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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, 2 and 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 (R?) = 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 °Brix, 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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v39138n91 81ns5lddnna (intemal browning) (Collins, 1968) Shewfelt and Rosario (2000) L&1i®
auufgII ANLLASEAIINANTNNSAUSNYY 19U oumgiian Tnalunisnszdueyyaias (free radicals)
%ilp reactive O, WU H,0, Wiy d3a1u1saviianey polyunsaturated lipid ﬁﬂﬁﬁaﬁjm%aé
Feuanin (Shewfelt and Erickson, 1991) d@swaliiansing auisansussnouiiueaindeufiniudionn
Nwaaed9dasy (Murata, 1990) wazvinufiserduteulssl polyphenoloxidase (PPO) autiinidu
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fivthiitavnseyyaiaslllfAnufAsen lpid peroxidation wazasUSunaeyyatasmintuneluad
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aunsaiulounu 5 - 6 dant eglidiinenisldduinia (@anduidefivany, 2560)
wiadla Near Infrared Spectroscopy (NIRS) 1lumafiadildiusgaunsvatgludagiu wu dily

Uszyndldluinuagnaldan @uuni, 2555) dusunisussendld NIRS Tuldnawnseauiiu Guthrie and
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Walsh (1997) Li‘]u;jiLiﬁm’m%ﬂsﬁﬁuawaé’UUzm 1NUU Guthrie et al. (1998) way Walsh et al.
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PnuUaslandulzsndamninUszaruAidus 91uau 480 fegnd
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

Aulfsadudesaius mesys 1 waz MD2 1 2 5e8gAMUANLA (@NUA 10-20% Uz
30-40%) Inuvasgndudzsndamninuszarudsdus dluifudnwii 1342 °C wazifiy
$nwIunu 2 uag 4 dUai wazdnAuinuifigungiviesuiu 1 Yu Ainszviquaim
wagesRUsEnaunInall lawn Usunadnniug (Vitkamin C) a1u35 (AO.AC, 1990) Usum
nsailawmsnld (Titratable acidity) m133 (A.O.A.C, 2000) wazUsziiiuvasndafiazanein
(Total Soluble Solids) LLazUizLﬁum'm':;ul,t,sasuaaafmwalé’%ﬂfﬁma

thfegrsdulzsaiug tnusys lwed 1 uaz MD2 1 2 szegaNgnuAniag fA1nns
pAnFuLANwELATE FQA NIR GUN fimueniadu 700-1,100 nm

Y

1§71 spectra #ULUU (original spectra) fildad1auuusiaswmsndamansdieid Partial
Least Square (PLS) @28 735 Multiple Linear Regression (MLR)L & % Multiple linear
regression discriminant analysis (MLRDA) mﬂIUiLLﬂiuﬁﬁL%gﬂ CA-Maker Wagds Partial
Least Square (PLS) TUswn3ud11593U The Unscrambler 999uU3%¥% Camo Oslo
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4. yhnsAndenaunI1sineia1sana Correlation Coefficient (R) @9 A1 Standard Error of
Calibration (SEC) #n Wagen Standard Error of Prediction (SEP) i

5. svdeumLgnRemiuesauNsfiaiety Tnevaunisluussduuinaindug
(Vitarnin ©) U3unaunsaiibawmsnld (Titratable acidity) wazUszifivvondsiiazanen
(Total Soluble Solids) lufeegedulzsaUiauiisuansinseiluiosUfusnis
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thneesdulesasiug sy wed 1 uag MD2 71 2 szeganuaniningg iusnui 1342 °C
nazAUSNYIUIL 2 wag 4 dani uaziiudnunfigumaiiviesnu 1 Ju asmsgandunaneieios
FOA NIR GUN fia1ue13adu 700-1100 nm 533 480 dregns Ifannduvesdudyse AINTINANAULAS
finuenanau 970 wiluwns faruenirauiiiu peak iflanuisadeaiutn waz O-H eroup
Tuduvzsa (Williams and Norris 2001) (Figure 1)

a519a@un139835 Partial Least Square (PLS) lngldlusunsudnsagu The Unscrambler a3
dunsuazUSuaumsdmsulssiiuviinadnniug Usinanseilawmanls uasUssdiuvecuditazanet
AU 3 FUNIT

INAITATNAUNITWArUSUANN1TAINEUULIAII1UIUL 480 F1e819 YN calibration A18735 PLS
regression Laan15LY spectra Sudu (original) WUU Full cross validation AUATUTNIUIATLUY
Usinansaiilmnsnly wasUssidiuvewdeitazanetn Tuduuzsnfinanuenandu 700-1,100 nm wuin
dunn397n original spectra TasUStnadmiiug Yunansedilawsnls wasdssfiuveditazanei

1. 39U (Vitamin C) TAranduius (R) seninanmsinsgilurieslfofinistuainisviiung
WU 0.97 ArauianaInuInsgIulunisvinuie Standard Error of Prediction (SEP) winfiu 3.74
mg/100 g AANUEANAInNInTFINTUN1SYITUEvRINg) Standard Error of Calibration (SEC) 11y
3.35 mg/100 g fiaseiifvates (F) = 7 Jade Armunainpdeu (Standard Deviation, SD) 99113
Ans1enluiesufuinisiindu 17.40 me/100 g wagaunsUssiuUsuiadndugludulese s
4.45- 69.62 mg/100 g fiA1aldy 28.19 me/100 ¢ (Table 1 wag 2) AwnuIAINE1IAAUAT AN
regression coefficient 71 730 nm 1{ue1 OH group 71 801 nm 1¥uA" amino group 71 910 nm 1Huen

voslusiu way 7 970 nm tJurvewi (Fisure 2)



2. nsadilamsnlé (Titratable acidity) Aranduius (R) = 0.93, SEP = 0.03 %, SEC = 0.03 %,

F=9ady, SD = 0.10 % wazaun15usziiuvsununsailawmsnlaludulzsa Faud 0.60-0.93 %

N a A

fidade 0.75 % (Table 1 way 2) AIWNUIAIINEIARUTTIAY regression coefficient 71 738 nm
Jud1 OH group 7 827 waz 1056 nm tUuA1 amino group 7 912 nm WJuA1ve3lUsAU waxd
973 nm Hurwesi (Figure 2)

3. voswdefiavanei (Total Soluble Solids) Aanduus (R) = 0.94, SEP = 0.51 %Brix, SEC =
0.44 °Brix, F =9 1338, SD = 1.51 °Brix wavaunsUssiiuUsinavesdsiazarstludulysn s
13.71-20.26 °Brix §iAnades 15.90 *Brix (Table 1 war 2) H1unuIAIINE1IAAUTITIAY reression
coefficient 1 732 nm 1Juen OH sroup 7 827 wag 1,056 nm Wuen amino group 7 910 nm Huen
yoslUsiy wazit 971 nm Wurwasi (Figure 2)

NNITIANFIRusIInnIsiueAUsIadaiug Usuansafilamsnld wasUsadu
vosudeftaraneiiluduuesn e NIR wazaiiiasgiluiesufifinig nut erduuszaninisdaaula

U 1

(R2) A1 0.96 0.91 waz 0.88 MIUAIAU (Figure 3) AINNITATINAUNITAIINTIUIUFIDYI 480 FIDE19
5@LLﬁ’i’1¢h§1’uU33?1v1‘§ﬂ’13§1’®§u1%3qa%u wnfinisnaassdellarsiiindieg1sfidanusuiaianfiug
Uszanm 20-28 uay 45-50 me/100 ¢ Wilelwaunisilimnuusiuguiiniy
%gumaumsﬁ“u validation wdsanlaaunis calibration uda ﬁwmsmuaaudwammsﬁa%ﬁﬁgfum
aunsadiusitunedeyayaduld dsnrsnaaevaunisUsziduaiUuaindud Ysuianse
Alowmsnld wazuszfiuvosudefiazarsthluduizsn sauau 10 fredre difedcluaunuienies
FOA NIR GUN wagvinune (predicted) auiunadaniinug Usunansadilansnld wazUsediuveudad
azangiludulzan WisuifisufuaiinsgiluiesUjifnsiinrmgniesnntesudlyu (Standard
Error of Prediction ; SEP) AindgreimsinnefuanadevesaniinsgiluresfiRnisiaiuunneig
funzelal (bias) Aradnfildlunisnaaeuiiaums calibration fiad1stusniinrmgniosanunsnirluld
uldiAe A SEP wag bias ArsiiAntieny feazuaniinaunis calibration farnamungauiazinaies
NIR srlflunsviuneandnuagiidesnsm suisiduussaviminaula (R) msfiaudilng 1
MIAILIAT SEP wazAn bias vesUSunadandud Uunansaiilamsnld warUszdiuveudsi
araneiiludulzan fhunsldsuaiinsgiluiesufiinisliunndstuuin dedid SEP = 1.11
mg/100 g 0.08 % wag 0.58 °Brix #1Ua16U A1 bias = -0.04 mg/100 ¢ -0.03 % tay -0.38 °Brix
pmddy @ bias Taduaunansin ardviunglddaunniiadesgiluiiesufjiins (Table 3-5)
waiadf ttest lWmageuauwani I aSeufisuanaieresisnis 2 35 wuin aunisdmiunis
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fuAnseluieslfUanisludianuwaneeiunisadfegelitud Ay NseAuanuieiuil 95% Aty
Fearursaraunsildussluysuiaidniiug Usunansanlamsnls wazussiiuvesndaiazaiaiii
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wuglanieduniuseenisiddiinia asetuiuiugginiiseulesesinisidduinig Usuia H,0,
v e & R = a e~ < v i 2 W a
veaugnnanIiuglnniie waswdsuudaniigauandeslussnitenisiiuinel Ysuiwu
nsnuadnadauarianssuves catalase (CAT) lududzsaiuginanisroudnand unnaeaniuggin

S a a a el' v o PN & =
MTuunsaneanelalazfianssuves CAT anasluvazionsldduiaaiiuuiniy wes uazaue
(2527) Anwinisiinennisldduiniavewmadulssaiudiieyu iiuifeinadulzsaluszozuniden
(mature green) wawszezan (v ripe, Wasnwausingdmaesuszana 2 wad dadussezgnuniiions
uslnaan) Wusnemadulzsafiaaumgd 8 °C (Anududuivg 73%) Wuian 4 et wuindanis
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nnneassdmatiallesdunsisaanlasalalunussendldlunisusslivUsunainniug
Waansnuaanadn Baud 4.45-69.62 me/100 ¢ Usunansadilawmsvls daus 0.60-0.93 % uazUswiiiu
vosudeiiazarenin s 13.71-20.26 *Brix luduvzsnld arunsathaunisussduldmainniug
WioUszdiunsiinernistddiima deermstdaimainnuduiusfuusinadaniug Ausuue
wuluduuzsniugmusys we 1 loifiudnuiil 1322 °C ur 4 §Uanvi drustug MD2 liwunnsidn

91n5laduealunISAUS NN 13+2 °C U 4 dUa%
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weouwnsmsldmeda NIR lunisasiameinistddiinalududzse dindvinsinuns inwnsns/
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12. 18N&d1591994

nInY $udana. 2553. Yinmunsalutiu ueudeendunuviuasidulusifiiendowionisiinernslddthnna
luduesn (Ananas comosus (L) Merr.). InegninusyUsga13vermansguiodn (Wsaiu).
UATINIRBNYATAIERS, AN, UATUTY.
P39udl A3l wardoussl upassUseAn. 2508, auyaETuazivnueenTnduiuenslddimaly
dulesn. 273975 Postharvest Newsletter. 4 (1).
183 N32918NA18 RUINT Noaney 53y Bunsiug uasedun wawaw. 2557. maiAnenislddinia
YoswaduUrsugedunendamaiiuinunilgamgiivn. 1sarsununwas. 42 (3) : 12-18.
A3uunn Asudaed. 2555 madssendldludnuasnalilan. weluladdunsuseelnauasmsssendly
luemaimnssy. anTuAuAT L HALIHEANAINITINYATHALRAAINNTTUNEAS.
an1duIduiivaiu. 2560. N159ANITNITHANAUYY TAAMAIN. NTNIVINTNYAT I9INT NTUNN1.184
wi.

WEgUn WITUNS. 2560. MImwIaNNsHisuNInsgIuiudmiuasiaindasidinuinianivunse

(%
o

ihaaglasalulugaing dulesn wasuraznowtdudeunisiuiiiemedeanlns alnd
dunswsng1ulng. e rman sy g, uvningnaedalinsg. 191 .
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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
R SEC SEP | SD Bias N
composition method h (nm)
analysis
Vitamin C Original 700-1100 0.97 |3.35 374 |17.07 0.0304 120
Titratable acidity Original 700-1100 0.93 0.03 0.03 | 0.09 | -0.0012 110
Total Soluble Solids Original 700-1100 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)?
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.

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)?
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

4 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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