 351398dALTTNALTB9ANT U FeAusman tniin

(electromagnetic radiation) ANAAINNTLALUILALNANNUIBIBLAANTEU NTLLRLUIZAL

o . y - . . = gy
WARIUNIUNU (rotation) LazN194ua= el (vibration) U84 Tm@q@ Al lunnsmsaday

o PR a ~ - o PR & a
wasunnlasulilvesiivnaua aznen leaaw vsaluians nasunlasuliiifiaainng
Uanilaas (emission) N19ANAU (absorption) 138N19NILIAY (scattering) B9FIAUM AN WA

o o g o A = - oA

anaunaiuresiuanaazyinliinaudeyanieaivisanisasuulatesdilsznauniaail vise
TA99a319204 101N A2890NMNTUATANTANIAUAT 1MW ANYNINUGY (bond length) YuWUWEY

(bond angle) memmﬂ\ﬂmm@ (symmetry) AN LI RINUEE (bond strength) N9

wasuulaanigluuazszudneluana (Chalmers and Grifiths, 2002)

near Infrared (NIR) spectroscopy uwnatianig spectroscopic method AAns
dl dl a a . . | ‘dl v
wWasuulaauiiasarnniaiin molecular overtone Uazn3ifin vibrations tlun1snsaaaaunld
pAVLNMAN IR A NDaL 921919 visible 1Ay mid-infrared AABLAsTNINEBUWILIATIAE
TugagAnenaAAY 800 2500 wituiues  Tnelauastaslndaunsisadessindinlldgsluana
Tusnating fmnnuenapauniuana lfifunssiviuss luluanafiaziianisdunanungauasy
AANALLEASLS (Bellon-Maurel, 2006) N1ggANALLAS NIR 4131014 lunsdasiiiadafunng

AN NTIAN9L9ENoURWYFE N194U (vibration) sa4TaianalunWerduaesans uwiiean il



' '
o a o

ADIANHUTUANT] AD NIFUANA (stretching) 1BRUEY faflunnsduiinnliinanisuaenuls
e R Yt R e ﬂzﬂugmmumumm LATILLIRANINAT daunnsdiliy
dnEniLTiaes An N19e (bending) LﬂuﬂﬂﬁuﬁﬁﬂﬁLﬁmmﬂﬂ?ﬁmmmguﬁuﬁz Tugtluniusine
111 scissoring, rocking, wagging twisting Fannsduenaianisiaaeuiilussunsfaa iy (in-

plane) ¥138/A1975 1LY (out-of-plane)

tlaqifuiinasinmasia NIR spectroscopy unlitselamiiluniandmnssu nanisunng
TUN19R9REDU HARNAYNINITNEAT LATNITATLANUATAIIRADLATANINNINGINNT WU 111
Lﬁ@miﬁmmﬂmiﬁﬁmj wusldNan8 (Sankaran et al., 2010) namsagaunisLludieuaes
Escherichia coli (Siripatrawan et al., 2010) uﬂﬂmﬂﬁ”ﬁ\‘lﬁm?ﬁ’w wAlA NIR spectroscopy dN

1 luanaunssnenisatinaunsuane

A a v \ ) vy Ay 1o o gqunya
HIBAIRINNNTILATIEN A8l near infrared region fow.;“lwumgwimmwmmxm ‘1/]’11‘1)11@‘1/\1?1

1 A o 1 A o % 1 [~1 = dlu/ o :}l o dl %
?Jfaqmmi@mﬂ@uummmm@mamﬂwmzmwLL@zVLuﬂmﬂgLﬂuWﬁmmmu AatilalAnTuinlé

)

o Y

=3 v v a a ey alld a a v a ey adal
AINAINNTLTLAL LL@%M@\ﬂﬂjmﬂuﬂﬂ%‘QLﬂ?ﬁ:ﬁﬂ@ﬁgj@ﬂﬂﬂ?$@Wﬁﬂﬁwm’11°ﬂuﬂ’1?Q Lﬂﬁ"]ﬁﬂﬂlﬂﬂzl]@ 9
dl P2 A . . . o o a Ty dld o .
1/11?1@?4 AR multivariate data analysis mm‘um‘mLmﬂ:mmﬂ@mwmﬂmLLU? (multiple

a Y v 3// a a dl P N .
wavelengths) ‘EmmmammmwmmmimmLmq@mmw waziTetsnnod B9l calibration
v

v 1
techniques HanaNtAUaUsaee M lun133AeI el aididenasaningnéiastedna
a rai val v
AN9AAIIZIN LAANFasl
a ay a & 1 1 al % 1 a < %3 1 £
wAtlA NIR 8405 Aa dasaniswizansatig Jacumaiialuniesdnai 1nanis

dl 1 o :; Qlydgj 1 o dl v d’l d‘ v 3 1 |
pIvAdaUNLHue istauat fuanni g auna i lunisvinuaAigun I nnsasmasauily
An7suuulsnay N ldFratnantindnagauda NN il ldsa s warlinaldifiauaniay

Wuissadandan WeuFauieununisimzifiaediniednuail (Chun et al., 2009:;

Singh et al., 2010)



3. " 5VAaal

3.1 BFENIRNAL WASANENAMNINUBINA AN UNDINTITHAY

= a o 9

wirtnNansriasulsgnantising lunimasesilinaninail&nsanuy wise

]
a

NARAW SeidounanTaoilszanns THun 1Wany 80% 11 15% Laresilgesa 5% ussqlulénaaan
1w M liignudaussq luussqinesflfimdeaunansusiaimsudsginienisdn uaziiuinelu

a

UMY 4 B9ANIaITEA ANHIAMUNINENFUIBIHARIWIaIMS TAun ALUNINNILAR N9

NIEAIN LATINTININ NINITAATIZRAUNIN )N 2 TU FENIWNSALINEHIAUN s

a o o=l 1@ Adl s A Qi Y @ o <
N@mnm%m@mmwimﬂummmu LARN parameters whLﬂummem"lumimuummﬂmﬁmu

=9 a 1 [~
3.2 ﬁnmn’mﬂaﬂuLnJmrgmmwvmmﬂmwmmm‘mi’luizm'\qm'smusnm

3.2.1 NN3AANA

AANNN9AALEILATEY Colorimeter (Minolta Chroma Meter CR-400) 3211 CIELAB WAz
1JufnAn L* value (lightness), a* value (redness) waz b* value (yellowness) Taeidnfaaeng 6

<

qasia 1 31 Hluauou 3 3u
3.2.2 N3IAAMINLURANEE

TRA1WTIAATNA (Cutting force) ImeldiLATaa Texture Analyzer (TA-XT2i) 11

o 1 A ol a o o o o & o
E‘l"l'ﬂﬂq\ﬁmmﬂ%ﬁmﬂqqﬂﬁqu 4 [ FHURLNAT MNATNLLUIURL V]qﬂq?VIQIﬂ?LLﬂiﬁJﬂq?qmm\jm@iﬂu 21

ANLIFALNA (3189 UNALTIWAT gram force)

3.3 AnwnsilAsusdasnumwmaaiizasenmsluszuinanisiiusnem

3.3.1 NN93LAIIEH A1 pH

1 v
o

A1 pH MN3BIBI Summo, Caponio Waz Pasqualone (2006) darinutinsaagng 10
N5 (NARYN 4 Auwnide) TusINAunnay 100 Radans (8Rs&71 sample/water WnAd 1/10)

fnelLATad Stomacher (Seward Stomacher 400, England) 3a A1 pH AelLATad pH meter
3.3.2 N199LA31=3 AN Thiobarbituric acid (TBA)

N139LATIZE AN TBAGALLIAIaNNATY84 Pikul, Leszezynski and Kummerow (1989) 44

Nty

o o 1

nFENg 10 NFN (MATREN 4 ALLN) TRIINALTINNAL 50 NaaaRT et ansaNtin 1y

a1 1 1810ANAU ANUNNAY 47.5 RAAART LAZA19azaanIa lalnsAaesn ANNENTL 4 M

=2

5 NafART NAUABENIFEILATINAUTZIMEATULLNNY (Rotary evaporator) (BUCHI

N



Rotavapor R-200) aulfiansazane 50 Raaans tidnansazanainauld 5 Ranans ldluuaanil
tl1lp 1An TBA reagent 5 Radans (WsaNann 2-Thiobarbituric acid 4114914 0.2883 nFu lu
2178AN8NIARATAN ANNENTWBaay 90 Tnat3ums 100 Radams) wavwmaes blank lu
o a [ 16) & o” nl/ ai ul/ Y a 1 ¥ v o % oa’ A
anwouziheaiuus induuuasazaneinauls taqn wenanlidindu wazfinluiimen

A o 0y @ \ o A o ~ a A
WU 35 W L Insud luinunu 10 i dRAINIIAANALLAS NAINENIAAY 538 nm

(Spectronic GENESYS 20) Anuans A1 TBA Tneldgns

7.8xDx10

TBA value = 1
vaiue sample weight M

D = A1 Absorbance 284FRENN WALAN TBA value wamsniaaniilis mg malonaldehyde/Kg

sample

3.4 Antnsilasuulasanninneqause

= a A aAg o a - A

nMsANHINTUaLUILAIAUN NN ALYEE N IRgAlAsT i ENMLLAT e
NWNA LazuuAnBauanan lnaaaulasann 35204 Bingol waz Bostan (2007) avSLuuANBY
Naum Menunsiaeaide plate count agar (HiMedia Laboratories Pvt. Ltd., Bombay, India)
wazhuARBaLananlda1191aeTa Lactobacillus MRS Agar (MRS) (HiMedia Laboratories
Pvt. Ltd., Bombay, India) $9s20ei19 10 g avluansazans peptone 0.1 % 3H1m9 90 ml g9
FatinadiniATesRmaatng stomacher (Seward stomacher §14 400, England) aaniutlis

o , oA g & yas
AN982AYAIDENNIRBANT UTNIAT 0.1 ml AUUBIUNIALNLTD plate count agar Lag 1498

0

spread plate uazifsnms 1 ml iU MRS Taeld35 pour plate antiuinlillisngumgi 37 °C

0

\luiaan 24 49Tue 41130 plate count agar wazuuANEELANAN UnNguuni 37 °C 1flunan

48-72 daTus nelfin1neBaandiaulu anaerobic jar AsaatiuanuIuALViTEicUNA A suas
a A a o < o e o = 1 =

WUATNEEUANAN N7 4 Tunaeneenis  Auine Inediudnuaulalatisyidns 20-200 Talatl

seaunaiilulalaisaniusaacing (CFU/Q)

3.5 Anwnsidasuunlasauninnieilssamauda

EnaaoundiniL A1uow 7 A utiaily inemne 2 AW uAIWANEN 5 AU 8Ng1aRE 30 -
45 1 Faifluyaainslunipiamalulatinieaiing eiasnsainmanenas ielsuidumnnudiv
Ve9aN Nl sza NdNTaTesaet g (Intensity) Tagiansaunannaw, anwaurilsng, G

waznistaniulagsan @At eguunivies uazldsiandussetiaily Auendu 3 wan
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nanpaauAnNINNNLszamdndaressaeteldnsenliianeaeuiianesn §naaay
azlffuAuuztineunistsuiduaetelng liEuainnisaunausaetnanen uialsuidussfu

A NdiNTIAN BN LsraududaressaetnglinsaiuqaTsAngqn fauanadunsessau

'
=

AN 0 — 9 (Descriptive analysis with scaling) @ l#ignaaauiFaunaunisasuulasaes

faatel&nsanlufinusnee puszAl AzuLL Al

1
]

na (FLAUAZLLL 0 UNN8Da HRnAuRAUNRLAs)

(3LAUALLIU 9 UN1EDY HNAVEALUNRATALAUNIN)

anwnuzilang (FLAUAZLLL 0 uNnaDa tdifluian)

(N NALEBN/8198217) (3xAUATLLL 9 UN1aDd WuNenwiulddaan)

= o = | a a o =
2 (FLAUAZLLL 0 NN8Da IRARAUNR ardNenaanTiL)

(FLAUAZILUL 9 N8BT NARAUNG)
nnseaNsulagIIN (3xAUATLIL 0 UN18De IaaNsy)

(FLAUAZUL O UNTBID BNT1)

fayanlAaninasauusiarauazinnimiAefe ANDEIUNNIATIN WATAIATIZYYN

AL T9U (Analysis of variance) WAZAMNLANFANNTdALRALA28RT DNMRT sia 'l

3.6 Anwnisilazunlatnaninaasanwsingldinatin NIR spectroscopy

v
o a

wrsean I dnAIN19ganALeUAARTAS UV-VIS-NIR spectrophotometer (UV-3600,
Shimadzu Scientific Instruments, Kyoto, Japan) d@autsznauaadiasasndranyld un light

[ a

o . oy @
source FulunuanliaLas monoschromator tluginsninliuanaauusseaniiumanueg

Ao

panuloeld grating mmifmﬂhuLLm‘ﬁ'mmmmuqﬂﬁ@gﬂwﬁqqmmmqmﬁluﬁﬁmmi uay
detectors 1sznaufiage 3 detectors lHuA PMT (photomultiplier tube) @mLgalgag
ultraviolet and visible regions (250-700 nm) InGaAs detector (700 to 1,000 nm) as PbS
detector AM5uLaT 11D near-infrared region (1,600 to 1,800 nm) &115UN133 A Tetas
ultraviolet region QUi the near-infrared region %G@ﬂﬂﬁﬁ‘ﬂfﬂ%ﬁﬂﬁﬁ transmittance LAY

v
reflectance AMuFuanuddatiivdeyalugilaesen reflectance

AnENEmInzaNTaImAlla NIR spectroscopy Tunisifiudiaya (data acquisition)

JaAnsaenauLaaasiinafasmaila NIR spectroscopy dafaanannisnisazinuuas

a

(reflectance) NN 25 avAnimaidaa TunnAINIsgAnALLAtludLg 0, 4, 8, 12, 16 uaz 20

Q a

2R9NAALTNET (NM9dRAmNINEWFsTeNAR Az iivdiayann- 2 4 uditlesaindednrin

11



BasnisldiAsasile NIR spectroscopy AsiLATIzinIsulasuLilasnunifog NIR spectroscopy

NN 4 )

Lm’:ﬁ“ﬂuﬁﬂﬁgj@ﬁ1ﬁ@ﬁﬂ NIR spectroscopy faunNsalAzs InaFuainfnemasn
WINNZAN&TTU mathematical pretreatment 289ANNS reflectance 75013 Taadmidenannas
51197 16U Savitzky-Golay filter for smoothing, normalization, Savitzky-Golay 1° derivatives
WAz Savitzky-Golay 2™ derivatives [elfuussanlaniy uazileandieinnana videaan

LANFANNNAIANATUAINNNTNTLAN FITAILAIT IANLAND

gﬂﬁ 2. UV-VIS-NIR spectrophotometer

3.7 AmssudayanaE chemometrics
3.7.1 mﬁm?’]xﬁ%@yjaimﬂl?ﬁ principal components analysis (PCA)

Lm?ﬂm?ﬁ@yj@m’ﬁmn NIR spectroscopy 11 mathematical pretreatment ANN13

~ pRIVY o A ax . . ) . p . . pry !
@mﬂ@umwim IPEAALAANANIE smoothing, first derivative 178 second derivative tWNARAAN

noise ¥1aAYNNLANANABNANATUANNNNTNIZANEAITBILEN ELﬂiﬁtﬁ?ﬁ'ﬂH@Iﬂﬂigﬁ principal
component analysis LWAAAITUIUFALLT LAZARRNLUN AR AR ARIAINLANANIIWER9RN

q

sraIz10aINITALTNEN

NN9ATITILDYANNAUAFAIART UATNIFETNaNN1TUe vinTae lE T sunss
Unscrambler (Digital Data Management Corporation, Tokyo, Japan) kag MATLAB (MathWorks,

Tokyo, Japan)

12



3.7.2 #51NANNINNUNELAZNIINTIRAAL AN LN UL BIANNTNUNE

v dl ] dgl a a = a o b3 dl
aswannsnnnzanuN9LNTNNsIEsT a0 AUTIET lUKARA D dnsen e
1N la319aun199UNAN 9IRS IR9 AU UATAIAADLANLNUEN TN IR UNEBIANNNS
dl v dal al 1 dl v o v dl v dgl o o
Na5197u et FaumauaAn lBannsinune faeduniNaiatuananmiuaes NIR i
1 d‘a Y a Y o 1 dl = dgj 1 &I 1 o . .
AAAzFliase  MFaesnaisrantuludivensiagauAanNwLugN189d8NN1g (validation)
NANTUN AN NN ZANUBNANNNIN U B AGE9T LA N AN AL ANBANFUNUS (coefficient of
determination, R2) WAZAIAINNARIALARDILL (root mean square errors, RMSE) IRIANNTFIUNNT

VNUNANADNINATINNSANEN

4. HANITNARAY LL@%%@’]%‘H:’!

4.1 matlagunlasmadnasninisluszudnen1sIALSn e

1 a

quenet1auanie ldnsanluussqsinet MALTIEN 4 °C 7 2 5 Benunis
wasuulasresr@ 1 CIE (L*, a*, b*) system wan1sdansidasuudasaasand (L, a*, b*)
pasuAaiue ldnsanTuszudnaniaiuineuansugii 3 anuanimaaaswdn ianIg

WAasuUa989AY L* (ANNEIN-89149), AN a* (1@89-wed) LAaTAN b* (HNRLU-IIAe) U89

= o

NARATYT PADATTAZIIANNITAL At NNUEANATUNNATH (0<0.05)

IPENUINNATZHZIANNIALANAUAT L* a* LAY b*  UadFnasialAanad wansli
G 1 a o  ea ! @ @ A s Wy
WAUINHARA UM NAINAIN ANNLTIUALAY BazAMNTIUALABIAAAY %mﬂm%mmqma‘
< QI dgj a o 73 aa 091 aa dl [~1 al A dal :/l d’jdl
WUWNIY NARAu ldnsandanan Aauasanasuazilasuiudidaonindy vetliiasanning
a QI &

a oI/ -dl [~3 o Ql ﬁqj a =) v
BITNTIRBINITNI 1‘1JLN@?ZH&LQ@’ﬂMﬂ’]?LﬂU?ﬂH’]LW?J?.IH‘]_E*ELIWE‘IAQ@‘HVI 'ﬂgLWNﬂum’ﬁ\ﬂﬂﬂQﬂ

'
a =

= 3 < 1 a o d} a & & d}
wazlunstizealdnsenfiduineniu seqauvisdidluanvnmils

q

aArynnn linannaiasuulas

saadindlunansosildnsanuazniswlaswiuddas lundasueildnsanfifiaduri fesann
ARUVTHATNANANIANIN peroxide %Q%ﬁﬁﬂﬁﬁ?mﬁmﬁma nitric oxide hemochromogen %58
nitric oxide myoglobin 1§&13 oxidized porphyrin %Qﬁ%lﬁm (Jjaberg kATADIE, 1970) WANIT
NARDILBAARDINLN1UIN YD Siripatrawan and Noipha (2012) AnLdn e AunEnsouaTA

v dal = ai dd‘ [ a a a 6
mﬂﬂmﬂfsmuﬂm AriN9IU AT L‘ﬂwll@N’]“’Q’]ﬂﬂ'ﬁ‘mﬁ‘ﬂ&l‘ﬂﬂﬂﬂ@uﬂﬂ?ﬂ
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75.4
75.2
75

74.8 4

74.6
74.4
74.2

74
73.8
73.6

—— | *

5 10 15 20 25
Storage time (days)

el g *

5 10 15 20 25
Storage time (days)

——b*

5 10 15 20 25
Storage time (day)

2ap

=b_

. Color values (L*, a*, b*) of food samples during storage
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4 1 o 1 [
4.2 ﬂ’lﬁ‘LﬂaﬂuLLﬂ@Qﬂ’] LLIIAMUN mmm‘ms"luszm'mmimmnm

nanlasuulasrusesinannaecitiadnialunaniueilénsanlinanimanes dauang
Tugi? 4 adnuanismeaasnudn lusgudweniaiuine naainsiiALEnTInanaY 39819
asuna A NTuNaNIANNIRNAWINIBIRALITE 1NN IeTHN g AWYEgeluaLiy

NmsgUnARsTuTigravnssuénsenaennen (wen. lénsenaennen, 2549) azdanaliiAl pH

'
a & a a

AAFNALLIIANLENIUNIARAN AN NAAUVTTNARAZIANTY wonaNBNuanFavesiuas s

v
a a

d” ! 4 dsj o o QI 1 1 o aAy ¥y 1 a [
AAENARNGTNR! @QN@I‘MLM@Z@NN@L?NQH ANLINARNAN IARIARAT WAL

7000 A
6500 -
6000
5500 -
5000 -
4500 -

4000 +

Cutting force (gram force)

3500 -

3000 T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20

Storage time (days)

gﬂﬁ 4. Cutting force (gram force) of food samples during storage

4.3 nMs1dAgunlasAn pH aasa1msluseudanisiAusnE

WWaNATUIAN pH 189A28ENARA LT ENTaNNLIN s282Ran1TAY Anasari pH

1 A o o [ % aa < o dl ' o 1 ISP
AU NHNULANATUNWNADF (p=0.05) m\‘u,mm\ﬂugﬂw 5 InENLIFBE NN AN PH apANR[RA

o
a eal a

Y v ¥ !
TEZNRINSALFNE HINENANAAINNNILASTYIBNAUYITINNAITY TIqAUYFE LT HAA31

v
KX @

nan luszndnaniaasay i v wuanFauanin undanuIugluiavdaualiten pH 199
NARSTIAAANAY AaRAREIRLN1WASE 189 Dykes, Cloete waz Holy (1991) @vliaduneldqn
N13aAa9284 pH 11T uINNIBALSNE ARSI e RSN anEnaNIaNLLAR T LANGIN

WLAEN WAL 1ARsU89 Korkeala et al. (1990) @atasnssinisilasunilasresiFunn
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1 v
=

a al a ' a [ v 1 a al a al =
LWUANLTELANANLAZAN pH Tunansusilénsan wazwudnsunm wuaAnFaLanANIANTW

A0AARBNNLAT pH N18AAY LHAIRNULATFELANANAINNTNAT19NIA Tendnaniaiasy 16

6.40
6.20
6.00

5.80

pH

5.60

5.40

5.20

5.00

0 2 4 6 8 10 12 14 16 18 20

Storage time (days)

gﬂf/‘l 5. pH of food samples during storage

4.5 MAUAEULLAIAUMWNNIRAUVFEURINA AU

=2 = a A6 a o Wy aa
“]qﬂﬂ’]?ﬁﬂ‘]ﬁqﬂ’]ﬂﬂ@ﬂu%ﬂ@ﬂQMﬂ’]WWWQQQUW?ﬂsﬂﬂ\?N@mﬂmm 1@LLﬂ‘]ﬁ§J’1ﬂALL‘LIﬂVIL?E

i91nA (total plate counts), wazkUANEELANANTIINA 1HHANTTIAIEiLandlugn 6 uaz 7
MINATAIL

2 '

oI luduGENAu BN qAuYEEIaINeA (3UN 7) Hduautiesndn 2 Log (CFU/Q)

—~

4
= o

(37817145114 not detected, nd) ANUIULLANFETINNA ANTLLNDIZHZAINITALTA AN
WAL WL 16 1 FaeteNluANBavianuaivnduile 5 Log (CFU/g) Tafiundan

o v d' v [ a al a o '8 ¥
nmsg Ui uald annderinuaiunnaduvisdlundniusieanmisiénsenaennen
wmsguivuald Ae 10°CFU/g (Nen.l&nsenaannan, 2549) (NINANLIANARTNITUNTNE,

2536)

A a aal a A Py A s o o | o oA P
LHRANATTUNLLLIANLIEILLANEIN (EJJ“]JV] 7) %W‘Llfnvl,aﬂ‘a“ﬂﬂwLﬂ‘i_liﬂ‘]:MVLfJ'ixummuVl 0-8

wuANBawanAntauuiiasndn 20 Talatl (31891944811 not detected, nd) wazilaiiuinen’ly
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WU 8 41 AuauLUAT FuwanAniNgeiuanaNetewiulidn vanadinasannininnig

o Y [ o ¥ a v ¥ o o a a 09// dl QI da/ o a
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gﬂﬁ 6 . Total counts (Log (CFU/g)) of food samples during storage 4°C (nd = not detected)
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Lactic acid bacteria (Log CFU/g)
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0 2 4 6 8 10 12 14 16 18 20
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gﬂ‘ﬁ 7 . Lactic acid bacteria (Log (CFU/g)) of food samples during storage 4°C (nd = not

detected)
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=== 0dor

== Appearance

=== Discoloration

=>e=Qverall acceptability

g‘ﬂ‘ﬁ 8 Sensory scores (odor, appearance, discoloration, and overall acceptability of food
samples during storage (d0, d2,...., d20 = samples storage for 0, 2,..., 20 days,
respectively); odor (0 = no off-odor, 9 = highly off-odor); appearance (0 = no slime, 9 =
highly slimy); color (0 = no off-color, 9 = highly off-color); overall acceptability (0 = highly

acceptable, 9 = highly unacceptable)
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Reflectance
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gﬂ‘ﬁ 9. Reflectance signals of food samples during storage (d0, d4,...., d20 = samples

storage for 0, 4,..., 20 days, respectively)
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31/71 10. Reflectance signals (2™ derivatives) of food samples during storage (d0, d4,...., d20

= samples storage for 0, 4,..., 20 days, respectively)

4.8 chemometrics AMUFLYNUNILAMNINLAZRILMTALURIAIMNS
4.8.1 principal components analysis (PCA)
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gﬂﬁ 11. Variance explained by PCs of samples during storage using PCA
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do 44

di2 d20

di6

g‘ﬂﬁ 12. PCA score plot of samples during storage (d1, d2, ...., d10 = on the first day, and

after 2, ..., 10 days storage20, respectively)
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gﬂﬁ 13. PLSR of calibration for prediction of total aerobic counts (Log (CFU/g)) on

samples during storage
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gﬂﬁ 14. PLSR of validation data for prediction of total aerobic counts (Log (CFU/g)) on

samples during storage
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