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Changes in Fatty Acid Composition and Phytosterol Content During Ripening Period
of the Autumn—Sown Waxy Corn

Sun-Lim Kim"', Mi=Jung Kim?, Gun-Ho Jung®, Jin-Seok Lee*, Beom-Young Son?, Jung-Tae Kim?, Hwan-Hee Bae’,
Young-Sam Go*, and Seong—-Bum Baek'

ABSTRACT This study was carried out to investigate the changes in fatty acid composition and phytosterol content of the
autumn sowing waxy corn during its ripening period for the production of high quality and value-added fresh ears. The content of
crude oil in the waxy corn kernels steadily increased with days after pollination(DAP); the crude oil content in Heukjinjuchal (HC)
was higher than that in Ilmichal (IC). The composition of fatty acids according to DAP showed a statistically significant change;
palmitic and linoleic acid composition gradually decreased, but oleic acid increased, and the composition of unsaturated fatty acids
in HC was higher than that in IC. The phytosterol content was increased until 33 DAP, and was 937.7 mg/100g and 867.9 mg/100g
in IC and HC, respectively, but there was no statistically significant difference between the varieties. The phytosterol contents in
IC varied in the following order: [(3-sitosterol > stigmasterol > campesterol, but that in HC varied in the order (3-sitosterol >
campesterol > stigmasterol. The campesterol content did not show significant differences between the varieties, but the
stigmasterol and B-sitosterol content was significantly higher in HC than in IC. Palmitic, linolieic, and linolenic acid were
significantly correlated with campesterol and 3-sitosterol, and stearic acid was positively correlated with stigmasterol. Oleic acid
was positively correlated with campesterol and (3-sitosterol but negatively correlated with stigmasterol. As a result, it was
suggested that fatty acids may affect the variation in phytosterol contents during the ripening period in waxy corn.
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Fig. 1. Changes in two waxy corn ears, I/michal and Heukjin-
Jjuchal, during the ripening period.
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Fig. 2. Schematic representation of the BSA[N,O-bis(trimethylsilyl)
acetamide] silylation process using unsaponifiables in
waxy corn kernels.

&

NS 78t 60°Coll A 907 HSK(saponification) & &
AW R olTpAIZ] olo S hexane 0 2 Rojslo] BshE
(unsaponifiables)S %]t} Phytosterol®] 48 Kim ef al.
(2018)2] HHo] wha} E3Heol| BSA[N,O-bis(trimethylsilyl)
acetamide], pyridine, hexane2 7}5}6] TMS 8= 2| K trim-
ethylsilyl derivatization) A]71$% GC9] Injector= 260°C,
FID= 310°C, chamber+= 150°CH-& 320°C7}A] 10°C/minE
A A171H A HP-5ms capillary column (30 m x 0.25 mm,
0.25 pm, Agilent J&W, Wilmington, DE, USA)©S & EX4]
< SIS tH(Fig. 2). Phytosterol @] A2 2H21517] 93t &
campesterol, stigmasterol 2! [3-sitosterol> Wako (Tokyo,
Japan)Ab A &5 AHE-SFAT

[ =]

b9 440) BABE Az A20] 10% KOH-MeOH
el

S

SHEA
2 AIFS Foto] dojd Ak SAS Z2F(Ver. 9.4,
Statistical Analysis Systems Institute Inc., Raleigh, NC, USA)

o2 FAZAE stk

WEIE, TR W K| st

2 AP AT QI SAFHY BAF A%

2 A9 MYF 9 2 L Fig 3 2 Fig. 4
vrebdl whe} ek

350

300 A
iy [Imichaal

250 1 —g=Heukjinjuchal

200 4+
150 4

100

100-kernel weight (g, fresh)

50 -

0.0
21 24 27 30 33

Days after pollination
7.0 A

60 -

50 -
a0 Z_//-‘\;/;

3.0

Crude oif (%)

20 A == lImichal

10 4 == Heukjinjuchal

0.0 T T T
21 24 27 30 33
Days after pollination
Fig. 3. Changes in 100-kernel weights and crude oil contents
in two waxy corn varieties, //michal and Heukjinjuchal,
during the ripening period.
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Fig. 4. Comparison of phytosterol chromatogram profiles in two waxy corn varieties, Ilmichal and Heukjinjuchal, at 30 days
after pollination.

Table 1. Comparison of fatty acid compositions in two waxy corn varieties, /lmichal and Heukjinjuchal, during the ripening
period.

Fatty acid composition (%)

Varieties DAP’ Palmitic Stearic Oleic Linoleic Linolenic

7
(C16:0) (C18:0) (C18:1) (C18:2) (C18:3) USFA

21 21.01 £0.314 3.05 +0.15° 25.57+0.287  48.35+0.22° 2.03 +0.03¢ 75.94 +0.20¢
24 20.70 £0.18¢ 3.18 £0.08° 28.07 £0.12°  46.52 +0.15" 1.52 +0.01° 76.12 +0.18¢
27 19.73 £0.05" 3.42 £0.07" 30.37£0.29°  45.18 +0.30¢ 1.30 £0.03¢ 76.85 £0.06°
30 19.15 +0.15¢ 3.37 £0.03" 30.01 +£0.03° 46.15 +0.08° 1.32 40.02¢ 77.48 +£0.12°
33 18.33 +0.02¢ 3.84 +0.06° 32.31 £0.23° 4438 +£0.20° 1.15 +0.01¢ 77.83 £0.04°

IImichal

(A)

mean of llmichal 19.78 £1.03 3.37+£0.29 29.26 +2.37 46.12 +1.40 1.46 +0.32 76.84 £0.77

21 19.46 £0.71¢ 2.46 +0.02¢ 29.98 +0.35" 46.81 £0.38° 1.29 +0.05¢ 78.08 £0.71¢
24 19.05 £0.37¢ 1.94 £0.61¢ 31.27 £0.27° 46.57 £0.95° 1.17 £0.04% 79.01 +0.80°

(Pg)“kﬂm‘wha' 27 17.41 £0.50°  2.10+0.66°  34.59+023°  44.92+0.99°  0.97 +0.12¢ 80.48 +3.05
30 18.65+0.40°  231+0.33°  3523+0.04°  42.78 £0.61° 1.04£0.06°  79.04 +0.64¢
33 18.62£027°  2.03+0.04°  3520+0.44°  43.07 £0.23¢ 1.07£0.03°  79.04 £0.27°

mean of Heukjinjuchal 18.64 £1.23 2.17 £0.41 33.25+2.44 44.83 £1.85 1.11+0.13 79.19 £1.48"

LSD(0.05)

oA & B 0.851 0.266 1.79 1.23 0.18 0.88

\7‘ DAP : days after pollination, "USFA(unsaturated fatty acid)
$Means in a column by with different superscript letters are significantly different according to Duncan's multiple-range test at p < 0.05.
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3HEF2 937.7 mg/100 go| 3l SAFEHE 867.9 mg/100 g
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Davis, & Poneleit (1974)& 55521 449 Z sterol
2 99%7} sitosterol, campesterol X stigmasterolo]™ o]&
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Table 2. Comparison of content of phytosterols in two waxy corn varieties, /lmichal and Heukjinjuchal, during the ripening period.

Phytosterol (mg/100g, oil)

Varieties DAP’ - -
Campesterol Stigmasterol 3-sitosterol Total
21 115.6 +5.5°7 121.2 +4.7¢ 419.6 +28.2¢ 656.4 +38.4°
24 123.8 +6.1° 129.9 +5.9¢ 449.6 +32.2% 703.2 +44.2%
Ilmichal (A) 27 133.7 +7.5° 140.3 +6.6" 485.5+37.1 759.5 +48.8"
30 135.4 +8.6" 142.0 +7.5" 491.5 +34.1° 768.9 +53.2°
33 165.1 +8.8* 173.2 +7.3¢ 599.4 £40.3“ 937.7 +56.4°
mean of Ilmichal 134.7+18.5 141.3+19.0 489.1 +69.7 765.1 +107.1
21 119.7 £5.9¢ 453 +4.1 503.3 +36.9° 668.2 +46.9°
24 122.8 +8.1¢ 46.5 +5.8" 516.3 +33.7° 685.6 +47.6°
Heukjinjuchal (B) 27 129.0 £9.4%¢ 48.8 +4.5° 542.5 +47.9% 720.3 £61.8%
30 141.4 +7.9 53.6 +5.1% 594.8 +38.8% 789.7 +51.8%
33 155.4 +7.4 58.9 +6.3¢ 653.6 +41.3¢ 867.9 £55.0°
mean of Heukjinjuchal 133.6 +15.2 50.6 +6.8 562.1 +£66.5 746.4 £88.4
Lbiﬁv( Zé?ﬁ & B ns' 10.7 50.9 ns

"DAP : days after pollination.

?Means in a column by with different superscript letters are significantly different according to Duncan's multiple-range test at p < 0.05,

$ . .
*ns : not significant

sitosterol, campesterol 2 stigmasterolo] 90% o]Ao]at, A’-
avenasterol 4%, A’-avenasterol 3%, A’-stigmasterol 2%7}
ol oloka shglin, £ Ao AuE ol59 na
o da|sh= Aol qitt

Phytosterol®] Tt E OS2 & uf du|2 (3-sitosterol >
stigmasterol > campesterol <=0 & o] =9k11 SALE 21
U~33U7HA] T /o] FAIE HHH, 5721522 B-sitosterol
> campesterol > stigmasterol <= 2 3
T 219~33U7HA] 1 EAJo] fAEo] F57F phytosterol
o 24 F3T Hol7 e o 4 gk

Phytosterol> 4]&29] Fof w2 {44 Holz && A
sl o] uhe cioket wolE UehfAet 059 skt
ZAL AE9] Zof wleg} H|nA et HOo T Bixsicia
ScK(Phillips er al., 2005; Rivera et al., 2004).

Phytosterol> ZY A HE 45 & 5lH(Moreau et al.,
2002; Silbernagel et al., 2013) 2 FoFA|3E AMH S 25}
of FAAE(ARY, ™A ¢, #H)E st AeE deA
It Woyengo et al., 2009). 244~= E}ZHE0] H|3) phyto-
sterol & FR51] FHirshiL Qi AERA LuRE0] S
Sl 2ol $HG-% phytosterolS H7171HA] A 1E 9
3 50 754 SHoR 8ol 15T Aom wEr.

Table 3. Relationship among crude oil, phytosterols, and
fatty acids during the ripening period of waxy

corns.
Compounds Crude oil
Palmitic acid -0.577%*
Stearic acid -0.629%*
Fatty acid Oleic acid 0.843**
Linoleic acid -0.718%*
Linolenic acid -0.686**
Campesterol 0.467*
Phytosterol Stigmasterol -0.606%*
[3-sitosterol 0.787%*
* *% statistically significant at p < 0.05 and p < 0.01,
respetively.

ZX|dh, X[94F 3 phytosterol 2] a2t

Table 3-& Z-L2449] X493} xJHHAF 2 phytosterol
of AUTAES Ui ZolTh. Fig. 3014 Ayt e} 2ol
)Wt FAFHE EAF Shol Al ket 24
ol F7HE =, AARGe] BAE AHE o oleic
acid (1=0.843)= AHAIA7T A2 palmitic, stearic,
linolieic, ¥ linolenic acid+= F(-)AHE YEMALT.



JHETHEY EZa=2] XYt

Table 4. Relationship between fatty acids and phytosterols
during the ripening of waxy corns.

Campesterol ~ Stigmasterol  [3-sitosterol
Palmitic -0.515% 0.278 -0.677**
Stearic 0.183 0.896** -0.308
Oleic 0.591%** -0.461* 0.835%*
Linoleic -0.674%** 0.191 -0.758**
Linolenic -0.496* 0.413* -0.710%**
* *¥% statistically significant at p < 0.05 and p < 0.01,

respectively.

Curtis et al. (1968)2 54791 S0 4] Auka} 2]
Atke) BAE AESE A1) oleic acide= FAFTH1=0.947),
linoleic (r=-0.931) ¥ palmitic acid (1=-0.767)2}= FAF
2 Rt 5149 21, Orhun & Korkut (2011)& 28%9] 2
$E o E AESE A3 oleic acid= AAMY, linolieic
9 linolenic acid&= FATS Hilsle] 2 Jo] At}

[e}

%4}%?_] ?S_.—/F—’F FA19] 229k} W= phytosterol A
o gAMeE fojit BARS egd, olg} 2
L 54% 28455 $49) 274 9 phytosierol
5 Ao TerE g,
L 2e4:40] Akt phytosterol o] Akt
A Uerd Aolet

Z|AES palmitic, linolieic ¥ linolenic acid+= campesterol
9 B-sitosterol@} -F-2J5F FAFTo] 913111, stearic acid&=
stigmasterol 7} AANo] Q1A =] %It} Oleic acid+= campesterol
9 (3-sitosterolT} AAFo] 911 o4} stigmasterol = FHA)
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