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Abstract

The purpose of this study was to investigate the seasonal variations in water, protein, lipid, ascorbic acid, and
B-carotene contents of 17 vegetables and 4 fruits that are available all the year round and frequently consumed by
Koreans. The water contents of the fruits ranged from 83-89%, and the vegetables contained more water than the
fruits. The apples and pears had more water in the spring and summer than in the fall and winter. The tangerines
showed a high water content in the winter, whereas the strawberries contained more water in the fall. The
vegetables also showed seasonal variations in water content. The protein contents of the fruits were lower than 1%;
the cucumbers contained 0.1% protein, which was the lowest level, but spinach, lettuce, bean sprouts, sesame
leaves, and mushrooms had more than 1% protein. The ascorbic acid and B-carotene contents of the apples, pears,
and tangerines were higher in the fall and winter than in the spring and summer. The vegetables, in general,
contained more ascorbic acid than the fruits. The cabbage and radishes showed higher ascorbic acid contents in the
fall and winter than in the spring and summer, indicating that vegetables as well as fruits are more nutritious
during their harvest season. The zucchini, spinaches, and green peppers had higher [-carotene contents in the
winter than in the other seasons. The above results show that there were seasonal differences in the ascorbic acid
and [B-carotene contents of the fruits and vegetables. In addition, the fruits and vegetables had a tendency to contain
more ascorbic acid and P-carotene in the season they were harvested. Therefore, we recommend the consumption

of those fruits and vegetables during their harvest season.
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F, BUE, A, uidE, BE2gd, ¢Sol2 F 17F
gtk TUAY AEL TA £ 0T deep
freezer(Freezer Dryer with Concentrator, Ilshin Lab Co.
Ltd, Korea) o] B#sl 24X T BAAZ AATH
A, ) o) FAFU ERe) ARe AA ue
7+ Rk &Adso oF 60 g& Ao AMESHA
T, 4%, AFA 5 Fud wal BA% A0 Wb
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deep freezer(Freezer Dryer with Concentrator, Ilshin Lab
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A& 01 g& #As) 2% NaOH 5 ml& Frlstd #32

#2721 g 25C FeFxoAM 208 FATR F
vortex 8t Th ©] A& refrigerated centrifuge(Supra 30 K

High Speed Vacuum Refrigerated Centrifuge, Hanil
Science Instrumental Co. Ltd, Korea)E o©]&3}lo 4T,
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5000 pmelA 1087 Adudstn  AFae A
AAAok 3 mg Azt ALe] 087 PAF
540 nmef| A}  spectrophotometer(Spectronic  Genesys
Milton Roy, USA)Z @14 & B39l E&ER
+ albumin bovine(Sigma Co, USA)E AFE&H I, &
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K High Speed Vacuum Refrigerated Centrifuge, Hanil
Science Instrumental Co. Ltd, Korea)E ]85} 4T,
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5. Ascorbic acid 24

A& 03 g& FAsl 6% HERIZE 10 mlE F71ste
7VEA vortex @ THE Ao 1087 Ttk oA
refrigerated centrifugeE o] &3t 4°C, 3,000 rpmoi] A
1023 AR st BS5AE FHal syringe filter(0.45
40, Waters Co, USA)O|A] «37}at & 10 S HPLCO)
Fehe] ascorbic acids) FHL ST FEAL
AT F 6% HERIANS O Hrtsted 9 22 Wy
& WHESte 2312 EA YT

Ascorbic acid ¥ B A= 7]7]= HPLC
(Model #717 plus, Waters Co, USA)o]loew, UV
detector(254 nm)< o]&3ste] A&sHTE ARE3F column
2 Nova-pack Ci2® 39x150 mme]9lew, PIC
Reagent A7} 37}¥l HPLC & J.T Baker water (HPLC
Grade, J.T Baker, USA) & -8uj2 1.0 ml/ming] &%
2 Egodrk. EEEZEE L-Ascorbic acid, 99%
A.C.S. reagent(Sigma co, USA)E Al-&3lth

6. B-carotene =4
Al& 0.1 g& phosphate buffer2 mM, pH 7.2)°] 0.7
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mM EDTA$} 1.5 mM ascorbic acid® 73 €9 3
mlE& Y3 vortex3F & 2-propanol 1 mle} 100 mM
SDS 0.5 mlE FH7}sle vortexstgth 38 $ hexane/
dichloromethane(5 : 1)3} 1.2 mM BHTE Z33F 89
6 mlE H7Fsle] vortexslil 25T F2FFA 158
X3 & AA vortexstE Tl o] A& refrigerated
centrifugeE o] &8t 47T, 5,000 rpmoll A 10&3F A4
223 F ol EFS WA LR JAE FEATIL L
mle] HPLC buffero] £3)JA)7 syringe filter(0.45 1f,
Waters Co, USA)ol A 35+ & 10 plE HPLCo| F
¢ 3ked B-carotene®] FFS EA ST

B-carotene ¥ EA] A}LFH 7]7]&= HPLC (Model
# AS-2055 plus, Jasco Co, Japan)©] 2.4, UV Detector
(460 nm)E ©] 83t AESFATE AHET column HiQ
sii CI8W 4.6x250 mmo]$]. 23, methane/acetonitrile/
dichloromethane/water(7 : 7 : 2 : 0.16)2 £uj= 1.0 ml/min
9 &x=z BASGcKStahl W & 1992, Lee HS$}H
Castle WS 2001).
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T Fol At 9 w1 F5-o
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= AZE F8 IF Hole ELZ] %}-,&E‘r. Cla=
F-E31& @ (Korean Society of Food Sci Tech 1984)
Az oshd At AP %—75“3 TR FFS A
7} QdolA] &2 87.07, A 84.37, 2et=P £ 85.61,
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CH 5(2000)2 &4 4uolA FEFZFS 92.80%c3L
Huslgon, Kim GH(1982)2 FUES FEFZFS
90.2 g/100 golatx Ruatgith Song JC(1992)9) A&
o oJ3lH wjFE= 949, T 94.6, G 87.8, Al FHA
922, A= 94708 @y 89.1, vl 867, AH}
88.1, & 87.5%°I%tt. agEE B dF9 BA
Ade g2 dFEH} e vxe HYd USS
& & Ak 53] wjF9 o] HAFHQA A9 7
o0 B ATA 7Ll EAo] 94.18-94.40% 2

i e =

29 ol2 AR 5 Atk AL FAME Fvel ekt 99 @TS(Cho IS 1984, Kim SO 1985)
$ Bol 712l wlel 6%4U FEIFFO] HJoH, I o) ZHSFAT FH 2 dFAA w9 FEF
FAE dgE°] 7H&el HlF 7.8% FEFTZl B3 Fol 0127401] 93.05% 2 HERURA]L AEZE] Zpel}
o 7tE, AL, B 959 AR FERY It NS dFsHuch
lgck Autoz 4 AF % 2 Fole et A
FA9 A Aol AA 7t AHolrt ot EAY A 2. EHHA B2
o] g Aol Hlal 65% S8 FHo] At 2 ATolA 2% AFE 4 A9E Bl FFL
Cho JS(1984)¢] H.ilo] wW=EW ogﬁzn 9 W= Table 29} Zow, FrxPLFsts]e} njx FFHolA A
947, TH= 92,5, A= 941, BEZF 877, ZAFA A = FaARE AAISE
nel 48 FFL 020, FL 858, Fote 80.1, FHA AFY 9uE FES B AN BAT AFA
59 90] 967, 13 91.2%3 BsGTh Jeong = FUER AL S AdstaL 2% 1*ﬂ°lﬂttﬂ, 44
Table 1. Seasonal variation of water contents in Korean common fruits and vegetables (%)
Items Spring Summer Fall Winter KNSV USDA”
Apple 86.62 87.30 85.65 84.34 86.80 86.67
Pear 88.91 87.60 86.97 86.76 85.80 83.71
Tangerine 84.31 86.63 85.80 87.24 80.10 87.60
Strawberry 83.10 - 87.95 86.90 91.50 90.95
Cabbage 94.40 93.05 94.34 94.18 95.20 94.39
Radish 92.06 93.75 92.72 92.50 94.30 91.87
Scallion 88.83 88.82 86.34 86.02 91.10 -
Onion 86.88 90.41 92.89 90.47 90.00 88.54
Cucumber(with peel) 94.88 95.14 95.23 95.53 96.30 96.23
Cucumber(without peel) 94.99 95.41 95.74 95.97 - 96.73
Zucchini 92.45 93.74 92.62 93.30 90.80 94.74
Spinach 89.62 93.04 85.25 86.55 89.40 91.40
Carrot 88.51 89.93 88.39 90.09 89.60 88.29
Lettuce(Lactuca sativa.) 93.09 93.94 93.05 92.42 93.00 96.26
Lettuce(Lactuca sativa var.) 92.87 93.54 92.49 91.92 92.90 95.63
Pickpurse 80.81 - 80.45 81.29 87.80 -
Green pepper 91.68 91.91 93.59 92.83 91.30 92.50
Bean sprout 87.74 83.82 87.57 87.16 90.70 -
Sesame leaf 79.64 85.78 86.09 83.86 87.60 -
Dropwort 93.51 93.68 92.57 94.33 93.00 89.40
Broccoli 88.54 85.53 86.92 83.55 90.70 89.30
Mushroom 91.14 90.12 92.95 91.12 91.50 92.46

“Data from the Korean Nutrition Society, 2000

DData from the United States Department of Agriculture Nutrient Database, 2003
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L2 1% "lgolen i 2907 0.1%=E 7F 2 0.8, vle AlFE= 03, F2 09%e @uds T
sk AlgA, 245, 45, Wdol, FUE, A, st wlSE 15 F& L1, 322 19 AlgAs 33%
FEol7t 1%5 WU %;1 FUEY w3 FEo= o] @A S JFX A vhl KISt
olsle] thuld dheko] Wekal, AYE 2.03-4.63%8 o
W o] gk oqfur AL AYel B 7 3. K|dh &
g vla] @A ko] wekth 7L ol Abw) B AToA BAT AEE 4 AFEE A FE2
], 29 A% A 71 gwld gegko] @ 7o Table 37} Z-ou, g Fersle} vz FFFAA A
2 uehgch Al8d wet dFYFe} uF v7 A BAE AR AASAT
Ao Azt 2oyt grkaiA JeEhE AL 3dF) AEE Ay FFS B, FHd9 B ol A
Ao A e Qo] H1 1 9 T EFA S Wt Aol E%%Jc& A2 Ae FUHE0] 1%
o] @ge we Aowm Atz=Eth Cho JS(1984)= A} olgdel AeE e ALZ YEth Cho IS
s} wje] ©HA FFe 7 049} 03%0ln Fe (1984 AbFet W) %«] AGFFE 242 05, 02, 0.3
08%2: SIPch A|FHE ALHd g2 7FeH %23 SAUTE B A2 B9, A€ W, 20, A
gl She] By, A3 2% slgrtE B FA, A%, X3IF, HEZY, FSole AsEd ¢
7 Agel v FFo] o Bt JeEm wjFe  BE AYE IRske AR yEEth I
oA FEFS 14%, s 1.6%, 43 1.8%, 2z 9 AYFES 01%, = 02%, 5= 04%, B2
Zgl= 28% o3 QPT F= 11%, FTL 1.3%, = 03%°ly F+= 01% T 02%, 49 0.2%,
g 1.1% oW Qol= 0.7%, I 1.0% L of Q0]+ 01%, T¥h 02%z 39 vk Kim GH(1982)
dAtl Kim GH(1982)2 ZuEe] vz deke 42 = FUEY AWEES 29 g/100 gol#tal XIS
g/100 gol&tx Byt t}. Song JC(1992)& @7)e] A th Song JC(1992)2 i AMiE 004 g9 A
Table 2. Seasonal variation of protein contents in Korean common fruits and vegetables (g/100 @)

Items Spring Summer Fall Winter KNS" USDA?
Apple 0.80 0.76 0.74 0.78 0.30 0.27
Pear 0.73 0.52 0.40 0.53 0.50 0.38
Tangerine 0.74 0.66 0.52 0.56 0.90 0.63
Strawberry 0.58 - 0.63 0.67 0.80 0.67
Cabbage 0.38 0.27 0.24 0.41 1.40 1.20
Radish 0.21 0.19 0.18 0.23 0.80 0.90
Scallion 0.64 0.62 0.33 0.41 1.50 -
Onion - 0.29 0.17 0.30 1.00 0.92
Cucumber(with peel) 0.13 0.16 0.12 0.16 0.80 0.65
Cucumber(without peel) 0.13 0.14 0.12 0.15 - 0.59
Zucchini 0.61 0.28 0.34 041 1.20 0.64
Spinach 1.52 1.37 1.74 1.88 3.10 2.86
Carrot 0.53 0.57 0.62 0.46 1.00 0.93
Lettuce(Lactuca sativa.) 1.55 1.04 1.14 2.14 1.20 0.81
Lettuce(Lactuca sativa var.) 1.86 0.96 1.03 1.21 1.40 1.35
Pickpurse 1.58 - 1.83 1.73 470 -
Green pepper 0.53 0.61 0.56 0.64 1.60 0.90
Bean sprout 7.98 12.33 12.61 7.97 5.00 -
Sesame leaf 3.35 4.20 2.03 4.63 3.90 -
Dropwort 0.30 0.53 0.44 0.41 1.50 2.60
Broceoli 0.83 0.74 1.11 1.18 5.00 2.82
Mushroom 1.72 1.77 1.15 1.63 3.90 3.11

“Data from the Korean Nutrition Society, 2000

“Data from the United States Department of Agriculture Nutrient Database, 2003
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4. ascorbic acid &2f

B2 AT B3 AEH 4 AW o= wIL
e Table 494 ZoH, FxJFea 9 vx 54
A AN ZE FAGEE AASATH

AEY olxzEWA FFE BY, HYY F B
o] AlEh} uwjRThE ofAzmEMIAtO] Wokow Al
W, 29 A% 7hed Agel EB% g5 H& g4
o oko] ofAzEWIAS R s AR YE
vl @79 AsdE B9 277t 7hEolv AL
Gy Bt ofazEWA Sho] gskth wiEbA I
de] Fhad ofAFERAS AA N BSE &
4 91tk Cho JS(1984)= Ardt, ull, &9 ofLFEH
A teko) Z+Z- 5, 4, 50 mg/100 gol=t e, &
Ao A 7FeA AlFE 69, HlE 4.5, B2 432 mg
o] ofAzEBANS FFdE AoE UEuUA Mz
A2 Btk E=F FIFFERI A AL A
v, 29 olAmEB A il 60, 40, 350 mgdt

o2 =R A AAIS 40, 4.2, 30.8 mgHE ZHF
A7de & F AUk
Aae BLAME wlFY R i ofiIEW

A2 B A AR e H ASEd SaEol B
gtth. a2y 0], g, Ty, AF, FiF, vy
5& ARel g2 solrh BHsiAE Rth AW
oz Bgus Aid Solgde ojamENA Y
of B ¥ AFL JEAATh Cho ISU98HE W
o) olATEHA FTL 40, T 30, FFE= 10, HE
8= 110 mgel® F& 30, 322 7, &3 10 mg
ol], Qol& 15, ALF+ 100 mgo] FFHAJHR 3}
Atk Jeong CH 50062 A gme] ofrz=r At
FFL 1920 mghE AN FoRTr gdrial sl of
2z2EA FHG Fdol HI e Ml HY

2 1 gl &
2 o] W
xeol BEL 372, 3 EVHES
3, & FB22 262 mg%o] tHKorean
Society of Food Sci Tech 1977). &2tsls8& 7F¢ of
232842 AFE7F 7H dIFLE F Y] f6 A

_.
\O
»
b}
-z
s
rlo
-
(9%

N

Table 3. Seasonal variation of fat contents in Korean common fruits and vegetables (g/100 g)
Ttems Spring Summer Fall Winter KNS USDA?

Apple 0.26 0.18 0.14 0.17 0.50 0.13
Pear 0.12 025 0.15 0.16 0.20 0.12
Tangerine 033 023 0.23 0.28 0.50 0.19
Strawberry 022 - 0.19 023 0.10 0.20
Cabbage 0.20 0.15 0.15 0.19 0.10 0.30
Radish 0.10 0.11 0.08 0.11 0.10 0.10
Scallion 042 025 024 034 0.30 -
Onion - 0.1 0.11 0.25 0.20 0.08
Cucumber(with peel) 0.16 0.14 0.11 0.13 0.10 0.11
Cucumber(without peel) 0.12 0.12 0.11 0.18 - 0.16
Zucchini 033 022 0.25 023 0.10 0.05
Spinach 0.79 0.55 0.84 0.90 0.50 0.39
Carrot 023 0.26 032 0.29 0.20 0.24
Lettuce(Lactuca sativa.) 0.57 0.95 0.51 0.70 0.30 0.11
Lettuce(Lactuca sativa var.) - 0.55 0.55 0.61 0.20 0.22
Pickpurse 0.85 - 0.87 0.80 0.70 -
Green pepper 0.21 0.29 0.21 0.27 030 0.10
Bean sprout 1.33 1.89 1.58 1.51 1.40 -
Sesame leaf 1.33 098 098 141 0.50 -
Dropwort 023 021 0.25 0.29 0.10 0.70
Broccoli 0.64 0.57 0.57 097 0.30 0.37
Mushroom 0.48 043 023 0.63 0.30 0.34

YData from the Korean Nutrition Society, 2000

PData from the United States Department of Agriculture Nutrient Database, 2003
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Fas EB@olud AF 22 Algko] o5
Srego] gL nFkn JtciKorean Society of Food
Sci Tech 1989). 3+¥ Kim SO(1985)& AlZx¢] H]Eh
9l CFZE 354 mg%het st E 239 HlER C
gkl 87 mg%Elal B 53 tHKorean Society of
Food Sci Tech 1989). Kye SH $(1993)2] HPLCE ©]
8¢ ofxzEHAS §AE EY ujFe 104640.53,
ZAR 12171021, G2 2.61+0.24, FE31F 63.35+1.95,
A)ZA 2.84+1.88, /MEZE Q0] 4.24+0.19 mg/100 go]
2tk Song JC(1992) w3l 40, FolE 20, AlFA
o] 100 mg/l00 g8 Fgots Aoz nuFYT B
ATFNA wWlFE 719 26.5, AE 290, B 165,
26 112 myl00 go = VFER}A Kye SH 5(1993)
o 249 wTAEEA odBAY FRBIH HlEen)
Song JC(1992)9] EA Ao Hleirx = A F& ot
Hok 2-H Kye SH 5(1993)9] G+ 2 d7elA
o} w7 Z FHA17]17]]]1 HPLCe| &g 4 0]ofA
Aol dig A== A 3712 F

2ot &3 2 AFelA 7HES AEE )
Foll ulal] 2u) o]ie] ofAzmEHAIOl FFHH o]

e
.

vl

iR R

fole
—
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AHo] Y453 B opAzmEBAS FHIFS & F
9t} Choi YHS} Han JS2001)9] B.3to] W@ AL
ofAzE B o] gHo] 7bE B2 M olF
67.3 mg/100 g =] AT FFel oA 7HE 9
. 1290 mg/100 g FFEo] o] FFo] AJEFF ofL

K 2o 32

olAzmE B A S 16 mgl00 golgkil R IsR=v
B Ao Afrdes F2 Es Yepldch

5. B-carotene Etf

B AN BT A% 4 A B-carotene 9
Z2 Table 59 Zovw, dxgFes e v5 74
A AN g FRAER ARG

AutH 0 2 P-caroteneS FA L #©H HAE Z i
o o FFE Y FAow LA B ATFA
FALe At wi, &, B71E BASG e, F59Ys
3] AZo)A AR HlE B-carotence] YlE LR B
Aoy B Qe Be Alhg vlE A% B-
carotened Fg3t= Aoz Uelytth AZ wet A}
3] AL 1326 ug/100 g, wlel: 9-21 pg/100 g&

Table 4. Seasonal variation of ascorbic acid contents in Korean common fruits and vegetables (mg/100 g)
Items Spring Summer Fall Winter KNS uspa“

Apple 33 2.6 6.9 6.3 6.0 4.0
Pear 1.8 25 4.5 4.8 4.0 4.2
Tangerine 28.6 352 432 450 35.0 30.8
Strawberry 51.1 - 39.1 42.3 82.0 58.8
Cabbage 16.5 11.2 26.5 29.0 28.0 270
Radish 35 7.3 11.1 12.8 15.0 21.0
Scallion 27.0 26.1 264 25.0 21.0 -
Onion - 9.1 12.3 10.2 8.0 6.4
Cucumber(with peel) 21.3 20.1 19.8 19.3 10.0 2.8
Cucumber(without peel) 17.3 16,5 15.1 16.2 - 32
Zucchini 32.1 28.5 31.6 425 40.0 4.6
Spinach 43.1 353 56.0 60.2 65.0 28.1
Carrot 435 387 455 38.4 6.0 59
Lettuce(Lactuca sativa.) 30.2 26.3 28.7 30.1 19.0 39
Lettuce(Lactuca sativa var.) 12.5 11.0 13.6 13.5 17.0 37
Pickpurse 442 - 41.5 38.7 74.0 -
Green pepper 19.7 17.6 13.8 154 72.0 68.0
Bean sprout - 384 - 74.2 8.0 -
Sesame leaf 64.3 46.1 41.5 473 550 -
Dropwort 13.5 134 15.9 12.5 10.0 69.0
Brocceoli 23.0 20.4 17.4 41.0 98.0 89.2
Mushroom 0 0 0 0 3.0 2.4

YData from the Korean Nutrition Society, 2000

“Data from the United States Department of Agriculture Nutrient Database, 2003

- 429 -

F2zaF8 87 A2B3A A4E(2007)



18 932 48 F95% A2 ALY JPYL U 52,

g3t EAEGEY ols vlg 7Y A
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ATk} 2407 ¥ $RAZ AA BV VE B 9
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B} 7] 2 €l(B-carotene)S HPLCE EAlgtgow SF$HI
% =

Gom W W tsts 2d, BEIYE 308, T 2 A vva ggs wAstad 2 2%
Table 5. Seasonal variation of B-carotene contents in Korean common fruits and vegetables (ug/100 g)
Items Spring Summer Fall Winter KNSV USDA”

Apple 20 26 24 13 0 17
Pear 9 12 21 15 0 13
Tangerine 89 40 97 101 16 151
Strawberry 5 - 0 0 12 7
Cabbage 50 45 68 63 37 190
Radish 25 28 53 44 46 -
Scallion 98 123 135 192 3775 -
Onion 0 0 0 0 0 1
Cucumber(with peel) 22 37 28 34 146 45
Cucumber(without peel) 22 48 27 41 - 31
Zucchini 301 364 360 525 840 670
Spinach 1654 1332 1723 1907 3640 5626
Carrot 5951 6385 4145 5330 7540 5774
Lettuce(Lactica sativa.) 179 202 153 135 2191 192
Lettuce(Lactuca sativa var.) 335 315 349 487 1612 1987
Pickpurse 1287 1621 1481 - 1163 -
Green pepper 554 509 523 789 312 410
Bean sprout 6 7 6 6 0 -
Sesame leaf 9994 9958 9540 9059 9319 -
Dropwort 1770 1827 1815 1576 1499 4150
Broccoli 1470 1442 1226 1428 766 383
Mushroom 2 4 4 4 0 0

YData from the Korean Nutrition Society, 2000

IData from the United States Department of Agriculture Nutrient Database, 2003
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