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1 E:AFKEA a-1MRE (a-Linolenic Acid, ALA) @i #H F R &, KA ARRSHRA, HAEKE
. HhikEApH M HF AT ALA B2 M¥h, ATEREZERLER, KA Box-Behnken "0 i & kKA H 5
B, A F BARATO SRR R A ERET SN, EREAY, REFFEEA 480, RLIELLAHAHERE
J& 26 C. #KJE 0.5 mg/mL NaCl 4= pH6.0, ALA 42 %4 2042 g/100 g &L &4 T, A5 & 48 (Lipoxygenase,
LOX) . A =M A 44 & A B8 (Allene oxide synthase, AOS) #= i =¥ A 4% 3F B (Allene oxide cyclase,
AOC) #9EMHBHF#E (P<0.05) « AW, fad2. fad3. fad7 #= fad8 A Béy &k ¥ £ (P<0.05) , # lox £ 1
WERZEFTIA (P<0.05) , AMRET ALA &R ERE; EREAFLELEMTEATRFA TN ELRF, X
NEAFHFE AL, FF BRI EA RIFHERME, ALA 5Fik 24.125¢/100g (P<0.05) , ¥4 7T 13.125¢/
100 g, & @M aERI;ZE 25.75% (P<0.05) , KRB &4 1.29 mg/mL (P<0.05) , p-A A TE# (y-Amino-
butyric acid, GABA) 4 Z#4 T 28.99% (P<0.05) , 4 fMEIFEEHEIK 97.62% (P<0.05) ; R, £HEHE
F ¥z (P<0.05) , AL EE (Superoxide dismutase, SOD) F M4 % 154.25 U/mL (P<0.05) ; AN
i/ 2% %, DPPH #= ABTS" & i L FRFESHRE T 12.51% #241.67% (P<0.05) , % &-Fi&/R 47 % 0.88 mmol/
L (P<0.05) o & EprR, B3 RAHF SHITERAT RS T ALAESHSRERRE, ANKETLTAS
FiAe e i, A'E 8 ALA 89 E R SH KR T R RB/FHK X H.
KR a- T RER, LRAT, 3 5, TEMAL, A FMS
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Abstract: In order to develop functional sprouted foods rich in a-linolenic acid (ALA), this study investigated the effects of
incubation temperature, salt concentration, and pH on the ALA content during the sprouting process using flaxseed as the
raw material. Based on the results of single-factorial experiments, Box-Behnken response surface methodology was used to
optimize the sprouting conditions, and the quality and bioactivity of sprouted flaxseed were comprehensively evaluated.
The results indicated that the optimal germination time was 48 h, and the optimized process parameters were an incubation
temperature of 26 °C, a salt concentration of 0.5 mg/mL NaCl, and a pH of 6.0, resulting in an ALA content of 20.42 g/100 g.
Under these conditions, the activities of lipoxygenase (LOX), allene oxide synthase (AOS), and allene oxide cyclase (AOC)
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were significantly enhanced (P<0.05). Meanwhile, the expression of fad2, fad3, fad7, and fad8 genes was significantly

upregulated (P<0.05), while the expression of /ox gene was downregulated (P<0.05), thereby promoting the synthesis and

accumulation of ALA. When flax seeds were sprouted for different periods of time under the optimal sprouting conditions,

it was found that the sprouted flax seeds had better nutritional value compared with the unsprouted ones, with the ALA
content reaching 24.125 g/100 g (P<0.05), an increase of 13.125 g/100 g. The protein content was increased to 25.75%
(P<0.05), the lignan content was increased by 1.29 mg/mL (P<0.05), and the y-aminobutyric acid (GABA) content was
increased by 28.99% (P<0.05), while the cyanogenic glycoside content was reduced by 97.62% (P<0.05). In addition,
bioactivity was significantly enhanced (P<0.05), with superoxide dismutase (SOD) activity increasing by 154.25 U/mL

(P<0.05). The antioxidant capacity was also significantly improved, with the DPPH and ABTS" free radical scavenging

rates increasing by 12.51% and 41.67%, respectively (P<0.05), and the ferrous ion reducing power reaching 0.88 mmol/L

(P<0.05). In conclusion, the biosynthesis and accumulation of ALA in flaxseed were significantly improved by optimized

germination conditions, and its nutritional quality and bioactivity were enhanced, providing theoretical basis and technical

support for the development of healthy foods rich in ALA.
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PUE IR FREMARE AR, 3BT Z R FIIHE
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a-F JfETiR (a-Linolenic Acid, ALA ) J&—Ff it
M) -3 Z AR IR, 78 45 AN ARMESR Iy 1 & 4
#H M AEFOIRE, W EHAR TARLE A AR EE"
PURAVEFAS | Pra sy DA O i A 28 2R Ge %
FRUOL SRRFFAE AR R B I ALA SRR —,
HALA & E AR IR B 20 50%~60%. SR,
WERRAFHR Y ALA FZ2LLH 3 = BB 1, ferest
YR AZ BRI TR, HHS i 2 32 R L A IS
BT T2 R gt YETaFsT iR, A
SR ZFFARANE R —Fhag Y 1T ok e e D RetE:
B RAS 2 B, HES I ERN S SRR
5 T HUAS 4 38 A, AH T XU M E 0 4 ) 2 P RR AT
r ALA AR 0 W 2 0 A (e B 2825 [, Al A
ALA EEWT 25 P T LA 3R BT 2 ik,
XA I T IEAR R PR R LR ZAS A 5 T ZER (]
X ALA A5 B G gt g 5k DA 2R 38 1 21 25 58 el o, 1 2 Y]
o BRI, IR ZEXT ALA &80 52 0 K L
il XFFFF & ALA S m S RETE WM = HA

AHIFGE LISV FRAT R FEXT 52, R Ge B 485 3R
BE L ERU BEF pH XTHA ZFE IR T ALA 5 i i 52,
i e FE O A A0 28 T. 22280, @ oM ig ZE a0
J& ALA ARETAHSCEFE M . OGN k255 8
WGy B E s MR sh AR Ak, #7R B 28X ALA 5%
SRR IEENLE . RS B AR N ALA S
DIREM: WRAT B it BT PR SR PN AR S HE

1 MRI5REE
1.1 #HRIS{ER

WRRKF 2 T YE SCRMV A PR H] 5 Ak | =
Bt FRIR . EUEMLEN . IR ZEN . iR . —5A LR . JC
KM BRoptival, i E 2GR A aGRAT BR A
Hl; B, OBE  Bohaikg, e B A
BRAE]; sk maR  fAigot, B2 b bRk
Uy FRA V] fREG B 2 =GR & A
BHEAT BRTTAE LY w5 AN e S8 AL ) B T Tt
2R LS8 T W o K 7/ IS It 2 W Rt 7/ B 1 A L3 531 PR
PESF AT & BRUEHE S AR RHCA IR A A
FastPure® Universal Plant Total RNA Isolation Kit
551 & . HiScript® II Q RT SuperMix for qPCR(+g
DNA wiper) . ChamQ Universal SYBR qPCR Master
Mix B SUAMERE A R R A A R A w5 B Ak
ARy R 2 1R & BT AR AL RE T A I R &
(FRAP £) . ABTS' A HFEIERAE G & mntad
A TAREFFE T

DHP9082 fEliI%F=A i E—fERl A A R
25 Fl 5 LC-2050 /= M AH U354 H A B i A vl s
SOX606 G EAL v EVEEGE A A AL BBy
AR H s UDK139 2F A sl LR E FAL BRH]
VELP 74 7il; RE3000A 5628 %A% [l g fk o
IFRAT PR F]; NANODROP PR 5T EE
FEBR R R B A BRZS F] 5 AnalytikJena 26 )6 A2 &
PCRAY  TEFEHSEE S AT AL AR AT R W] 5 T25 oy 35y
VIPL  FEE IKA 2] 7820A A G FEH %
FECRHE A BRAS 7] CR2IN 7% #2085 B 4R 2 O AL

HAS H B H; FC BpRAL SEREIZEER I RBHY

HBRA T HH-6 FUR R KIS #NIRABES A
FRZYA]s MEIDAEBHL TRV Fi AR ) -FE R 2 46
H1A BRA ] o
12 S7E
1.2.1 JFORHbEE R B 28 T2 FREL 80 g MEJRRKF, 4%
1:7 APERE LN ATCE /K, TEVERIRHL 30 min, BES
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XV R AT BEAT AL B, B E R IO W, R
3~5 IR, SEAE B U TR IR B IR AR T 2R, RRek
4 K. BF 24 h WEE—IRFES . FEFRIEE . FhieE A
pH ARYESZ IS T T B, B ZRA R e YE AR AL Ak
FRANFEFRIAE o

1.2.2 BHEZESLGII  EREE KA B 1:7,
ZUIBFTE] A 30 min, AR EALFRFZEARE [, DL 48 h 1535
JEH ALA & & RTEbR, BRI (15, 20, 25,
30, 35 C, FEEERHIE 0.7 mg/mL, pH5.0) | Fhifk )&
(0.1, 0.3, 0.5, 0.7, 1.0 mg/mL) . pH(3.0, 4.0, 5.0,
6.0, 7.0) =NHRZEXT ALA SR, BE22NER
ASE g FERT— R F LI B EE R T 7.

1.2.3 Box-Behnken M LGNS AREEARIZER
SIS EE L, RHUET ALA S R 2 A — AR
BRI (A) L 3 (B) 1 pH(C), LI ALA &/
) N AE, SEAT A RIS P . 2R Box-Behnken
PIHE T T2 AiRE, 25 BH 2R R HIKOP4Rig ILER 1.

# 1 Box-Behnken M1 a6 K 257K SE3 3T

Table 1 Factors and levels of the Box-Behnken
experimental design
IKF-
E5ES Gty
-1 0 1

FEFRIRIE(C) A 20 25 30

£V (mg/mL) B 0.3 0.5 0.7

pH C 5.0 6.0 7.0

1.2.4 WiZEWRRAFP ALA SRiilE ALA A9
EMKIE GB 5009.168-2016 28 4= [ FKARE £
TR I R Yo —yk it T, 4 H liR kb 3R 5 oR
SAERGENE, Hoar a3 =R ()35

Aara
ALA% & (g/100 g) = ($

M G s A B
x = g I
2 A )

X (D

AU, Ay FRIITHE ALA IR YA wpom
ORI AT A A U5 R g B TR AR R o
1.2.5 ALA fCHPFHSCERG PRI G SR &k
M EREEA B (LOX) . N kA kW& hlilifE (AOS)
J I AL ARG TE o 53 BIFRECR B 2731
RRFFFNBA 25 W FRFA R 24 2.0 g (RS #A 2 0.0001 g),
i AT EENLFE 53 DTS i, DT 1Y) 20 mL BEFR R
ZE I (PBS, 0.05 mol/L) #E T8 .. B)a, KRG
B TR RS w H FE MRS, HR AR S e e
VKI5 F FALEE 5~10 min, AAHEFEHTREGYT 4 C
£A%F L) 12000 r/min #5200 5 min, W&E FIEWA T
B PR o PSR I R T A 2= RE TR Ul A
PR
1.2.6 ALA & X H A a5 A0 S 3L ] mRNA
EEA
1.2.6.1 RNA #2H¢ >&JH FastPure® Universal Plant
Total RNA Isolation Kit {7 & #£HL & RNA, =1~

ALA 545 B 20— A X BB 2R . fIk ALA 4H(20 C.
0.5 mg/mL EhRE . pH5.0, ALA &H 11.71 g/100 g) .
d1 ALA 2 (25 °C. 0.7 mg/mL L)% | pH7.0, ALA
i 14.57 g/100 g) . = ALA #H.(25 °C. 0.5 mg/mL
FhWRE | pH6.0, ALA & i 17.90 g/100 g) LA K %) AR
ZH(25 °C ZEIR/KELRFE) , B L 4 A FHE B e o Fr A
AR EZ T S

1.2.6.2 RNA fy2ifk  {di ] RNase-free ddH,O ff:
SHES XS, B 1 pL RNA S, AR R i
A I HAE 260~280 nm P K T 09 WG AR, I3t
5 OD,4/ODyg, FUfE o # FUIEAL T 1.95~2.05 i [F
I, 2B RNA SR 5 5 22350 bRt

1.2.6.3 cDNA &A% RNA ¥ E 5, 57 BIAE K
WA i HiScript I Q RT SuperMix for gPCR
(+gDNA wiper) i & 1T cDNA & %, IrfA #EE
IR A A TR S U A

1.2.6.4 PCR Y1 MU 3CHk [12] #4175 91X
i, BTHB 1Y W3 2, 2R ChamQ Universal SYBY
qPCR Master Mix i ¥l & ¥ 47 )N, J2 AR 3R 2l
10 pL, PEH 40 K.

#2 PCREIYITS
Table2 PCR primer sequence

A EmG#)(5-37) KIn51#9(5°-37)
fad2 TGGATTCAGGTGGT GGCTCTCATCCGCG
: GCTGTC ATAACA
fud3 GCGTCATTCCAGCCC GACTCCGCACCAAG
: TATCA AAGTGA
fad7 AAGTGCACCGCTTA TATGCCAGCAAGGG
: GGATCC AAAGGG
fads GCCAATGTCATGGTGGA GCGGCAAGGAATGGAA
: TATTATT TTATC
lox ACGTCATCAAAACATG  CAGAGGTTGGGTATCC
CACCA GCAGT
GCCATCTTTGATTG GGTGCCACAACCTTG
B-ACTIN GAATGG ATCTT

1.2.7  HAhE =B A 2 i 2

1.2.7.1 FEARFUALFE PRI E W RRAT H2 BE AT IR
1.2.1 JriEACER, $e i 3R T 20 Tl 28, 43Sl ER
A 2SI RRA R 2SI RRA AR i, RS H LA TF
JB&, SR e HGE S F B AR i O R B IR B I o . K
3 2B BRI T I S35 HE GB 5009.3-2016
CEA A FEShRE Bih A /KB e Yei—1k . GB
5009.5-2016 CE i e 4 E Zpn v £l Hh 85 5T i8]
EYEF—EF GB 5009.6-2016 £ i 22 4> [E F AR UE
B TR PRI YIS IR T

1.2.7.2 ZFEFRAL LM E  SRIHEILRR A shor bt
A BE AT FE &G D0 2 o MERR KB 1 g BE &Y, n A
10 mL ZEIE/K, PRy HEEL 24 ho HEEGENUE, FHRG
Pty s, WAE FYEW . B 1 mL IS, INASE
RFHI 10% =S OTRIEIR (2 f5HBE), T 4 C 444
NEE R LAUIIER . BffE, 76 4 °C &1L
37920 r/min B.0> 15 min, WA 0.2 mL L5, %
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BREFFAR LT ZET . ZTHREWEIZEYWHA 1 mL
5 AU BE ARG IR SN 28 vh A e, JTaE L 0.22 pm 8
R UE, e A T EAE T .

1.2.7.3 BRI BSMIE  BRITER I EHYE GB
5009.168-2016K & i &4 FE R AriE B SRR
M Yo —yRHA T,

1.2.7.4 AREBEZEMHNE RAHSORAHOETA
XTRE SR BT RE o FEBMARER 0.5 g FE5, INA 10 mL
95% Z AN 10 mL 1 mol/L NaOH A%, T 60 °C %%
AR 1 he $REBGERS, FHREGY S 4 C 4%
T L 12649 r/min & .0> 5 min, W £ UL 3E I H
10 mL 95% Z BEPe ¥, TR LA 12649 r/min. B>
5 min. HIFPREL.CITS IS, FH 2 mol/L H,SO,
P pH = 3.0, K, KIRGYS btz 1:5(w/v)
FeBR A TR AR AR ER, JINZEIR/KEZRZE 10 mL, B
JaiEit 0.45 pm AHAATLFLUEAELL NS, fEE . i
25 (SR FH A C (5 pm, 250x4.6 mm); #
s 25 °C; PERERR: 10 pL; FWsh+H: A-0.01 mol/L Wik
FhGZrpiR pH=2.8, BHEVEIAR)T AN : B-2; A-B:
0~20 min(95:5, v/v), 21~22 min( 80:20, v/v), 23~
25 min(30:70, v/v), 26~30 min(95:5, v/v) ; ¥ 3
1 mL/min; Kl 4: 280 nm. DL B Fpfi A ks, 14
TH AR Sy A A bR il n v 2, FLARUE T RN Y=
1795.2X+2755.5(R*=0.9992) ., FLFiZ )7 #e, IERE
i ORI &

1.2.7.5 p-ZFETRRESEAME 23k T RIIE
HKPE NY/T 2890-2016 KRG p-2 FL T RGN AE &
SO ARTETR Y S SR AR R T i A
TBIAHFE# 0.3 mL/min., AIRFAEE 30 C, FshftH
A ZH 0.1% HER/KIFEW, ishAH B A3 0.1% HiREY
ZIEHW

1.2.7.6 AEFMHTEEMNE S35k [13] Fik
FEFAVEME M. KSR FREL 200 mg AS [R]85 % B 18] i AF
FRAFEE S, ITA 2 mL BB, B A $2 X 30 min, $2H
LS, IR S WAE 4 °C T LA 15811 r/min B 0>
10 min, WW4E LW . FEE LR R B0 4E
3R, FIFAETR LIER.. U1 mL &30 E AYIREUR, Jin
NEEARFRZE KRS, 28 0.45 um A HUAEIFLIENR
&, TSR T IS 825001 ik 400 i sl AH
0.3 mL/min. FIRFEIREE 30 °C, HishAH A 2 0.1% H
B /KW, RBhAH B W8 0.1% H IR B SN, B
BEVEMARFEUN T : 0~4 min, 15% B; 5~12 min, 15%~
50% B; 12~12.1 min, 50%~15% B; 12.1~15 min, 15%
B. DA R AR, WA PAARPRE AR ZR,
SRBRAETTFEN Y=646.3X+9326.9(R?>=0.9921),
b uE T 2y R SR il b AR FOE ) 5 0

1.2.8 RIS AT

1.2.8.1 HBEALYEALEF(SOD) MG MERIIIE  FREL
2.0 g BE5h, BT 50 mmol/L BM& £h 2% Pk (pH7.8,

% 1 mmol/L EDTA 1 1% PVP), #2118 1:10 Bl b
FIRG . R W E T UK, St rh AR 3% Ak
PR, BEJE RS PR 15 min, $RBGERUE , BHRSRAE
4 °C 4514 F LA 15000 r/min 25.0> 15 min, /NS
TR o FESh I A AL B AL (SOD) 1 PRI
TR i FEA ) S A5 U TR
1.2.8.2 DPPH H HZEWEEREEIIIMIE W RRFF Y
RAMTEALTE PELLWT S DPPH [ i JLA9RE J1 i
FrE, D52 J7 = I8 Noreen 25U iR B DPPH H
FHSLTE IR BE 1 I ks o [RIBS AP IR R %o it
21, LhRPE ) A LTS BRAE 1 . DPPH [ i EE R
RE 1IN A= (2):
A, —A
o, Ay 28 DPPH M OGS A RoRwk
TR S AFAERT GRS
1.2.8.3 ABTS'H H &iE R Be I f bt A tbie I 19
MAE  FRELZY 2 g WRRFFRE S, A 20 mL 70% H
5, FEATPRGGIRS), R G E TR, A=l
HBFEHEEL 30 min, ¥HZBUSIIR-GWITE 4 °C 54T,
L4 15000 r/min B5.0> 10 min, fE B ES . /OIS
VW . ABTS' F AL BR AR 71400 74 2 Rk
F BT AT, O BR R A ) TR, APt
FALRE 1 B RE [FIARAR AT S e B P T,
LSRR LA FeSO,, MR S E B (mmol/L ) K7,

DPPH H & R (%) = Lx100 =X (2D

ABTS" H L5 R R (%) = (1 _ Alg A

0

)XlOO

X3

o, Ay RARZEFIZK AN ABTS W NS 1L
JCRE; A SRS WRRFFE RS ABTS SRR RS 1
JGHEE; A, FRINZEB/K ANV BRI IR G5 RO'GE o
1.3 HEAE

JIT A S B Y w5 = Uk, B A S B bR ME 22 3R
7~, 4 A SPSS 27.0, Design Expert 13 F1 GraphPad
Prism 10 TGP AEIE . 224l E0dE R A A A
FRIT 225 TR 7 22538, LA Tukey’s KA T
ZH L E ST X, P<0.05 R Guit2

B

2 HBRESh
2.1 AENEFIRE. FRIKEF pH X #A ZF I MFF
ALA ZERIENN

R . LU AR pH R RRFF I 2F S ALA
WA R SCEEAEE R, H A, A AT ZE A B
FHIE K ALA & BRI A R . g T
S0, ALA SR SR IR E TS 2 B5e LTS TiE
e, HAE 25 °C BHABIEE (B 1A) . X—iRE
FAE T, BRI I G P AL T Al R A, A
ALA &AL RRIR AL T AR A B, £h
HBEEXT ALA 5 &L 114 5% i) 22 30y B () “IRARE s
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Fig.1 Effects of cultivation temperatures, salt concentrations, and pH on the a-linolenic acid content in germinated flaxseeds

BRI E/NG F R R 22 57 B35 (P<0.05); & 3~18] 5. K] 7~ 9 [,

i (Bl 1B), #£ 0.1~0.5 mg/mL NaCl 75l N, & BE
Y ER PRE A8 e R AR IS B VR T R ) L B BTUAR AL

7 1 3R G5 LA K A 2E g 0T A3 O B g 0 M, T 3

(P<0.05) & T ALA MOFLE; 4R, MRk it
0.5 mg/mL B, s A ERERa s TG pmE I
T SEAC RS, SR ALA S R M. Ak,
pH Xt ALA & 52 [RIAE 2 (8] 1C), ALA &
1E pH5.0 FUSFIRTESAAF T ALA LB i, Xl fE
L5551 Mk I B Re s AU HENR 7 S AR S B s
PRI, T ALA 2R A elel, St
BT S R AT LAHEDI, 25 °C 55 =R . 0.5 mg/mL
NaCl £k &N pHS. O K5 35 55 FRESAE ST W RRKF
A I R e 7 1 [T, A5 A0 R A Qi AH oG
Pt FIEE ] 3R 7K, DA e KB BE B AR B - IV BR
TR A=) SRR B

2.2 TRRFFEASF L Z RN R iR ie

2.2.1 map EHASGZE R AT R R LE R, R

JH Box-Behnken IG5 11, iz A 3 RIZE 3 KF
EOL I VATITRA T REP O WA N S =2 3 o ¥ o W vy £ P ML

it 17 i, b 5 245 e ke,

% 3 Box-Behnken i i1 545

Table 3 Box-Behnken experimental design and results

LS A B C Y(g/100 g)
1 -1 -1 0 13.52
2 1 -1 0 15.46
3 -1 1 0 14.44
4 1 1 0 15.89
5 -1 0 -1 11.71
6 1 0 -1 12.86
7 -1 0 1 13.09
8 1 0 1 15.06
9 0 -1 -1 12.11
10 0 1 -1 12.50
11 0 -1 1 13.92
12 0 1 1 14.57
13 0 0 0 16.88
14 0 0 0 17.34
15 0 0 0 17.90
16 0 0 0 17.80
17 0 0 0 18.03

TIPSR 25 . AR IRIEEE (A) . FhHk B (B)
pH(C) K A5 K, DL ALA & A i W ARL, T2 i
AL, BARIGLE WL 3,

222 BRGS0 25000 AERER 3 ThiEdE, SR
JH Design-Expert 13 Seitsrdrik gt 7 8da s, 2
ST HEFRIREE (A) L R (B) Al pH(C) IR £ 10
FASAY, FERPAIR P (£ TR BGHA T T )7 225007, 2L
HAARMN Ik 2 )7 B Y=17.59+0.8138A+
0.2988B+0.9325C—0.1225AB+0.2050AC+0.0650BC—
1.43A°~1.33B°-2.98C%, HiZ& 4 A A, FAIFE{A
2 (P<0.0001), HARIITFAS I 3 (P=0.9842) , RIS
BOTRIZER /N, A AT SR R o

4 BTSN
Table 4 Regression ANOVA

mH SFHM HBE ¥ FH Prob>F  WEME
TR 71.81 9 798  59.88 <0.0001 o
ABRFIRE 530 1 530 3976 0.0004 o
B-#KEE 07140 1 0.7140 536  0.0432 *
C-pH 6.96 1 6.96 5220  0.0002 o
AB 0.0600 1 0.0600 0.4505  0.5236
AC 0.1681 1 0.1681 126  0.2984
BC 0.0169 1 0.0169 0.1268  0.7322
A’ 8.60 1 8.60  64.50  <0.0001 ok
B 7.49 1 749 5621 0.0001 ok
c 37.42 1 37.42  280.84 <0.0001 ok
B 2% 0.9328 7 0.1333
PRiPe 0.0324 3 0.0108 0.0479  0.9842
HiR%E 0.9004 4 0.2251
ML 72.74 16

E: " FORBUE, P<0.01, “*" IR B3, P<0.05,

Fhu B 1) — IR IR 2 I KO, TR SRR
—RIA . pH 14— IR, BEIEI L Y R I £
PRI LA B2 pH A R I YA IR B A B S KO
Adeq precision {H >} 21.2566, 3= BRI R ELA 45 /5 14
TR BE o R?,q; fE2A 0.9872, Ut IZ AR I fEAS fiff A
98.72% MM NAEARMY . £5 TR, AR AU A 5051
R4, 36 FH TR 2 25 5 S 1l
2.2.3 MRLMESAT SR Design-Expert 13 ZXfF4x
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ERH BN pH6.0 BT A B R . X —ARfbia s
ALA i 00 A B — 380, RIS B RS IR
Benens o ALA AU SCRg s o B s
ST UE—2EESL, dh ) | SR RN pH SR P B
PR SCEERBE DA, 38 AR RENS AEREI R 1 B v
T4 HAR e, ik it A4 ) AT BE S 2 AA 52 2L
AR W PEALOIIE B IS A2 T R, DA
FRIRE | R pH S50 T4 ALA ARIHAHIG
ks vk . s HARALROCR DL AR UE ALA 948
BHEA R L,
24 ALAZENHAEMSKEXEERE mRNA B
AU

AL T IE B B 3R 40 S i i O Ak o B
G, Hr . = ALA & BE2H 85 28 W RRFF i ALA QA
KR FRIR 225 . SCIOLE R, TR | Ehuk B
pH MAEL I 3 (P<0.05) JH#E T ALA &S RIEIHAH
FHLH RO (E 4) . SXFERZHAR LR, &5 ALA
A P AR MBS RN fad2. fad3. fad7 FN
Jfad8 ) mRNA AHXF ik i 3 FJE(P<0.05), Horf
Jfad2 BIFRIR IR BN AR 2.13 5, FEH I ERGA
A ALA BRI 6 AR 8 T 58 2 U, R,
fad3. fad7 R fadSYE AL IMRFE LA ALA B
BRI, E R ALA & Ed] P AR IR K i 2
FXTHRLH (P<0.05) . FHELZ T, 25 ALA &g
IR A RN lox 7ERG ALA Sl p ok i
FHIER(P<0.05), X5 lox 1EF & T iAW F
VAR —3 . lox VE ML ALA $44b MR
P Sk S A 1) SR e, L B R 2 i ALA 1140

ALA Fig 2l 2.45 4%) W35 & T ALA S EL4HY
JRPH(P<0.05) . £ FATA, 3X 5 D IEPIIER] 2= 5 R
VR FE B ZE ik R b ALA BT B, 18 it BV fad2.
Jfad3. fad7 N fad8 W3Rk, [EIBF4MH] lox FRIA, A
TR BETHER F IR M. ALA B9554k, BeR 3t ms i 28
SRR ALA BUFRE

2.5 TEMFFRF IR EMEFRRSBSH

2.5.1 FEAHALIEARIIASAL SR EE 25 A ZF W RRFT
M FRALFE AR 5 R an &l 5 . B 2R RR v, &
KA RIS 12 AR AR, X T B 5B E R
P AMMUBERZIKAT G . 3 TS I AE B 25 48 h ik FI|Ig
{E(25.75%), AR ZER SRS 7.77%, X1 5%
P Tt 84 0% 5 00 i R B 1 93 i ORI AR L A A

SR MBS RAEBT ZE 24 h JEFE B INE(33.79 g/
100 g), A ZERT /24 15.57 /100 g, B 5 15,
X —Bh AR 32 TR T 43 fe it . g il S 5 4

AT , AR H I —lR K A AR U s Ne R A
W, TR ESE 5] % AN 10 R U5 12 1 A 6 i 25 A R
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Fig.4 Gene expression of key enzymes at different ALA levels
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5 PRORF 2 e vh E IR RR L I A2 Al
Table 5 Changes in amino acid composition during flaxseed
germination

FHER F i (mg/g)

Oh 24h 48h 72h 96 h

RAHEMR  41£021¢ 544035  9.4+0.07° 12.4+0.35" 11.4+0.84°
5.940.35° 14.6x0.16° 48.6+0.72° 58.6£0.21° 30.5+0.84°
6.0£0.42¢ 13.1£0.53° 22.9+0.19° 21.8+0.10° 18.3£0.43"
1.1£0.21° 2.11+0.37° 6.6£0.25° 10.4+0.77° 5.0+0.43
3.24031° 6.6£0.120 14.7+0.74° 16.8+0.43" 8.6+0.21°
0.8+0.11° 0.7+0.16° 2.3+0.24* 2.3+0.15* 2.2+0.53°
3.7£0.04° 5.2+0.51° 13.7+0.34™ 14.0+0.43* 12.4+0.38°
2.0+0.64° 2.7+0.57° 6.7£0.15* 6.1£0.36° 5.5+0.28°
SELEIR 2.840.56° 4.1+0.44°  10.9+0.36° 11.5£0.52° 8.4+0.36°
AR 4.8+041Y 6.3+0.65° 18.6+0.89° 17.4+£0.41* 15.3+0.29°
&R 2.6+0.04° 3.8+0.11¢ 11.1+0.85" 10.6+0.17° 8.6+0.19°
KNAMR  3.7+0.53¢ 5.4+0.10° 16.6+0.12* 16.6+0.47* 14.2+0.55°

BEEEdo PR
L -

AR 6.0+£0.43° 3.2+0.31° 18.5+0.76° 21.9+£0.68* 20.1+0.22°
AR 2.3+0.09° 3.2+0.31°  9.9+0.28" 10.8+0.08* 9.5+0.20°
WA 3.8+024% 6.9+0.33° 24.9+0.52° 29.8+0.50° 29.2+0.51°
AR 1.4+0.04% 22+0.12°  4.6£0.54° 4.3+0.05° 3.4+0.64°
B 0.6+0.65° 0.8+0.06° 1.9+0.02° 1.8+0.05* 1.5+0.10°
JHEER  1.740.16° 4.4+0.38° 22.3+0.80° 51.3+£0.43" 35.5+0.10°

é}_ IW)/J\Q? B AR 1R 250, AN [+ 7 2§ e 1) 22 (0] A I 3 2 5
P<0.05) .
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Fig.6 Changes in fatty acid composition during flaxseed
germination
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Fig.7 Changes in lignan content during flaxseed germination

2.5.5 GABA &yt W& 8 iR, WMRAT7E
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