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The Effect of Hard Water on the Chemical Removal of the

Segment Peeling of Mandarin Orange.

By Zenjiro Sawayama, Yoshio Shimoda and Hisako Hayashi

Summary

The segment peeling of mandarin orange usually could be done easily by applying acid
and alkalin solution one affter another. But often some difficulty occurred when hard water
was used for soaking segment before the treating by acid and alkalin solution.

In this experiment the study was carried on to see what effect hard water would have in

removing segment peel. Following conclusions were found:

1) 1If the segment peels were soaked in natural hard water (total hardness 52-984 ppm) Ca,

Mg contents were increased.

2) Segment peel containing 60 mg. or more of Ca (in 100 gr. dry matter) proved difficalt in
removing the peel by chemical treatment.

3) The segment peel soaked in artificial hard water (Ca 200 ppm) increases Ca, Mg contents
in peel. Especially if pH value of the water shows weak alkalin as pH 7—8, Ca increases
apparently.

4) The above fact shows that in weak alkalin solution, the activity of pectin-esterase is

accelerated and Ca or Mg reacts to pectin forming calcium or magnecium pectates.
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i LR % 3o Ca-Pectate ¥ ik, Mg-Pectate # &+ 2D e E 2 b TV 5. BIKD
RERVEFOKZTOEBE TRV, HEEEOBWHF K: I ALOBEKCHEL LHCL,
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BY, TLT, tOEARPLRY CaPectate TH3 5 L FbR T 5. bivbh B2 A BESE
RUBLFICBEKCRT bR REAR, HEREC 2 ERY B ed, I THENAKCRT D
hTwaific Ca-Pectate, Mg-Pectate 2L CEB 3D EThiE, roRERTH Ca, Mg
BXEET A2 L0l > TIHBERIBBHES D TRV LEZT, EDLbWwirnCa, Mg2#H
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EBRFEREERCE>T, ABELRY, S8 LEBEHS R ¥ INTHhOoRBK LIKER,
SERMEELT, KEKTH > THD, TO0RYEIATOUERRCEL, &Y O40~50k
YEXHERo T, WEGTHM, 110°CTER, LTOHEY 1g XKLL T Ca, Mg OFERT
motc.

SEREREDTA T, Ca M MX iRE L LUCilier, Mgk BT 28R LCHEEL,
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HESBuwE®y ¢ HC0.74%, 30°C, 304, K¥15574, NaOH0.7%, 30°C, 204 (1
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2 B # R

FEOHFKABEKTHBOT, TFFHACRERMILY, Ca, Mg OREENEDEI K
ZlT B R d Dt Table | OFERTH 5.
Table | izE zC
‘ RbN5 &5 icla Table | The amounts of Ca, Mg content in the segment peel
BRAKEERE L DiTEDoM of mandarin orange after treatment with well water
MR+, Mg 3 BHOERR of our college campus.

Time ‘Ca mg/100g. d atter)!M N . dry matt
555, BCa L, faub ir E (mg/100g- dry matter) Mg (mg./100g. dry matter)
. 1 br. : 43.7 3.4
Wi ThAb. i, \_@i)%é 2 hrs. ) 44.9 5.6
RUBREBEBR T bi s o . 3 # j 46.1 5.l
4 7 ,‘ 56.5 5.8
- < 25 o 3
wizCa, Mg & @2 REDH} 5 8.9 7.8
FACHREA-, KEF I 6 ; 52.5 5.4
KEDHFKERTiTR 1 12 53.7 { 6.8
24 n 57.7 8.0

% Table 2 IRT. Bk
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3cRd. Table 3 KEBRS
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18ErEHERETH s K
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Zoie Ca Hix 59.1mg%k
THH, MgBix8.5mg TR
1y CardseiEyolk.

LOETHREOBMIHTAZ

Table 9 The amounts of Ca, Mg content in the segment peel
of mandarin orange after treatment with well water
of Univ. of Osaka pref.

Time Peeling test {Ca (mg/100g D.M.){ Mg (mg/100 D.M.)
0 0/20 44.5 5.4
| hr. 0/20 45.7 5.8
2 hrs. 1/20 47.7 \ 6.8
4 0/20 51.3 } 7.5
over night 4/20 54.2 ‘ 8.1
In well water Ca 14.3 ppm
Mg 9.4 .ppm
Total Hardness 74.7 ppm
pH 7.27

Table 3 The amounts of Ca, Mg content in the segment peel
of mandarin orange after treatment with well water
of Y factory.

Time Soaking peeling Ca Mg
solution test (mg/100g DM.) | (mg/100g D-M.)
tap water 0/20 42.9 l 6.3
9 hrs. ‘
well water 0/20 49.3 7.8
tap water 0/20 4.1 5.6
4 hrs.
well water 0/20 52.1 9.5
ehe | well water | 12/20 56.5 ‘ 1.2
In well water Ca 62.1 ppm
Mg 31.3 ppm
Total Hardness 283.9 ppm
pH 7.07

Table 4 The amounts of Ca, Mg content in the segment peel
of mandarin orange after treatment with well water
of our college campus.

]

Time “ Used Peeling ' Ca Mg
‘ water | test ' (mg/100g D.M.}| (mg/100g D.M.)
two desaited j |
nights water 0/20 48.9 4.8
one I well ‘ '
night water 18/20 96.5 -
two 2" ;
nights | » 20,20 59.7 8.5

Peels after soaked \
two nights in well

water and then treated| 142.3 ‘ 218
acid and alkalin. | |
In well water Ca 1.4 ppm
Mg 5.8 ppm
Total Hardness 53.4 ppm
pH 7.25

— 106 —
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AL DERF % 5D Thiie
WIhEESTLEEBRLTY
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KIEATEAZRAVCEED
BERBLR AL R EN
Tz,

¥4 Table 5 E@EAKD Ca
DBELXEXHEORERY
T E4R$ .Ca 300p.p.m
EWS X3 EBEOSE&TY
2 B EEEORE R R EE
EWSHRRED bnlndo
.

Table ¢ 1wixCa, Mg #dtf
IERGAORERELRT. Ca
OHRBERIEX Mg DEFICI VR
w35, Mg 0REIRERDOH

c DFACa,

Mg & 4 mg FHFEH LSO

Table 5 Contents of Ca and Mg in mandarin orange segment
peel Soaked two hours in synthetic hard water.
soaking . peeling Ca Mg

solution test (mg/100g DM.) | (mg/100g D.M.)
desalted water 0/20 39.3 6.3
Mg 100 ppm 0/20 35.3 11:9
Ca 50ppm 0/20 48.9 4.6
Ca 100 ppm 0/20 49.3 3.9
Ca 200 ppm 0/20 50.9 2.2
Ca 300 ppm 1/20 52.1 2.7

Table ¢ Contents of Ca and Mg in mandarin orange segment
peel soaked two hours in synthetic hard water.

soaking peeling Ca Mg
solution test (mg/100g D.M.) | (mg/100g D.M.)

desalted water 0/20 46.9 6.1

Ca 200 ppm 0/20 48.9 3.6

Mg 200 ppm 0/20 40.1 17.3

Ca 100 ppm -

+Mg 100 ppm 1/20 42.5 1.4

Ca 150 ppm - -

+Mg 50 ppm 0/20 47.3 7.3

Table 7 Contents of Ca and Mg in mandarin segment peel

soaked in Ca 200ppm synthetic hard water.

Soaked peeling Ca Mg
hours test (mg/100g D.M.) | (mg/100g D.M.)
0 0/20 36.5 4.6
1 0/20 47.7 6.3
2 0/20 §2.1 4.9
4 0/20 56.7 3.9

Table 8§ Contents of Ca and Mg in mandarin segment peel
soaked over night in syntbetic hard water,

Soaked peeling Ca Mg
solution test (mg/100g D.M.) | (mg/100g D.M.)
desalted water.{ 0/20 ‘ 39.3 6.8
Ca 200ppm | 0/20 50.3 2.9
Mg 200pPm  0/20 ‘ 31.3 17.8
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EXnBbhi. Thbb,
BEBHLbhE.

ZOFA &Y OcREEARRELLY, Bt Tsc s

iz Ca 200p.p.m DFEEX AL TRERE L EBEROBEFLEH 04 Table 7OHRTH 5.

Ca oigEERIEMH & & I IEMT 525

TRHEREEL W LREORERR DR o .

ARIEE TR T ORIZ 55.7mg% T,

HERERICEY

ATEALAWT—ERELEESDEEY Tabe 8 Wi+, =04 Ca200p.0.m d Ca DY
EEBY50.83mg% THix b Al ofehl, Thikcontrol D diEhokT LI Y RT, AbA
DRRER IS DD, 55WE pH 20loBERIcIZ 302, Eo&h LikV#H, WIhKkL
AHFRBETRERBD b h o)k,

CHhHORRLIVRROHAFKTE, —BRETH LI, HEBRELSESrBDONHD
CRL, ATEATRVWLkES, KEo Ca ik Mg RRFEFH LSV IC b bbb T HEHEEF
ARRLNT, 2k, CAoRBERINEILRVT LENL, RROFF KPR Ca 0RFE
BRI e sET 255D TREVAEED L EAELbNS.

ZhTET, #FK$0 Ca-

Table 9 The quartz spectrographic analysis of well water,

tion PWEHE REMTIC L D Well Water | Al CalCul Fe| K |Mg|Mn| Na| Pb | si| Ti
~. ARICABROZS AR desalted water | — | — | | = | | | =|=|=-|~]| -
¥ Cation JFFELE. % weel water of L . . ' ‘
® our col?egc — =Ty === -
DEEH 4 Table 9, 10 KR, well water. of |
o U.of O:aka Pref] — | T | T Tr| — | #$ | Te|Tr| — | % —
Table § LRABNB L5 1, well water of
F i Y f ct:r' Tr| 4| Tr]j 1 — @ H|+| -1 H| -
" #HFEKkeicizCation & 1 ¢Ca, actory

Mg, Fe, NaErn&<{Enbh
7.

Table 10 ICi33 2 A BEES Treated | Al| Ca| Cu| Fe| K | Mg|Mn|Na| Po|si | T0
O Cation QI EAtFEERErR  desalted water |+ [ | + | + | # | M ( o]+ |+
g, EERIROED Ca, Mg our compas. | T W F A H T e
#%<, DT Na, Mo 5% ?egcvtvrﬁ”f E+ TR V3 QRS QA R Y S =+ T
{E&FENRTWE. LaLEND Ca 200ppm | + | f | & |4 |+ [ W] ]
S DREE X b IR L Mg 200ppm ]-H- H +|—+++1‘-‘p-}+’-i+ + |+ |+
TR EDERRBDONIED: Table 1|1 Contents of Ca and Mg of mandarin segment peel
DT, EHFPKORENMR after treated over night in synthetic hard water.
boeELBND HCOs™ OF pocrenll e (mmﬁgumgimyﬁgnmg
FrW~picn NaHCOs 2 desalted water 0720 36. 1 6.6
Wi, Rk Fe o d Ca 200ppm o
R T T " N | Ny
+. +1% NaHCO 20720 92.2 J 10.5

Table |0 The quartz spectregraphic analysis of mandarin segment
peel after soaked over night in different water.
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Fen BEBRARBLNRT, ¥ Table 12 Contents of Ca and Mg of mandarin segment peel
i after treated over night in synthetic hard water,
k Ca oFFRYRL I D X

" f hange of pH
— X Soaked peeling Ca o o
5TH5. ¥%, Na, Si, Al solution test [(mg/100g D. M.)J before after .
treated treate
) AT =27,
DOHRDARIAT R > o', H desalted water 0/20 42.5 — =
REERRONT, RICEEH  Ca 200ppm 0/20 50.7 700 | 5.05
‘U#. L# L, NaHCOz @iRjn  0-5% NaHCO: | 19/20 90.6 — —
) N Ca 200ppm . 57
REEREY ETEL D Th +0.5% NaHCO, | 20/20 94.2 8.0 7.
, o
<, Ca oREE% IRBNIC e NaLCO, | 20/20 125.0 - —
#MMIRH T LAEDBRK, 2 2000918 1 gy | 20/20 89.4 8.33 | 7.08
=0 NaHCOs DUREHEER  Ca P00PRT 1o+ | 20/20 62.0 10.08 | 9.53
W3k, ROEBR®TR-

* Ajusted to pH 8 by NaCl+NaOH. #* Ajusted pH [0 by Nag PO,
7=, #E Table 12 KR+, +NaOH.

ZOREBRT pH 0RBRE T o DX, NaHCO3 HKAK CPHS HIHOB T v A4 Y X RT
®»T, pPHI0 12 NagCO3 d pHIEWd D & LTHW. Bz, =0 pH oRROZIKED (10D
BEEPiLE (20~30K) OXx»AXRG T, PHOBHYMEIZXFHLB XL TR
iz,

COERRLNRSD XD, #ikds X Ca200p.p.m BiD dORMNE, HEAEEZRELTNS
b tin, CaDRBERDFHILEL o, T zT, Ca200p.p.mic 0.5% NaaCO3 iz 7z d
D1k, Ca oFEFHEL 125mg%H CEHREL, Tk, pHI0 ORBZ Ca A ML TWARWLDIL,
62mg% LAY BV HEHERL TWADR, @ELD pHIO M ECHZ v A I XFET20, B
ERATEOT ) WEESSHEEIRT, Ca 0 mgk #B M okkdTHS 5. WFhiL
5 HCO3~ (742 CO3%) »Cat itET 5854, L < pHB.0 figoikDic Ca DFET
bihAK Ca ORERVIERCHML, HRFAEORRNED LB B LNk, ks, TORK
BT 0.5%NaHCO3 B 3 O HRAHEOREXELTH D, Tk, Ca OBFERIS,I ok
D, BALZEGNaHCOs hie f#ftif b LTaEINTWA Ca Dbt EL BN S,

HicpH 0EBEZE <50, ROTHEELEREZ T - k.

Tichbb, KEOHFAXAV, —FRE0xz, rHC i, pPHE 5.0k FTH230%
f£Y, Tniki»rAz—RET %k HREBRYTr-ok HO Zxhwdortih, KBS
MEIFAHEDIRETH o kat, HCl ¢ pH5 KT Rd o, T _THETELL>TWk, 2O
&t Table 12 OFERIVRET, Ca BRI PHIZX ), HUELEIR BT LAED LR,
ZLC, SREY—SDODEED, ThOFTIETVATHRILLIZIOLHERINS.

z =3
PILOBRI D ZLANEOCERLBLHEET SETFIZ, Ca, Mg ¢tdhh, HcCanZENK
¥z &, Hic Ca (Mg) ORSERIZHCOs~ OitET, LR PHS{HEDH7 v 2 ) OWH
hedER T s C L ARB bRk, ChLOEER, RKROHF KR CRERES 4V 0%
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CBENRTHY, LHIERBERBEENEWEWD L ERL—KT 3.

B, Von Buren, Sistrunk 56D |3snap beans OEHUER T 7 v F BT 3ERICOWT
ML, OBKRI Pectinesterase DEMTH Y, OBEFIX pHT7.0~8.0 DT, i Ca, Na
OEETHBRBUESRCED L L2HEL TV 5.

COBREZEX ALY THEOKNE AR RERZ, 45 A 2BEKCREG T 5ic Pectic
enzyme “C# % Pectin-esterase 33 Pectin it/ L <= x 7 vit®x kL, Pectic acid #4: L,
= @ Pectic acid # Ca (Mg) & #A L CaPectate (Mg-Pectate) 241, HINHCAW2E
EOEBERBEOELT v ) KRk Y HOR LR kD LEELZLNS. T LT, TOBERHFFK
RHCI2 2 T PH % 5 R TR D O 0BT o n 2 k0o DY S D LE LB,

ZLT, cOBELYEMEBHFKCEDT 3 L5 2561k1B, to#FFKeHC 2int, pH%
THTxceL), HRAEORELXIFEIHAIDHLEALNBA, tOAKOWTIR
BERTRRET LRI DVBRAEI L LEWEES.

BOREKERYTRICY ), BEIXMEFED WX & LELBARTERBBOBIIK
CESBHBELBTET.
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