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Abstract

Shinan spinach (Spinacia oleraecea L.) also known as Seomcho is primarily harvested in Shinan county, located
in South Jeonnam Province. Fields are harvested in January and plowed under in April, despite the plants still
being rich in lutein and other functional compounds. In this study, the effect of harvest seasons on the nutritional
and functional properties of Seomcho were compared and the optimal conditions for extracting functional ingredients
were determined. Among harvest seasons, January was best for yielding the highest levels of free sugars, minerals,
and vitamins. Sucrose levels were 2-9 times higher than those of other sugars, and calcium and magnesium levels
were higher than those of other minerals. Niacin, vitamin C, and chlorophyll levels were also highest in January.
However, total phenolic compounds and lutein awere highest in April. We investigated the optimal conditions for
extracting those compounds by comparing two extraction methods (alcohol or supercritical extraction) and three
drying methods (freeze drying, hot air drying or blanch drying). Results showed that more lutein, 3-carotene, and
total phenolic compounds were extracted by freeze drying or hot air drying than by blanch drying, and more of
those compounds were extracted by alcohol extraction than by supercritical extraction. In conclusions, when harvested
in January Seomcho is a food rich in sugar, minerals and vitamins. When harvested in April, it can be a source

of functional ingredients, which are best extracted via hot air drying and alcohol extraction.
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Table 1. Comparison of the contents of minerals in Seomcho by VS EARL Y= HEA GAlFol ke 6‘}%}’ T
harvest seasons & 5o EHUF e AeE dEA Ak /‘] 7]
(unit: mg/100 g) upE Aol WEFLEE, Yoo, HERI C, E T

Harvest season ~ Ca Mg P K Na 273819 1 1 A3E= Table 32 2t} HEIF& $84]
December ~ 774+13) 7132220 OL7:14' 430:7.1°  224:0T 71 whe} FElgh A HolA & FUAINE A o] 54
January  1032:03° 976105 925:08' 422128 404203 7191 19 8 Al 2ol A vl SRl BAIgle] HRkA o
February ~ 709+14' 669434 $9.9:06" 359:167° 295+19" 2 EE A%E ol 14 o|F 1 o] AR fHhdhe
March  794+10° 649409 75705 3M0LC  64.1:07° A= Herith 870 e HErtRd dEe
Apil 1080822 TISHLT 7050040 27144290 1239430° 100 g & 129 75 A 3oA 2,954 pg o B 7MY =9k
19 g A 2ol A= 2,650 pgl &2 1 o] tha 74s]
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different (p<0.05). Aot BAARI o2 AT Yolopil ke 1¢
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b ATRES surose TS A Hacle] Fheld g T 0 mgl00 go £ Aol duieh vjSdt SEel3
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AFhe v o] Yol Z8a]Y Fdo 2 G =x IO - 5ol 7] e 8 BoEY o =
oph. =, 714 Edo] Sgelm wjslgoe] we 18 T T HIER € gl 2 Alew Hussin.
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A7)ET GErt 2o Ao AleEth Na S0 ¥ax,  SASe] AL HIRE eEo R e /low H]E‘r‘?l
gal %, Az Galg S vwer A9 e Algd  Ce Az %‘Jﬁfo]_}i@}é«] 3 =2 AFE Wﬁlﬂ‘}i
)8 Aol Su9 sto] 14 moton £ Sk w HIER BE Zg oA =4 Yebgtha E sl
At A27E B A1 FFll vl =2 FFE 2ol 3=t
=3tta Baste] 2 Adntel 22 gk YRSl Table 3. Comparison of the content of vitamins in Seomcho by
ok =& Jung SQOE ¥I5F A9E Buslgle] Tz harvest seasons
H| 2 A% T3d o a2 v w3t 23 803 Xl [B-Carotene Niacin Vitamin C ~ Vitamin E

9’}‘1:] B Toa 6 Wo= ]JJ:E - 243} vlg oﬂj Harvest season 1glo0 g  (mgl00g) (mgfl00g)  (mgfl00 g)

= % 6]"%’“’] = ‘%E]r‘;;t.?_ 53], sucrose-/] 3]"95*:

December  2,954%79%)  35.0£7.0° 355104 0.22+0003"
January 2,650£159°  436t1.1° 518412° 0260013
February 2323+169°  376:23°  322:04°  022:0.002%

Table 2. Effect of harvest seasons on free sugars of Seomcho March 253544 300443 319408 02340003

(unit: mg/100 g)

April 2871440 354333°  282:02°  021:0.012°
Harvest season Fructose Glucose Sucrose Sum . — —
. . . . "Means+SD (n=3) within each column followed by the same letter are not significantly

December 290233 37545.1 2,233+58 2,398+65 different (p<0.05).

January 33548.8° 412+165°  2,861£790°  3,608+368"
February 417¢475° 51846807 1,104160°  2,039:308° 2EA7|0] ME JISAME U A B

March 21£152" 795430 874£326°  2,090+109° Az F3A 7 2 F2293 Z35433E, FH)

April 499+62.7" 933+161° 216+14° 1,648+224° o] &tzk M3alel kel S Bl o 1 A=

Means+SD (n=3) within each column followed by the same letter are not significantly Table 49} Zt} S22Y I+ 19 3 A%} 64.5

diff 0.05).
R mgf100 g0 THE 5EA17] ek el A0 ek

o = /HZET: . o 2} ok
£=3A|7|0]| o2 H|EIDIR Bt om 3¢ A 51.5 mgl 2 7 v

ABAE HERL A ATFA FlzEls mE ¢ 24
3 AR 5o ¥r|AS Hew Feein don, 2uw
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Table 4. Comparison of the contents of functionality in Seomncho by harvest seasons

(unit: mg/100 g)

Harvest season Total chlorophyll Total phenolic compound Lutein DPPH free ragllci?lcs c:;lingmg activity
December 58.310.2" 614+04° 243+0.14" 2841241
January 64.540.4° 75.640.7° 2.62+0.20° 354413
February 53.8+1.0° 758£15 1.98+021¢ 402£13°
March 51.5:0.2° 72215 2.33:0.10° 43117
April 553:0.2° 78.1+1.3" 3.070.12° 46.6+19"

"MeanstSD (n=3) within each column followed by the same letter are not significantly different (p<0.05).

Table 5. Comparison of the contents of functionality in Seomcho by dry methods

(unit: mgf100 g)
Dry method DPPH free radical scavenging activity Total phenolic compound - Carotenoids
(Vit C eq)) Lutein B-Carotene
Hot 352+6.8" 823+55" 24.98:0.7° 1992+0.8
Blanching 18346.6° 598+2.7° 20.31£0.9° 25.68+3.6"
Freeze 395+6.4" 85849.5" 27.2740.8* 21.55£2.0%
"Means+SD (n=3) within each column followed by the same letter are not significantly different (p<0.05).
Table 6. Comparison of the contents of functionality in Seomcho by dry and extraction methods
(unit: mg/100 g)
DPPH free radical scavenging Carotenoids
activity Total phenolic compound
(Vit C eq.) Lutein [3-Carotene
Hot 80+6.9" 228+1.6° 34.22408° 10.76+0.16°
Alcohol extract Blanching 68122 25412.4° 336715 17.5840.40°
Freeze 70+4.8° 271432 3037+0.5 1391051°
Hot 8.703° 32:04° 10.54+02° 1847+2.04'
Supercritical extract Blanching 9.2+0.2° 30+1.1¢ 149704° 12.89+027°
Freeze 6.7+0.3° 180.3° 0.2310.0° 9.65+0.19°

"MeanstSD (n=3) within each column followed by the same letter are not significantly different (p<0.05).
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