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Table 6. Changes in the total carotenoid content and various frac
tions in pulp of early satsuma mandarin fruit during fruit 
maturation 

Carotenoid group 
Content of each fraction in relation to total carotenoid (mg%) 

Sept. 18 Oct. 15 Nov. 16 Dec. 15 Jan. 17 
1972 1973 

Hydrocarbon 0.016 0.028 0.043 0.063 0.095 
Mono! (Cis·) l 0.005 0.050 0.080 0.130 0.106 
Monol 2 0.126 0.409 0.544 0.914 1.151 
Diol 0.042 0.046 0.053 0.066 0.103 
Diol monoepoxide 1 0.014 0.028 0.038 0.065 
Diol diepoxide I 0.052 0.032 0.027 0.034 0.062 
Diol monoepoxide 2 0.030 0.023 0.043 0.070 0.088 
Diol diepoxide 2 0.039 0.040 0.061 0.094 0.129 
Polyol 0.038 0.046 0.040 0.056 0.067 

Total 0.349 0.688 0.918 1.465 1.866 

Table 7. Changes in the total carotenoid content and various frac
tions in pulp of common satsuma mandarin fruit during fruit 
maturation 

Carotenoid group 
Content of each fraction in relation to total carotenoid (mg%) 

Sept. 18 Oct. 15 1972 

Hydrocarbon 0.004 0.028 
Mono! (Cis-) 1 0.014 0.082 
Monol 2 0.059 0.583 
Diol 0.004 0.041 
Diol monoepoxide 1 
Diol diepoxide l 0.016 0.073 
Diol monoepoxide 2 0.007 0.052 
Diol diepoxide 2 0.009 0.082 
Polyol 0.005 0.036 

Total 0.118 0.977 

diepoxide 2 increased from 0.2 to 3.0 mg% and 0.1 to 
2.2 mg%, and diol diepoxide 1, from 0.6 to 2.7 mg% 
and 0.7 to 2.8 mg% in the peel. 

Monot monoepoxide, diol monoepoxide 1, and diol 
monoepoxide 2 groups increased gradually during 
fruit maturation, especially, the diol monoepoxide 2 
group, increased rapidly as the fruit approached 
maturity. 

The level of the polyol group in the early variety 
decreased, whereas the hydrocarbon group varied 
irregularly during fruit maturation. 

The carotenoid groups in pulp of both cultivars 
were similar to that of peel except mono! 2 instead 
of mono! monoepoxide in peel. The most pro
nounced quantitative variation was found in the 
monol 2 group, which increased from 0.12 to 1.15 
mg% and 0.05 to 1.37 mg% in pulp in the early and 

Nov. 16 Dec. 15 Jan. 17 
1973 

0.074 0.078 0.076 
0.113 0.172 0.155 
1.188 1.385 1.376 
0.087 0.095 0.114 
0.046 0.039 0.058 
0.086 0.059 0.069 
0.071 0.048 0.094 
0.117 0.128 0.159 
0.076 0.096 0.139 
1.856 2.100 2.240 

common cultivars during the 4-month period from 
mid September to mid January of the following 
year. Similarly, diol diepoxide 2 increased by 3 and 
18 times, and monol 1 to 20 and·tenfold in pulp. In 
the early cultivar, hydrocarbon, diol, diol mono
epoxide l, diol monoepoxide 2, and polyol groups all 
increased gradually, but diol diepoxide 1 moves 
irregularly, and diol monoepoxide I of the common 
cultivar was not present until mid October. 

In both cultivars, chlorophyll content of the peel 
decreased rapidly from mid September to early 
November, and levelled off thereafter. 

It is suggested the orange-red color development 
may have resulted from increasing monol, diol 
diepoxide 1 and 2, diol monoepoxide I and 2 in peel, 
and monol 2 in pulp of both cultivars, respectively. 
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Regulation of fruit maturity 
and quality 

1) Effects of ethychlozate (ethyl 5-chloro-lH· 
3-indazolylacetate) on fruit quality of 
satsuma mandarin 

Experiment I (1977) 
Ethychlozate was sprayed at 100 and 200 ppm on 

the whole tree of 'Sugiyama '. Applications were 
made 2 times Guly 7 and Aug. 11, 1977) with a high 
pressure sprayer, using a hand gun. The leaves and 
fru it were thoroughly wetted. 

Experiment II (1978) 
Entire tree sprays of 100 ppm ethychlozate were 

made to 'Sugiyama' as follows: A) 60, 70 and 80 
days after full bloom Guly 21, 31, and August 10, 
respectively), B) 60 and 80 days, C) 60 and 70 days, 
D) 70 and 80 days, E) nonsprayed control. 

The results obtained in Experiments I and II are 
shown in Tables 8, 9 and 10. Ethychlozate acceler· 
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ated degreening of satsuma mandarin fruit, and 
especially increased a color index and 'a' value of 
color difference meter of fruit peel. Brix and sugar 
content of fruit juice were slightly increased by 
ethychlozate spray, and acidity of fruit was 
obviously decreased. The reduction of acidity was 
mainly due to a reduction in citric acid. During an 
early mature stage, ethychlozate treatment increased 
total amoun~ of free amino acids in fruit juice. 
Fruit weight, and Brix and acidity of fruit juice 
were high in the fruit treated with 200 ppm ethy· 
chlozate, while an average color index and 'a' value 

Table 8. 

Treatment 

A 
B 
C 
D 

Control 

Effects of ethychlozate on s ugar 
constituents of satsuma mandarin 
fruit on Nov. 20, 1978 

Fructose Glucose S Total 
ucrose (g/lOO ml) 

2.22 1.38 5.19 8.80 
2.38 1.42 4.58 8.38 
2.38 1.41 5.11 8.90 
2.40 1.40 5.36 9.16 
2.22 1.28 4.39 7.89 

Table 9. Effects of ethychlozate on organic acid constituents of 
satsuma mandarin fruit on Nov. 20, 1978 

Treatment Gluc. Pyro-Glu. Lact. Acet. Pyr. Mal. Cit. Succ. Iso·Cit. Total 
. (mg/100 ml) 

A 0.5 0.3 0.2 0.1 1.3 90.0 1,460.5 0.3 11.7 1,564.9 
B 0.3 0.4 0.1 0.2 0.8 89.0 1,499.0 0.2 14.l 1,604.1 
C 0.3 0.2 0.1 0.2 1.1 83.0 1,611.5 0.2 13.5 1,710.1 
D 0.3 0.3 0.1 0.1 0.9 86.0 1,650.0 1.8 14.1 1,753.6 

Control 0.6 0.3 0.1 0.2 1.1 87.0 1,555.0 0.3 12.3 1,656.9 

Abbreviations: Gluc.= Glucuronic, Pyro-Glu.=Pyro-Glutamic, Lact.=Lactic, Acet. = Acetic, Pyr. = Py· 
ruvic, Mal.= Malic, Cit. = Citric, Succ.= Succinic, lso-Cit. = Iso,Citric. 

Table 10. Effects of ethychlozate on amino acid constituents of 
satsuma mandarin fruit on Nov. 20, 1978 

Treatment Asn. Gin. Asp. Thr. Ser. Glu. Pro. Gly. Ala. Cys. Val. 

A 69.5 13.1 32.9 2.6 13.7 15.7 23.7 0.6 15.0 0.6 2.6 
B 35.2 4.8 41.0 2.0 11.0 20.0 26.8 0.7 15.9 0.3 1.7 
C 30.0 2.8 34.2 3.0 12.0 24.4 34.4 0.9 23.0 0.5 2.4 
D 35.0 4.8 44.4 2.9 11.2 20.0 34.5 0.9 24.6 0.4 2.2 

Control 23.9 3.9 35.6 2.5 10.8 23.2 34.6 0.8 20.l 0.3 2.0 

Treatment Met. ILeu. Leu. Tyr. Phe. ,,-ABA. Lys. His. Arg. Total 
(mg/100 ml) 

A 0.7 0.8 1.0 0.6 1.4 9.6 3.5 0.4 70.6 278.6 
B 0.5 0.5 0.6 0.5 1.0 10.8 2.5 0.3 51.8 227.9 
C 0.7 0.6 0.7 0.8 1.4 8.2 2.7 0.3 51.6 234.6 
D 0.6 0.6 0.8 0.8 1.6 10.0 2.6 0.4 48.9 242.2 

Control 0.5 0.6 0.8 0.9 1.8 6.1 2.4 0.3 42.5 213.6 



of color difference meter of fruit peel were high in 
the fruit treated with 100 ppm ethychlozate. 
Effects of ethychlozate on color development and 
acid reduction were most markedly manifested by 3 
sprays on 60th, 70th and 80th day after full bloom 
and by 2 sprays on 60th and 80th day, followed by 2 
sprays on 60th and 70th day. Two sprays on 70th 
and 80th day had no effect. The ethychlozate is 
used in 5,000 to 7,000 ha of groves per year (1981 to 
'83) as a maturity accelerating chemical. 

2) Effects of CaC03 on quality and storage of 
fruit of satsuma mandarin 

One month before harvesting, CaC03 solution 
was sprayed at concentration of 50 times to the 
whole trees of 'Aoshima'.s1 

Acidity of the treated fruit slightly decreased, and 
hardness of the fruit also somewhat increased. 

As rind of the treated fruit on trees shrank due to 
excess evaporation caused by CaC03 spray, the 
fruit could directly be transferred into the storage 
house for long period storage with pretreatment 
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like rind shrinking. 
CaC03 was sprayed in 26,000 ha of satsuma 

mandarin groves in 1983. 

3) The effects of CPTA (2-(4-chlorophenyl
thio)-triethylamine hydrochloride) on color 
development and lycopene accumulation 
in satsuma mandarin fruit 

Effect of CPT A on the acceleration of coloring of 
satsuma mandarin fruit was investigated. CPTA 
aqueous solution was sprayed at the concen
trations of 1,250 ppm, 2,500 ppm and 5,000 ppm on 
the whole trees of 'Silverhill '.6J 

All of CPTA·treated ordinary fruit developed 
bright red color and their appearance turned as 
'Dobashibeni'. Determination of carotenoid groups 
of CPTA-treated fruit peel by thin layer chromato· 
graphy (TLC) showed the remarkable increase of 
hydrocarbon carotenoid group (H group) content 
(Table 11). The maximum content of H group 
which was resulted from CPTA-treatment of 2,500 
ppm was 9 times as high as non-treated ones. The 

Table 11. Changes of carotenoid pattern in the peel of satsuma mandarin treated with CPT A 
(10 days after treatment) 

Carotenoid 

% mg% % mg% % mg% % mg% % mg% 
Carotenoid group 

CPTA(ppm) Oobashibeni 

0 1250 2500 5000 

Hydrocarbon 2.0 0.31 9.6 1.70 13.9 2.61 14.7 2.63 2.5 0.39 
Mono! 43.5 6.83 40.0 7.08 36.6 6.88 32.3 5.78 30.1 4.73 
Mono! monoepoxide 4.4 0.69 3.7 0.66 3.1 0.58 3.3 0.59 6.9 1.08 
Diol 5.6 0.88 7.1 1.26 6.5 1.22 7.1 1.27 8.2 1.29 
Keto-carotenoid 20.1 3.16 
Diol monoepoxide 1 6.1 0.96 5.7 1.01 5.7 1.07 6.1 l.09 10.7 1.68 
Diol diepoxide· 1 14.8 2.32 13.0 2.30 13.3 2.44 13.2 2.36 4.9 0.77 
Diol monoepoxide 2 11.5 1.81 6.0 1.06 7.4 1.39 6.8 1.22 7.2 1.13 
Diol diepoxide-2 9.5 1.49 12.6 2.23 10.1 1.90 12.8 2.29 7.5 1.18 
Polyol 2.5 0.39 2.6 0.46 3.4 0.64 3.6 0.64 1.9 0.30 

Total carotenoid 15.7 17.7 18.8 17.9 15.7 

Table 12. Effects of soil managements on s ugar constituents of 
satsuma mandarin fruit 

Brix Sugar constituents on Dec. 2, 1977 (g/100 ml) 
Treatment Dec. IO Dec. 2 

1976 1977 Fructose Glucose Sucrose Total 

Clean 11.9 11.l 2.43 2.04 5.92 10.39 
Sod 10.9 9.8 1.92 1.25 5.53 8.70 

Mulching 10.3 10.2 2.60 1.67 5.06 9.33 
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Table 13. Effects of soil managements on organic acids constituents 
of satsuma mandarin fruit 

Titratable Organic acids constituents on Dec. 2, 1977 (mg/100 ml) acidity(%) 
Treatment 

Dec. 10, Dec. 2, Glu. Gluc. Pyro· Lael. Acet. Pyru. Mal. Cit. Sue. ISO· a·Ket Total 1976 1977 etc Glu. Cit. Glu. 

Clean 0.84 0.93 76.9 0.7 0.3 0.1 0.2 1.1 71.9 1,232.4 0.7 12.9 1,397.2 
Sod 0.91 1.09 79.5 0.5 0.4 0.6 0.2 1.5 65.5 1,452.0 1.2 10.3 1,611.7 
Mulching 0.96 1.13 79.5 0.8 0.2 0.2 0.2 1.3 76.5 1,434.8 0.5 12.3 1,606.3 

Table 14. Effects of soil managements on amino acids constituents 
of satsuma mandarin fruit on Dec. 2, 1977 

Treatment Asn. Gin. Asp. Thr. 

Clean 7.6 2.1 0.8 0.1 
Sod 5.4 2.6 0.4 0.1 
Mulching 5.3 1.8 1.3 0.1 

Treatment Met. !Leu. Leu. Tyr. 

Clean 0.2 0.3 +++ +++ 
Sod 0.1 0.4 +++ +++ 
Mulching 0.1 0.2 +++ +++ 

content of the other carotenoid groups showed no 
significant difference between CPTA-treated sam
ples and non-treated ones. 

H group of CPTA-treated fruit peel was subdi
vided into 6 fractions by alumina-TLC with petro
leum ether as solvent. These fractions were identi
fied and relative content was determined: F1: 

,8-carotene + ,-carotene (6%), F2: ,-carotene (4%), 
F3 : -y-carotene (7%), F4: -y-carotene (8%), F5 : Cis
lycopene (15%) and F6: lycopene (60%). In non· 
treated samples, only F1 and F2 fractions were con
tained. The color development of fruit peel by 
CPTA treatment seemed to be caused by the activa
tion of lycopene biosynthesis pathway and lycopene 
was accumulated to about 12% of the total 
carotenoids . 

4) Effects of the short term soil management 
on yield and quality of satsuma man
darin fruit on the sloping citrus grove 

Effects of 3 kinds of soil management, i.e .• clean, 
sod, and straw-mulch, on yield and quality of 
satsuma mandarin fruit were investigated on a 
sloping groves> (Tables 12, 13 and 14). 

In the clean culture, yield and mean fruit weight 
decreased, but the index of fruit color increased, in 

Ser. Glu. Pro. Gly. Ala. Val. 

1.8 0.4 4.6 0.1 0.9 0.3 
1.7 0.2 2.3 0.2 0.5 0.1 
1.6 0.7 5.5 0.2 1.4 0.4 

Phe. -y-ABA Lys. etc. Arg. Ammo. Total 
(g/lOOml) 

+++ 0.2 3.7 1.0 0.1 24.2 
+++ 0.3 2.4 0.7 0.1 17.5 
+++ 0.6 3.0 1.3 0.1 23.6 

which 'a' value of color difference meter of fruit peel 
increased markedly. Sugar content of fru it also 
increased, but fruit acidity decreased. The increase 
of sugar content of juice was due to increased glu
cose and sucrose, and the decrease of fruit acidity 
was due to decreased citric acid. Free amino acids 
such as asparagine, proline and lysine increased 
under the clean culture. 

There was no difference in yield, degreening of 
fruit, sugar content and acidity of fruit juice 
between sod culture and straw mulching. How
ever, the total amount of free amino acids in the 
fruit juice was higher under the straw-mulching 
than under the sod culture. 

As mentioned above, it is evident that, though 
treated in 3 years, fruit maturity of the clean cul
ture is earlier than the sod and straw-mulch 
culture. 
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