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STUDIES ON MUDDINESS PREVENTION IN CANNED
MANDARIN ORANGE WITH ENZYMES-]I.

Yoshio Shimoda, Masakazu Oku, Daizo Mori and

Zenjiro Sawayama

The present paper deals with the application of hesperidinase to the prevention of
muddiness of canned citrus products caused by precipitation of hesperidin.

1. By the addition of a hesperidinase preparation either by means of the soaking
method, in which the product was soaked in the hesperidinase solution before filling
in the can, or of the filling method, in which the enzy.re was added to the can con-
taining the product and syrup before sealing, it was found that the product of superior
quality with sufficiently transparent syrup is obtained.

The effect of the addition of hesperidinase was found to be much greater than that
of methylcellulose (Fig. 1-4).

2. The major part of hesperidin was found to be decomposed to hesperetin-7-gluco-
side, which is soluble and gradually decomposed to hesperetin. The product was found
to be clean even after 2-year storage (Table VI-X).

3. When the enzyme is used for the artificially sweetened product. the condition
for sterilization is somewhat reduced, and 50% or more of cyclamate is substituted
by the ejuivalent sweetness of saccharin.
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Table | Analysis of canned mandarin orange treated by "soaking method.”

l . After 1 day ‘ After 12 months ‘ After 24 months
0.2% l 0.1% 1 Cont. ‘ 0.2% ! 0.17% ‘ Cont. | 0.2% | 0.1% | Cont.
l pH 3.30 | 3.30 3.30 3.38 3.38 3.3 3.34 .34 3.84
. Sugar % | 17.2 17.3 17.0 18.0 17.8 17.8 | 17.8 17.9 | 17.9
Solids g | 180.0 | 182.4 ' 181.0 | 188.2 186.8 | 188.6 | 189.8 | 190.8 ' 189.8
Transparency mm | 194 199 199 }258.2 221.4 55.6 | 270.0 | 240.2 | 59,2

100

Tronsparency

1 1 i 1 1 1 o
] 3 6 Q 12 18

4
monthe

Storage time

Fig. 1 Changes of transparency during storage at room temperature.
({"Soaking method”)
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Table I Analysis of canned mandarin orange treated by “filling method.” (Run ()

After | day After 12 months After 24 months |

50u | 10u ’Cont.&M.C.‘sou 10u | Cont|M.C. | 50u | 10u |Cont.f M.C:

1

pH | 83 33 33 3.3§ 3.31. 3.30. 3.35 3.300 3.29) 3.31 3.34 3.29
Sugar 491 17.2, 17.4] 17.8 nlai 19.3 © 18.8 | 18.8 | 17.9 | 18.0 | 18.8 | 18.8 | 17.0
Solids g | 192.8] 196.3] 191.3 191.01189.8 '188.4 [187.4 {189.0 [192.6 {190.8 {191.0 {193.8 '

Transparency mm | 165.0] 184.0) 157.0 148.0'161.4 216.1 ' 37.2 B81.2 [163.6 [230.0 | 38.2 | 75.0 |

Table Il Analysis of canned mandarin orange treated by “filling method.” (Run 2)

i After 1 day | After 12 months ] After 24 months

‘ L— - - |

ou |5 u cOm.; MC. 10u |5 u |Cont{MC. 10u |5 u |Cont|MC.
pH N 3.6l — 8.6 3.4 3.5 3.39 3.47 3.39] 3.53] 3.40| 3.50, 3.34
Sugar 2| 17.00 —  16.9 16.9 17.0 | 18.0 | 17.6 | 17.5 [ 18.8 | 18.8 | 18.8 | 18.4
Solids g|198. 1) — 1 199.1 198.8.194.4 [197.2 |194. 4 |195.0 |195.0 {195.2 1194.8 [195.2
Transparency mm | 134.00 — ! 134.0 137.0:78.0 197.2 [ 39.2 |111.0 {202.2 1211.2 | 37.8 {125.8

Table ¥ Analysis of canned mandarin orange treated by "filling method.” (Run 3)

After | day ‘ After 12 months
10 u l 5 u | ju [Cont. MC. |10 u |31 [ 1 u ICont.‘ MC. ¢
pH .30 331 — | a.30 — | 330 3.30 3.30 3.30 3.30
‘ ‘
Sugar % 17.2 17:2 - 17. 4 — 17.0 17.0 17.2 17.0 | 17.4
Solids g | 197.2 | 197.0 — | 195.6 — 197.8 | 199.2 1 199.2 | 200.4 | 198.4 ‘
Transparency mm | 139.0 | 144.8 ~— | 104.4 — [ 201.0 | 151.5 | 82.8 | 41.4 l 115.2

After 18 months

10 u 5u‘1u Cont. | M.C.

pH | a.30 3.3 3.30 3.28 3.28
Sugar _ % | 16.8, 169, 16.9| 16.8| 17.0
Solids g | 194.8 | 195.6 , 197.4 | 195.6 | 195.4

Transparency ~ mm | 200.8 | 168.0 © 76.0 | 38.2 | 103.0
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Fig. 2 Changes iof transparency during storage at room temperature.
(“Filling method”, Run 1)
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Fig. 3 Changes of transparency during storage at room temperature.
("Filling method”, Run 2)
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Fig. 4 Changes of transparency during storage at room temperature.
(“Filling method”, Run 3)
Table V Variation in contents of hesperidin and related substances in syrup
during storage of canned mandarin orange. (“Soaking method?”)
Enzyme (0.2%) Control
Stored for Filtered | ppt.in | . | Filtered | ppt.in | porm
syrup syrup syrup syrup
mg% mg% mg?; mge; mge% mgo;
15 days 29.3 0.9 30.2 17.5 5.6 23.1
{1 month 30.0 0.6 30.6 13.5 7.8 21.3
3 months 28.8 0.6 29. 4 15.3 8.4 23.7
6 ” 30.8 0.9 31.7 14.0 9.3 23.3
9 ” 30.8 0.7 31.5 14.3 7.1 21.4
12 " 33.0 0.4 33.4 14.0 8.8 22.8
24 " 32.0 0.3 32.3 11.8 10.5 22,3
Table VI Variation in contents of hesperidin and related substances in syrup
during storage of canned mandarin orange. (“Filling method”, Run 1)
Enzyme (10u) Control M. C.
Stored for Filtered | ppt. in| ., | Filtered |ppt. in | . Filtered | ppt. in | popat
syrup | syrup ,' syrup | syrup | syrup | syrup
mge mg%| mg%| mgs mege| mew! mew| mes| mes%
15 days 26.0 0.8 !26.8 19.5 ' 7.0 26.5 26.0 2.4 | 28.4
1 month 29.3 0.7 30.0 6.8 , 8.3 25.1 23.0 2.6 | 25.6
3 months 3.8 | 0.9 (3.7 | 153 | 9.9 252 | 19.0 | 4.8|238
6 ” 30.5 0.7 31.2 15.0 ‘ 12.1 | 27.1 18.5 6.1124.6
9 ” 30.0 0.7 | 30.7 15.0 \ 11.8 26.8 8.3 6.2 | 24.5
12 ” 36.0 0.7 36.7 14.5 12.2 26.7 16.8 6.9 123.3
24 ” 36.0 0.5 36.5 13.5 14.4 27.9 16.3 8.2 | 24.7




Table ]I

Variation in contents of hesperidin and related substances in syrup

during storage of canned mandarin orange. (“Filling method”, Run 2)

Enzyme (i10u) Control M. C.
Stored for Filtered [ ppt. in Total Filtered | ppt. in Total Filtered | ppt. in Toral
| Syrup | syrup syrup | syrup syrup | syrup
mg%| mg%| mg%l mg% mgh| me% mg% mg%| mg%
15 days 22.3 - i.0 23.3 14.4 8.4 22.8 ' 24.3 1.3 | 25.6
1 month 26.0 0.9 26.9 17.3 8.0 25.3 19.0 2.2 21.2
3 months 33.8 0.8 34.6 13.8 11.8 27.6 20.3 2.1 22.4
6 “ 34.3 0.8 35.1 14.3 1.8 26.3 18,9 2.8 | 21.7
9 4 30.5 1.3 31.8 13.3 10.9 | 24,4 16. 4 3.0 19.4
12 “ 32.5 1.1 33.6 14.8 11.5 26.3 15. 8 3.6 19. 4
24 ,, 34.0 0.7 | 34.7 13.0 1.7 | 247 16.8 2.1 | 18.9
“Table i Change in contents of hesperidin and related substances.
(Analyzed with TLC)
("Soaking method”)
Stored for Hesperidin Hf;{’fggggj Hesperetin Total
, & & ¥
. mg% mg% mg% mg%
15 days 6.2 8.1 1.1 15.7
| month 5.3 8.8 1.1 15.2
3 months 1.8 12.1 1.3 15.2
6 ” 1.3 11. 4 1.3 14.0
9 ” 1.2 14,7 1.1 17.0
12 ” 1.0 14,7 1.4 16.8
24 ” 1.0 20.5 1.4 22.6
* Calculated as hesperidin,
Table I¥ Change in contents of hesperidin and related substances.
(Analyzed with TLC)
("Filling method”, Run 1)
Stored for- Hesperidin Hf;{’:cfgggj Hesperetin Total
mg% mg%" mg%" mg”
15 days 2.6 19.3 — 21.8
1 month 1.7 21.6 — 23.3
3 months 1.4 23.0 — 24.4
6 ” 1.2 29.5 0.6 31.3
9 4 1.4 23.5 3.2 28. 1
12 ‘” 1.2 23. 4 4.2 28.8
24 ” 0.9 24.3 5.2 30. 4

* Calculated as hesperidin.
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Table X Change in contents of hesperidin and related substances.

(Analyzed with TLC)
(“Filling method.” Run 2)

. ¥
Stored for Hesperidin F If;ﬁfg g;;gj Hesperetin Total
mg% mg%" mg% mg%
15 days 1.8 19.3 0.6 | 21.7
I month 2.4 19.7 T 0.4 [ 22.5
3 months 2.2 i 18.1 1.1 ‘ 21.4
6 - 1.9 ! 21.2 2.8 S X
9 2.2 18. 1 2.7 23.0
12 ” 1.6 13.4 5.2 I 20.2
24 ” 1.3 10.9 8.2 I 20. 4

* Calculated as hesperidin.
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Table XI Effects of hesperidinase on canned mandarin orange containing
artificial sweetening agents.

After | day After 6 months After 9 months

pH |Sugar|Solid | 11385~ | o1 Sugar Solid | TF20S~| pH ISugar|Solid | Trans-

parency| parency| iparency

%) . & mm %| . g mm % g mm
100 * 3.33 | 12.3| 205.3; 119.0|3.30 | 11.2 | 196.8] 62.2 | 3.31 | 11.7 | 194.2] 55.4
75 * — —_ — — 3.31 | 11.0§ 195.2[ 102.07[ 3.29 | 11.4 | 197.6] 72.4
50 * 3.40 | 12.2 | 205.3 131.7 [ 3.30 | 11.2 [ 196.2] 150.0 | 3.41 | 11.9 | 193.4] 195.8
25 * — — — — 3.30 | 11.6 ] 196.2[ 192.4 | 3.41 | 11.7 | 191.6] 236.8
0% 3.35 | 12.4 | 207.0] 141.0 |-3.34 | 11.2 | 199.0/ 215.0 | 3.43 | 12.0 | 196.0} 232.0
Cont,, 3.25 ) 12.2 ( 206.3} 107.3 | 3.17 | 11.0 | 196. 4 32.4(3.27 | 11.4 | 195.4] 28.8
M. C. 3.22 | 12.0 | 203.0f 160.0 { 3.27 | 10.8 | 194.0] 86.2 | 3.37 | 11.3 | 193.8] 89.6

* 100, 75, 50, 23, 0:Sweetness percentage of cyclamate in mixed artificial
sweetening agents. (cyclamate and saccharin)
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