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Chemical Components Changes of Winter Cereal Crops with Germination
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Abstract

This study was investigated the changes of chemical components in winter cereal crops before and after
germination for development of functional foods. The contents of general composition (crude protein, lipid, and
ash), phytic acid, free sugar, mineral, and fatty acid were analyzed. Crude ash content was slightly decreased
after germination but protein contents was slightly increased in oats after germination. Phytic acid content
showed the highest increase from 1.09 to 1.56 mg/g in oats after germination. Glucose contents of rye and
wheat increased 6 and 3.5 folds after germination, respectively. Also, maltose contents of oat and wheat increased
7.4 and 5.5 folds, respectively. Major fatty acids were palmitic acid, oleic acid and linoleic acid. After germination,
palmitic acid and linoleic acid decreased while oleic acid increased in oats and barley. Further studies are needed
to investigate the functional components and biological properties of winter cereal crops after germination.
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TSR] &2 Aol WRF 10 kgs FAIS & 10°C Eol
397 HAAAIZ g 23°C, FUlFE 80% 29 wl Y]
(WGC-450, EYELA, Tokyo, Japan)oll A 2~3Q 7t wo}A|
A &eo] Zol7t 1~15 cm AX HW @olE AR A7)
60°Ce] €3 AZ(WFO-450PD, EYELA)o A 39 &<t A
ZA17) ¥ 80 meshZ 43} (Micro hammer cutter mill
type-3, Culatti AG, Zurich, Swiss) 48 A8 2 A3}

=]
o} A3t & wFo] AN AOAC HH(16)el uheh
=

S AY. 23IEL 550°C A FgHoez AN
Soxhlet F&W o2 181 ZEW AL semi-micro Kjeldhal
Ho =z ZA3A

FE A 30E7 S F 15000 rpmol A 20383t
AR 3 o 25 mLE 833 045 ym syring filter2
7} A1 71 A& HPLC systems(Waters 2695, Milford, CT,
USA)ZE A8tk HPLC #A4x21 o2 Z7]e carbo-
hydrate analysis(4.6 x 150 mm, TST, Waters, Newcastle,
DE, USA)E A1&3l9 1, 9= acetonitrile-water(75:25
v/v), %L 15 mL/mine g2 B89 fad dHe
ANagZ9 7 FE9dd s¢ EFEZ(Sigma Chemical
Co., St. Louis, MO, USA)S o]&3}of 235 Aoz y
g AlLbs A

2N BM

o T
ol A7 § WFe] FU)GE TS AOAC R (16)
ue} Ao s AU A8 1 g2 550°ColA 3]
353k 025 N HNOs& ¥ GF/C «#A(90 mm,
Whatman, Maidstone, England) £ J#}3F t}2 25 mL A&
3le] ICP-AES(Thermo Jarrell Ash, Franklin, MA, USA)
2 438t

2o 225 22 05 goll §H3-A] 2F(methanol

 heptane : benzene : 2,2-dimethoxypropane : H:SO,=37:36:

Lk 1701

Sh

20:5:2(v/v)) 2 mLS 231 80°CollA] 202 ¥H-g-AIZ &
THE AaES 51 hexaneo] &3)A1A At 24 AR

Z AN ATHI8). AWAF EAL staAzeE T
(Agilent 6850 GC, Agilent Technologies, Wilmington, NC,
USA)E AHE3F A columne HP-INNOWAX (30 mx0.25
mm, 0.25 ym, Aglient Technologies), 7 < 7]+ flame ioni-
zation detectorE AFE-3lATH FYUT 2 == 250°C, AE7]
2= 300°CE 3tgem, Q8 2%+ 120°Coll A 587 &
gk & F£9 5°CH 230°C7HA] &8 587 fFAsHA
Carrier gas© N3(99.999%)& Al&3lRon H42 13
mL/min®. 2 HF FYPH= F2 1 pLolAt Ait =4

2 peak area®] FtA<l BHIZ YER AT

Phytic acid 241

ol M¥ & WR/O phytic acid ¥¥L Haung¥
Lantzsch(19)9] W el we} A3k A& 2.0% HCl-
109% NaxCOs &9 50 mL& F71ste] Ad-&ollA 3A]7F &<t
wHE F&319 ) o] &9S o ¥(Whatman paper, No4) 3+
¥ FeCl; 89 12 mLE& H7bete] 7583 7FEsklth 712

T ALoA 208 T ¥ the 3,200 rpmoll A 1583
QAR sl A=AS o34 (11 ym, Whatman)3 & 50

mLE A&39ch A5Nd 4 mLE # 3 t}2 Wade reagent
[0.03%(w/v) FeCls - 6H-0%} 0.3%(w/v) sulfosalicylic acid
(Sigma-Aldrich, St. Louis, MO, USA)E Z%4 100 mLE
&3] 1 mL& H7Fstke] 1087 ¥H&A17]13L 500 nmol| A &

2.6 SPSS(Statistical package for the social
science, Ver 12.0, SPSS Inc., Chicago, IL, USA) program=-
ol &3te] 7z} F4 o HWdH TFUAE EIA o
2-sample Student’s ttestE ©]&3te] F2]3t 2po]& Lo}
Bt
Zot Y o
QlutM &0} phytic acid &2k H45}

& dWdEF phytic acid % ¥3h= Table 19]
= wjo} 2o 29uAe) 49 Fele wol A 1313%
ol F 14.35%2 oF7he] S7HE HAAN e FF
qxE & W3/t JAATE =AW FFe AT, Byl 2 59
o] 24z} 5.96%°l A 6.15%, 2.25% A1 2.63% 2 2.02% A
2.18%= ol Fof] ofzte] S7HE AN D2 232004
209% 2 FasteE AEFS et 23E8L 455 BF
ol M5 1.69~254% R elojlewn, wol Fof ¢fztel 3
22 YERN AT} Phytic acid §3-e A7} o}l Aol 1.09
mg/g°)RNE Ao] Wo} Fo| 156 mg/gl & Y2 F5
stod 7Hd B2 SUHE BRAIRE 93 9 ol o 7+
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Table 1. Changes of crude protein, crude lipid, crude ash, and phytate contents in winter cereal crops before (BG) and after
(AG) germination

Crude protein (%) Crude lipid (%) Crude ash (%) Phytate (mg/g)
Oat BG 13.13£0.12 5.96+0.10 2.54+0.07 1.09£0.12
as AG 14.35+0.02 6.15+0.12 2.4240.09 1.56+0.02""
Barle BG 12.48+£0.05 2.25%0.01 2.38%£0.11 1.52+0.05
y AG 12.92+0.02" 2.63+0.03" 2.27%20.05 1.62+0.02
Rve BG 10.64£0.05 2.02%+0.20 1.75+0.08 1.45+0.05
¥ AG 10.96£0.02 2.184+0.30 1.74%0.08 1.19+0.02"
Wheat BG 12.67+£0.02 2.32+0.17 1.86+0.05 1.93£0.02
AG 13.15£0.01 2.09+0.21 1.69£0.05 1.83+0.01

ok

YResults are expressed as the average of triplicate samples with mean+SD; ‘p<0.05, “p<0.01 and “*p<0.001: significantly different
on before (BG) and after (AG) germination by Student’s #test.

a3te A4S JeRddY B A9} fFARHA wWE (7)< PI|YE &gk Hs)
7§ ol Al el F o okzte] FU1E HQl HhHA, Z3|E 4Fo] W g ol M} o] Ry R 3F W=
2 ZZ] BHE vl¢; Zo] K, Mg, Ca, Na €202 @

stefo] 2 WS UEh R Lot o) e Table 304 B
T IR uaph olFolR o2 dF IS Uehilen, wol At £ Zole AA] it

e MEE 2 HAY welet AdE Cad 4% WF E5F ol Fo] Z71AA e K gadhe
AEFE eIt 53] B 49 Cad ol A 648 ng/g

R2lz B2 v R,
oz = o ulol

sEe WRel O wel AF feg gl was 00 Lor ¥ 10 /oS SASNAS KE wel
g o " 66.02 ug/gol A ol F F 4990 ng/go.2 7astsich W

Table 2014 B nioh o] Helg A 9fstare Lol Fof =5 oo RO u Sof 3
e e o e _ Na, Cu, Mn, Al 53 22 771428 o}l A3} Fof g
S7IEhE BYE HEMAT. Glucose FEF BART T b A9 A @i CaB AlslR iR £7]

dah W o} Aol 242F 1.75% % 076%01 A" Ho] ol ag o T

o] o} A3t o FF WSV} YU dasgE ol
FAe) P i wol A BIRE0] WjEF 0] ol Fof
B4R el Fa® Aom BRHHQ),

o
ZolE ZH7 1062% 2 265% = THE EF)| s 2A Z7}
3R BEE 6.39% A 519%2 ¢33 7Astach
Fructoset 4% E5F ol A 056~2.12% W ol AA v &t

o} Foll 1.05~249% HMAE oF7te] F7h7F BEE T R|ah Z=deist

Maltosee F2]e} Dol A ol Az} Fof kel zpo)7t 2 4% 9] W7ol td ol Azt Fo] Ak A W=
A debged 53] A A9 ol A 1.36%] A o} Table 49} Zth 4%9 WF 2% AP FoAe
2 10.06% 2 Z71slgon, BaElsl sUe wol [T o palmitic acid(C16:0)7} & AW4to] 131, monoenes &
= zpo]2 Bo|R] @&9tt}h Sucroses AT S BaloA A= A= oleic acid(C18:1)7F 8 A4kl 1o.™, T-polyenes
HA gon, a9 WeXe ozt AEo] HAUAARE o} A= linoleic acid(C18:2)7} F8 A4k ek, ol 9]

A3 o] Zpole= A ot ook B2 freld T AHpak 24 BE 3R Hbabo] 74.73~82.87% W9 Qo
WHales ol A] g-amlyase 53 2& 49 S =) linoleic acid”’} 52.15~60.31% % 7}% 2tc}. wolo] w&
Slof| whe} 3l E By 2350 fructose ® glucose At 2440 AEE A HE W palmitic acid(C16:0)= #E]

oF e IRFE ABHUAY] wiiolet AZAETH0). oF Beol| A= ol ol 7h7} 2289 E 21.42%°] A E A
Table 2. Changes of free sugar contents in winter cereal crops before (BG) and after (AG) germination (Unit: %)
Glucose Fructose Maltose Sucrose Total free sugar
Oat BG 1.34+0.03 0.56+0.08 1.36+0.10 ND? 3.26+0.21
as AG 3.06+0.20"" 1.87+0.04" 10.06+0.20"" ND 14.99+0.44
Barl BG 6.39+0.14 2.12+0.03 5.60+0.13 ND 14.11+0.30
arey AG 5.19+0.17" 2.23+0.10 5.37+0.26 ND 12.79+0.53
Rve BG 1.75+0.14 1.14£0.07 0.56+0.06 0.12+0.01 3.57+0.28
y AG 10.62+£0.25"" 249+0.15 0.46+0.05 0.35+0.01"" 13.92+0.46
Wheat BG 0.76 +£0.10 0.93+0.05 1.04+0.05 0.52+0.04 3.25+0.24
AG 2.65+0.25 1.05+0.04 5.69+0.43" 0.39+0.02 9.78 +£0.74

YResults are expressed as the average of triplicate samples with mean=SD; "p<0.05, “p<0.01 and ““p<0.001: significantly different
_on before (BG) and after (AG) germination by Student’s #test.
IND: not detected.
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Table 3. Change of mineral contents in winter cereal crops before (BG) and after (AG) germination (Unit: pg/g)

. Oats Barley Rye Wheat
Minerals
BG AG BG AG BG AG BG AG

Na 2.35+0.15 2.64+0.15 2.49+0.05 2.45+0.02 2.48+0.23 253+0.13 2.84+0.06 3.00+0.04
Ca 16.55+0.08 18.2940.08" 9524+0.04  9.97+0.02" 711+0.01 11.30%£0.07" 6.48+0.04 11.05+027
K 46.81+£0.13 3568+0.21"" 61.38+0.08 44.47+0.03"" 7099+0.25 6591+0.09" 66.02+0.03 49.90+0.64""
Mg 1856+0.14 14.76+0.06" 22.45+0.03 11.95+0.04™ 20.12+0.34 21.79+0.14" 23.64+0.21 23.35%0.34
Cu 0.20+0.01  0.24+0.04 0.18+0.02 0.39+0.05" 0.28+0.09 0.18+0.08" 0.15+0.31 0.18+0.01"
Mn 0.93+0.02  0.74£0.06™ 0.25+0.07 0.16+£0.02 1.06 +£0.06 1.06 +£0.04 0.61+0.03 0.53+0.01"
Al 059+0.07 0.82+0.02" 0.70+0.03 0.66+0.03 0.56+0.04 0.57+0.01 0.44+0.01 0.41+0.02
Fe 0.85t0.15 0.74%0.02 0.70£0.05  0.63%+0.06 0.75+0.03 0.61+0.00" 0.70+0.07 0.83+0.04”
7n 1.37+0.09 1.64+0.04 1.53+0.02 1.56+0.02 1.41+0.07 1.66+0.02" 1.41+0.00 1.78+0.01"

ey

YResults are expressed as the average of triplicate samples with mean+SD; p<0.05, “p<0.01 and ““p<0.001: significantly different
on before (BG) and after (AG) germination by Student’s ¢-test.

Table 4. Change of fatty acid contents in winter cereal crops before (BG) and after (AG) germination (unit: %)
Oats Barley Rye ‘Wheat
BG AG BG AG BG AG BG AG

Capric acid 1.03+0.04 1.06%0.02 1.23+0.04 1.06+0.01" 1.40+0.04 1.71+0.03" 1.44+0.02 1.41+0.02
(C10:0)

Myristic acid 0.32+0.01 0.17+0.00™ 0.26+0.01 0.160.00 0.07+£0.00 0.08+0.00 0.07+0.00 0.08£0.00
(C14:0)

Palmitic acid 22.80+0.24 1571+0.60" 21.42+027 15.07+0.19" 14.70+0.31 13.86+0.10" 16.78+0.18 16.28+0.20"
(C16:0)

Stearic acid 1.03+£0.05 1.26+0.06 1.28+0.00 1.87+0.07 0.96+£0.00 0.95+£0.02 1.14+0.10 1.39+0.08™
(C18:0)

Saturates 25.27+0.34 18.20£0.29 24.19+0.18 18.16+0.25 17.13%£0.33 16.6%£0.40 19.43+0.27 19.16+0.30

Palmitoleic acid ~ 0.44-£0.00 w 0662000 0341000  0.69+002 0.69+000  0.58+0.01 0.60+0.01
(C16:1) 0.76£0.02

Oleic acid 15.31+0.34 e 16291016 39.76£0.757  22.92+1.23 20.84+059"" 15.77+£0.67 16.26+0.82

. 38.80+0.29

(C18:1)

Monoenes 15.75+0.39 39.56+0.47 16.95+0.52 40.10+1.46 23.61+£1.75 21.53+£0.73 16.35+£0.48 16.86+0.76

Linoleic acid 53.88+246 41.11+1.07° 53.32+026 40.33+2.76™" 52.15+2.46 5391+143"  60.31+2.01 59.30+1.97
(C18:2)

Linolenic acid 5104020 1.14+0.16™ 554+027 1.42+0.09"  711+0.03 7.97+0.21" 390+0.04 4.68+0.08"
(C18:3)

T-polyenes 58.98+0.93 42.25+1.37 58.86+1.48 41.75+2.19 59.26+3.49 61.88+£1.27 64.21+3.08 63.98+£2.37

sk

YResults are expressed as the average of triplicate samples with mean+SD; “p<0.05, “p<0.01 and ““p<0.001: significantly different
on before (BG) and after (AG) germination by Student’s #test.

o] o} Fojl= 247} 1571 % 15.07% % BL 7AE 1Al o o
9rH 57 gL wsrh A k. Oleic acid(C18:1) €

A2l ok Ba)sh ko Aol 242t 1531 B 1629%0] AW Aol BE(FAe), Be), £ 2 2)o] ol A] WalEe Ay
ol Fojl = ZHzh 38.80 H 39.76% = AA F7IsIIAI T & B phytic acid, 8%, 27145 2 Adae B89
D3t e ol At Fo] I o] zpelrt 2A] FUh Z3Ee Wol & ofzke] 7hAE HYlon FrhmAe g
Linoleic acid(C18:2)= #2] ¢} B |7} o} o] 247} 53.88 oA ol & ot SULEFAT FAEE B FAks} 2gS
3 5332%01 0 E Ao] ol Foll= 247} 4111 B 4033% = b &R phytic acids A 7F 2ol A 1.09 mg/goll A
A FAFAAT hF Be ol A} Fo 1 Fakel ol F 156 mg/gl g T2 EFF0) Hise g S
Zpol7t A &gt duk T wiFAE W AFA - B A Glucose e 597 oA o} Fo] z+zt 6

< BaE0 s EajEo] duAdes AREH=T (22 9 358 F7Fet oM, maltoses AT & Dol A] ol Fof

23) B AFdA vehd A= dol F Aol lipase 2§ Zzy 74 2 558 SV 8 B2 A AR palmitic
o oJste] A WHAkT glycerol® HEE 1 A HFAko] B- acid, oleic acid ¥ linoleic acido]$1.2.™, 2o} A] palmitic
oxidation®l] &3t CO:¢t H,OZ AFstE WA oo g acid®} linoleic acide A9 BEdME 2 A4S E?\"j\
g A|AE T e Aow AZET(24). o}, oleic acide 729} Bl Hro} 3o

7}z
o 39.76%2 F715H9Th FF HetH A lﬁwf o
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