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Changes in Fatty Acid Composition and Phytosterol Content in Double Cropping Maize

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

ABSTRACT The average growth day of 11 maize varieties from planting to silking in the first cropping (FC) was 89.5 days and
in the second cropping (SC) was 46.7 days, which was 43 days faster than in the FC. The average 100-kernel weight (100 KW) in
the FC was 28.4 g and 18.3 g in the SC, which was approximately 36.4% lower than that in the FC. The average crude oil content
of FC was 3.97% and SC was 3.08%, which was about 0.89% lower than that of FC. The composition of stearic and oleic acid was
significantly higher in FC, whereas palmitic and linoleic acid were higher in SC; however, linolenic acid was not statistically
different between the two crops. The crude oil content was negatively correlated with linoleic acid (FC -0.264™, SC -0.504"") and
positively correlated with linolenic acid (0.526""). Unsaturated fatty acid (USFA) composition showed a significant difference
between FC (83.48%) and SC (82.96%). Total phytosterol content was 598.3 mg/100 g and 701.9 mg/100 g in FC and SC,
respectively, and showed significant difference by planting dates. The B-sitosterol content showed no statistical difference
between the planting dates, but campesterol and stigmasterol were significantly higher in SC than in FC. Therefore, it was
considered that the temperature condition during the ripening period affects the 100 KW of maize, and this leads to the variation
in phytosterol content. However, among phytosterols, f-sitosterol was relatively little affected by the planting dates. USFA
composition showed a significantly negative correlation with phytosterol content. Considering the results, the relatively high
phytosterol content in SC was mainly because of the delay in progress of starch accumulation as daily air temperature decreased
from the middle of the ripening period, whereas progress of phytosterol accumulation in the maize kernel was considered
relatively faster than that of starch accumulation.
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Table 1. Comparison of the silking date of maize varieties by planting dates.

Planting date

Varieties April 10 July 30

Silking date DAPt' Silking date DAPt
Cheonganok July 9 91 September 18 51
Pyeonganok July 11 93 September 17 50
Pyeongangok July 8 90 September 18 51
Jangdaok July 7 89 September 17 50
Andaok July 5 85 September 11 44
Cheongdaok July 8 90 September 12 45
Dapyeongok July 7 89 September 10 43
Singwangok July 4 86 September 9 42
Yanganok July 5 85 September 10 43
Gangdaok July 14 96 September 17 50
Kwangpyeongok July 8 90 September 12 45
mean of DAPt - 89.5+3.3 - 46.7+3.6

'DAPt: days after planting
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Table 2. Comparison of the 100-kernel weight of maize varieties by planting dates.

Planting date

Varieties - B/A
April-10 (A) July-30 (B)

Cheonganok 27.7+0.78cd’ 18.6+0.42¢ 0.674+0.04cd
Pyeonganok 25.6+0.25¢ 12.8+0.10h 0.500+0.01h
Pyeongangok 26.2+0.90de 15.6+£0.46f 0.596+0.05fg
Jangdaok 31.7+0.60b 19.2+0.64de 0.605+0.05efg
Andaok 31.3+0.09b 20.1+0.26¢d 0.641+0.01def
Cheongdaok 25.5+0.61e 20.3+0.12¢ 0.796+0.02b
Dapyeongok 28.3+0.30c 19.9+£0.40cd 0.703+0.02¢
Singwangok 34.3+£0.69a 22.3£0.75b 0.651+0.02de
Yanganok 28.5+0.39¢ 24.6+0.67a 0.864+0.03a
Gangdaok 25.8+0.54de 14.7+£0.79¢g 0.569+0.04g
Kwangpyeongok 27.1+0.29cde 10.7+0.54i 0.395+0.02i
mean=S.D. 28.4+0.49 18.1+0.47 0.636+0.03

"Means in a column by with different superscript letters are significantly different according to the Duncan's multiple-range test
at p < 0.05.
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Fig. 1. Changes in the daily temperature from planting to harvesting of maize in Suwon.
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Fig. 2. Comparison of the ears of 11 maize varieties by planting dates.
1: Cheonganok, 2: Pyeonganok, 3: Pyeongangok, 4: Jangdaok, 5: Andaok, 6: Cheongdaok, 7: Dapyeongok, 8: Singwangok, 9:
Yanganok, 10: Gangdaok, 11: Kwangpyeongok

Table 3. Comparison of the crude oil contents of maize varieties by planting dates.

Planting date

Varieties B/A
April-10 (A) July-30 (B)
Cheonganok 4.98+0.06ab" 3.27+0.07d 0.66+0.01%
Pyeonganok 5.11£0.06a 4.3240.06a 0.84+0.01cd
Pyeongangok 5.05+0.11a 3.62+0.06b 0.72+0.03fg
Jangdaok 4.82+0.17b 3.66+0.10b 0.76+0.02¢f
Andaok 3.54+0.03d 3.18+0.10d 0.90+0.04b
Cheongdaok 4.06+0.12¢ 3.49+0.06¢ 0.86+0.04bc
Dapyeongok 3.24+0.14f 2.61+£0.01e 0.81+0.03de
Singwangok 2.97+0.12g 3.56+0.05b¢ 1.20+£0.03a
Yanganok 3.36+0.15¢f 2.67+0.13¢ 0.79+0.06de
Gangdaok 3.04+0.04¢ 2.04+0.091 0.67+£0.02gh
Kwangpyeongok 3.48+0.02de 1.45+£0.02¢g 0.42+0.00:
mean=S.D. 3.97+0.79 3.08+0.80 0.78+0.19

"Means in a column by with different superscript letters are significantly different according to the Duncan's multiple-range test
at p < 0.05.
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Table 4. Comparison of the fatty acid compositions of maize varieties by planting dates.

Fatty acid composition (%)

Plzr;‘ileng Varieties Palmitic Stearic Oleic linoleic linolenic USFA
(C16:0) (C18:0) (C18:1) (C18:2) (C18:3)
Cheonganok 12.51+1.39g" 1.7240.69cd ~ 29.18+0.84cde 55.57+2.45a 1.02+0.17¢  85.77+2.08a
Pyeonganok 16.06+0.07b 2.54+0.17ab  27.50+0.88def 52.74+1.02ab 1.16+£0.02de  81.40+0.16¢
Pyeongangok 14.53+0.46¢cde  2.19+0.36bc 31.68+0.78abc  50.65+0.86bcd  0.95+0.02¢ 83.28+0.71cd
Jangdaok 15.40+0.17¢hb  2.30+0.38h 30.5740.11bc  50.73+0.49bcd  1.01£0.05¢  82.30+0.50de
) Andaok 13.76+0.11def  2.33+0.06b 26.88+0.39¢f  53.39+0.45ab 3.64+0.07abc  83.90+0.15¢
Ap(ri)lo Cheongdaok 12.93+0.76fg 2.60+0.19ab  34.21+0.92a 49.18+0.33¢cd 1.08+£0.07de  84.47+0.57abc
Dapyeongok 13.55+£0.30efg  2.28+0.33bc  33.16+1.46a 48.58+2.49d 2.43+1.02cd  84.17+0.51bc
Singwangok 14.91+0.39bcd ~ 2.99+0.33a 24.09+1.13g 53.30+2.77ab 4.71+1.27a  82.11£0.65de
Yanganok 18.11+0.11a 2.35+0.04b 25.70+0.17fg  52.12+0.07bc 1.73+£0.08de ~ 79.55+0.13f
Gangdaok 12.79+1.22fg 1.33+0.40d 31.95+2.06ab  50.66+1.69bcd  3.27+1.95bc  85.88+1.60a
Kwangpyeongok 13.11+0.83fg 1.40+0.33d 29.8143.63bcd  51.3442.98bcd ~ 4.34+0.73ab  85.49+0.75ab
mean of April 10+S.D. 14.33+1.70 2.18+0.51 29.52+3.20 51.66+2.02 2.30+1.45 83.48+1.99
Cheonganok 13.91+1.52¢f 1.2840.74cd  26.43+3.92b 57.01+4.44a 1.36+0.15¢ 84.80+1.63e
Pyeonganok 16.36+0.35bc 1.69+0.08abc  26.34+0.54b 53.96+£0.47abc  1.66£0.07¢  81.95+0.36bc
Pyeongangok 16.17+1.11bc 1.03+0.23d 26.76+0.34ab  55.00+0.53ab 1.04+£0.08¢  82.80+0.92¢
Jangdaok 15.69+0.40¢ 1.59+£0.25abc  26.73+1.36ab  54.69+1.13ab 1.30+£0.11¢  82.71x0.15¢
Andaok 15.27+0.68cd  1.76+0.13abc  26.21+1.03b 53.06+0.81bc 3.70£0.360  82.96+0.60cd
J”i-‘]ygfo Cheongdaok 13.5740.19f  1.3940.01bcd  30.24+0.33a  53.53+0.14bc  12740.02¢  85.04+0.18¢
Dapyeongok 15.17£0.81cde  1.85+0.07ab  27.22+0.56ab  51.75+0.40bcd  4.01+0.38ab  82.98+0.87cd
Singwangok 17.85+0.56a 2.03£0.18a 27.14+0.94ab  49.24+1.09d 3.74£0.53b6  80.11£0.39a
Yanganok 17.10£0.51ab  2.03+0.06a 27.38+0.82ab  51.95+0.29hcd  1.53£0.09¢  80.87+0.50ab
Gangdaok 14.35+£0.65def  1.37+0.37bcd  27.56+4.05ab  52.15+3.03bcd ~ 4.57+£0.75a  84.28+0.31e
Kwangpyeongok 14.26+0.76def  1.68+0.45abc  28.59+3.84ab  51.31£2.97cd 4.16+0.68ab  84.06+0.59de
mean of July 30+S.D. 15.43+1.36 1.61+0.32 27.33+1.18 53.06+2.11 2.58+1.42 82.96+1.56
LSD(0.05) between A & B 0.79 0.24 1.37 1.24 ns* 0.92

"Means in a column by with different superscript letters are significantly different according to the Duncan's multiple-range test

at p < 0.05.

*ns: not significant
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Phytosterol &2f

Table 5= o]7|2F 845 11E%] S 723
A3HES HP-5 ms AH 22 phytosterol S 431
32 yehd Aol

L EASHE(ZML)o) 35 phytosterol-2 B-sitosterol,
campesterol ¥ stigmasterolo] 8 AEYS & = A=
o, #7129 " phytosterol $HF-2 598.3 mg/100g0]| L
o, 37|22 701.9 mg/100g 24 A7 & o|| Hls] 7]

- =
iy e
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Z+9] phytosterol ¥teFo]l EAA o= o5t F3UHh &
phytosterol 3HF& FEHE AHE o H7]2k2 436.6 (B
H)~975.0 mg/100g (V+8)<f & ° 12}
& 464.4 (FHh%)~910.3 mg/100g (FH)2] x5 H
t}. Phytosterol TS AEHZE A& o - &7]23
5+ B-sitosterol > campesterol > stigmasterol <<
=9kl B-sitosterol> o] 7] 2ol whE FA 4] TS| Aoz}
AN campesterol L stigmasterol-> 7] Zo| Z 7| &k
Hep {ofsHA| ool w3tk $714+9] & phytosterol o
ol A712 B =4 et A2 Fig. 194 He Bke}
gol S5 F71HE 7|=0] WolxHA HESZ o] A5}
o] wiglF-o] ozl §HH phytosterol> &Kt} A& o
= W= Fo] o|FoiF7| wwel Aor ALREICH

Ayerdi et al. (2015)2 phytosterol 82 F2 §-74 4]
felof sl AT thefet AujEAE = o594 =4
A oo @3S mHohaL shgich

o714 om AAE S44 11859 B phytosterol
AWl Fig. 30] Uehd e} 2tk W74 S p-
sitosterol 73.1%, campesterol 19.7%, stigmasterol 7.2%©]
a1 Z71 2R B-sitosterol 62.5%, campesterol 29.2%, stigma-
sterol 8.3% 24 A - Z7]Z}of| wE phytosterol2] ZAJH] o]
Z}o]7F Q= Ao & UENY Ayerdi ef al. (2015)9] Hi19}
AR 5H= Aot

Table 604 Hi= Hie} Zo] A - 372 S0 F
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£33 3R YA monounsaturated fatty acid : MUFA) §Hefo|
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Table 5. Comparison of phytosterol contents of maize varieties by planting dates.

OHEIX|(KOREAN J. CROP SCL.), 65(2), 2020

Planting o Phytosterol (mg/100g, oil)
date Varieties B-sitosterol Stigmasterol Campesterol Total

Cheonganok 402.4+7.44de" 36.5+£0.67f 109.5+2.03g 548.4+10.14de

Pyeonganok 314.1+£5.81i 46.1+0.85d 78.1£1.45i 438.3+9.53i

Pyeongangok 350.3+5.60g 28.5+0.46; 57.9+0.93; 436.6+6.99i

Jangdaok 396.2+7.13¢f 33.8+0.614 86.1+1.55h 516.1+£9.29f

. Andaok 383.246.90f 37.8+0.68¢ 114.4+2.06f 535.5£9.64e
Ap(r[‘i)lo Cheongdaok 592.6+9.78b 59.30.98b 165.6+2.73¢ 817.6+13.49b

Dapyeongok 361.0+5.78¢g 31.2+0.50i 77.8£1.25i 470.0+7.52h
Singwangok 699.7+11.9a 74.4+1.27a 200.8+3.41a 975.0+16.57a

Yanganok 553.449.41c 53.4+091c¢ 176.3£3.00b 783.1£13.31c¢

Gangdaok 330.8+5.62h" 35.8+0.61fg 130.1£2.21d 496.7+8.44g

Kwangpyeongok 409.9+6.97d 35.0+0.60gh 119.442.03¢ 564.3+9.59d

mean of April 10+S.D. 435.8+7.41 42.9+0.73 119.6+2.03 598.3+£10.29
Cheonganok 448.6+8.30d 69.4+1.28a 224.0+4.14¢ 742.1+13.73¢
Pyeonganok 453.748.39¢d 64.4+1.190 222.7+4.12¢ 740.8+13.71c¢
Pyeongangok 415.9+6.65¢ 56.3+£0.90d 187.7£3.00¢ 659.9+£10.56¢f
Jangdaok 425.4+7.66e 50.0+0.90¢ 169.5+3.05f 644.8+11.61f
Andaok 419.2+7.55¢ 57.3+1.03d 213.2+3.84d 689.7+12.42d

Juggfo Cheongdaok 293.2+4.84g 41.0+0.68¢ 130.242.15h 464.4+7.66g
Dapyeongok 466.2+7.46¢ 57.0£0.91d 153.1+2.45¢ 676.2+10.82de
Singwangok 458.3+7.79¢d 47.6+0.81f 225.143.83¢ 731.0£12.43¢
Yanganok 593.8+10.09a 61.5+1.05¢ 255.1+4.34a 910.3+15.48a
Gangdaok 364.4+6.19f 64.5£1.100 237.7+4.04b 666.7+11.33¢
Kwangpyeongok 489.2+8.32b 69.8+1.19a 236.0+4.01b 795.1£13.52b

mean of July 30+S.D. 438.9+7.46 58.1+0.99 204.9+3.48 701.9+11.93

LSD(0.05) between A & B ns* 5.67 20.3 70.5

"Means in a column by with different superscript letters are significantly different according to the Duncan's multiple-range

test at p < 0.05.
*ns: not significant.

Campesterol Apl’il 10 July 30

Campesterol

G-sitosterol
62.5

B-sitosterol

Stigmasterol 73.1

Stigmasterol

Fig. 3. Comparison of phytosterol composition of maize varieties by planting dates. Presented data are the mean values of

each phytosterol in 11 maize varieties.
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Table 6. Relationship between 100-kernel weight, crude oil contents, fatty acid composition, and phytosterol contents in maize

tested.
Fatty acids Phytosterols
Plzr;mg Traits Palmitic Stearic ~ Oleic  Linoleic Linolenic USFA ’ pB- Stigma-  Cam- pf;ii
(C16:0) (C18:0) (C18:1) (C18:2) (C18:3) sitosterol  sterol  pesterol sterol
100-KW' -0.305 0.108  0.180 0229 -0275 -0.244 -0.140 0.438" 0345 0327 0415
Crude oil 0.065 -0.301  -0.034 -0.264  0.526"° 0.027 -0.404"  -0339  -0.613" -0.464"
C16:0 0.497" -0.497" -0.012 -0216 -0.971" 0258  0.123  0.185  0.236
April  C18:0 -0.196  -0256 -0.099 -0.689"  0.542 0344 0.539" 0.541"
10 ci18:1 -0.7157 -0.385"  0.469”  -0.055 -0.093  -0.149  -0.083
Cl18:2 0.064  0.081 -0.161  -0.064  0.093  -0.093
Cl18:3 0.207 -0.116  0.035 -0.233  -0.137
USFA? - -0.364"  -0.197  -0.302  -0.346"
100-KW 0232 0.054 0015 0.184  -0.065 -0219  0.052 0.201  -0.529" -0.150  0.039
Crude oil -0.012 0275  0.145 -0.504" 0.643" 0.056 -0218 -0.4597 -0.325  -0.304
C16:0 0275 -0.418 -0230 -0.061 09717 -0.381" -0.254 -0.489" -0.458"
July CI8:0 0.447" -0.796" 0222 04977 -0257 -0.129 -0.096  -0.220
30 ci8:1 -0.602™ -0.094 -0.267 0320  0.076  0.161  0.282
Cl18:2 204677 -0.4057 0229 0291 0383  0.319
Cl18:3 0.001 -0.435"  -0.349" -0.412° -0.474"
USFA - -0.409°  -0260 -0.465" -0.468"
*,statistically significant at p < 0.05 and p < 0.01, respectively.
"100-KW: 100 kernel weight, "USFA: unsaturated fatty acid
HE el 5= Aes] 1z Q) Ut T AR 712 o7|AAu Y 27| AE W Rt
Kim et al. (2018)+= B-sitosterol, campesterol L stigma- 712 Ao =go] H AHow wrhEc)
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woret.

3. A7) &4429] XHHAF 242 linoleic 51.66% > oleic
29.52% > palmitic 14.33% > linolenic 2.30% > stearic
acid 2.18%9°]%11, &7]ZF2 linoleic 53.06% > oleic
27.33% > palmitic 15.43% > linolenic 2.58% > stearic
acid 1.61% <ith

4. Stearic¥} oleic acid®] ZAH|= A 7|Zo] EAFORE &
OJ3}A] =9ka1, palmiticT} linoleic acid= 7]&o] =9k
O} linolenic acid= =}o]7}F ¢1¢ith

5. ZAH; gFe A - 7|2 B linoleic acide} AN
(A7)12F -0.264™, Z7]2F -0.504"), linolenic acid®} &
A7H0.526)0] AL, BIESIAAF W& #7)2}
83.48%, 7|2} 82.96% 2 A] 0] 7]Zko] W2 L-o]2}7} 9l
ik

6. % phytosterol 3FF& 7] Zbo] 598.3 mg/100g, 7|2}
2 701.9 mg/100g .2 o]|7] &) wE 32217}t 919,
B-sitosterol-> o] 7| 2Lzt 2o 7} 91914 campesterol &
stigmasterol-& %7)2-e] grepo] 7|2 mh §ejahA)
Eoton, 2SR phytosterol @FFat A - £7]2}
M oot Rof 712 03467, F712} -0.4687)
= Haloh

7. Phytosterol FHFo] 7] &bl A =3H A
B 7]2o0] AstE A HiES2]o] 2|
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