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Changes in Phytosterol Content in Cobs and Kernels During Physiological Maturity of
Corn Ears

Jun Young Ha', Young Sam Go?, Jae Han Son?, Mi-Hyang Kim®, Kyeong Min Kang®, Tae Wook Jung®, Beom Young Son®,
and Hwan Hee Bae*'

ABSTRACT Corn (Zea mays L.) is one of the world’s most important crops, along with wheat and rice, with a global corn
production expected to reach 1,154.5 million tons in 2023. Considering this grain production, The generation of corn cob is
expected to reach approximately 207.8 million tons in 2023. However, as an agricultural by-product, corn cobs are often
considered waste and remain underutilized. Phytosterols, which are abundant in vegetable oils such as corn oil, provide a number
of health benefits, including liver health, cholesterol reduction, and protection against chronic diseases such as diabetes. In this
study, we investigated the potential of Kwangpyeongok ears, which are commonly used as grain and silage corn in Korea. We also
examined the variation in phytosterol content with the maturity of corn ears to identify the optimal time for utilization. At the
beginning of physiological maturity, corn cobs had 113.3 mg/100g DW of total phytosterols, which was highest phytosterol
abundance during the growth stage. Corn kernels also had the highest phytosterol content at the beginning of physiological
maturity. While previous studies on corn bioactive compounds have mainly focused on the kernels, the results of this study
highlight that cobs are an excellent source of these compounds. Furthermore, phytosterol levels were influenced by genetic factors
and developmental stages, suggesting the to increase the use of cobs as a source of bioactive compounds.
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2012). 18} FT A to) Al 2424 &rfjof cholesterol 7\{
3}, aAkE) ﬂ%‘% kol a7} 43t phytosterolo] =
317 hoElo] 9l o] BHolE] 9 th(Bae er al., 2022). rc}
ohy S Srfo] ZAA BE P54 OIS B 7]
29 Zoskg Bk opet Ay SRR 271 B
22w & 9k

Phytosterol-2 A& A1} Azt
A A S 2Esh= a3 A aaoln FAof o
g ARE 285t 43 EAE A-E3thBoutté &
Jaillais, 2020). &A7}A] &2l plant sterolS 2500 F©S
2, C-4 A9 methyl group?] o wz} simple sterol,
4-desmethylsterol, 4,4-dimethylsterol, 4-monomethylsterol

B2 th(Verleyen ef al., 2002). 7} 2] £3£5 plant

sterol-> B-sitosterol, campesterol, stigmasterol-2 Z35}=
4-desmethylsterol 2 S-AF Al =1} A8 A& E-r"ﬂ’\i o}
A W dvoR AR fAleh 28 4 A
total phytsterol o] 0, clgt ALY 718 S
T 29 (Zea may L.), W5(Glhcine max (L.) Merr.), U
(Triticum aestivum L)X &3t AEA 7|52 Q3%
sterol S o|th(Normén ef al., 2007). &5 FX|ZAHE
of] H|3f plant sterol®] $FFo] Wx|ut, 313 plant sterol 4J
o) At 40%E FE2 HAskn 9l hgel FEe
odoFstA o7 2Q3 9 St} (Moreau ef al., 2018).

Phytosterol-> cholesterol %3} @ x}of ths] gz A+
o] & 44% 52 sterol2 ThoFgt otof w2 phytosterol
& 2ol A cholesterol S5 HaAA EF ZH2HE
A= ”—7;‘—3, A W7ol Al cholesterol@] HlES ZAA17]
tHPoli er al., 2021). EZF X AFollA L4 o F
ARt} w2 k9] phytosterol©] $H-E o] ¢111, £tfj7} plant
sterol®] ZA|A FTIFYo] E $ A2 Il }@E}(Bae et
al., 2022). 18 S547F Asshes B & S A
e R P R
L olate] Fof B4 REal &ojo &ohE EeA Sk
AAZ FAE B3 LR EZ 45%-55%9] cellulose, 25%—
35%2] hemicellulose, 20%-30%2] lignin® 2 LA, o]
Aol A%tol uheh Soh FALL 4B T AlEY 7
Z FAof theFst H3E EQltk(Kanengoni et al., 2015).
ol2idt Mgh= S £j9f phytosterolst 7|} Ae] 24
S]] FUL 012 5 AL Wk S ol
&h|9] 34 HIE HAstE Z12 phytosterolS
$571 91 24 AV A4sks A A
- /\I—OHL‘:‘L org e

[e) =
%/\35 Tﬂ)\é’ 1;1]-

A =

A 5% & Phytosterol && 35}

w
©
w

SIEK(Yu & Moon, 2022). AHJe]A] Sdts 2184 A4
2 AHARE BEIAYL FUE S45E AV AF
U HYGOE I S45 FUL o] g AE U
AR ot ARSE FAL AT Y AR B
T 4 ol AT Baio] AN glck FHLE o
A el mgee] SrholA AR e EHe Al
2X % FUE SSolth Wb £ ARoAlE ol
A del A gl 8440l FBL ofALe] A4 1A
of mHE Lrjoh FA9] ¥ WS phytosterol FFel =
Mg w0l $41311, phytosterol % 7€t A2 24 skt
2o FFAUCTA 545 She] WA B ot 7}
$42 gastag .
R
AlExi=

® A7l FYAPet SRR 42ATE A8
TEH(H7E YA, N126°58'E37°15)0)| 4] 423431l ct.
2022 44 28U AHAAT 60 x 25 emE FHE FAE
T 2H o R FuE aEsto] 3~5¢7)(V3 stage)ol] <ot
AT AlH]= N-P,05-K,0-E/H]E 20-15-15-2,000
kg/10a2 A]ﬁé}gigrq AN 7]H]eh 202 1118 U}
ol a1, QAKP,0s5), ZE(K:0), EH]= A 7[H| = Al
S5kt Qi s FEASH sHAsTE AFxRAL
EA7]Eo] TRTHRDA, 2012). Atof AREE AldA =
ol FBEE AHYEA W FAECE oA I Ha
o] o] &E i e T S5 FFolth o)At 2
ZAKSilking) 2 3YU(R1 stage)F-E 54U (R6 stage)7tA| 3
A 7HAC 2 spglom A Ao Yol FAHL SHE £
2skqiet. Rt oo FAHEe FAAxs ] 272
=

[€)
Fol 100 mesh sieve® AZ A|2E B0 AMESIYIT]

Crude fat &z2F 2

Lo 2tf|9) Z419] crude fat TS Soxtherm Automatic
System (Gerhardt Soxtherm 2000, Hoffmannstre, Germany)
o5 Aerslgith(Lee ef al., 2015). B2) AJ& 3 ¢} boiling
stone extraction thimbleof] Y11 n-hexane 140 mLS 3
7¥sto] 180°Cof| A 3047 7FEsto] MEol| Al crude fats
GEokich 1 % 80 B 53 AA wHe
LuE 34319t 8ulE 343t extraction thimbleZ
105°Co| A 1A]7F ZoF AXA|7]11 AL9] desiccatoro] Al
3087 WY F BAE 24ek0] crude fat TS AN}
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Fatty acid composition &

Garces®| W& ¥lgsto] 44 Lol FH9 fatty
acid compositionZ 7} tH(Garcés & Mancha, 1993).
A& 0.5 gof 2 mL9] methanol : heptane : benzene : 2,2-
dimethoxypropane : HySO4 (37 : 36 : 20 : 5 : 2, v/v) &3
|E 7Fste] 80°CollA] 1A]7F 7k sto] Wh-G-A]7] AL W
S FAME (fatty acid methyl ester)E& 232£3Hsl+= AF
F3}o] gas chromatography (GC)Z fatty acidE& 43}
t}. GC £42 AOC-20i auto injector”} A2HE Shimadzu
GC-2010 plus (Kyoto, Japan)ol| Agilent HP-Innowax capillary
column (30 m x 0.25 mm x 0.25 um, Palo Alto, CA, USA)<
Aarsto] Zaiatitt Injector?t FID L= 250°C2} 260°C
2 Ao o8B o xg ;Mo 27| &% 150°Co|
A HE &% 240°C7HA] 3°C/min® Z7MA| AT 2 B4
2 A8 FAME mix (C8-C22)+= Supelco (Bellefonte, PA,
USA)S| AIES AHgSHITE
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Amino acid 241

Amino acid A}FE47](L-8800 high-speed amino acid
analyzer, Hitachi, Tokyo, Japan)E ©]-83}¢] 24 &0
Q} £A49] free amino acidE H45}%tHShimbo et al.,
2010). Pyrex glass tubeo]| &4 A|& 0.5 g2 AF3}o] 6N
hydrochloric acid (HCI) 10 mLE €1’ tube YFE N, gas
2 &gt & dgsgict. Usgt tube= 110°C 2719
A o] 24417 B9t F142a sk Tlara) © RS
Al oA YzIst T 100 mL mass flaskol] 742 mass
updt F Whatman No. 2 filter paper (Whatman, Maidstone,
England)2 o{3}3}9]c}. o] i}gh 8-> methanol ¥} 574
2 gA43}3l Sep-Pak” plus C18 cartridge (WAT036575,
Waters)ol| SIAA E¢ES AASHL B4 AJRE AR
steict.

Amino acid 4] PHI, PH2, PH3, PH4, PH-RG, R-3,
C-1, ninhydrin solution, buffer solution (Wako Pure Chemical
Industries, Osaka, Japan)2 ©]FAFC 2 3}1, columnE ion
exchange column #2622SC PF 4.6 mm x 60 mm (Hitachi,
Tokyo, Japan)E ARE-5}4c} Column 2%+ 50°C, reaction
chamber &%= 135°CE A3} 2™ amino acid calibration
mixture (Ajinomoto-takara, Kusatsu, Japan)E o}u|=Al 3
Fed2 s

Phytosterol 241
244 &9} 2419 phytosterol-> Shimadzu gas chro-
matography system= ©]-8-3}o] A3} tHJekel ef al., 1998).

FEYA|E 100 mgo] ethanol 4 mL2} 0.1 N ethanolic KOH
1 mLE& 7Fsto] 95°Cof 4] 1AIZF F¢t v]4=3} ¥h-g{(saponifi-
cation)& ST i3k uRgo] Tk ARl AL
A W@Z+35}a1 saturated NaCl 5 mLT} n-hexane 10 mL& 7+
Al&ol H7ksto] ZFsHA vortexing & A5MHS 2453
o} 33 HbE 325 § 3R s da 2
3199tk 1 mL9 n-hexaneS 7}35t0] A|2E
um syringe filter2 ]}t & phytosterol 3 2418 43}
514t} Shimadzu GC-2010 plus (Kyoto, Japan)of Agilent
DB-5MS UI (30 m x 0.25 mm x 0.25 um, Palto Alto, CA,
USA) capillary columne ¥Z3}o] FID (flame ionization
detector) & ARE-3}o] EA3} T Injector 2=+ 270°C,
FID &%= 300°C2 AA3Ial 8 %27] &% 105°Cof A
20°C/minZ2 272°C7HA] Z7} Attt BZREAZ AFLSH
campesterol, stigmasterol, p-sitosterol<> Sigma-Aldrich (St.
Louis, MO, USA) A|&2 A&3sFth

SHEN

e AP 3o R pyEglon, AN Bt
(mean)=FFH 2 standard deviation)Z LJEFJSITH JAMOVI
v1.2.27 (jamovi.org)Z 7|ZEA T, BEAMRA, ARHEAS
Salehlrh. )4t 4% 717 Bk ook EA0) AR T
Aol o1 ¢ FHEALEL A (One-way ANOVA) - A}
© 2 Tukey’s honestly significant difference test=
o p < 0.05914 0155 AolZ AR FAE B4

(principal components analysis)¥} % E-4](hierarchical

O_>|4.O

kel
.
T

-

1T o2 oY o

clusters analysis)< MetaboAnalyst5.0 (http://www.metabo
analyst.ca) 2.2 A|Z+s}s} It (Pang et al., 2022).

o W o
S5 0[4t0] d=3h= St £l F42| crude fatd}

fatty acid2| tH3}

Z Q73 plant sterol FHYUOE 244(Zea may L.), Y
H(Glycine max (L.) Merr.) S|4 &3 AEA 7]59]
de] o]8-5 3 QIck(Normén et al., 2007). E3} fatty acid
© Alze) S Y= vlA AIRAAL AR EE, A
2|24 st 2] A4kl WSS §-E3HcK(Calder, 2015). 1
DR WA 94 o]4 So] mhE BT %19 erude
fat T} fatty acid 74 MBS SISk S B4
S ZA} 3(DAS, day after silking) 9UFE| o]Atof e}
7| A2k 9 DAS £ 844 4% T % RI stage
of| Al R2 stage® ‘dol7H= Al7| &, o] A9 S TAHLS
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Fig. 1. Changes in crude fat content in corn cobs and kernels throughout the maturation of corn ears. The experiments were
conducted in triplicate, and the results were presented as the meantstandard deviation. Variations in crude fat content
among the samples were assessed using one-way ANOVA with a significance level of p < 0.05. Different letters represent
significant distinctions among the samples as determined by Tukey’s honestly significant difference post hoc test.
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Fig. 2. Changes in fatty acid composition in cobs (A) and kernels (B) during the maturation of corn ears.

AL gMo|aL hFol= FEI AA7E S0 Sl AHE o]
o} 2419 crude fat T 9 DASOA 1.84+0.04%0] A
30 DAS7HA] 4.82+0.19% % X|&A o7 Z7pgion, AT
Aoz 2h3s] <= = 54 DAS (R6 stage)7HA] SHH A
2 A= AHFig. 1). S ool A+ crude fat g0l
3 DAS9] 2.51£0.06%°]| 4] 9 DAS®] 0.68+£0.06% = X]<&2
Sz sty wiRrt FAE= Al7IeE Ao, o] 4
& 54 DASTHA] A= QUTh 4= o] 4) A4 T o A
TAHo] d53to] Wk crude fat 9ol HLES] ST oH,

15 DAS®} 21 DASOA gA% o< 57171 = i
olfgt Ait= &4 ol crude fato] FAE= Zo]
T2 T As F7IGANA T AE AR

252 Erfjo| A =ATE 5714 fatty acid (palmitic acid
(C16:0), stearic acid (C18:0), oleic acid (C18:1), linoleic
acid (C18:2), linolenic aicd (C18:3))= £4o| A43t= 5
oF d%529l H3lE YeEY th(Fig. 2A). Linoleic acid+=
3 DAS Ejof|A 53.9042.47% 2 57}A] fatty acid & 7}4+

ulgo] QA olAtol H&gel mek A&HOR Fa
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Fig. 3. Quantification of phytosterol content in corn cobs (A) and kernels (B) during the filling of corn ears. The data is displayed
as the meantstandard deviation, where the total phytosterol content is represented by the sum of campesterol, stigmasterol,
and [3-sitosterol content. Different letters indicate significant differences at p < 0.05 from a one-way ANOVA for total

phytosterol contents.

HFH stearic acid¥} palmitic acid®] H]-&2 Hx} Z719)

B S TG fatty acide= 9-15 DAS7HA] ¥F0]
AAAIRE, 18 DASHE FAH O 2hHgt <o) o]FofR=
54 DAS7HA] A% HlaS UETh 9 DAS FAoA+=
linoleic acid (45.28+2.70%)<} palmitic acid (37.93+1.84%)
7} AA| A AR 83.21% S AFAH oL} 12 DASHE oleic
acid9] H]&-o| Z7}3111, o]% saturated fatty acid (palmitic
acid, stearic acid)2] v]-&o] A2} 7135 21 DASFE 44
g 2/4& HYUTKFig. 2B).

Palmitic acid-2 A1A-S A A stearic acidES HAJSFaL, 9]
& stearoyl-CoA desaturase©] 2]} C18:1 unsaturated fatty
acid (oleic acid)= A tHDey & Harborne, 1997). |4t
e 2719 et FAA B2 fatty acid 2749 ¥
3h= palmitic acid”} stearic acid= AEHE Zof 7]¢1& 4=
Ik L} S SA0] AR A% F7] Ao =
&} stearic acid”} oleic acid2 HAZTE|= oFL HASIETH

o Lot

Z419| phytosterol

ool mhe} total

2~
= -
phytosterol FHeFo] HAA o= 7FAsI3ItHFig. 3). S5

o] A9 3 DASOA] 113.38+4.51 me/100g DW, £A1

A9 9 DASO|A 62.7242.79 mg/100g DW= 7+ 22 9]
It 27) A4 7Y =2 59 total phytosterolo] ¥+
= Qth(Fig. 3A, 3B). E3F S Sjef 4 w5 A
= A 7}A] 582 phytosterol Q] campesterol, stigmasterol, B-
sitosterol %= B-sitosterol®] H|-&o] 7} =tk o]Ato] A

1o 1p

o
-
Z

T

M

fu

oA B TR

=
A~
T

A oA <l Ash= Zog2 Holt o]ygt At

= ol & oAl A82or o]g35t= baby corn©]

phytosterol 3g¥o= 3t RS AAFRIH:
S+ 0|4 S5 712 S2te| £riet Z42] amino acid
star w3}

Amino acid®} phytosterol & 3}gHE2 cholesterol 343
of Tostch(Masisi er al., 2017). Cholesterol-2 acetyl-CoA
ZEE AYAEY, amino acid GA] acetyl-CoAZ AZHE =
Qo g cholesterol Aol 7]oJ&k 4= QIth(Bradshaw &
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Fig. 4. Amino acid profiles in cobs (A) and kernels (B) of corn ears during grain filling. Rectangles represent essential amino

acids, and circles represent non-essential amino acids.

Stahl, 2015; Ha & Bhagavan, 2011). E3} L-arginine¥} 7+
2 EX amino acid7} cholesterol #|3} &3}7} Q= Gt
L= =3 QIthHadi ef al, 2019). I8P &2 244 o]k
o] A g4 TAlo| W o]42] amino acid $ WHIE
phytosterol gt W3le} vlws] B uz; shgih g &
oo} FA 9] amino acid FFS A HH 02 FAEY] Hrt
AR AEAS RATHFig 4). S5 SololAl o
9] amino acid7} 9 DASO|A a1 o] =& & 7Fas)
SchFig. 4A). §FH, FAo)4+= amino acid7} 12 DASof| 4
Ao =&t & 7145k= AT R tH(Fig. 4B). Glutamic
acid= &t S HFolA 7P eFo] -2 amino acid
2 1=} tfFE9] amino acid> S Sfjet FA
RO GARSE =2 8-S B YA leucined} glutamic
acidt= A AdL 7H t5 HAE Hh Amino

il

rlu
B

acid7} Al 2AolA] W5 TA B4 GBS Hrhe BE

&
7} B
3t Aot Crawford Jr ef al., 1982; Felker, 1992). =
4= &9 amino acid gHFo] F43] Fashe 711 Fet
219} amino acid 32 Fo| =Gtk o= &4 F
o) 427} e} RS ) refol ofulieAto] A
2 21t 349 Aed A4S 918 amino acid
oA FARZ olsE 7He = AlARRITH



398

A 0.0 QO R
) ) D)
AR O
((\\\ & 2@, L& \0\@(\
6 2N @
QB o\e’c}%% ROIORARR R TR R s

Palmitic acid @ @ ® .......................

Stearicacid @) 00 000000000000000000000
Oleic acid @

Crude fat @ @ @@ © ® © ® ®

Campesterol @ OO0 0 © © ®

Stigmasterol @ @@ ©® ©® © @

B-sitosterol @@ O © © @

cly 900000
Leu 900

- 9000 ®

Vet @@ © ®

v @00

Linoleic acid @ @

Linolenic acid @

0.8

0.6

r 04

r 02

SHAX|(KOREAN J. CROP SCl.), 68(4), 2023

RN > .
B ofo“\z'b?oq’:\‘”&\oé& 5 9 <<’?>k J’c’\b
- ‘2’06‘0\96 0 'b
(-o\.’b@ %&ré\;%c, e, \\\/(\\i 0@ eSS s ®

; Q YIRIRPOIRTC GRT GNP O FRIRIER

Stearic acid @ @@ @ @ ...... 0000000

Palmitic acid @@ @@ © ® ¢ ...... 0000
Linolenic acid @ @@ ® o000 08

Stigmasterol @@ © ® ©® @ . 0000

B-sitosterol @ @ ........ 0000
Ai@ee®e o -eee0cee 08

Campesterol @@ @0 © 00 - ©00 0
lys @@ ® 00°0000000 L 04
Asp Q@0 000 0000

Oleic acid @ @@ ® ® 0000
Leu @@ O O 0000000 | 0

Pro @0 ® 0000000
Crudefat @@ © @0 0

Cys @ CIC) )

Linoleic acid @
Gy 9000000 © o -0.2
vil Q00000 © © &

T 90000 006
A @000 e 00 04

e 9000000
Gu@@®© 000 -06

Ser@0 000

Met @@ © @
Tr @Q0® [ 03

His @@

Phe @

Fig. 5. Pearson correlation coefficient (r) matrix between different compounds containing phytosterols in cobs (A) and kernels
(B) during corn ear maturation. Positive correlations are shown in red, while negative correlations are shown in blue.

242 Arf9} ZAlo| Ma|X ML CHA|| phytosterol,
crude fat, fatty acid, amino acid 7240 £ 25
EAE 244 &) AR 719 pearson correlation matrix
ol Al palmitic acid®} stearic acid=
stigmaterol, B-sitosterol & 177} amino acid A& R5F¢} 7+
g 2o AHAAE Helon, S S 8 gEel
campesterol, stigmasterol, B-sitosterol-> 177}] amino acid 4
H REQL 89 £2 P <0.00194] » = 0.763 oJAFe] 7)35t
T JHBAE EAKFig. 5A). T F5- crude fat
campesterol (r = -0.828, P <0.01), stigmasterol (» = -0.884,
P <0.01), P-sitosterol (+ = -0.884, P <0.01)T} 73t <0 At
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