@.‘ésﬂﬁ’f«il

Vol.38,No.14,2017

b ek o P 9 PRI S0 T2 04k

(83 RA K F R A F F 2, 481245 )1 350002)

W OE AR ET SR EEEREL TR EERR AR BERAETERS S LRI EE T, ARK
WAL R EIRSAIAR, T LA LR A r B EE, AR EN I EARFREL SO EER, £RE
W R L R 3% i e e KR A E 0.5% , W EEER M 1.8% , BER KT 03% ey &4 T,
#489 HR AL [ A K 3] 36.72 ¢, B E 3RS A %) 91 o, 5 FAMMA 5 48 £ 2.52% F2 0.005% ( <5% ), HRAKLE
S bR 00 & & W R E AT A, 2 SR & IC, 15 A 6.02 mg/mL,
KB T S A R R, B B, BT, B A, TR

The process optimization of noodles
with antihypertensive peptide from Laminaria japonica
ZANG Ying-ying, CHEN Li-jiao, CHEN Ji-cheng* ,CHEN Li,ZHAO Xiao-dan

(College of Food Science, Fujian Agriculture and Forestry University , Fuzhou 350002, China)

Abstract ; The aim was to develop a kind of hypotensive noodles by adding antihypertensive peptides, mannitol, alginate and
dietary fiber from Laminaria japonica.The single factor experiment and response surface experiments were carried according to
the maximum tensile resistance and sensory scores.Optimal technique parameters of noodles were obtained , and antihypertensive
activities were also verified. The optimal processing parameters of kelp noodles was that kelp dietary fiber 3% ,0.5% kelp
antihypertensive peptide,1.8% mannitol,0.3% algin.Sensory evaluation results suggested that the produced noodles had good
taste score of 91 points, and the maximum tensile resistance was 36.72 g under such conditions, 2.52% and 0.005%
respectively with the predicted value ( < 5% ) .The antihypertensive activities of noodles under the optimal conditions was
determined , the half inhibition rate of ICs, was 6.02 mg/mL.

Key words: antihypertensive peptide from Laminaria japonica; mannitol; alginate; kelp dietary fiber; noodle; process
optimization
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Table 1  Standard of sensory score
i H i3 oA
(ERES 10 T ARHIBIE ML . WP SR E, J65E 8.5~10.0 735 PN 6.0~8.4 73 SEEHE Ny 1.0~5.9 7y

PR 10

T 2R R MO FIZIKARE . RIZSH 0% D6t 8.5~10.0 735

HlE] 2k 6.0~8.4 73 s R IR K IR HE D 1.0~5.9 73,

P W W — AR 28 TR JT B RN e TG A5 0 17~20 45

R0 RIS AR 1216 43 KBRS AHOY 1~11 53,
I 25 TH A AENELIRNT , RSN RIBPE I KN, AT W) LB AT S g 21~25 53
‘ — B 15~20 43 IEEN 2 BPEAR A 1~14 43,
it 25 SRAENFUN A B AR A REE . MR 38 11 K R 21~25 45
BFEO REKEE N 15~20 23 s R FE 0 &R N 10~14 43,
e T 22T S RS R E . YW H 4.3~5.0 435 1l 3.0~4.2 43 I TREEZ N 1.0~2.9 43,
Bk 5 A kI BRI . AT 2 T 0k 4.3~5.0 5 HEATG SO 3.0~4.2 43 A7 SRR 1.0~2.9 4y,

Titg: B PE 2R T R AR T = 1 2: 1) Pl g T 2 1 3R
PR IR IEPEZ2 K, 53 F 4k 3000 Da'™ s H @& I 48
Bk EZE bR A R A E S B AR K
MERE T s M B a4t Mgy rh 32, B2 L Blfb =
A R A, AR O R .

HR2356/21HR B 5 sh i S50l RANHIZ A
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{¢ B[ Stable Micro System 2\ /], FH X4 [ S
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AT R LR TS PRI L 88 B 4 B I T T i 1 41 4
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Ak . FH PR I B A AL Bk O, 2tk
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AL AT 1 THT S 3 T ) O e 48 v 8 =, (e v
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T3 I HLeS A e sl , B AR Rk, o T S5 28 SR AE IR
S B REATRAR S5, 10 S5 TR A% gk WO R v g R T
HZ 1S40 il 2R, B T S5 8 W B i s o b
AHBH 7 FRh AR ER B, B Al 8 UPAT SR B, i
B RAE A /MESRSEME, A S5 e T A/
SPR #3k , 5K Jy AR =0, Wi B 1.0 mm/s, ] 3
JZ 5.00 mm/s, f5 i 3 & 10.00 mm/s, I 3K R S
15 mm, il IECEAH B 8, ik 1 5 g,

1.2.3  EEIPFM SR 5L BRIV R UES B SB/
T10137-93 HEATHERIMERR, WNZR 1 Fion, i 10 %l
N B R PR AN

1.2.4 ARSI HIT LA S KPrhi i BE s A1
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T BV Y R I 35 P IS i & 4353 28 0.0.1%
03% .0.5% .0.7% .09% . 1% , H: fth & 1. H 58 i

204 55175z 145

2% MBEIETRINE 0.3% G474 2% ;

WEHBERINE S5 HR 0.05% 1% 2% |
3% A% 6% , HAthZ& A4 MRy B MUE WG M AR 0.5% 48
BIRTINE 0.3% JEH SRy 2% ;

BB AE B S I 535124 0 .0.1% 0.2% 0.3% .
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0.5% H#&EE 2% s 4T 4 2% ;
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Table 2 Factors and levels of

response surface design in noodle processing

7K
A= -1 0 1
A VT R AL R TR AR (% ) 0.3 0.5 0.7
B H (% ) 1 2 3
CHBEmE (% ) 0.2 0.3 0.4

1.2.6 ¥Ry T A5 R IR W60 52 s T 4% A4 R4 L
JFEIE PERIN 225 Chen 54 JE ACE I 1 - 1% 10 72
Dk T 2% A KR B AT IS 4T 3K, 4000 1/ min £
020 s JEH BV WA o SO AE (% (HPLC) 4%
14 . 4,35% 4 symmetry Ci (5 pm,4.6 mm x 150 mm) , %
72 25 °C KM 228 nm, 7 i# 0.5 mL/min, 7 ZhAH
5 0.05% TFA il 0.05% = 2. i /K % wk (pH2.80) /2,
B =85:15(v/v) o

B 10 L ACE 140 pL B 5h T HEIR R 5 e P i
¥ 2 min,37 CAREIE 5 min, LA 50 wL I PRk 2H 2 5k
LM (HHL) ,37 °C F ¥ 0.5 h J5AA 200 wL &4
1.0 mol/L HCI %¢ 1k 2 i, & 0 J5 B W W, 38 5
HPLC 7552 7E 228 nm &b 52 W A= il 5 PR (HA ) 149
W SAE, P15 ACE #100 hil 33% £ 1 21 o4 ] R IC,, (B .
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Fig.1 Effects of the addition of antihypertensive peptides
from Laminaria japonica on maximum
tensile resistance and sensory score of noodle
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Fig.2 Effect of mannitol on the maximum
tensile resistance and sensory score of noodle
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Fig.3 Effects of alginate addition on
maximum resistance and sensory score noodles
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Fig4 Effect of dietary fiber addition on maximum
tensile resistance and sensory score of noodle
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Table 3 The response surface experiment results

A i Y, RKH Y, B
B WEIUE B HERE CIBMEE ROBMLN 4
Ik (8 D)
1 0 1 -1 31.45 90
2 -1 -1 0 29.35 78
3 0 -1 -1 34.62 89
4 -1 1 0 28.50 89
5 -1 1 33.29 86
6 1 -1 0 31.37 86
7 0 0 0 37.55 89
8 0 0 0 36.33 92
9 0 0 0 37.55 92
10 0 1 1 30.88 90
11 -1 0 -1 27.44 83
12 0 -1 1 32.78 83
13 1 0 -1 30.27 89
14 1 1 0 28.79 85
15 1 0 1 26.37 84
16 0 0 0 35.32 92
17 0 0 0 37.55 91

T 22530 B i A IS In SR 4 PR, 12 [ U A
i p =0.0007 <0.01,#% 32 Je 3T A 5 2 (0.2559
>0.05) , BIRIFHSEREL R =95.29% , K IEHAE R
R =89.24% , UL IZAR R (R FUL5 B R 1R 257N
B CV =3.74% , LS fa B Mgy . FR WA n] FH A

PRI S T G RSP AR Ly 3% R IUREHE IR oy i A B TR SEL A AT 5B 2 B

I EFHPERR CH 8B 48 e e i N o | A8 5= .
222 W ESEEEE R WK 3,
2.2.3  Lhs Kot BE g S e i A8 14 i 1 T 43 AT
e Sy T S B A5 58] [B] U 5 e

Y, = 36.66 — 1.06B — 2.44AC — 5.23A> — 2.13B°
-2.29C’

FH 2% 4 J7 22504 K 35 PEAS S A IET S i 157 i T
P T 0, B XS AT 4% die KRBT A BH 1 i 52 e 3 555 52 H
T AC, —IRITA* (B* (C* 52K G 55, 38 BT AB
AC BYFZMAAS T35
224 LUBCE PES3 DA Wi AR A AL TRT 53 BT W T
SEYAT E 1Y 7 A -

A EORBURREL S T 22 50 B B 2B PR B

Table4 The maximum tensile resistance variance analysis and test of significance

J7 25K R H B ¥ 5 F A p1E B EE
MYEESi 207.24 9 23.03 15.74 0.0007 #
A 0.39 1 0.39 0.27 0.6198
B 9.04 1 9.04 6.18 0.0418 *
C 0.30 1 0.30 0.21 0.6635
AB 0.74 1 0.74 0.51 0.4993
AC 23.74 1 23.74 16.23 0.0050 e o
BC 2.69 1 2.69 1.84 0.2175
A2 114.96 1 114.96 78.59 <0.0001 e o
B? 19.12 1 19.12 13.07 0.0086 e
c? 22.16 1 22.16 15.15 0.0060 s
G2 10.24 7 1.46
2 D) 37 6.15 3 2.05 2 0.2559
iR 4.09 4 1.02
syl 217.48 16

xR E(p<0.01); = . BFH(p<0.05),
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PR TET 25 MBS oA T 20 25 1 - 19 98 I 30% 2 R
N 0.54% , H 28 BE U 5 2.04% , 45 38 B8 %S in &
0.27% , 10 558 E V43 i B AR T AE 2 91.46 43, ™
BEAET 2R, 2 B E PR s R ETH T H 1Y
T SRR LA B S B 45 A o A3 R o T 25 R SRy B ol
FEREPERRES IR 0.5% , H R BEEs i iw 1.8% , 48 HE e
BN 0.3% HEAT 56, S5 90 A5 5 P fd fH 7
36.72 g, BB V43 91 43, B P hr A RH Jy 15 7
{H P FEXT R 22 RSD {H Kl 2.52% ( <5% ) BB VoS
TOMIE ¥ AH X 152 2% RSD {H 2}y 0.005% ( <5% ) , Ui B
THO AR A AT &,

2.3 % ACE #I#liE 4G IE L R

X LA b e O T2 S 0HIAE W i 1 45 3547 ACE 4111

T HESE , 45 R R, HIC, (B M 6.02 mg/mL, Ui B
4%t ACE B EL A — & (O30l VE |, 7 [ 1 R 76
PERKBREAZ I H] ACE FE 3% M, MO 4 i) i S vk 3 T
IR A R o 2R T R A Ak BT 28 I BK G T W S 5
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Ay 9 R 149 EL AT A [R) A2 5 109 28 I P 805, 45 40 o 1)
InAEASHIVE R T S5 B ACE | iE M.
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2

KSR 2200 M B R VA
Ttable 5 Variance analysis and significance test of sensory evaluation
T R SFI7 A FI & 77 FH p i wEE
[T IS 217.71 9 24.19 9.38 0.0037 e
A 8.00 1 8.00 3.10 0.1216
B 15.13 1 15.13 5.87 0.0460 *
C 6.13 1 6.13 2.38 0.1672
AB 36.00 1 36.00 13.96 0.0073 %
AC 16.00 1 16.00 6.20 0.0415 #*
BC 12.25 1 12.25 4.75 0.0657
A’ 58.42 1 58.42 22.66 0.0021 ok
B’ 37.27 1 37.27 14.45 0.0067 %
(o8 16.42 1 16.42 6.37 0.0396 *
2z 18.05 7 2.58
S IR 11.25 3 375 221 0.2299
iR 6.80 4 1.70
Jsgil 235.76 16

Tz o R (p <0.01) 5 5 B3 (p <0.05)
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Fig.6 Response surface map

3 it

TE B 28 S0 i S [ S T Y TR AT 4R O TS
TR 3% , % FH i oy T8 S 96 L AR T 2% T. 25 S 80 1
R MLRIG MR A & 0.5% , H ez ing 1.8% ,
eI AN 0.3% , B A e R PT i {e BH F7 3% 3] 36.72
g, BB VE4 M 91 41, TH 4511 1G5, fH >l 6.02 mg/mL, i
VEH PSS BT o AR DU A U Re M B 37
Yy PR TR S B TSR A AR, N
W A e (EA R A SR T A .

&% 3k

[1]3srF, A, 0484, 4 R REFRETRAS M
L [J] A A 4,2016(12) :95-98.

[2]Xue Zhao,Fengjun Guo,Jing Hu, et al. Antithrombotic activity
of oral administered low molecular weight fucoidan from
Laminaria japonica [ J ] .Thrombosis Research, 2016, 14 (4 ).
46-52.

[3] Glen S Patten, Mahinda Y Abeywardena, Louise E
Bennett.Inhibition of Angiotensin Converting Enzyme, Angiotensin

II Receptor Blocking, and Blood Pressure Lowering Bioactivity

208 0175z 14

across Plant Families [ J ] .Critical Reviews in Food Science and
Nutrition,2013,56(2) :181-214.

[4]Xue Zhao, Chang— Hu Xue, Ba—Fang Li.Study of antioxidant
activities of sulfated polysaccharides from Laminaria japonica[ J].
Journal of Applied Phycology,2008,20(4) :431-436.
[5]4EAHA, iERGE, 24,5 5 ACE Bedr s fl a2 T &
R [T]. A T kA3 ,2012(2) :103-105.

[6] G Schierhout, A Wakai. Mannitol for acute traumatic brain
injury[ J].Cochrane Database of Systematic Reviews,2013,8(1) :
279-281.

(7] 0%, 2oet, 5R4E48, 5 B RRMERAR R PO
AAt L] P B RAmA,2013(2) :199-203.

[8 ]AV Podkorytova, . H Vafina, E A Kovaleva, et al.Production
of algal gels from the brown alga, Laminaria japonica Aresch,and
their biotechnological applications [ J ] .Journal of Applied
Phycology,2007,19(6) :827-830.

[9]Jeong Eun Song, A Ram Kim,Cheon Jung Lee, et al.Effects of
purified alginate sponge on the regeneration of chondrocytes: in
vitro and in wvivo [ J ] .Journal of Biomaterials Science, Polymer
Edition,2015,26(3) :181-195.

[10] Rk, 82, R E A AR iER 4 42t d B 2@ ) o 5 R
%5 [ J]. A A5 ,2008(2) :493-496.
[11]$E3R3R, A ek, W 4, 3F .3 R 0 3 R R @ 4 A6
BEFEAE[T] AR A ,2016(8) :276-280.

[12] R34, A R4, EHR L& ILEHFE K@ 5055
[J]. &3 ,2006(12) :945-947.

[13]# B4 R R BB AR AZ AR & 7= RSP B AL e 6 . R
HAFF[ D] of Aok 4 0 A R E R K ,2010.

[14]5k4E, B0 &, AL, 5 FRRAEREZFEG L H
YL LR [)] Af A T,2012(4) :68-72.

[15]47548, 8 2, FR %, 5 HEEL B LA AAR
R T]. A A3 ,2014(2) . 156-161.

[16] £k, REL, FH, 5 PRI L& @6 H 4
[J]. & A4 ,2014(10) . 297-302.

(171 A2, 30 i, A, 5 v o @k AL R R & & &
B R AN[J].7T A T kA3 ,2014(4) :306-310.

[18 ] Ji — Cheng Chen, Jie Wang, Bao — Dong Zheng, et
al.Simultaneous Determination of 8 Small Antihypertensive
Peptides with Tyrosine at the C—terminal in Laminaria japonica
Hydrolysates by RP - HPLC Method [ J ] .Journal of Food
Processing and Preservation,2016,40(3) :492-501.

[19]) 3 &4 FARBAE B E DR Y e[ ] R E R
o Tk ,2013(6) :45-49.

[20] ZAE,EEE, T, 5 ARE &L RAG LM
AT IARA S AH4E,2013 (1) :177-180.

[21] R4, FHE, 545, 5  ERBR T LSO AFREA
X @ &S R a [ T] AR5 AR 2008 (11) :9-11.
[22] 8 AR, ke, FR A, F ARBETEIRRALR
FeF st Ao B AB R e Fem [ T ] 2R LA 52,2012 (12)
7398-7401.



