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An Application of “Macerating Enzyme” to Canning of
Mandarin Orange—II
Examination of the Peeling Conditions and Test Canning

Yoshio Shimoda, Masakazu Oku, Kazuyo Miyamawari,
Tetsuhiko Tominaga and Shigeru Otsuka

Single enzyme methods and the alkali-enzyme method® for peeling of mandarin segments
were studied to replace the conventional chemical method for the purpose of simplifying
the procedure as well as improving the nature of the waste liquids.

1) Single enzyme methods with various pectinase or cellulase preparations were
examined and it,was found that all these methods are not satisfactory both in the peeling
effects and in view of the waste water control.

2) With the alkali-enzyme method, peeling is accomplished quickly with low concen-
tration of both sodium hydroxide and “macerating enzyme™. The quality of the segments
peeled was as good as those with the conventional chemical method.

3) The enzyme used in the alkali-enzyme method is rather stable and is not
inactivated during the repeated use (6 — 7 times).

4) The alkali-enzyme method gave favorable canned mandarins if suitable measure
for inactivating the enzyme is employed before packing.

5) Organic matter content (COD) of the waste liquid from the alkali-enzyme method
is lower than that from the conventional chemical method. Most of COD is removed as
precipitate by the simple treatment with calcium hydroxide, because the method gives
waste liquid of higher concentration of high molecular substances (pectic colloids).
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12DFZAB 77 22CEEFBD RoBLLLEPA 400g ZAN, THAHVE, BRROETHT
1 500me Wi, BARXD—2 ) —INEL—Z—OEEEICHEEEL (96rpm) HIEBEDER
AEhTHENERER L S 7.

HEHREF ABT 5 2 30X T HAKPTIONKE UEFTIL - 8, MEREEE~<.

ELREADOADAORZICRE Ly = vBERD ¥ 7 4 (BE 35cm, & 45cm) ZHAL
7o F7 20ONENCE 5mm OF 7 RBI6ATRY T EHGREMN L. CDF 7 412 10kg @
Apik 15kg OT A Y £ REBETREAN, TrEkkil 10rpm CHEERE 4.
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ERHERDOAPAIHER, BEGHETEATILIL-D1.2800.2% NaOH ki, #H10
°C) i 3~ 5 AMFH LA Bok@l LETTH » 7.

5) fHEMLEE

IFEOMEREEFVTLEY, 2~3BE® pH OFWAPAER 7 = YEBARMULER pH 23
3.6 T3 &) BN L. B 20 rpm QOERBERLHEMAL, 80°C T105MTH »7.
6) MEFEER

WEOEHI 37°C OERETAL»7:. BEXBRIFEFITL, BCHEEORL. £HOD
ik, RERLOREOHEERI L.

7 BARKOSGHE

TSCEEL TTN - 7. COD REEDEBRIELE (BEEHR) &, F0OH 200ml iC2g OKE
ANy o L%MATELETAYZBRELI-HD COD (KBithvy v 4 0@EBHEO COD) i
2LWTHIE L.

2. ERBR&EER
Table 1 Peeling of mandarin segments with commercial
1) EBEZHhapEOBRE enzyme products. (Stationary tests)
SEFOWIREBERZANT Enzymes Results
Ak REOD HEZRE T - 1 Pectinase (A) Poor
fo. BIBREHREEDB—T v 2 ” (R) Poor
NV EFHBEDORM~DERER 3 Cellulase c) Satisfactory
LT, 40°C C2EHEL 4 ” (> Poor
7o, HEAEHLIORLI. ° ” g; poor
=2 o I = 53 ” y oor
i‘{llLé“OhéijiC, ﬁ;‘lf: 7 ” (F) POOI'
S —CHBBERTHRINTG 9 Hemicellulase (H) Considerable

O 2T —ERREFTH Mandarin segments were soaked in 2% enzyme solution and
-, ARIOREBTIRZ<RY 57 allowed to stand for 2 hrs. at 40° C.
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I TR, T TCRBLILOMBE2ZORRETHS.
40°C 2B:RIMBCIIE 20
I LB 0.5~ 1 BT-4 Table 2 Peeling of mandarin segments with commercial

enzyme products. (Agitation tests)
YAk Th 7. Hiz o

SRS L AR DL 5 — Enzymes Concn. % Results
CAEAL- DI BT EER Pectinase (H) 0.5% Considerable
£, Cellulase (1) 1.0 »
. _ ” <) 0.5 ”

) BEBHBEOHERERE Macerating enzyme (J) 0.5 ”

EIIC3IHEDREHx LE ” (3
ULicEBRARLIzDs, Toal # 4+ cellulase (]) 3‘1‘ Good
—EHAREI BRI Mandarin segments were added to the enzyme solution
LBRE, JRSERUENOS contained in a 1000 ml flask, The flask was turned at

TECRTHY, E&EAERER 96 rpm for 2hrs. in a water bath ai 40°C,

HLEABEDBITFLNEENGONG. SO CALDEKDHERER B E, Toh ) —BERET
134 COD MEWITIT TR . EHTFO COD M75%8% 5T, —iE#BmEcizig COD
A% 32,700ppm & FWNFIF T, TO80BLLLMBERFTHDON T,

D FLHY—BRECHTIEEENOELE

PlERNIE DB PANBROHEILT vA ) —BREBBRNTHL bl -fct, DK
BB BEANEBERT AN TIT - OBE4OHETHS.

72O F—A, wNFT—FF/ XAFARIMN: MEHRE BETH23EMDTEL, BEKOR
COD BRI TR KB vy o alngkd COD HEW (EHFD COD HEN) C&H
SHAEYR LY L. COTLEPoETNL ) —BRERETOBREAIGERIESET, FEDZ
AT7OBRKFACKIENTHS BB LN,

§) BEROREERSER

Table 3  Peeling of mandarin segments with the alkali-enzyme method, simple pectinase
method and conventional chemical method, and analysis of the waste liquids.

. Simple pectinase | Conventional chemical
Alkali-enzyme method method method
Alkali Enzyme Acid Alkali
treatment treatment treatment treatment
Weight of segments :
before peeling 6 kg 6 ke 6 kg
Weight of segments = ,
aftér peeling 5.3 kg 5.1 kg 5.4 kg
Results Good Considerable Good
Liquid used 10¢ 10¢ 102 102 10¢
Waste liquid pH 11.85 4.50 4,49 1.55 11.81
BOD (ppm) 18580 2710 2020
COD (ppm) 4320 3370 32700 4100 4160
COD of dialyzate (ppm) 1080 860 26710 3440 1830
COD of dialyzed solution 3180 2410 5400 530 1960
(ppm)
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BEATHE T 2 840X & UMERBEESHENOREEHIIRMEIZDENSCETHS.
HRIZ S —HME LM, 2 oIRBEMA0T—RMEE S ITRT.

Th)—BRETHELGAOANZTRVORER, #EORBR—TLrHVECHELLTEY,
KBELIBTHARIZEHEL:. R5OEEMPOHZTCOBEARPEORETHH pH B
EARAE 6~ TAOREERARRTS S C EMBDSNA. LB CORERI 3 ABCHIDT
Bol:bDOTHEBRREMOASBEEICEE L.

REERAKo COD mEmiz#ks. R10oMm{TH5.

i# COD 3 6 ~7 @EHZIZ EHMI Bind s, AB{LArY &4 EHO COD (EHTFD
COD) (2 4 HEIBEFEA LHMAERES . —HHEBRZ6~TEEEDONEC LS, &
ARBEIZKBCA VY v LA TRIT ZREOHTE (500~1,0005 1) EARTRIET HHHEH
R, VLA AR T ALER LV EBEZI ONE. COAROWTRBEFICRFNhMTE 2.

) BRTEHORTRBEMEOBRH

HPARHICHOTRIEE LS COBRME LN -7 HREFRLTE & 6 7y ALUIKRRAMR
FUKRILTECEMNDE. CORTRPETILDICRBETHY, #EEXR21TRT.

HEKIZEB—Tr A VHEZHAY, Toh ) —BRETHELLA» A%, EABRIZZOE
R, REAMXIZHEE 0.2%/KE{LF F Y U AKE K&, 10°C) (€5 fIRBELABRARLT

Table 4  Suitability of enzymes for the alkali-enzyme method.

COD
Enzymes Concn. COD (After the treatment with | COD Removed
Ca(OH),)
. j ppm ppm
Pectinase (H) 0.2% 10050 7110 29%
Cellulase (C) 0.3 7660 4450 42
” QP 0.3 10030 3534 65
“Macerozyme” + 0.2
“Cellulase Onozuka” 0.1 4370 730 83
Other macerating enzyme 0.5 8640 3650 58
Alkaline pretreatmentsss+s+ 0.5% NaOH, at 35°C for 20 min.

Enzymatic treatment------At 35°C for 50 min. al 96 rpm,

Table 5 Repeated use of the enzyme solution. (“Macerozyme” -+“Cellulase Onozuka™)

* E3
1 2 3 4 5 6 7 8 9 10
Segment with bundle _ c

and “center albedo” % 2.7 0 3.9 ] 24.0 6.4 10,7 | 12,0 12.0| 38.5| 16.0
Segment with bundle % 1.4 5.4 10.4 9.3 5.1 9.3 10.7 5.3 13.5 ] 12.0
Segment with -

“center albedo” % 28,4 23,0 26.0| 28.0 21.8| 20.0f 34.7| 30.7| 28.4| 42.7
Peeled segmenis % | 67.6| 71.6| 39.7| 38.7| 66.7| 60.0| 42.7| 52.0| 21.6| 29.3
Segments with “center _ - - -

albedo™ and peeled % 95.9 | 94.6 | 835.7| 66.7| 88.5| 8.0 77.3| 82.7| 50.0| 72.0
COD pPpm I 3159 | 5522 | 7884 | 9890 | 11936 | 13342 | 14790 | 15190 | 15640 | 16231
COD increased ~ ppm | — | 2363 | 2362 | 2006 | 2046 | 1406 | 1448 | 400 | 450 | 501

Alkali pretreatment------ 0.5% NaOH, at 35°C for 20 min.

Enzymatic treatment------ 0.2% “Macerozyme”+0.1% “Cellulase Onozuka®, at 40°C for 30 min.
at 96 rpm.

* Before the start of 5th and 8th runs pH was adjusted to 5.0 by adding sodium bicarbonate,
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O0——0 Conventional chemical method
1L t——a The alkali-enzyme method
o—o0 The alkali-enzyme method, bul with enzyme
Original COD inactivation measure after peeling.
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Treatment times
Fig.1 Repeated use of the enzyme solution Storage period{(37C}
(“Macerozyme” 4 “Cellulase Onozuka™) Fig.2 Changes in solids amount of canned

COD of the waste liquid and its

mandarins peeled with various methods,
calcium hydroxide treatment.
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FRESBRET S LzilHI.

BRI S RERRE T 2B BE. Tah | —BREORAL LTR

Alkali pretreatment
0.3~0.5% NaOH, 30°C, 15-30 min,

Washing

Enzyme treatment

0.2% “Macerozyme” + 0.1% “Cellulase Onozuka” ,
30°C, 40~~60 min.

Enzyme inactivation
0.2% NaOH, for lenger than 5 min,

Washing

Procedure for peeling of mandarin segments with the present method,
PEHhEFL oI
B) EEONERS
PDEOFETHELLAPAGHOERARERTR6, B3ITRLA.

FolIBohAEIIT, TAh)—FLETHEL, 2ERBEAFTN --HEEZFSHBOB—
Trh ) HECERT A RIFEUERBZ o/
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Table 6 Examination data of canned mandarins peeled with various method after storage.
' Control (chemical method) Alkali-enzyme method* Alkali-enzyme method
2 1 3 6 2 1 3 6 2 1 3 6
days |month { months|months| days | month | months months| days |month | months|months
Solid g 182 185 186 189 195 195 189 192 194 189 185 186
Brix % 20,7 17.2| 17.0 17.0| 20.0| 16,9 | 16.7| 16.8| 19.6| 16,8 | 16.8| 16.9
pH 3.2 3.5 3.5 3.5 3.5 3.7 3.7 3.7 3.5 3.7 3.6 3.7
Hardness — | .860 .850 .679 — | .664 .696 .606 — | .503{ .550 | .276
Hue .030 .098 .151 212 040 | 101 .138 .208 043 102 L143 .224
* After peeling treated with 0.2% NaOH for 5 min. to inactivate the enzymes,
R3DEFRTELAEXOB ROEEIZ, 64 Chemical method (control)
AETAMICETHBEDONLY, BEROE
PrEohudok. LbleoEkoETi 08 e
REBERTHICLIRAORISEE -2 L%
ARLTHEY. PR 97 AURRICEN S h i ER kol ~——
. . 0,600k Alkali-enzyme methed 200
BORLAEEI-THEDLEILND. : iy
N B N —— - ?
R . NS L e * ] =
3. & £ z T el B
= =
BIAREOHEEE UTHEM MRS ko 50400) !z
£
TR —BEREIIODOTORERID~<IHN, Alkali-enzyme method l -
BRRMEBEOBSIIRZ AN D OMERE -
T3, F—o HE BLnEs REnE < 0.200; y
. Py -~ ~ ) » _— I‘ﬂ d y
L, U b ERESG 0 & +A SRR o ol et iso
BohnnceT, ChiIEENREROLE 4
IZD15H5. BREBKOHIRICONWTTH S o 1 3 & (month)

M, RCFF—¥F, €5 —FROMANIZE
WTH COD BELLELBE. Thiise s
{ endo BV & exo RO LTEMNEHCE
{WEEZ oM 3EY. FOERE4F® COD
B2, B0 COD BEppm ZRY .

Storage period
Fig.3 Change of hardness and solids amount of
canned mandarins peeled with various
methods during storage.
* See Table 6.
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