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Abstract: The effects of mulberry polyphenols (MPs) and mulberry polyphenols-f-cyclodextrin (CD) microcapsules (MPMs) on the
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structure and functional properties of pork myofibrillar proteins in a LOX oxidation system were investigated. MPs, f-CD and MPMs were
respectively added to myofibrillar proteins, and oxidation in the LOX oxidation system. Then, the effects of MPs and their microcapsules on the
structure and gel properties of myofibrillar proteins were analyzed. MPs could effectively inhibit the carbonylation of myofibrillar protein,
reduce the conversion of sulthydryl groups to disulfide bonds, and improve the water-holding capacity of protein gel. Compared with the
oxidation group, after the treatment with MPs, the carbonyl content decreased by 33.33%, the sulphydryl content increased by 54.87%, and the
disulfide bond content decreased by 19.38%, which increased the water-holding capacity of the proteins from 20.22% to 23.11% (p<0.05), but
the thermal stability of myofibrillar proteins modified with MPs. The encapsulation of MPs by 5-CD decreased the negative effect of MPs on the
whiteness of gel, and improved the structure and water-holding capacity of the gel through strengthening the hydrogen bonds between proteins.
These above results showed that the MPMs made with 5-CD as the wall material helped improve the oxidative stability and gel structure of

myofibrillar proteins, and are expected to be used as a protein oxidation regulator for meat processing.

Key words: mulberry polyphenols; microcapsules; myofibrillar protein; protein gel; antioxidant activity

WU A4 AR NLA I TR i 3= E e R B
W, 25 AR R R 55%. BAEINRAEE I RE AT
AT BRI, 7 PR it SR BT L A R v A
EEEFP. BFREY, EEEE B TR UE S 4
AP, (et BRIERER AR, TR
N STIR B R A ELAE R, AT R A SR
R, A TR R AL, A AL A
i RN — e LA 1L A AL SRR R (i
WEAHRREN) AFFETEAE (B AL BRSO X, 12T
NI A2 M — R RSR AR A4t
PR, RAFIOPTE . BUEILRIRCR, IRk
MIERE. BIFRY, ZRAAHR. JURMTUT
LM KIIRNEG B TdIE R . TR
WERRIEAREGE A FIURZEHERAE,

HITHIBIE FU AL, A 22 Wy vl LA i) 2 9 5 14
AL, (BRI 5 R 1R 45 & e 055 B Akt
JEPERE » SR AN T By R B AE & R 1 S it P IR
AP SikFEN, 7ERIN TR B R R 2R 5 % 3
PR, X AT i B A BRI DR B S 2
REVERAHE - W HLE — )2 H TR s Y AR
VERIEOR, & REIE R BEM (K 5 Baef: F A R i v A
I SN T A AR . p-CD i 7 A
BETREE L o1 4-BEFFREESE T AU FO R &1, A
JEBK, RISEAK, SRR il o HAhE )
SR AR, AT IR 5T O 2R UE S S 2 ) AT L
A AN A AL, FRRBL A-CD Xt A2 it
TR AT DUA R w2 i ke N, R
B T 5 SR 2 By 2 45 ) AU 28 i K e 2 2 1
JREEK R DI RERF IR S BT T %5 Tt AHEFTR
P-RIIREBERS, 4% SR 2 YU E, DU S
FWR S B E R A AR, PR R, DR
TUAE A T SR 2 By I 3 2 11 i 45 4 % Ty

148

RERRE 52 o
1 MRERE

L1 A5 A

FEEARIWAT REE 5T, BET-4 C;
Na;PO,4. MgCly. NaCl. EDTA. CuSOy. {41 FRAE4H.
NaH,PO,. Na,HPO4. + K EiiiReN. TAlid. DTNB

(5,5-%i3-2,2- “HHFOR D JRE . 2,4,6- =k

KR LR IR 2.2-ThMRKE b, =R LR,
BN Tal, SRE RET R ERF AR =&
FREFEFGE, obral, JNMTFaEYRA s Wil
. RN, HEER. B 5 TSRS, WAy
frat, gAY TR EAEE (LOXD (4
rat), HARGR AR TR GRF) 5 p-3RE, &
ek, BT AR AR

12 (L& 5#%

pH i, FE2 R R E A A A IR A A
TGL-16M ¥ i=id 0L, RS A PR A ]
UV-1800 £E4h-A] WA 6B e Th, HAR R EE; MOS-450
5] — fh it ity , 9%:E Bio-Logic A ]; DSC200F3 %
AN EHL, Germany Bruck; TA-XT.PLUS, #[EH
SMS; T25D #Jfibl, %[ IKA $£[H]; UltraScan VIS
(%, 5[ Hunter Lab; SN-3400 Hi-FFIHfi 4,
RS AE H L HIERT .

1.3 R F =

13.1 A% B & e h) &

ZILZ 2% Xu 20077 B
R R R A BIINE 55 % Li G005,
SR AR E &, SR A A okt



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.4

L, 1eE R &M AOAC pH /R ZEENE, A
W FL P 5 I R L B S R B R B AL T
KRS ED A 406.00£1.36 mg WK R4 E

(GAE) /g. 94.47+1.08 mg #ilfiz24&E (QE) /g M
73.59+1.25 mg REHR-3-MENEH Y& (C3GE) /g.

S LR IERIH %5 % Li 5%, R
RSV % S 2 e e . OVREILLEh 1.6,
FENEY 1.5 h, HAEDIZEA 450 W, EAEREN
25 C.

132 WUREF4HEZE 694K

JUUBL T 25 2 1 (3BT 352 22% Cheng 55
% FrRNURA4EE ARAFT 4 °C, 35T 48 h WA
R R R XA AR O
133 MRS HEE T AW 4 &

FN, FUURA4EE A4 PBS (0.037 mol/L
Na,HPO, 12H,0, 0.163 mol/L NaH,PO,2H,0, 0.6
mol/L NaCl, pH 6.25, F[FRD I&4#iks, fH PBS AL
#i] 10 mg/mL ] MP., B-CD #1 MPM %, HX 0.28 mL
REBIMAE] 10 mL WUSRLF4EE AR, Hil# 10
mg/mL FYURLF4EE EE -S4, 3000 r/min $)57 30 s,
REIER, FENURAHEEALEY.

134 WURL Haka FALL 32

MR/ e A AR E A R (LOXD MIMgEE: 10
mmol/L Wi, 3750 U/mL A &AL .

Az 3 HE 10 mL BRI 10 mg/mL
MR 4R A EZAY, I 20 mL (1) LOX % Afbik
R, BRERET 37 CAKBBAKBINA 4h, KRG
I 5 mg i HEFIEIENE (Trolox), EAIE#
RSB o S REATBH P BB ZH 7 A A AR S A L
JR AR AR AR IS IS 2 Ty (R VU 2 2 1 S8 AT
W, ARIRTTVER] o T8 BRI B 250 R s Al
RERN (FiE. HREES M, Kk
S ﬁéu@'ﬂ:ifﬁéyﬁqj\}:ﬁﬁzﬁ% 10 mL PBS.

135 Zazidan e

R AL E M E S Rk, HE S
3. BRIGAWR 0.1 mL W& .

13.6 Ao —mAZSFNT

W BESEARE S G i, FRE e
JEME . By 0.5 mL K, B 2.5 mL Tris-Gly-8
mol/L JREWEM, FemfEd 30 s, RS H, —
Ji 20 uL Ellman 3857 (5236840, H—41hn 20 pL
Tris-Gly iR G IR, 37 “C/KIA 15 min, 250210000
t/min, 5min), KM HAETTT 412 nm ZbE
B, RS SRAEE. BRI
13.6x10° L/(mol-cm), i+E AR T:

SRARR

L
% ﬁ(nmol/mg%fﬂ) 75.53x A, % FE AR

I EAWE

K¥:

75.53=10%(13.6x10%);

A=A s s

EHLSHMESEMNE: B4 0.2 mL Feid, 7>
A0 2 mL Tris-Gly-8 mol/L JR VAW, SRIGHA 20
uL B3 OBE, 37 ‘CR/KIE 15 min, RSN 50%
SRR ERLIRE N 10%m/ V), B >(10000 r/min,
5 min), HELEB, TUEHNIRBER =K, KGR
4], B (10000 r/min, 5min), FRHUHEET 3 mL
(1] Tris- HZH&-8 mol/L JRELZEMW, AR, TESL

IS4 N 20 uL Ellman X771, ZEXTREZH A 20 pL

Tris- H &R, BFRT 37 CTF/KH 15 min,
B0 (10000 r/min, 5min), I5E 412 nm AEIOEAE,

THAE RS TSR (nmol/mg A HE
AU

AR S B (nmol/mg B )= SIS -
HEE)2

137 adaicssne
] H LA I 5E 22 Emilia 250 77923108 24
etk . BURES AT 200 pL T 10 mL iR H, mH
I 2 mL 1% heEERER AT 1 mL 0.01% —fH 2
IR, WeindR 30 s, VR, KFEMET 50 CK
WemH B SN 30 min, A 2 mL 0.1 mol/L IEARFR
NI, FERFIR AR EESS, 16 420 nm AR
[E. UL LR bndt izl britk iR, FE5 E R
FHAH (nmol/mg & Elff”?) MR 2 it il 28k 15
1.3.8 —RLEHNZ
RH MOS-450 [5 — i Fei A W UR £ 4
A5k, ] 0.6 mol/L PBS WAL % A
0.5 mg/mL, BFESIIAZ] 1 mm A SEELEILAF, 3
HHREE 20 °C, AR EK 190~260 nm, FHIEEZF 60
nm/min, %N 1 mm, 0.5s BFL—" i prfsgs R
=R P IE FEATRRAR ROA I 5.
1.3.9 =BLMHN T
TR e R B R T AN IR T AT LR
zq’%&*frazé& SRR
RIRVEHIZAALE ] FluoroMax-3 670566
fﬁwﬂl 15 o % FH 0.6 mol/L PBS i (19 25 11 ¥ FE ke
79025 mg/mL, =i LA 295 nm AR, B
KIEEEN 5 nm, KUFEIFEA S nm, H 500 nm/min i#
RUEERSE, 105 300~400 nm G .
#fasE s DSC200F3 434T. HX 10 mg/mL [¥)
WA 38 mg, HETAHRT, FHEEFR NS C

149



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.4

/min, PEIEFEA 20~100 C.
1.3.10 ZEAM LN E

BRER R IR S # N 20 mg/mL, HY 8
mL A£5 B T EARY 30 mm B PRI, 256
W RS E T K B, RRIRIRE N 25 °C,
LRI S min, BA 1 C/min 6t FHR 2 73 °C, RIS min.
B AR S, VKK 30 min FE, ARG EAERE T4 C
VKAV 12 ho BEREREUH S, TR0 NFFE 2h,
SE BB .

HEICOREE . BRI A, WHT.
JEREEINT mm/s, TEARFEE RS S E P I30%, JI5E
I E]E]R5.0 so Py s#RSk, filk J195.0 g, filk 2k
RN B . RIBGERE T 75 ITHA I 1 B AR o 20,

B A ¥ UltraScan VIS 08 GHATINE o W
SERT TR AT AR AR I, ARl EE S =
W WP, ek AR L R R

Whitness =100 —+/(100—L')> +a” + b

AF:

L' —— A
a'——4IEAH,
b'—— R M.

BRI AE ) (WHC) KRAEPark S il o

RIS g0 20 (4 °C, 10000 r/min, 10 min), &
X BiER. BRI HE AR N:

m, —m

WHC(%) = x100%

m —m

K¥:

m——BSERE,

my—— B SR B SE e e B E

my—— B EBOERERGERE,
1311  BRBEEM AT

FERERTE, [E T3 B Xk e,
FHE RS (HO7 SN-3400) WLEELR MOV 22
gt
1312 #IESHT

FEANRIGHGIEAT 3 YL SEL, Bl s RN
EbrdEZE . {# SPSS 19.0 Giit- B R 04
BEMZFMHH Anova 1 Duncan HEAT/#T, Hrp
p<0.05 trEE %= A BEM.

2 ZR51He
2.1 MPM xtALE 4 4% B 2 LB 4k oy 15
B

1 LOX SR TR AEEANSERMGEHEHET
Table 1 Amino acid side chain modification and regulation of myofibrillar protein treated with LOX oxidation systems (nmol/mg pro)

5 Cc=0 SH S-S NH,
NOX 0.93+0.02° 48.12+1.23¢ 5.84+0.19* 214.52+6.26°
(0)¢ 1.59+0.20° 19.8141.22° 10.53+1.27° 151.06+3.98°
MP+OX 1.06+0.34° 30.68+1.05° 8.41+0.62° 179.16+4.37°
S-CD+OX 1.29+0.20™ 22.110.55 9.05+0.87™ 167.61+4.09°
MPM+ OX 0.99:+0.22° 30.95+1.69° 7.58+1.10° 181.03+3.85°

E: NOX: R&AML; OX: &db; MP: EALZEy; -CD: f-IR#iH; MPM: 24t % Er-p-SR#esE; R FEREMER

HWEFRE (p<0.05) . TAR.

® 2 LoX EHRTARALEE D - REMNEN

Table 2 Changes of the myofibrillar protein secondary structure after oxidation with LOX system

o o-225%/% B3 &% BEERIY% THAH /%
NOX 73.20 3.20 10.20 11.10
0X 60.90 5.10 11.70 1830
OX+MP 59.70 5.30 12.00 17.70
OX+3-CD 57.30 5.70 12.50 18.40
OX+MPM 70.00 3.60 10.80 12.20

MK TR A, gl etbm, FRE.
TS ERE T (p<0.05), HEEHEIESELE
TR (p<0.05). FERARKEMLTRES, DERIRM
NH 504 NH, 5 OH-MHE SR AR SR, AR it

150

BRI (kRIS 2 S E A A,
e bt S04 (OX 4), RRLHbe
FINUR AT 4R IR L B2 T I (p<0.05), ik
6] RS AR TR, JF HE RS R EER S



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.4

(p<0.05), XULHMISMZE A RIFAIPTEMLECR
KRN EYE Sk, £ RIFmaEitEs, B
MRATTHRR H 2, Bl U Mg B2 1k 1)
Ae Y. T N SR 2 B AU AL S S 2 T AL A
b, BREE. i, SiE. ARSELRELN
(p>0.05), Uil p-CD X ML MIFTAIRE I LR
R

22 MPM AL 27 24 & 5 = R EE A i v

PRI i (R0 I AR e o A 2 B T AU
HESMIPIRTT, 2R - BB IE S L) -6 iy 45
SRIEARS), 3 2 PIEEE T LB, BRI
WUREF4ER AU o- iR, RN PEREE B i p-
PrRATCIE M0, X2 TR AR &G
JRIES. TR T MBI -2 (1A e 5 i
H, XA RER N a-18ie 1 EHE I 7 N A B AR
BRAZ R SBRYEFIRE R, MREZHE
ERIRIEH, T T ERERENE, T o-iR
TERIfRIE" . Cao S 4k F MR INBIWUR A7 4 8 1
H, SRR T o MR . TSR B U
SEMAIRA (OX 41 HEL, o-BRHEsgn, p-F i
b, RRWIZM L BRI T o-lRBENIfRE, X
fAAIRERZ p-CD XM BT eile, itk 7 &A
JRICESRAER, SR a- R BES5 M NS E -

23 MPM xt AR 4 4% & = FLEHa ey %
231 ARMERERI AT

120

NOX — NOX

(=3
(=]

[e]
o
T

60 -

401

Fluorescene intensity / au

20 +

1 1 1 1

0 ] I 1
280 300 320 340 360 380 400 420

Emission wavelength / nm
B 1 TEAREEH TR HEQRIR M & R
Fig.1 The endogenous tryptophan fluorescence analysis of
myofibrillar protein with different treatments

JE: NOX: k&Afk; OX: &Adb; MP: ZM %8 B-CD:
B-ERMAE; MPM: Zid % Br-p-ari i . B 2 F.

K1 AR IR VO CRAE R i 2. (A
WX FC BT IR SE R MR AU, 43R Ak
TARBIREKS, ERRBIEL T L (BKIXIED, &
PV RIPOCIREE ;. R AL T T R IT

PIRASES, BHZ ORISR E TEA T
K, 2SEOOEREMEERY, B, AbEDUE
AL G5BT R IT B 1 BT s AT LAE
ANE AR IR AT 4 25 08 e B B R PRI, 3R
WUR A4 5 11 () = 54052 3 1 AN [RIFL B AR . MP
A5 I ER 2R RN REZH (NOXD {2 33
o, X EERFAZMEEZm Y E & 2 REKE R R
SR ORISR, SR KN I 5%
B4, MPM (s inst— el 1 DR T M, X
TTRER N p-CD & S EILEE ), S R
SR IR TR IAEE, XWATLAM -CD AbHELH)
P b 2HA3 BIIESKE

232 DSC o#f

— NOX  — OX+8-CD
— 0X — OX+MPM
— OX+MP

M
s

™~ 545°C

~——Endothermal

35 40 45 50 55 60 65 70 75 80

Temperature / “C
[ 2 NEAREH AR HEE R DSC #hzk

Fig.2 The DSC curves of myofibrillar protein with different
treatments

DSC 1AWt 1 54 S pRa e MEAR H I O B

b B2 AR AR S P ILER T 4R 1 DSC HE 2k,

RZEAAE IR I LT 2 5 P b s IR A

e, e KINFEA IR E (T 251N 5450 C AN

62.00 C, 7R A T FENE e LBk B R A

R AR, EAb)E, WIERE S RHRISIE

F AR R A5, Toax FHECN 60.80 °Co MP

M MPM (IR IIAERS Tax 27 AIBEAK 48.30 CHI

45.80 'C, Cao S UHFFMIMI T FFKMIER, £

B S B s et 1 WU £F4E 8 B S5 i e T
TS T A B E M

24 MPM xf LR £F 4 B 1 S 1 e oY v

B 15T BRI A 1R A P 1) it ST R P B LA
ETHRIERET, WUREFYER BB AR, TRk
HA— R =L RGN SEIBE AL,
T PRl R ) TR, gt i s R, R A
B IIRE ST, R S, E AR R B .
REEREAENSET T EARSHIRIT, feit 7
HARMAR S RE, —ERE LA TR =4E

151



MK EmBHL

WEMIHIE R HILFER, AT DMt Rt
A, ISR R TR ELVE S, DR e
LG ZER AR R T i . MP A1 MPM 4185 &R
SEEEHIL TR TR (p<0.05), X TTRER KNI
JFOxt 3 E B S AR P RN T A B AC G . T
MP H1 MPM ZHHJEERZ R PR B HT58 (p<0.05), W]
REAE K N 2 By AT LA B2 B s A, R E B o B
B ORYER], ERERSLBREEINIAIST, BRI 25 S5
SEINECE, NIRRT B R

AR AL B2 IR (p<0.05), M 66.50
TFER] 60.07, SRS NSt — 2D FEAREEIL 1
(51.53, p<0.05), XWJReSRMEH H S EFEA
5. Balange Z5PHT TR B, 7E4ABEH RN 0.60%
RIS, f BRI 1t H L 2 T
KR ZHH p-AWROIE, 5HBERINZMHZE
FHEE, B RS VR AL, U A e
KU FA 2 T ST AR 2R B 1 R Js ) $7 T
AR

3 FNRIERRAERE . AEFMRKA
Table 3 Effects of oxidation and polyphenols on gel strength,
whiteness and water holding capacity
Ao BBRAREN BIREE WHC/%
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Fig.3 Scanning electron microscopy (SEM) of myofibrillar
protein gel
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