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Changes of Constituent Components in Chestnut during Storage
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Abstract

Studies were carried out to investigate the changes of constituent components in chestnuts (Castanea crenata
Sieb. et Zucc) during storage at 20°C for 9 weeks and 1°C for 15 weeks. Ascorbic acid content of chestnut
was 4.08 mg% in oxidized form and 17.7 mg% in reduced form which was 81.3% of total ascorbic acid. The
reduced form gradually decreased during storage, while the oxidized forms increased during 5 weeks at 20°C
and 7 weeks at 1°C. The major organic acids in chestnut were malic acid, citric acid and quinic acid. Citric
acid significantly decreased during storage, while malic acid increased during storage at 20°C and decreased
at 1"C. Free sugars in chestnuts were identified as glucose, fructose, sucrose and maltose. Glucose and fruc-
tose decreased after 5 weeks storage at 20°C followed by an increase thereafter. Sucrose and maltose also in-
creased. The major free amino acids in the chestnut were glutamic acid, aspartic acid, arginine, alanine, pro-
line and serine. Glutamic acid, arginine, alanine, threonine, phenylalanine, valine and lysine increased during
storage at 20°C, while proline, serine, isoleucine, leucine and y-aminobutyric acid decreased.
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Table 1. HPLC operating condition for the analysis of
amino acids

[nstrument : Hitachi Model 635 HPLC, Japan
Column 5 mm LD. X 5000 mm glass columm
Packing material : Diaion Ckios (11.5 um) 10 g
Integrator : SIC integrator (SIC Electric. Co.,)
Mobile phase : B-1: 0.2 N sodlum citrate buffer
{(pH=330)
B-2: 0.2 N sodium citrate buffer
(pH=4.30)
B-3; 1.2 N sodium citrate buffer
(pH=4.30)
Buffer flow rate : 0.7 m//min
Ninhydrin reagent flow
rate : 0.25 ml/min
Buffer flow control time  : B-1 ; 50 min, B-2 ; 25 min,
B-3 ; 60 min
Column temp. 1 56°C
Reaction bath 1 100°C
Detector wave length : 570 nm. 440 nm (proline)
Chart speed : 2.5 mm/min

A7), ofvl Al FE-2 YA EAE ofr|wAl
Zof09 5 mio]| fal3ted zhzhe] Aol Al-g-31odct

SR A ofe] Sol2mEkpa|of & Fel¥
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#gk 3= }A] 60 w2l hexamethydisilazanes} 20 p/e]
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Padspedct. olu BAz:HMe® GCr|EL  Vanan
Aerograph 1400GCe] 57, o]uf A}8-3F column<- SE-30
(AW-DMCS, 60-80 mesh)3Hell 3% silicon GE& Z=3 4]
71 glass column (2mx1/8 inch id)e1glaL, detector
(FIDy&X1= 270°Co| 1, injector- &% 210°C%] 0.,
carrier gas+= He (15 m//min), Air (300 m#/min) 2 H, (20
mi/min)o]dc}.

4714ke] £ FF47]4F peak?] retention time
7 w3tz GC-MS (Hitachi RUM-6MG 20eV)E
Abgstel ghlsbeinh. oluw] GC-MSe| #4271 &
o) GCzZAT Tt A8 5o e §r]4he]
Heko w3 integrator® )R] H-774F WM}
F& Ao Wnel v g Falo] AbEsldch

tho] 24: ote] gol 2w alo oa) FejE f
2lehe] H28g A TAAl F 70% methanol 2 3-8
2 5 mi7} H 52 sk} o] el oA 200 WE A
sto] §7)4F EAat BUg o Z silylationA] 7]
I 2 AS 2 wWE AR GCHl F9) £A 3kt o]
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Zo}u| ;- AF 24 7| (Hitachi Model L-635 HPLC, Japan)
off Flle] BAEdH”. oluf ¥A 272 Table
19} e} o] 432 o-phthaldehydeol] )%} &%
BEajw®o 2 gl om TF opn|:AbS HiLE
81 3422 o}u] A4S 0.02 N HCIZ 345tz 10 wWiE
of) 7+ olu|i:4to] 0.25 nmol -5 & FA shich.

2t 3 o

ot ME ol g2t Y vitamin C 2 &2t eist

Ao odmbd . 2L o] 65.3%, A
6.6%, A4 0.9%, 4% 2.3% 18] ¥ 1.7%
7} =l et S0 Aike] A5 100 g Foll &
Zchullo] 383%, TA|Ho] 0.49%, 3| ¥ 1.25%, &
¥ 61.41%2ha sfolom o] T W (&7]5F)9
B F Ho] 60.1%, A 4.5%, A4 0.79%,
232 081%2} 3lo] & Al g R} s} 3£
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Table 2. Changes in ascorbic acid content of chestnut during storage at 20°C and 1°C

b Ao whE vitamin Co] ¥ wistE Bl
Table 22} 7o}, Auk 2] vitamin CEHeE-e- A3 4 100
g} AFg}3e) 408 mg, T3 o| 17.76 mg o2 3
3ol M A2 81.3%% hH-¥-& AA|shoict. 20°C A
Aol A= ghelde] MA} 7|7bel we) Alg Zhas)ed
350l 18.9%, 95l 38.6%\} FA) 7}Aslgd 3 Akslsd
2 35l 29} AEAR bk} 3§ asdde
o] o) 31813 ascorbic acid 7} AbEHE o 2 H3lE]o
2 ukgol] FAJFTE ehid® WP s £52
A 2 ascorbic acid®] 7hAo} Wi Zhd o] Wby 4]
Zhh= odA]sbed el Aol 23 ascorbic
acid7} Fol@eha 24 tol 2 Y Azl BUY
ascorbic acid®] 7}4 8918 A o 4= 9lgde}. 1°C A
Aol 3413 vitamin C7} AAsl= S2b 4
Zhzste] 35| 3.7%, 1550 S9%E 7+ ubd 4
58 vitamin Cl= 3750 64.2%, 1550} 38.7%} Z7}
st S Bl o) vitamin C 3322 & o &
w37} glaleh o S8 whabal Zabol o3 A%
Al ol|A] #he] & ascorbic acid el 31.90 mg%ol
o el AA )Y Felle 18.05 mghEA 43%-
AARThE sjol B Y 200C ARl 95 Fol
36.2%7} ZFa¥ g fAE o FEEY v 34
£ WA1°C)sh= 52t vitamin C= 22 I T 34
o2 opzka Zhasted MY E 22 6.8%2} 6.1%
2 il shedck

F718te] it
W ghe] f714 23 AR 210 B f1A

(mg/100 g f.w.")

Storage time (weeks)

Ascorbic

. 20°C 1°C
acid
0 3 5 7 9 3 5 7 9 12 15
Oxidized 4.08 8.02 6.78 5.98 3.03 6.70 6.45 8.82 4.93 6.71 5.66
Reduced 17.76 14.40 13.01 11.71 10.91 17.10 17.37 17.29 17.50 15.40 16.70
Total 21.84 22.42 19.79 17.69 13.94 23.80 23.82 26.11 22.43 22.11 22.36
f w =fresh weight
Table 3. Changes in organic acid content of chestnut during storage at 20°C and 1°C (mg/100 g f.w.)
Storage time (weeks)
Orge'mlc 2°C 1°C
acid
0 3 5 7 9 3 5 7 9 12 15
Malic 364.0 358.4 387.0 - 487.9 330.3 357.8 388.8 368.2 280.4 227.6
Citric 340.9 179.9 207.0 171.3 154.7 124.5 132.1 150.5 - 106.1 214
Quinic 20.9 21.7 16.5 223 422 13.3 13.2 6.7 10.1 19.9 20.5
Total 726.7 560.0 611.5 - 684.8 468.1 503.1 516.0 - 406.4 269.5
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Table 4. Changes in free sugar content of chestnut during storage at 20°C and 1°C
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A44F 100 g sucrose2} maltose”} 7+7F 1.96 g, 1.79

822 7Hd ol =gl em 2 oh-g fructose, glu-
cose?] #2072 FHFEgich whe] 227 7bel| Wk o)
£ 2el ek WS ¥ fructose?} glucose= #]7}
717kl whe} ZHa s el 200C R} 1°Coll4] 1] ol
7h 25l ek. Sucrose 2} maltose= 1"Coll 4] zF2} 559}
Edd o o EA g L g e AR B s iR
20°Coll M= A% Z71Ele] sucrose= 35 Fof 1.3u),
97 Foll= 14805 Z71819d 7 maltose= 35 o
L5, 9% Folli= 2300} Zojabgdct.

Zoto] ghekol|A] Bw sucrose?} maltose?] ©3 3
Whob 20°Cel| = A A7) 7kel] ube} A& ghukalAl
shalel 0ol Fhat wEe] Leww Zhsa
1'Coll M= 57742 2.1 Z7bslctz) 2 o) % 7hay
of 155 7k & wze] o st wsslgicl. Glu-
cose®} fructoses= # &b 7] 7o) whel )4 ek7bal b4
gl o] 2 xFAle] TFe Zobg Qs vhe
R7F dointr] wolaby et

LEH R 200CoA M 1} 1°Cell 4] o ﬂﬂl 7+ a8}
R, o17& 20°Coll 4 3= T Foll 23} &

<

1N o

Moo

A

HE, o] Sofx] HEts|o] £ 0|5 L]»E ] 25 Ad
gol v wyokyl wiell ghanabo] A viepybriar 4
ZRRlcpolake]  Aztel wb A F 2y
sucrose, maltose S-o] Z7}pgl8 wb Al =7} 2k
= HEol Falx]o] sucrose2} maltose?} =% o
Fole WIHHLE olsh 2L el o3 U} o

she] 4bx Aol Waldiz Akt slek G Az
ol 4= edofxkebn QreiF oleh.

d T AR R AAS Y o e
A7 237 = Fasielr) oh] Fobs]i) o)
= A 27l shlnk vE ApAle] 5Fe) ZvE o)
o] 4xrb adojujeprh A v) Al abelis A3 478l =)
HEfiz oAl 1 gheke] Fobablon 6}“ vh A g el
A gkick(glucose + fructose + maltose)2]  3Feko)

(/100 g f.w)

Storage time (weeks)

Sugar 20°C 1°c

0 3 5 7 9 3 5 7 9 12 15
Fructose 0.73 0.73 0.45 0.88 0.57 0.53 0.25 0.51 0.23 0.36 0.13
Glucose 0.33 0.21 0.16 0.31 0.31 0.38 0.13 0.25 0.11 0.24 0.13
Sucrose 1.96 2.53 2.79 2.56 2.80 3.17 4.80 372 2.79 320 1.95
Maltose 1.79 2.75 2.95 3.21 4.16 4.21 4.82 s12 3.51 382 276
Total 4.81 6.22 6.35 6.96 7.84 8.29 10.00 9.6() 6.67 7.62 197




1168

Table 5. Changes in free amino acid content of chestnut during storage at 20°C and 1°C

Al Ea)abs) 2] A28 W A 65 (1996)

(mg/100 g f.w.)

Storage time (weeks)

Amino N ag
acids 20°C 1C
0 3 5 7 9 3 5 7 9 12 15

Aspartic 59.4 63.3 67.7 66.8 51.1 64.1 64.4 68.0 59.7 62.9 62.0
Threonine 12.6 15.7 17.1 18.8 16.4 10.2 10.7 15.8 12.1 11.3 14.2
Serine 18.8 15.1 16.1 17.8 16.5 8.2 1.9 211 12.5 17.6 15.8
Glutamic 2345 2502 2825 265.2 256.8 2384 244.6 2442 234.9 2331 236.2
Proline 23.1 19.7 23.6 222 18.5 12.1 18.6 19.6 18.4 19.2 18.9
Glycine 33 4.4 5.1 5.1 5.2 1.8 2.7 37 3.0 34 32
Alanine 28.8 295 36.7 32.8 41.2 232 13.8 39.7 25.1 20.0 20.8
Cysteine t" t t t t t t t t t t
Valine 7.1 12.9 11.7 13.9 9.4 4.8 4.9 8.5 6.6 7.7 9.6
Methionine 36 5.1 24 6.6 2.1 3.6 3.1 3.7 3.6 4.2 34
Isoleucine 6.8 7.9 39 6.8 2.5 4.7 438 6.6 3.0 6.5 6.8
Leucine 5.0 54 2.0 44 1.3 34 2.8 44 1.7 4.7 4.6
Tyrosine 6.7 10.7 7.9 13.0 6.7 7.1 29 6.3 34 7.8 85
Phenylalanine 38 10.4 10.7 14.3 9.4 33 2.6 4.6 4.8 7.1 8.2
y-aminobutyric 5.4 4.0 6.1 33 31 32 43 34 6.0 3.7 4.0
Lysine 1.6 52 4.1 4.1 3.1 0.2 0.9 0.9 1.0 1.5 22
Histidine 5.0 5.6 5.6 5.9 5.0 33 5.1 6.0 4.5 4.3 5.7
Arginine 332 49.6 72.6 68.2 51.2 30.4 32.2 47.5 37.9 46.6 60.2
Total 458.7 5149 3758 569.2 499.5 4220 4303 504.0 438.2 461.6 4843
"t: trace
20°C A 7pol) 4] 4= H-l7p dofubi= 35 Foll 30% F7} ine$ A ¢|3liz vlgkolely B ydled B Agel &
SIQAL L o) T A% Foksle] 9 Fell 7ot B 7] BRI o A%e wych
7F=) ek u}o)

HEE Ebell kel hvilel| 4] bR 2baled
T u gkeiche] 5‘%}0] ks ’*’M! 0.26 mg%e|r] 7
= 0.87 mg%7. 33ufvi Zrpdc)

2000 HYFAA 9 Fol

ZFoll e} 77]{

shebrk 2% 7 H%J o] Follz o7k 7t

welofo|cate] st
dhe] 2w A 27| ko) wh
v 5}= Table 58} 7o}

e} Aol 4

felovliate) o

ZFo]|i= glutamic acid7} 234.5
mg/100 g fw2 713 o) Hfrlol HAg 51%E 3}
215kl 7 71 o2 2 3= aspartic acid, arginine, alan-
ine?} o g wol gh8-xjoir}.
x“f‘fe‘ [ Tsukuba £2 A 9F 322] gajoluliAl 2
1ol 2] asparagine + aspartic acid (439.2 mg/100 g.f.w),
glutamine + glutamic acid (258.0 mg/100 g.f.w.) o) B
5] glo] %9120 methionine, cysteine £2] H

ol o] - Hol-é‘olrvf—o},rﬂ -

& obolic k2 il A% phenylalan-

HA717 el e felolrlmate] Flakuis
B H(Table 5) 1°C Aol A= ghaf wWzlsl 24l
o 20°C Aol A= Bk ol 74 wol 4
% glutamic acidi= 20°Col| A= ¢k7) Z7)=|g] e
1'C Aol = Hoh2 88 Jelulr] gdolch Ar-
ginine& 20°C, 1'C B Sofla] ZrjEojidy 1 &
200C 5Fefid 2262 shAb Wel  ZrlE|Qic)
Phenylalanine-2 20°C # ol A= Z7)HE] Z7}x o]
77 Folf 3.8u} F7E=9d 3 1°C A Ao A & 95 o]

FoE) Z7hslo] 1550 220} Z7bEI ). 2 o]
]ofl 20'C2] 7% threonine, glycine, alanine, valine 5
< A 717k wel ZrbsEl9dow ull 2 proline,
isoleucine, leucine, y-aminobutyric acid $-& 7}A%4l
o m 1°"CollA{ = #] &7 7tell ulel arginine, phenylalan-
ine 0] ZF7Hg 2ok

otvliAbe] ko g ®Wel 200C LETollA 5571
2 25%2 Frystckrh 1 o] & shubslA| wEEdn
I'C 2ol Habrt A9 gldel g 578
SHE, AFF L YA Foll frel oAl ko] %
3] ZAaschy Bstelow 8f 2ol w Y3t 27)
Yoll oF 128 ZtaEn 53] o] &
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=
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)
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Methanol extract
|
~added 2ml of each internal
standard to 20ml of extract

mannito}

{0.3g in 100ml)

L organic acid fr. @ glutaric acid
(0.3g in 100ml)

r-sugar {r. !

-adjusted to pli 2.0 with 2N-HCI
Ambetlite IR - 120(1L furm)

i

Alvlinn acid

adsorption

]

Effluent
|

['adjusted to pH 70
with 5% NH.OH

-washed with 1O
and cluted with 526NHLOL, 200ml
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l

Organic acid

andsomtion Effluent

'
i
-wasinad with [LO i
and cluted with 5N HCOOH,25%0m1

i
| |
|
i

[ Amino acid ] [ Organic acid ] [ Swar 7]

Fig. 1. Flow diagram for separation of orgainc acid,

sugars and amino acids in chestnut by ion-exchange
chromatography
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S| £o2 wol Fa¥idon], Azl we
32 &= 20°Cel|#4]1= glutamic acid. arginine, alanine,
threonine, phenylalanine, valine, lysine 5-& 271813
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