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3gANAULANIBLATS FQA NIR GUN fimnugiadu 700-1,100 nm 524 480 fegna lsaiunnsuues
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wazdsduveaudefiazaneih LLaz‘dizLﬁummquwamwmﬂé’%ﬂfﬁma i nefifeuaianingins
yEamsiAuRsILazuUssUREaraINYAS wazantiiseiivaiu nudvnsinens auduiussEning
AmsgadunasuesdulzsafuaUiniainiiug Usnunsailamsmls wazdsifiuveaudsfiavane
MENNTT0N00Y AUNTISITNEY AduvAlla Partial  Least Square  Regression  laglaflusunss
the Unscrambler foyagnuusseniduasengu ngudl 1 e calibration set 1Wungusnegedildlunis
a¥saunisoanesidudussnitadoyad Uinnainiud Usinunsadilanmle uasdseiduvosuded
azanein fumsadadeyarimagandunas ngudl 2 fo validation set LHundudeehsiildnsiaaoy
aunsonnesidadulunsviuneaimnadmiud Usinunsailansld westssduvesudefiazanei
thaumsilaluneaeuiufesng saznadiiiuns naies 2560 - fug1ou 2562 1INANTNARBINU
aunmsUssduainnfiudvesdutzen aunsimanduius (R) = 0.97 Aduuszdvdnisdnaula R) =
0.96 ApupantAdeulunIsUsHd (Standard Error of Prediction, SEP) = 3.74 mg/100 g #1n
ArALAaIRLAABY (Standard Deviation, SD) = 17.40 me/100 g aunsusuuiuaruSunansadilawmsy
Ifweadutzsn A1 R = 0.93 @1 R* = 0.91 1 SEP = 0.03 % #ndndn SD = 0.10 % aunsUseiiiy
Ausziiuvosudefiozarenvesdutzen e R = 0.94 @1 R’ = 0.88 A1 SEP = 0.51 *Brix sindnen
SD =151 Brix  x a1nnaneaesazduldiraunsdmiunisussduaidy aunsodiluusady
AUSadming Usinansailamsnld wostssiuvesudeiiazaneinld wagannmanaassmuiing

Anonsldduinavesdulzsanaandioanidoiuniusnuiuu Wugmesys wes 1 Waiusnwiuiu

IS = a

4 Fenai dmsnunmsiiineisldduina uaslinuduiusiuuSuadnius Fausunuen diuiug

MD2 Tainunisiinannistaduimnalunisidiusneiuiu 4 dUan

o o ) a A P % < A H N ea a
Amian: duUsse ITuT nsanlawsnle veadenazatein Wesdunsuseanlasalal



Abstract

Fresh pineapple exports have a small amount and value when compared to the total
pineapple volume for exporting. The important problem is internal browning of pineapple in
storing from farm to consumer. The popular pineapple varieties are the Queen group, such as
Sawee, Phuket, and Trat Si Thong but are weak internal browning of pineapple. This method is
destructive samples and it takes a long time for chemical compositions analysis. The objective
of this research was study on Near Infrared Spectroscopy (NIRS) technique, is non-destructive
technique, it takes a short time and no chemical use to predict for Vitamin C (ascorbic acid),
Titratable acidity, Total Soluble Solids values and evaluated internal browning of pineapples.
The 480 samples were collected Phetchaburi 1 and MD2 varieties at 10-20 % and 30-40 %
maturity states from Prachuap Khiri Khan Province. The pineapples stored at 13+2 °C,2and 4
weeks. The samples scanned by FQA NIR GUN in the region 700-1100 nm. The spectrum of
pineapples were shown. The Vitamin C (ascorbic acid), Titratable acidity, Total Soluble Solids
values analysis and evaluated internal browning of pineapples at Horticulture Research
Institute, Department of Agriculture. The Least Squares Partial (PLS) linear regression models
were calculated using the Unscrambler (Camo, Oslo Norway). The absorbance of samples
correlates with Vitamin C (ascorbic acid), Titratable acidity, Total Soluble Solids values. Data
were divided 2 groups, group 1 is calibration set, and group 2 is validation set. This research
was done in 2017-2019. The calibration for predicting Vitamin C of pineapples, multiple
correlation coefficient (R) = 0.97, squared correlation coefficients (RZ) = 0.96, Standard Error of
Prediction (SEP) = 3.74 mg/100 g, Standard Deviation (SD) = 17.40 mg/100 g. The calibration for
predicting Titratable acidity values of pineapples, R = 0.93, R = 0.91, SEP = 0.03 %, SD = 0.10
%. The calibration for predicting Total Soluble Solids values of pineapples, R = 0.94, R = 0.88,
SEP = 0.51 OBrix, SD = 1.51 °Brix . Therefore, the NIRs technique can predict Vitamin C,
Titratable acidity, and Total Soluble Solids values of pineapples. The results show that
Phetchaburi 1 variety occurred internal browning after stored at 13+2 °C, 4 weeks. The
internal browning symptom relate with low Vitamin C in pineapple. However, MD2 variety not
show internal browning after stored at 13+2 °C, 4 weeks.

Keywords: pineapple, Vitamin C, Titratable acidity, Total Soluble Solids, Near Infrared
Spectroscopy
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MIBLI8NIN mmﬂﬁﬁﬁ’lma (internal browning) (Collins, 1968) Shewfelt and Rosario (2000) L&u®
auufgIudn AnmeIennan MBS Wy gumgiidn fnalunisnszdueyyaias (free radicals)
%iin reactive O, W H,0, WAy Fsanansovinans polyunsaturated lipid ﬁﬂﬁﬁaﬁm%aé
Feuanim (Shewfelt and Erickson, 1991) duwalifanssingg saufisansuseneuiiveandoudiniudienn
Nwaded199ase (Murata, 1990) uwazvirufiseniuieulesl polyphenoloxidase (PPO) autinidu
ansithmnatu fdueendndu Wy nsaueanaln superoxide dismutase (SOD) wag catalase (CAT)
ﬁwﬁwﬁsﬁmmaa%aLﬁ%hﬂﬁlﬁ@ﬂﬁﬁ%m lipid peroxidation LLazamU‘%mma%aLﬂ%ﬁﬁmsﬁumﬂumaé
(Ahmad, 1995) nalnnsiinenslddiaalunadulssn gaus1ngladuidn WALE991N5IANBINNS
fananinailisammusureadededulssndouanimdumeliaisiieg aunsoddieanain
wadldine (Murata, 1990) wasmunisvineuveseuled PPO  1iintu denndesfiunisiineinis
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wAila Near Infrared Spectroscopy (NIRS) Lumediaildiuegraunivanglutiagiiu wu iy
Usvendldluinuasnaliian @uuni, 2555) duunisuszendld NIRS luliatundoutiy Guthrie and
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nuUasUgndulendaninusyaruAsius 91uu 480 Mognd
. w593 NIR spectrometer WUUNANIFU FQA-NIR GUN (Fantec, Japan)
. MetdunIUANDNM)T
. W3R URTABAaNNTN Pocket refractometer iju PAL-1 8% Atago ,Japan
. aspddnsuieseiusunansadilamm
5.1 phenolphthalein
5.2 leulansonlan (NaOH)
_ @S AEUSUIARTIERUSIN AR AU
6.1 metaphosphoric-acetic acid

6.2 2, 6-dichloroindophenol

Aulferdudrsaiug mvsys 1 uag MD2 1 2 szozauanud (gnuA 10-20%  uay
30-40%) 9nudasgndulzsndsminuszaruasius dluifunuil 1342 °C wazifi
$nwIunu 2 uaz 4 dUani waztdufuinuifigungivesuiu 1 Yu Ainsieiauaim
warasAUsznouniaedl laua Ysunadnfiug (Vitkamin ©) a1uis (AO.AC, 1990) Usunw
nsaiilawmsnle (Titratable acidity) nu3s (AO.A.C, 2000) warUsuifiuveaudefiazareii
(Total Soluble Solids) LLazUizLﬁumm'guLmsuaqmmiiﬁﬁfwma

hfegredulzsaiug twusys wed 1 way MD2 1 2 seezaugnuasiag faA1nns
AnAuuasiIELA3es FQA NIR GUN fiA1ue1iadu 700-1,100 nm

11 spectra fiuuuy (original spectra) fildas1auuusiaemandneansdeis Partial
Least Square (PLS) ¢183% Multiple Linear Regression (MLR)waz Multiple linear
regression discriminant analysis (MLRDA) fmﬂIUiLLﬂiuﬁﬂL%ﬁ]gU CA-Maker 1ag35 Partial
Least Square (PLS)  lUsunsudn3agu The Unscrambler we3u3¥vm Camo Oslo
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4. yhnsAnienaunslagiansanal Corelation Coefficient (R) @4 A1 Standard Error of
Calibration (SEC) #n Wagen Standard Error of Prediction (SEP) i

5. AsvdeUALgNAetLiugvsannsfiaiity Tneaunisluussdulinainiug
(Vitamin ©) USuansafibansvld (Titratable acidity) wazUssiiiuvosudiazanein
(Total Soluble Solids) lufegedulzsaUseuiiuansinseiluiosufusnis
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thinegnaduuzsariug invsys wed 1 wag MD2 7 2 svezanudnuasiieg iuinwi 13:2 °C
naztAUSNYILI 2 waz 4 §Unsi uazifuinuiieumgiiviesunu 1 Ju Yarinisgandunasiieinios
FOA NIR GUN fia1uie1man 700-1100 nm 533 480 daegns Idanasuresduzsn AINNTRANGULLEN
finnueninay 970 wiluwes frneeauiilu peak  Aflauieddostuti uaz OH  eroup
Tuduuzsn (Williams and Norris 2001) (Figure 1)

a519aun136873 Partial Least Square (PLS) ngldlusunsud5agu The Unscrambler @319
dunsuarUsuannsdmdulssiiuliinadniug Vsinansailansmld uarlseiuvedsiiazaneth
AU 3 FUNIT

NNITATNENNTUAZUSUALNITINEUUZIAIIUIU 480 §19813 i1 calibration 28735 PLS
regression laen15lY spectra Sudy (original) uU Full cross validation AuUAIUSNIMIANTIUT
Usunaunsadilmasvld wasUssiuvosudeitavaret luduussaiinuenadu 700-1,100 nm wuin
@un397n original spectra vesUsINaAniiug Yinansailansmld wardseiiuvewdsiiazaneii

1. Fenfiud (Vitamin O) HAandunius (R) serinenisiesisiluiesyjuanisiuainisviiung
Winfiu 0.97 Arpuianatnuinsgulunisvinuneg Standard Error of Prediction (SEP) Wwinfiu 3.74
mg/100 g AANEANAIANINSgILlUNTIUIEYeINgY Standard Error of Calibration (SEC) winfiu
3.35 mg/100 ¢ ftldefiieades (F) = 7 Yad Apnuaaiaadeu (Standard Deviation, SD) 91nn"3
AATAUTeUHURNITWINALY 17.40 me/100 ¢ wazaun1sUssiliulsunaiafivglududszse Fau
4.45- 69.62 mg/100 ¢ TAnady 28.19 mg/100 ¢ (Table 1 war 2) AunuiAILEIAALTTAT
regression coefficient 7 730 nm 1Jum1 OH group i 801 nm tdum1 amino group i 910 nm Juen

vealUsiu wag 7 970 nm Wurwesi (Fisure 2)



2. nsadilawmsnle (Titratable acidity) Anaudusius (R) = 0.93, SEP = 0.03 %, SEC = 0.03 %,
F =9 dJade, SD = 0.10 % wazaumsUszidiutSinansaiilmnsnlaluduizsn dous 0.60-0.93 %
finniade 0.75 % (Table 1 waw 2) FUNUIANEIAAUTITAT regression coefficient 71 738 nm
Judn OH group 71 827 waw 1056 nm s¥uAn amino group 7 912 nm ueweslsiu wazd
973 nm Hurwesi (Figure 2)

3. veaudefiazaneth (Total Soluble Solids) Aawduius (R) = 0.94, SEP = 0.51 °Brix, SEC =

0.44 “Brix, F = 9 t}ad®, SD = 1.51 °Brix waraun1susziiuuSunavasdaiiazatotnluduissn faus

13.71-20.26 °Brix fldady 15.90 “Brix  (Table 1 uay 2) SumnisnnnueIndudisian resression
coefficient 71 732 nm t¥uAn OH group #i 827 wag 1,056 nm tHuA1 amino group 7 910 nm Juen
yoslusiu uazit 971 nm Wurwewh (Figure 2)
NNITIANFIRUSIINNITIuIeAUTI I aIniug USinunsaiilawnsnld wazUssdu
vosudefiazanetludulzan de NIR wagadtnmeiluiesufiinig wut srduussaninisdaiula

o

(R2) #iA1 0.96 0.91 way 0.88 MINaAU (Figure 3) MNNTITATNAUNITIINTIUIUAIDE1S 480 FI8E1
P DR a £ o a = ~ ' A W ' Ao a a a a
fauddmdudszansnisdndulaszgu mnlinsmaasdeluaisiiiudieganiiausunainiug
Usganad 20-28 uag 45-50 mg/100 ¢ iiieliannsiauulugLnuTy
JUNDUNITYN validation 1d9971nleaNN1S calibration WA YINAISNIUABUINAUNITNAS 19T UL
mmaaﬁ’lmﬁwmaﬁayjaﬂgmﬁuléf Fan1snedsuaun1suseiiua1UsSuudntud USuamunsa
A v a < a ’oj [y ) %} 1 o w 1 v a
Alowmsnle wazUseiiuveadsnaratsunluduese 377U 10 §19879 1410819l UdnNUAIELAT DY
FQA NIR GUN uawyiune (predicted) aruSunaidaniiud Usununsailamsnls wasusviliuvoawde?
azarpuludulesn WisuilsuiuadaseiluriesujUAnsiinnnugniesnndesualny (Standard
Error of Prediction ; SEP) @Aa@gvain1svinuneiuatadevesninssiiuiosujuanisininuuansig
fuvselal (bias) Aadianldlunisnsisaeudnaunis calibration Mas1adundanugnassanunsatluly
vy | . a1y = 1 . . a PN o dl'
ulpfe A1 SEP wag bias AITUANUBY ) DILUANIIENNTT calibration UAIUNUIZAUNITUIATD
° o { & 1w a £ o a 2 v v
NIR inlglunsviunenaaneaeineen1sm siunsendudseansnisanduls R) astiandilng 1
ANSAIUIUAT SEP LazAn bias Ya3USuaInNTug USununsanlamsnle wasuseiiiuvoandad
azarsunludulzsa Mineladuainsigilunesufifnisluuanseduiunn Fefien SEP = 1.11
mg/100 ¢ 0.08 % Hag 0.58 °Brix MINEAU A1 bias = -0.04 mg/100 ¢ -0.03 % Hag -0.38 °Brix
AINAIRU A1 bias Anduaunansdin adviungladianunnninadesgiluiesUiuRnis (Table 3-5)
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nMveaesdmatialissdunsinaUnlasalalunussandldlunisussiiudsinainniug
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12. 18N&d1591994

nIn Fu3sna. 2553. Usuunsaluiu ueudeenduauinasiduluifiisitestenisiinetnislddinia
ludulesn (Ananas comosus (L) Merr.). me1idnususygramermansguinden (Wsain).
UIINIRENYATAIENS, MUIILEY, UATUTY.
T30Vl A3wnily wardouegn unasTUsEiin. 2548, eyyaaiuariafuoandnduiuoinisldddiaaly
dulesn. 273975 Postharvest Newsletter. 4 (1).
ug3 NIEAENas RuWin noswas 539 Bunsiug uasalun wamau. 2557. maiAnenslddthana
YoswaduUrsugegunevdamaiiuinunitgamgiien. 1sarsununwas. 42 (3) : 12-18.
A3uunn asudaed. 2555, msussendldludnuasualdan. waluladaunsusagiulnalaznisussendly
lugmaimnssy. aoTuAuAI e TRLIHERNANINITINYATUALBNANYNTTUNYAS.
anUuideivanu. 2560. N1590N715NITHANAUYLTAAQAIN. NTUAIVINTINYAT ININT NTUNN.184
wi.

WBBUN WITUNS. 2560. Msimuaun1siieunnsgIuniludmsunsiaindnsndnanmunse
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thaaglasalulunrang dulsen wasaraznoutdunounsvuisdomaiaauning alnd
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Figure 1 The original NIR spectra of pineapple of 700-1100 nm.
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Figure 2 Regression coefficient plots to evaluate Vitamin C (a), Titratable acidity (b) and Total

Soluble Solids (c) values in pineapple.
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Figure 3 Scatter plots of actual Vitamin C (a), Titratable acidity (b) and Total Soluble Solids (c)
values in pineapple vs. NIR-predicted Vitamin C, Titratable acidity (b) and Total

Soluble Solids (c) values in validation set.

Table 1 Partial Least Square Regression calibration result for predicting Vitamin C, Titratable

acidity and Total Soluble Solids values in pineapple.

Chemical Math Wavelengt
F R SEC SEP |SD Bias N
composition method h (nm)
analysis
Vitamin C Original 700-1100 7 1097 |3.35 374 |17.07 0.0304 120
Titratable acidity Original 700-1100 9 0.93 0.03 0.03 | 0.09 | -0.0012 110
Total Soluble Solids Original 700-1100 9 0.94 0.44 051 | 142 | -0.0122 280

R: Multiple correlation coefficients

F: The number of factors used in the calibration equation
SEC: Standard error of calibration, SEP: Standard error of prediction
SD: Standard Deviation of actual value

Bias: The average of difference between actual value and NIR value, N: Number of samples
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Table 2 The characteristics of samples used in model for Vitamin C, Titratable acidity and Total

Soluble Solids values in pineapple.

[tems min-max mean Unit
Vitamin C 4.45-69.62 28.19 mg/100 ¢
Titratable acidity 0.60-0.93 0.75 %
Total Soluble Solids 13.71-20.26 15.90 °Brix

Table 3 Comparison of predicted and actual values when used NIR model to evaluate Vitamin

C value in pineapple.

Method to determine Vitamin C d d
Samples Reference Method NIR Prediction (x-y) (x—y)2
X Y

1 16.13 17.68 -1.55 2.39

2 18.51 17.81 0.71 0.50

3 41.09 41.75 -0.65 0.42

a4 40.44 39.75 0.69 0.48

5 12.62 11.12 1.50 2.26

6 8.18 9.71 -1.53 2.34

7 67.55 68.29 -0.74 0.55

8 10.35 10.17 0.19 0.03

9 30.13 31.42 -1.29 1.65

10 34.28 35.62 -1.33 1.77
Total 279.33 283.32 -4.00 12.40
Average 27.93 28.33 -0.40 1.24
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Table 4 Comparison of predicted and actual values when used NIR model to evaluate

Titratable acidity value in pineapple.

2

Method to determine Titratable acidity d d
Samples Reference Method NIR Prediction (x=y) (x-y)*
X Y

1 0.60 0.64 -0.04 0.0018

2 0.54 0.57 -0.03 0.0009

3 0.72 0.74 -0.02 0.0003

a4 0.72 0.89 -0.17 0.0272

5 0.88 0.86 0.02 0.0003

6 0.88 0.80 0.08 0.0064

7 0.73 0.90 -0.17 0.0286

8 0.71 0.70 0.01 0.0001

9 0.71 0.68 0.03 0.0011

10 0.58 0.60 -0.02 0.0004
Total 7.07 7.37 -0.30 0.07
Average 0.71 0.74 -0.03 0.01

Table 5 Comparison of predicted and actual values when used NIR model to evaluate Total

Soluble Solids value in pineapple.

Method to determine Total Soluble Solids d d
Samples Reference Method NIR Prediction (x-y) (x—y)2
X Y

1 19.10 18.74 0.36 0.13

2 16.30 16.45 -0.15 0.02

3 16.80 17.49 -0.69 0.48

a4 16.10 16.87 -0.76 0.59

5 19.20 20.46 -1.26 1.59

6 19.30 19.88 -0.58 0.33

7 19.90 20.16 -0.26 0.07

8 14.50 14.86 -0.36 0.13

9 14.20 14.36 -0.16 0.03

10 13.80 13.72 0.08 0.01
Total 169.20 172.98 -3.78 3.37
Average 16.92 17.30 -0.38 0.34
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