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Abstract

Flaxseed has recently gained attention as a functional food. In this paper, physicochemical analyses of flaxseed and its
oil were performed. Crude fat content ranged from 37 ~43%, moisture 0.2 ~6.8%, carbohydrate 30 ~35%, crude protein
18 ~23%, and crude ash 3 ~4%. Flaxseed is also an important source of dietary fiber. The TDF(total dietary fiber) contents
of the flaxseed samples were 28 ~31%, and the SDF(souble dietary fiber) content of roasted flaxseeds was higher than
that of raw flaxseeds. The major minerals found in flaxseed were calcium, potassium, magnesium, and phosphate. The
flaxseeds were rich in 7 -tocopherol with 234.3 mg/kg in raw brown flaxseed and 134.1 mg/kg in raw gold flaxseed,
respectively. Roasted flaxseeds showed slightly lower vitamin and amino acid contents than those of the raw samples. The
iodine, saponification, and acid values of brown flaxseed oil were 204.1 g/100 g, 193.6 mg/g, and 1.59 mg/g, and for gold
flaxseed oil were 203.0 g/100 g, 189.9 mg/g, and 2.35 mg/g, respectively. « -Linolenic acid(ALA, C18:3n-3) was highly
concentrated in the flaxseed oil, which constituted about 55.5~56.1% of total fatty acids. Thus, flaxseed oil is a good source
of omega-3 fatty acids and beneficial for the heart. Flaxseed contains high levels of dietary fiber including lignans, as well
as minerals and vitamins, which may have antioxidant actions and help protect against certain cancers.
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dietary fiber, IDF), =84 2] 0]Ad-f(soluble dietary fiber, SDF)

g 727 BAsgT.
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ofu}el 9] vgtYl 242 AEFF%(2003)9] v FFAH=E
Algo] wat high performance liquid chromatography(HP
1100, Agilent Technologies Inc., USA)E ©o|-&3to] EA5}Y
o} HElY A EX2A OS2 column Nova pak-silica(4 (m,
3.9x150 mm, Waters), ©]-5A2 n-hexane/isopropyl alcohol(970:
30, v/v), 0]54E+= 1 m/minZ 3} oW, AE7]|+= UV-Vis
detector(325 nm)2 A3t} vERY By, B9t B; EA%A
© 2 column Zorbax Eclipse XDB C18(5 (m, 250 mmx4.6 mm,
Shiseido)S AFE-3}% 1, ©]FAF methanol:water(85:15, v/v),
0| 2& T = | ml/min, ZZ7]+= fluorescence detector 440 nm
(with excitation at 375 nm)2 A3} ). v e Bs 4=
A-& hypersil ODS column(5 fm, 250 mux 1.5 mm, Shiseido)S
A3 AL, o] 5A2 20 mM phosphate buffer, pH 2.3: ace-
tonitrile(85:15, v/v), ©]5EE+= 120 pl/min, HZE7]= UV-Vis
detector(200 nm)oflA A3}t HEMR Cx= 1 -Bondapak
C18(5 tm, 4.6 mux250 mm) column-g, L1fl= water, 0| 5&E+=
1 m¢/min, ZAZ7]+= UV-Vis detector(270 nm)of| 4] =45} ch
H]EMY] Eo] BA o2 columng s -Porasil column(5 wm, 250
mmx4.6 mm, Waters), ©]5A n-hexane:isopropanol(99.92:0.08,
viv), HZ&7]= UV-Vis detector(280 nm)of| A &3t 3L, &
2 1 m¢/min®| T}
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Elmer, Inc., USA)E ©]&3}o] EA3}%ch
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At 7HeEEgE A2+ loading buffer(sodium citrate buffer,
pH 2.2)2 £3[%t & 0.45 1m membrane filter(Millipore Co.,
USA)E olZfat 3 B8 AR Agaloth 242 ofnl
AF A B4 7| (Pharmacia Biochrom, Biotech 20, Cambridge, UK)
£ o] &3te] B3t o, Eaof 0|83} columne ultrapac

11 cation exchange resin(11 pmt2 m)E& ARE3F L, 02 N
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sodium citrate buffer £ (pH 3.28 @ 7.40)
A1, flow ratex= 0.3 m¢/min, ¥+-3-H-2 ninhydrin N OS2 (.3
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HRALO] AL 9 ZAA FEX|HHAL methyl ester(Sigma
Chemical Co.)@} retention timeS W]nlslo] &HQ13}¢ch
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Table 1. The general component contents of brown and gold flax(Linum usitatissimum) seed

A %

ofu}Rle] FF W 7tE Ao wE YRR Aol & H]
A EAke] Table 19 Yehgich otk of 2] 742] 274
A a7 FAE Fol et AR FEFo] tha Zjol=
UATE RAH 02 XM 40%, Ao dF 30%, THeE 20%, 3
B 4% 283 8 6% T UE 9 thiWang S 2008).
B oA RAHE 36.6~42.5%, T3HE-L 30.0~34.5%,
ZEAL [8.0~22.7%, R3|EL 3.1~4.0% 11 $5
AFE 0.2~6.8%2 g UEhUTE 283 B3 ol
oA 23&, 2XH ee3E 9 o] E3on, R
2N O] FFL AT & 5 U B ‘ﬂﬂ}"ﬂ
T otulle] YutgE TS vl By, B O}ﬂMOl
ZA| A ek o] ghefo] tha A YEen, &

321} ee3E Y| 2 ZE ofulolA A UrE}kb:}
T3 ek ZE oulo] =& FEFo] oF 2% Aol H
St AlRY §5 Ao B3 3 9] Zjo] = AlmErt

2. Ao|dw 2t
ofaele] Aol e F 4| o]Ad-F(TDF: total dietary
fiber)Q} =84 2]0]d-3(SDF: soluble dictary fiber), E-84 2]
0] 4-3(IDF: insoluble dictary fiber)S Z}Z} =73}¢] Table 2
o Lreh itk AJotukele 24 Heke ofubele] SDFS} IDF
= ZHZ} 4.3140.26%, 26.3240.91%0] o0, & ofujel Z+
7} 3.6040.19%, 28.23+0.73%2 4 ofulele] Alo] e Hro
e 282990 Ao tehitch @, ofukelel gl
S 484 it BB o) 2AAHE A W WY =
A sl SR U WA g A= T glow
(Punna & Paruchuri 2003), H]4=84 Aot Fo] $48 2
7HNA s AA, e 2200 A7) okl & FcPunna
& Paruchuri 2003). 2 A5 A2 AYojuplHt 718 A&
H2 olulelo)| A SDFQ] &=ko] Z7}8t¢ o, viHol| IDF
Aot As & o AUSUTh Hwang 5(1995)2 T71&9
Ao I B729] Aol dge ST 23 &
#2] 34l 25t} SDF| gFo] Y& B7]&o] vlske] oF
40~110% S7kstAths A+ A3tet FARH Webdt:. SDF

1_
L
-
=
[e)

(%, DM basis)

. Brown Gold
Ingredients
Raw Roasted Raw Roasted
Moisture 4.97+0.05" 0.22+0.01 6.80+0.02 1.130.01
Crude fat 39.26+0.26 40.56+1.16 36.59+0.17 42.53+0.29
Crude protein 22.67+0.35 20.81+0.12 19.25+0.13 17.96+0.06
Crude ash 3.08+0.03 3.89+0.05 3.80+0.03 3.96+0.03
Carbohydrate 30.02+0.13 34.52+0.09 33.56+0.58 34.42+0.11

Y Values are meantS.D.
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Table 2. The soluble dietary fiber, insoluble dietary fiber and total dietary fiber contents of brown and gold flax(Linum

usitatissimum) seed

(%, DM basis)

- Dietary fiber
Varieties
SDF IDF TDF

Raw 431+0.26" 26.32+0.91 30.63+1.09
Brown

Roasted 6.55+0.40 21.88+1.56 28.42+1.83
Gold Raw 3.60+0.19 28.23+0.73 31.8340.55

0.
Roasted 5.24+0.25 23.62+0.32 28.86+0.56

Y Values are meantS.D., SDF: souble dietary fiber, IDF: insouble dietary fiber, TDF: total dietary fiber.

B7He 284 AZY S8t oJste] dofipid, 7}
Aol M ofe] TR Abe 7ke] AsAgo] oty
T AR 277 gaEo] thgs B4 o5 AT & EAje}
o] kgAo] A AT FA5] HE Ao 2l
SIthNing 5 1991). ¥helo] Aoi 0.2 IDFe] gae 7hash
7] Wgo] TDFO] e 2 Aols Ro|x ghokeh. 2w
Park 5(2001)2] B 10 w2 E7je] TDFe| &eFo] 18.2%
(A% 7122k Base o]F Alo]4§ Ferntt ofnjele]
Aoli47t we FES BTk

g 1o

o

3. HIER! &h2f

ofu}el ] 9 HEHYl FE| 4] ZTp= Table 31} Zth
Hetedt ZE ofupel & Aopmeluct F3 ofnflofA
HIEH gHego] Wkth o= F5 1ol goll o3t BlEl 9
oA 7]E = Ao Alzdnh 84 BEIQl HlE
9l Bt HEhE opmQlEch ZE ofuplof A dhako] ¢t
om, g4 e HER A9 Ex HEahE onflofA
ETh 842 HlERl B, Ctoll A S45t3en, B
o Fo A= Bk ol 22.56+1.38 mgkg, =& ofmfel
34.03:0.91 mgkg 2 2 niacin(Bs)o] 7% =4 Uelgth USDA
(1998) Rof &5 uvjgkgl €2 ko] 0.6 mg/100 g 2

Table 3. The vitamin contents of brown and gold flax(Linum usitatissimum) seed

b

uatged, 2 AEe Aaox= v C7 Bakld
ZE ofRloA BFE HEHA Gtk 283 X4 H|
B9l A9} v|EMYl ER -, 8-, 7-, §-ERHES S335%
on, ANZ y-EFHEY FFo| Bk opnfel 23426+
326 mgkgo 2 71 Etom, ZE olulel 134.1244.26 mgkg
S Ul 8-¢ §-EFHEL AEER g9t 17
I ofupglel =9 HIER Foll A= HIERl E7F 7P w2 ¢
F2 AA A BlE B A8 A3 oA, A4S 2,
AStd AEYARRE QA BE 5 0okg avvl B
%3 QItH(Chung F 2007). o]F% ofnfele W2 H|ERIo]
SrgEo] glon, 53] HjEyl E9] £ FUCE AR HH
2HH, Choo 5(2007)2 ofupelf-2] vlEtdl E9| g 574
3 41}, ¢-EFHEL 50911 mgkg 7-EFHSL 1056~
132.9 mgkgo 2 Hstg

4. RI|ME

ofuele] 7| E T E4I3t ZIM= Table 49+ 2t
A A3te 2, Z4E, v, o] a8 34 A
o, A&, UEEF, Y2k ofd, 78, delwE 2% st
Ade Ao eyttt 53] #7185 ZF gl 7t
=7 yehgon, B8 ofnfolo A Hake-o] 682.71x16.87 mg/

lo A

Holg)
;:l =]

K

ot

(mg/kg, DM basis)

o Brown Gold
Vitamins
Raw Roasted Raw Roasted
j3-Carotene(A) 0.34+0.01" 0.25+0.01 0.15+0.01 0.10+0.01
Thiamin(B;) 11.51+0.21 6.36+0.10 16.53+0.44 11.5240.15
Riboflavin(B,) 1.23+0.05 0.94:0.02 1.66:+0.04 1.36+0.10
Niacin(Bs) 22.56+1.38 19.65+1.23 34.03+0.91 27.58+0.95
Pantothenic acid(Bs) 7.99+0.12 6.6310.10 10.33+0.05 8.4440.16
Ascorbic acid(C) ND? N.D. N.D. ND.
a -Tocopherol(E) 3.04+0.03 2.16+0.02 1.49+0.15 1.35+0.01
7 -Tocopherol(E) 234.26+3.26 168.48+8.26 134.12+4.26 121.53+1.25

D Values are meantS.D., Y N.D.:

not detected.
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Table 4. The composition and mineral contents of brown and gold flax(Linum usitatissimum) seed (mg/100 g, DM basis)

Minerals Brown Gold
Raw Roasted Raw Roasted
Ca 169.57+ 0.67" 249.12+ 6.49 266.04+ 6.47 286.48+ 6.36
Fe 3.88+ 0.11 444+ 0.12 5.77+ 023 6.65t 0.64
Na 40.51x 6.87 26.36+ 0.72 40.24+ 5.69 44.95+ 7.05
K 495.08+ 7.81 682.71+16.87 715.48424.69 748.42+19.95
Mg 250.88+ 1.36 25221+ 9.65 337.41+ 9.10 354.15+ 5.36
Mn 1.88+ 0.04 2.36+ 0.07 2.08+ 0.03 2.20+ 0.06
Zn 3.23+ 0.11 411+ 0.16 5.89+ 0.15 6.08+ 0.21
Cu 0.88+ 0.13 0.70+ 0.03 1.53+ 0.02 1.59+ 0.01
Se 0.04+ 0.02 0.04+ 0.01 0.05+ 0.01 0.03+ 0.02
P 362.54+10.21 451.98425.00 650.76+ 8.53 686.10+20.31
Total 1,328.49427.33 1,674.04+£59.12 2,025.26+54.92 2,136.66+59.97

Y Values are meantS.D.

100 g, =7} 748.42+19.95 mg/100 g o 2 Vet ZEe 11 Hake ofuleloAut oF 0.3% ko] cystineo] AEE QO
oo BHAIE oY, o|wehg HA(Yoshimura 5 1991),  w, FE opmpelol i @A) ok seick Fotu At

ol HATEE FR(Lee 5 2000), THIHAL 289 7 2 cystine F-LIAHONH TR, 24 Ak FH 2 o
A9 olgh 2A(Lee 5 2009), THES AEWA AT o B Ful, B U8 A, Belg 37, dad Bu) S0

(Yoshimura 5 1991)9] a3}7} Qittar &#A it o]} & 715°] ¢&A rHHa & Kim 1996).

o] 29 F71E AR Bo] £L olulole FRE 574 F

2 AEoz olgu el 1 AN Mle FET Aoz B 6. OOl KXo SN 54
Ttk 293 Hete ojulole] 718 AR g Avn obkelfel BhePEel BHOR 80T HREL A7k

H Aopuel2 1,328.49+27.33 mg/100 go|H, B3 A g A £ &A%t o2 AEA 4E/Noh & Park 1992)¢} 37
1,674.04+£59.12 mg/100 g0 2 7}d 2|3t Ao| ko] =& A Table 60 UEQITh @0 =7t 2 Qo] Busle 2 et
o2 YRt 183 Z& olulle AJopnirle] 2,025.26£54.92 Y= 39 sHUE Bk opnll-f+= 204.09+1.28 ¢/100 g, =
ng/100 go|m, 22 A3t AL 2,136.66£59.97 mg/100 gO.&2 = ojulel 8= 203.0040.21 /100 g ZHS LeR ) o=
el ol F= g4 3EE o] F71E o] wof E70 191 g/100 gR ot w2 32 Uetfo 19E Ex35}

A AR A= AgAto] Wol 501 ae uidth EZF 8 2 Egko] 130
g100 g ol Fo 2 ol gt vFeie v A8+

5. ofo|'zat et Hot gov, A= vt 2o 2 2 atole floith 4
otutl 9 ofu] At FeF2: Table 59 2ok 14 ofv]=At & FEH7M oA 7P 8%t Foll sl At

2 arginine(1.64+0.11~2.03+0.12 g/100 g), aspartic acid(1.70+ 9] AL 81 EL9] 427} ol BE Alnj Sof 2lF)
0.12~2.06£0.13 /100 g), glutamic acid(3.444027~4.58+0.32 A Wl wiZo]xut §x]0] T WA to+s] Zasic).
g/100 g)7} =2 FS Btk I8 ol rt} 7t Bahg opuQlf+= 1.59+0.02 mg/g, & optl-f-= 2.35+0.06

Ae)et B3 oflelolA ojulicAle] gepo] tha FASE  nggo WISl sl groks B W, sleke] R
AL UERITE ol Kim $(1999)0] F77} 7HLn9E  Sweh ulsbAL oz itk o]9t Zol ofuel fxe] B
£ ohuliAte] Wafo] gagiths wue AASh £ setEed S AgfARAe] BIAE FA9L o]
3 43t ofu At % aspartic acid, gluamic acids AFHA WS FIH 3US 2T ALS & + Utk FuHYo=
o] AFA(good-flavor) 2 E-S HA oA 143 U U= Lee & Shin(1977)2 otulQl-(-9] H]SL 0.931~0.938(157),
Ao g zZgsitty B I3 tHKim 5 1999). o] gt ofn| ZHAEL 1.4808~1.4859(157C), HdAL 1682 R s}

At o] s F ofuhl o] aadt sty Fn| 49
T8 IS T AR ARdr 53] F5T e H2 7. X|gato] =
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Table 5. The composition and amino acid contents of brown and gold flax(Linum usitatissimum) seed (g/100 g, DM basis)

Amino acids Brown Gold
Raw Roasted Raw Roasted

Alanine 0.97+0.04" 0.88+0.01 0.87+0.01 0.83+0.03
Arginine 2.03+0.12 1.71+0.12 1.68+0.11 1.64+0.11
Aspartic acid 2.0620.13 1.84+0.11 1.72+0.10 1.70+0.12
Cystine 0.36+0.01 0.30+0.01 N.D. N.D.
Glutamic acid 4.58+0.32 3.95+0.23 3.49+0.36 3.44+0.27
Glycine 1.26+0.01 1.15+0.10 1.14£0.15 1.1120.09
Histidine 0.48+0.01 0.45+0.01 0.47+0.01 0.45+0.01
Isoleucine 0.81+0.03 0.71£0.02 0.73+0.04 0.72+0.22
Leucine 1.28+0.12 1.14£0.19 1.13+0.05 1.1120.32
Lysine 0.83+0.09 0.69+0.03 0.75+0.06 0.72+0.16
Methionine 0.41+0.01 0.37+0.01 0.27+0.01 0.25+0.01
Phenylalanine 0.99:+0.01 0.85+0.03 0.86+0.03 0.85+0.13
Proline 0.76+0.02 0.69+0.01 0.70+0.01 0.68+0.61
Serine 1.06+0.03 0.98+0.09 0.89+0.10 0.89:£0.26
Threonine 0.80+0.05 0.76+0.01 0.75+0.01 0.72:+0.01
Tryptophan 0.28+0.01 0.32+0.05 0.260.01 0.22+0.01
Tyrosine 0.53+0.01 0.47+0.03 0.49+0.01 0.48+0.12
Valine 1.16+0.09 1.0120.13 0.91+0.05 0.90+0.31

Total 20.65+1.11 18.27+1.19 17.1142.31 16.72+5.10

Y Values are meantS.D.

Table 6. Comparison of chemical characteristics of flax(Linum usitatissimum) seed oil and common vegetable seed oils

. o Iodine value Saponification value Acid value
Chemical characteristics Lo . . .
(g iodine/100 g oil) (mg KOH/g oil) (mg KOH/g oil)
Brown 204.09+1.28" 193.5743.56 1.59+0.02
Flaxseed
Golden 203.00+0.21 189.95+4.26 2.3540.06
Soybean® 125 185 1.8
Peanut” 85 170 1.8
Sesame” 103 188 9.8
Perilla® 191 189 0.4
Sunflower seed" 125 185 112
Cotton® 107 189 0.6

Y Values are meantS.D., * Adapted from Noh and Park, 1992.
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Table 7. The fatty acid composition of brown and gold

flax(Linum usitatissimum) seed oils (mg/ml, DM basis)

Fatty acid Brown Gold
Butyric acid(C4:0) N.D. N.D.
Caproic acid(C6:0) N.D. N.D.
Caprylic acid(C8:0) N.D. N.D.
Capric acid(C10:0) N.D. N.D.
Undecanoic acid(C11:0) N.D. N.D.
Lauric acid(C12:0) 0.05+0.002"  0.05+0.005
Tridecanoic acid(C13:0) N.D.? N.D.
Myristic acid(C14:0) 0.32+0.006  0.43+0.005
Mpyristoleic acid(C14:1) N.D. N.D.
Pentadecanoic acid(C15:0) 0.18+0.006  0.19+0.013
cis-10-Pentadecenoic acid(C15:1) N.D. N.D.
Palmitic acid(C16:0) 50.7940.140 56.54+0.106
Palmitoleic acid(C16:1) 0.68+0.010  0.92+0.058
Heptadecanoic acid(C17:0) 0.56+0.009  0.55+0.015
cis-10-Heptadecanoic acid(C17:1) 0.46+0.009  0.40+0.029
Stearic acid(C18:0) 36.29+0.035 37.03+0.059

Oleic acid(C18:1n9c¢)
Linoleic acid(C18:2n6c)

192.73+0.170 186.66+0.011
157.17+0.140 155.03+0.103

7 -Linolenic acid(C18:3n6) N.D. N.D.
a-Linolenic acid(C18:3n3) 554.90+0.197 560.46+6.016
Arachidic acid(C20:0) 1.04+0.012  1.2340.036
Eicosenoic acid(C20:1) 1.3840.131  0.9840.059
Eicosadienoic acid(C20:2) 0.39+0.025  0.36+0.022
cis-8-11-14-Eicosatrienoic acid(20:3n6) 0.27+0.024  0.17+0.089
Heneicosanoic acid(C21:0) N.D. N.D.
Arachidonic acid(C20:4n6) 0.48+0.018  0.41+0.024
cis-11-14-17-Eicosatrienoic acid(C20:3n3) N.D. N.D.
Eicosapentaenoic acid(C20:5n3) N.D. N.D.
Behenic acid(C22:0) 1.29+0.010  1.00+0.017
Eruic acid(C22:1n9) N.D. N.D.
Docosadienoic acid(C22:2) N.D. N.D.
Tricosanoic acid(C23:0) N.D. N.D.
Lignoceric acid(C24:0) 1.03+0.035  0.91+0.103
Docosahexaenoic acid(C22:6n3) N.D. N.D.
Nervonic acid(C24:1) N.D. N.D.

" Values are mean+S.D., 2 N.D.: not detected.
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Table 8. Comparison of fatty acids composition of flax(Linum usitatissimum) seed oils and common vegetable seed oils

(%, DM basis)

: a . a Rape a . Sunflower  Palm Flax seed
Fatty acid Corn Olive a Sesame”  Soybean . a
seed seed kernel Brown Gold
SFA 12.5 12.3 6.1 14.2 14.0 9.8 47.6 9.2 9.8
USFA MUFA 325 71.2 574 37.0 232 17.9 37.6 19.5 18.9
PUFA 48.7 10.5 30.7 42.6 574 66.5 9.4 71.3 71.6
Palmitic acid(C16:1) 11.2 10.9 4.0 9.2 10.7 6.7 44.5 5.1 5.6
Stearic acid(C18:0) 2.1 2.6 1.7 55 44 37 44 3.6 3.7
Oleic acid(C18:1n9c) 347 76.5 58.6 40.1 21.6 19.0 38.5 19.3 18.7
Linoleic acid(C18:2n6c) 50.5 7.8 21.8 437 54.2 69.9 10.5 15.7 15.5
@ -Linolenic acid(C18:3n3) 1.5 0.6 10.8 0.3 8.1 0.7 0.2 55.5 56.0
* Adapted from National Rural Resources Development Institute. R.D.A, 2006.
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Fig. 1. GC-FID chromatogram of fatty acid standards. Peaks: (1) C4:0, (2) C6:0, (3) C8:0, (4) C10:0, (5) C11:0, (6) C12:0,
(7) C13:0, (8) C14:0, (9) Cl4:1, (10) C15:0, (11) C15:1, (12) C16:0, (13) C16:1, (14) C17:0, (15) C17:1, (16) C18:0, (17)
C18:1n9¢, (18) C18:2n6¢, (19) C18:3n6, (20) C18:3n3, (21) C20:0, (22) C20:1, (23) C20:2, (24) 20:3n6, (25) 20:3n3, (26)
C21:0, (27) C20:4n6, (28) C20:5n3, (29) C22:0, (30) 22:10, (31) C22:2, (32) C23:0, (33) C24:0, (34) C22:6n3, (35) C24:1,

respectively.
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