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Change in the Chemical Composition of
Chestnuts (Castanea crenata) from Different Periods
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Abstract Compositional changes of the Korean chestnut (Castanea crenata) including Daebo, Tsukuba, Tanzawa and
Okkwang were investigated in order to characterize them from different periods (immature, mature and storage period).
Proximate compositions of mature cultivars were higher than that of the immature cultivars. Between minerals, K (263.0-
420.6 mg/100 g) and P (45.8-69.6 mg/100 g) of Tanzawa were highest, and they gradually increased during storage.
Tsukuba, in mature period, showed the highest contents of total essential amino acids and glutamic acids as savory amino
acids. Major fatty acids were palmitic acid and linolenic acid in four cultivars. In addition, linoleic acids, as w-6 fatty
acids, were increased during the storage period. Tanzawa, in the mature period, presented the highest levels of sucrose,
however, tsukuba, in the storage period, showed relatively higher free sugar content than others. p-Carotene, as a
provitamin A, of Tsukuba in the mature period was highly detected among them, and vitamin C of Tsukuba and Tanzawa

was more plentiful than others.
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FRIFE 105°C A2 & S SAst] WS, 22
WAL Auto-Kjeldahl, ZAHW-2 Soxhlet FEHX2 FE3514
Z7staL, 2ARE 125% H,80, 3 NaOH HaHoz, 23
< 550°C AP R SABAAL, L 9] vHA] HEES 7t
|4 FHALEEE)Z JERATH1L).

F7149% 24L& 7 AlE 0.1 goll #3184 (HCIO0,:H,S0,:H,0,
=9:2:5) 25 mLE 713t EF(hot plate)ol] X F-A oz HS w7}
A B & 100mLE g3t o3 (Whatman No. 2)3+ &
Inductively coupled plasma(Aton scan 25, Thermo Jarnell Ash
Co., Franklin, MA, USA)Z A3t #4271 & RF power
= 1,300 WolH, B4 Al §42 15mL/min®E A, gas
flows= plasma:15, auxiliary:0.2, nebulizer:0.8 L/min® 2 3}o] #29

A H(12).
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ofo|=tt B

ANBE LA Fsted 6N HCl &2 7star, 33 daate]
heating block(110+1°C)l| A 24A]17F &<t 7183 A7l & glass
filter2 o373t AN I AXFFZ7I(N-N series, Eyela Co.,
Tokyo, Japany& ©]-8-3}9] HCIE AASIAL, S/HT= 33] A
o % BF31 sodium citrate buffer(pH 2.2) 2 mLZ &3]3k
% 0.22 um membrane filter2 &3} oS- ofu]i Al ApFEA
7](Biochrom 20, Pharmacia Biotech., Stockholm, Sweden)S ©|-&
sl Btk 4o Q3 columne ultrapac 11 cation
exchange resin(11£2 um)E AFHE-313L, flow rates} buffer= ZH2}
ninhydrin 25 mL/he$} pH 32-10.022 &, column &%
reaction &= ZHz} 469} 88°CE =43 TH(13).

ZA FE2S 249 A8 28 ¥5IX](Whatman No. 2)f]
Y ethyl etherS 715lo] Soxhlet FEHOZ oF 16A17F F&3
= T

T FEEe U A SRHeRE dEe S8tk A
WA B4 AR B4 FET AR oF 200mgS Fdt

NaOH/MeOHS 7z} 7k & 85°CllA] 1087+ methyl esterS}
AZl B n-heptane 4 mLE H718te] 4-587F WHX|SIAL, NaCl
E3}8-N 2mLe} ether 20 mLE H718 & etherm 2 Y- 5=
3k GC(5890, Hewlett-packard Co., Avondale, PA, USA)Z +
A3tk BAZALS columne supelco wax 10(60 mx0.32 mm
LD.)E ARSI, injector =9} column oven &=+ 22} 250°C
9} 260°CE 3}, detector 2=} carrier gasi= 280°C%} N2 3}
32, split ratio= 30:12 9o} A3t}

e B4 7 AEE v F Choi 5159 WHEoR
fFelg 82 42 o2 045um mebrane filter2 73k §
Sep-pak C,& A4 & @z JES A A3 thd HPLC(1100
series, Agilent Technologies, Santa Clara, CA, USA)Z #9315
t}. Columne Aminex carbohydrate HPX42-AZ A}8-31a7, 8w}
4+ 80% acetonitrile®} 1.0 mL/min, detector= RIZ 3},
injection volume 20 uLZ 3}t

Retinol £

A& F 022gS FHsld 10% FJZZoer8d [ mLe} ot
£ 50mLE Z 4 T FASHEFEN9->10) smLE 7 #
Fz7)ol F2ste] vlepEola] 3087t ¥IFst AlIZIth 1 %
WZIA7]3 & 30mLE W3l Eazu)r)d &7 F Afoe =
50mLE 33 = T AFEES S5 30mLE 238 As

o GlEzgdaAdes Pao] 94 ¥ W) B Fi
3 Re@ A oEE 32 FRPPEFOR Srsn Rt

UEFS AfEHZ 10mLRCE 23] A, A A4S Z8x
o 71 F 79t 5=3 v HPLC(1100 series, Agilent Tech-
nologies)= #4131 TE. Column symmetry C,4(4.6x250 mm, 5
um)s ARSI, 89} 542 methanol:water(9:1), 1.0 mL/min,
detectors FF7HE71(EX: 340 nm, EM: 460 nm)Z A&},
column =9} injection volume 22}t 40°Ce} 20 uL=Z 3FSITH(16).

B-Carotene £4
AlE 05gS 22mL cap vialdl ¥ ¥ 10mLe 1N KOH7}
shrHo] e Fole2 st 0.02¢4 BHTS #7189t Cap
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vialZ heat blockel]l ¥ & 100°ColA] 30% &<t saponification
ARl & cap viaks A2X =7 oA =5 it 48] AR
£ 250 mL &% °] 2 FAZu 712 A 20mL X8t A HE
A3} 40mL AFolH2E Hrtete] A £Feeh A ol
HE & :Q]TO]'OI] 40°C olatollA 53 & of3ste] HPLC
(U3000, Dionex, Sunnyvale, CA, USA)Z #2413} t}. Columne
Dionex C,y(4.6x250 mm, 5 um)S ARSI L, o542 022 mM
BHTE 32171 ethylacetate : acetonitrile : acetic acid(30:68:2, v/v/
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A gere]
3k o +23tE AJEE 100 mL mass flaskoll < 7]1 Ako]
5% metaphosphoric acid} 22 8718 A2 $ mass flaskel] Fa}
o 100mLE &3t th3 022um syringe filter2 o33}
HPLC(U3000, Dionex, Sunnyvale, CA, USA)Z 413} t}. Col-
umn> Dionex C4(4.6x250 mm, 5um)E ARS8k, 8viel 5
2 717} 0.05M KH,PO,: acetonitrile(60:40)Z 1 mL/min®- 2 3}
o, UV3A3} injection volume 254 nme} 20 uLZ 3} th

VE ARSI 458 0.8 mL/min, FUHFES 20uL, HE/E 19).
photo diode array H&7] ¥ -2 450 nmol|A] AT EFATH(17).

SHXzZ
HIEI2I B, ¥ Liojoj:l &4 BE A3 33 9HE AAJEt] meantSDE YERNITH A EH
o423}t AA1-10g 755_ 50mL 2 ZEka=o) A &3] = 7k fo)AdL SAS version 9.1(SAS Institute Inc., Cary, NC,
Ao, 5mM sodlum 1-hexanesulfonate -§-2-& 713l 3087F = USA)E ©]£3}9 Duncan’s multiple range testZ 733t th
SHFE7IR FE F, S0mLE AL o] FEALS (p=<0.05).

0.45 um syringe filter2 o343 & HPLC(1100 series, Agilent
Technologies)Z #2413} ). Columne Shiseido capcell pak Zdar nE
C,(4.6x250 mm, 5pm)S AHE-SFALL, ©]F42 A: acetic acid

7.5mL%} triethylamine 0.2 mLE $-f-3F SmM sodium 1-haxane- QUM R EH
sulfonate solution 1L, B: methanol gradient condition®.2 -2 2 AFeA mE7], £ 9 471 Fa = A 4
3kt HPLC #4] A] gradient elution 72 Omin, A 100% ESER, F3, 98 a3 SFol dish dubdE B4 Ax
B 0%; 6min, A 100% B 0%; 13min, A 80% B 20%; = Table 13 2t} 8 A ns7lodA v £7 3 F
15min, A 80% B 20%; 17min, A 20% B 80%; 20min, A ZW2 oF 753.88.0%% LFEREO W, Thel(Tanzawa)e] A 7}
0% B 100%Z 332, §4-2 0.8 mL/min, Y 20 uL, A e R s vEplth B8, ey 2] 7
2712 UV A27] 2 3532 270 nmollA] E438199TH(18). T F5E 2 Aole EHolA F%oy F3K(Tsukuba)?t THE
(Tanzawa) F5olA Adoz @ FS HAF 5
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Ao why¥sh I 045 um syringe filter® ] F3ke] HPLC(U3000, TE9 i Tl 121 A Aase A oie gl 9 a
Dionex)Z #4139t} Columne Dionex C 4(4.6x250 mm, 5 pm) Ao ke zbzd 153-27.5% 22 ©E ghEke oF 29 A
S AFEE T, ©olF A4S 10mM NaH,PO,(pH 5.5): methanol T Z7lete AoE veiyt S AQg it AT
=75:255 ARSIt 52 0.8 mL/min, FHZF> 20 pl, AF dEe] o] Frlshe AoE e, A7) Ae 53
7] photo diode array AZ7] B 72 280 nmellA A3 Al719F & AfolE HolA| @igton} 9] shEko] tha Frheh
th18). Aoz FelFUTh Kwon S0y AA717k] webs ke &
Fe oy tE RS 93t Aty Biste, 2
H|EI2I C 24 A9 Aiols tah g2 R Yeigth A A% F(5°cel
AlE 2goll 20mLe] 10% metaphosphoric acidS 7Fste] 103 A 2089) FEY AFFEC] dojd Ao FAHEHBE kel A4t

Table 1. Changes of proximate composition (%) of chestnut cultivars during different periods

Daebo" Tsukuba Tanzawa Okkwang
P M sY I M S I M S I M S

Moisture 87.0 57.7 61.1 88.0 60.5 64.4 753 59.3 58.7 853 60.0 619
+0.1% +0.2¢ +0.2° +0.1° +0.2¢ +0.1° +0.2¢ +0.1° +0.2¢ +0.1° +0.3° +0.2¢

Crude 0.3 2.7 2.7 04 2.5 2.7 0.4 2.0 2.5 0.3 24 2.5
protein +0.4° +0.3* +0.2° +0.1° +0.1* +0.3% +0.2° +0.1° +0.3* +0.2° +0.1* +0.1*

Crude 0.3 0.3 0.8 0.5 0.5 0.4 0.8 0.8 0.7 0.6 0.7 0.5
fat +0.1° +0.1° +0.3% +0.1% +0.2% +0.1% +0.2% +0.3% +0.1* +0.1% +0.1* +0.2°
Nitrogen 10.8 37240 6° 33.8 9.6 34.0 20.0 21.6 36.8 35.8 12.1 34.8 33.0
free extracts ~ +0.5° o +0.4° +0.4° +0.5° +0.6° +0.4° +0.5° +0.8° +0.6° +0.4° +0.7°

Ash 0.6 1.0 0.9 0.6 1.2 1.6 0.8 1.6 1.4 0.8 1.0 1.1
+0.1° +0.1? +0.1° +0.2° +0.1° +0.2° +0.1° +0.12 +0.1* +0.1° +0.2% +0.12

Fiber 1.0 1.2 0.8 0.9 1.3 1.0 1.1 1.1 1.0 1.1 1.2 1.0
+0.1° +0.1% +0.2° +0.1° +0.2% +0.2° +0.1* +0.1% +0.2% +0.1° +0.1* +0.1°¢

Uchestnut cultivars ?1: Immature *M: Mature “S: Storage
»Results are meantSD (n=3) and mean separation within columns by Duncan’s multiple range test at p=0.05.



396

=2 Z 358 X] A| 44 WA 4 F (2012)

Table 2. Changes of mineral content of chestnut cultivars during different periods

Unit: mg/100 g

Daebo Tsukuba Tanzawa Okkwang
I M S 1 M S 1 M S 1 M S
K 2378 284.5 302.5 217.8 257.3 328.3 263.0 380.7 420.6 237.8 353.7 337.2
+24.1% +27.3% +1.4% +12.4°¢ +35.6° +20.1° +25.8° +58.7° +10.7° +12.8¢ +16.1° +15.7°
Ca 15.2 13.6 14.5 13.3 20‘313 20.9 1 8‘0b 23.5 23.5 11 .0b 144 14.1
+1.1* +2.3* +1.0° +1.5¢ +1.3 +1.6* 2.1 +1.7% +1.3% +0.2 +2.3% +1.6°
Mg 11.2b 294 29.8 12.5b 29.2 30.5 15.5b 32.7 32.6 10.4 28.7 25.6b
+1.0 +5.8°% +0.7% +0.6 +1.4° +2.3% +1.1 +1.5% +0.5% +0.7¢ +2.0° +1.7
Na 4.5 6.1 5.8 5.1 5.2 5.8 5.1 6.9 5.7 4.5 6.7 6.4
+0.2° +0.7% +0.1* +0.2° +0.5° +0.6° +0.8° +0.4* +0.7% +0.5° +1.3% +0.3%
Fe 2.0 1‘21, 1.3b 24 1.0b 1.2b 2‘213 3.7 1.3b 2.0 1.4b 1. 0b
+0.1* +0.1 +0.1 +0.8% +0.1 +0.1 +0.7 +0.4* +0.2 +0.4° +0.3° +0.1
Mn 0.9 1.9 2.0 1.6 4.4 4.5 2.1 1.2 3.7 1.2 2.5 1.9
+0.4° +0.2° +0.1° +0.4° +0.2° +0.3? +0.1° +0.1° +0.2° +0.1¢ +0.2¢ +0.2°
7n 0.5 0.3 04 0.5 0.5 0.4 04 0.1 04 04 0.5 04
+0.1* +0.1* +0.1% +0.1% +0.2% +0.1% +0.1* +0.1 +0.1% +0.1% +0.1% +0.1*
P 439 60.2 56.0 29.3 49.7 514 45.8 68.1 69.6 36.9 57.8 493
+2.1¢ +0.8° +0.7° +0.6° +3.2° +4.6° +1.4° +4.9° +1.9° +2.9° +5.5° +1.5%
Total 31 6.3b 397.2 4] 2‘2 282‘41, 467‘5, 442.9 352.0b 51 7‘0 557.3 304.2 465.7 436.0b
+29.1 +37.3° +4.2° +16.6 +42.5% +29.8% +32.1 +67.8% +15.6* +17.7° +27.8% +21.2

DRefer to Table 1

PResults are meantSD (#=3) and mean separation within columns by Duncan’s multiple range test at p=0.05.
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ZFo] IA F7E AR vEskon, AA7ledl= oF 2,735 mg/
100 g2 & ofu:=Aik $hi-ao] US F7kete 21082 EAHATH
gk "ol =ako] F&(total essential amino acids) A 3}
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Table 3. Changes of amino acid content of chestnut cultivars during different periods
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Unit: mg/100 g

Daebo Tsukuba Tanzawa Okkwang
P M S 1 M S 1 M S 1 M S

Asp 1840 4788 4313 1704 4762 4934 1239 307 3405 2135 2803 3806
+12.3% +33.6° +12.3° +3.6° +3.5° +5.5% +8.7¢ +21.7 +34.0° +42.7¢ +20.0° +23.0°

T 494 73.1 94.9 46.1 86.0 106.2 55.5 773 103.6 62.4 70.5 69.9
+5.8° +5.0° +8.5° £3.4° +4.7° +15.2° +£5.5° +5.1 +3.4° +6.9° +5.4° +7.2°

Ser 64.6b 68.4}) 105.749.6° 58'5, 95.7b 114.6 63 .4‘ 73.9b 103.3 78.8 66.1 69.7
+7.2 +4.7 +3.9¢ +5.7 +14.8° +5.3¢ +4.9 +2.5% +7.9% +5.6* +20.5%

Glu 216.1 304.2b 411.6 185.(3 391.6 470.7 159.5 341.8b 390.0 318.1 307.4 295.7
+21.9¢ +14.9 +42.5° +2.5 +20.3° +71.0° +11.2° +19.9 +10.0° +51.4° +20.2° +80.2°

Pro 76.8 108.1 104.6 65.4 130.1 116.4 67.7 90.3 100.6 97.5 97.5 76.3%
+8.5° +6.1* +18.1° +4.2° +4.7% +4.4 +4.3° +12.1° +4.8* +16.3° +2.1° +12.2

Gly 52.5 79.9b 105.4 48'7, 96.6b 127.8 60.0‘ 89.9b 113.1 69.4 76.1 70.8°
+6.6° +5.0 +9.9% +£5.1°¢ +5.3 +3.0° +4.7¢ +7.4 +3.8° +8.4° +3.9°? +2.8

Ala 221.7 167.5b 166.4 94.5 192.0 148.9 94.5 . 136.0 131.8 139.8 159.8 87.7°
+4.4° +14.6 +19.7 +5.4°¢ +14.3% +5.2° +10.1 +6.9* +1.7° +30.5° +8.4° +23.2

Cys 5.8 7.1 9.2 49 7.6 11.9 43 94 11.58 6.2 7.1 7.2
+0.6° +0.5° +0.3% +0.2° +0.1° +03° +0.1° +0.8° +0.2° +0.7° +02° +2.1°

Val" 534 71.9b 107.4 46'6, 84.1b 121.5 56.6‘ 82.6b 113.6 63.7b 69.7b 85.5
+5.9¢ +59 +8.6° +2.6° +3.97 +20.7¢ +7.0° +5.7 +5.0° +8.3 +3.8 +2.7°

Met" 20.5 16.4 19.2 16.3 244 22.9 2.0 14.0 21.0 224 16.1 12.7
+2.9° +1.3% +3.0° +1.9° +0.2° +1.7¢ +3.0° +1.3° +5.6° +3.8° +0.1° +3.7

) 36.8 53.3 84.1 329 63.0 97.2 44.1 61.5 87.63 459 49.9 67.8
+4.8° +4.0° +8.5° £2.7° +2.5° +18.1° +6.2° +5.6° +3.6° +5.5° +£3.1° +8.5°

Leu" 81.4 130.(3 162.7 73'4, 152.? 187.7 90.9‘ 130.9b 168.8 103.5b 118.3 127.4
+10.1¢ +6.1 +21.9% +5.5¢ +4.8 +4.5° +8.6° +12.1 +8.6° +12.8 +3.0° +3.7¢

Tyr 27.1 36.7 50.2 28.0 422 58.3 32.3 35.2 52.35 33.9 35.9 33.4%
+2.8° +3.7° +4.9? +2.8° +1.6° +6.9° +5.6° +2.4° +1.7% +3.5° +1.5° +94

Phe 459 77.0 103.7 439 95.8 119.5 55.5 71.8 113.2 60.6 74.5 78.4°
+5.4° +6.3° +9.9° +3.2° +144*°  +22.1° +£7.1° +5.0° +3.6° +5.9° +6.1° +£10.2

His 24.1 41.9 58.3 23.2 52.6 72.3 28.2 40.9 65.38 31.6 40.3 46.8°
+3.3° +2.5° +5.6° +£1.4° £2.1° +13.6° +2.5¢ +3.5° +4.3° +4.1° +3.4° +10.3
Lys" 82.6b 1 14.% 142.0 73.2 145.}) 161.4 92.1 . 120‘% 151.5 106.1 105.8 109.70
+11.5 +6.2° +17.7° +5.3¢ +7.1 +3.8° +12.5 +9.1 +9.4* +11.8* +8.1% +10.3
Arg 132.2 162.0 180.6 113.4 218.6 304.3 70.6 100.6 170.1 121.8 130.5 159.22
+19.6° +6.8° +24.2° +£1.9° +2.5° +7.2° +7.6° +8.8° +6.1° +33.9°  +25.7° +44.1

Total 367.0 536.5 714.4 332.3 651.0 816.6 415.7 558.5 759.5 464.7 504.7 550.6
E.AAD  +464° +34.9° +78.4° +24.9¢ +27.8° +86.0° +50.3¢ +43.6° +39.4° +55.4° +29.4° +46.3%
zozazl) 1,274° 1,752° 2,338 1,124° 2,354° 2,735% 1,120° 1,630° 2,239% 1,575°¢ 1,705° 1,885%

YE.A.A: Essential amino acid
YA.A: Amino acid
JRefer to Table 1

YResults are mean+SD (#=3) and mean separation within columns by Duncan’s multiple range test at p=0.05.
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Table 4. Changes of fatty acid composition of chestnut cultivars during different periods Unit: %
Daebo Tsukuba Tanzawa Okkwang
I M S I M S I M S I M S
Lauric acid 0.6 2) 04 0.8
(C12:0) 0.2 ) ) +0.1° +0.3° ) ) ) )
Myristic acid 1.5 ) 0.6£0.3" 1.4 ) ) 2.3 0.1 0.9 12 0.7 )
(C14:0) +0.1° +0.2° £0.6°  +0.5°  £02°  +0.1*  +02°
Pentadecanoic acid 1.7 _ ) 1.6 _ ) 1.1 ; ) 2.1 ; )
(C15:0) +0.2° +0.3° +0.1* +0.1*
Palmitic aci . . . . 2. 4. . . 4.1 1 4.1
a(Clt(sc:g)c ‘ fg 17 34.242.3° 30442.5° 538 ga f3825" 32.390 fz :a 3338.3" 513 .29‘> f1 2 jg.s" josb
Margaric acid 1.0 ) ) 0.9 ) ) 0.7 ) ) 1.0 ) )
(C17:0) +0.1° +0.1° +0.1° +0.2*
Stearic acid 16.4 7.0 8.5 21.6 12.3 9.7 18.7 1.7 5.9 13.8 7.4 49
(C18:0) +1.1° +0.3¢ +£0.3° +1.1° +0.3° +0.2° +1.2° +0.1¢ +0.4 +2.3* +0.3° +0.2°
Oleic acid 4.0 ) ) 4.0 ) ) 1.8 ) ) 6.4 ) )
(C18:1, ®-9) +0.3° +0.3* +0.1° +0.3°
Linoleic acid 39.9 438 1.7 39.7 47.6 3.8 33.6 45.6 0.8 40.0 50.6
(C18:2, ®-6) ) £2.1°  £2.0° £0.1°  £03*  £1.1*  £02°  £13° £23*  +0.1°  £2.1°  £1.3°
a-Linolenic acid 8.3 6.0 7.1 10.1 0.5 9.6 9.0 9.8
(C18:3, ®-3) ) £02°  +1.1° ) +03°  +0.2° ) +0.1°  +0.1* ) £02°  £0.3°
Arachidic acid 2.0 ) ) 1.5 ) ) 1.4 ) ) 2.6 ) )
(C20:0) +0.2° +0.2° +0.1° +0.1°
Erucic acid ) ) ) ) ) ) ) ) ) ) ) )
(C22:1, ®-9)
Tricosanoic acid ) ) ) ) ) ) ) ) ) ) )
(C23:0)
YRefer to Table 1
2Not detected
JResults are meantSD (#=3) and mean separation within columns by Duncan’s multiple range test at p=0.05.
Table 5. Changes of free sugar content of chestnut cultivars during different periods Unit: mg/100 g
Daebo Tsukuba Tanzawa Okkwang
I M S I M S I M S I M S
Rhamnose 2 - - - - - - - - - - -
Xylose - - - - - - - - - - - -
Fructose 1.1 i 4.7 1.9 1.0 1.8 2.4’ 0.5 2.5 5.0’ 0.9 45 2.0
019 £02°  +0.1°  +0.1° 401>  +0.1°  +0.1°  +0.1'  +£04*  +0.1° +03*  +0.1°
Glucose 1.5 7.1 34 1.5 33 7.1 0.4 2.7 6.1 1.3 4.1 2.1
£0.1° £02°  £02°  £0.1°  +02°  +03*  x0.1°  +0.1®  +03*  £0.1°  +0.1*  £0.1°
Sucrose 2.1 4.3b 5.7 0.9 5.4b 11.2 1.8 10.1 9.8b 23 66b 8.8
+0.2° +0.1 +0.3* +0.1° +0.4 +1.3* +0.2° +0.1* +0.7 +0.1° +0.2 +0.7°
Maltose 0.6 1.3b 2.1 0.5 1.0b 4.9’ 0.4 3.5b 3.7’ 0.9 2.1 . 3‘9’
+0.1° +0.1 +0.1* +0.1¢ +0.1 +0.2° +0.1° +0.2 +0.1° +0.1° +0.1 +0.4*
Total 5.3 17.4 13.0b 3.9 11.1b 25.6 3.1 18.7b 24.6 5. 4b 17.3 16.8
+0.5° +0.6 +0.7 +0.4° +0.8 +1.9* +0.5° +0.5 +1.5° +0.4 +0.7° +1.3%

YRefer to Table 1
INot detected

JResults are meantSD (#=3) and mean separation within columns by Duncan’s multiple range test at p=0.05.
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Table 6. Changes of vitamin of chestnut cultivars during different periods
Unit: ng/100 g (retinol, B-carotene), mg/100 g (vitamin B,, vitamin B,, Niacin, vitamin C)

Daebo Tsukuba Tanzawa Okkwang
I M S I M S I M S I M S
Retinol 2 - - - - - - - - - - -
B-Carotene 0.2 0.6 04 0.2 22 2.1 0.2 1.4 1.4 0.2 1.9 1.0
0.1 £0.1*  +0.1*  +0.1°  +£0.1*  £0.1° +0.1° +0.1*  +£0.1*  £0.1° +0.1*°  =+0.1°
Vitamin B 0.2 1.1 0.1 0.1 0.8 0.2 0.1 0.7 0.1 0.3 1.1 0.5
! £0.1°  +02*  +0.1°  +0.1°  £02*  £0.1° £0.1° £02* 01> £0.1° £03*  x02°
Vitamin B 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
2 +0.1* +0.1* +0.1° +0.1* +0.1* +0.1° +0.1* +0.1* +0.1° +0.1* +0.1° +0.1°
Niacin 2.0 3.0 0.6 1.3 32 0.3 1.1 1.3 0.6 0.3 0.4 0.2
+0.1° +0.2° +0.1° +0.2° +0.3* +0.1¢ +0.1° +0.1° +0.1° +0.1° +0.1° +0.1¢
Vitamin C 43 154 13.7 32 19.2 12.6 32 18.2 152 3.5 14.9 9.9
+0.3¢ +0.3* £0.4° +0.1° +0.3* £0.2° +0.2° +0.5° £0.4° +0.1° +0.2* £0.3°
DRefer to Table 1
INot detected
JResults are meantSD (#=3) and mean separation within columns by Duncan’s multiple range test at p=0.05.
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