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Functional Ingredients of Maize and Their Variation
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ABSTRACT : The objective of this report is to review the up to present papers including 79

references about functional ingredients in maize and their variations. Maize is a good source of

such antioxidants as a-, 7-tocopherols, a-,

fB-carotene, B-cryptoxanthin, zeaxanthin, quercetin

and chlorogenic acid. Unsaponifiable standard extracts of Zea mays L.(ZML) have a beneficial
effect on various dental diseases. Flavonoids, flavonoid biosynthetic pathway and their control-

ing genes were also reviewed in this report. Flavonoids are required for successful fertilization in

maize pollen, and maysin has a potent antibiotic activities to earworm and fall armyworm in

maize silks. Maize silks have been used in traditional medicine for diuretic, vascular diseases and

diabetes, etc. and boiling water extracts of maize silk have hemodynamic effects, but their

ingredients still remain obscure,
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1) Tocopherols
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Table 1. Tocopherols in maize kernels and products®

Maize fraction aT a-T-3 Y-T Y-T-3 Total
v (NG /1O0Z) v evereerenrrnvmsarsaerieansaneviuas

Fresh maize 0.06 0.2 0.4 0.4 -
Dry maize 0.6~2.1 0.2~0.5 2.9~5.0 0.5~1.1 -
Fresh maize, lipid 5~30 1~15 44~95 6~25 -
Endosperm, dissected 0.05~0.07 4.5~8.7 1.0~1.9 3.8~18.9 11.2~30.2
Grits 1.43 0.59 2.94 1.05 6.0
Corn flour 0.13 0.26 0.33 0.35 1.65
Pericarp, dissected 0.5~0.75 trace 1.7~2.0 trace 2.55~3.2
Hulls 0.21 0.26 0.58 0.35 1.40
Germ, dissected 12.9~19.4 - 33.2~38.8 - 47~58.9
Germ, dry milled 57 - 13.9 - 19.6
Germ, wet milled 1.9 : - 6.6 - 8.5
Germ oil t 27~32 10~16 89~95 21~27 149~168
Germoil T 13~23 2~10 41~94 - 80~105
Refined oil 2.3 - 43.5 - 46.3 F

1 two reports

F includes 0.5mg ¢-T.
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Table 2. Composition of carotenoids in maize®'

Carotenoid Cabulea® Grogan & Blessin?? Quackenbush®
a-Carotene 0.08~0.58 -
B-Carotene 04~17 ] 1.5~4.8 0.1-5.4
p-Zeacarotene <0.57 0.1~4.7
Fisoxanthin 0.5~2.0 - =
Cryptoxanthin 0.9~2.3 0~6.9 0.3~5.1
Zeaxanthin 6.1~15.8 0.1~-33.1 0.8~27.4
Zeaxanthin+lutein ester - - 0.3~4.1
Lutein 7.0~14.9 0.1~16.1 2.0~33.1
Zeinoxanthin - 0.1~5.1 0~7.8
Polyoxy compounds - 0.1~7.5 0.4~3.0
Total carotenoids - 0.6~57.6 0.2~57.9
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Table 3. Major cartenoids in four cultivars of sweet corn?

Carotenoids Jubilee losweet 70-2499 Stylpak
e g /lOOg ....................................
Hydrocarbon 89.0 41.4 45.0 ' 45.6
Monohydroxy 93.5 92.7 101.6 89.5
Polyhydroxy 58.5 19.6 35.0 51.5
a-Carotene 24.6 5.0 8.4 8.1
B-Carotene 9.8 5.3 14.0 8.4
B-Zeacarotene 15.7 16.8 14.5 17.0
¥-Carotene 15.1 8.9 7.5 10.6
Zeinoxanthin 79.2 66.0 77.2 68.9
B-Cryptoxanthin 18.9 18.3 15.1 18.4
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Fig. 1. A section(5~11 min.) of the HPLC
chromatograms from a human plasma
sample, freshly extracted corn meal
and freshly extracted spinach. All-
trans-lutein (1) and all-trans-zeaxan-
thin (2) elute at 6.6 and 7.1 min,
respectvely. The other pigments
identified are 13-cis-lutein (3) and
13-cis-zeaxanthin (4). The chromat-
ograms were monitered at either
450nm( —) or 325nm(— ),
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Table 4. Chemical variation in individual kernels visually classified as light(L) or dark (D) yel-
low from F, sul kernel populations segregation for the se gene!”

Total Sucrose Maltose Kernel Moisture
Kernel F, No. carotene (mg/gdry (mg/gdry dry wt content
maturity Pedigree Kernels (mg/g) wt) wt) (g) (%)

L D L D L D L D L D

21 DAPY (1L677ax1L451b)self 95 0.177 0.281* 71* 46 3.7* 2.1 NA NA 72 70
35 DAP  (1L677ax1L678a)self 151 0.148* 0246 37* 24 94* 57 NA NA 62 59
Mature  (IL451bXIL677) self 50 NA NA 48 33 0.71* 0.05 0.20* 025 NA NA
dry seed

Y DAP= Days after pollination,
zMeans with an asterisk represent paired comparisions between light and dark-yellow kernels significantly dif-

ferent at P<0,05.
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Table 5. Concentrations of total cholesterol and cholesteryl ester in serum of rats fed the ex-

perimental diets for 4 weeks*

Total cholesterol

Cholesteryi ester Cholesteryl ester

[}

Group (mg /100ml) {mg /100ml) Total cholesterol x100(%)
Olive oil 90.8+6.3" 56.54+ 2.4 62.2
Lard 84.9+5.5% 61.0£1.4° 71.8
Fish oil 69.81+3.2% 48.9+2.3° 70.0
Perilla 77.1+£3.8% 55.0+2.6%° 71.3
Cron oil 77.5%£2.5% 57.3x2.7%® 73.9
Red papper 111.3£7.9° 82.1+4.1° 73.8
seed oil
Evening

97.7+£6.5> 72.7+6.6° 74.4

primrose oil

* Values are given as mean+SE (n=¢)

Means in the same column not sharing common superscript letters are significantly different at p<0.05

(kar. unit)

Table 6. GOT (glutamic oxaloacetic transaminase) activitys?
Week Perilla oil Corn oil Olive oil Control
1 181.17+22.78 162.75+25.75 150.67+£12.03 154.25+14.25
2 130.33+11.57 158.754+20.25 158.00+39.99 155.50=% 3.50
3 136.00+21.29 132.50+ 6.50 153.83+23.13 153.00+56.75
4 252.00:£40.70° 146.83+12.13 - 152,334 8.38 166.75+14.50
M. *S.E. 174.87 £18.67 148.10+ 7.24 153.714+10.37 158.8 £18.07
Y. p<0.01
Table 7. GPT (glutamic pyruvic transaminase) activity® (kar. unit)
Week Perilla oil Corn oil Qlive oil Control
1 63.17+ 3.09 59.50+ 2.50 69.67+ 6.00 62.25+ 3.75
2 76.00+16.447 96.25+28.25 106.67 £35.22 86.50+22.00
3 103.00+21.36 68.33x 3.28 80.50+ 6.56 73.25+31.75
4 131,67 +30.83" 69.50% 7.57 78.50+ 5.03 90.75+10.25
M.+S.E. §3.46+11.82 72.50% 6.29 83.58+ 8.80 78.18+25
GOT9 GPTEARE 243t 47 GOTE &+
FHS Y HF Boe dzay & Zolr) ¢ 2) 243 et FEE(ZML)
o SAF Rt i FUeke FEE 2 A H 1854 (pop corn) = §Hr3tE @ chalz
3, GPT &R x+E 7§ FATA F7iHe I, ol TR HE 71FXaE 5lA &
AgE Bl whd S£Ef SElH A T2 1% 54 Y= gy 2Foln fH3 §
437 FLE HElE Holes ARE Poj o]EL HF(fitness) Q) FAE &) 7 @ ko
2ol Aol dge] gl RO Rol} B 2 P AnelAEe HPs5TE @
e ol ok YgE £ ALRE BT 3§ At e ol TR AR A A
Sk (X6, 7) 7 go} §Hefol] ol gojojE, oko] WX gu
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Table 8. Composition of triterpene alcohols and sterols in maize lipids®

Triterpene alcohols 4-Methyl sterols

4-Desmethyl sterols

Whole kernel Total sterols

Germ oil Germ oil

SE S germ oil

79 7 TN SUUR

Cycloartanol 2 Obtusifoliol 30 B-Sitosterol 84.6 80.4 66~75.5
B-Amyrin 4~5 Gramisterol 34 Campesterol 9.4 11.8 16.4~23
Cycloartanol 38~41.7 Citrostadienol 30 Stigmasterol 6.0 7.8 6.2~7.6
a-Amyrin 0 6 others 6 AS-Avenasterol - - 1.0~4
24-Methylene
cycloartanol 42.5~53 - - A’-Stigmastenol - - 1~5.1
Cycloartanol 2 - - Others - — 0.9
Others 2~10.7 - - - - - -
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Table 9. UFGT activity (isoquercitrin formation) in endosperms and embryos of Bz and bz

matured kernels!®

Endosperm Embryo

m units* m units m units* m units
Genotype mg protein endosperm % Bz mg protein embryo % Bz
Bz 945.0 150.0 100.0 71.0 20.00 100.0
bz-R 0.0 0.0 0.0 1.3 0.33 1.7
bz-m2(DII) 0.0 0.0 0.0 1.2 0.23 1.2
bz-m4 5.3 1.2 0.8 3.1 0.58 2.9
Bz-wm 0.0 0.0 0.0 2.7 0.51 2.6

* nmol isoquercitrin /hr.
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Table 10. Predominant flavonoids in genetic strains of maize that show strong concentrations of
P locus dependent 3-deoxyflavonoids in cobs and silks, Note that the Pr gene controls
the B-ring hydroxylation pattern in all predominant flavonoids®

Plant genotype

prr W
Flavonoid t P
class Tissue P Pr P P
R r R r R r R r
Anthocy- Cob - - - - - - - -
anidins* Pelarg- Pelargo-
Silks Cyanidin - onidin - Cyanidin - nidin -
Anthocy- Luteol- Luteol- Apigen- Apigen- - - - -
anidins* Cob and inidin inidin inidin nidin
(3-deoxy) Silks
Flavan-4 Cob and Luteof- Luteof-  Apiforol Apiforol - - - —
-ols Silks orol orol
C-glycosyl Coband Orientin Orientin  Vitexin = Vitexin - - - —
flavones Silks type type type type
Phlobaph- Cob Red Red Orange  Orange - - - -
enes Silks - - - - - - - -
* Mainly glycosidically bound.
1 : P red pericarp, red cob
P™ : red pericarp, white(colorless) cob
P¥" : white(colorless) pericarp, red cob
P"¥ : red pericarp, white(colorless) cob
wlEs), rg(FERE, Eaiy), rr(Es anidine) & FZ2 2% FZ o] FlEc) £ 11
EE, AOWHDE), rg(ECRERE, EOMAYLE) = olE fHAEY B0 BdE = AEA 23
2 7R 4 gt} o]yt R-che] & 745 2 7 ¥ flavonoidsE Yebd Ao, 17 4+
cherry®, R-mb{marbled)& H &3t RAA S T ool A =2oF FH S 28] 2AH = flav-
7 2 4=, R-st(stippled) & 2 728 A, onoid E2] A¥A HA=E vjepd Aol
R-nj(navajo)& 92| crown3d 9] A= A
Al o] Hax e S = R-st®} R-mbe| & 3) S5 &9 flavonoids
o] 2 WAl E R-sciself color) & itk R$-#A Sa4m0] i FE flavonoidsel @3l
Az AgA e ST et 2 249 Bold ezl upyl W2 glrk. Redeman $9o] S5
Ak BEe 2T WY ol e M2WH  F 5 ethaFE BN =AML P g
Zz2 GA2HC29) bronze $ARF) o] BA Bl & 7} quercetine]gtE AMEE 89138 o]z} Larson
ej g, % Coete RE FAAYS 55 e
quercetin® Isoquercetin(quercetin 3-glucos-
(12) Sm ide)& gFsl AeS RIusgiom, Wie-
RogfaAe] EAse] 54 £ x40 & mam®E $55 S sMEEsk quer-
T rde Arwde #@ogth PE FWE  cetin, kaempferol, isorhamneting #2) 513t}
smsmA & A o] =92 salmond ol o] {7 2+ Oldriska £%& 244 322 70% MeOH=E

o] YA E luteolinidin (3-deoxyanthocy-

FZ&3e] flavonol glycoside?l quercetin, ka-



Table 11. Relative amounts of different flavonoid compounds in selected tissues of different

genetic stocks of maize®

Auro- Chalc- Flava- Flavan- Flavo- :DO: Flavan-3, C—glylc— 3-deOH  py an. Fhlob Br'own
Stock  pes  ones nones onols nols t 97 gdiols %Y Ant}.10~ gols Phe pig-
cyanins flavones cyanins nes ments
Stan- (=) (=) (=) (=) + ++ (—) ++ + ++ ++ (=)
dard sd sd, pl, al sd, si, pc sd, si, pc pl, si, pc  pc

rgb (=) (=) (=) - - - -

++ + ++ ++ (=)
sd, si, pc sd, si, pc pl, si, pc  pc

p (=) (=) (=) (=) + +-+ (=)

- - - -

sd sd, pl, al
r-gbp — - - - - - - - - - - -
a + + + (=) ++ - - ++ - - - ++
pc pc pc sd, pl sd, si, pc pl, pc
ar-gb + + + - - - - ++ - - - ++
pc pc pc sd, si, pc pc
ap (=) (=) (=) (=) ++ - - - - - - ++
sd, pl pl
a2 (=) (=) (=) () + ++ (=) ++ ++ ++ (=) (=)
sd sd, pl, al sd, si, pc pl, si, pc pc
df - - - - - - - - - - - -
sm (=) (=) (=) (=) + ++ (—) ++ ++ ++ (=) (=)
sd sd, pl, al sd, si, pc pl, si, pc pc
bz (=) (=) (=) (=) - *4- + ++ + ++ ++ 4+

al sd, al

sd, si, pc sd, si, pc pl, si, pc  pc pl, al

Standard stock alleles : A A2 C C2 R-r B P Sm Bz Pr pl.

Symbol ++ = predominant ; + = detectable amounts ; (—) = not detectable : — = probably blocked ; sd
= seedling (2 leaf stage) ; pl = mature plant tissues, esp. husks and leaf sheaths : si = silks ; pericarp and cob :

al = aleurone,

* Atypical.

empferol 2 isorhamneting #&std=d o]F o},

289} flavonol& quercetin® isorhamnetin 234 flavonol S S5 2 petunia(petunia
9] diglucosideo] il quercetin, kaempferol, X hybrida Vilm) 9] 433 el a3t &
isorhamnetin®] flavonol 3-O-glucoside @ que- A7 4#x vt Flavonole] AHE e 3
rcetin, isorhamnetin® triglucosider} &% & BE3g FA3IA Bl A3 Al7|of kaemp-
Astn 9o, 254 o= flavonoids!  ferol 2 flavonol aglycones FFdIH $H o]
quercetin® isorhamnetin®] diglucoside’} ANEAROZ o] F R T)ar FFrjsas

Az Ntz e HEHA gl 3k S AEA e F49] flavonoide] ¥
o} (% 12). E3] quercetin® anthoxanthinAi 4 Aol Zodd thRE o FAAEL 3HE 2 gluco-
9] flavonol Al &3l rutin®] aglycone 0.2 v side®] Al Yge nx|x E3ctm shope,
9 gute) o)} 3} Fol £2 IHE EFE gy bz A A s S43kE-9] 3-O-glycosyl-
A o] glon M sk =A d#A ated flavonol2 A3 #AAlFl= wbA 3-hy-
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Table 12. Rivalues for flavonol glycosides of Zea mays pollens®
i R
Compounds* Relative J £ (x1000) &
amounts (1) (2) (3) (4)
Km 3-O-glucoside trace 73 38
Qu 3-O-glucoside + 53 55 06 27
Qu 3,7-O-diglucoside +++ 14 19 28 62
Qu 3,3"-O-diglucoside ++++-+ 25 24 19 59
Qu 3-O-neohesperidoside ++ 51 49 41 75
Qu 3-O-glucoside-3"-O-diglucoside trace 12 10 32 68
Ir 3-O-glucoside trace 62 70 05 31
Ir 3,4"-O-diglucoside ++ 27 28 26 65
Ir 3-O-nechesperidoside + 57 56 44 78
Ir 3-O-glucoside-4"-O-diglucoside trace 12 16 47 75

* Km = Kaempferol, Qu = Quercetin, Ir = Isorhamnetin

J Estimated by visual examination of TLC plates
D Solvent systems :
Avicel microcrystallin cellulose was used in all cases.

(1) TBA: (2) EtOAc-HCOOH-H,0(10:2:3); (3) H:O

; (4) 15% HOAc.
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Table 13. Color and adjusted R;(x100) of apigenins and luteolines with boric acid(BA)®

R¢

Compound Color®

no BA with BA ARgP
EM1(luteolin) 33 27 -6 lemon yellow
Rutin 44 35 -9 rust
EM10(luteolin) 55 39 -16 light yellow
Teo apigenin 66 53 -13 light brown
Post apigenin 63 53 —=10 blue-green
Maysin(luteolin) 55 52 -3 yellow
Premaysin(luteolin) 65 55 —-10 lemon yellow
Chlorogenic acid 53 21 —-32 blue-violet

2AR;= no BAR;minus with BAR;.

b at 360nm, with boric acid sprayed and dried on plate prior to development.
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Table 14. Comparative antibiotic activity of
succesive solvent extracts of Zapa-
lote Chico silks on Heliothis zea lar-

vae™
Solvents % extractable in Mean larval* wt
dry corn silk in mg+SD
Skelly B 1.4 515+93
Acetone 0.6 46877
Methanol 27.0 98+32
Hot water 9.7 65+19
Residue 61.0 45128
Control diet 564 +49

* Avg. of 10 larvae grown(12 days) with extracts
from 5g equivalent of dry corn silk incorporated in
30g of diet.
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