AMsesvdautiwarlumnninlnedunsagulng

Anednwus
IR

ADIAN B1BIUHE

i@uesaNnIVeNdeNmasaN Wedudumnilveinisfinwinuvangns
USyyusvaqudnudin anvisimnssulniuasaouiowes
UNINAN 2566

Avansiiurasuninedeuniansay



M3esI9dautwar urnuiNlnedunLsaegulng

Anednus
24

ADIAN B1BIURE

iuesaNnIVeNdeNaIsN Wedudiumnilvainisfinwinuvangns
USyauSvanulindia arvdgimnssuliiuazaouiiawes
UNIAN 2566

AvansiduresunInedeuniansay



Investigation of Mao juice and Mamao wine using NIRs

Kongphope Chaarmart

A Thesis Submitted in Partial Fulfillment of Requirements
for Doctor of Philosophy (Electrical and Computer Engineering)
January 2023

Copyright of Mahasarakham University



AMZNTIUAITARUINEIINUS TANTUINE1TNUSVOIUNBADIAN F191UAE
waiuanassuiludiuniiavesnsfinwaundngnsusyauivyn e dada @a1v13v

FenssulndnwazAeuiLmes YaIuIINeIdYNIIANSANY
AMENISUNTADUINYTNUS
Use51UNTTUAT

2197159NUS NN NUSYAN

________________________________________________________________ N33UNT3
(561. 3. %8S InSvas)
________________________________________________________________ AIIUNT3
(wA. A3, UinT SpIAYgINUS )
AI3UNNT

wiIngdueyliRlnsuinerinusatull Wudwmilwaansfinwaiumdngns
Usyeyn USequf Taudia anvnigndaanssulniiuazaoufiames voun1ingiay

Ug1IAU

&

(5. 5. WNYHANA FIUTENY ) (7. @5. N3aY Joua )

Y

AMUAAMEAAINTTUANENS AMUAUMANING1AY



ql ﬂ' %2’ 1 L3 ] a 1 v
Ya3a9 mInTvaeuuazhininnuilagdunusagulng
K338 DI Y1BWNE

213INUINYY  509ANENT19158 A3, 70 LERBaIYa

USeyayn Uy n e dnudin a1 Amnssulnihuazaeniomes
UNINYIAY UUINGIHUMAITANY Uninud 2566
UNANED

ﬂmm‘wmqmﬁmaaﬁ%muaﬂaﬂmmLahléf%’umﬁmmaammmwﬁwm%a
JpseiUSunaasienausadudunsisagulng FT-NIR lpgaunsNsaeuiEuITgnNas1
FulpeAsnisnsavaeutiu (cross-validation method) Lﬁaﬁwaaqmmgﬂﬁaa Fermeaani
T¥ns19a0uazUsznausieduUssansanduius (R) AURANAIANINTFIUVOINITNING
A529d0 UL (SECV) uazdiArauianaia (bias) Inelun1sinA1aa1unau (Brix) Lagad
anudunsavesiah SnisianumunaArulunsauasieanagodvewan sl
mnnuiagliiunsnIssukiuAIdITUSIRIAINATT LAY MIATIRdBUT M Faainnns
yaaousemaindurisnsnilnd wuiesiusenoundnfon daunisgadalutisnuen
AAY IR Henty (1450 Wiluwng) wazannnsinse FT-NIR deduduinindussduszney
nan WU’i’]ﬁLUﬂG]%IMJ@QﬂfﬂL@J"]LLazvbﬁwm’mLﬂi’]gﬂWUI‘IJ‘U'NLLﬂUE‘iL‘UﬂGl’%'aJLa‘EJ’JﬁJuﬁ 1450 ULy
LWASWAY 1940 WILULUAT LAagNUEILALUNASUSEWING 2258 014 2312 unlwuastuliununn

| 1 [ & v
LiJ'W"ZNQﬂiZU"NLUUWQW‘UU“U@QL@W’]U@ﬁ

(%

mdfgy : AN ImGad, Wi, Liununng, awninsalntlnadunsusegulng



TITLE Investigation of Mao juice and Mamao wine using NIRs
AUTHOR Kongphope Chaarmart
ADVISORS Associate Professor Worawat Sa-Ngiamvibool , Ph.D.
DEGREE Doctor of Philosophy MAJOR Electrical and Computer
Engineering
UNIVERSITY Mahasarakham YEAR 2023
University
ABSTRACT

The chemical quality of juices and wine produced from mamao fruit was
evaluated by Fourier transform near-infrared (FT-NIR). The calibration equation was
created by the cross-validation method to be simulated the accuracy. Statistical
values composed of correlation coefficient (R), standard error of cross-validation
(SECV) and bias were used. Brix values and acidity values of mao juice and the Brix,
acidity, and alcohol values of Mao wine products were evaluated through the
standard and cross-validation relation. It was found that was observed with NIR
spectrometer to be absorbed in the same IR wavelength (1450 nm) which indicated
that the water is the main composition. Based on FT-NIR analysis, the spectrum
latices of juices and wine were revealed in the same range of the absorption bands
at 1450 nm and 1940 nm to be confirmed the water composition. Also, the FT-NIR
spectra from region 2258-2312 nm in Mao wine product have been predicted to the

ethanol functions.
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3.1.1 n13hAszdAInmn Yt wazladnindieimadia Near Infrared
Spectroscopy

2.1.1.1 NSLMS8UAIDLYS
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fegisunazdunandminanauns lnsuuseandu 2 90 laegad 1 9z
gnasludnseiainunInlsenauesUjURNsMeIBu1nsgu wasdn 1 yaasgnddliin

o

Amsgandu (@Eansu) MvesUfAn1s Near Infrared A1A3¥IIAINTTNNNTOIMNT ARE
Amnssumans Munsuau vninerdoinuaseans wazvhnsiaaandilutud 17 nua
tug 2563 Tnsgamniviesuaziiviinisagnaruauliil 25 °C Anududinivg 30%

3.1.2 Mmyiamnsganiu (aWansi) fMete3es NIR spectrometer

thiegraia uaglilahurindinisgandu (@iuansu) fewrdes Near Infrared
(NIR) spectrometer dsluauiseiiasld 2 e fio

1. 1A399 FT-NIR spectrometer (§u MPA) Faduiaioduidandad (1muszneud
3.4) Sarnsgandulutag 800 -2500 uiluiins (AYAAY 12500 - 4000 cm-1) 19n15¥alu
J¥UU transfection lagiagnsazgninaslugunsallddiagne (vial) wazlaviunie reflector
Lﬁamuauizé’ummqwamfmhLLaﬂaﬁuJﬂﬁﬁizszi“mm (physical path length) 0.1

Tadns (MaNINUsENauN 3.5) wasanuwrasniiauwasnieludiaIosazdsadnddiiogng

Y

feg1ezganaunatentd uasdiuiivieazdendng reflector Faiminnlunisagyiauuas

NAUEWATE hazlanteaniluUreIRINITANAUNALETIARUATGY

Amd 9 13ee FT-NIR spectrometer (3U MPA)
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A 10 MmyiaAnisaanauvesdiail waghilsinlussuu trans flection

WA3BIIATIVAUA NS TUYDINEANANIINI TN EATINWRIUNTUIINTRIUTRNS

Near Infrared (NIR) N1A3Y13AINTTUNITOINIT AMNSIAINSTUATEAAT NILWILAU
a ) & | v v A a ¢l | . v o

wnInedeineaseans laegdadulilarsedimseindsaaigeue 3alaiuldlunis

naestiiey lnglseinsien awnsadainisaanfuluyisminugandu 900-1700 wilu

wns Wit waghtuiazgninluseuy trans flection lnanisiasiregeadlu petri dish

YIALdUHIANENa1 34 Tadiuns wasUaniueie reflector Nilszuzinuas 0.1 Tafiuns

WWuLABIAY reflector Mldd@msuLATOs FT-NIR spectrometer (AMWUsznoufl 3.5)
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[
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MW 11 M3iaAnNsganauvesle waghinmerseinsens Ngnimuauan
o URN15 Near Infrared
3.2 namsdasizvidayanemaia NIR

3.2.1 MIBAsgvmAunmvesiie warhinunneimedsunsgu

v
' [

ArpuA o wazhiuinzgndsluiiasisiiiaueninenssssuea
wingndomeluladsvanadan Ingnanauns Insfitranatlumsinseiilndidss
fuuiimsiaAnisganduessois

3.2.2 MIATNANNSIE VLRSI

aunsflevmasgiulumsliesgisiauninsesiui waglnisiaggnatiatuan
ANuduTuSsEMIAIN1sgAndug L NIR wagAaumUsEnouRinseilddneiBumsgiu
718735 Partial Least Squares Regression (PLS) laga1duldsunsyu OPUS 6.5 GRIVEY
Software package Yo3LA3 9 FT-NIR spectrometer haglUsunsy The unscramble
(version 9.7) dwfulA3esiiasizriquanasluredanani1enisinens waziiesain
fegrsfiviunaiion dredrsianunisgninluadsaunisifiouuinsgiulaeds cross
validation nanfie fegetiug avgnihladsaunmaiisuanessu uazsaenduiaegsdi

Talun15nadaUAINULLUGIVDIFUNTNES 19T UM 2
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HaveInNsasvaunsiansluguAmeadaloun Aduuseansanduus (correlation
coefficient, R) AnA1uRanaInu1nsgIulun1svinuie (Standard Error of cross validation,

SECV) LaZAIAURANAALREY (Bias)
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uni 4

NaN1528bazN15anUse

4.1 Ansgandu (AUna¥u) vastsin waglaivanniin

amUsznoudl 4.1 uamsranadudaiures @) i wag (b) wdadusilaiann
wnuifiLaninadieinies FT-NIR spectrometer lugnaauegniadudszann 800-2500
uluans Tnsiiaeswiegaidnvarlunsganduiivutdalugudunisn fnuenaniu
1450 wiluwns 89 1940 wrluuns Fewanaudusundavesnisganduvesin dudy
29AUTENRUNSNTUNERAUT9INRUINLEN s‘ﬁqazgﬂ@m%’ué’w NIR spectrometer %1184 [15,
20] usiognslsiny dmsulauivannui Ssusingsumisnsgandudnsumimiledl 2258 -

2312 ulung (4427-4324 cm-1 ) Tuvagiauansuvaaian il Maiilennn dwmus

(Y ' < o 1 A A a a
ﬂﬂﬂfﬂ’)L‘UUWWLLﬁux‘iﬂ’ﬁ@ﬂﬂﬁu‘ﬂaﬂLE]'Vl']uE]a [20] NLNAANNNTLUIUNITNAS

3.000

Maoberry Juice

2.500

1940 nm

2.000

1500

Absorbance

1450 nm

1.000

0.500

o

12000 11500 11000 10500 10000 9500 2000 8500 5000 7500 7000 6500 8000 5500 5000 4500 4000

Wavenumber (cm™)
(a) Wi
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5 WINE
%— :
PR
Q o
5 f 3
a —
‘6 8 =
7] 2 ;
2 A S
£ & —
; £ h o
o
g 8 .
E m
5 2
2 o
] o~

T T T T T T T T T T T T T T T T T T
12500 12000 11500 11000 10500 10000 9500 2000 2500 2000 7500 7000 6500 8000 5500 5000 4500 4000

Wavenumber (cm™)
(b) Tadnunniein

d' 1 U :.’/ a goj 1 a U 6 1 d‘
AT 12 LanaAa@UnNASUAANYed (@) Ui wae (b) NARAURLIUINMUINUNNILEARINS

feiA309 FT-NIR spectrometer

4.2 NISWRILIENNISNITEUIEU

ngdnaglidvannuingiuag 30 Areg1e gniuniadiasigriaieinies FT-NIR
spectrometer {9 3LATITRAUAINNINAT Fawanslun13199 1 wag 2 anuaidu lnenis
WATIEAToYAlURII N 1 uae 2 Azuansndinesnadavesmiegsluyanisasuiiey
LLazsqﬁmsaaaaumm%’%msm’maau%’mLL‘UUL&;J (cross-validation method) TagazdaLng
nuindatenmninisnszidsvesiaslutduanasupndadunisivdsuuasiiugiu

r-:’ll a U 1 v} a o’a{' 1= 6 1 i 'y} 1
YanANLNI5MSeUAI981989d1uNsnann1sRAWNNAN LN IUssasRRaLduanaSUNa U
ASNAUIFUNITNTADUNEU TI92ENNATUAITIN 2 ANFUUTLENTANFUNUS (RC) UBINIS
douLigy calibration Wag AINGNN1IAIIVABUUIN cross-validation (Rev) Nazlasy

=1 o [ 1 1 1 &

NANTENUINNFUAITADUNYU Lagd1nusumn L*, a*, Lag b*WumNULanN®19u1nn3n 0.5 94

[ ‘Q,‘, Y 1 = 1 o [y} o 1
MnNasnstwandliiulInauniIsnisasuieulimunzd@msunisiivune L * a * wag b *
WaInnIliwesmaIlianinanonuauiRin19n18n NUBIRI0819TIN1TNBUAUDIN
winzadlunsaiasilusaiiinusanulagrzeglugiseinueniaiiu 400 - 700 wilwuns

¥

WALUYUET LATB9 FT-NIR #1523WUAINE1IAAULULIY 800 - 2500 U1lULUAT AeUUYDUA

Y

nnzarlignasisdeununmavesiay
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4.3 guammaafivesisiuaglninunisi

4.3.1 MIUATINAAIAIUNIIUNTD AN Brix value

f1 Brix viderAav e vdeltininih wldsunsaseaeuaumy
1ag1978 Partial Least Squares Regression (PLS) w‘%a%%'miamaaﬁflé’aaaﬁaaﬁqm 1ng
91felUsunsy OPUS 6.5 Feaunsiiiandmiunsieeimarumiuiiegluiasemiuen
pAulsvann 1332 fs 2175 uiluwastu dwduiiahagldsunsuiuanduanesuls
WINZEURIEIBN135YRUSIUAU 1 wae vector normalization (SNV) wagludiuvadlay
nnuhegldnsuiuanduaiunasusigareuiusdudu 2 Ingnsmununigaiuunsedn
NIz (scatter plot) Awuanskan1saivaunnisusnsguloswiulunsiesesiani

pulutkazhununni

Calibration set Cross validation set

22

20
g Min = 8.6 *Brix " i S T
| Max=-19.048rix o A : Min = 8.6 Brix Y. o
£ . ) i .l £ o Max = 19.0 *Brix . ' b+
E Average = 15.-?3 Brix T . Average = 15.73 +Brix i -
2 4| SD=313Brix | (a) 3 5D =3.13 *Brix (b)
@ £ s o
; 12 — = os _* 0 '
= i'.'-: == . .
10 ) .~ g 10 . .
s L% s
B 9 10 11 12 13 14 15 16 17 18 19 20 8 3 w 11 1 13 12 15 18 17 18 139 2 21 22
Actual Brix walues Actual Brix values
16— - 16— -
Min = 6 “Brix Min = 6 “Brix
w144 . | . -
3 149 Max = 12 “Brix . £ 14 Max = 12 *Brix
% 124 Average =9.23 @ E 124 Average = 9.23 *Brix
& 4 & ?
$ 1] . b4 (c) 3 10; L e -3 s (d)
2 4 o ° R =0.853 £ g - ° s
3 ¥ § ¢ @ "=u e | E e ®R =0.632
e 6/ SEC=13378Brix [ 2 ¢ SECV = 1.882 “Brix
= . ‘. Bias = -0.042 “Brix
/ 6 8 10 12 14 16 4 & 8 10 12 14 16
Actual Brix values Actual Brix values

A 13 uanansunugigauuunszdnnszane (scatter plot) Yo4NISAILIUAIAIILNIY
Tu calibration set wag the validation set @usu (a)-(b) W1 waz (©)-(d) Tt

AUFINU

NNTMUNUYRIAULUUNTEIANTEAN8YBY calibration LAy validation set WU

wunsmisaaslidnuaznszglunudunwess lnensleneideyalagldnaiia NIR uaz

I a £ v v a

ATILATIEAE TR ST U US AUAEUUSEANTanduTUS (R) ToRana1nuInsgIuves

A15M529@0ULNN (SECV) WagAIAIURANAINLAY (Bias) TIN1TILATIZIAIANUNINUYDIUN
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i agsliunistaemedia NIR feaglarmduussansanduius anuaainniounnsgiuves
cross-validation wagAIAINURANANALRRY bias Uszanad 0.90, 0.98 Brix kay 0.007 °Brix

muaiu Aelunguaunisves validation set a819lsAinIu A191NNITVAGBUAIULANGNY

(4

ALRAYRINGNAIREN 2 nauliiBase (Paired Sample T-test) WUIIAIAIUNITUNIATIEY

A28 NIR HArduiusiuIsuinsgiuegelidediAgyie 95% dusundnduatiunuingi A
Amnuvudignitnsziteyalagldinaiia NIR uaziieszsilasiBuinsgruasdusiusiven
FuuseAvSanduius (R) fiusvann 0.853 wa 0.632 uazAmAsgILuANLAAWaATIUTEIN
1337 uay 1.882 °Brix InsA1duuszAnsvosaun1sunnsgudmiunisiiaseiuIunme
amvvluiahuaghimnnahaguanddunindseneudl 3 Sslunimdsenoudl 3(@) uans
Adudsrandresannisasuifisuainnumnanulutiiei ansanisiatiesed wudd

'
faaa

W3R NIdnSnadeaun1suInsgIUEmMTuUNTIATsiAIr U UlultNE (9Brix)

'
o 1

930y NAILMUT 1440 waz 1580 wiluwns Jadusunuinisganduves 0-H str Fauau

AUBLAY d1AUN 1 (1st overtone bond) lakandlassasisvesglasauasiiananglaa [21]

TADAARBINUAIUINIANTUVBIgLATALAZNA AR NN TI8UlAY [20] NFIUMUINITAN

Fy 1457 uluwns uwasnnsiwesdndmilafidndwaseauns Jsnfesuniswainisgady
1 < 3 H a I H 1Y v [ o '

[20] wuindussAuszneuresiimaniiegluliuimeaenafeaiun1sTenumumy g

AANALYDY O-H str. TAgWUNISAANAUNAIULIIAAUN 1520 WIUWAS [21] FILAUAMUDLAUY

Y

5

]
o w A

161U 1 (st overtone bond) lauanslassasnsveswdsdaldldirnmanglaa glasa nie

1%

<

wmansnlea wilassasrawdamsenselndudnailsatuasiiluluwesvesinianglaadn

(%
& IS

Wouneiuiuszlnaladfn delu wisdiwesidenalinudfgyseaunisnisaeuiisuiaing

[

Ju Ingn1nUsenaun 3 (b) AwaAIANALUSEANSANN1TANUMINUTUNAN S b nLn

s 1 I

WudAFUUTEANSvo NI 1T eI N BNSNareaun15IvedluYIe 1940 unluiunT 3
aamﬂﬁaqﬁ’uﬁﬂLLWJ@mi@mﬂﬁuLLmLLUUNammﬁuﬁwm O-H str wag O-H def. Fudunuse
(v no’ ‘:1' [~ I3 (v & U ‘:nl/ a o’d'da a 1
nanUedun [20,21] Mdussrusenaunantuliiiues uanaini wisdwesnisnsSnasenns
FATIZRAIAIUNIIU (°Brix) vdttinuniaznulud i 2080 wurluwuns dadu

AuniINIsgAnauLas waziinn1ssniuresiusy O-H str. wag O-H def. Fudulassasns

(%
v v [y

U H a £4 o 1 a o a ) =2
WUﬁ%‘U@\‘lu"IG]’]a"gIﬁiﬁ [21] 8w ‘EN‘W‘UIﬂEiﬂ‘UG]’]LLMLN“UENﬂ'ﬁLﬂ@ﬂ'ﬁ@Jﬂ%‘U?gIﬂiﬁVlL‘UUNaﬂIu

AU 2100 UNTULUASTIADAARDINUIIEIIURNN [20]
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-100
1300 1400 1500 1600 1700 1800 1800 2000 2100 2200
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o - a Q‘ =1 A a 6 1 . ’oj
NINN 14 LEAIANAUUSZANTVDIFUNITEDULNYULNDILATITUAIAINUMIY Brix ¥84 (a) U1

wikag (b) Ty

4.3.2 Myinsziteanagedlulatniniiy
ANUTENBUT 4.4 UARINTINUNUNNIALUUNTEIANTZANY (scatter plot) VBIYAADY

= . - v . d 3 A
\Wigu calibration set (a) LayARTIEOUANUYNABY the validation set vaslanuniy

'
U v v A

yN1TIATIEVALeaNogea lngldalUnASuaYRUSUAUN 1 kayIBn1sTININMBTLUY

1
aa a

waslugiarue1IAiY 800 - 1836 wiluuns uiislenvagliwangaudmiunisviiunean
woanageatubitinuinii WesainAmdudssansanduius (R) Tunquueinisnsivaeudiy

the cross-validation #if1%a8n31 0.75 BNNIVORANAINUINTFIUVOINITATIVADULIY

(SECV) §lAn#i 0.74 wag 1.825 anugeu



28

130
Min = 12 % '
o 120 Jpa -6 {B]
E ﬂ.ﬂ' . ’_.""""':ﬂ" .-H 7 9%
g ol = & :-.-'“-
E no |
E a0 | .
™ 80 .
= "
2 70/
-
ﬁ m ] H 0,958
E 50 . ) . i . ISL.’_ |',I'3[ "
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130
Min = 1.2 %
g 120 - Max = 6 % (b]
E 110 | Average = 8TT % R
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o 100 | ® I
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S ap |
— @ o . -
m
IO 8§
E o ° R =074
| Bl SECV = 1.82%
E Bias = =0.00 %
m LJ

50 &b 70 80 90 W0 N0 120 130
Actual alcohol value
AN 15 u,amﬂswwLquQﬁﬁ;meﬂiz%’@mzma (scatter plot) Ua4ALEANDIDATIANANITEL

Livasdndnaihiinnnuiily (@) yaaeuiieu the calibration set wag (b) YAN10TIVEBY

AUGNARY the validation set

NAMYITENOUN 4.5 hansArduysedndaunisuinsgrudmiuimsenen

'
& 1

woanegodvadlitinuiniin FamuitauniInsannesvesaNn1TIIRSE LB TTL AN
woanesgedvashininuinuhssyinludunisnuennedud 1410 unluwnas JavEwared
AN ILTzgAnAuLA asRansAsunUasesiiusy O-H str Sauduiuszmyueada
(ROH) [21-22] Fsuanslassairevasuoanssadlunguieniuea Lilesannusmuniinis

AANGUENTIAINEIARY 2270 UIlWUAT Uag 2303 ULULIRS
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Regression coefficient

-40 T T T T T T T T 1
800 1000 1200 1400 1600 1800 2000 2200 2400
Wavelength (nm)

A9 16 LanaAduUszavsvesaunsiieunnsgIud iU siaLeanagaduadli

PAUINLIUN

4.3.3 Msasgiaanudunse

M mdszneud 4.6 lduansnismanisaimanudunsavesinsduagltinanniy
NNYAFBULTYY (gﬂﬁ 6(a)) WALYANTITABUANYNABY (g‘dﬁ 6(b)) HIUNTINUHUTIAUUY
nszdanszans (scatter plot) Fsaunsfiffigndununisiesgienudunsnduasldisns
Vector normalization methodlug3ai1ue1iadu 1638 — 1828 way 2170 — 2354 w1y
wns TnenaaInnIsItAsIER NIR nuinadudsyansanduus (R) TORANAIAUIATFIUVD
A15MTI9ERUT Y (SECVY) wazAmufianaiaiade (Bias) Sandu 0.92, 0.22, waz -0.008
AuERU uonani é’qﬁmmﬂmimmaaummmesmﬂ'wLa?ﬁlmmmjuﬁaaﬂw 2 nqulidasy
(Paired Sample T-test) Ua¥33n1911ATFIU Fagniasizsisng NIR wuindanuduiudiy

1 = o w = 1

a819ldud AU AIUUITIBD DY 95% TFIEDAAAINUNANITIAIATIENAIAINUAINUTULDY

o

luvugNgaaauLiioy (JUN 4.6 (0) WagyanTIvdauALgNAad (3UN 4.6 (d) vadlitinuin

11 aun1snANandnsuni1sItAs1zrauLdunsatuazliisn1suisAuTuYeaUNaSy

q

L3UAU (the spectrum with the 1st derivative) Wagq5 Vector normalization method
lugaeanugnAdun 1332 - 1470 ulumng Fearnwanismaasanuingadeyasialidvig

d1msunTIeeiiliosnnal R lunqunisasiaaeutiuiifnntosndt 0.75 dsliaenndeiu

NATEduY Aldwatia NIR Tunmsieszinuninvedhil lneaanisalanmveidanuduly
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AN 17 UanInTINUNUIIALUUNTEIANTEANY (scatter plot) YBINITAINNITAIAIAIY
Junsalugeaeuiisuiasyansiadauanugniesdmsu (a)-(b) ey (o-(d) Tamnn

L1 MIUAIAU

Aaaunsnvetiai mé’mﬂizam‘émmammammgmmmmmL%ﬂiﬂhﬁ%ﬂh
azuandlunwuszneaud 4.7 99msvnaeanuin W'mﬁLmai‘ﬁﬁam%wmaaumammgwu%agﬂ
ps1eraae NIR Inansaranudunsalugisninuenadu 2242 waz 2294 uluwns wile
WUNITAANT UL wafinsAsunUasuestusy N-H str. + NH3+ def. uaz Wuse N-H str.

+ C=0 str. uaiu Inglanizogede dundanaiiiinisnulasiaiivesnsnosilusiy

1NN 18 wiina1n 20 vila [21] Baanudidaysieavnin dnvslurananndi daludumis
a A = a A Y v a a o & sa

ANNYIARUN 2294 WlUIRNT LaAINITAANFULAITIALI TRt UIRNTIugVSonsAKkDaADIUN

[20] A5lannn3n 8.97 un. iw 100 ASa Fndne
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The chemical quality of juices and wine produced from Mamao fruit was evaluated by
Fourter transform near-infrared (FT-NIR). The calibration squation was created by the
cross-validation method to be si+mulated the accuracy. Statistical values composed of
correlation coefficient (R, standard error of cross-validation (SECV) and bias were used.
Brix values and acidity values of Mao juice and the Brix, acidity, and aleohel values of
MMzo wine products were evaluated through the standard and cross-validation relation. It
was found that was observed with NIE spectrometer to be absorbed in the same IR

wavelength (1450 nm) which indicated that the water is the main composition. Based on
FT-NIE. analysis, the spectrum latices of julces and wine were revealed in the same range
of the absorption bands at 1450 nm and 1940 nm to be confinmed the water composition.

Alzo, the FT-NIR spectra from region 2238-23

2 nm in Mao wine product have been

predictad to the Ethanol fimctions.

1. INTRODUCTION

Mamao Luang (Antidesma puncticulatum Miq.) iz one of
the geographical indications (GI) of Sakon Nakhon province,
Thailand, found on Phu Phan mountain [1-4]. In addition, the
Mamao Luang is the main crop used for a juice-making
process (juices and wine), which is conducted by the
cooperation and small and micro-community enterprise
(SME) of Sakon Nakhon. The benefit of natural products is
claimed the health-enhancing functional foods. However, the
quality of productz could be obzerved from the chemical
composition to be demonstrated the quality of the products.
Nowadays, the researcher presented several techniques to
monitor various parameters and chemical properties of wine
by using sensors, including optical sensors and a color camera,
and to determine the moisture content of wet and dry cak wood
conditions affecting oxygen transmission [3]. It was found that
the water zaturation in wood iz a factor that affects oxygen
transmission decreaged om wine curing with oxygen
transmission rate (OTE). For advanced method is electronic
tongue; to analyze and classify the different types of wines
from wine aromas with metal oxide gas sensors within the
digital microfluidic (DMF) [6]. Based on the electronic tongue
[7. 8], there are classification methods of white and red wine
with machine learning, artificial neural network (ANN)
worked with models or analysis instruments such as Principle
Component Analysis (PCA), Soft Independent Modeling
Class Analogy (SIMCA) and Partial Least Squares (PLS)
regression for the classification of the wine and quantification
of the grape sequence. All these methods can classify each
type of wine, but some methods require preparation for
substance testing, parameter measurement in a laboratory, and
prediction, which make technical complexity. However, there
iz a method for measuring parameters that have the principle

of working by lighting uvp through the solution or substance,
light absorption in near-infrared light makes the molecules of
substance vibrate at high frequencies. The wvibrations of
various bends oecur at different wavelengths, which iz a non-
destructive inspection method. All of the above methods are
near-infrared (NIR) spectroscopy [9]. This method could be
easily carried and transferred to analytical precision for
chemical identification and quantitation from spectral
regolution. The advantages of this method are uncomplicated,
fagt (15-20 3), accurate analysis, no chemicals or fewer
chemicals and can measure the compositions or properties of
agricultural  products, food, and various elements
simultaneously [9, 10], such as measuring quality components
of canola seed [11], determination of moisture content of in-
shell peanuts [12]. measuring the chemical composition of the
gas [13, 14]. determination of ammeonia content in Para rubber
latex [15], the detection of milk adulterations with water [16],
detection of postharvest quality of Cherry tomatoes [17] and
developing instruments [18] for determining ripeness
including Brix, Potential of Hydrogen Ion (pH), and
Anthocyanin concentration tn grape wine. The parameters
have been verified with a root mean square error of calibration
(RMBSEC), the root mean square error of validation (RMSEWV),
and B2 (Multiple correlation index). This research can measure
the Brix and pH in grapes, but Anthocyanin must require other
techniques that are accurate to help to measure for greater
accuracy. The researcher [19] studies the effect of temperature
variation on the visible and NIR spectra between white and red
wine because the temperature affects the vibration and
frequency of molecular bonds. The results show that the length
of the spectrum at approximately 970 am and 1400 nm
affected the O-H bond the PLS calibration was inversely when
the temperature increased.

In this work, we used NIR spectrozcopy within the Fourier
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transform (FT-NIR) mode to analyzing the chemical
identification and quantitation to be evaluated of chemical
quality on juices and wine produced from Mamao fruit.

2. MATERIAL AND METHOD
2.1 Samples

In this study. 30 samples each for juices and wine produced
from Mamao fruits were used with different shelf-life ranges.
Shelf life from 2016 to 2019 is juice product samples and shelf
life from 2018 to 2019 is the wine product samples. Both
product samples composed of the 13t order and 2nd order of
squeeze processing were measured to be provided a variance
range of sweetness, alcohol content, and acidity valves
covering samples as expected in all products. All samples were
separated into two sets, one set was transported to Near
Infrared Laboratory at Kasetsart University and measured by
MNear-Infrared Spectrometer. Each sample was measured at
room temperature (25°C) and relative humidity of 30%.

2.2 Instrumentation

Thiz study was vsed two instrumentations compose of
Fourier transform near-infrared (FT-NIR) spectrometer (MPA
model, Bruker) within wavelensth range 300 — 2300 nm
(around 12500 to 4,000 cm™) [15] at the Near Iafrared
Laboratory, Food Engineering Department. Engineering at
Kamphaengsaen Faculty, Kasetzart University, Thailand. FT-
NIE. spectrometer measured all zamples under a transfection
system within a petri dish (34.00 mm of diameter) and then
covered with a reflector at a physical pathlength of 0.1 mm.

2.3 Data analyses

The calibration equation for analyzing the quality of juices
and wine produced from Mamao fruits was created based on
the relationship between the NIR absorption region and
standard quality values. Which the processing was carried by
partial least squares regression (PLS) through the software
package of the FT-NIR spectrometer (OPUS 6.5) and the
ungcramble (version 9.7) program. All analysis results were
created by the cross-validation method and then used to
simulate the accuracy of the created equation Statistical
values of the created equation have consisted of correlation
coefficient (R), standard error of cross-validation (SECV), and
bias. These values could be investigated the performance of
created equations for the determination of Brix and acidity
values of Mao juice and the Brix, acidity, and alcohol values
of Mao wine products.

3. RESULTS AND DISCUSSION
3.1 NIR spectra for juices and wine

Figure 1 shows the original spectrum field of (a) juices and
(b) wine produced from Mamao fruit as obtained within FT-

NIE. spectrometer in wavelength around 800-2500 am. Both
textures are the same with the dominant absorbance at the
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same IR wavelength of 1450 nm and 1940 nm, which indicated
the water for all produces from Mamao fruit to be absorbed
with NIR spectrometer [15, 20]. It also appeared a slight
absorption at around 2258-2312 nm for Mamao wine (Figure
1{b)) which was corresponding to the absorption band of
Ethanol [20].

Wanbesry huice

Absorbance

Warsasmber (cu-Y)
(a) Juices

WINE

e

_...-”\\_-—

Wavensmber {cm™)
(b) Wine produced from Mamao

Figure 1. The original FT-NIR spectra lattices obtained from
FT-NIR Spectrometer

3.2 Calibration equation development

Mamao juices and wine products each for 30 samples were
meazured by FT-NIE spectrometer to be analyzed the
chemical quality as shown in Tables 1 and 2, respectively. The
data analysis as listed in Tables 1 and 2 were statistical
parameters of the samples in the calibration set and the
validation set based on the full cross-validation methed.
According to the original spectra, the baseline shift due to the
light scattering effect has occurred.  Also,  sample
pretreatments were used to reduce uawanted influences on
zpectra before developing calibration equations.

Focus on Table 2, the correlation coefficient (R) of
calibration (Rc) and cross-validation (Rcv) groups affected
onto the calibration equation for L*, a*, and b*® values have
been more differenced with more than 0.5, This result
demonstrated that the calibration equation is not suitable for
L* a* and b* values determination since these parameters
expresz to physical properties of the sample, which the
regponding with suitable in this case should be visible light in
wavelength 400-700 nm. While FT-NIR spectrometer is
detected the wavelength within 200-2300 nm. Hence, the
specific data was affected to be not evaluated the color quality
of the wine.
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Table 1. Statistical parameters of the Mamao juice samples in the calibration set and the cross-validation set

Calibration set Cross-Validation set

Parameters Pretreatment s SEC R SECV biss Factors RPD Region (em™)
Brix Tet derivative 0991 0289 0838 1046 D01 6 299 75021- 60981
o . 94037 - 6098.1,

Ind derivative 0935 0825 0388 1048 0074 2 299 SnT-S08L

Vector Normalization (SNV) 0.093 0305 0891 1034 0057 6  3.03 75021- 54463
Istderivative SNV 0005 (0254 0001 0984 0007 5 318 7502.1- 54463

o o . 75021 - 54463,
Acidity 1st derivative 0988 0094 0360 0287 0016 6§ 268 Ltk o
. o 75021 - 54463,

2nd derivative 0837 0316 0806 0330 0011 1 227 poriToaie

Vector Normalization (SNV) 0.986 0102 05817 0222 -0008 6 346 S102-3463,

: 102 0517 0222 -0 4 45016 42467

Istderivafive SNV 0995 (0.050 0.003 0239 0022 6 322 6102-5M463

Table 2. Statistical parameters of the Mamao wine samples in the calibration set and the cross-validation set

Parameters Prefreatment Region (nm) rank R. SEC R, SECV bias
Brix 27 derivative 1332-2173 3 083 134 063 188 004
Acidity  1¢ derivative + SNV 1332-1470 1 047 008 031 008 -000
800-1836,
alcohol MSC 2173423560 4 098 052 073 185 000
L 800-1639, 5 -
L* 1" derivative = MSC 577775333 2 0% 0435 029 123 002
i 800-1639, 1 - _
a* 1+ derivative + MSC 21732354 3097 039 040 142 001
P ,  800-1839, - N
b* 1# derivative + SNV 11737354 209 036 029 097 001
h SNV 2173-2354 2 056 13392 044 14209 -2.67

3.3 Chemical quality of juices and wine produced from
Mamao fruit

3.3.1 Sweetness analysiz of Brix value

Brix value or sweetness of juices and wine produced from
Mamao fruit was processed based on the partial least squares
regression (PLS) method through OPUS 6.5 software. The
best equations for analyzing the sweetness in the wavelength
range 1332-2175 nm were optimized from the spectrum with
the 1st derivative and wvector normalization (SNV)
combination method for Mao juices, and the 2nd derivative for
Mac wine. All scatter plots of creating and testing of equation
results through the full cross-validation method were showed
in Figure 2.

Figure 2. Scatter plots of predicted Brix values in the
calibration set and the validation set for (a)-(b) juices and
(2)-(d) wine produced from Mamao fruit, respectively

From scatter plots of calibration and validation graph, both
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results indicated that the sampling points were tended
distributed around a diagonal line. The values of data analysis
via NIR techniques and values as analyzed by standard
methods must be related to the correlation coefficient (R),
standard error of cross-validation (SECV) and bias mean. A
sweetness analysis of Mao juices carried by NIR technigues to
‘e obtained the correlation coefficient, standard error of cross-
validation and bias of approximately 0.90, 0.98 “Brix, and
0.007 *Brix, respectively, within the group of validation set
equations. However, the value from the paired t-test indicated
that sweetness as analyzed with NIR and standard methods
was related significantly with 93 % confidence intervals. For
the Mao wine productz, the values of data analyaiz via NIR
techniques and values as analyzed by standard methods were
related to the correlation coefficient (R) of around 0.833 and
0.632 and error standards of around 1.337 and 1.882 *Brix in
the calibration set and cross-validation set, respectively. The
coefficient of the standard equation for analyzing the amount
of sweetness in juices and wine iz showed in Figure 3. Figure
3(a) shows the coefficient of the calibration equation of
sweetness in Mao juices. This result iz noticed that the
variables influencing the standard equation for analyzing the
sweetness in the wine ("Brix) are located at positions 1440 and
1380 nm, which are the absorption positions of the 0-H str. 1st
overtone bond, which is the structure of Sucroze and Glucose
sugar [21]. It also corresponds to the absorption position of
Svecrose and Glucose as reported by Williams and Norris [20]
and at the absorption position of 1457 nm_ It iz also another
variable that influences the equation It iz the absorption
position [20], which is also an element of sugar contained in
fruits. In addition, at the absorption position 1320 nm, Osbome
et al. [21] reported the absorption position of the O-H str. 1st
overtone of the starch structure which not Glucose, Sucrose,
of Fructose. Therefore, the starch or polysaccharide structure
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in pants will be had the monomer of Glucose sugar as
connected with glycosidic bond. Hence, this variable may be
critical to the calibration equations that are created. Figure 3(b)
shows the coefficient of the eguation of sweetness in Mao
wine products. The coefficient of variables influencing the
equation iz 1940 am, which corresponds to the combination
absorption positicn of the bond of O-H str. and O-H def., the

main bonds of water [20, 21] are the main elements in the wine.

In addition, the variable influencing the analysiz of the
sweetness (“Brix) of the wine is 2080 nm, which is the
combination absorption position of the bond. O-H str. and O-
H def.. which are the bonding structures of Sucrose sugar [21]
and close to the crystalline Sucroze absorption position at 2100
tum cotresponding with reported from [20].
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Figure 3. The coefficient of the calibration equation for
analyzing Brix value of (a) juices and (b) wine produced
from Mamao fruits

3.3.2 Alcohel analysis of wine product

Figure 4 shows the calibration et (2) and the validation set
(b) seatter plots of Mao wine product to be analyzed of
Alcohol value using the 1% derivative spectrum and vector
normalization combination methods in the wavelength range
of 800 — 1836 nm. This method may be not suitable for alcohol
prediction due to an R-value in the cross-validation group of
less than 0.73 within the correlation coefficient and standard
error of cross-validation of 0.74 and 1.82%, respectively.
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Figure 4. Scatter plots of predicted alcohol values of Mao
wine product (z) the calibration set and (b) the validation set

Figure 5 shows the coefficient of the standard equation for
analyzing the alcohol value of Mao wine. The regression of
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the standard equation to estimate the alcohol value of Mao
wine indicated the wavelength position of 1410 nm has
influenced the standard equation to be absorbed of the O-H str.
bend in conjunction with the Alkyl group (ROH) [21, 22]. This
claimed the alcohel structure and also have the wavelength
positions of 2270 nm and 2302 as yielded the ethanal
absorption [20].

Regression coeffigent
s B B &

£ & & s

EDOD 1000 1200 1400 1500 1800

2000 2200 2400

Figure 5. The coefficient of the standard equation for
analyzing the alcohol value of Mao wine

3.3.3 Acidity values analysis

Figure 6 shows the prediction of acidity values of juices and
wine produced from Mamao fruit within the calibration zet and
the validation set through the scatter plots. The calibration set
(Figure 6(a)) and the validation set (Figure 6(b)) of Mao juices,
the best equations for analyzing the acidity were used Vector
normalization method within the wavelength range of 1638 —
1828 and 2170 — 2354 nm_Base on NIR analyzing results, the
correlation coefficient, standard error of cross-validation, and
bias were obtained of 0.92, 0.22, and -0.008, respectively.
Also, have the value from the paired t-test as analyzed with
NIE. and standard methods were related significantly with the
reliability of 83 % similarly with Brix values analyzing the
result. While the calibration set (Figure 6(c)) and the
validation set (Figure 6(d)) of Mao wine product, the best
equations for analyzing the acidity were used the spectrum
with the 1st derivative and vector normalization combination
methods within the wavelength range of 1332 — 1470 im. Both
reports could be not good for analysis due to an B-value in the
cross-validation group of less than 0.75, which is inconsistent
with other research that uses NIR techniques to analyze the
quality of wine. One of the most probable reasons is that all
samples were divided into 2 sets, one set for NIR measurement
and the other one for chemical analytical method, while
fermentation or termination process is incomplete of wine and
the infections contained within the sample will still be active.
Accordingly, the amount of sugar, acidity, and alcohol in wine
from the 2 sets are different.

Focus on acidity values of Mao juices, the coefficient of the
standard equation of acidity in Mao juices was shown in
Figure 7. This result is noticed that the variables influencing
the standard equation for analyzing the acidity as located at
NIE. wavelength positions 2242 and 2294 nm to be absorbed
ofthe N-H str. + NH3+ def bond and N-H ztr. + C=0 =tr. bond
regpectively. In specially, these locations are performed the
structure of Amino acid [21] which important for healthy
within more than 18 types from net 20 types. At wavelength
positions, 2294 nm vyielded the absorption as related with the
Vitamin € or Ascorbic acid [20] with more than §.97 mg per
100 g of Mao fruit.
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Figure 6. Scatter plots of predicted acidity values in the
calibration set and the validation set for (a)-(b) juices and
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Figure 7. The coefficient of the standard equation for
analyzing the acidity value of Mao juices

4. CONCLUSION

Chemical quality on juices and wine produced from Mamao
fruit compoze of Brix and acidity values have been evaluated
by the near-infrared spectroscopy method. All produce from
Mamao fruit as observed with FT-NIR spectrometer to be
indicated the main composition of water. Also, the FT-NIR
spectra in the wavelength 2258-2312 nm of Mac wine product
could be predicted and confirmed the Ethanol function or
alechol hybridization. Brix or sweetnesz of Mamao fruit
products as analyzed have compozed of Sucroze and Glucose
sugar and abundant of Amino acid more than 18 types which
obtained from acidity predication process.
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