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Lipid Composition and Oxidation of Wheat Flour Stored at Various Water Activities
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Department of Food and Nutrition, Inha University, Incheon, Korea

Abstract

In this study, we examined the effects of different water activities (Aw: 0.3, 0.5, and 0.8) on the lipid
composition and oxidation of wheat flour after 28 days of storage in the dark at 60°C. The lipid content of the
flour was 2.7%, and had decreased significantly (p<0.05) at the end of the storage period. Decrease in
monoacylglycerol and increase in free fatty acids were observed, however, phosphatidic acid, phosphatidylglycerol,
and phosphatidylinositiol were not detected after storage. Phosphatidylehtanolamine was more stable than
phosphatidylcholine during the dark storage of flour. The flour lipids consisted of palmitic (18%), stearic (1%),
oleic (14%), linoleic (63%), and linolenic (4%) acids, and the relative content of linolenic acid decreased after 28
days of storage. The conjugated dienoic acid content of the flour lipid had increased due to lipid oxidation during
dark storage. Hydrolysis of neutral lipids and glycolipids, and lipid oxidation, were higher in the flour stored at Aw

0.8 than in the flour stored at Aw 0.3 or 0.5.
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n-F 4k I.T. Bakers(Phillipsburg, NJ, USA)¢S] A|ES A}
2351921, BFs-methanol, silicic acid(200-400 mesh)
9 AF EFF(monolinolein, dilinolein, monolinolenin,

dilinolenin, trilinolein, trilinolenin, monogalactosyl-
diacylglycerol, digalactosyldiacylgycerol, phosphatidylinositol,
phosphatidylcholine,  diphosphatidylglycerol, phosphatidyl-
ethanolamine, phosphatidic acid)¥} | ®aF v o] 28 T
&= ¥ (palmitic, stearic, oleic, linoleic, linolenic acid)&
Sigma-Aldrich Co.(St. Louis, MO, USA)9] ] &4
t}. Silica gel TLC H(60Fs:)2 MerckAH(Darmstadt,

Germany)d] AFL AU 2 o BE Aofe

- 181 -

A28 17
2 F A <ol S ot

2. WIIRe| XM&

Labuza TP E(1976)¢] HhHel ¢]st] MgCl.6H;0,
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L7HE AR FHolFA gk Folch J S5(1957)9] &
Wel o) $5% WHE AL olasue B F
AOCS Ti 1a-64(1990)el] ¢J3] UV-Visible spectrophoto-
meter(HP 8453, Hewlett Packard, Wilmington, DE, USA)
2 Abgstel 233 mold FBEES 28 Tt
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AR EAANILE ATE0o]ed SAS System(1999)
g o83ty "zt tEE9 778 (Duncan’s multiple
range test)ol] ols) EAM s on {FIFEL 5%IATH

. &z 8 nE
1. YoEQ| X|& =4

Ag A QrHFe AARAYL Table 17 2} 27}
Fo] AAFFEL 2714026%°1%03L, 1 F FHAZL
26%, BAETH AAAL 7 60%, 14%E A8
tl. Qg XA 50%, FARATG AADe] Zzt
25%2 FAEO AL BIF AP ATF(MacMurray TA

Table 1. Lipid characteristics of wheat flour before storage
Total lipid Neutral lipid Glycolipid Phospholipid

St Mormison WR 1970)}e] Aol @rbe Ade &
g ) A8E 801 2 B FE9 Holo] /A% Ao
AZHE. Aol AfdHE 5o wIY o= &
4 35S FAANIIY, SergReE =

= EX3 7eg 59 F4 8ule diE B g
Eo] 248" AEY FE2E&E F7MIZItHMacMurray TA
9} Morrison WR 1970, Chung OK 1981).

A7 29 XA L Fr|EXK18.0%), 2H ol22H1.3%),
L8 4H14.1%), FEHH62.5%), =AK39%) So=
TaHe], dFEXIALR Fewiat s34l
gtgo] 664%E AAISIRYE B7HFY F4X4E 74
Sl e F8 A LU ELKS9.8%)F FlEE4t
(26.7%)019oH, EXSAGAT ESpR|G4e] §7F H]
E(US ratio)-2 0.610|th 18jy BXAH} /XA F
AAAe vlg] EXSXEY, 53] ZEd i @sdlit
9] FFol FA, ISP o] Yot USS ratioZ}t
Z¥z} 4.09, 3.080] Atk

Table 25 60C o]F& Ho|A 2843t AZst A7t
79 A FF 9 P& BYEth WHFE Aw
03, 0.5, == 0894 28A7te] A& &) &=A2A
graro) 2.71%90A4 2z 1.30, 1.31, == 1.22%2 ZA
stger, SA4AE, 944, AXZY AFr FAist
Atk Aw 0804 AFS AUt FHAZS AF
A9 63% $£Fo7 AAIPLY, Aw 0.3 T 0.59
A AT LrhRY FAARL AF AY 13%, 10%
FEOZ FhZEo] Fo FAAF JAXHY FEFS
Aw 03°A AZS A7FE7E 44 A7 A9 60%,
63%, Aw 059 AR A/tEE 224 59%, 6% T
o2 FxAd H&] ArE AZ o FLEL
A gskth olAL FHAZECl FAAF AXZ
H|s] Aw 03, Aw 05914 A 245E Ae Yehy

+

Content 55 3]
2712026 07126%) L6260%) 038(14%) WA AZ F kel 7 AAAse 45 719
(g/100g flour)
Fatty acid Table 2. Lipid content and composition of wheat flour
compositions stored for 28 days at 60°C in the dark
(Relative %) _W_aterf Lipid content (g/100 g flour)
activity for
160 180:0.11 59.8:220 17.9:021 22.9+0.15 storage . Total lipid Neutral Tipid Glycolipid Phospholipid
18:0 13£0.12 22018 17:0.11  1.7+0.01 Before N
181  141:113  90:1.31 141011 10.5:037 storage 271 071(100%)" 1.62(100%) 0.38(100%)
18:2 62.5+0.99 2671024 60.9+047 59.3x2.93 0.3 1.30 0.09( 13%) 0.97( 60%) 0.24( 63%)
18:3 3.9+10.14 1.1:048  4.6+0.61 4.842.20 0.5 1.31 0.07( 10%) 0.95( 59%) 0.29( 76%)
U/S ratio 4.19 0.61 4.09 3.08 0.8 1.22 0.45( 63%) 0.63( 39%) 0.14( 37%)

Mean+SD.

d=ZzE 75 A A234d A25(2007)

Y Retention % based on the values before storage
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@ Z(Shin MG & 1986)2.2 4ZHth. FAAZ AIF
Ao A F&¢ F4AE 94 FAZolt AA A H]
& AEqtsle] 7St Aoz Hyd up Qlthlee J
= 2000).

bR FHAEY dqFE2 EfodIFEAE
(tdacylglycerol, TAG 82%)°]eH, 2HE o 2H Z(sterol
ester, SE 13%)9} Fi-o}aZe]AlE(monoacylglycerol, MAG;
4%)°] 2 FE °lUL, tho]opd F2] Al E(diacylglycerol,
DAG)#} 8] A9 Kfree fatty acids, FFA)o] A% &5
o AATE oA T F4AHEe] TAG41%), SE
(15%), FFA(14%), DAG(24%), MAG(3%) 522 T4 5]
ALS BEAF MacMurray TAS} Morrison WR(1970)9]
A7-¢ Haste] B FARR AdigEele xtelrt
AR=T, oA DY FF, 7HEe BE Aelz Bo
th 60TA 289U &< MRS ARG & SHAZY
Z4S Fg 104 Be upe}t o] wWslsiglsd], FFA,
TAGS] Fd#FS F718tA 3L, MAGSH SE9] Juldha
< A2k AZE 2R $4X2 F FFAY 4
shE Z7l= A% F MAG, DAG, TAGY E3)(Noma
A9} Borgstom G 1971, Galliard T 1980)2 QIg Ro=
AEn. 53] TAGY JuighEe] F71sla DAGe] Y]

13.4 7.4 8.8 9.7 || sterol ester
e 89.7 87.2
TAG

0.3 0.3 0.6 2.0 FFA

0.3 0.2 0.4 0.3

3.7 2.2 2.8 2.6 MAG
Before ! AwO.S] [ Aw 0.5 I l Aw0.81
storage

Fig. 1. Thin-layer chromatogram of neutral lipid in flour
after storage at 60C for 28 days (TAG: triacylglycerol,
DAG: diacylglycerol, MAG: monoacylglycerol, FFA: free fatty
acid, Numbers are relative % of each subclass, as measured by

density)
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3l MAGY ZAago] ¥2 AL TAGHU= DAGZL
DAGHTH= MAG7} A & €A El=HASS gAI
ok o9} 2L W FH4AZY FteRdde ot
Ao 2 AN ELVE FEHLE FEIE AL
A} Z+ = T{Ohinata H 5 1997, Tatt SPC$} Gallard T 1988).
S Aw 08914 AT A7HEE Aw 0.3 = 0.59)4]
At WU v)&] TAG 74 FFA 3717 24
B}l Aw 0.89] Aw 0.3 Ex= 05K S4x]29 BE&
38925 dAIsH

A7HEe] FAFA L Fg 29 Zo| tho|gdgEAt}o|ol4]
2¢] 4| E(digalactosyldiacylgycerol, DGDG), Al# B.ZA}o]
E(cerebroside), 2B ZF] A E(sterylglycoside, SG), X
ZgEAt}o] o4 F2] Al E(monogalactosyldiacylglycerol,
MGDG), 2H|ZZ2] A= o 2 E(sterylglycoside ester,
SGE 2 F4Eew, SGE(46%), DGDG(24%), MGDG
B%)7t T8 Aotk <lEd 2 HPLCE AME-3}
o "ArhEe) F4XAS £A% Papantonious E 5(2001)
9] Adet AU IHFE 60T o7 HollA] 28
4 B¢ ALRE W Awel FAIGlo] BE IR
SGE¢} DGDGY] AgFHL ZAisgon, MGDG, SG,
cerebrosider= F7tohe &S Btk oA L/

| Sterylglycoside ester |

Steryiglycoside

[

Cerebroside

-
|

m 241 m 1.2 mﬂe_s % 139, | DGDG

;':;; Aw03 | | Aw0S5 Aw0.38

Fig. 2. Thin-layer chromatogram of glycolipid in flour
stored at 60T for 28 days (MGDG: monogalac-
tosyldiacylglycerol, DGDG: digalatosyldiacylglycerol, Numbers are
relative % of each subclass, as measured by density)

Iz e A A23F A25(2007)
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A7 % SGE¢+ DGDG7}F MGDGel His] |A &= 3
<o Yekditl 3 SGES} DGDGol| &Asts o2H =
2 ZFYINE AFo] EdiHol(lee RH T 2004) SGt
MGDGe] Athggol 718 7Fsd=E wAE + fltk
Aw7} 0394 0.5, 082 =715kl wat SGF MGDG]
Aghge] 53] ol A2 SGE 9 DGDGY 7HrE
o] Beg 8o Z7ke #-o) UG AR B
(Lee RH & 2004).

Ayt AxAE  FEAuFE]=AKphosphatidic  acid,
PA), ¥ 3E] Yol e-&o}7)(phosphatidylethanolamine, PE),
¥ 2 9}e)d Z2) 4 Z(phosphatidylglycerol, PG)°] FE o
2931, ¥ 23] Y 2 (phosphatidylcholine, PC)3} E3}
E] 9 o] 1= A] E(phosphatidylinositol, PD=E &4 3} tHFig.
3). 2 RS 60C o5& oA 2893t A3
Fof| = PA, PG, PI7} A&H A ¢of o]Ee] L7 28
A AR g EF EAHASS Al 2y
PEQ] A gL WiRE 2897 AZAE W A
Z7tste] e QXA vl wWl¢ HFIASE HAE
t}. E3] Aw 0804 PCY AU A FH&F W
™ PEQ] Aol F7181d=t], PEZL PCl Hlsh
AHYL AL PCA wls] PEY &2 M2
£ AF(Erikson MC 2002)1 A = BHofxl Hh gk
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2. WiR9 X Atst

60°C, 1% oA Aw 03, 05, =+ 0.8Z 28Ut
ARG A7 A 242 Table 3% Zth W7t
29 AW AL Ao o] <zt WstE B
t}. Wb FmAte] Hu dH2 3.9%19ou
ay7l2E 289 ¢ 60C oF2 XA AZSE F
24~27%2 G5 B3R THP<0.05). LIEE
ARG FEGNEE 92 Ao FoigdEed #9

T 9 FUed, 55 Aw 084X AZTE 2IHF
9 A AoFFEF FihEeE HFIsHA UG
(p<0.05). A

= 29 ZrENY dd §FS 2897 AFl 9
3 AF A AR FFE9 112~114%2 §95HA =
7hsted 2l EEldtel] oigh Br|ELS] FHFH)(P/Ln ratio)
= 46004 74~752 SstA Z71eHE tHp<0.05).
P/Ln ¥ &9 Z7te o] 4dstd W &3] EAHAE
FAog A £ FEIIAYLS B E
A 5o TR v AEAEEET 2 HA
7113 thChoe E 5 2005). ©7}5¢] P/Ln HlE2 €
27 ARE ST wE zfolE Yebdoh

28.3 56.3 48.5 67.7|| PE |
17.2 PG |
os 12 122 23
6.1 Pl |
Before || l
e | L Awo3 | | Awos | | Awo.s

Fig. 3. Thin-layer chromatogram of phospholipid in flour
stored at 60°C for 28 days (PA: phosphatidic acid, PE:
phosphatidylethanolamine, ~ PG:  phosphatidylglycerol,  PC:
phosphatidylcholine, PIL:  phosphatidylinositol, Numbers are
relative % of each subclass, as measured by density)

Table 3. Effects of Aw on the fatty acid composition of flour stored at 60°C for 28 days in the dark

Relative content (%)"

Aw for flour storage 16:0 18:0 18:1 182 18:3 P/Lnratic®
Before storage 18.00.11"" 1.3+0.12° 14.1£1.13° 62.5£0.99 3.9+0.14° 4.6+0.20°
0.3 20.6+0.39" 1.0+0.00° 13.0+0.09* 62.9+0.30™ 2.5+0.01° 8.1+0.17%

05 20.2+0.18" 0.940.01° 12.60.01° 63.640.13" 274007 7.4+0.26"

0.8 20.30.09" 1.1+0.00° 13.7+0.03* 62.4+0.18" 24+0.14° 8.5+0.54°

Mean+SD.

Y Different superscript means significant differences among samples at 5% by Duncan’s multiple range test.
pe: gn Y 2

D Content ratio of palmitic acid to linolenic acid

2z FHets] A #2338 A25(2007)
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Aw 0814 AZE WhRE e SEBYEIA A
B HRET 2 #E B, Aw 03 EE 059
AETHE Aw 0804 A7Fe9 XA gt o 2 o
o)gdE dAIBIATH

Table 4= 60C, oJF& XA Aw 03, 05, E=
082 7, 21, 28Ut AFT T/ Fqo|FAgk
(conjugated dienoic acid value, CDA value)S R.o&Ft}
A A A7ME FA9 CDAZS 0.86%°l o, A%
o 93] I #&E FUFeITh Aw 033 0594 A%
3 47179 CDAZS AY A3 wste] 28YU3HY
A F 47 166, L74%= FsHA ST
(p<0.05). L7IFY AF £ CDAZCl &7 AL A
Zol 9 LR X9 Jste] BRACR 7%}
(Lee Y & 2006). 8] =d4td l=d b2 4tste] 93|
H|Zd o]F ATl FgTgHoz o FT FH)F
Aoz AZdHEIZ /A AU PP whet
CDAZ-Z F7tshe Aoz ¥8lx QltKChung J &
2006). Aw 0.8¢]4] 2897 AZa W% §49 CDA
#He 079% =, AF A CDAZFH H|aLste] & Aol&
HolR gkgtort olRo] Aw 084 ARF W
$R9) B8} e WAL s AL o
olo Ui BAAF oz Aw 0844 AJRE 7, 21¢Y
¢ AGF & G CDAZLE 2+ 2.86, 1.58% ©]
At} oA "R §A T FHNFAFE S
T e =947 A9 Fo) 1.28%0]9L
U A F 198 AR Qs Aol 7
YO ZN FAo|FAFY Aol AFH] AF =
7] CDAgel F7talthzt Zadte A#E JeEWH S
A2 ALRET. 97He §A9 CDAY ol&d |
= Aw 030U 05HTH= Aw 0894 @rkse] |
295} Bol Yoke e Agdstd F

Table 4. Conjugated dienoic acid (CDA) contents (%) of flour
after 28 day storage at 60°C in the dark at various Aw

Aw for flour storage CcDA" (%)
Before storage 0.86+0.04°
03 1.66+0.02°

0.5 1.74+0.04*

0.8 0.79+0.10°

Mean+SD.
Y Different supersctipt means significant differences among
samples stored under different water activity at 5% by

Duncan’s multiple range test.
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A7FEE Aw 03, 05, == 08, 60C o7 HA
289 % AT F A 24 I V% P 4
ugith WiATel ¥8E 44, F449, 3L 4
AXQY FFS AN A A FaFHL,
FYAA F RxollTUASY Fae fUAPLY
7Pt FAsgc =@ 2899 Al sl W
9] EAEEL, EANEEEYAE, TAGEE
NES 913 2489D, TadE Y gl
TasiEgEUe v AP WHE AL B
e, 2dolzl, 24, PwAy, dydtos
TYHACH, Ag] 3] FEALS R Fa
S FUENS Fhgon, WHE 44 Az
Al FANFALLS F7HHAT Aw 03 Et 05
AN AFE DT v Aw 0814 AT A7t
TN F4AAF FARLY ARt o, A
B 24 W% A FAIZURCE BAE A
4= o Egeh
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