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Abstract

In order to understand the effect of exogenous calcium on nutritional components and cyanide of
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flax sprouts. In this study, flax seeds were used as carriers and soaked with different concentra-
tions of food grade calcium chloride to cultivate high calcium and nutrient rich flax sprouts. The
possibility of calcium strengthening in the process of flax seed germination was discussed from
the perspectives of growth index, important nutrients and harmful cyanide content. The results
showed that flax seeds could absorb and enrich trace element calcium during germination, and the
effect of calcium enrichment increased with the increase of exogenous calcium concentration.
Soaking flax seeds with an appropriate concentration of exogenous calcium (3~6 mmol) could not
only promote the germination and growth of flax seeds, reduce the content of harmful cyanide, but
also improve the nutritional quality of flax sprouts after germination. According to the normal
consumption, the possibility of calcium poisoning caused by eating this kind of high calcium nutri-
tion flax sprouts is very small. It can be used as a dietary source of calcium supplement for human
body, which is of great significance to improve the symptoms of calcium deficiency.
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1. 5|8

R AL 7 b S LT AR AR . e NS R R BURIM Y B 4T e, TR T 4 HAT IR
Bivg. piie . MEER, HAAWAERBMABCR, ErlmEAOR 1], SR b E & 2 M AR
WETIREMERSY, W0 - TERRIR . IR ERREE (1. AEYERZE[2] [3] [4]. EIRRFF RN TR Wi T K
Ko EORZEIN ARG FRFF b — el & A — € BRI EALY, WO R H1 1 L RRFF DI RE & 77 1 0T
RBANRT, - BRI T3 BROFF 38 S 7R TR T i 42

RIS, MU E S A E RS TR ORI T DU SRS AR, SO
RERE[5]. KESKIREIRERY], MWAh T2 ik )E T bLEE R w8 G rE /M E, Harblses
Ty RS E TR AT 6] [7] [8] [91e AL FL i A O FE b vl DA S8 4 v et A B 0 495 ) AR A T A
BT BE FRE AR BB, vl R NPT e Bt — otk . UT)LEE, T d5 A & il it
T —LEdRIE, SEERAEL 10 SEEIHAON M, R NEES D R AR AT . 45 R R
AR L, AN (R SIS 77 250 PTG 2 4 i e AL A R, TR N Ve . ANt 45 1
7 ARSI R IR AR, 7870 4 e AR S n R & B, RS SR K SR AT R
WG IR R e TR BT [10]; APHERTSE DAAE P B R A eoRBHAY 7 BT, i AR
M AN R P AR 75 Ja A B, ARG WE Mt AL PR T S 5 v 1 RS AR TR S . Ve SR YRR
SR PR EELIGINR AL, BRERAMBE O S R(11]; EHELFET. FHOVM, BT R
AT T T R SRS 5 AR AR AR (R R . A IR R W], SXTIRAR L, WAL AR T RS I
RS E LIRS R, RICTTRERN SR, RN T Ve Ltk Ea SR, dhmike 7REE
Fr it R S B RE[12]

SRMIIEA D91k, W TAME NS 7o 3O R 2F S ARG . 495 8 735 | A AR s IR i & = i AT
RIWARIE . ABEFCCALRRAR T8, DA R B s SRR A 7 30, B a i e R = 1
BRZFSE, MEFSREERRDL, & & 8 I5 o LB ANARA 5 R A ) 5 AR A AR AL A 448 FE 7 T JRR 242
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TR R AT F5 s A I FTRE PR . TN 25 85 (078 I7 T JRR 2 S RE WS IO N AAKMES I BRI, R
FERE) PR A £ i AU I FH 3 P B A A

2. IEMPEHFE
2.1. SEReMRY

BURh - M0 i, AN 5] e B RRRD 7 10 g, 35 545, H 1.5% R SBRENVA WIS 2 10~15 min.
W J R K 7 e 28 TC IR SRRSO S, NN 150 mi £ 5 R S A5 VAR, Ca® W43 51 9 0 mmol (CK)-
3 mmol. 6 mmol. 10 mmol. 15 mmol. BE/EHENTME T 24°C N TAMEFE N B SFAF T IRM 12h, HUH
Jei, FRBAKED: S W1, HTHAENEHTOEEFRETHOH 1L5%RERMETLE, AR 2
KEIEAR), FuE4CH A KRR, BRENABEGRUK, BEATE T AT AESEFRA AT 24CH%
R EEE 3R 96 he BFRR 6~8 h MLSERREHLAN T — UGHAIK, (S IEARAAR AR FRB IR R AT

2.2. SEWFE

2.2.1. EKIBFRAE

BENLIEE 30 #RZF3E, FUEFR = RAERRI & 27 32 00 N IRA . R IRBh iR . AR BENLIZEN 60 )
WRZESR, ETZEERMKSy, FRECLEEE, 1 105C T 1 h G, BHEE S 60 CHtEHE, 15
IR 2 S 1 5 7K 3

2.2.2. EMZFFEEFRIENE

HRREE 4 KJa, HAafKEsRZ ik, T 28 CHEA 218 H (i B 2 B AR MR 28 S K8 7R iy &
&, e R), KTRETER, I 60 B, JCE T TSR,

AEPEE A S ENE: 2 GB 5009.5-2010 HrL K€ ZIZEN E (GB 5009.5-2010 £ il %2 4 [H Z bR itk
i E A NE) LR ERE).

A PERE S EIE . R RIE[13].

TS A AR S B E R A B =W (13

SHEWIRIIE : S GB/T 5009.6-2003 H12 FCHEHGEN E (GB/T 5009.6-2003 £ i+ i s 1000 =2 )
F— R RIhRIE)

e RS BEIE: 44 CIESIE GB/T 6195-1986 H11 2,6- S BTl 2 12(GB/T 6195-1986 (7K
B B4R CSEMEE) 2,6- “EEMEE. ); 4R E S GB/T 5009.82-2003 H {43l
€ J71%(GB/T 5009.82-2003 (& anh4EER A FI4EA 2 E IED ).

2.2.3. FRPFUMLENE
PRER 0.5 g BET 23 REdh, 2 MG O S IR - MEMERp R L ik 14], S5 RUAITE TS

2.2.4. FRPABRSENE
PRI 1 g JET2FSehe i, A S 0RO A BE T I [15], &R ATHE .

225, FRPEZFENE
Z I GB/T 13885-2003, KR WO 2 (GB/T 13885-2003 (Ahiakl b, 4. k. £,
By PR BNAIEE S EROIE ) RSO TEE).

2.3. BIEDHT
BRI R A 3 IRE W%, A2t sl LA H EXCEL #4178t it M 7% 7 8 35 1% 43 Fr (Duncan £
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HEELE, P<0.05) .
3. BRSO
3.1. XIERRSFREK IR

1 SRR T AMNEE SRR PSR A KR BRI S KRR . FSIREETE 3~6 mmol
T A 2 S A KR O & FR AR AR o B5 U EAE 0~6 mmol JEFE Y, NIRRT IR S 1 ks, 7
6 mmol & N R4 K AN R RSt R IA B fe KAE 20 B #K 42.53 mm A1 1.25 mm BB E 5T 0 (CK)4L:; AR KA
A 2 TR BETE 0~10 mmol i [ P B 27 S8R K 3 & A, 3 mmol WRFE T MR KL 0 (CK)ZH IS =y, JfAR
KBIRY 2 KT . FES IR T AT R 2RSS KR I W AR L

Table 1. Effects of exogenous calcium on growth and water content of flax sprouts

= 1. SNREER I AR S A ORI & 7K R E R

£5¥R E (mmol) T RS (mm) T BB (mm) AR (mm) BIKE (%)
0 (CK) 24.19+4.02a 1.09+0.01 a 3939+ 6.72a 8528 +0.44 a
3 mmol 3349+730¢ 1.21£0.09 be 41.52+3.00 ab 85.60+0.36 a
6 mmol 4253+322d 1.25+0.03 ¢ 4297+6.96b 85.32+0.50 a
10 mmol 30.85+2.18b 1.19+0.07b 47.63+1.96¢ 85.18+0.22 a
15 mmol 29.88+10.97b 1.08+0.01 a 393+631a 85.36 +0.57 a

3.2. MERFRPABEEESEOLM

HE 1R, 5 CKAME, BmBEEEREMEE T H R h st E A i S B A A
[FIFEEE BN . 7E 3~6 mmol YA, FIVEMEE AS ELE 13.47~14.58 mg/g Z 7], £5KEN 3 mmol j2ik
B KME 14.58 mg/g, 5 CK HAHILIGIN T 33.76%; #5IKFEAE 10~15 mmol JE[EI N, 23 iR ml 1t 8 1 Y
SEBITRES, 1E 15 mmol #&1A B HAK(E 10.88 mg/g.
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Figure 1. Effects of exogenous calcium on soluble protein accumulation in flax sprouts
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3.3. WMERFEPABEEEIENRE

P 2 TN, AR IR el m R v SRR 2SR P A A MR, EASIR AR 0~6 mmol YU FE Y, HESEA AT
WIERE S B R E R, MESIREEN 6 mmol B, R MERERA R Bk B 5K ME 40.21 mg/g, 5 CK 4
FHECHE N 68.03%. FEFSUKIE 10~15 mmol Ju[E NI, FIVEPERE & 22 T B, RIGAH] 18.74 mg/g.
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Figure 2. Effect of exogenous calcium on soluble sugar content in flax sprouts
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Figure 3. Effects of exogenous calcium on total free amino acids in flax sprouts

B 3. AU Xof I JBR 55 1 U 1 e R I A B P

3.4. HMERFRPFRIER S BOZM

B 3 L, RS R EAE 3~10 mmol i3l P BN, 23 A U 2 S R R

BT CKA, HiR
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P PSR B O 3 mmol B, SR A LR S A F 23.12 mg/g, 5 CK AIAHELIE N 37.94%. 2433 Fh
AP IR FE T 15 mmol B, ZF30 iR B R FE IR S R IR T CK 2. 156 9H 38 249k B i A R4S m] DL 3
SRR 25 3 i B R AR IR S B AN

3.5. X ILARZF3EE BE R EE B9S2 m

] 4 T, 24068 S0 JRR 4 S 4 MR N AT 9 B 7E 3~6 mmol Y0 [ N I, ZESE v s IS b L 8 CK BT,
5K E 6 mmol B 1A B & = 1E 35.35%, 8 CK HF5 12.25%. {H 249453 E KT 10 mmol B, ZE3E A 2 fig
JIi7 L A5 T 4 B Bt 34
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Figure 4. Effect of exogenous calcium on total fat percentage in flax sprouts
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Figure 5. Effects of exogenous calcium on vitamin C accumulation in flax sprouts
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3.6. MALRRFRPEER C FENE N

HE S AT, 4R FRR A IR AL T 3~15 mmol YOI AR, RSP 4EE R C S ENE T CK
Mo MR 10 mmol B, ZEH4EAER C IS EEmEIAT] 0.14 mg/g, K CK 431N 26.38%. X445
WRPEAE 3~6 mmol i Bl N I, ZESE P 442 2 C & B3 CK LB 6.9 %~21% . 15 2485 1k 5 i 1 i (> 15 mmol),
FRRMgEER C S RBIT A .
3.7. MAEMKFRPEER E BRI

B 6 mIAn, 4% MR A R AN R & S RS A G, B R RR 2R P 44 &K E & B0
BT . FEFSIK AL T 3~6 mmol JE B NI, ZESEHRI4EA R E S Etin, % CK AN 6.3%~6.7%, 5k
J 6 mmol B 4EA4- 3K E & BiA R KAE 58.07 pg/g. HE5IRE 10~15 mmol JEHIN, ZFRH4HAERE 8
BT CK 41, UhoIESR gt mmy, ZEgh 4 K E & e B30 .
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Figure 6. Effect of exogenous calcium on vitamin E accumulation in flax sprouts

B 6. SNBSS RR 2 4R ER E AR R KR

3.8. MIFFRPFLDE BRI

S JRRFFFEAS [F) R AT 92 P i R J5 A 0 2 B 1R A ) 7 B o 2432 Pl 5 R FE A 3~6 mmol 3
PIIR, SIE R 2 S P A B BB CK LA P MR, BRI EEBITE 3.7%~8.2% 2 1], B & BN 2.41
mg/kg. (H24IR RIS IR S E 10~15 mmol JEHES, ZESEF A& BIF R CK A&, ®mh
3.22 mg/kg.

3.9. MIERZFEPAKRERZ S ERIF M

ANTR) VR S 56 SE R IR A R G P2 AR S P R R & E ARk an ] 8 B, 7EESIRE AT
3~10 mmol JEHE A, ZEXEFARM RS EEHTE, B CK A5 25.42%~43.83%. 152432 Pl -F A5k FELE
15 mmol B}, PRI ESEIFE FHEMET CK 4H 15%. 18— W EE B /NS4S 7] A S0 & 0 Jjk 4
SER AR RS, TSP TR S S T RE AR A A F R 8 R A .
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Figure 7. Effects of exogenous calcium on cyanide accumulation in flax sprouts
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Figure 8. Effects of exogenous calcium on accumulation of lignan in flax sprouts

B 8. ARG Xof I JBR 25 1 AR B 2R AR SR IR

3.10. XFIERRZFIR G RAIRM

B i A R AT LB S (R I JRR 2 S P S S R 9 PR, ASREG S 25 AR IR L Vi
fE£ 0~15 mmol, V. JBR % 3¢ op 45 & Sl 5 R MORCH A5 R EE RO TH g n . &L CKO 2 A 48 i 152 38 ]
96.10%~272.13%.
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Figure 9. Effect of exogenous calcium on calcium content in flax sprouts

B 9. AR X IV RR 2 S S S IR IR

4. i1ig

FRMEVEKEENLR LR —, BARCAMNE. F2 40 RE LA (2 g0 K e, 7R
HHNEES N, BEYESUNTE Pt S kA K . EER R TR s A R . — BN,
& IR BE RS I 0R M R] LA S A SR AP IR AR KR B, H SR RS ) B A
FEVEH, FRAEIIAEK16]. AWFFLE R, MlniE Bk E K AMNEE I TR R A KR T, it
FR NIRRT, FI S 7SS R IR R AR R 2R A, R R
ER . Z4ERSHAE R TINEES KA. &% EAK A= 80 s ERAHE—2(17] [18] [19].

AR FE AN A IR, T ABCE 2R SR . ASHIF FU R0, AR FEE MRS A TR SRR 235 v () 4
R C. BERE. IR, EORS RN, SIRES WA IIHIER . 124535 X0 201 AR
RIEFEST BN AROGEAER C 44ER B AN, nIVEVERESSHT SRl 7R 204 K,
R AN R A IERN, (HIREE T, TR R, IR T SRR A [5] 5 el  2 S eA FRD S
T T FERIR B B AT IR AT 5T

SO JRRFF HH (10 A SR O] 758 A B A P R AR A B AR IR [22] . AFFFLKIL, MR PR S
W ETE 3~6 mmol Y [l A B, SRR 2752 P I EUAL )& B CK 40 BT %, S & B 5 2.41 mg/kg.
H 22 PR AS R FE B = 7E 10~15 mmol Y6 B, ZF S b K A & B a6 48 CK 204 1y » i i 4 3.22 mg/kg
Hal, REEEA GV RS 2 brdE, {HTE GB 27152016 (& i LA ERKbRHERE)
EARER PERR T ENACT 10 mg/ke, 2017 FRE A AT B H SRR E N 20 mgkg. 1T
AP GV R 2 S TR S R = 2 B 3.22 mg/kg HIBUE 5 2 K T IX P b, 3 9 [ 22 3 BH IV JBR 2 >
TENE R A

FRNTRNEE LR, SRV REEN0ER, MRS EA L0 R 2 5 m A KK
BHAMERE . R EE IR M S H AR bR dE B (L 800~1200 ZZ 5 ZD4F 1000~1200 Z58; A
24N 800 Zd; ZIIH 1500 Z50), RBRH & MRS IE N 15 mmol (FATTSLI B B 1 /MNFAT i
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