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Identification and Quantification of Phytosterols in Maize Kernel and Cob

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

ABSTRACT Unsaponifiables in the kernel and the cob of 7 maize varieties were analyzed by using thin-layer chromatography
(TLC) and gas chromatography (GC) for the identification of phytosterols and their concentrations. The unsaponifiables of the
kernel were clearly separated into band I (campesterol, stigmasterol, and G-sitosterol), band Il (4’-avenasterol), band III (4’-
stigmastenol), and band IV (A’-avenasterol). In the cob, on the other hand, three or more bands were separated in addition to bands.
The GC analysis of unsaponifiables showed good separation of campesterol, stigmasterol and S-sitosterol, but the mixture of 4’-
avenasterol (retention time[RT] 22.846), A’-stigmastenol (RT 22.852), and A’-avenasterol (RT 22.862) showed poor separation.
Phytosterol content of the maize kernel was 635.9 mg/100 g, and that of the cob was 273.0 mg/100 g, respectively. The phytosterol
content of the kernel was 2.4-fold higher than that of the cob. The phytosterol content of the kernel was higher in the order 5-
sitosterol 80.05% > campesterol 10.5% > stigmasterol 9.46%, but that of the cob was higher in the order [-sitosterol 59.43% >
stigmasterol 31.72% > campesterol 10.98%. Based on these results, it appears that the phytosterols of the maize kernel are
synthesized in the maize cob and are transferred to the kernel, because the precursors (A’-avenasterol, A’-stigmastenol, and 4°-
avenasterol) of major phytosterols were detected in maize cobs.
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Fig. 1. Schematic representation of the BSA[N,O-bis(trimethylsilyl)
acetamide] silylation process using unsaponifiables in
maize kernels and cobs.
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Fig. 2. A comparison of fatty acid composition between maize
kernels and cobs. Presented data are the mean values
for each fatty acid in 7 maize varieties.

Table 1. The 100-kernel weight and crude oil content of maize kernels and cobs.

Crude oil (%)

Varieties 100-kernel weight (g)
kernel cob

Kwangpyeongok 27.06 +0.23° 4.51 £0.04° 0.34 +0.01°
Dapyeongok 28.31 £0.24° 3.60 +0.03° 0.29 +£0.01°
Singwangok 34.27 £0.36" 3.89 +0.04° 0.28 +0.00°
Andaok 31.31 £0.22° 3.63 +0.03¢ 0.29 +0.00°
Cheonganok 27.66 +0.34 3.61 +0.03¢ 0.29 +0.01°
Pyeongangok 26.17 +£0.37" 4.45 £0.04™ 0.32 £0.01°
Pyeonganok 25.61 +0.20¢ 441 £0.04° 0.32 +0.00°
mean + S.D. 28.62 +0.07 4.02 +0.04 0.31 £0.01

7 Means in a column with different superscript letters are significantly different according to Duncan’s multiple-range test at p < 0.05.
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Table 2. A correlation coefficients between fatty acid composition
and total phytosterol content of maize kernels and cobs.

Phytosterol contents

Fatty acids

kernel cob
Palmitic acid (C16:0) -0.509* -0.215
Stearic acid (C18:0) -0.216 -0.335
Oleic acid (C18:1) 0.203 0.423
Linoleic acid (C18:2) 0.203 0.028
Linolenic acid (C18:3) 0.652* -0.505*

*statistically significant at p < 0.05.

band7} 744 0 & Fe|7} B o] F4 1} £ 9] phytosterol €
2] e o] tha Aol ghs o 4= Uitk B TLCE 2%
Z} Wl = 9] phytosterol 2412 2H213}17] $181e] TLC plateo]| A
2] =S scrapingdlo] F2}E52-S hexaneo]] §EA171 &
55:310] GCof| U3+ 23} band 1 2 campesterol, stigmasterol,
frsitosterol 2 0]52oj7 EREUL o 5 9Ugith. wrebA
TLCo)| 4 += campesterol, stigmasterol @ 3-sitosterol 2] &
5o v A x23}0] 58] spot o 2 LYERLEARE GColl A=
ol w9 EYEol T3+ & 4 UG EIFTLCRE £
= band T+ Ad-avenasterol, band M= A 7—stigmastenol,
band V= A’-avenasterol ¢]-& ZHzh 213} 4= 9l ¢t}
e TLC 9 GC #4475 vl FESto] & off TLC
plateo]| A= 244=9] phytosterol & 82 A4 AE2] cam-
pesterol, stigmasterol 2 g-sitosterol ] E-2]5-2 ufj- - #] Z5}%]
Ti{Kornfeldt & Croon 1981), A’-avenasterol, A’-stigmastenol
2 A7-avenasterol Hik ofuj g} 2714 9l A B o] Ba|7) 7
Sheick. WhE GCEAo A TLCHA = Heliso] A 2ake)

¢l campesterol, stigmasterol @ g-sitosterol 2] £2]+= &5}

Table 3. Comparison of phytosterol contents between maize kernels and cobs.

Phytosterol (mg/100g, Oil)

Varieties - -

campesterol stigmasterol [G-sitosterol total
< Kemel >
Kwangpyeongok 109.5 +7.1% 56.9 +3.7¢ 579.5 +36.6° 745.8 +46.5°
Dapyeongok 31.8 £2.0° 65.8 +4.3° 656.8 +41.7° 754.3 +47.1°
Singwangok 97.6 +6.1° 82.9 £5.1° 518.6 +33.2° 699.0 +45.4°
Andaok 98.4 +6.5° 45.0 +3.1° 444.1 +28.2¢ 587.5 +38.2°
Cheonganok 15.1 0.9 20.7 £1.3° 570.0 +36.3" 605.8 +37.9
Pyeongangok 43.1 +2.8¢ 77.9 +4.9%® 4372 +27.59 558.2 +33.9%
Pyeonganok 71.7 £4.7° 71.9 +4.7% 356.8 +£23.2° 500.4 +32.8°
mean of kernel = S.D. 66.7 +4.5 60.2 +3.9 509.0 £32.8 635.9 +41.1
< Cob >
Kwangpyeongok 34.7 +0.13° 88.4 +0.31° 163.4 +10.6° 286.5 +18.1%°
Dapyeongok 30.7 +0.12° 81.6 +0.31¢ 190.9 +12.4° 303.2 +18.7°
Singwangok 274 £0.11° 97.8 +0.36 164.4 +10.4° 289.6 +18.6%
Andaok 29.8 +0.12¢ 93.9 +0.21° 151.9 +9.9% 275.6 +17.9®
Cheonganok 21.3 £0.09" 56.4 +£0.31° 136.9 +8.9° 214.6 £13.5°
Pyeongangok 274 £0.11° 81.2 +0.34 154.8 +9.8"™ 263.4 +16.5°
Pyeonganok 34.2 +0.13° 943 +0.32° 149.7 +9.7% 278.2 +18.1%
mean of cob + S.D. 29.4 £0.12 84.8 +0.29 158.9 +10.3 273.0 £17.4
LSD(0.05) between kernel & cob 15.74 10.89 45.33 45.73

7 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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Fig. 3. Thin-layer and gas chromatography chromatograms of phytosterols in maize kernels and cobs. Kieselgel 60F-254 TLC
plates were eluted with a mixture of n-hexane, diethyl ether, acetic acid (70:30:1, v/v/v) and sprayed with 10% H>SO,

then heated at 110 C for 20 minutes.



136 OHEIX|(KOREAN J. CROP SCL), 63(2), 2018

A A g, A’-avenasterol 2] HF-E X]7(retention time: RT)->
22.862, A’-stigmastenol-2-22.852, A’-stigmastenol-2 22.846
o e} 227 o) o 97] oo 0|59 EREL GC
2 B4 5L peak 2 overlap == A1 0] 913K Azadmard-
Damirchi ef al. 2005).
YUHF2 O & phytosterol £4ofi= GC7} o] &= 1L ¢l=H],
£ H|-+2Hk-S(saponification)& A1 71 & H|w3}= 4] oF
EHIES 318k TMS {24315 Al Aok WAE
H|-g-o] HtE = A A 2] v4fo] Fasieh whebA o]ef 2
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o5 Z+2}e] 2 /JH|+= B-sitosterol 59.43%, stigmasterol 31.72%,
campesterol 10.98% -2 & 4= ATk E3F 240 2
2:1]] 9] phytosterol $HF2303.2 ~ 214.6 mg/100 g&] H$] o
A Holg Byl=t, thES2 FA AL} FYstA 303.2
mg/100 g & 2 A ghgFo] 7HAF =9k oLt HrL-2214.6 mg/100
g o & gheFo] WA ety A= tha Aoldt A5 H gl
o} weba] S AT L= phytosterol o] 24 W o F
of =313t Zfo] 7} QL& Wk ofy 2} FF Thol| &= SRk ¥ o]
7tolee & 4 glgtk

Phytosterol2 2}&2] F--ofl whef thefet 712 #o]
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(Abidi et al., 1999, Phillips et al., 2005, Rivera et al., 2004).
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ol =il st o, BE H 9o Al 4-desmethylsterol Q!
B-sitosterol (62-69%)2] d+gFo| 714 #=9k31, campesterol
(11-18%) Y stigmasterol (5-13%) <= O 2 SteFo] xjo]& B
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S S Hioks 715 ol 24.2-30.7%, v -eF 1=
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Fig. 4. A comparison of phytosterol compositions between maize kernels and cobs. Presented data are the mean values of each

phytosterol in 7 maize varieties.
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oil) Lt} 28} ©]4} phytosterol o] =11, Hujo| A F==H
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