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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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N U ALINAIIUABINNTAUNGTY

dspauiansthan s lamiluntsasaiin ey lusedlsynataasanmns
13u doanan lugaannud 3 x10" 4 3x10™ Hz sitefiAnuananawLls=anns 2500-16000 nm
mﬂﬂ?n'ﬂw,l,ﬂmmmwﬁwuﬁL'ﬁ'm%]mLﬁmmmiﬁummimm@ (vibration) ANLANFANNT
STAUNENUTBINNTAN 1BNAINT T29AAL Visile and ultraviolet a¢lugaapanad 3x10™ B

3x10'® Hz visalAdnen9AanLlszans 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‘l.lﬁ 1 Electromagnetic spectrum

11 Reusch (2013)

Near Infrared (NIR) spectroscopy

Spectroscopy LTluN13ANE interaction 32131984ALTZNALTB9ANT U FeAusman lniin
(electromagnetic radiation) ANAANNNTLRLUILALNAINNUIBIBLAANTEU NTLLRLIUIZAL
WANUNIUNY (rotation) aznIsduaziieu (vioration) 9949 Tuiana adldlunisnsaaaay

o PRI ~ = - o PRI & a
wasunlasulileesiivnaua azeex leasw vsaluians wasunulasuliliinanainng
daniane (emission) ﬂ’]’a‘@lmﬂﬁu (absorption) ¥EaN1TNTZIAN (scattering) WR959AKMmaN I
annaunafuassluianaazininsudayanisaivsanislasunlasedlsznaunieail vse
TA99a319204 118N A2890NMNTUATANTRNIUAT 11U ARNLNINUGY (bond length) YuTUWEY

(bond angle) mmmmm‘imm@ (symmetry) AN LI LT RINUEE (bond strength) N9

wasuulaanieluuazszudneluana (Chalmers and Grifiths, 2002)

[ %

near Infrared (NIR) spectroscopy dhunaiianig spectroscopic method NiAng
-dl dl a a . . [ dl v
wWasuulaaiiasarnniaifin molecular overtone Uazn3ifin vibrations tlun1snsaaaaunld
pAVLNMAN IR A NDaL 9211919 visible 1Az mid-infrared AABLAsTNINEBUWILIATIAE
Tuga9ANeNIAAY 800 2500 wituiues  Tneilauastaglndaunsisadessiudinlldgsluana
Tusnating fmnnuenapauniuana lfifunssiviuss lulianafiaziianisdunanungauay
AANALLASLS (Bellon-Maurel, 2006) N19gANALLAS NIR 43014 lunsdasiiiadaiunng

AN NT4AN9L9ENDURWYFE N194U (vibration) sasTaianalunyWerduaesans uwiean il



' '
o a o

o o A A . o dl [ Y a dl
ﬂﬂﬂ@ﬂﬂmz%@ﬂ"] AR NITEIANA (stretching) UBINUDE gailunisdunmliinanisidasuiil

ADNEINIFENINDLABNTAT AT U I U uULANNIAT UazuLLANNRT dounnsdiluy

1
o

Anwniziaes Ae N199e (bending) unsduniliianisnlaauudassuiisy Tugduuusine

W scissoring, rocking, wagging twisting @n13duaNAiANTAREUN lszRLLAEaTU (in-

plane) 117271975 1URY (out-of-plane)

tlaqifuiinnsinmatia NIR spectroscopy unliuselamiluniandanssu naanisunne
TUN19ATIRADL LRANANINNITNSAT LATNITATLANKATATIARALAMNINNINEINNT 11U 11 1
Lﬁfamiﬁmmﬂm@iﬁﬁmj wu U ldNan8 (Sankaran et al., 2010) nnamsaagaunnsLludieuaes
Escherichia coli (Siripatrawan et al., 2010) u‘ﬂﬂmﬂﬁﬁﬂﬁm?ﬁﬁmﬂﬁﬂ NIR spectroscopy {1

14 lugma1mnssNeImIeLNIUNINATE

A a - v , , vy PRI o w v
HIBAIRINNNFILATIEN A8l near infrared region %Elmmgawimmwwlmmq VI”II‘VIi@‘Wﬂ

1 A o 1 A o % 1 [~1 a A o o :}l o dl %
ﬂmmmi@mﬂ@uummmmﬂmqmﬂwmzmwLL@zVLuﬂmﬂgLﬂuwmmmmu AatiaAnTun L4

)

o Y

= % v a a ey d‘d a a v a Y acl
AINAINTLTDL Lmzmm%mﬂummmmmwmmwuﬂa?mmﬁm‘wmlﬂumm Lﬂ’j"]xﬂﬂlmﬂﬂ 9
ai ¥ A . . . o o a Ty dld o .

7l 28 AR multivariate data analysis mm‘ummLmﬂwsﬂmﬂ@mwmﬂmLLU? (multiple

a Y 1% :/I a a = A . .
wavelengths) Tmﬂmmimmmzmﬂgaimmm@mmw waziTetsunod 3914 calibration

v
o 1

v i
techniques HanANHA U8R I lUuN1991AEIT FaeRadsdenasanINgniiastedna
a rai v Yy
nsaAIsnlFansos

a Ay a A ] 1 = o 1 = < o 1 A
wAtia NIR e Aa dasani1swisanmagty Jaousmaiddluniedanan Tinanis

Y vy '
o % 1 =

RIvARa UL YaHTuefUaNNIMaT N IE lun1sinweAiaunIw  nnsasasatily
Fansuuuliiiane inliisaatnantinunmaaauaunsnin il sels uazldnaliinauaniay
[ a 1 QI % dll = o a cY aal v =

\uniwsiediwndon WenFaumeuiun1sinazifoadsniedinuail (Chun et al., 2009;

Singh et al., 2010)



3. M 5VAaal

3.1 LBFENIANAL WASANENAMNINYBINAANUNDIUTITHAY

a a o s 9 a dgl Y a o ¥ =
wisanpAnATiamsulagnseansing lunimeaesiildnanineildnsenuy wisas
HARAT TeildounanTaatlsyanns 1Hun any 80% 11 15% LAsasilgasa 5% Ussqluldanan
3 v % o v A a o 8 % < o
1w M lignudauseq luussained Wimieunaniusianmsulsgdnienisdn uasfivinmlu

a

UM 4 B9ANTAITEA ANHIAMNNENFUIIHARS WIS THun ALNINNIRAR N1

NIENIN LATNINTININ NINITUATIZWRATANIN 1)1 2 FU FendNnIsiLFnEAaunseiis

a o =l [~ -dl [ A dl AR o <3
N@mnmmu@mmwhmum@mu LABN parameters *vﬂﬂjL‘]Jummﬂuma‘muummqm@mu

= : 1 [
3.2 ﬁﬂH’]ﬂﬁ‘i‘LﬂaﬂluLLﬂﬂd Qmmwvmmzlmwmmmms"lussznmsmusnm

3.2.1 NN3RANA

SRAMN9RA98ILATRY Colorimeter (Minolta Chroma Meter CR-400) 3214 CIELAB WAz
TuAnAN L* value (lightness), a* value (redness) uaz b* value (yellowness) tnadmsiaaging 6
qasie 1 31 Hluauou 3 3u

3.2.2 nM3daAMatiedula

TRA1WTIAALNA (Cutting force) ImeliATaa Texture Analyzer (TA-XT21) 11

ai v a a ° ai// [ d’l o
AN NNAA LTHAIINETT 4 LTUFLNAT MNATNLUIUA1Y VIWﬂ’]ﬁ‘ﬁNIﬂﬁ‘LLﬂiNﬂ’]iﬂlﬂﬂ\?lﬂ@iﬂu g

ANLIIFIALNA (3189 UNALTIUAY gram force)

3.3 AnsnsilAnundasnumwmaaiizasetmsluszuinenisiiusne

3.3.1 NN93LAIIEH A1 pH

1 v
o

A1 pH MN3BIBI Summo, Caponio Waz Pasqualone (2006) darinutinsaagng 10
NFN (NARYN 4 Auwnide) TusanAunngy 100 Jadans (8ns@21 sample/water Wnfd 1/10)

fnelLATag Stomacher (Seward Stomacher 400, England) 9a A1 pH RelLAaad pH meter
3.3.2 N199LA31=3 AN Thiobarbituric acid (TBA)

n139LATIZE AN TBAGALLAIaINATY84 Pikul, Leszezynski and Kummerow (1989) 44

UUMINABE9 10 NFN (NADLN 4 ATWYLS) TTRINALENNAY 50 HAadaRT NAatiNanTantn i

a1 18 1aANAU ANUNNAY 47.5 RAAART LAZA17azaanIa lalnsAaesn ANNENTL 4 M

=2

5 NaAART NAUFARENIFEILATINAUIZIMEANTULLUNY (Rotary evaporator) (BUCHI

N



Rotavapor R-200) aulfiansazane 50 Ranans thilnansazanaiinauld 5 Aadans lalunaani

ttla WAs TBA reagent 5 8adan3 (W3aNann 2-Thiobarbituric acid 4114714 0.2883 nFu lu

2178AN8NIALATAN ANENTWBaay 90 Taa3unms 100 Radams) wavwmses blank lu

o = [ % 16) & o” oI/ ai el/ Y a 1 ¥ v o % oa’ A

anwouziheaiuus induuuasazaneinauls taqn wenanlidindu uazdinluiimen
A o 0y @ , o P ~ ~ =

WK 35 Wi L Ineudluinunu 10 Wi dRAINIIAANALLAS NAINENIAAY 538 nm

(Spectronic GENESYS 20) Anuans A1 TBA Tneldgns

7.8xDx10

TBA value = 1
vaiue sample weight M

D = A1 Absorbance 184FAEN WALAN TBA value Wamsniaanilis mg malonaldehyde/Kg

sample

o

3.4 Anmnislaaunilasnunwniadunse

= a A aA¢ o a - pRp

nsAnEINIlaLuLLasAnININNIRaUYEs MinlagdinsnziuitENinuLANiEe
NWNA LazuuAFawanan lnaaaudasann 35204 Bingol Laz Bostan (2007) &vFLLuANBY
e Menunsiaeaide plate count agar (HiMedia Laboratories Pvt. Ltd., Bombay, India)
wazhuAnBaLansnlda1s1aeaTa Lactobacillus MRS Agar (MRS) (HiMedia Laboratories
Pvt. Ltd., Bombay, India) F9s2aei19 10 g avluansazans peptone 0.1 % U3H1m3 90 ml g9
FatinadiniATesRFaatng stomacher (Seward stomacher §14 400, England) aaniuilils

o , oA P vaa
AN982AYAIDE1NNIRBANT UTNIRT 0.1 ml ANLUBIUNIALNLTR plate count agar Laa 498

0

spread plate uaziFunms 1 ml U MRS 1aeld35 pour plate antiuiinliltiungungi 37 °C

0

C haan

u

\uiaan 24 G9Tug 413U plate count agar WazUUANEELANAN LnNgUUYH 37

48-72 dalus nelfin1neBaandiaulu anaerobic jar AsaatiuauINgALVITEISUNA Bas 9uas
a A a o [~ e o = I =

WUATNEEUANAN Y)N°) 4 Tunaeneigni?  uine Ineduduaulalatiszindne 20-200 Talatl

seunaLiiulalatisaniusaasing (CFU/Q)

3.5 Anwnsilasundaspuainmadseanduda

fnaaaunginly A1 7 A uLiEu wATE 2 AW UASIWANGIN 5 AL 8NE1RAE 30 -
45 1 dafluyaainsluniedamalulaginisaimig enasnsaiunnanands ivatlsziiuaaudia
WRIAN AN sza NN TaTeFeE N (Intensity) TagNansaunannay, anwzilsng, 2

waznissaniulagsan @At eguugivies uazlisianidussetiaily Auendu 3 wan

10



nanaasuAnNINNNLszamdndaressaetldnsenianeaeuiianssni §naasy

'
a o 1 !

aglFfumuuzinAaunislsziiufnacinalag 1 Buainnisannausiatinenan waflssiius s

1
gy R

AN TRsANHUEN N sz N AN ATeiet e LN URANSAN4IgA AatanaldunTeTE AL

a k1l q

'
=

ANLIN 0 — 9 (Descriptive analysis with scaling) S Wignaaauifzaumeunisiaauulaang

Faatel&nsanluinusinee puszal AvLuL AT

|
|

nau (FrAUALLLL 0 ynnaDe TAnAuRAUNFLAL)

(3LAUALLIU 9 UN1EID HNAVEALUNRATALAUNIN)

anwauzileng (FLAUAZLLL 0 NneDg tdiflwien)
(NANALEBN/8198217) (3xAUATLIY 9 UN1aDa Wuleniulsdaian)

P o = | Nl a o g
a (3LAUAZLLL 0 N8 IRARAUNR arindNananTi)

(FLAUAZLLL 9 UNN8IDe RANAUNR)
nnsaNFulAgIIN (3LAUATLLL 0 N18D Taansy)

(FLAVAZLUL 9 UN1BIDN B1aNTL)

AL T9U (Analysis of variance) WAZAMNLANANNTIALRALA28RT DNMRT sia ]

3.6 Anwnsilazunlasnaninaasanwsingldinatin NIR spectroscopy

v
o

wrgean I dnAIN19gAnALlUAARTAS UV-VIS-NIR spectrophotometer (UV-3600,

Shimadzu Scientific Instruments, Kyoto, Japan) d@autsznauaadiasasndranyld un light

[ a

d! [ 1 <] o‘d‘ A dl [
source FulununaniinLas monoschromator tHluginsninliuanmauussaaniiumanued

Ao

paulneld grating mmmmuumﬁ'mmmmuauﬁlﬁﬂgﬁlmmmmmqm?iuﬁé’lmm? uay
detectors 1sznaufage 3 detectors 1uA PMT (photomultiplier tube) @1uLiuaalgag
ultraviolet and visible regions (250-700 nm) InGaAs detector (700 to 1,000 nm) as PbS
detector AM5ULAY1TN near-infrared region (1,600 to 1,800 nm) &115UN133 A T1etas
ultraviolet region QUi the near-infrared region %G@ﬂﬂﬁﬁ‘ﬂfﬂ%ﬂ/ﬁiﬁ’\ transmittance WAL

v
reflectance AMnFuenuddatiivdeyalugilaesen reflectance

AnENEmInzaNTamAlla NIR spectroscopy Tunnsifiudiaya (data acquisition)

[ %

pANIAANALAsTaIEinfiaenATia NIR spectroscopy SRAREINANNIINNIALTIaLLAS

a

(reflectance) NgunAR 25 asAnitaidas TunnANIsgaAnaLAtludum 0, 4, 8, 12, 16 uaz 20

Q a

2e9NAALTNEY (N9dRAmNINSussTeNARTssaziivdiayann 2 4 uditlesaindadnrin

11



BasnisldiAsasile NIR spectroscopy AsiLATIzinIsulasuLilasnunifog NIR spectroscopy

NN 4 )

Lﬂ?‘ﬂﬂ%ﬂﬂgj@‘ﬁ1ﬁ@’]ﬂ NIR spectroscopy faun1salAZs g Fuananemasn
WINNZAN&TU mathematical pretreatment 229ANNT reflectance 75013 Taadmidenannaa
51197 16iun Savitzky-Golay filter for smoothing, normalization, Savitzky-Golay 1° derivatives
WAz Savitzky-Golay 2™ derivatives iefuussanlaniy uaziteaniefinnana videaan

LANFANNNAIANATUAINNNTNTLAN FTILAIT IANLAND

N

11l

gﬂﬁ 2. UV-VIS-NIR spectrophotometer

3.7 ASIZNUANANIY chemometrics

u

3.7.1 mﬁmm:ﬁ%ga‘[mﬂ% principal components analysis (PCA)

Lm?ﬂu?‘ﬁﬂazlj@m’ﬁmﬂ NIR spectroscopy 11 mathematical pretreatment ANN3

= PRIy o A sl . . . . = . . = !
@mﬂ@uumwim IPEAALRANANIE smoothing, first derivative 198 second derivative tWARAAN

noise WIBANNUANANINA1ALAATUAINNNINTZAEFAITDILAS Apszidayataeld principal
component analysis LNBAAALALALLLT LazARAULNAYRL NNR AN INLANFATTTHEAIN

9aIZINANIFALTNEN

NN9ATILIIDYANWNAURFAIART LATNIETINaNN1TIUe vinTaeld T sunss
Unscrambler (Digital Data Management Corporation, Tokyo, Japan) kag MATLAB (MathWorks,
Tokyo, Japan)

12



3.7.2 #519ANNINNUNELAZNIINTIRAAAL AN LN UL U BIANNTNUNE

v all 1 da/ a a = a [ % b3 dll

a3wannsnnnzanuN9LNTNN IRy Ie AU luKARA D dnsen e
i lla3eannsvinunaniaiasnae9qaurEd uarnaaauANLu luNINUNeIaIANNIg
dl v da’ al 1 dl v o v dl v ﬁ” o o
Nas197u e Fauauanlfannisinune e aun1Ndi19iuananmsuaes NIR A
1 dla Y a Y o 1 dl = d’/ 1 dll 1 o . .
APAAzflfase  IFaesneimranduludilensaageLAnNLELE118981N1T (validation)
NANTUN A NN IZANUBNANNNIN U B AGE9T LA N AN AL ANBANFUNUS (coefficient of
determination, Rz) WAZAIAINNAAIALARDILL (root mean square errors, RMSE) YBIFNNITIUNNT

VNUNANADNINATNINNTANEN

4. AANITNAADY LL@%%@’]%‘H:’!

4.1 maulagunlasmanasninisluszudnen1sIALSn e

quenet1enanielénsanluuseqsined AAuFNENT 4 °C 07 2 S Aenunis
wWasuulaswesrd 1 CIE (L*, a*, b*) system wan1sdannidasuudasansand (L, a*, b*)
10uAnnE lnsanluszuinanaiuineuansugilin 3 anuanimaaaswudn ianIg

Wasula9e9An L* (ANNEIN-89149), AN a* (89-wad) LaTAN b* (HIRL-IAed) 189

= o

HARATLYT PADATTAZIIAINITAL i NNUEANATUNNATH (0<0.05)

TPENUINNATZHZANIALANIUAT L* a* LAY b*  Ua9FnasialAanad wansli
G 1 a o oo ! @ @ o A G e .
WAUINHARA UM NANAIN ANNLTIUALAY BazAMNTIURLABIAAAY %mﬂm%mmqma‘
[~ QI dgl a o v aa 091 aa dl [~1 al A da’ :/l dgjdl
VUMY NARAU ldnsantanan Aauasanasuazilasuiudidiaonindy veiliiasanning

A o

a oI/ dl [~3 o al 49/ a =) v
DITNTIRBINITN 1‘1JL?,J’ﬂﬁ‘ﬁff;lzm@’ﬂuﬂ’]?m‘]_l?ﬂﬂ’]LWN%HL@N’]GAQ@HVI "ﬂzL‘WﬁJ"llumqﬂJllﬂWJﬂ

'
a =

S 3 < 1 a o dj A ¢ dj
wazlunstirealdnsenfiduineniu seqauvisdidluanvnmils

q

aAtynnn linan aiasuulas

saadindlunansostldnsanuaznislaswiludidas lundasneildnsanfifiaduri fesann
ARUVTHATNANANIANNIN peroxide %Q%ﬁﬁﬂﬁﬁ?mﬁmﬁma nitric oxide hemochromogen %5@
nitric oxide myoglobin 1§&17 oxidized porphyrin %Qﬁaﬁm (Jjaberg LATADLY, 1970) WANIT
NARDIABAARDINLNIUINYUE Siripatrawan and Noipha (2012) finudn e funansnualE

% da’ = dl dd} < a a a 6
ﬂi@ﬂm%mumu Arin7ilaguAT LﬂuN@N’W’Wﬂﬂ’ﬁ‘L@ﬁ‘Q.}l“]Jﬂ\ﬂ@uVlﬁ‘ﬂ
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75.4 -
75.2 4

75
748 4
74.6
74.4
74.2

74
73.8

73.6 T T T T 1
0 5 10 15 20 25

Storage time (days)

—— | *

el g *

0 T T T T 1
0 5 10 15 20 25

Storage time (days)

——b*

8 T T T T 1
0 5 10 15 20 25

Storage time (day)

gﬂﬁ 3. Color values (L*, a*, b*) of food samples during storage




4 1 o 1 [
4.2 ﬂ’]i‘LﬂaﬂuLLﬂ@Qﬂﬁ LLIIAMUN mmmm‘msiuszmwmsmusnm

nanlasuulasrusssinannaecitiednialundniueilénsenlinanimanes Auand
Tugiil 4 arnuanimeaesnudn lusendenisiuine naauiAILINERTIIAaAAY 19819
asUN AT UNANIAINNIRNAUINIBIRALITE 1NN IeITHN I AWYRgeTuaLiY

NmsgUnARsTuTigavnssulénsenaennen (wen. lénsenaennen, 2549) azdanaliiA pH

'
a a a

AARNALHIAINLENIUNIALANAN NRAUVTINARAZRNTY Bananinisuendazestwaslasiy

[
a a

da’ ] v d” v o QI 1 1 o dl P 1 = o
NENNGIUL @QN@IMLM@@NN@L?NQE ANLINAALNAT LARIAAAIT AR

7000
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 1 1 [
4.3 ﬂ']‘ILﬂaEIuLL‘]JﬂQﬂ'] pH maq'a'lmﬂuszm'mmsmusn‘m

WaNANTUAN pH 289A28EaNARA LT lENTaNNUIN szasnannsiY Anasasi pH

1 a o o o aa < o dl 1 o 1 a
AEHUNNULANATUNINADF (p=0.05) mumﬂugﬂw 5 InEWuIFNeE 9N AN PH apAIR[RA

[ ¥
A o a =2

R 4 !
TELRINSALFNE HINaNARAAINNNILASTYIBNRAUYITEINNEITY TIqAWYFE LT A3

a

b2
R =

nan  luszndnanasay b 1y wuanFauansin indanuIugauiazdaualiirn pH 199
NARSTTAARANAY ABAAREIALINUASE 189 Dykes, Cloete waz Holy (1991) @eliadunelddn
N13aAa9284 pH lUsenIenInnLinE AR dnsiuNananan1anLuANizeLanmn

AEN WAL WA U89 Korkeala et al. (1990) @RiAsnzsinisilasunilasresiFunn
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[ 2
a a K

a al a I a o ¥ 1 a al a
LWUANLTELANANLAZAN pH Tunansnusflénsan wazwudnlsunm uuanFaLanANANTL

%

AARRBIALAN pH NAaRAY B9 INLUATNBLLANANAINITOA519NTA T2U9N9n9asey LA

@

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)

g‘ﬂ‘?‘l 5. pH of food samples during storage

4.5 MAUAEULLAIAUMWNNAUVZEURINE AU

= = a a6 a o Wy A
@’mmﬁ‘ﬂﬂ‘]:mmj‘Lﬂ@ﬂuLLﬂ@\‘iQMﬂWWW’NMmVﬁHﬂJmNNMﬂMM VL@LLﬂLE‘N']MLLUﬂVIL?ﬂ

q

v v 1
o o

I9UNA (total plate counts), wazulANBELANANTIIUNA HKan1s3AsIziuandlugli 6 uay 7
AINATFIL

v
6 o/

Wud UGN AU BN uAWYRMNe (U7 7) H[1usuiiesndn 2 Log (CFU/Q)

v 1
o a

(37817145114 not detected, nd) ANWIULLATNFEITIIUNA AnduiessesnanaAunEniy
uaziilalfsnEIuL 16 U fetetiuueT Beiemadindwy 5 Log (CFU/g) FaAundg
NImIFIUAvUA 1 ﬁﬁlqmm%ﬁmumﬁmm@ﬁuﬁfﬂumﬁmﬁm%@ﬁmﬂéﬁmﬂﬂa@mmfﬁm
nmsgunvuald A 10°CFU/g (Nen.lénsenaannan, 2549) (NINANENANARTNNIUNNS,

2536)

A A A a A \ Ny A @ o o P o A =
LHRANATTDUNLLLIANEIEILLANBIN (;ﬂ;ﬂ'ﬂ 7) qgwuqqiﬁﬂ?ﬂﬂwLﬂU?ﬂE’q1Q?$quﬂun] 0-8 4

wuARBawananatuutiasndn 20 Talatl (3189194811 not detected, nd) waviilaLfuinenly
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WU 8 4l AuuLUATFuwanAniNgeluaniAnetawiulidn vanadnasennininnig

o Y o/ o ¥ a v ¥ o o a a :/J dl QI dgl o 1 a
tanfufiulszamdniaresdislnals  ulidndanuuuuanBaianuaniauas e ldinu

dl o % a [ % s ¥ A 5 | =3

mmsgIunnuual lundndsienmslénsenaennen me 10°CFU/G Tudaeszeazinainiauiu
LU 8-20 Fu ANWIULLANGEELANAN lWatelnsNTuetNsaLlasag Ut 3-5 Log
(CFU/g) TnainAdnnuuuaizauananlflundnssiitiadndsine duway, waen uazlénsen

a . dg/n/ J A a a a d’l ¥ o
71818 (Steel LAz Stiles, 1981) wananfidanuanlinnu wuaBauanAnAiuIuaanafaiy
AN pH Nanad HasannuuaANFauanfind 1unna31ensa seudenaasyléd nan1maaasili
AaAAREINLNNUAAEIRY Korkeala et al. (1990) @ald 15unns wuanBauanfnuazan pH tlusa

1sTangnsLianani st l&nsan

Total count (Log CFU/g)

0 J 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 6 . Total counts (Log (CFU/g)) of food samples during storage 4°C (nd = not detected)

17



Lactic acid bacteria (Log CFU/g)
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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

gﬂ‘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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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 AMUFLYUNILAMNINLAZRILMTALURIIMNS
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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RESULTA, X-expl: 63%,15%

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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