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Effect of Fermented Blueberry Juice on Oxidative Stability and Quality Characteristics of Frankfurters
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Abstract: The objective of this study was to evaluate the effect of fermented blueberry juice (FBJ) on the oxidative stability
and sensory analysis of frankfurters. The thiobarbituric acid reactive substances (TBARS) level, total protein carbonyl
content, color, pH, texture properties and sensory evaluation of frankfurters with various amounts (2%, 4%, 6%) of FBJ were
investigated. The results showed that the addition of FBJ could significantly inhibit the oxidation of lipids and proteins, and
its effect was better than that of 0.05% sodium D-isoascorbate (P < 0.05) at the late storage stage. Frankfurters with FBJ had
significantly higher a* and b* values but significantly reduced hardness when compared to the control (P < 0.05). Yet, there
was no significant difference in elasticity (P > 0.05). Using electronic nose and sensory evaluation, the flavor of frankfurters
with FBJ was clearly discriminated from that of the control; the sensory quality of frankfurters with FBJ was better than that
of the control, and the highest sensory score was obtained with addition of 4% FBJ. This experiment confirmed that FBJ had
good antioxidant properties, and could effectively inhibit the oxidation of lipids and proteins and improve the sensory quality
of frankfurters.
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WN2% 4% 6% FBIKXAENFBI 2% FBJ 4%
FBJ 6%4..

H1/E1d F2 2 I Zhuang XinboZE "7, HRS1EE
G AP AN OS2 A RAAR 1Yl i ) SRR ok e <
T =20 C&EMINT, WAFRRIAELL A KRG
B, $RETTE0~4 CAERMMHEER, MIEEEIF.07L
e, FHALIR E4A3 mm M WAL . K S 8 5
BERMNBTFENLE, 1500 t/minF4730 s; HN1.5%h .
0.2% =W, 0.5%F. 1% MEIEFR, 3 000 r/min
Hr#El min, 1.5 min; DINFE TS IEAN L2 REARFLUKK
FBIEG 4R MR 5N, 3 000 r/min®r#E1 min: FANARE T
VKK, 3 000 t/min®r#E3 min, {8145 A BE £ 206 AN
12 °C. HER22 mmJEEAMKENY, FWHIESS C.
AR 255 % P M S 4 A JE-10 min, B85 HI80 ‘CaKZ&
SR, HEFLEET2C. MEAHEZE, HYA
B, 4 CIE. 2HIAE0. 74 14, 21, 28 dREHLECHI A
AR AT AT FR bR I e, RS AN EE .
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Table1l Formulations and ingredients of frankfurters
o &/ (g/100 g)
C#4H  5VCZ4  FBI2%ZH FBI4%4l FBI 6%

HFE R 50 50 50 50 50
iy 30 30 30 30 30
iV 20 20 18 16 14

FBJ 0 0 2 4 6
SHURME® 0 0.05 0 0 0
i 1.5 1.5 1.5 1.5 1.5
=R 0.2 0.2 0.2 0.2 0.2
SRy 0.5 0.5 0.5 0.5 0.5

AP FERY 1 1 1 1 1

132 i S e

FBJLL10 000 r/min% 0210 min/5, B &% H T30
o B RSV NEIEREMEh. 120 pLEES A
45.8 mLZ= 2 7/K, N1 mL Folin-Ciocalteauif 7], [
3 min, )5 IIA3 mL 20% M REN, 25 CIEIR/KIE2 h,
FE760 nmUE K AL OEIE, LAZERAKAS IR LAk
BT AMES R e 2, 45 R UFZ2THER T &
BTFRAERRN,
1.3.3  JRAET RS I e

FBJLA10 000 r/min 0210 min/g, B &+
. SRS R T RN, TE mLAE S
B0 mLERMT, FALKOEER, BARYHT
P8, B mLBA10 mLEOEF, SREKIINMA0.2 mL
TR B VN6 mLIE T BE- RV, 5. RMWT
95~97 ‘C/KIE ¥4 %k 940 minfi, A /KRIHEA A,
TE546 nmyE KA 8 F R OERE . BLILAS PRI 2 il
e Ze, DLoK QR AT AXTIE, g5 R UG =2
LR RER R,

1.3.4  TBARSH &E1llE

Z 8 Yoshikawa 21 7 v A Nk zh, BUL g4
FERRIIATO mL2: 8 F/KJ57E12 000 r/min F5) 3
60s, HEE2 W BO0.2 mLAEH T REH, RN
0.2 mL 8.1% SDS. 1.5 mL pH 3.50120% it 12 22 i 0 F1
1.5 mL 0.8% TBA, #AJGhNZM/KE4 mL, #2): ¥ Lk
R E T95 CKIBHINFA60 min, KA EI10 min;
AHERRE D IMA4 mLtE-1FETRIRESY (K
Eb1:15) Fl mLZ&MEK, FRIZIHRY 54 000 r/min &5 L
10 min, HU_E75 T 535 nmyg KA . F DY 254
FER B AR E M ZE, TBARSHE & AT 50 IRIFE P A %
R
1.3.5  HES RN

% B Rodriguez-Carpenas "} J7 = IE R &, BX
1 g MEAEE, HIA10 mL 20 mmol/LBERE Eh 25 il (&
0.6 mol/L NaCl, pH 6.5) , 9000 r/min F4]3¢30s, #EE
2 s B2 420.2 mLI AR T A2 mLE & F, 43
AL mL 10% TCA, 5 000X g& {5 min, F& FiEWH;
Horp—ANELL A TN mL 2 mol/L HCIH Sk 2 & /i
HIRE, H4—AEOE AL mL 0.2 g/100 mL DNPH
(T2 mol/L HCIEWR) » EER TN hy fEW L
WE T IAL mL 10% =5 L, 5 000X g 05 miniit
WEEA, B, BN mLZEE- 2% O (R
Fel: 1) R JE OB, HEE3 IR, XFRZR/RDNPH;
PEOTvEE T2 mL 20 mmol/LIEER £h 22 PR (576 mol/Lih
R, pH 6.5) ', #R¥, 5000XgE 2 min, SRJ5¥
PSR A VAT BIE370 nm CJIDNPH) #1280 nm
CIMHCD KA G RE s 8 5T &R 2 FH BS A b it
Mgt HRAESEHGZWE AR RENY RN ER
R EAR REASY SDNPHR A4 E370 nm
WK AR BE RO B2 %0521.0 L/ (nmol * ecm) .
1.3.6  BERINE

% [ Moroney 25" ik, ZE AR A R B A
WM (Y=94.0, x=0.3156, y=0.3312) , ¥HHKH
%, KOEJERAD65EIE . 8 mm B4R & 3E FBl M2 2040 /)
P AR S E TS AR B T AT e, B
SFER I CREEROL)  BlEr B4, id
SEFLEAE (L% L LM (a®) o HE (b)) . B4
FES A B3 IRE R .
1.3.7  pHIERIMIE

3 gWBE, MA27 mLiEZE7K, 11 000 r/minZ) 3
10s, 98, FrpHut i AR A SRR, B 0 R A
S, FREEcRe e e S BURE S o pHE
1.3.8  JFAARIIE

JoE KA BRI 5 R FH O b R T A AT R . R R A
BEBYI R 2 cm. HAA2 cn B F:, VI P, H
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FEI 28Rk . PSS HEORE : PISORL, TRl &E &
2 mm/s, WEIEA2 mm/s, WG ERS mm/s, 35%)E48
tho 030, RRAFES 2 I3 IREE .
139  HTEA

Z M Gu XinzheZF"" 7%, FAESE). W2 ¢&
fasirt, $RECE RN TSR RARER, &
FHFEEFE T, JF7E25 C R E20 min LA T
A B P R R . DA R R OB, TR
RALA400 mL/min [ R AAL KA %, 10 ME KSR
(£2) MAEMME S ESAM, JFHWin Muster 3 fF & I
0. AT ) e 120 s, SRIGHRE IS 5 A Tk
— BT TETER BEE 120 s, E B FAHARE 5 A
M BOSBEE NS so BRI TE R E RS 43T (principle

component analysis, PCA) -

®2  HTRAABRBEmERIYR
Response substances of electronic nose sensors
Wi 4 5
Xof 55 B AL A ) U
X AT A MU
MR FFEIE U
PETHUR
YRR HEMES YRR
o PR H (1 e ARk
XSRS ISR ST R, T B A SR i SRR
X L #5305 A E I BUR R
XFE RS AR IR
SRR W R, Sk R e H U
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1.3.10  EEIEN

Z M Choe 5" 7 1%, IFRIMEME . T I S AR 5
SE R #IE12 /N TR JE AT S R L
Bl b DR AP BE S IR AE o 5250 7 i D) R
292 em YUK, TEFSEHRIA R T EEIN, BEAR
FE BT FKIEBE P . SR 10 s At iR PR FE VP4 & 1
SRR (1=3F% ARHEAE, 10=JFFHE) . aF (=4
fh, 10=¥H) « Xk (I=RuJ%5, 10=MH8) . i
R (I=A055, 10=K5) . AIRE (1=FFFEh
B, 10=dE% RMED FAEEZE (1=4% A,
10==FH A .
1.4 HHEgit 596

T $dE (EE3 R RN THMEEWRIEZE,
HSAS 8.0% AT /b, Horh 2 5 82 M Hr R A
Duncan’s Multiple Range Testfi:, P<<0.05%& /%7
2% KM Statistica 7.05fF#E1TPCA. K Graph pad
PrismX {H1E Kl

2 ZR5MH

2.1 FBILEB AL & 25 R T 5 bt

STy AR AE R O R A T RR e
y=0.071 3x+0.021 581y=0.451 8x—0.024 6, iIHEH
FBIHI MM Bk IE N (1.85+£0.02) mg/mL, FHEH =
FUEWRE N (2.7540.75) mg/mL. &R R E 5%
BRSPS I FBY A I R R B AL, R TR R AR A
WAL SRR AR, FBIRER S
FLUAm A E R R oD, HlE#RamAaELSE RS
Bimm T HAMK R, BaERkBIREPRER. &E
TR MR . THER. JLRERRKR. IR, & 9R%
11 PR ERR PR & B3 By tb SR AL R B
WEEERE T, FHMEHTASE ML, RAHAH
BERREE S, BRI MPTEA R
22 EETARE WA e B v T T A A B
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E1 ARRESBFBIMNELREFHEBELEFTBARS S RAIRE M
Fig.1  Effect of FBJ addition on TBARS content of frankfurters during
refrigeration storage
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TBARS =& A~V A1 I s 2 S8 A4 2 e P = A B T A )
WA % STBAKRMN K =Y, H& 8T I =%
AR A AE R R WEILFTR, & B
TP TBARS H &= EARE FFEH, HRVCARMK
FBJZH [ TBARS & 2 76 07 B i) — B 5K T % B2
(P<0.05) . WHEEEORE, #%FBIHMTBARSE RS
X WAL A EE /> 1 59%~T7%, 1B PR INFBIAE I 7
e Tt R i B | A . WREET7. 14 KIS, % FBIA
MFEVCHMTBARS & B A WEMEZER (P>0.05) ;
W5 G W1, WRIN T 2% 4% FBIHIE ik i Dy F2 s 5 5
VCHAY, TR T 6% FBIME NGB R EE S T
VC4l (P<0.05) . WEE28 K, X4, HVC4.
FBJ 2%#1. FBJ 4%%.. FBJ 6%41 ) TBARS & &) N
3.00. 1.06. 0.93. 0.90. 0.81 mg/kg, RIIjE )54, FBJ
WIMEMK, TBARSH EHK, XULMHTBARSET &S
FBININEA — & BRI RE- BN KR GHRRH, WINFBI
R A7 R0 A0 1) 2 P 7 T R R B B R W R, S
TR AN S VCHLALL, FBIM AR R, X fE
2 mTFBIHE S RUAY.

KT B T Be % 0 ) PR A A 2 A2 A A
FKARIE . Muzolf-Panek 5 ™ FRIE T 48 AN [A] kb B 1) i 25 2
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B RS B N3.05~5.85 mg/g, MM (KE314k
W) SEN2.84~3.00 uglg, WER (EEE) &
H205.4~841.3 pglg, WLAMIERESE U I8 &G T R 2
VIR . iR 2 R0y R 70 0 A R LA R R b & &
& RIOINN 7 308 75 $5 EU P AT ¥4 S B0 10 R T %o
M40 B A BRI TBARS & & . Jia Na%5 e 5% A0 b iR
INEINCIREY), SXRRAME, T EnCRR
(5% W FTBARS 7 i LUt B4k /> 7 75%~92%, H Al
HCR S SR B N R R IEA DG, X ARSI
FBIA 2 [ (40 1) 25 S 2581 .- Ganhado %™ LK 5 1 3 v ifg
(r4 Foir 22 SRARHCPD I 0 2048 P &, 38 E TBARS
SR RTAENEREMAEY SRR, X4 Bk}
SEHU AT DAE A B a7, I BB 3G o AL
IR E M. AALEREXEHALERE -8, W
FBIXT AR ot S84k () #0046 FH o7 03 R 8 1 2Rk &
Y, WiERE A BRSO R R SRR . BTEER . A
TRRIX3 PR R, AR A B PR AT T AL
EW. e A B SJEETRIRRA YR AT LA IR
A, FHRZHEMSRE (BFEASEL. SLEAU
Fe AN AL ) ¥ K e 3 R A i R R 1 S A 1]
A, T 51 % B W SRR i R R P Rk, FBIH]BA
T I AE AR A R v BEL T B e 3 s R Sk 4 ) AR T A
b, [FIEE B A A AR A A T IR L AR
T

23 IREETUARA WA R R R R AT

ocC mEzAYe B FBJ 2%
B FBJ 4% ®FBJ 6%
. 24F a
= a
20F b
% a be 2 c
g 1.6 aababb bbb ce cc
N
i) L
L 0.8
W 041
ﬁ 0'0 1 1 1
0 7 14 21 28
e i i) /d

F2 AEREIUFBINEZEREFHEBEIRPRES RGP
Fig.2  Effect of FBJ addition on protein carbonyl content of

frankfurters during refrigeration storage

AR AR N EEE R, 2B
PRI SRR, 8 BT B3 17 A R B 0 20 T
B A — D EEARE, BT R LR
i ELAE O By Ar N, R] a0 5 i T DAH
W 2 R R B2 AT, A
WAL R PR S B AR R TS . IR S BRI
R 7% 0 7 M (0 B 1 Jo A I ek 300 ) 53 52 SR A S L D 5
Wi, R . UL O R R 2 R B R ) )
SRR RIS . NETRITH, RVCHE %

FBIA [ & 3 B2 /N AT IRZE (P<<0.05) , KM
S INFBIRE NG S R & P B S =10 B,
AT R VCA S £ FBIH M E S ER A R EEZER, M
T3 o BT H SR FBT 4% 20 RIFBJ 6% 41, () $ 3ik & B i 51K
THVCH (P<0.05) , HILLE H &= 54 FBIE Ak
I B EE B F= A o AN A TR], 3 ANFBIA & W 0
EEBHTLREEZER. HIHIIEN AR 1AL,
& FBIZHAE I8k 55 28 I I % i Ak & P A e o 26 v 1
FVCH15.6%~21.0%, XFPFBIAXS T 5 HiIp ML EL 44
(A NN R EA R s e e ke ey =i =R A

SFBIMIALI LB 2 K74 . Feng Xi%E"* 't 51
RIL, RS, 10 /100 mLAL N 322 sa 48 7
Refi WEH I T AR PR gy = A, I Bl RO B
BTN . GanhaoS5™ s, 1LkE. AR, Mt 4l
FH20.7. 5.0, 43 mg/gi% T, RN LA IR SR
BHEEH R, HiETIEE SHAER, XK RERIERY)
Ko LA PR ] i AR B A T AR A 2R S R R —
T A R A0t A B A R E R TR R S A
RIRENRWI . By 2o o] LS B B AL, DT 4] R
w0 R A R s (R E  SR  T L B A
EEET BERDIA L R S E LRSS ERE SR
BHL1F 25 (1 B AR, IX 5 AR 7T R ILFBI & A 2R
JRRER M R R4 R 8 B2, Feng Xi%™R
B, IR0 E00. 18 % S H AS Re A i) 2 PR 4 1 vk =2
AR A EE AR, X ATRESE BT R AR R 2
SH TR ERAEER P A RNESEE TR
FUETEANE . Fik, B2 s A E TR S5 &
AT BE LA SR it A7 A At AR A S 7 27
2.4 IEETOREE YA T RE R A AR AL

#£3 BELEEEHLEIREENEL

Table3 Changes in color of frankfurters during refrigeration storage

Ttz JERR 4l SEVCAHL FBI 2% FBJ 4% FB 6%241

0 78701034 781241407 7687105 T490£0757 73564075
7 719240397 78204054" 71564033 75.054049”  73.86+0.62"
L* 14 78342050™  7924052"  76.181056"  7486+092%  73.86+0.78"
21 7147055 771994028% 765740367 75.104043%  7335£0.11°
28 7883£043" 79824020 77.10+0817  7596+0.42"  74.55+028"

0 14450127 1534026 2254014 2624002% 274006
7 203+008"  LSAELIO™ 2470137 294+010™  3.19%0.16"
a 14 2241004% 1691009 267017 3.032020"  316%£022%
21 2384033"  191+0.12% 2374005 27320.09" 290007
28 200+023%  155E0A1Y 243£0137 2661004 3.0240.16™
0 993+042" 9954034 11574023 1274006  14.25+0.10°
7 10635020 1033£027% 120440227 1338015 14.63£0.13"
b 4 10324022 9800337 12042026" 1336032 14.68+021°
2 998+0.19" 10074027 114440127 12914021 14264007

23 10474021% 10132020 11.80£0.05™  1320£0.12™  1475£0.11%

e a~e A —RbR, F—IAIANFAS ZEFEE (P<0.05) ; x~z[{
—fabR, [ F G 2 R B (P<0.05) . R4
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R R TEE RN A RWEERR, GFES
B =2 I 5 B AR . R3R AR AL
4 TR @PE (L. a*. b*E) KIS, %
FBIZH AL+ 3 B /N T X BA, 1 oA 35 40 2 s T X
M (P<0.05) , XA[feel TFFBIF S A GR, ML
AR B TR S A BEE R BE T, NITIAEAS E B L+
R A WArfem TFBIF & AR Z MK
YIJsL, X EePh S 5T o 4 2 M A AL B R AL BB SR ) 5
M FEAR A i R LB, Ly S i ok vy L (1 484 o o ek
Ko W28 K, FBJ 4%415FBT 6% 41 ()Lt 15 &
FZETHOR, XEHINIIFBIAT UL i M (R e & 7 1)
Fo X EFeng Xi%E R T 45 KL, AR I M L0 R
Jon B v B A W (LB 2 A, LTS o s L R A
Ozvural 5 VE VL 22 T AR B i o I AR A5 21 T 28
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Fig.3  Change in pH in frankfurters during refrigeration storage
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Changes in texture properties of frankfurters during
refrigeration storage
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frankfurters on the 28™ day of storage
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