a o o d
i1ﬂﬂ1uﬂ1‘§3ﬂﬂﬂﬂﬂﬂﬂy‘§m

1 s w d
msanmiBinadumsnluiie fuilzsaugianmide
a ¢ a = a o 1 (v
mmwmmuﬁaumanimwmammummuazizﬂ‘ummqﬂ
Study of nitrate content in ‘Pattawia’ pineapple flesh: Comparative analysis

by consideration of pesitions and maturity

WeauBgY SIziuvyn

e A
HIAADIT AIUWET

lasunuaivayuanddsanndusgld dssanlalszanes 2556
ANZQATIHNITHINYAS

andfumalulagnszaeunduinammsannsziia



drilnvedyanan wizeeundaAnsz’

FINUMI VT UTY IOl

X [ %) o d
nsfnmfRnadumsnhuiieduilssaiagianie
a d A = = o 1 o
’Jlﬂ‘513‘HL“b'xfiL‘lr‘ilﬁl'lJl‘i’lﬂﬂiﬂ&l'ﬂ"ﬂ'Iiﬂ!'lGl“!?’i‘l%x‘lllﬁﬁ‘ﬂﬂﬂﬂ’ﬂlli}ﬂ
Study of nitrate content in “Pattawia’ pineapple flesh: Comparative analysis

by consideration of positions and maturity

=) g

=) =y
HIGaTUBTY DITVUBER

a

Aa
HNARADY FAIUVEUT

RCH
a139n
[ P4 5 )
P b 12988254
mvuq....m__.i?gffj_ '
m‘lmm‘ﬁﬂu 1 4 5 S Ficsivimninansrsssvsisessiiacasce
fusdouil= 6 B.E 2500

lasunuaivayuanAdenntuseld Yssdilauszanas 2556
AZYATHNITNINYAT

amiunaluladnszaeundudinammsmanszila



: 4 @ v d o d a =
¥lnsems msfnufSualunsnludedudrsaiugidamde TinneiBulFouiiouTay
NN LA SEAUAUEYN
CRIGERTRE Study of nitrate content in ‘Pattawia’ pineapple flesh: Comparative analysis by
consideration of positions and maturity
unaIlY AazgaIMNITIINYAsTaNTImA Tu Tadnszremndudgunsmanszaia
Uszinh)szana 2556 SruamBuildsumsaiuayy 110,000 un
522NN 1Y (1 ga1ay 2555 - 30 AU 2556)
A o 3 91 av ¥ ! Y o
¥o-ana and lasems uazdinlasaimsite wieusey wihsnududada
IA.AT. AUTYY TIeTovyd uazueAass ASIAET AuZERAIHATINAYAT aoTuma Tu Tadnss
wundudnunITaIANTET
UNAALD
as ) o : ) o @
e lumsnludulesaithulywmdndymmilsdmiulsaudnlzsaussgnseiles
A o " = & | +| o Y & a a o *.2 o Y
dosnms luasneznansendyniunfeunszileshldegmsfusauninfasiduanilii
A = + = & Ao =] w Y, gl Sy o 1 P
waovaynmelunszileafasududduaniudunsienedys Inaluigiumsgquiiionluguy
= o a’ =) Av aa o el 37 aw c’l’tﬁ =
uazasdoulTina luwsa luduilz sads T andssaRursosfuduivaudsois aulafiee
=2 ~ = .il s = T w 1 U o PP
anvufsouigulsma lumsnlbufloduilzsauTinaduria daunans vazdauhe voawaiiil
i o =~ a Ad A 9 & o
anugun 3 szau tassinalumsn luwadulzsatinnineluggfounazgarduuonaniiss
= e~ w iy o v & aw Aqu
any1IsMIana uazansimnzay lumsasialiua luminalemsse HPLCUITen 14
o o < a 1 ' = ar = =
HadUUEIATIuIY 82 Wa (1ALNYI 2 gA)ulssEzANULABEMUN 3 Tedy (Rindosvosniuy
T T a3 U n @ 1 1
1lden 25, 50% unz 75%) ueazkantisasnidiu 3 @u (s, dInnate e dauiena) aniz
~ I [ | a ‘j.’ Qs £ @ 1 ~
mngaudemsania e msana lumsniuiioduilysadao mobile phase AB 8751871 90:10 71
gangivieunzaniziingaudonisia HPLC Ao yilavoamlminfoud A(0.01 M n-octylamine)
siaveu@ndonil B (5m Mtetrabutylammonium  hydrogen sulphate) 8751891 A:B  90: 10
= o 4 i a aa 1 = o d
ANMWGIY098AI1NT Inavoudmatoud 0.5 Tadansdou1il quugivosnodmi 40 aeem

Y

= o aa 1 a a s 1 1 [ 1
AFIT HAN1IUATIZHNIADA WU FudzsanagnitTunalumsn Tiuandreduogied

s o Qs (=)

= @ A d A A A Aa oA I a
siAyN1eEDA uazdulzsaninuneiNszezvoulfenimminauinndi 50% HuSua luasn

1
1w H H o ; o g '
genhdulzsafiiuinelszezveanlfenifmaeatoondt 50% uaz Fudesanuifenluggrui
1w { o ! o 2 Yy = T

Pmnaluasmazgaumnnhidudzsainune lugg¥ou duiuisasd1dn Wualuasn laid
v v do 1 1 o 1 v w g o =

AnuTuNUs AU vIHad e s A uATinNNdNRUEAY szoemsRuReIuazgeMTIAL

=

Gy

o o o i B Y] 1 =y o
AEALY: Pineapple, Nitrate, Non-Acetonitrile, HPLC, du1lesa, Tuwsn, luldasesd1alulass



Abstract

The nitrate (NO,) level in pineapple flesh is one of main problems in pineapple canning
factory. It causes black stains on the surface of the cans. Knowledge of NO,content in pineapple is
important for quality control due to checking of NO,content in pineapple is random. There is still no
scientific evidence to support what a suitable procedure for nitrate inspection should be handled.
Therefore this is research was aimed to studythe level of NO, in difference part of pineapple fruit (top,
middle and bottom) related to maturity stage and crop seasons, and thecondition and extraction
methods used high performance of liquid chromatography (HPLC) for detecting ofNO,content in
pineapple flesh. A batch of 82 pineapple fruits (harvested in 2seasons) was used in this research.
Pineapple fruit can be classified in three group of different skin color (25%, 50% and 75% of
yellow).Each sample was divided into 3 parts (top, middle and bottom). The optimization conditions
for extraction ofNO, content in pineapple flesh was used mobile phase at room temperature and for
HPLC was A (0.01 Mn-octylamine): B (5m Mitetrabutylammonium  hydrogensulphate) ratio
90:10,flow rate 0.5 ml/min, temperature40 °C. The NO,content in each part of pineapple flesh was
determined by HPLC. By statistical analysis, the level of NO, at different cut sections of pineapple
flesh was no significant difference. The NO, level of pineapples flesh harvested at more than 50% of
yellow skin, and on summer season was significantly different to those of flesh harvested at less than
50% of yellow skin and on rainy season, respectively. Therefore, NO,content in pineapple wasn’t

related to cut section but it was related to skin color and crop season.
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1ABYaAAT (Malezieux et al., 2003;Qin et al.,, 2006) Hademasmglemedinadentsazen

= =1

A o o ) = 3 5 =t ¥
winasneumsinunuIdulzsatemaligangiigaiinnuduvesuauand vz Inal
¥
UsgAnimmveg lumsvisdnmaana s lftidSina lumsngaauiy (Smith,1988) wenanii ms
Y+ = I Ve = o 93 @ =~ A 3 v v 1 i
TiJolnummsennas lsd ldduilzselinashlfihminmasvowans eshminglusude 19 fiuay
! ' X g 4 X
AUouHoHATANTBINBY (golden yellow) anulas veuiionn (fruit translicence) MUALLAL AR
9 o = o A 1 o = A
maandsvesluminlunaduilesa  (Lacoenille,  1984) uazduilzsafiunsaoziivZunansad
=] { :: y [} Qs { ! o
ﬂwgmmﬁﬂ?mmmaawuaﬁasma"lﬁ’ua&ﬂ?mm"lmmwiuwawﬁamwaanﬂzmﬁsmwmsi}

1 o a < o . . v § o e
asgiloanunazihldiinelunsellosnaaifufddetinning) Tooniuilefinis [nadulysaiis
v o @ ¥ A + a 5 X " Yy
PWURBNNAMITUITAYVEY  pHYBsWeumslunszilesszganiemiuegiuanududuves

Wsmnansadainuaz TnunaiGen luesnTae Tlussnidfissed1uaed luvi fifa detinningoni 3
) g/ a +* o 5 1o

anmmeludunsansiumsifansedlosinzivegiv luminuazSinansaluna (Farrow et al.
1971)

@ A =] = Y

222 aximanunegudesa
= o Y s s
msuaadulzsalsanu meld “szuumsdanmsqunin : GAP dudsalsean”
a o = 9 o =] §

YOINTWINMSIABAT ATENTIAYATUAZANAT (1wRInune, 2551) Idmmualdifu@e

ar aAa T a a oa w0 o Qs = s sy T 4
duilgsafitians huasnlunalifiu 15 SadnSuderhminea 1 ATansy (ppm) Tifuriugusnars



uazganuewa ludeendt 9 wudwas uazliifu 15.5 wudwas uazianuun liesnniovas
) o A Y 1 = o o o
25 vedriwwa (Fudzsegnihawidenlas Joomwong (2005) l&mismsifuiferdutlzsariug
= ] =
Taane euvoufensendu 6 szue fle CS1 = Flle(green) , €S2 = ngamsAadilen (break),
= A = = ST 2 2 ==y =)
Cs3 = nlasnlimmtes 25%, CS4 = nldonlidmaos 50%, CS5 = Wasnlamans 75%uay CS6 =
=) ==l =y
nlaenimmane 100%
2.23 mafinSmna luasnluduilsa
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= a a ° o a ' T
iins (2530) AnwBnSwavenhminuazergduiiszuziisaandeunanuA KA
[ s v o T o 1
uaganwazuRlsgmvesdullzsaiusdamidenun  msldifolulasnusudulzsadanaldd
= = 3 1 o 1 L) ° =
masyiy Inavueadd luTasnulFunandudulzsazdosaats luiurh 18 lumsy
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ANANS TUNALN
n (2536) TRvsues e i luidoms luasnandslududzsadt luggrudy
o = e " s oA =+ n:; ) 9 -3 5’)
dulzgsamunisoga lumsnandunfedgasssurianionnilonld | inntunsiuszoznams
= = =2 A T = Qs d = 1
wuneRstinadofFinaluasniazanludulzsamnnuifo lugerussiiszesnarlunsdes
Y o Y1 ¥
aae lumsmieei i e snandiaunn
= A 1
Jpgns (2551) AnErszeznans W lwmadeuaas lsaninadodsuna lumsn
= o 1 = 1 = o 9y 9 A
ummkaLazrananuesulsse wud arsReu Inunadeueas lsdfanududy 3.6 % 7
szegiial 3 @ountulinuwamszuenvintzaals e lunsnlunaduizsa ldunudadarly
¥ { 5 = Qs o/
auldeusssmioriigaimsasyhulavewadulzsaluggrududullysaainsagalumm
a Aa a A 4 Ag oty Y | 2 2 4 2 a '
nnauhliegnussrunansennienld HunlunsduszoznainsifiunetdinanetSua lu
~ [ =3 { 1 [
winhazaulududzsamadun luggussliszeznalumsdosaas lumsnifon i lue
b 1 o A A = 9 = 1 = 14
snanmanan NHadulzsaeigan Inlugqudsiazmsiany Tnanadeunas 15 lud
y w { T T I 1 o
Hansznuan vinmAvveINaliazgun YR INaIT UM NUTlUAT A=A (pH) voaudifiazaeld
o
NruA (T8S) nazilSmansalunaduilzsa
Osotsapar ~ (2000)  An¥IBWEMITHYA0IMs luLFmantosTumsndaialy
Usemelng wun mslifleTududny 117 Hadnfudedy  aunsoaniSuneluasnluma

duilesaldlae lulinansenudennurnuvesdulesa

'
@ a [ ~

Chairidchai (2000) fin¥1U3uaanudunusszrg lumsnavlSua Tusuatus

=

o a oa =y & A ] T 1 o =
M lumsdgndudesalududuauiven  Fulluduiiinguisetelzlueguasidsihldaud

o - a &2 a = :;11 S o g A = =2 ~ o dai’ = g a
aﬂﬂmguﬂﬁﬁﬂ’]WLﬂﬂF_J'Hul'lJi]’]ﬂLﬂiJ"D’\"lﬂH‘])’UﬂuﬂﬁiJﬂﬂymz ﬂuﬂumuﬁn DAUVNYI9A Woauluay

£ @ Y ' =) T cs{/ 1 9/ a A o A A w (') T

nvveh liminsuamsidgniis lsviniunun msldludufimsly 0-5.0 Tadnsudedumun
@ a1 ! ¥ W

tanuduiusae Ysumluasnlugn (Top) (™=0.7) luvaighlushdulzsafitSma lumsnana

s

= = 1 = = g
10 90.1 ppm 15]u 55.2 ppm (*=0.6) ms g Tuduiivdwalddulanuiiunsagaiu
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Ho9ImNMITATILALASNATOU AT FI0iATes High Performance Liquid
Chromatographs (HPLC) @aulnnjazdnsld msesdlnlulasadiudim (lanfoud, Mobile

- ¢ o a Y o =
Phase) Tumsdimsieiuasnamevms wazlutgiuil aseedlnlulosdrailuarsmiiniiuwa

' 1
@ A o

Y = i a ¢ % ' =
wasyldnanaadn fldlumssdasosumivanas msghvneanzssygiludiufiond:
Ed

I~ ] -7} = o T 'L 1 T = =
duwar lisanmsnaauazsimissosud luaaia lantiuanaidenadolsuamsHanasos s
o 4 ~ = (2’1 = ! ] 4
Tnlulasduaziiioninms wiamsezdla lulasdiuidunulumssdafigunn@nsmed, 2553)
dy = do o = o A
wennntanesd la lulasasatluamsmiisunsonudsenansensrauma neB oaaiu
w ° ! w 4 9 11
Uneasvlumsmaufeidumsmii wa. 2534 Tavmsezdlalulasdaunsadigiemeld s ni
3 = o = =1 ) A A A 9/ da,) I~{ a Y]
lauamamelanedmifaasmafuermstanudluRudsemudosnd v odluazas1
) 1 ° = = o o [~ 9 & %’ 1 o o
Tougu biasiuavedaemsnvvedlan luamaladiinduniendeanssideusesoss In
o o ) 4:31} o o = u d U Yt o @
(drinanulasadonssny, 2553) wennnilumismida szalalulasgd dedldasmsmsammnie
ulu e 5 o B ) 2 a = A e | @
ugwisensastetiaundslame AMIANHUNDMITTMIA1Y lumsTessuilymmsna
Yt o = S 2 da a1 . o A o yq ¥ a
upauuazdnuiesdlalulass FenilinuenaeIsaumsaauuiauosnosuy eyl ldes
: . . gy 1 > s
T lu'lesdludSnandesassonsfounlaunmndeufinne=d lalulassumanaous
4 1 a3 o 4 = °4 ¢ w dy
ou 9 wummuea Wudu @Gnswaed, 2553) TaNdRnumsSn szt uasnuazlulase dail
a =1 a o d w
Chouet al. (2003) lavhmsfnuIsmsiasizd lumsnuas lulasy lushdne
o = o 1 o 3 o
HPLC lasiaenindatasaes 12 suavnaaaluwdieslng ndaudsaziduldazBoa Busnmn
P a o & e = o A o a ¢ o w 1 @
Nounail -20 e usaIBed NUTNIUATETNNNINTAT LA HlorimsTnsziiiaiess 1 sy 0
= %’ a = = £ o 9 g g = ar 2 o 9 ' 3 9/ =
iAnin/siengesy 15 dadps minuurh liidlwdiodsidi vindumh lidulusaihdouganagd
I~ = T & o =] a an
80 paf Ao 1Wuna 20 wienunssnuduas wazdSusuas18sly 100 Taddes Juwaa
@ [ g =y o T 9 = o = s
Yfufsinasdrerinilsianndeaunsesiietiadie 0.45 luaseu syrnge filter M5 3ATIZHN

¢ & o o T T i
Usmaluasnuag hlasvidie mPLe mely 1 Hluwmdannedoudens wudh anneil

= '3 - % [ ]
minzaylumsiaszim lumsnuaz lesyludndrs HPLC fe  SeadedeilSuam 10

1
it

luTasans ”lwaphuﬂ@ﬁ’uﬁ PhenomenexLunaC18 (5 pm, 250X4.6 mm ) N1 0.01 M octylammonium
1 1 I~ 1 [~1 d;. t:i [

orthophosphate azaBBg 1Y 30% WNUOA (vv) anuidlunsa-a 7.0 Sumandoud sasis

Tva 0.8 faddasaew® anweaau 213 wilumwas 1nailumsuenans 10 wifide 1 droeg

L7 = A’
aunsaasmfSuna luesniaz lulasn dssne 96.6% 89 105.7%.  enduilizmng



anuduiusnsnasguRszauanududy 0.1, 1, 10, 50, 100 pg/mL Tf1 0.9990 #30gIn
L w e = [l 1
uagdSuna lumsnuas lulasviludnlasaansaia 12 finegsznine 225~4,410 me/kg and <5~200
mg/kg MUAAU
Georgeet al. (2006) lauuzihinseviFunalumsnuazlulasnluomisey

4

dMIUMIn(baby foods) TmshmsiaTeudlndeomuaty 5 niu ldadlunasamIvaniigud

a aa o s a

= ! g ) I & 1
Ve 50 Undans dwmivermudsundudnlddinhnaugumgll 50-60 ssrmwaiiiva dau
=) '=$ =y = a as «g o (]
omssunduna 116y 15mM TvRovesdna Y5unm 25 Sadaas vt lwedhunan
a = 3 A an g w 3 o o an %,’
10 wn vaz@uerdlng lulasd 12.5 Tadaas onuudsudsuasldidy so Jaaaas dreaisih
& = = a = = e A = el o
AAUNIOISmM THAsNaLFaa s IAYDIIHITIaSY nniuth lvyumlsaniigudnanuG,
T Ao = 1 £l . o = L4
59U 5000 soUABUIN e 15wl nsosdaulanan 0.45 lunseu syringe filter 1M15 AT 1ZH
'3 o T o aa v o 4
vnlsmnalumsnuag lulasidie HPLC Tavdeadantiielfing 10908805 dunodus Pickering
laboratories anion exchange 4.6X150 mm §uuall 40 BIFIAFET  Taedl 15mM lyRouosdian
[~ 2 A s oAas 1 P 2
Whumlandaoun 0051015 1418 1 Uaaansaou1d 10 1ue1In Y 535 w1 lwas

17 =y

o asta C4 1
Sene uazganian (2550) IdinsAnuaBeudonisinet luasnlushweals
e~ < 4 4 5 ' 2
usignsziledlaeds HPLC Tavldmsnzmoeamladiumaaioun (Mobile phase) mauiy
1 T v : w s aa 1
N3A-A19 5.0 AUADAYINucleosil 5SB, 4.6 x 150 mm ¥u1a 5 lasou 8as1A15 1va 1.2 Tadaasao
= A ) a &£ v o o = o E )
winaueInan 210 w1 luwasmduilszdnsanudunusnnasguissauanududuy 1, 5,
10, 50, 100 Mg/ ml Sielnd 1.0000 wut szavanumdududiesigainiosamnsaszysiams 14
¥ 4 = d = o 1 4 )
QABINAATINRATNTIZHAe 05 e/ ml uaznfSeuiio BmawSsudieciaina 1195550019
9 Y A A o Y 1 = T
A2 0.02M NaOHUAINAAATIZH lagasauazms 19an5ennnznelCarrez solution 1, T1 NOUAS
A = A ar v o ¥ A v Y A a < a1 as
RPINWUN IBM AT ENAIEINNHA TTIDDIReR0NaOHUAIRANATIZH LT sAn1DBn1s
wiasuareeuunlFastennagney
o d ¥ 3/
Merten and Harms. (2004) l&vimsdamnisamsm Tulesiuas luasnlushna 1
2w v = d a a o oA a oA ¥ A
uazIAn A8 AMAMBI¥AYd (UV Detector) lasaleg1ai 14 lunmsdnsizyiae thuason Nrmu
~ 1 % 1 BQJ 1 U
MISANTTIIVANALNOU (Carrez solution I, 1) Tudasd wwaldso:ansdreannzneulaiu

o 1 a

' o 1 4 { 4 o < =
Ao ldimiassumivantigud uasihdaulauhldusqnidie spE uuumsuaniffeutsey

q

Z o = 4 4 i A ' Y4
(anion exchange) MU IAszvide HPLC Taglihuaseniiasen1d Inanunodul

EurosilBioselect 300-5 C18, 120 X 4 mmamuna¥ 40 smuvawed USwa 5 lulasdnsonsinms



a aa 1 i 1 = 1 T
lva 1.0 Taddasaeunii laelda1saza180.01 M n-octylamine, mauidiunsa-araiigy 4 wie 5
. 1 =1 T 1 o =1 4 = =
mMtetrabutylammonium hydrogen sulphateA1A 14 UNTA-A1MIAY 6.5 Thurandoun (Mobile

4 T W a £ o w = o
phase) ANMEMIAAY 210 W Tuwesmdulszdnsanuduiusnnrnasguisyduanuidudy

0.1-25 ppm. Himlnd 09998 wieganiwasammsawdsunsmnasyuitanududuldgaga
4

' w ¥ ¥ oy oA A A a y g s
200 ppm  WUMNM ﬁ%ﬂﬂﬂ?‘]ﬂ\lﬂlﬂﬂluu@ﬂmq’ﬂcﬂmﬁ'ENET']EJ'I‘J'E]3$u%uﬂﬂ1§\1ﬂgﬂﬁﬂﬂﬂﬂﬂiﬁﬂﬂﬂ

= ' ] 18 1 P
AATIZHAD 0.1 ppm  UALM IFMIFIANAZNOUCarrez solution I, T liiinaderSuie lumsndi

=

a T © £ < X tw &
W91z 18 wazdrihmumarhliuignidie see Bualussmzanaudnderiuediudunouly
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4 = 4 = 4
3.1. msnaaesh LlisufevaniznldlumsinngilSualumsy

o £ ¥ P ' o A oy A

mnmsauihduilesa asesdlenszaunsesving 0.45luasou nauilUdaduases
HPLC auansiaiuvealamaonuh A:B (0.01 M n-octylamine:5 mMtetrabutylammonium hydrogen

! o o o o ’o’ o 1

sulphat) lu8RT1dIU90: 10, 80:20, 70:30 LAL60:40MNAIFY SIFUAL 3 FuEADNSATIEIUVDS
wandouiifiansouen peak voelwasnldangall1flunmsnanesdi 2 TeenFeufovdy
refention time 71 1AVINMIRATITAZAIWIIATTIUTALIDT IilaIN(Silver nitrate ) ANMTUTY 40

d‘. == = o -2’; o
3.2. Manaae 2ANY1IENSaRa luasnnndloduilsa

o as AR(J s g; 8 9 o 5 & g s o o/ 1
Wnsduiiedudzsanina wewlidnny pnlusuiledudysamin 521 nfu ldas
a o L T I~ H < a 1 o o
Tuegiiuveds ugaslululasivumar nezduHngiuganall 20 asmuwadee nouthunih

‘ @ st g o = o 9/ o v A A
MIMIanaaunIsuIsh 1-4 anuut lf3inszidie HPLC Tushsduveaaindeniiniden
P~ o Y 2 2 = oot A o v
1ilumsnaaesii 1 mmsnaasaianus 3 41 naduafouivuiEiawsodalsina luané

gangadion li/ 14 lunsneaeii 3

1 o
3.3. manased 3dnvuiSoudiviFinaluesmludledilzsa WSnamsvena uazs
ANNNUAYDINAUANAIN Y
=1 ot & 9 =y a
3.3.1 mawseuduilesamo ¥ lumsansiey
-] o n:idy 1 o ar Qs = T
dnadudysalssnundesin lsduilzsasindased seeeanuun 25, 50 uaz75%
F
1WA 18, 29 uag 35 WA AWHNLTINNAY 82 MaudundellfiAnInuzgAaMnTTN

@ ~ [T o Y = g a gy
INHAT ﬁﬂ’]ﬂuiﬂﬂiuIaﬂWigﬂ@ﬂJLﬂﬁWLﬂ’]ﬂﬂlﬂﬁ’ﬁﬁ'lﬂﬂﬁgﬂﬂ mﬁl‘iﬂﬁlumﬂll‘iﬂy1"1’31fl’€|m‘ﬂﬂu‘ﬁﬂﬂ

q U
E
o

A o T 1 I T 1 a1 ' ]
LFUNIMINA[O Tﬂﬂ!tﬂﬁlLﬁﬁ&’Hﬁ@@ﬂlﬂu 399U ﬁ'mﬁ3muﬂammzmuﬁ’wuasmﬂm 491 g

C13

] " 1 I~ qy o dv Y] qyz Qy 3 9 o T a 1 A U o
mIuiwaazaueenty 4 ¥ duiiedulzsansdu wauldidhiy udwendlu 2 daufe daudi 1
o A o w [y ! a o o ' < 4 =
Fuilodutssamin s+ 0¥y ldnsluegiinleds uvadlululasumar uasfu13ngiy

) = y a '3 i o J 4 { o
gangil -20 ssrnaidue ieldlumsimaeiaFnalumsnluileduilzsa uazdud 2 fiihy

rl. 2 o &, N T S
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= d ¥ [
3.3.2 msansziSua lumsnludladulesa
o o d’ = 9/ o [ == s zz}
ihdudzsanwsenluds 3.3.1 yvhmsazatw uazanalumsneunssySsmsasan
i o o v
donldanmsnaasai 2 MmsRa HPLC Fuaz 1 91 lasldanizveanisie aunssusanben

1Aumsnaanah 1

g 3
3.33 msaaseilSinameadinamuaiiaza1eni1 1§ (Total Soluble Solid ; TSS)
y 9 4:; &
15 1S Twihau #ae Digital Refractometer(Atago PAL-3, a;ﬂu)swqmwmﬂu
%°Brix (Pongjantaet al., 2011)

3.3.4 MmsunszilSinansaiaunialamsald (Tirable acidity)
o g a ta Y] a a o o
iniwalifSuna 5 Tadas U5015mas 1950 25 Taaas 11U lmsad e 0.1 N NaOH

oA

T 3 a oA o {
WNIENAUM pH 8.2 T18NUHATIY % YoensaFasn lasmualsmansanamise lawmsa'ld

(% Titratable Acidity :%TA) 910

9

% TA = 1U5una NaOHN 1% (Jiafans) x 0.1 x 0.064 x 100

%’ g’; Y a aon
YSuaihauwa 1 Gadaas)

o w 1 I~ ?.1 { sn’ 1 ~
3.3.5ﬂ’]'§ﬂ’lu3ﬂ!€lﬁ§'lﬁ']um@ﬁ11"5'3J'ﬁl!."U3’)\1Llﬁfﬁﬂﬁﬁﬂﬁﬁﬁ$ﬂ1ﬂu11¢’]’ﬁﬂﬁﬂ']mﬂ'iﬂﬂﬁﬁﬂiﬂ
lonsa'ld Brix: Acid; B/A)
' 4 - ¥ i e A a

B/A = ﬂTﬂ%N?ﬂlﬂJ@ﬂLLﬂJﬂﬁﬂﬁﬁ’lﬂUT%ﬁj /Lﬂﬂi!“ﬁuﬁﬂ}@ﬁﬂﬁﬂcﬁﬂ'ﬁﬂ

= gy aa
3.3.6 ﬂ"l'i'JLﬂ'ﬁ"l%ﬂ‘UE]ialla‘ﬂ'Nﬁﬂﬂ
v

o a o P
MR ideyanisgdanaua adoTisunsy SPSS
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4.1. msnaaesh 1R vufeuan il lumsSins e luasm
MNMsNEsazneIATIIUFanes Tumsn (Silver nitrate ) AUITHTY 40 ppm. uazh
Futlzsafinsoedan nszarmnseaning 0.45luaseu dowi S adundos HPLC fidasidinves
e Lﬂﬁﬂuﬁ A(0.01 M n-octylamine):B(5 mMtetrabutylammonium hydrogen sulphat) Tuensra1190:
10, 80:20, 70:3040% 60:40M1UA1AY 18NANINARDIRINTNHLINT 4.1
1nnsnaassmaniazildlunisiinsieilt e luasnluibedulssany i
BRI A:B 70: 30 18N peak MUIATNUDIAITINATTIY silver nitrate 8@ RT 14.27017 fannd]

4.1 TuvaueNdndan AB  90: 10 4N peak IWIATNUBIETUIATF IV silver nitrate 18 13/7 RT 71

6.78U%N AN NN 4.2

AL 3

2

e

20 i
153 :
103

5 BB

3 ; . s £ e

54

c 3 4 ! ; é : - |E I | 10 I ‘ min
NN 4.1 peak 1IATNYDIENTUNATIIM silver nitrate SATITIY. AB 70:30

AL

7 T g L ; T =
2 # & 8 18 12 W e

Mwh 4.2peak"1umﬁ‘ﬂauaﬁﬁﬁmﬁliﬁ'lu silver nitrate 1318034 A:B90:10

1 d’. = Afi’ af o 1
memﬁfmmammmmmm“lummm peak ﬂﬂﬂquiﬁﬁ‘ﬂ'ﬂﬂﬁmﬂﬁﬂﬂzﬁﬂ NALUNWLIN

o ! dal’ as ~ = Yt T o !
ATITIU A:B 90:10 usaLen peakulum‘iﬂﬁl‘ﬂﬁm'ﬂﬁllﬂziﬂ RT % 6.74UN ]lﬂﬂﬂ’.]'l DAITIU

A:B 70:30RT 91 4.30 A9010WN 4.3 LAY 4.4 AU

O3

VBT -

8188
5729

mmmmm e S e

3
-
T
a

.'i % fi! i ‘ ‘9 e

fs
froee
23

MW 4.3peak lumsnueaduilesa das1d1 AB 90:10
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MALE 3 o %
5 L éf
i i 1
s AT B
3 it Pl
et o % A
30 14 31 &
o F AR | F %
{ liipbo £ T3
3 314 & | hgeL ]
200 fyiseg . /|
H Lon 07 63 H
: B By e e G \ -
e LTI X & g
Eilgd N @ “
o EIns. EEEN B 58 It K R S L s :
Y v v r— s Y ey pmmrgy T + .
2 1 2 3 4 5 & 7 in

MW 4.4peak lupsnveduilzsa sasaiy AB 70:30

4 = o oA A & Yt
nAnamMInAaeed 1 3eaglldn annzifawisausn peak lumsnvesiloduilzsa l§adiaa

Ao viaveudainfoun A(0.01 M n-octylamine)

qQ

¥iuaveudainaoud B

(SmMitetrabutylammoniumhydrogen sulphate) 831831 A:B- 90: 10 AW 19038451015 Taves

! { A aa 1 = w d
teundeud 0.5 Jaddnsaeunil gumglusinodus 40 esrusaiFoa

H ot 3 2
4.2. MINAaedn 2 Anyasmsada liuasnaniledulesa

Nitrate content

18 7
16 -
~ W1
=
= 12
-
;E 16
£ 81
6 o
4 -
el e
M
4] : —

Method extraction

" d‘ % 3 ar 1 % s
A 4.5 5 luasna 1dnn3imsada lumsnludle duilssadsaagdu (M1 = Siadn

1
=

§ H 1 =) d'. 7 g al
NNNT 4.5 BazA1TNLINT 4.1 Wu1 Usua lumsniananndledulesa

N1, M2 = JBanaf2, M3 = J5anafi3 wazM4 = Jranan4)

1

339 1-4 1T

1 1 o A w o w aa wgdd Sy v A oA o 9
ATMUUANANBYWNAUNUITIAYNNTDA (p>0.03) ﬂﬂuuﬂﬁmﬂﬂiﬂﬂﬁﬂﬁﬁﬂﬂﬂ 2 A9 aNANIY A:B

= 4 o A = T L
90:10 guvgiiouiiesninmsadafigungliqinii 64.5 ssmuwaifor Fuiugafoaveaun

490 (RCI Lab scan, 2557) vldwmiueaifanmsszive vilisasiduvesasananaenll
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9 H H
uenvniinsanaiigamgiosazaindensd fiRuaniimsadafigumail 80 esmuraiden

G

a cg ot 7 1 %,’
wagmsadin lumsnluiloduilzsad e mobile phase A:B 5A31eI1 90:10 FWI5ANEA peak YBIIN
= 1 @ g o . ot .
duilzsald@nimsadafienil DI 79011 4.6 7eAA09FUNIIANE1UDY Kuchnicki and Webster
(1986) N31891UI1 MIAAAAI0E19A8mobile phase WIoNLTzANT A Iun15w2d1e Tuasnly

Reverse Phase —-HPLC

AR T
»
M
Bt

@ No, (b)

et [

T 9 v v
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e 82 7.68-16.90 13.72° 1.93

Y i = 120 A 3 A
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ANUGAUATBIND (%) | S1IUWA) | 523803A (pm) | ARGy (ppm) dautﬁmmummggm
25 18 0.45-0.81 0.67" 0.13
50 29 0.37-0.74 iss" 0.11
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P 82 0.41-0.90 0.61° 0.11
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e 82 0.21-0.84 0.54° 0.14
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25 18 10.16-32.35 16.78° 7.47
50 29 15.65-35.70 24.67° 5.59
75 35 18.03-45.71 24.36° 5.87
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Comparison of Nitrate Content in ‘Smooth
Cayenne’ Pineapple Flesh Related to Its Different
Cut Sections, Maturity and Crop Season

Sasathorn Srivichien and Sontisuk Teerachaichayut
Departinent of Food Process Engineering, Faculty of Agro-Industry, King Mongkut’s Institute of Technology
Ladkrabang, Chalongkrung Road, Ladkrabang, Bangkok 10520, Thailand
Email: sasathorn.s@gmail.com; ktsontis@kmitl.ac.th

Abstract—High nitrate (NO;) level in pineapple flesh
affected to cans. It is one of main problems in pineapple
canning factory. Pineapple with high NO; content is
required to screen out before feeding to a process of the
factory. Knowledge of NO; content in pineapple is important
for quality control due to checking of NO, content in
pineapple is random. There is still no scientific evidence to
support what a suitable procedure for nitrate inspection
should be handled. Therefore this is research was aimed to
study the level of nitrate in difference part of pineapple fruit
(top, middle and bottom) related to maturity stage and crop
seasons. A batch of 82 pineapple fruits (harvested in
summer and rainy season) was used in this research. Each
sample was divided into 3 parts (top, middle and bottom).
The amount of nitrate in each part of pineapple flesh was
determined by HPLC. By statistical analysis, the level of
nitrate at different cut sections of pineapple flesh was no
significant difference. The nitrate level of pineapple flesh
with lower brix and acid ratio (B/A<23) was significantly
different to those of flesh with higher brix and acid ratio
(B/A>23). The nitrate level of pineapples flesh harvested in
summer season was significantly different to those of flesh
harvested in rainy season. Therefore, NO; content in
pineapple wasn’t related to cut section but it was related to
maturity and crop season.

Index Terms—pineapple, flesh, nitrate, inspection

I.  INTRODUCTION

The pineapple is one of main economic fruits in
Thailand. In 2013, Thailand was the largest exporter of
canned pineapple and concentrated pineapple juice in the
world [1]. Smooth Cayenne is one of four main
comumercial cultivars of pineapple for productions in the
world [2]. High level of nitrate (NOs) may corrode cans
and make pineapple juice dark [3]. Nitrate in pineapple
flesh occasionally affects the cans, likely by reacting with
the tin coating, resulting in a corrosive chemical reaction
[4]. Today; high nitrate level is a common problem in
Thailand. The trend of finding more pineapples with high
level of nitrate in Thailand is becoming more serious [5].
Therefore, nitrate content allowance in pineapple flesh
must be controlled by the factory before feeding to the
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process. In the real practice of the factory, nitrate content
in flesh can be checked randomly at the middle of fiuit
about 2.5-3.7 centimeters deep from the peel by nitrate
strip. However, there is still no scientific evidence to
support where a suitable cut section of fruit for nitrate
should be checked.

There was a report presented that nitrate level in plant
was depended on plant part, stage of maturity and
environmental condition [6]. Tomatoes ripened on tree
had significantly higher nitrates than tomato ripened after
harvest [7]. Nitrate concentration in leaves of young
cabbage was lower than older leaves [8]. Ability of
nitrate accumulation depends on plant species and plant
parts [9]. In Thailand, most of pineapples are harvested
by looking at the outside appearances from skilled labors
{5]. The peel color of pincapple is used to define maturity
stage. The peel color of Smoeth Cayenne for maturity
determination is classified to 6 stages: CS1= green, CS2
= breaker, CS3 = 25% yellow, CS4 = 50% yellow, CS5 =
75% yellow and CS6 = 100% yellow [10]. However, the
index from destructive method, brix and acid ratio (B/A),
is mainly used to evaluate quality of pineapple fruit [11].
A research paper reported that the little difference in
maturity of pineapple might be obtained the large
difference in quality of pineapples [12]. The harvested
season perhaps affected to the quality of pineapple fruits
[13].

Therefore the purpose of this research was to study the
level of nitrate in difference part of pineapple fiuit (top,
middle and bottom), maturity stage and crop season.

II.  MATERIALS AND METHODS

A, Fruit Sampling

Commercial .quality fruits as delivered to a pineapple
factory of ‘Smooth Cayenne’ pineapple (0.9 to 1.5kg per
fruit and N= 82) were purchased from farm in Rachaburi
province, Thailand. Two crop seasons of summer (March
- May, 2013) and rain (July-August, 2013) were selected
in this research. Fig. 1, three groups of different peel
color (25%, 50% and 75% of yellow) were collected and
transported to the laboratory of the Agro-industry Faculty,
King Mongkut's Institute of Technology Ladkrabang,
Bangkok. The samples were kept in the ambient
temperature and subjected to analysis within 7 days.



Figure 1. Pineapples were grouping by different peel color: (a) CS3 =
25% yellow, (b) CS4 = 50% vellow and (c) CS5 = 75% vellow.

B.  Sample preparation

Each fruit was peeled by a sharp knife. Pineapple flesh
was then cut into 3 parts (top, middle and bottom) as
shown in Fig, 2.
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Middle

Bottom

Figure 2. Pineapples were cut into three parts: top, middle and bottom.

Each piece of pineapple flesh was chopped with a
knife. Pineapple flesh approximately 5 g was frozen in
liquid nifrogen and stored in -20 °C until extraction
nitrate. Another flesh was used to extract pineapple juice
for determine brix and acid ratio (B/A).

C.  Nitrate from pineapple flesh determination

Each pineapple flesh sample was then thawed, added
with 25 ml mobile phase [5 mM tetrabutylammonium
hydrogen sulphate : 0.01 M n-octylamine (90:10)] in a
flask with blending by magnetic stirrer for 10 minutes,
and filtered by a 0.45 micron syringe applied from Chou
et al. [14]. The filtrate sample was then injected to HPLC.
HPLC equipped with a UV absorbance detector with
gradient elution and a direct UV spectrophotometric
method was used for nitrate measurement.

Chromatographic separation was performed on a
EurosilBioselect 300-5 C18 column (125x4mm id.)
(Knauer, Germany). The mobile phase were flowing at
0.5 ml/min, at a temperature at 40°C, volume of 5 L
sample was injected and UV spectrometer (Agilent 1100,
United States) at 210 mm was used for nitrate
determination [15].

D. Determination of Total Soluble Solids (TSS)

TSS was determined by using a digital refractometer
(Atago PAL-3, Japan) and °Brix was recorded.
E. Determination of Titratable Acidity(TA)

TA was estimated by titrating 5 ml of pineapple juice
with 0.1 N Sodium hydroxide (NaOH) up to pH 8.2. The
amount of NaOH solution using was recorded. The TA
was alse calculated. The result was reported as % of citric
acid applied from Ahmad et. al. [16].

F.  Determination of Brix: Acid Ratio

The brix and acid ratio (ripening index) was calculate
by using a formula
B/A = °Brix value/ % of citric acid
G. Statistical Analysis

All data were analysed by using R Statistical Software.

III.  RESULTS AND DISCUSSION

A. Nitrate Level in Different Cut Sections of Pineapple
Ilesh
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Figure 3. NO; content in pineapple flesh at different cut sections of
pineapple fruit

Fig. 3 shows the average and deviation of NO; content
in pineapple flesh from 82 fruits at different cut sections
such as top, middle and bottom. It showed that averaged



nitrate at the middle part of pineapple fruits was lowest
(14.55 ppm) and the highest averaged nitrate was at the
bottom part (16.55 ppm). However the result of statistical
analysis showed that NO; content at different cut sections
of pineapple flesh was no significant difference according
to the result of one-way ANOVA (p>0.05). It means that
NO; content in pineapple flesh can be checked at every
part of fruit for quality control of the factory.

B.  Effect of Maturity Index by Peel Color on Nitrate
Level in Pineapple Flesh
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Figure 4. NO; content in pineapple flesh at different peel color

Fig. 4 shows the average and deviation of NOs content in
pineapple flesh from 82 fruits (CS3, N=18, CS4, N=29
and CS5, N=35). It showed that averaged nitrates of CS3,
CS4 and CS5 were 11.98, 1239 and 19.56 ppm,
respectively. The highest averaged nitrate was in CS3 and
it was quite different from CS3 and CS4. The result of
statistical analysis showed that NO; content at different
peel color was significant difference according to the
result of one-way ANOVA (p<0.05).

C. Effect of Brix: Acid Ratio(B/Ajon Nitrate Level in
Pineapple Flesh

In Fig. 5, it showed that the level of nitrate in
pineapple flesh was related to maturity as indicated by
brix and acid ratio. It showed that averaged nitrates of
pineapple flesh with lower brix and acid ratio (B/A<23,
N= 40) and higher brix and acid ratio (B/A>23, N= 42)
were 13.98 and 16.68 ppm, respectively. The result of
statistical analysis showed that there was significant
difference in NO; content of pineapple flesh with lower
brix and acid ratio and those of flesh with higher brix and
acid ratio according to a two tailed t-test (p<0.05). The
result showed that pineapple flesh with lower B/A
contained lower NO; content.
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Figure 5. NO; content and B/A in pineapple flesh

D.  Effect of Season on Nitrate Level in Pineapple Flesh
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Figure 6. NOj; content in pineapple flesh in different crop season.

A comparison of nitrate level in pineapple flesh
harvesting in summer (N=17) and rainy season (N=65)
was considered as shown in Fig. 6. It showed that
averaged nitrates of pineapple flesh in sununer and rain
were 1245 and 16.12 ppm, respectively. The result of
statistical analysis showed that there was significant
difference in NO; content of pineapple flesh harvested in
summer season and those of flesh harvested in rainy
season according to a two tailed t-test (p<0.05). The
result showed that pineapple flesh harvested in rainy
season contained higher NO; content, This result was
corresponding to a study of Ruksumruad [17] that
measured nitrate content in pineapple juice using Ion
meter. The results showed averaged nitrate content was
4.9 ppm in pineapple growing in dry season and 215.0
ppm in pineapple growing in rainy season. However,



uptake of nitrate content into pineapple fruit also
depended on environment during plantation [18].

IV. CoNcLusioN

In summary, NO; content of pineapple flesh in
different cut section of the fruit was not significantly
different. It was interesting that pineapple with more
yellow color on peel (75% of yellow) contained higher
NO; content as well as pineapple with higher brix and
acid ratio also contained more NO; content. Besides,
nitrate level of pineapple flesh harvested in rainy season
was higher than those of flesh harvested in summer
season. However, the results of nitrate in pineapple flesh
perhaps varied due to other factors such as fertilizer and
environment. These results were useful for the pineapple
canning factory to handle the suitable procedure of nitrate
inspection in pineapple.
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