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Abstract: The cuticle plays multiple important roles in the postharvest physiology of fruits. In this study, we examined
the change of cuticle components during the postharvest cold storage of Satsuma mandarin (Citrus unshiu) and we also
investigated their effects on the spore germination and mycelial growth of Penicillium digitatum. The results showed that
the amounts of cutin and wax, the main components of cuticle, increased firstly and then decreased during cold storage and
the amount of cutin changed more significantly. Free fatty acids were the most abundant wax components in the epicuticular
wax. The amount of free fatty acids increased from 0.73 to 3.09 ug/cm’ over the first ten days of storage and then it
decreased to 0.64 pug/cm’ on the 40" day. The most abundant wax components in the intracuticular wax were terpenoids and
their content was fluctuated during the storage process. Cutin was mainly composed of cinnamic acid and hexadecanedioic
acid. The content of cinnamic acid decreased gradually and reached the lowest level of 13.90 pg/cm’ on the 40" day, while
the content of hexadecanedioic acid increased to 17.90 pg/cm’on the 10" day and then decreased to 6.60 pg/cm’ on the
40" day. Results of in vitro tests showed that the spore germination could be inhibited by cutin and mycelial growth of
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Penicillium digitatum could be inhibited by intracuticular wax (P < 0.05). These findings reveal the biochemical basis of
the change in the cuticle during storage and the effects of its components on the growth of Penicillium digitatum, which will
provide an important basis for improving the storability of Satsuma mandarin.
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Tablel Changes in the amounts of cuticle, wax, and cutin of mature
Satsuma mandarin fruit during cold storage
R 0d 10d 204 30d 40d
SMESES (ugen’) LU0 3712061 303£060°  1L7320.15°  0.79+0.12°
BEAR (nglem’) 4984018 454039 550+0.16°  414+£022% 4714019
BERAE (ugem’)  6091021° 8254016 8531013 5874019 550£0.10

MREE (ugem’)  5250£179  56304052°  4740+13% 32004041 3600089
MREGE (ugem’) 5859176 64.55+037° 55934096 37.87+£026"  41.50+0.11°
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Fig. 1  Proportion of each component in the epicuticular wax of

Satsuma mandarin fruit
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Table2 Changes in major components of epicuticular wax in Satsuma
mandarin fruit during cold storage
&l (pglem’)
et 0d 10d 20d 30d 40d
FeRiBRZ% 0.734£0.01° 3.09+£051° 2544028 12940.16"  0.64+0.16°
+ogEE 00320010 0.03£0.01°  0.04£0.00°  0.03£0.01°  0.02£0.01"
FIgEE 0052001 0.06£0.00°  0.06+0.01°  0.05£001°  0.02£0.01°

F Ak 0.02+0.01°  0.02£0.00° 0.01+0.00°  0.01£0.00° -
JF-9-+/5HREE 0.0240.01°  0.0240.01° - - —
FRRARR 040+£0.02° 1254005 1314£021°  0.68£0.11° 0434022

9,124 \F  0.024£0.01°  0.05£0.01°  0.024+0.01° 0.024£0.00° 0.01£0.00"
+E 0.03£0.00°  0.09£0.01°  0.04£0.00°  0.04£0.01"  0.01£0.00"
+ )R 0.1240.01°  0.76+0.02°  0.78+£0.08"  0.32£0.01°  0.1540.06°
TR 0042002 0814022 0284016 0.14£0.01° -

ER%E 0.1240.01°  041£029"  042£0.02°  02940.01" 0.1340.01°
-tk 0.0440.02 - - - -

Z ik - - 0.03+0.01°  0.01£0.00" 0.01£0.00"

R WAVS - 0.06£0.01°  0.07£0.01°  0.04+0.01"  0.01£0.00°

“HEE 0022001 00620010 0060010 0.04£0.01°  0.01£0.01°

S 012420010 0234004 02340020 0.19£0.04°  0.10£0.01°
Sk 00420010 0.06+0.01°  0.03£0.01°  0.01£0.00° -

2 - - 0.0240.01°  0.03+0.01°  0.0240.00°

-1 - - 0.02£0.00°  0.03£0.01"  0.0240.01°

% 0.17£0.01"  021£0.05  0.05£001°  0.10£0.04"  0.020.00°
fHElE 0.024+0.00"  0.09£0.01° - - -
BARZHE 0.1540.02°  0.124£0.04™  0.05£001°  0.10£0.01°  0.0240.00°
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Fig.2  Proportion of each component in the intracuticular wax of

Satsuma mandarin fruit
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Table3 Changes in major constituents of intracuticular wax in
Satsuma mandarin fruit during cold storage
48l (uglem®)
et x
0d 10d 20d 30d 40d
[iicES 1714£0.02° 1484008 1.63£0.16° 1.21£0.03" 1.01£0.02°

S iy 0.03+0.00° 0.03£0.01" 0.06+£0.01" 0.06+0.01" 0.05+0.01°

RRAb 0.134£0.01° 0.08+0.01° 0.16£0.01° 0.06+£0.01° 0.04+0.01°
T hbe 0.07£0.01 - - - -
JFR-9-FBRfEE 0.1540.01°  0.164+0.01° - - -
FRAARR 0.80+0.05 0.60£021° 0.74£0.18" 0.5240.04" 0.4940.04"
ke 0.0240.00 - - - —
9,12+ )\ & 0.06£0.01° 0.14£0.01° 0.12£0.06° 0.11£0.02° 0.07£0.01°
)\ 0.1540.03"  0.15£0.05" 021£0.09° 0.14£0.04° 0.0840.01°

F\beRR 0.254+0.02" 026006 027£0.05" 0.26£0.02° 0.21£0.06"
iy gl 0.05£0.01" 0.06£0.01° 0.07£0.01° 0.06£0.02° 0.07£0.01°
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2R3
e A8/ (nglem’)

0d 10d 20d 30d 40d
BR% 04540.01° 048£0.03° 0.63£0.02° 050+0.01" 0.5140.05°

-tk 0.02£0.00 - - - -
=t - 0.0240.00° 0.05+0.01° 0.05£0.01" 0.04+0.01°
“thkE 0.04£0.01" 0.04£0.01™ 0.07+0.01° 0.08£0.01° 0.074£0.02°

e AV 0.03£0.01° 0.03+0.01" 0.0340.01" - -
5 0.14£0.01" 0.14£0.01* 0.10£0.01° 0.14£0.02" 0.1540.05°
ke 0.16+0.02° 0.19£0.01" 027+£001° 0.15+0.02° 0.1840.08"
= 0.0240.00° 0.0240.00" 0.04+0.01° 0.03+0.01" 0.0340.01°
= 0.04£0.01° 0.04£0.02° 0.07£0.01° 0.05+0.01° 0.04£0.01"
[ty 02740.04°  03140.01° 0394005 034+0.02" 04040.10°
FWE-1E 0254005 02840.01" 0360.04° 0324005 037+0.07
DU 00240010 0.03£0.01° 0.03£0.01° 0.0240.00° 0.0340.01°
(1% 2544009 22940.01° 2.860.13° 2.10£0.07" 2.78+0.01°
hJeRE - - - 0.03£0.01*  0.024+0.01°
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mandarin fruit during cold storage
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Fig.3  Effect of epicuticular wax (A), intracuticular wax (B) and cutin (C)

extracts on mycelial growth and spore germination of Penicillium digitatum
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