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Some Comparative Tests of Electrolytic Tin Plates and Hot Dipped Tin Plates

in Cans for Japanese Canned "Mandarin” Oranges-----«---csseeererieeesnianenieno()
On the Relation of Hydroxy—MethyI—Fur.fural to the Brown Discoloration
of Canned ”"Mandarin” Oranges.

Iwao Shiga and Keiichi Kimura.

For comparison of the plain tin cans and the fully inside enameled tin cans, in this test
shade of color and Hydroxy-Methyl-Furfural contents in the liquid taken from the can of

the Mandarin oranges were measured. The samples used were taken from the cans stored

for 345days at abt. 35°C.

Effects of aeration on the increasing the color of the liquid and on the Ultra-Violet absorp-
tion spectra of the ether extracts, in water, of the liquid were measured too.

Development of brown color in the liquid portion during storage at elevated temperature
was faster and greater in the fully inside enameled cans than in the plain cans. Hydroxy-
Methyl-Furfural contents in the former seemed to be less than that in the latter as
illustrated in Fig.2.

Colors of the liquids in terms of CIE system are shown in Table I. As the color increased
its darkness, Pe increased and Y decreased. While the color of liquid was perceived as
brown by reflected light Ad was computed as 573-575 mu« from transmittance data.

The color of the liquid increased greatly by its exposure to the air as shown in Fig.3,
whereas Hydroxy-Methyl-Furfural contents decreased as shown in Fig.4.

On the basis of the results mentioned above, following conclusions may be possible:

1) Oxygen plays a role in the development of brown color in the liquid of the can of

"Mandarin” oranges, consuming Hydroxy-Methyl-Furfural produced by decomposition of

sugars.
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2) Less tendency towards the darkening in the plain cans than in the fully inside enameled

cans seems to be attributed to the reducible condition in the former.

il

i

E==#1 A o Non-enzymatic browning reaction O##ic o\ T, a) Maillard or melanoidin
condensation theory, b) Ascorbic acid theory J ¥ ¢) "Active-aldehyde” theoryd =ZExf @ A
Ho Ty MBI L EFORVEI, SEOPFHEIH T 525, H a BiZdE- DeIn
v % & ®OT, Schroeder, Iacobellis and Smith (1955) @ OISR HRICH € 3 Maillard reaction
7 VIRICR B, fEf{krt Carbohydrates w535 pH O iz L - TOHBHbI, RK
(e T2 /LA EDIERC I B3BDTHENELTWIBTE S, &b dh., BE/EIROLER
HEREEM T, ThICBIL TOPSBIRIE LT, FIFB L L > TS TV 23R 15D BRICE -
LR 7 B AV EEEENC(AIA T H B DN TE BB INBILE o This\Wh O THRER
HHEROHALINERVTWEDXFRTH 5.

Matlack and Sando (1933)@ % Joslyn (194G e k » TrEEALBgkics+ 5 Furfuraldeh-
ydes BESDRIBEMIC D W TELA I R T 5 4%, FH(19M43DW R FHORHK D = — 7 i B #y
-#1z. Omega-oxy-methyl-furfurol OZFERSERA Ly Seliwanoff 3kic r 3 BEFIELXFI A L <
‘Omega-oxymethyl-furfurol 788 & L & OIIICEIIND 5 & & % - #:Stadtmangs (1946)
C@rEEEIL L 2= Apricot O = — 7 A ¥ Spectrophotometric analysis 7T 285mu (T8
RENAHED  245me I BANOBIK DB 5 D% Rieht W THAMP#Hic Hydroxy methyl
furfural (PIFicik© HMF tB;3) tFurfural & 47T 5 * & #EERA S fL(Wahhas, 1948) @,
Apricot sirups (@ ethylacetate ic & 2 filllH{ &% 3% & BEALED W25, 2+ 3
&, EhEE/LOERT S Z &, i Furfurals O VBRI X - T L LEEIEDHET 5 2 -
t%"'f%%ﬁb , Apricot sirups DEfa ke % Furfuraldehydes OREL 2134 (Haas, et
al. 1948)3), ¥#1(1954,1955)% & B A&A A iRz 3% HMF Yo Furfural OBIE, 58
L3 DR L TV 5,

0 CRERERH DI 2T IR LS HET T 5 L W S I AICTER LIRS 5 & & 2 HHc TR
WL TEW 22 EE LRI FRO HMF Q&R L&A ERE & OBMRICOW TR L HEFFEH
CEAOHEEICKTT 5 HMF OBIS &, HMF & 05~ 0 £rGERIC R T DEE OIS & i
LTET LAIREZ B D TR ICHRETHIRETH 5.

£ B F &
HMF 7Kg 12 285mu(Major absorption maximum) & ,225m#(Minor absorption maximum)
&R TRYGHFZ R T O Ty HMF QREICR Ty SIMABRIK OS5I F 0 RER S L OBE D
CUCORCEBIR L » TRIBIN TR TVWEHTES. ZOHERLR TS HMF ORIE K 24 » <
W HIHABEIEERT EPB-U 2 A U TS S F a2 FIH L e o WA DS BIBE
— 49 —



VERERIC X BT L3R, BB L BRBILL cBHDOBRELZ WHBICR THELEE L,

RERER e #E

D B NETRERGE & OMIC R AN OFERER Y HMF £ ED%%E ., FHEEK 35°C 0
HEMI 345 BEERR L TRASEELL, WA DEAESR L A NEREER O HEEIEL
S BIxnp, RROBEASED, BADEBL e EED T hEhh DO L it 2 —HEE
LTy £ EBERY B UEREL TEO% %A 10mm. © Cell I - TGS 252 %
HELTHE RO, BhEMEYEL, IbAMBREEL 0 EBLEA S D OWHAI L
LU TRE/ILOBEDRTH S Z AT Ik, IREOBEBE YT e CLE £fE%ic X - T
BOBEEbLT LEROBOTH S,

Table T. Color of liquids expressed by C.LE. system, being computed from transmittance data,

Samples ad Pe Y

Liquid, taken from the plain can 573 mpu 27.9% 91.29

Liquid, taken from the fully inside

enameled can 575 myu | 38.1% 82.1%

EELLEADBRBAICR L 22, HEILLAKOBEEL X 3AERE TR, S0
EPERAHR, BATHHZ L2RLTn5, BEEORS =T A nflX DEREAR, AL
DR HEEL T, Pe 3KiC 0, Y RMEFLTWAZ L EHIRD A TH B dd Ok
REHRTREAL SO E 5038, SHOBEREE LB TRTIE, o &b Lk,

foo
q0
g0 Fig. 1. Transmittance curves of
70 the liquids taken from the can of
® #Mandarin" oranges stored 345
g éof days at abt. 35°C.
..g. 50 T. liquid taken from the plain
& )
E tin can.
& a0} o
I. liquid taken from the fully
50t inside enameled can.
<0}
/0%
0 — A 4 ‘
380 480 580 480 780

Wavelength, mu
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LEEDRERER 5 c.c. % 50c.c. OAEIRSHCE D\ FE Sce. D=~ 7 A Tk- Ty $ilH% 3 [H
BBLT-o2d0D=~ 7 A 2FHI®THEY, Hilfp% 100c.c. DKEER E Ly FOHBRERRICH
T8, 10mm, BEHOFED AR, BIXSHEAEXES EPB-U #HEHL T, EINTK
B BBREEOERELIT- T BEROMSER LS~

Optical density
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Fig. 2. Ultraviolet absorption curves of water solution of the ether extracts of the liguids

described in Fig. 1.
1. Ether extract of the liquid taken from the plain can.
T. Ether extract of the liquid taken from the fully inside enameled can.

# R ORI ZE R 2 DD Peak 255 L, K&V HD Peak 12 283me iwh b, 7~ s
# O Peak 13 225~228mu [fEiC & o Ty BEHE OEKL Hydroxy Methyl Furfural ¢4 3% =
EEFTHIDELELBNRD, Curve | & Curve]] & 2 HERL TR T BHEEOSRVEREL D58k
Lic#i s HMF DEFEES, BREOEW =F 2 X 0EXEH RO HMF B 0 &
T, EHNREDWAD B RLTWAZ ENEERDNEFTTH S, XK

W ESEWH be.c. EE Scc. D "=~ F ol TiR- T, 3 EMHEIELEBEL €& 5 5 HMF
iz, BATCEF b3 BEdEARTEO TR LD, Thick - TH. . Z, BEOHMF
EEROR/I K BT 52 & 5D o Al IXFH e FOSHEY a & L. ZH 5e.c mDE
Ex Db E L, ERERARY=— 7 ARt 5 HMF OBMEY TRENX £y 355, 3
EIDHHIC Xk - THHE bh 3 HMF &2,

3 o ' 1 X x2
RROGEE ¥ (G * et G

75 DI 1
LMD by x+y) (X+Y)2+ (X+Y)3]
a>b ThrLTBL

1 X x2 1 x x2
2 (G *a&awE Yars) > [ ary + Gy T aryss)



HMF £0&E0d 055, BEELE W & T5ERMD OB, CORBRFERCMET SRR
Th, #icics T3, Thikic, RBRERFR XD, RRSARLRR L TR, BREIFIRRRE
BICEIE L. ZOBRRTTIHHEL TROMIEL D Z L2HkKD,

FBICEED b D, =7 # TS D A—HOKRBEH TH S Lic, EEHEHD
R—&HFTabhedbDTHH0DT, HOSHFC LD HMF O4AB»EHEFETLALDDL
Exbe, =7 2 afBEATE HMEF X 0 S FEEHDEEDDIHEBRINLLD, ThIIUH
FECRI X DI WTADFTEEIEL T, HMF E0EFT2RELAEDD ThH3 &= 5 AICHBHk
5 '

2) AEL DBRBEEED YV % Anaerobic condition & Aerobic condition & iz 7o

AR AR OAEEEIR HMF & OHEE.

IR AR ED . SLFB L CEAZIBAL ., HELLzLb D% a, b D2 Hes!T,
aix Conical flask . —$fficiiL . MKFBANZERPICSSHE L THEHEZIR, R X L C
Paraffin wax T# U, bid Flask Op45EERHTICILD, L OIRLEL, EE1~2 HIE
o TR 2RI S 2 B T L CHH LA, b it a It B L CHE OB EE LM -
XD OO T, A—5KE 2 KERRE LT - 2500 D BES LR 8 bk,

BLED X S eifawig 5 HMF OEEX D 5 & L D THEKRS DERAZ L TH D05,
ORI TOERIRBAHSTHS LEL XD OFEESCR UL, aDEERRITIZLDD
HMF §OETHATH S5 LIERIE DR H—PIx UTRERTZZ LT3,

SR I 1R U B B5T8 B TR R 120, 226 DRIBC L BAESR Y — 2R U a, bd 2 MICH |
RO KRt - T—F% Anaerobic condifion T, {ib5% Aerobic condition if &, W
<, IRz T, BEEDXEDRbNREIC, WRECRY 55 5E0hE L, HMF 04%
E&®k@%bfx%E@RT%E@K%U%%W%%%%@EQ%E@@%%ﬁ&&ﬁﬁ@%
K3 Na-benzoate DIEA T, EFENICHR T 5 BULHIERHITHEAL T, BEMCHEEY k2L T

B a5, 283me BEEICRU 5 Peak OESS #IATHERY 5 &, S&ICH B S8 HEED

HBRUICEDOIHR T Peak p2HE o TWEZ L2538 bR, HMF OB EIETA, BLEE

U TR R TAF LD L 2 & ARk,

REDERFERL AL =7 A AL ORI R TRADEEE L HMF 04 FE L cEE0D
LEUABEBEHAL T3 LB 2 5, ¥ it OB RO ERc HMF 258 3w, B> HMF
L OEBEOBEEYEAERT HBECR TOREOCHS I TEIh T3 :E2bh3,
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Optical density

Fig. 3.
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Effect of aeration on the increasing the color of the liquid, separated from the
plain can, and protected from spoilage by addition of 0.225 of Na-benzoate in it.
The liquid, filled up in a conical flask, saturated with Hydrogen gas, and sealed
hermetically. .

The liquid, filled in a conical flask leaving head space amounting to abt. half the
volume, and shaking up with air once or twice every day.

o

Fig. 4.
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Effect of aeration on the ultraviolet absorption spectra of the water solution of
ether extract of the liquid described in Fig. 3.

[. Ether extract of the liquid described in No. [ of Fig. 3.

I. Ether extract of the liquid described in No. [ of Fig. 3.



L] I
MR OB AL ASORHT CRFRCESE L, BoBIc o TR L A MEEi O’
O EE & Hydroxy Methyl Furfural @& & L i oW TRBR L, DIFOMS #E 3Bk,
1. =7 A B OEERA, BREX OBLEA IV EFEEFRELLARTH> k. AR
U 5EES S CLE. e & » THH L aEE (Ad), MBHEE (Pe) RoHiE (Y) T
WS & Pe 3R TRT, YRZR EXHFEFTBCR TN ThHoto, BEZEBEL TR
2 BBADBEENBRTIZ, FE BETHELZ ErEHEHDHWHES .
2. HMF OgHEY, FEEFLLVGAML D OBACR TH > TRTH 5 S LV FEEY B,
3. BfEX DSEELLEAK DV TERE L 27/ Tk, Aerobic condition 1zi& ¢ & ,Anaerobic cond-
ition B 2FACHBIL Ty $b1lo THAELXHTI EXRAbN, ZOHALRKRY 3 Fa
BEOBRCERRDBEENIEMNTHLZ LT Dbhi,
4. i L CHEEERHEALALED Sample w T HMF 2B OETOES b LWEATD DRk,
5. FPE3 RV ACTROFEE» DAL, =7 2 1 OMICR TRAOBEEELY HMF 2%
WCEEED L U AEEBHEL 5.
6. EHESOBRAOFEHER HMF »ESRKE LCOERZF T3 &, 3z HMF &b
FEEHDEREBRICR TRFEIBISET 25 L2 & EREMES .
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