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Effects of Red Pitaya Replacing Part of Fat on Physicochemical
Properties of Protein and Lipid Oxidation of Sausage

LIANG Yanqun, LI Ling’

(College of Life Science and Biotechnology, Linyi University, Linyi 276000, China)

Abstract: The fat content of traditional sausage was usually high, which did not meet the demand of low-fat healthy
consumption and development. It was of great significance to study fat substitutes and make new low-fat sausage products.
This study used pig leg meat as raw material and replaced 10%, 30% and 50% of fat in the original sausage ratios with
pitaya fruit to analyze its effects on sausage protein solubility, colour difference, sensory quality, sulthydryl content, surface
hydrophobicity, fluorescence intensity, acid value and thiobarbituric acid reactive substances values (TBARs). The results
showed that the total protein, myoplasmic protein and myofibrillar protein solubility were increased significantly with the
increasing pitaya proportion (P<0.05) compared with the control group, and the 30% group increased by 12.1%, 8.4% and
18.6% respectively. The results of the sensory evaluation showed that 30% group was higher than other groups in all
aspects. Compared to the control group, the 10% group showed a significant increase in sulthydryl content and a significant
decrease in surface hydrophobicity (P<0.05). In conclusion, the addition of red heart pitaya as a substitute for part of the fat
in the sausage increased protein solubility, improved sensory quality and inhibited lipid oxidation, and the best quality of
the sausage was achieved when the addition amount was 30%.
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KB EACRE DT B I & 43 3128 0%, 10%. 30% Fi
50%, 43 AbRic A X B4 . 10% 20 . 30% 20 Fi1 50%
H. FIASHTT LA T . A8 i A
Pl 700 g. B3k 40 g TEHE 30 g T 40 g, BRAS 3 g
HAEFER 3 g, SR JE MR UK A 5 25 i AN Y 300,
270,210, 150 g FILLCo KB P) 0. 30, 90, 150 g.
1.2.1.2 T AWMBEAEAEE S R SAESY)T
— ¥ LR G — 53 2 i 1] —E I — It — 25 78 —
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1T v R g, MY O T, B B ) oy
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B 1k R i A 25 A, TERE S — AR M B Sl N, TE S
AR TS, WG SRR i E 1, A BHOG T Bt
Bt 4 h )5, 252 30 min; Ak BEATHEERIIGE .
122 GA2ZEMIE  FHOZE000E R0 E2EE, I
L FORFEEH; o FoRLEME (EAE RN WAL, T
Fonmsk); bR EME (IEEFNRE, TEERR
R o AR EE M 3 K.
1.2.3 BYEPH 2R mEBGL R A R =R (20 C
A JEYIAR/NAT, FHFZPRIR 2%, A8t
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5 S PREAR B VR A TIPS, PEM B AR IR Y e LR TR L,
PP N B Z W TCAE i, Tofzefih, PFE B0 A BT R Bk
AR PR 2 1 TR, B A5 4r a B X A4
TR B B HE AT

R FREEEIIRIE

Table 1 Sensory evaluation standard of sausage

TabR PR e EPE
A, SRS, A 4~5
Rz Lo 0, PR, BB 2-3
KA, TEE 0~1
T, A WA 4~5
WSk A EHERAFEERAR 2-3
ToAESH A R 0~1
FURIE T, A R AL A DR A [l 5t 4~5
g 1R, MELVE A R [ e s 2 2~3
U, JCREEA: D (] 38 0~1
FEARBLI LT, Fie TR MRAR PR & 4~5
Tt FOARFEARBEST, Hie TR MR R E 12 2-3
oARE 22, G5 k22, MR AR 0~1
CIEs g =1 4~5
R R AR 2-3
BIEg )i 0~1

1.2.4 FEHAEFRORBASMEME & RBUIL
BB, BRECGEGRE S 20 g, ISR FR A ZEIEK,
LL 4000 r/min AR EA]IK 30 s, SR G 7ETHIR 2.0 AL
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TEMERE | 45 200 AAR RO i 2 OB PR B SR T P -~ 73 -

FL 4 °C. 2000 r/min RS 15 min, B5O45H0
JEH LE WL TR, IS FINIKE H . S0 Park 25U
TR ARBUIUR A 4 1

WIS E B RE: 5 ¢ HAm A 50 mL /Y
0.02 mol/L(pH7.2) Fil¥% iR Eh 22 vh ik, 1R HLLA
FAGHEIH 1 min, AFRIRFEE T 4 °C SJERG L
7, B 2130 8 4000xg 5.0 10 min, FIGR ALK &
AP SR P i DR 7 5 T R (s i
ME: 5 g FHIMA 100 mL 0.1 mol/L(F5 1.1 mol/L
WLALER, pH7.2) T2 1B EL 22 vk, FE NSRBI
PRI AR A T A0 . PR . B AsE . LS
LT AR TR BE Sy SR TV i B R LR 8 A i
BEMZEE -
1.2.5 FIEFSEMNWE =% Borrajo ' [UHIFSE,
VEHE U LT 428 T R B ) 2 mg/mL, 7€ 2.5 mL
Y Tris- H 2 MR 2% ik v FH A WA HERR L 0.5 mL
WURET 485 s, AP i A DTNB 20 pL, 78

412 nm A E O EE, 2 JE M T AR S
Ho
1.2.6 FREBUKMENE  BiKMERTLUHEARS
R ELS G ERIN . FIHBERER S g J8 15 UL
LA R E N 5 mg/mL, #RJ5 1A BPB
W IR BEIR AT, L 4000 r/min #9533 3 250 10 min,
b DI T —E 808, FIRE.E T 595 nm
ALE TGS, DI ASESS S BPB SrmtE bk
IKPFERR
1.2.7 Kg&REMWE S GB 5009.237-2016
CE A2 A E RARUE B TRk S5 e ), R &
FraK Sy B B R, 7E 101.3 kPa(— N RAUE), 15
BE 101~105 °C B RFHR i e e & b T b
PR I, PRI TR RS PR BB A K S &
o
1.2.8 ZEEWRMNE HWEEN M, (g), 8BS
P UL, RS R /K8 T, FRER&E
M, (g), ZEE IR B R T IR ZE AR E & AN
By, HETERANT

B A (%) = M) x 100

M,

1.2.9 ZOGHHT RIS G CRESCRIMN & DL
LR I IR O IR DG AR b . FIFHBERRER 2% vh
VAT WURAF 48R IS RS W A 0.1 mg/mL, T
B 0.1 mL B adE b, ZRAM T 283 nm
PRANE %, 1055 300~400 nm I TE [ & SHGRE
BT -
1.2.10 MMl I In A 2k L BEmTR
BV 0.5 mL 1% M BRFE A~ 75, FH S S8
RE BIRLLAATELF BB H o B N AR, B s )
FIA 3~5 g IRSIE RS, BT iR IR— -4

JENRH, FRERFR S AR A, I 2 7 1% Mk, FH
AR PR R O R AT 7, H 0.5 min N
ANER(A,, 10 SR TR 2 T T AR I S B BRI T
AT BRUEELE A AT 1 g whis Rl 25 18 Wi iR Fr
THAEM AR FT 1Y mg 8RR, IR Hls/)s, iR AR
Jo A
1.2.11 BifQE 2% = ) (TBARs MEIE =
I8 Liza 2805 J5yk, B 10 g 4HEFRE S, ¥ T 20 mL =
AW, (B E, B S mL BB N _ETE
WE T e, iInA 5 mL i L Z RIS, 1R
B WA AR INPAL B, A H B S IR, 76 532 nm
WAL G . TBARs {H LS T Ta IR P AT i
N TR, F IR A
AXVxM
‘exLxm

b A R 532 nm PR AN GRS V O RE ST
WARFL, mL; M SAHTA RERYEE R T, 72.063 g/moL;
€ JVEE SR S %0, 156000 L/(moL/cm); L Sy GHE,
1 cm; m N ARERRE, go
1.3 HEAIE

FRHIRIEE S 3 IR, A Excel B4 T0060%
WGt 55007, ek - 2 Eb R 22 R0 R
SPSS 25 # {447 BN 2 7 2243 M1 Fil Duncan's 2 8
e
2 HBRESH
2.1 KERFMXEHEENF

OZEME Y L ie B RE RE, IE(E IR
HARE S S EEM s . e 2 B, 10% AT L(E B
K, 30% 5 50% AbFEZH LEIE HOF R 2E /)N, 451086
ZHAHRT X FRZH Y LB 225 035 (P<0.05) . K
LB ELTE 10% 21, nTHESE i TR Py 5 ke R A
JRERIR G IS, 1B & T EHFBSEE; 30% 5 50%
LI LA T R, S KORSR S L1 P 1T s
B, IR T BSR40, Bk etk
B4 BRZH 55t FRZHAH LE, FIBEHR =L o™(H, 50% Abx
21 a™EI R, X RRZH a ™ E 5N, AHIT e K e R s m
HEFANRIE . a (HIGITZH D KB RAS G110
T, LTAAEERIR, BUEM R . SRR, VSIS =1k
T BT AR E I B 0 a™E, AR i A B A
30%~50% Z[a], HBEZ&ARRIAT, Bk e i 4k
HH S N E MRE A bME(P<0.05), PEHET

TBARs{H (mg/kg) =

2 K RAIIXS A fig B A 52 i)
Table 2  Effect of pitaya with different addition amount on
color difference

205 L a’ b
X L 88.40+0.46" 3.27+0.10° 9.18+0.54*
10%2H 89.47+0.28° 3.74£0.23" 8.25+0.33"
30%4H 86.33+0.18° 4.12+0.35% 8.15+0.33"
50%H 85.92+0.13° 4.57+0.24° 8.01+0.12°

TE: FISIAR/NG FREIR 22 57 3%, P<0.05; 240
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[SEE S SN OFARIE ST=91 N
22 KERFMXEFHRE @R

FH 22 3 A, A5 T s i K OB I A R B InAS
Bz, HUBE P ks RIS TP s AN A & b i 2R
B, SRR B B AR REAR, e L 4R hn, 52ty
BHET ARG 77, BEAS RIS RIS, e 2T IRl 1) 11
B PR ARAE AR, RGNS 2RV U
Wb, SR ESIINGE S | SHEY N AIVE AL S SRS M i
ATEE VY, A5 I AN AR b v L 1 Rl e 11
518, BN 10% F1 30% K e SRy bR 19 A5 0
I3 T RELH, 30% AbFHAH Ay AP 40 i 35 v T
HBZH (P<0.05), T 50% AbFRZH MK T-X FR4H, iX 7] §E
S KBRS R 2 B 200 KO R A R S Ry
o, KIp SRR S ZE AR R 0 e
WY o kA T ARG, PNTTINER T i I 6o, i 5
SR, T T EEN T AR T I A RIS PR KR
TS o T B, T IRk T B AN AT
5%, B S RELT (0,

3 KRBT E IR SRR (4))

Table 3 Effects of pitaya with different additions on the
sensory quality of sausage (scores)

Ei=t7n X L 10%£H 30%2H 50%H
(URESN 3.7340.64°  4.50£0.00®  4.87+0.11°  3.40+0.78
PSRV 4.2340.25%  4.2040.17%  4.7040.26°  3.67+0.58
PS5 4.03£0.06°  4.27£0.25°  4.43£0.51°  4.50+0.50°
ST 3.90£0.10°  3.93+0.06®  4.17+0.29°  3.27+0.64°
SMRPES 3.83£0.76"  4.10£0.17°  4.43+0.51°  4.17+0.15°

T [FAT/INE FREARR], FR AR 411 2% 5 B2 (P<0.05)

ARG A TSN S22 A SR Y R, it
#hnEE AN AT Sy, ARSI AR, X1 P A SR
A BRG] . I REs t, 30% JKOR R ALFEZH
TR PR AR e T HAZH, B2 AT
2.3 KRR EGEBRRAHRE

EENES I BTV SIS G L B2 RS SN sl = WO i)

S a S H eJUREN aURL4EE
b a

EHIRRE (mg/mL)
> o 8

w

(=]

BFEACELAT (%)
BE1 I RIS 85 9 i JEE A5
Fig.1 Effect of pitaya with different addition amount on protein
solubility
TE: IR /NS TR ], 2R 20 10] 22 52 025 (P<0.05)

20.23 mg/mL, BE KB SRR I m, S H R
VR RS N, AR 30% B, LI iR
W INAF] 22.66 mg/mL, 5%t BBZHAH LRG0 T
12.1%. WK ALY AR S5 X BEZH AR
RN E SR =AW R R I A =S RT B I <N )
HEAEN 30% B, SRR SRS 13.71 mg/mL,
WUR LT 4 AR N 8.95 mg/mL, 5 X HEZHAH L
Sy BIHEAANT 8.4% Fl 18.6%., &% 5 s kv
ARFERST RTINS A5z v, BEAE b B 1 i aE (1 BT s
i, AT RE T AR SR b i Z A E T 2R U %
i, BRIERZESEUS BT AR, Z Y AT S
Jo LA B i nl S T A A, e 2R B R
G, I i 2R A R e e -
24 KERAFMNIEFHPTRESEREKERSN
i 4 AT, A4 K oS B IITE 50% L, H
1 30% KIBHARFRLH ) /K 5y S X AR ZH AR EE 25 5
35, RIS ORI EIN EL B3] 30% B AT XF al b
IRGYE i A S, O T ORI A B RENSTE
I ELIRLE N AR TR AT 8], 7K S0 B IR R 22408
B K RGN ik —AR A, ARG S HIRE
IKGY, TEWLRILH U, 25 BT & sy, L ZRK ik
Ko ZF B E SHLIEE 7 T, &KIK 5y
T R TS A A A R | ML AR SR M 1y T
K22, K& RN 20% I, 751 109 0] 52 1 1k 31 de
o BEARAT LAFES H, T3 230 2k /b g e 5 v Al ged
R LB, PRARIRE PR BB . KBS i3 ]

KA KRB K S8 2R SRS
B KRR 52 )
Table 4 Effects of pitaya with different additions on water
content, cooking loss, sulthydryl content and
hydrophobicity of sausage

g Koy EAEAMAE HULSE Bk (ug BPB/
(mL/g) (%) (nmoL/mg) mgE 1)
XTHRZL 54.55+0.16° 0.22+0.0028°  52.11+0.22¢ 59.57+0.36
10%2 55.33+0.27* 0.23£0.0016°  54.25+0.16° 56.52+0.33°
30% 57.52+0.23" 0.25+0.0038"  56.32+0.11° 53.42+0.16°
50%41 59.19£0.12° 0.26+0.0015*  60.31£0.14° 51.52+0.23¢

MR LRI 30% B, ZEB IR A 25% LA I
ZEIRRY], WS JOR R SIS w28 &g . M
Gao 2P B 7T 2 BH, 1A A B G SR 4ERE RS K
BERK, B LRKME. R KIE SR b & A R 24, e
DAGE SNk e SRERE_E R RS 288, 5
AIRIBAEIFA—EL, X TR EE 100 g KR
S EELTYE 1.62 g, MiZKS5rZ23k 83.75 g, FTLAK
SIIAZEAEII R — el

TEFR U 19 B A o A2 b 3 g v 1 45 0 HS AR
1 ARk, Horh g B 1 AR AR A I B T
JEAS KA A AR — A FE AR R, B A T E R
VIR Z — e st A b . 3R 4 T, SR
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TEMERE | 45 200 AAR RO i 2 OB PR B SR T P 75 -

JINELCy KB IEBT, B g WU LT 4k 88 (1 i s 5k 5 55
52.11 nmoL/mg, £T.0> K IBSFACHR ST a5, 451
B 2H WURET 478 A Y Fi St & e AH L5 BRZH R A
FHEN(P<0.05), & wikF] 50% Y, UL 4E
EHEFIHRSEN 60.31 nmoL/mg, FikLAy&EAH
FXF BRLH I B 22, DURMAR Ik, 2r0 ke
HL A BEAL A UL B AT 4 7 1 1 5 ik o 5 T 5 i
S, 3R K ORSR  E T R AP UR LS e
AR TR ARSI SSIRIRAS ), 8543 PN 0 it
JE, PE R A s A ARk

T 22 R AT A4 I A AT S 35 18 2 F R i 3
TG KM, B SR AR e 4 2 B, P B A 2 i Bk e
FEHE NP, 33X S5 ARG I 25 SR — 2, DaPA L0 KO AR
VE PRI A BIFE  h ol i S8R B &4 T 4%
e P, (8RBT s K S e H S 7R 7 )
LEG M EEREAIR, AR H 1 28 (1 T i 2R i /K P
FAPR O, A 28 P s P 2 A S g, 1ESE T AR P s
k.
2.5  KERRIMITESERE AN

i L 2 AT, Xt BRZH i DG B AIK, Bl KB
RGBS RN, WU 4E8E 1 192868 B e AT
HEEIN, FEETL 00 K SR BN N 50% B, a5 25 R
YIEHREE, AT AN K IR S BN LT 2R oSO G
A ITREAGT, 3 SAR YGRS ZE A —30Y . X T RESE:
P INALLG LR R G, G4 = BAa Pt etk
JoT, XU ET 4 L 5 SR R P

1200
1000 , —\ N —0
RN - -~ 10%
800 / ....... 30%
i £ N 0%
;"E 600 / ) \
#[» / e RS o \
400 Vi .7 N e,
LA Ss o - \
200 "/ .7 -<_ \t‘:"\a_.

0 T T T r )
300 320 340 360 380 400
Wk (nm)
B2 KRS IR 2 ' B 1 5 i
Fig.2 Effect of different amounts of pitaya addition on
fluorescence intensity of sausage

26 KERAMIMIBNERKEBLEZBRE Y
(TBARs) {EARIFZN

& 3 AT LAE HESIN KBS /5 251 b HHZH i 1R
Y B R T% BEZH (P<0.05), XY ke R ashinE ik
3] 30% B}, SXTRM =AW g, BRI LIE H,
IO SR AT DA BRI TR N I E T . 3X
e AR P lEE IR S KRR R WP AR
FIAHEAERR, 3 T 5@ AT S &6, FEmER
B BR A B E K BB ELAS G i B ARG A B

EN, B KIERBINLE R TBARs {H1Y FEXT Ha2H
JIN, 5 K B IR 10% HE AT LA 2 FE S 17 48

L6y —— Wi
1.4 -+- TBARs{H
o 12 ; b
5L 7] c
= &b 4
gg 0
o 4 0.8 a
zZ
& 06] - 2 b
® < e }_\__\ c
B 041 —--3
0.2
0.0 ,
0 10 30 50
NEWI A LA (%)

B3 SRR A TBARSs {50
Fig.3 Effect of pitaya with different addition amount on acid
value and TBARS value

TEBIVE, 50% AbBELH PRI B AIR, 3X AT BEH A 2k e SR
HAET R AIEIESRLL RS S, —H HAPiElk
YRR AEKIERBI LB 0%~50% JL BN, AL
LU A5 B vy, AR ARG R AN S S AR AR 28R B B e, B
50% MK IEIRANFELH B A AR A E
3 g

PFEL e KIS R T I A B b, 4%
YL 2R B IR H] 20% LA [, [ AT LK B
AT WU R FUORULS 2T 28 85 1 03 i B 2 18
ZE 8% K Lo T AkIERAGHLA AR, FEFD
1 LB AR, a B35, 6 EFEAR, 30% K Jp 2R 4k 21
2, SXTRHAH 2257 35 (P<0.05) o KIERP A
MIAETT 2R, BHEE 3R AN PR RS 2 BT Y 48
A, PRI 25 P BT 0 S Bk B BB, W] 2E9% PRk,
Sy Al S ER TR A R EL R, s /K SR M L, ik
PERFRAG S5 R FRB, 210 K e R TS s A P
FALVE, gefis i UL 48R 1, P28 (1 sy
PEGHRERG N o TR By AR AR T LY 2 R (T,
30% KBS ALFEZH 5 X B ZH 25 55 Bl 35 (P<0.05), 2L
B S E

L5525 EEEE R nT LA AL K e SRR
BTNV, T HH 0 A A g A SRR B A A BT,
HAEACLLH N 30% I, SRS Bk B fefE . ANk
BN 1T K T RAE D R AR ER N PR il it XU
SEMINTFEAS 1, SRAR AR S R T —E Ry
BEHE T, (HOCTLL O KRR IHRAEE A E AL
I L

S 3k
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