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Effect of modified hemoglobin as a substitute for sodium
nitrite on the quality of ham sausage
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Abstract: [Objective] To improve the utilization rate of porcine blood and the safety of ham sausage. [Methods] Under specific
conditions, hemoglobin in porcine blood is modified to produce glycosylated nitrosohaemoglobin (GN-Hb). Different amounts of GN-Hb
are added to replace sodium nitrite in heat-treated ham sausages. The quality characteristics of the sausages are evaluated through texture
analysis, nutritional testing, color difference assessment, color acceptability, elasticity, chewiness, and overall acceptability. [ Results] When
the sodium nitrite dosage is 100 mg/kg and the GN-Hb dosage is 2.5 g/kg, high-temperature sterilized ham sausage containing the new
pigment shows significant improvement in color and cohesion compared with the control group, and no adverse effects on other physical
and chemical aspects are observed. All quality indicators before marketing comply with national standards. [ Conclusion] By nitrosation
and glycosylation, porcine hemoglobin is modified to form glycosylated nitrosohemoglobin and applied to ham sausage, which can partially
replace the effect of sodium nitrite in ham sausage on color development and texture improvement, reduce the amount of sodium nitrite
added, and increase the added value of porcine blood.
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Table 1 Sensory evaluation criteria for ham sausages
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Table 2 Effect of different levels of GN-Hb on color of

ham sausages

FE i L a’ b
N1 67.5340.53° 9.0640.11° 13.90-0.13
N2 68.88+0.24° 8.864-0.08° 14.0940.85
GN-1 64.64+0.07° 10.1240.12° 13.65-0.04
GN-2 61.39+0.50° 10.544-0.14° 13.3040.30
GN-3 61.4140.65 10.06+0.10° 13.76+0.23

T FGNG SR R R R 22 5 . # (P<<0.05) .
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Table 3  Effect of different levels of GN-Hb on texture properties of ham sausages

FE &b /N FhMAE/(N-s) A WL /N K PN A

N1 12.234+1.34® —0.53£0.20 0.87-40.02% 8.18:£0.96 9.3840.99 0.7740.01°
N2 12.6640.89° —0.57+0.17 0.8740.01° 8.460.64 9.70+0.70 0.76+0.00
GN-1 12.664+0.92° —0.58-£0.20 0.8740.01% 8.44£0.62 9.6840.69 0.76+0.01°
GN-2 11.60+1.03 —0.49£0.12 0.8740.03" 7.830.79 9.00+0.76 0.7840.01°
GN-3 12.104+1.00® —0.54£0.16 0.86+0.02° 7.92£0.71 9.2240.75 0.76+0.01°

T FSING FREAN [E FR 22 5 03 (P<20.05) o

23 EWIBIRSW

Hi 2R 4 W] ESK 43 FIAR 15T 0 1 T I, 0 2 5 0k R
2T 22 e, RIS N — 2 £ 1Y GN-Hb(>2.0 g/kg) J
VLT B3 ARG SV i T2 60 2 (4[] A £ 4 7K 43 01 B 7 o 7
FasE . fENE W& )5 1, GN-2 41 GN-3 2 A% T N1 41
P)H 0% R R, B GN-2 4019 & SR AIC, T RE 2 R o iR
GN-Hb AR /N (19 i 7 50K 43 1045 56 3 59, — 38 43 g 7
PLZE & A0 K IR D K57 . 7E £ A4 T HR W
GN-Hb ok 8 F FEARER 43 & 1, H 5 N1 A WA A LE i 35 0
225 LI GN-Hb A £ 5% K Bl i 7Y 6 o0 2 B2 A R

S

R 3 5 AT, S 0 I i B2 4 FI GN-Hb X 7 iy o T Al
T 4 5 B0 R S A AR A, L S AR o I Y R A AR B R R A
A F AR E (<30 mg/kg) o N1 4L 7§ 72 44 5% B4 4 i

x4 ANERFRKSD BEEREHTRSSE

Table 4 Content of moisture, protein, fat, and salt in ham

sausages g/100 g
FE i Koy B g Wy EN
N1 68.75+0.23 12.614+0.11 9.31£0.12" 2.64+0.09°
N2 69.58-0.21 12.380.15 9.08+0.06" 2.14+0.17°
GN-1  68.98+0.17 12.4740.14 9.2440.06° 2.60£0.14"
GN-2  69.454+0.20 12.57+0.10 8.50+0.05° 2.68+0.07"
GN-3  69.11+0.44 12.56+0.20 8.904+0.06" 2.66+0.17"

T FSNG SRR R 7R 22 57 5 (P<C0.05) o

K,GN-34L AL, Bl GN-Hb 7 & (9 1 m , K
oG R B ST 2 AR B R T, LS M2 e LR
B GN-Hb 25 118 23 S0 6 12 4 m A 21 K BB i b, T L2k
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Table 5 Residual content of sodium nitrite in ham sausages

FE b WA R A A% B/ (mg kg ')
N1 22
N2 15
GN-1 14
GN-2 16
GN-3 17

SV i TR 0 T 7 o v ) e, DA R R T A L X 5k
21 7 45 NI BiF 98 5 R — B

25 I WS I GN-Hb A] LA 3 43 0 i 2 401 7 K JBR 1
R AER L IR X SR OK A R BT IR DT R
AERFIE R . B Ah BRI GN-Hb AL 23 %8 ok b 1 B9 FL Ak
S5y TR B 7 A S, Y GN-Hb % I 2.5 g/kg I, &
BB Ji 14 b7 P O AR RE ) A <
24 BEEH

2% 6 Al M, A6 (0 ) L, GN-2 41 5 Hfh 4% 4 2 57 i
F(P<<0.05) , HPF 4 drc i, N2 2 A9 /0N, 2 B Bl sk /0
Tl B M 2 A ARG T 9 3 %o R i B A 4 B80T EL IR A
GN-Hb 1] D) 2t 36 JC R i i (0% fif L2 B g 2 % 5 %
A f6 21 €0 o LR 8 R A 1 T 43 AR Ak 5 B B A L, 3
WA GN-2 2 LA i R A4 MEL WG G A A I 1 3o

Fo6 AREGEHNMNBFHEEEN

Table 6 Sensory evaluation of ham sausages with different

treatments
FE i 4, WL I & P R i
N1 6.2540.85" 5.65+£0.99" 6.000.86" 6.10+0.64"
N2 5.15420.88° 4.85+0.75° 5.500.89* 5.5040.69°
GN-1  6.4040.60° 6.1540.67° 5.85+0.63" 6.45+0.60"
GN-2  7.6540.75* 7.1020.64" 6.380.49° 7.8020.62°
GN-3  525+0.64° 4.80+0.70° 5.100.64° 4.80+0.70°

T RSNG TR R R 22 5 13 (P<K0.05) .

LRI, AR 25 Rl 2 22 PR T I, GN-1 241 Fl GN-2
210 SR IE 2 B35 T N2 41 GN-3 4 (P<C0.05) N1 4
MGN-1 400tk 35 25 5, 55 o e R AR i 1 98 45 1 —
o &, GN-2 417 gt LG B | OE T 2 3R AR A X
B PR, BV Sr R E, U W] GN-Hb i it o 2.5 g/kg
B, kil EL AT B B BRI S b . 24 GN-Hb S R
3.0 g/kg I, KR i 1) 200 €2 1 43 0 A& T 42 37 MR 4RI, T R
S R I GN-Hb (77 i I 2060 S A AT 2 R K
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25 FRETERELN
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Figure 1 Scores of sensory attributes of ham sausages
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