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Influence of sugars on naringinase action

H. Omura, T. Yasukochi and K. Yamafuiji
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Table 1. Influence of rhamnose and glucose on naringinase.
Sugar | None ‘ Rhamnose Glucose
M 0 0.125| 0.250 | 0.375| 0.500| 0,125 0.250 | 0.375| 0. 50
Conc. of sugar %’ 2.28 ‘mﬁ 6.8 | 910 | 225 | 450 | 675 | 9.00
Activity 57.1 2i. 4 12, 4 9.0 7.3 218 14.7 10.8 8.3
Inhibition, 9% 62.5 78.3 84.2 87.2 61.8 76.0 8.1 85.5
Reaction mixture: 0.03 % naringin 2ml, 0.5 % naringinase(in buffer, pH 4)1 ml, sugar 1 ml.
Enzymatie activity is expressed by percent decomposition of naringin at 40°C, pH 4
for 30 minules.
Table 2. Influenec of galactose and mannose on naringinase,
Sugar ‘ None ‘ Calactose ‘ Mannose
M o 0.125 ] 0.250 | 0.375| 0500 | 0.125) 0.250 | 0,375 | 0.50
Cone, of sugar ‘ % ‘ ‘ 225 | 450 | 675 | 9.00 ‘ 2.25 | 450 | 675 { 9.00
Activity 57.1 42, 8 32.1 L4 26,3 5.4 428 37.7 33.7
Inhibition, % 25.0 35.0 45,0 53.9 10.0 25.0 34.0 41,0
The same with those of Table 1
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‘Table 4. Influence of fructose on naringinase,

Conc. of | M 0 | 0.125 0.2% 0.375| 0.500
fructose | % 2251450 |6.75 | 9.00

Activity 57.3 | 48.7 (41.8| 35.5 ; 32.1

Inhibition, % 15.0 } 27,1 | 38.0 | 44,0

The same with those of Table 1.

Table 3. Influence of xylose on naringinase, Table 5. Influence of sucrose on naringinase,
Conc. of M a 0.125 O. 25('.'!I 0. 375 . 500 Cone, of M 0 10, 1250. 250‘0. 375‘[0.5(!) 1. 0G0
xylose | % .83 | 3.75 I 5.63 7.5 sucrose | % 4.28 |8, 55 ‘12. 83‘1?. 100 34, 20
Activity Leos|s7.7| 535 480|438 Activity 8.9 46.5] 40,6 35.9 31.8 212
Inhibition, % 17.0 | 23.0 | 30.9 | 37.0 Inhibition, % PLIszaoaJ 64.0

The same with those of Table L.

The same with those of Table 1.
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Fable 6. Influence of sorbitol on naringinase,
Conc, of M 0 0. 10 Q.20 0. 30 0. 40 Q.60 Q.75 1.00
sorbltol % 1,82 3.64 5. 46 7.28 10.92 13.75 18,20
Activity 62, D 56.0 55 2 51 5 4£9. 6 47. 1 43,9 40,9
Inhibition, % 9.7 11,0 16.9 20.0 24.0 26,0 24.0
The same with those of Table 1.
Table 7. Influence of a mixture of sorbitol and sucrose on naringinase,
sorbitol, M o | 16, 1. .27 08! 06| 04] 02| 0
Mixture | sucrose, M o 0 0. 0.2 0.4 0.5 0.6 0.7 .8
Cone, of mixture, % 0 29.1 28. 28.7 28.2) 28.0| 27.8 21.6 27.4
Activity 62,0, 3.8 3L 28.5| 27.3| 29.1 27 9 27 3 25. 4
Inhibition, % 39.0 | 49. 54,0 S6.0| 53.1 55.0 56,0 59.0

The same with those of Table 1 except that the reaction mixture containg Zml 0.03 %
naringin, 1m! 0.5 % naringinase and 2ml sugar mixture,
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Fig. 1. Inhibition of naringinase by mixture

of sorbitel and sucrose,
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Table 8. Influence of ascorbic acid on

naringinase,

Conc, of |

ascorbic acld.Mi °F“5i 0|20| 3'0’3'5|40
Actw;ty ’56. 3|56. 3’54 050, 14? 94? 345.6
Inhibition, % 4,311, 0‘14 916 0{19 0

The same with those of Table 1.
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Table 9. Influence of pglucosoxime on narin-
ginase,

glcnnc. of glucosaxime, ‘ 0 ‘ o.1lo. 25\ 03 0.4
Activity 399.6 8.9 3.6 2.4 1.8
Inhibition, % 85. 1{94. 0 96.0{97.0

‘The same with those of Table 7.
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and glucosamine on naringinase.
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Fig. 3. [Influence of galactose, mannose

and their cximes on naringinase,

Table t0. Influence of galactogoxime and mannosoxime on naringinase,
Oxime None Galatosoxime Mannogoxime
__ Cone, of oxime, M 0 0.083 | 0167 | 0250 | 0083 | 0167 | 0250
Activity 42,0 40,2 5.3 31.9 45. 6 40.2 38.2
Inhibition, % 18.0 23,0 35.0 7.0 18.0 220

‘The zame with those of Table 7.
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Table 11, Influence of glucosamine on naringinase,

&m&ﬁ@mmmmqm| o| 0.1 ams\ azi u%‘ as‘ 0.4
Activity 56. 1 44.3 41.0 35.3 34.2 30.9 29,27
Inhibition, % 21,0 26, % 371 39.0 44,9 48.0

The same with those of Table 7.

Table 12. Infiuence of hydroxylamine on naringinase,

Caonc. of hydroxylamine, M 0] | 0. 002 1 0.004 ‘ 0.02 ‘I 0.04 i 0,1
Activity 3.8 | 53.4 | 537 53.8 | 588 | 50.6
Inhibition, % | 0.7 \ 0.2 o i o \ 5.9

The same with those of Table 1.

Table 13. Influence of hydrazine on naringinase.

Cone. of hydrazine, M 0 ‘ 0. 00125 0.0025 ‘ 0.0125 | 0.025
Activity 61.5 60.9 60. 8 60.6 60.3
Inhibition, % 1.0 1.1 1.5 20

The same with those of Table 1.

Table 14. Influence of monoiodoacetic acid on naringinase,

Conc. of monoiodoacetic acid, M ‘ 0 | Q, 005 0.05
Activity \ 63.3 ? 51.9 39,5
Inhibition, % | 18.0 3.6

The same with those of Table 1.
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Table 15, Influence of PCMB and cysteine
on naringinase,

Cone, of PCMB, M 0 13108 13155
_ Cone, of cystein, M 0 0 0.025
Activity 68.8 35.1 44,2
Inhibition, % 49,0 35.8

The same with those of Table I. Reaction
was started by adding naringin and cysteine
into a mixture of naringinase and PCMB
which had been kept at 40°C for 10 minutes.
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Table 156, Influence of actaldehyde on

naringinase,

Cone. of - ' '
actaldehyde, M_‘ 0 \ 0'1‘ 0'2‘ 0'31 0.4

Activity 169, 6 | 67.5 [ 64.7 1 62.6 | 60.6
Inhibition, % 1 j 3.0 ‘ 70|01 | 129

The same with those of Table 1.

Table 17. Influence of a-ketoglutaric acid
on naringinase,

Conc, of a-keto
glutaric acid, M

T T -
| o |amiam 0.15 0.20
Activity T 63.3 | 6081551 50.0| 44.3°
Inhibition, % 3.9|130(21.0] 300

The same with those of Table 1.
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Summary

Recently, naringinase preparations of molds such as Asp, niger and Asp. usamii mut, shirousamif
were brought to market in Japan, Since the enzyme hydrolyses naringin, a bitter substance
in fruits of Natsudaidat or grapefrvit, the preparation is employed for removing bitterness in
processing of the fruits, According to QOkada et al, and Takiguchi, naringin (naringenin-7-rham-
noglucoside) is hydrolysed by releasing rhamnose and glucose as shown in Scheme 1.* Therefore,
it might be understood that naringinase action is retarded by rhamnose or grucose, as established
by several authors,

Natsudaidal containg sucrose and fructose as well as glucose, In addition, sugar was often
supplemented in processing of the fruits to sweetening the products, Therefore, in order to obtain
helpful data to employment of the enzyme preparation, the influence of several kinds of sugar on
naringinase was investigated, Enzymatic activity was assayed by determining hydrolysis of
naringin which was colorimetrically estimated by Davis' method using diethyleneglycol and sodium
hydroxide,

Naringinase was strongly inhibited by rhamnose or glucose of low concentration, Inhibiting
rate of rhamnose was more or less higher than that of glucose. With galactose or mannose,
hydrolysis of naringin was also retarded, even with less extent than with rhamnose or glucose,
In this case, galactoge has a little higher ability to inhibit the enzyme than mannose has. By
xylose too, naringinase was inhibited in about the same extent with mannose. Similar degree of
inhibition of naringinase was observed with fructose and sucrose which are natively contained
in the fruits. Sorbitol has lesser ability to reduce naringinase activity, while least inhibition was
estimated with ascorbic acid, Inhibition of naringinase by a mixture of sucrose and sorbitol was
also estimated in order to examine whether or not sorbitol is useful to substitution for sucrose
accompanying lesser inhibiting rate, These influence could be compared by consulting the inhibit-
ing rates in Tables and the slope of straight lines of V/Vi plotted to concentration of sugars,

When glucose had been transformed into glucosoxime, enhancement of inhibiting rate of glucose
on naringinase was estimated, On the contrary, inhibition was reduced with glucosamine to the
level by galactose, No alteration in inhibiting rates, however, was established, if galactos- or
mannosoxime was substituted for galactose or mannose, Carbonyl reagents such as hydroxylamine
and hydrazine had no effect on naringinase, whose activity was reduced by SH reagents, monoio-
doacetic acid and PCMB, of low concentration, Incidentally, some inhibition with c-ketoglutaric
acid was observed, but not with acetaldehyde.

By discussing these results, it was suggested in particular that glucose content in Narsudaidai,
about 1.6~1.8 9, has a significant effect on naringinase to inhibit the activity, whereas contents
of fructoge and sucrose, about 1.1~1.3 and 2.7~3.1 %, have nepligible influence,

Laboratory of Food Chemistry,
Department of Food Science and Technology,
Kyushu University

*) The enzyme solution contains iwo enzymes which are concerned with hydrolysis of naringin
to naringenin through prumin, The activity was also estimated by determining decomposition
of naringin to naringenin, Therefore, in this investigation, naringinase was employed in
broad sense to mean the enzymes which catalyse the hydrolysis of naringin to naringenin,




