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STUDIES ON DEBITTERING OF NATSUDAIDAI (CITRUS NATSUDAIDAI
HAYATA) WITH NARINGINASE ENZYMES-]V.

EFFECT ON ARTIFICIALLY SWEETENED PRODUCTS

Yoshio Shimoda, Masakazu Oku, Daize Moeri,

Zenjiro Sawayama and Shigeru Otsuka.

Studies were made on the application of naringinase, an enzyme (or enzymes) known
to decompose naringin and remove the bhitterness of canned citrus products, to the
canned natsudaidai (grapefruit variety) sweetened partially by the addition of artificial
sweetening agents. Results obtained are as follows:

1. The canned products containing both sugar and cyclamate (“artificially sweetened
products’, hereafter) was found to be sterilized more easily than those sweetened only
by adding sugar ("'sugar-sweetened products”, hereafter). Temperature at the center of
the artificially sweetened canned product rises faster than that of the sugar-sweetened
product. '

2. The debittering effect of naringinase was found to be poorer on the artificially
sweetened product, even when the time and/or temperature for sterilization are reduced.

3. Cyclamate was found to act inhibitorily on naringinase activity under some
circumstances (at lower pH or higher temperature) (Fig.5-7). The lost enzyme activi-
ty was not restored by dialysis or by incubation of the enzyme solution in the moderate
conditions(Fig. 8), indicating that the enzyme was irreversibly inactivated with cyclamate.

4, Other artificial sweetening agents, saccharin and dulcin, do not significantly
inhibit the naringinase activity.

5. A sufficiently debittered product is obtained by substituting 509 or more of the
sweetness of cyclamate with that of saccharin. A combination of the equivalent sweetness
of saccharin and sodium cyclamate seems to result in products satisfied in respect
to the flavor and quality.
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Fig. 5 Effect of preincubation with cyclamate on naringinase activity.

Naringinase and cyclamate were preincubated in citrate buffer, pH 3.5, at 40°C for
20 min. (A), at 65°C for 5 min. (B).

The preincubation mixture contained | ml. enzyme solution and 9 ml. of Mcllvain’s
citrate buffer containing 0.5% cyclamate. For control, | ml. enzyme solution and 9
ml. citrate buffer were incubated.

After preincubation, the mixture was cooled to 40°, and 4 ml. of 50 mg % naringin
solution was added for the assay of the remaining enzyme activity.
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Naringinase and cyclamate were pre-
incubated in citrate buffer of vary-
ing pH at 40°C for 20 min. The
remaining activity was assayed as
described in Fig. 5.
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Fig. 7 Effect of preincubation of cyclamate with the enzyme (A)and with the substrate (B).

Sodium cyclamate was added to naringinase solution (A) or to naringin solution (B)
in citrate buffer pH 3.0, and kept for 20 min. at 40°C.
The remaining enzyme activity was assayed as described in Fig. 5.
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The remaining activity was assayed
as described in Fig. 5 except that

5
pH was adjusted to 4.5.
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Table 1 Effects of Cyclamate and Its Possible Decomposition Intermediates
on Naringinase Activity.
— Naringin . g:sfa‘gg;gre 4 | Inhibition
Initial Final :
m mole m mole m mole %
Control 1.37 0.32 1..05 0
Na-cyclamate ” 1.00 0.37. 64.7
Na-cyclamate +Cyclohexylamine ” 0.91 0.48 56.7
Na-cyclamate+Cyclohexanol ” 1.06 0.31 70.3
Na-cyclamate+Cyclohexene ” 1.08 0.29 71.4
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Table [I Effects of Artificial Sweetening Agents on .Naringinase Activity.

Naringin ..
Sweetening Agents Naringin Inhibition
Initial | Final desappeared
m mole! m mole m-mole %
Control 2.19 0.71 1.48 0
0.5% Na-cyclamate ” ! 1.94 0.25 82.3
0.5% Ca-cyclamate " ] 92.04 0.15 "80.2
0.05% Saccharin-Na ” , 0.82 o 1.37 7.5
0.1% Dulcin 1 ” | 0.84 T 133 ) 8,4

‘,

Table | KRONBZELHA 75 YBY —# EF LD HKIEERTBETUAL B4
oAy, ANFridedbitr) rIFr—EEHIcLTELEAE LR RET o %
Y477 I vBEORVICEMTHIEATHRGEHEATL I HREKTES 0L A2 oni:.

5. HohU EBAMISIVREOHALCLIREREARGER

Table 1 OERELOH v AV Y, LU GAAVFr2EMLLLHEHERETEFY) v ¥F5—
LOEMCE D TARERRTEEOTRRIVAE EZ6NIDT uT%ﬁﬂxﬁa&%q%ﬁn ->T

Table I Analysis of canned natsudaidai containing artificial sweetening agents
after debittering treatment with naringinase enzymes. (Stored at 37°C)

After | day -After 7 days ’ After 2 days
Acid as| Narin- Acid as] Narin- o |Acid 4s) Narin-
pH Sugar citric | gin pH Sugar citric | gin | pH SPS?F citric | gin

% % mg% ! %1 % mg% % % mg#
Control| 3.00 | 12.3 2.48 49.3 3.00 11.0 2.54 49.6 1:3.001{ 10.0 2.38 50.0
100 * | 3.00 | 12.2 2.47 50.0 3.0 11:2 2. 40 4.1 300 10.2 | 2.43 44. 1
50 *|3.00 | 12.2 2,56 48.2 3.01 11.0 2.51 38. 4 3.00 ) 11.0 2.55. 24.6
95 *[2.95 | 12.2 2,41 47. 4 3.00 11.6 2.48 32.8 2,981 11.0 2.51 18.5
0*%(3.02] 12.3 2.41 43.9 3.01 11.8 2.44 20.9 3.00 ) 10.2 2.43 8.9
Sugar**| 2.96 | 24.2 2.49 43.2 2.94 23.2 2.51 33.9 2.90 | 24.6 2. 49 14.2

* 100, 50, 25, 0:Sweetness percentage of cyclamate in mixed artificial sweetening agents
(cyclamate and saccharin).
*k “Sugar-sweetened product” (sweetened only by adding sugar).

Table ¥ Analysis of canned natsudaidai containing artificial,sweetening agents after
debittering treatment with naringinase enzymes. (Stored at 37°C).

After | day "~ After 7 days After 28 days
: — ]
Acid as| Narin- Acid as{ Narin- Acid ‘as{ Narin-
PH |Sugar(“ciyric | gin | PH SU8rcitric | gin | PH |SUEA [ cigric | gin
% x| me® % %] mex| | 4 x| mew
Control| 2.99 | 11.0 | 281 | 48.0 | 2:98 |-11.4 | —2.80 -| 497 |3.02~-12:0-| 2:32 | 47.5
75 %[ 2.96| 11.0 | 2.24 | 43.5 |2.99| 11.6 | 2.28 | 31.7 |3.02| 12.0 | 2.32 | 15.6
50 * | 2.99 { 11.0 | 2.30 | 41.7 |3.00| 11.6.| 2.22 | 23.1 [3.04| 11.8 | 2.32 | 10.4
9 *|2.98| 10.8 | 2.24 | 42.5 [2.98 114 | 2.23 | 25.6 |3.02| 11.8 | 2.29 | 9.5
Sugar*+ 2.96 | 23.8 | 2.28 | 42.1 |2.98 24.4 | 2.11 | 23.9 [3.00| 23.6 | 2.26 | 2.1

#, ** Game as Table [I.
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Fig. 9 Change in naringin content in canned natsdaidai containing artificial sweetening
agents during storage time at 37°C.

* 100, 50, 25, 0: Sweetness percentage of cyclamate in mixed artificial sweetening
agents (cyclamate and saccharin).
* "Sugar-sweetened product” (sweetened only by adding sugar).
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Fig. 10 Change in naringin content in canned natsudaidai containing artificial sweetening
agents during storage at 37°C.
# **Same as Fig. 9.

— 156 —



L+

INLDRECRonST L., $4 77 I/BEO¥E 3t hlbEYy v H ) Y CHE
WALV Iy TEERLALLOTRAEROBA L BRI TAURERGEBBS L. LA
KOATO Yo hY v EH4 77 IvBEXSHREREALAbOR TS MREMERS C L8
Hofht, LEBTESEATFRABEF Yy ¥r—F¥OEMERAZ BAKB Yy AT v &Y
1773 yBEEHEREL L TSREMTAE FCRERS N BRO 5 TH RISk
HoNn b EMEb oL,

n # R® )

AHFERRIIHT 240857 v ¥+ —€AOEAKRIC >V THHLAE., TULTAHBARR
B OEH® pH OB X OREHOEGHMHEL . Lt TRHEREILERLD S5
BHT& s EBBESNL.

L Lo AHDEHGOEEICE BEEHL BT LOAXE TR O LREDRIEIELN
F.ORRABBICEHCTA 75 L UBY — SR RMUL AT BERAENELCIETT 52
EBeHA 77 IVEEENFY ¥ YiEAHET IS AT 2 M85 o0,

TITHY ¥+ —CiEICHT 294 75 I v BEO B s H e L. 5%
f GRCpH3ARITFEAIGET) 0 TRHFLMIVA 27 3 Vil v F+ -2kt
FHET S LMFVSN.

Y407 IVEBENCT Y)Y FFr—E¥EHTOLODOMERIE LT Wm§7®#t7# ES

72TORIBEREDL L DLV MBI L TR, SaliH L ABLM1IHOEE £ A2
TOZEHERALA-CLEFZEITNE, EAOEBROSTHRE IS L IYMALTETSHE. L
PLIENO BT TE I HHC S Y v F+ —FET AT 281003 T ORI IEHS
BIDIHHETHD TOHE | FILEERT 2 4EMDHD

KIAMD AT HWE. HCH o DY VD0 TH ) v FF —HiEHIEHT 2 EBLRE~I LD
A, 94 77 IvBREESLOTKREZTS RFEHTA ZLA L BENHRIBEDONTH
l%ﬁ&*ﬁﬁ@%%@%+ﬁﬂﬁ%%%%ﬁ%éut.

WIZHA4 757 I vBEEY s A ) % SREM LA BAICR BRO ST Ao S5TH44r
ﬁﬁ@%%ﬁ@éntﬁ.C@%éﬁv4aaiy&ﬁ@ﬁ&#/zmmottbm%@%ﬁ%<
Boteidd, HB0MEH o Y vy EOFERBICEDEIDMFEEIEHLZE C-oblt. 48THICE
HEegdsrETH 5.

NV = ¥

AUBARICF ) ¥ £ F —CREER L BT 288 & BRI HHBERTS 5/ HEH8
HHTRE LI BRKD T & HS30 5 L7,
1. AHBARTRAHRBIC N BE PO D pH Of (L, HiCEED EHOEENA S
BEAMILBR LD bETIEMRT &

— 157 —



2, Y477 IVBREOHEZFEAL ABOHSGTE BEAHE HTERLTH 0 B
HRRESDLL.

3. ¥4 77 IVEIEERSALMHT (S pH BF L E&ERN) TR+ Y v+ —EEHITEL
fAEENHRZEZRL, TORMBTRARERLEILS L.

4. 477 IVBEBLUADOATHWRTH S Yo h ) v, XnFriz+ 0 v ¥+ —LiGHkic
BEASEELISL. .

5., P AV yEHRELLTYA 77 I v BEO SHLFEALT HHEERETHEHC

BERSNABRMEONG. EAELEKROSEEZRTNEF» 2 ) Y ES4 75 3 v EBEES

BEATIOMEDIFILOEEZISNAS.

X 73
1) Fill, 8, %%, R R 8, (289 ,
2) TH, 8, Jl, WK : HKE, 44, No.l, 100 (1963)
3) fubi, Jnsh £k, 4, 265 (1963) '
4) #M. Kk, £ @ELS, 4. 33 (1965)
5) #BO. /NEF, Juli, T8 : A#EE, 6. 448 (1963)

— 158 —





