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Changes in Metals (Pb, Sn and Fe), Vitamin C Contents, Color and
pH of Canned Pineapple Juice and Slice during Open Storage

Sook Kyung Lee' and Jong Sung Sohn*
Department of Food Engineering, Dankook University, Chonan 330-714, Korea
*Kyunggi-Do provincial Goverment Institude of Health and Enviroment, Suwon 440-290, Korea

ABSTRACT — The effect of storage temperature and time on the contents of metal (Pb, Sn and
Fe), vitamin C, color and pH was studied for canned pineapple juice (PJ) and pineapple slice (PS)
which were stored for 120 hours at 5 and 20°C and analyzed at 24 hours intervals. The results
are as follows; 1. The metal contents of PJ and PS were in the rank of 24<48<72<96<120 hours
by storage time at 5 and 20°C. These contents were increased to 44.1%/24 hrs of Pb, 18.0%/24
hrs of Sn, 34.6%/24 hrs of Fe but decreased to 6.0%/24 hrs of vitamin C in PJ and PS during 120
hrs. Storage times were correlation to contents of metal and pH but was not correlation to
vitamin C contents. These were increased to 37.7%/24 hrs of Pb, 18.8%/24 hrs of Sn, 34.6%/24
hrs of Fe, but decreased to 6.0%/24 hrs of vitamin C. 2. These were increased to 10.6% of Pb, 3.7%
of Sn, 11.3% of Fe in PJ and to 33.7% of pb, 4.8% of Sn, 37.6% of Fe in PS at 20°C than 5°C but
vitamin C contents were decreased to 8.2% in PJ and 2.7% in PS at 20°C than 5°C. This fact
suggests that more attention be paid in handling canned PJ and PS after opening in order to
avoid the decreasing vitamin C and the hazard from Pb, Sn, Fe. 3. Changing factors in Pb, Sn,
Fe and vitamin C content were in the rank of storage temperature<storage time<material. 4.
Browning reation in all samples were not noticeable during storage at 5 and 20°C.
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seaming]] Y-S 322 HAS 7 A7) ko] Aol A
wel g £7)o0 4 Pb(), Sn(F4]) B Fe(E)o] WLES
|&Ho] F - 949 248 LT 7hsAdo] ol A
o EA7F gk
Pbi= QAo &A= 49} ATP-ase
85 Walsle] ¥, F5, 28 ‘EM T 3}%01
olorq ¥ Sng Bx7 ¥ wolu} Fulo] o 71
A 2] 9 A} Folof M= B-gAjolm g 347} 2
2 ‘3%0} TES g oY

FAO/WHO A EA 718 AF7} 35993 e 459
o] Pb S AR AT 50 pgkg ol ofyelE 25
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Sn2 150 mg/kg o & A3k gl
SulelA A A FEE 070 /A Fe) AR A
% 349 Vitamin C ¥8}e} A7) Al £27, o]

d
J

, Vitamin C%teF, A= 9l pHel ¥3}o}
&k A= A gl Aol

E& U859 T/ wet 7
2(PN9} SEto| A (PSR T, o1& /e F A 2= A
A5 gelste] A7 2ol whe} F5-<(Pb, Sn and Fe)
¥} Vitamin $HeF, M9} pHe| W3S ZALSHY, o] 59 &
AE 2 R A sk

ERTE

NEWES

B ATl AMEH AR 19983 890 AakE F4
7(Tin Can)7}21o1Z 7+2(PJ;1000 gm, 3148 45% AH4 3}
ZR)9) TRIZ Sefo] (PS; 835 gm, LHF 500 gm,
A} Z 60%)E 1998 1290] Flate] Aol Al83)
At

ARE717|

Ado| AL2E 7]7]3= Atomic Absorption Spectrophoto-
meter(Model: Varian Spectr AA 800, Australia)?} HPLCo]
o A z27AL Table 1, 29} 2t}

Table. 1. Instrument and operating condition of atomic
absorption spectrophotometer

Metals Pb Sn Fe
Classification
Wave length (nm) Furnace Furnace 3247
Lamp current (mA) 2283.3  286.3 248.3
Slit Width (nm) D,  Zeeman Zeeman
Position of Burner (cm) 5.0 7.0 5.0

Air flow rate (1/min) - - Air/Acetylene
C2H2 flow rate (1/min) 2100 2600 -

Table. 2. Instrument and operating condition of HPLC

Model Waters TM 486 (U.S.A)

Pump Waters 610

Detector 254 nm (UV)

Mobile phase 0.05 M K,,PO4

Flow rate 0.7 ml/min

Column u-Bondapak C18(3.9x 300 mm)

Injection volume 25 wl

20°C(A-2)ell 120A2F BASHAX AlEZ stHleow e

SH%5(Pb, Sn, % Fe)o| F8N(HA, GHILE 23]
AL AFYE o) 88te] ARANE T F 0lF o] & XS
o Fo FEE TAYOW LE BAL 35 w2 el
e AEghow xsch
Vitamin C 8}2}— % vitamin C 32 HPLCZ AOAC 3
of upeh Akt
M| EH —A)8 20 mgS refrigerated tabletop centrifuge
£ AFg38ked 5000 rpmoll A 2087 YAEE F 1 miE
Aoty FHTE 7tete 10 mi2 )43t A= St

PIS} PSS Jj% ZA] (ZTMFEENoE o UV
Spectrophotometer(Model: 160A, Shimazu co., Japan)Z. =
Behgrh.
pHS| A — pH meter(Model: 420A, Orion co., U.S.AYS
ol-&-at A5

Edas

WE=F(HE-ZA)2] Pb S PI 0.20 mgkg, PS 0.22
mg/kg © 2 VERY A Z 74 7]2¢] 0.3 mgkg] 66.7~73.
3% 3ol vt

A7)kl & PIO] Pb 3RS tjztoll Hls] 241]7F
3. 15.0~25.0%<48A)7F & 35.0~70.0%<72A| 7} & 45.0~
140.0%<96A) 7F = 70.0~170.0%<120A] 7+ & 90.0~240.0
%] w2 F7V, HAFIHES 37.7%/24 hisE A7 &
24X 7vule} 3t 0.07 me/kgX Z7FsHaTE

PSE 2ol HE 24A17F £ 40.9~45.5%<48A]7F 3
72.2~102.7%<T2A 7t & 90.9~186.40%<96A| 7+ 3= 127.
3~259.1%<120A17F & 168.2~3304%2] +=o02 Z7}, ¥
TZ7HES 50.5%/24 hrs2 A% F 24A17k0ct 7 0.1
mg/kg® Sl
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Fig. 1. Changes of Pb content in canned PJ and PS dur-
ing open storage.

19753 ©o)™= sj% & 70 odllx] F29 Pb H% 055
mg/kg(FA] Pb3£7]38 10 mgkg ©]9S), 19934 o]
¥ 0.414~0.181 mgkge] Big Ro}l 20:d0] At & Pb
o] 60% ZaF ek 2 Agdate vwshd Pl 7Y
B 120A17F & & T vl 5°C AAA] 90.0%, 20°C A
ZFA] 240.0%, PSE 5°C A 3] oF 168.2%, 20°C A A4 <k
336.4% F7ste] E AlmdlA] A7Izke] A abghel ube}
it 44.1%/24 hrs T718RE Z 02 LrER o]™Me] 71 o &
A p22e] Ag717ke] Aoj el wha} Pbahﬂ b ATk
B o} vl sestg o o]efzto] Ahe] KAl EZIA]A Pbe]

=& FTHITIEUE AbAete HEo] T g Tl
2l Azhdch

A2 ol w2 PIe] Pb ke ojzAtol H]s) 20°CH
5°C AZAI BT} 24A17F 3. 10.0%<48A17F 5 35.0%<724)
7F T 95.0%<96A17F F 100.0%<120A12F & 150.0%2 =
7}, BIHE7HE2 20°Coll A 48.0%/24 hrs, 5°C ol A] 27.4%/
24 hrs 2 vteRGET).

PSt &0 H]El 20°CE 5°C A|AA] B} 24X]7F &
4.6%, 487|7F 3 30.0%, 7277t T 95.5%, 96717t 3 131.8%,
120A]7F 3 168.2%2 Z7}, BHZ718L 20°Co 4] 67.8%
/24 hrs, 5°Col| 4] 33.6%/24 his= L}elyt),

o] ZA BE A]ZE 20°Ce] AAA] 5°Coll n)a) 27.2% =
7bated Aol WEEe wR= ggko] ;oM Hr}
= Braddock™2) 1119} Tr/\}o}giu}_ HNE & 2ge
WA Bt bdAdS Z1giE 4= glon) 20°C A4
PI= 48/\]7J 3 PSi= 24A17F 3ol 5°C A 7A] PIE= 964

PS&= 24*1 Foll 0.3 mgkgs Zr}ste] o] -&A] 7t
_$4ﬂ Hrt
WE-Eo Eﬂr% Pb §HeFe thxte] wls] PS: PIRCUE
5°C A7 24A]7L1L & 25, 9%<48Am B 37.2%<T2N L T
45.9%<96A17F T 57.3%<120A 7t B 78.2% Z7}, Wiz

m& r:i

7HE-S 49.0%/24 hrs 2 eI TH

20°CA 7 242 7F 3 20.5%<48A17 & 32.7%<T2A|7F &
46.4%<96A 7t T 89.1%<120A|17t 3 96.4%% =7}, BT
Z 782 57.0%/24 hisZ 5°Ce} 20°C A AHA] PS7} PIR.TH
53.0%/24 hrs Z7}%0} 70 £7]9] W}-&2o) ule} Pb ek
spof] = Gako] F Ao & YEhyi)

& 3ol A Al5S] Pb FET e A7 bo] HojAa
E 9 44.1%/24 hrs Z7}, AAL T wlE odgke 20°
= 5°Co RlsiA B 27.2%/24 hrs F7h, 4Bl wE

98ke PS7} PINUL Bt 53.0%/24 hrs 275 A0 U
Bl 1A F g e] A9 Pbe] S&afo] Wolzlth= g
I A Ve] BzE ) 8Eo] Pbel S&%| nx]E= ko]
g Ao® Wk 47 dxEt o, Pb gk Wsle] o
FE FE QU0 EE AFLEAYTI<EE S =0

2 Ehsitt

@]

SnQ| &2 s}

e F A7 T txzrteh 72F AlET9] Sn gk sl
= Fig. 29} 74t}

t)z=9] Sn 3RS PJ 429 mgkg, PS 72.5 mgkg2 L}E}
U 213574 7122) 150 mgkg] 28.6~48.3% S=3=0]t}.

XMM/JOH uhE PJO) Sn EFe rfztol H|s| 244174
3 0.7~10.3%<48A|7F 3 2.8~15. 2%<72/\17 3 51~21.9%
<96A17F B 10.0~28.2%<120A1 7} & 26.3~44.8 %2] &0
B2 37Y, BIESTMES 7.2%124 his2 A - 244 7kuelc)
it 3.1 mgkgH Z7)81g

PSE tizTol HIS) 24A|7F T 39.6~67.9%<484]7F &
77.5~832%<72X7F § 107.6~114.5%<96A] 7} & 108.6~
153.7%<120A|17} 5 131.4~155.4%2] $o2 Z7}, A%
3 242 7knjet 4 20.8 mgkgR Z71Ekgich
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Fig. 2. Changes of Sn content in canned PJ and PS dur-
ing open storage.
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PI= 705 120A)7F 3 A2 AA 44.8%, Y7 2744
26.3%, PSE= 7HE 12047 & A2 AAA] 155.4%, Y3 A
2] 131.4% =715k 7|2 7 & Sndlafo] 23~4.2u) 2
Zhetg ek ol "9 Hmel wlwalH F7HE-S ZAaH A

A#7\zko] 73 3}3e] whe} Sn Eafo] Pb 3ol vla) @

o]+ Pb7l £7]9] G o] S F-wolutk ALRE S
S FEN 8719 FAHARORE UEETe] ol
7w B¢l Ao g AzEch

o)M= JiE 7247 ¥ 387140 150 mgkg o E fE}
o B AgAy PIE 20°C AAA] A8 12043 £,
5°CE 120417 &, PSE 20°C A 3FA] 7% 72X 7 &, 5°C
= 96X 7F Foll N\FRE sl o9 A 247 F
3871590 150 mg/kgell o] 2tk EI’_S’qL PS& |8}
o} PIghs UxBHA] e AL 8o AR AL
To] #ole] ofgk Ao AztETh

Az wE PIof Sng#e djztel Hls) 20°Ce
5°C A AA] KT} 2447 & 0.6%<48A]7F - 12.4%<T2X 2}
3 16.8%<96A7 I 18.2%<120A7F T 24.5%%] £2
Z7}, BAEF7HES 20°Col A 9.0%/24 hrs, 5°CollA 5.3%/
24 his2 AA717be] HojdFE & 9§ ztol7t K%
iy

PSE t)ZEte] H]3) 20°CE 5°C A AA] B} 24X &
28.3%, 48X)7F I 5.7%, T2A7F 3 6.9%, 96X 7t 5 45.1%,
120A|17F & 24.0%%, Hd S7HES 20°CollA] 31.1%/24
hrs, 5°Col| A 26.3%/24 hrs 2 LFERSTE.

o2 BE A& 20°C AAA] 5°C| W5 4.3%F7}
gte] 78 F AL YAAGA] Bt kA S Z1e ¢
AE Aolrt.

&80 & Sn T2 tjzFo) vls) PS+ PJ KBt
5°C AAF 24X7¢ T 38.9%, 48A17 F 74.7%, T2N 7 F
102.5%, 96A|7+ & 98.6%, 120A]7F & 105.4%% 37}
£2 90.9 %/24 hrs2 JERsTH

20°C A& 24A17F & 57.6%<48A1 7t B 68.0%<72A]7)
F oF 92.6%<96A17F & 125.5%, 120717 & 110.6%2] &=
o7 Z7} HFEs8L 91.8%/24 hrsE PS7} PJ Bt} 91.
4%/24 hrs Z7}5]o] A £7]9] W85l wet Sn kst
of m X oddko] 1o o] Pbe apdslel TUT 2
I4g YERiT

B Ao A8 Sn FFF 7t AR 01 ZojAy
2 3F 18.0%/24 hrs 27}, AZLTo) W ke 20°C
-

[

5°Col| B8 B 4.3%/24 hrs Z7}, W&o W2 3k
£ PS7} PIac} Hit 91.4%/24 his Z71E Ao Ve
t}. 70 @ #AWA| F2 brand AE 4.28], brand B= 2.34) &
stk 0]79) Axjoll A9} 2ol W&-Eo| Sn &l v

A717E % o) 7 ARTe] Fe $RA5H

=19 Fe 832 PJ 1.62 mg/kg, PS 2.38 mg/kgo &
LERTH

Fels Tt 2| E3A 7]5o] A= QA oy &
A3 mka Aol BA7E glo} AR

A7)k W& PIo] Fe §ake izl Hjsh 244170
F 24.1~59.3%<48A| 7F T 38.2~67.9%<T2A] 7t 5 48.1~
75.9%<96X 7t T 49.4~79.6%<120A17F & 54.3~111.1%
9] 02 Z7} A7 3 24A171mltt HF 0.27 mgkg ¥
7kt

PSi= T 2ol HIE) 24A]17F 3 3.4~28.2%<48X|7F 3 4.6
~111.3%<72X7} - 28.6~249.6%<96A| 7+ 3 61.8~290.8
%<120A]17F T 168.5~336.7%%] w08 Z7}, A £
24X 74tk i 1.25 mg/kg® Z7hshodTh.

Lol W PIo| Fe §HaFd ool Hla) 20°C=
5°C A AA] BT} 24X 7F 5 35.2%, 48A17F 3 29.7%, 724
7v & 27.8%, 96417F & 30.2%, 120717t I 56.8%2 Z7},
HHFZ7}EL 200CA A 22.2%/24 hrs, 5°CollA4 10.9%/24
hrs &2 e}yl

PSE tjzFo] B3| 20°CE 5°C AA] ®Hu} 24417t
24.8%, 48A17F B 106.7%, 72N 7F T 221.0%, 96X|7F
229.0%, 12077} 3 1882%%, HHFZE7HE2 20°CollA] 71.
%24 hrs 5°ColAl 33.7%/24hrs 2 JERATEH o]2A BE
AFE 20°C AFA] 5°Coll v]8)| Fe &Z#o]of 2u] S7}s}

o
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Fig. 3. Changes of Fe content in canned PJ and PS dur-
ing open storage.
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(R
Zelth,
Ul-§Eo W& Fe e izl Hls| PS& PIETH
5°C A7 24A7F F -20.7%, 48X 7+ F -33.6%, 72X 7k ¥
-19.5%, 96A17F F- 12.4%, 120A]17F 111.4%% HE7H&S
33.9%/24 hrs= JERL} A4 72A13F 742 P17} PS Bk
£EYo| FrleI o 7247 & REj= PS7F PIRG F
g F7He WER) o= WE=ol Fe §& %) Aug
S FE AoE Hol Y&Eo upet T4 M A Fe
of thgt A7l HAHolHoF & Aoz Aztdr
20°C A 24A17F T -31.1%<48A|7F & 43.4<72A17F &
173.7<96A|17F 3 211.2<120A| 7} §- 245.6%9) =02 Z7},
PEFZ71EL 128.6%/24 hrs2 PS7} PIHT} 81.3%/24 hrs
T7hsE e A 8719 U8Bl wel Fe dapsto] w)A]

A2 WAl Bk e 7IiE = A

to 2
N

o o i
ol oo

Aol Ut
B HAYoA A7 Fe TaFE7ie A4 7]3o] Ao
£ I 34.6%/24hrs Z7} AL w2 gl 20°CE
5°Col] H] 3] W 24.5%/24 hrs Z7}, Y LB w2 ke
PS7} PIET} BT 81.3%/24 hrs Z71E Ao F
shapdgle] FEgE T Qo2 E AFPLE<AHAIIG
<y§E9 Fo= et
B A& F PSyle] 20°C A7A] 1204]7F ¥, 10 mgy/
Zystgon oju F44 ghal WAL E vehRo] A

Vitamin C g2HHs}

A A5 Fguael AL vitamin C FEsv}
wo] Hnz sie 3 A7 § A2 uet oz
7ok 2t g2 vitamin C FHEFH3H= Fig. 49} 2t}

thx729] vitamin C &2k PJ 2.61 mg/100 g, PS 11.61
mg/100 g 2 3H72] Ak 50.0~100.0 mg 7]&7o &
£ oju)gk ol

7|7k whE PJ¢] vitamin C §HEke o2 o] u)a)
24A17F F 6.1~27.7%<48A7F F 12.1~32.1%<T2A7F &
21.7~36.5%<96A17F ¥ 30.7~39.0%<120A|3F & 41.3~
56.1%9) 0.2 72, AP AEL 7.1%/24 hrsZ A 3
247 7hvhe} T 0.25 mg/100 go] 74Tt

PSE thztol Bl 24A17F & 5.0~9.9%<48A]7F F 5.7
~17.9%<T2A7F & 13.0~27.6%<96A13F & 15.4~27.7%
<120MZF & 17.5~308%2] o2 74, BAEZAEL 49
%/24 hrs2 A F 242 7keich Wi 0.56 mg/100 g 74
arirt.

G713t F gashs Y42 PI9) PS H|kEo] A7

centrauon(mg/100g)

Vitamin C con
IS

0 24 48 72 96 120
starage tme{(hours)
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Fig. 4. Changes of vitamin C content in canned PJ and
PS during open storage.

T AR 7Aago] oy FFHgs B o 3
PIS} PS ©F W% F 5
A zHE T

Ao wE PI9) vitamin C &eke )T H3)
20°CE= 5°C A AR} 24X 7F 3 21.6%, 484)7F & 20.0
%, T2AZt - 14.8%, 96A17F & 8.3%, 12073 3 14.8%
7, AETAEL 20°CoA 48.0%/24 hrs, 5°Col| A oF
27.4%/24 hrsZ VERGTH

PSi= izl Hls) 20°C= 5°C AAA] Bk 24A7 &
4.9%, 48X 7F 3= 12.4%, 27|17t & 14.61%, 96A|7F & oF
12.30%, 12077t 3 oF 13.23%% 71Ago] Zrlslgom
HFAAEE 20°Coll A 6.20%/24hrs, 5°Col A 3.50%/24
hrs 2 v}eltch

olZAM BE Al 20°C HAA] 5°Col v 5.5% 74
gt e F AL WAAEA] By kg e AdiE &
A& Folth ABA AAE AFLErt wesE
vitamin C ZH22&0] 3A) Z71etche oW Rme} uis:
& AoE vehflof vitamin C §4 W 59 292 7|
Ba) Holu ol g Agstolor JUYHS FAT

T AS Ao R Azber
W40 w2 vitamin C &L 2T H|s] PI= PS
HT} 5°C A% 24A)7H8 1.1%<48A|7F & 6.4%<T2A7F &
8.7%<96A 7+ T 15.3%<120A]17} 5 23.8%9] £0.2 744
&o] F7), A AEL 11.1%/24 hrs& Vephdth
20°C A% 24X7F 3 17.8%, 48A17F & 14.2%., 7271 7F
3 8.9%, 96A17F T 11.3%, 120717t & 25.3% 7+4, BT
8L 15.5%/24 his= P17} PSHU} 13.3%/24 hrs 1) 7
Eatobel= 3
A7)17k0] Aol AsE HF 6.0%/24 hrs 7HAste], A3
w2 FEgFe 20°C 5°Col| nl) Hit 5.5% 74,
2 o3k PI7} PSHT} i+ 13.3%/24 hrs 2
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off,
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oggq o 24/EE 3= AR WEEd uelt 2}
7} o]

¢
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Fr2eo] HlEAA ghgo] ofs zZAs} b
acid®] Belz Q1 Mz Yoz deje.”

NB-AY F 2T} 72t Alare] ME WEl= Fig. 59
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PSE H2olA] 96AIZE A gAY s Aty 2
Algol A Aol Byl e ALE JEh) $tez B
ol Mze] Hge fIdich
LAA] FAE 20°C~30°C A AA| 2o Walr} Aol
AR o1Me] Ruoly Ux|slPon] B Ao A%
Z17relu AL E (59} 20°C), gEe) =5 9 pH7} A
To] Wiglol] vl G A9 §le A= et

pH2| 3}
T2 1] pH= PJ 229, PS 3.500.2 U] &2 uje} 4
3 Zol7h e A F dzTe 4 AETe]
pH* 3} Fig. 63} 7t
A7 964 7k9) Aol ME ukstA F7HeE ghad A
o2 Yeh} Pb, Sn 2 Feo] £&3%9) Msle} FARBIHA o}
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Fig. 5. Changes of browning index in canned PJ and PS
during open storage.
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Fig. 6. Changes of pH in canned PJ and PS during open
storage.
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