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Abstract: Selenium-rich walnut meal was obtained after extracting oil from selenium-rich walnuts, and the inhibition of
angiotensin-converting enzyme (ACE) was used as an evaluation marker. The preparation process of ACE-inhibiting peptides in selenium-rich
walnut meal was optimized through single-factor experiments and response surface methodology, and the hydrolysate was subjected to
ultrafiltration separation, amino acid composition analysis, and selenium quantification. The following conditions were optimal for the
preparation process of ACE-inhibiting peptides in selenium-rich walnut meal: enzymatic hydrolysis temperature of 35 “C, enzymatic hydrolysis
time of 2.52 h, pH of 7.5, substrate concentration of 5.39%, and enzyme addition amount of 0.33%. The ACE inhibition rate in the verification
test performed under these experimental conditions was 79.13%, which was close to the theoretical value of 78.84%. The optimal hydrolysate
was separated using a 3 ku ultrafiltration membrane, and the ACE inhibition activity of the <3 ku ultrafiltration fraction was 77.78% at the
concentration of 1 mg/mL. Hydrophobic amino acids accounted for 27.19% of the hydrolysate of ACE-inhibiting peptides in selenium-rich
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walnut meal, and the selenium content of the hydrolysate and <3 ku ultrafiltration fraction was 0.82 and 1.35 mg/kg, respectively. These findings
provide a theoretical basis for research and development on food-derived selenium supplementation products and auxiliary blood
pressure-lowering functional foods.
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acid analysis; determination of selenium content

¥tk (Juglans regia L), WHHF N ILAZHRELTERE,
J& T IRk o ER AR S B RO R A%
BeAE = S 2 — Rz OV e L, IR Ak
MV R RS, RSN ™ it e G K PR A
ETHY, 2019 fEd E Bk RK 252.2 75 2 (HELLE
FRIE A BRI R A AT ARIZAO ™ St R A 3,
VRN TR =, AZHIORA %) = B e 1) FH B
BIRJETRMR N, X RRBRE T8k 2553
P R

fifi (Selenium) W —FLTFEFRR, e
Y —MASEFRR. EEMEMNRAUR R HE
ZMEZEAIER, 125 NEYURREE SR g
H AR, AP RS Sk Y B ( Glutathione
Peroxidase, GPX) 1] DA LARP - Z R A gt P o Co et
ERREHE R AT AT Y R,
25174 DNA 32 g, i
RS OUHZBM. R (EERAVRID 5%
ThEEM EHThAe™ . Bk, WahE= s S8
PRI A, G FRIR I REIR . e Z . i
B FRIRME SN R B Y AT IR SR AL
R, fEHFIEE N, WsZEmEIE 10 ZAP,
BRI, Gnfrpiesd B B YA 78 R ORAM 7T 3% A I AR
SO F LYWL A T i NN A T = & Y S Y 9
PRy S T N 7 VR i 5 e e 1194 7R DA O RN o
(RN BAEERR A E AL ORI P B 4.
R IMIREN A5, R Ca™ 5P, Wi, MUkN
¥ 2 B2 (Thromboxane B2, TXB2) A1 6-fi-PGF1la.
(6-Keto Prostaglandin Fla, 6-fi-PGFla) =4 H14)fift
Z BT AT AP SO R A N B4, T
FEIX— RO 7 EHEAER, AT hil i W e
TR P9 Bz, R R UM 7 R B K AR
JREA P SHR MR AIVER, DCRIX P E R 2R FIR
ARSI [FIE R 45 R

ey L A2 B DL 28 R ) — g e, i v
PTG — AN EE AL PA R, 2012~2015 FH1E
= liEA A (Chinese Hypertension Survey, CHS) &
W, AEA IR IR SEAEL) 435 12, HHESTSH
250 J3 NBEF- 5w EAR SO B . i A K
-1 DLid o 5 5K &= 7% L ( Angiotensin-

162

Converting Enzyme, ACE) #A% p DAFICA oy 118 7= A2
WA L Rk R 1T, AN el SBEAT K
MEVER IR SE, T FEBUn R &. B,
N1 BT LRSI 12 W AT e R g A\ S FL O i/
PR, e A PERIE, W PLREGNH] ACE
T PR DLBR S G2 IR P Ak P2 AL I 8 S5 5K 2 T )
Ao BT, FERRTT SRR ACE BgIH|2E2,
WERAIEF SR EERCR, B O RZEZAY 5t
TAERIVE AR, IR sE 28 6L PRMGRAEIRAN R Tk
R, DR, FHRRARTE S A AT AT 1%
PA AT TR TR FA AL AU, 49 4 B T 8. ¢ ACE
KT, R ACE Ikl K D IR TR DUA
1 ACE ik w7 .

AR ST LA R AL R g IRk £ B AL IR, X B
TAZBRAEE e L He R PR3 R R T Z AT AR 5T, A
S E AR AR R R B AR ACE ] R EH
g eyt SR AR MR A, v E ik
S IINE /NG e i 2 P e e A IS TR Y pa /1
kb FE SR 7 BRIERY, DAL EE & A% R 10 e
EACH

1 MRERE

L1 FH 5 HA

111 &t

EAAZRE: T E R .
1.12 XA

I 5k I AEE (ACE) . WRIR 79 4 E = ik
(N-[3-(2-furyl)acryloyl]-L-phenyalanyl-glycyl-glycine ,
FAPGG). & 30K 28R (HEPES) %[ Sigma
AT BHERAR (300 J7 Ulg) REE ARE (25 73 Ulg)s
AIRE AR (20 5 Ulg). HhiEE AR (10 77 Ulg),
IR T REAEY) TREE IR AR S8 aEn, &
BTGB AT 588, TR E T
Rty CBE, RETE FAREAMETARAR; Hih
WA A AL

1.2 EEMNEEE

2300 ZIhAEREFHRIY, PerkinElmer A&); HH-1



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.2

HORER K, WA AR A F ;. DK-8D
HLAVE IR KRS, B (E SLI a8 A R AR 1530,
£ AR E 37 250HL, TR RIS S AT R
AT FD-1 BUAVRTIENL, W] HARDURA
P FR A7 DHS000BIT H AVE IR 5540, R
RIS H IR AT PHS-3D pH it, g =151X
R TR, WEEE-ERIZAGEE (R FIR
AN F); DF-101S SEAIERIN AL 1B E48, DL
FHEAEHIRTTEAT]; RE-52AA Jieib# ks, b
VR SRAAAN RS s B BARTEA, TR BRI
WARARAA

1.3 R¥F®E

13.1 & mizheta s &

B EWAZA ST, ZARFE, ASIGE s
L R R BRI SR AR AR AL B AR S IAZ A J5 7
VNPt R i 2 S E
132 JAMNETRL

AR AN, REAR. ANESEMNE &
FBGIE S H R IE 1) pH (E S AR E 2 (LR 1D
X e ARG B /K AR T SR 3 he L ACE
Fi 2 FRbR, IRk AR RO s i R

* 1 BEOMEIEKERG
Table 1 Optimal hydrolysis conditionsfor proteases

Bt B/ C pH 14 LB 1) /h SRR % HnBEZ /%
Pk G B 50 7.0 3 5 0.3

MeE G Bl 40 8.0 3 5 0.3
KINE& B 55 8.0 3 5 0.3

B & A B 37 2.0 3 5 0.3

133 #HEFRE

T IR ER B A B BRSO 52 B 1 R K A1
pH1H (7.0, 7.5, 8.0. 8.5, 9.0), IR (30. 35. 40,
45, 50 °C). MgfEmtiE (1.0 2,05 3.0, 4.0. 5.0 h).
JEMIREE (1% 3%- 5% 7% 9%, m/V) ANk
(0.1%-~ 0.2%-~ 0.3%-~ 0.4%- 0.5%, V/V) LANHEZE
HATSEES . DARGARVE ACE H A E N K a1k
=
1.3.4 @R @Al

FET RN RS, G EEm R, LLACE
HIZ M NS, PRSI Box Behnken i =
IR 28 =K PR ST SESG: o P O SEIR BT i 7 s i
SESRERATHCE VAR I, AT =PTSRS IE
PESZIG DAISIE AL R THEE SR, B e & A% bk v B

L RS RE T2e WL R 3R 57K et Ik 2.

% 2 MR EIRIGE =k TR
Table 2 Factorsand levelstable of response surface experiment

A% 7K-F
1 0 1
A B E)/h 2 3 4
B R IR/ % 3 5
C M= /% 0.2 0.3 0.4

1.3.5 ACE #9469 %

ZIRBRKK 72, ASBIEERMCR ] FAPGG
TR AN B AZ K ) ACE #1011 2 . Fit i1 0.08 mol/L
Y] HEPES-NaOH 224 (pH 18 8.3, ¥ 0.3 mol/L NaCl),
FHAE 4 2P 46 0.1 mol/L 1Y) FAPGG ¥R Al

0.1 U/mL (1) ACE 3. TERFARRE AL AR
40 uL HEPES Z&#fi% (80 mmol/L), 50 uL ff] FAPGG
I (1.0 mmol/L), 10 uL 0.1 U/mL [¥] ACE &7, 7E
2 LRI 40 uL HEPES 227 (80 mmol/L),
50 uL ¥ FAPGG ¥ (1.0 mmol/L), 10 uL 0.1 U/mL
(1) ACE ¥ . M\ ACE J&, "R LB TR bR,
FHHAE 340 nm Kbl &7 HFLARE SR LIROCTE arv by,
SRR N 37 “C 4 AF R 53R AT AR, 30 min
JEECH, FRRTE 340 nm AbFEII SN IS VRO
F ar byo ACE #Ii|Z (Y) &M a5

Y=[1—Mj><100% (D

EWiE

Y——ACE #7411 %;

a—— = A ILERE;

b — I BORE

a,——3EFRAR PR 30 min & 5 & FLATB KL

by——3¥ 5748 P ARIR 30 min B A BILA R,
13.6 #ESH

W EEMRACE T 3 ko BIEE T, THIR T 4 000 r/min
FEEYE 30 min. A FH R JE B AN KR FL 5 R X AR
W AT B, 3R BN T JE R,
23)>3 ku LU F1<3 ku (25, KRB A%
TEERFRTHr, (8T )54 ACE #i 2 1)l e .
1.3.7 RILBRLARAHT

TESRBIHF S5 T X E W%k ACE #dilJIkdkAT
AT, DRI TR R EFE .

163



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.2

FR T (SYKAM-S433D), S8 & fh 2248 bk
GB 5009.124-2016 (a2 BERRINE )Y HIR/K i
(72403, 78 570 nm+440 nm KK T, LAAMRE
FRRE S 16 R SERR M,
1.3.8 A ENH

KSR aik e i k. =
R LR ARG 2158 >3 ku BRI <<3 ku fik
(A o 7EIE AT NN 9 mL JRESERFN 1 mL /&
ARREAYIME 150 'CRHM 2.5 he FERETHME, 15
6 mol/L ERIR/ T rF, K FErF ) Se™ IS pk Se*s ¥
HEHZE 25 mL HAEMRER . F 10.0 mL AEH IR
FEN 15 mL B0 H, N 6 mol/L KRR 2.0 mL,
BREALANAR 10% (m/m) 1.0 mL, JBAJEHE 2 h
BHTIE . AR PRI el &8, 5054
HRLHEY 3 REHE-PH5ME, RN TR

AXEE AT A i E 280 V, fifik] HEIA 80 mA.,
JRF A S 8 mm, FHSLEAN 300 mL/min; L
SImEAN 800 mL/min, BEEUN[E] 12's, LEIRRF[A] 3 s,
13.9 $dBE%itotr

SR 1SR S 1 LT B b v 22 Sk 3
TRy A S8 A D T AT D 3 IR PAT IR
%M Excel 2019 F1 Design-Expert V8.0.6.1 254t 11 M 7
MR KA T EE 2 -

2 ZR51Me

21 mfhEEfFELR

TE S%JEMIRIEAN 0.3% MR IR FI26 T, 70l
£ 4 FheR PSR AR S Nod pH BT Mg 2%
PR SONE 3 h, HIBRFRACIN Y ACE #0418 1.

100 -
90 -
80 -
70
60 -
50+
40 -
30+
20 +
10 +

0
i =

ACESMHIZR / %

i e

HEAm AREARE PHEEARE

EE]:GZLEN

& 1 FEEEFAIIEEREL) ACE HIHIZRAISA0
Fig.1 Effect of protease specieson ACE inhibition of enzymatic
digests

EHPE 1 AT, EANRIBER NsOERE AR T, %
R A A P Bl R 7 D CE Bl B SO 5 R R I T e
ACE #I#1%, @ik 68.00%, 5B & AMMAINEHA

164

W) ACE il 5 AR Ll 22 7t i 2, LG A PR R 1

ACE |5 58.67%, A JNE FRgBEff V(L
FRAHIINE TR TRAKH ACE =, {UfE

BN 22.67%. T ASFERISR E AR T = sk
A RIANFIEAL, BT 0 5 2 ik Br A A
[, FILHK ACE #Mifil R AFEZESR . 2K ACE
ISR ACE Hihl kU R 7T bt
[tk MG RARTT 2] ACE MIIkE s . PRIt ok
FEIB R R OB AR O SR AT e BT I

22 BRERRRLER

22.1 BEXT ACE 74| Z 6955
R AR P ACE $HI R e 45 R 2, 2%
MRS 35 ‘CHF, ACE #lIH1ZN 75.00%, A3
KAE; MURNIREERE] 40 CAARE, ACE #if| %N
74.70%, WEAR T JNIEEE 35 ‘CHF), 4R1f ACE i)
RIEEE SN IR BE T EZ T R . R, %488 35 C R
TR S IR
100
90
80 |
70+ EzE
60
50+
40+
30F
20+
10+
0

ACESMI#HIZ / %

e/ C
[ 2 EEREIRREST ACE HIHIZRAIRZNT
Fig.2 Effect of enzymatic digestion temperatureon ACE
inhibition rate

222 pH/&AT ACE 474|697
100
90 -
80
70 -
60 -
50 -
40 |
30}
20
10+
0

ACEHMI#HI 2 / %

9.0

pH1E
[E] 3 pH {&XT ACE #HIZRAIS/NT
Fig.3 Effect of pH value on ACE inhibition rate
pH B X ACE $lis| 2 (1 52 25 5 b1 18] 3 ] 1, ACE
F A pH M 7.5 B 2IHCK, N 76.24%, Bi%E pH
EHE N, ACE i 2 S & R BRI, X2



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.2

ANEM pH {EIR AT RES B T B IF 5 2% [ 5448
FURFEIRERE ERORESR, BUd T RS TR, RS
L ACE IR K. R, EFAT pH H 7.5 i
e rANE IO
223 BFAIRT ACE 94| R 69 %k

BEEAAE RS TRI KA 6T ACE Hi R rrseme ILIE 4. BEE
BEHARINT TR FRIXE I,  ACE VI 2 500 18 o f5 FEAIG, AR
INFE2Y 3 h, ACE #2500 74.39% . B H]7E 3 h
CANES, BEZEBEMRRT TME D 4K, ACE #i) ZAN W
BT, X RERARIRRE AR, BHRY& il
Ktk , ACE Hifil e tHpf 2 36 s M 7EREAE 3 h LAS,
ACE I R ZH A, PTRER T LT ACE A H)
11 P 1A P 4 S A P /N PR e PR g
BiRfipe e R 2535, IXTEH PR ACE IR At
TR ACE 40K 7o v A JAeL ARt
#o R, SEPEREARIN IR 3 h iR R N AT

100
90 -
80 -
70
60 -
50+
40
30+
20 +
10+

0

ACEHIHIZR / %

1
B / h
[ 4 BERERTIE)NT ACE HIHIZR ALY
Fig.4 Effect of enzymatic digestion time on ACE inhibition rate
224 JRMKEST ACE 494 £ 697

100 -
90 -
80 -
70
60 -
50+
40 -
30+
20 +
10 +

0

ACEMHIZR / %

JRREE | %
B 5 RYIKEST ACE HIHIZRAZZNT

Fig.5 Effect of substrate concentration on ACE inhibition rate
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Table 3 Response surface experimental results

KI5 AfE/h RAIRE/ % mBEE/%  ACE ¥ E/% RIS BFRE/M RMRES%  AeEEE/%  ACE 0 E/%
1 2.00 3.00 0.30 48.78 10 3.00 5.00 0.30 76.25
2 2.00 5.00 0.20 61.11 11 3.00 5.00 0.30 69.40
3 2.00 5.00 0.40 70.59 12 3.00 7.00 0.20 70.00
4 2.00 7.00 0.30 61.11 13 3.00 7.00 0.40 66.07
5 3.00 3.00 0.20 55.32 14 4.00 3.00 0.30 39.02
6 3.00 3.00 0.40 61.70 15 4.00 5.00 0.20 31.71
7 3.00 5.00 0.30 78.29 16 4.00 5.00 0.40 69.64
8 3.00 5.00 0.30 77.18 17 4.00 7.00 0.30 44.00
9 3.00 5.00 0.30 71.58
4 BB FESR
Table 4 Regresson model analysisof variance
AR B 75 Fa )75 Fa FA& PAA BEM
BARA 273474 9 303.86 6.78 0.009 7 MEE
A (BF7]) 409.27 1 409.27 9.13 0.0193 2%
B (RMRE) 165.26 1 165.26 3.69 0.096 3
C (Jnfs%) 310.75 1 310.75 6.93 0.033 8 2%
AB 13.51 1 13.51 0.30 0.600 1
AC 202.35 1 202.35 4.52 0.0712
BC 26.57 1 26.57 0.59 0.466 5
A? 1032.74 1 1032.74 23.04 0.002 0 MEE
B2 477.68 1 477.68 10.66 0.013 8 2F
2 1.60 1 1.60 0.036 0.8555
KRE 313.70 7 44.81
EEVEN 254.57 3 84.86 5.74 0.062 3 rEF
4k £ 59.14 4 14.78
B E 3048.45 16
2=0.90 R2,4=0.76
WMk ACE HIRISE AR S5, A IR R
. o Fy IR AP E AZAk ACE 40 2R 52M A 2
: i . BN E W%k ACE #2520 i 3%
) E 4l 0401 ACE#i %
[&] 7 BEAZAIE)F0RAIAKRE I BEAZ S R ACE HIHIZ A SZNaNG Sz E ) " ol

E5%Feik
Fig.7 Response surface plots and contour s of the effect of
enzymatic digestion time and substr ate concentration on the
ACE inhibition rate of the enzymatic reaction
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Fig.11 Chromatogram for amino acid analysis
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x5 EMHHHESRYSERNEN BN S8
Table 5 Relative percentages of amino acidsin enzymatic digest
of sdlenium-rich walnut meal

odh 4 AR R e E/min - 2=/%
1 Asp (RARE) 8.29 9.98
2 Thr ( &) 10.33 3.40
3 Ser (£7M) 11.12 498
4  Glu (288) 12.54 23.95
5  Gly (H&8%) 18.42 5.90
6  Ala (RAR) 19.61 4.57
7 Val (H&R) 22.92 432
8  Met (B&AR) 24.92 1.39
9 e (FRRAH) 2691 3.64
10  Leu (Z&AH) 27.99 6.51
11 Tyr (B&RER) 30.74 3.50
12 Phe (GRAAH) 32.05 3.88
13 His (L285) 36.00 2.50
14 Lys (H&8HR) 39.42 3.22
15  Arg GH&AR) 43.49 15.38
16 Pro (FHZEER) 14.09 2.88

4t 100.00

2.6 WA ENMN

& 6 MERS SR EERIRRS 801
Table 6 Analysis of the selenium content of commercially

available walnuts and sdlenium-enriched walnutsand their

enzymatic digests
A5 o 2&/(mg/kg)
1 e 0.11
2 S FEAZH 1.64
3 Bt 0.82
4 >3 ku 0.32
5 <3 ku 1.35

3R 6 AT 15, & A% Bk Hh A0 & 5 1.64 mg/ke,
TR T T AR IS &= 0.11 mg/kg. BEAEY).
<3 kuZH4r >3 ku H 7 Al 523 714 0.82 mg/kg.
1.35 mg/kg A10.32 mg/kg. Xt & likZpkH 74T
ZHE. BB 58 AR I B A5 A 2T 50%
FRUTG 0 K TR B 1B 3R v g ki T

Pyrhiiti o R E R & FUEVIN <3 ku IR,

11 o5 BRI >3 ku 4177 il & B BRIl
I A 25 T AR AR A T 7 o (56 P P 2 11

o Y2 K 5 T RSl 4 o ASEIE FEAE
S b RS BB 2 AR TS K A7) I 8 5
i i Bk L (ERPS T e SR B LT R ) 74 S 12 (BN BN
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Wi, KIULAE pH AHE 7.5 S9VES A 0 & A% BRI AT
Bt RORAHNELT, 1921H<3 ku H Rk EERGE
T EAZBEAA, [FIN ACE #E PEREE pH 5 AT
MR . AE R RS IR FT R, R s (i
AU R 1 2 A5 281 1 e 0K S AR SR 5
EHIEF] 76.39 pg/kg, XUHITETIME. PEHEGY
RRPERE AT T HAA RAFH SRR BOR SR -

3 g
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