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Studies on the Juice Qualities of Subtropical Fruits

I. Seasonal Changes of Organic Acids, Sugars and
Volatile Components in Ponkan and Tankan
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Table 1. Seasonal changes of physical characters of Ponkan and Tankan
Picking date Weight Flesh Peel Color
& D/H index per per per of
variety fruit fruit fruit peel

Ponkan ‘ & % % [

Sept. 6 1. 006 47.5 64.8 35.2 |  Green

Oct. 6 1.023 95.5 74.6 25.4 Green

Nov. 5 1. 008 125.3 77.6 22,4 ! Light green

Dec. 4 1. 090 175.2 73.7 26.3 | 60 % Colored
Tankan ;

Sept. 6 1.011. 39,2 62.9 32.1 . Green

Oct, 6 1. 070 72.3 73.7 26.3 |  Green

Nov. 5 1. 076 104.0 73.9 26,1 | Green

Dec. 4 1.085 146,0 73.9 26.1 " 20 9% Colored

Feb. 1 1.114 123.0 76.2 23.8 80 % Colored

Mar, 4 1. 076 129.9 70.6 29. 4 Full Colored
Unshiu |

Sept. 6 1. 175 54.1 71.6 28.4 | Green

Oct, 6 1. 299 125.5 76.0 24.0 Green

Nov, 5 1. 349 137.3 76. 4 23.6 30~40% Colored

Dec. 4 1. 344 159.5 71.8 28.2 Full Colored
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Table 2. Sugar accumulation and content in flesh and peel of Ponkan and Tankan
- Flesh Peel
Picking N ee
‘ ‘
Sglt'?e':& Tot. | Red. |Red.S.| Suc- | Glu- |Fruc- | Tot. ‘ Red. Red.S. Suc- | Glu- | Fruc-
y sugar | sugar [Tot. S.| Tose | cose | tose |sugar | sugar [Tot, S.| Tose | cose | tose
Ponkan E g 4 % 4 4 g 8| 4 % g g g
Sept. 6 | 2.82 1.83 64.9 0.94 0. 88 0.95 0. 37 0. 63 86.3 0.10 0.51 0.12
Oct. 6 5. 47 2. 67 48.8 2. 67 1.31 1.36 1.92 1. 16 60. 4 0.72 0.92 0.24
Nov. 5 | 6.47 2.57 39.7 3.71 1. 00 1.57 2.98 1.97 66.1 0. 96 0.92 1.05
Dec. 4 | 8.81 3. 44 39.1 5.10 1. 63 1.81 7.13 5.01 70.3 2.01 2.83 2.18
Dec, 20 ) 8.86 3. 44 38.8 5.15 1.56 1. 88 8.90 7.21 81.0 1. 61 3. 44 3.77
Tankan ‘
Sept. 6 | 115 0. 60 52.2 | 0.52 0.32| 0.28 0.73 0. 59 80. 8 0.13 0. 52 0.07
Oct. 6 2.54 1.01 39.8 1.45 0.55| 0.46 1. 47 0.75 51.0 0. 68 0. 69 0. 06
Nov. 5 4.15 1. 19 28.7 2.81 0.43 0.76 2.13 1.15 54.0 0.93 0. 66 0. 49
Dec. 4 6. 63 2.21 33.0 4.20 0. 99 1. 22 6.78 4. 88 72.0 1.81 2.77 2.11
Feb, 1 8.97 3.32 37.0 5.37 1.50 1.82 | 10.20 8. 54 83.7 1.58 4.22 4.32
Mar. 4 10. 03 3.71 37.0 6. 00 1.77 1.94 7.03 5. 49 78.1 1. 46 3.07 2.42
Unshiu
Sept. 6 2.95 1.92 65.1 0.98 0. 99 0.93 0. 83 0.67 80.7 0.15 0.47 0.20
Oct. 6 5.29 2.31 43.7 | 2.83 1.10 1.21 3.74 | 2.26 | 60.4 1.41 1.83 0.43
Nov. 5 5. 22 2.10 40. 2 2.96 0.73 1.37 5.09 3.54 69.6 1,47 1,12 2. 42
Dec. 4 6. 85 2.60 38.0 4.04 1.23 1.37 8.78 6.96 79.3 1.73 4,28 2. 68

(Per 100g)
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Seasonal changes of organic acid in the juices of Ponkan

Picking date . Free |Combined| Total [Citric acid
& variety Brix PH acid acid acid  |—w ..
Total acid
Ponkan % [ % % %
Sept. 6 8.7 2. 60 3.41 | 0.31 3.72 89. 4
Oct, 6 9.0 2.54 262 | 0.28 | 2.90 93.0
Nov. 5 9.9 3.08 .40 | 0.18 | 1.58 84.7
Dec. 4 10.8 3.50 0.83 | 0.3¢ ' 117 | 76.6
Tankan 1 ‘
Sept. 6 7.9 2.54 4.24 | 0,55 4.79 92.3
Oct, 6 7.5 2.31 4.05  0.22 4.27 95. 4
Nov. 5 8.0 2.79 2.59 0,18 2.77 | 93.3
Dec. 4 9.3 3.23 1. 40 0. 43 1.83 | 88.6
Feb. 1 12.2 3.40 1.34 0.48 1.82 90. 5
Mar. 6 12.8 3.68 1.10 0.59 1.69 86. 4
Unshiu ,
Sept. 6 6.7 2.59 262 | 0.35 2.97 | 91.6
Oct, 6 7.3 3.00 .19 | 0.33 1.52 82.0
Nov. 5 8.2 3.59 0.74 | 0.27 1.01 77.9
Dec. 4 8.6 3.78 0.67 | 0.3 0.98 |  77.3
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Table 5. Identification of volatile substances
from the peel of Ponkan and Tan-

kan
Retention time,min,
g%ak Compound
Unknown Known
1 0.60 0.60 | Air
2 0.78 0.78 Formic acid
3 0.98 0.98 Ethylether
4 1.05 — Unidentified
5 1.25 1.25 Acetaldehyde
6 1.75 1.75 Propanal
7 1.92 1.92 Acetone
8 2.43 2. 45 Methanol
2.88 Ethanol
9 285 (2. 89 Isopropanol
10 4. 00 4. 00 Butanal
11 4. 60 4. 66 Ethyl-n-butyrate
12 | 515 (5. 17 Ethylbutylaldehyde
: 5.22 | a-Pinene
6. 40 | Hexanal
13 ] 6.40 (6. 43 . Camphene
14 i 7.65  7.70 p-Pinene
15 | 8.95 8.95 Myrcene
16 l‘ 9.50 — Unidentllﬁed
Heptana
17 ! 10.20  9.90 Isoamylalcohol
10.75 Limonene
18 10.75 (11‘30 | Cineol
19 12. 65 — (r-Terpinene)
20 13.90 13.80 p-Cymene
21 14.50 14. 40 Octanal
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Fig. 3. Gas chromatograms of volatile
substances from the peel of
Ponkan and Tankan (Picking
time : November 5)
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Table 6. Volatile substances from the
flesh of Ponkan and Tankan
Peak Ponkan | Unshiu | Tankan
No Dec. 4 | Dec. 4 | Dec. 4 ‘ Feb. 1 ‘ Mar. 6
1 1.7 3.1 4.3 2.2 1.4
2 0.6 0.9 1.4 0.5 0.5
3 0.6 0.4 1.4 0.5 1.4
5 11.5 11.3 18.5 13.0 9.9
8 2.3 2.2 11.4 4,3 3.0
9 2.9 21.8 44,3 58.7 68.5
11 0.6 0.9 1.4 1.1 0.2
12 1.2 1.7 0 0 0.1
14 0.6 3.5 0 0 0
15 1.2 0.9 0.1 0.1 0.1
18 69.0 | 53.3 17.1 19.6 14.9
19 1.1 1 0 0 0 0
(Area %)
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Fig. 4. Seasonal changes of the volatile substances in
the peel of Ponkan and Tankan



80

PERER - BAXE - R KfE

" Ponkan 1 Air 13 A-Pinene
2 Ethylether 14 Myrcene
11 3 Acetaldehyde 15 /Isoamylalcohol
4 Propanal Heptanal
L 34 3739 5 Acetone 16 Limonene
18 P-Cymene
"’i‘J Ll‘i T 19 Octanal
\ 6 (Methanol 21 Hexanol
2 7)< 4 N Tankan Butanal 24 Furfural
I 7 [Ethylacetate 25 Citronellal
x2ftalll |17 ( Ethanol 26 Decanal
21 I 1 27 Linalool
"J U sopropano 34 Terpineol
35 Terpinylacetate
. 36 Citral
\ X2 o Unshiu 9 Pentanal 37 (n»Decylalcohol
10 o-Pinene Geranylacetate
X2 19 22 26 30 34 36 11 /Hexanal Citronellol
Camphene 39 Nerol
N L 40 Geraniol
0 20 40 60

Retentin time, min.

Fig. 5. Gas chromatograms of extracts from Ponkan and Tankan peel
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Table 7. Seasonal changes of L-ascorbic
acid in the peel of Ponkan and
Tankan

Picking date DAsA | TAsA DAsA/

& variety TAsA
Ponkan | mg%‘ mg%! %
Sept. 6 33.0 ' 51.0 |  64.7
Oct. 6 50.0  53.0 94.3
Nov, 5 71.0  84.5 84.0
Dec. 4 75.0 | 96.0 78.1

Tankan |
Sept. 6 23.0 | 37.0 62.2
Oct, 6 57.0 | 62.0 91.9
Nov. 5 | 57.0 . 71.5 79.7
Dec. 4 77.5 1 112.5 68.9
Feb. 1 202.0 | 330.0 61.2
Mar, 4 151.0 } 242.0 62. 4
Unshiu ?
Sept. 6 | 29.0 553 524
Oct, 6 | 42.0 = 61.0 : 68.9
Nov. 5 | 76.0 |123.0 | 61.8
Dec. 4

| 42.5 “mﬁ i 42.1

DAsA = Dehydroascorbic acid
TAsA = Total ascorbic acid
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Summary

The present investigations have been mainly to clarify the seasonal changes of organic
acid components in flesh, sugar components, volatile substances and L-ascorbic acid content in
flesh and peel of Ponkan mandarin (Citrus reticulata Blanco) and Tankan (Citrus tankan Hayata)
during the growing season. To have an ascertained knowledge concerning these chemical in-
gredients of mature and immature citrus fruit is quite essential for understanding the qualities
of fruit juice, the processing of fruit juices as well as the storage of fresh fruit,

For use in these studies, starting from September 1973, fruits of Ponkan and Tankan, sub-
tropical citrus fruits, were collected at intervals of about a month from plots at fruit tree ex-
periment station of Kagoshima prefecture.

The results obtained were summarized as follows:

1. Sugar-contents in flesh and peel of both Ponkan and Tankan increased rapidly during
the various stages of growth and ripening. Sucrose in the flesh and reducing sugar in the
peel showed a rapid increase and accumulation. In the flesh, fructose was more abundant
than glucose throughout the growing stages, while in the peel the ratio of fructose to glu-
cose was inconstant, Tankan being rich in glucose. It was found that the difference in sugar
components between the flesh and peel was evident, showing a tendency similar to those of
Unshiu (Satsuma mandarin) and Natsudadai,

2. 1In these citrus fruits 14 peaks of organic acid components were detected. Citric acid
was the major acid component, decreasing as the fruit matured. Approximately 8-77 % of the
total organic acid was citric acid in Ponkan and 92-77 % in Tankan. Malic acid was the sec-
ond abundant acid and succinic acid, a-ketoglutaric acid, fumalic acid, formic acid, A-hy-
droxybutyric acid and isocitric acid were comparatively much, As the fruit matured, acetic
acid increased, but malonic acid and glycolic acid gradually decreased,

3. The flesh contained quite a small amount of volatile substances, about half of which
consisted of limonene in Ponkan and of ethanol in Tankan. Acetaldehyde and methanol was
the next abundant. On the other hand, limonene in peel was contained in large quantity and
increased slightly as the fruits matured. A small quantity of methanol and acetaldehyde also
increased, however, r-terpinene, p-cymene and g-pinene levelled off. In Tankan very little
r-terpinene was contained and no p-cymene was detected., Ether-extracted components from
Tankan peel was characterized to be higher in linalool contents in other citrus fruits.

4, L-ascorbic acid in the juice of all varieties increased as the fruits grew and L-ascorbic
acid of reduced type in Tankan was most abundant, reaching 48-60 mg %, indicating approx-
imately two times in case of Unshiu, Dehydroascorbic acid in Ponkan and Tankan reached
especially highest about in early September, when the fruits were immatured, and after that
decreased, but dehydroascorbic acid in Tankan increased in February and March accounting
for a high portion of dehydroascorbic acid.

5. As mentioned above, from the results of the experiments on seasonal changes of the
main ingredients it was found that chemical components of Ponkan were similar to those of Un-
shiu but different from those of Tankan,



