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Fluorescence Based Spectral Assessment of Pork Meat Freshness
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Abstract

Development of sensitive nondestructive measurement methods for meat freshness is necessary to ensure safe dis-
tribution of meat products in the continually growing meat market. Fluorescence spectral technology has been shown
to be a promising measurement method for quality and safety evaluation of food and biological materials. In this
study, fluorescence excitation-emission spectral characteristics of pork meats were measured and used to determine
optimal fluorescence spectral factors for freshness evaluation. Chemical and microbial indicators of freshness were
correlated with fluorescence emission spectra at optimal excitation wavelengths using linear regression methods. The
coefficient of determination (R* and root mean square error of validation (RMSEV) for models to predict the
TBARS, TBC, VBN, pH of pork loin were 0.694 (0.188), 0.823 (0.417), 0.869 (0.598), and 0.632 (0.131), respec-
tively. The excitation and emission wavebands identified in this study could be used for rapid and nondestructive

measurement of pork freshness.
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Fig. 1. Change of pH value of pork meats with storage time.
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Fig. 2. Change of VBN value pork meat with storage time.
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Fig. 3. Change of TBARS value of pork meats with storage
time.
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Fig. 4. Change of TBC value of pork meats with storage time.
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Table 1. Changes of pH, volatile basic nitrogen content (VBN,
mg%), Thiobarbituric acid reactive substance (TBARS, MDA
mg/kg), and total bacteria count (TBC, Log CFU/g) of pork
loin with storage time.

Storage time (day)
1 3 5 7 9 12 15
pH  532° 547 555 559 560 5.82™ 5.95° 0.471

SEM!

VBN  8.74" 9.58" 9.63° 10.97° 11.11° 12.02¢ 13.92¢ 1.302
TBARS 0.36° 0.46® 0.55® 0.60™ 0.70° 1.14° 1.30° 0.589
TBC 428 488 523 6.07% 6.11° 6.53° 7.39" 1.007

*MDifferent letters within the same row differ significantly (p < 0.05).
'Standard errors of the mean (n=21).

Table 2. Changes of pH, volatile basic nitrogen content (VBN,
mg%), Thiobarbituric acid reactive substance (TBARS, MDA
mg/kg), and total bacteria count (TBC, Log CFU/g) of pork
belly with storage time.

Storage time (day)

SEM!

1 3 5 7 9 12 15
pH 562 572 575® 581® 6.07° 623" 6.68° 0.629
VBN 6.00° 6.66° 6.91° 7.23° 882° 890° 9.47° 1.143
TBARS 0.29° 0.49* 0.70° 2.05° 3.30° 4.02%¢ 4.75¢ 1.336
TBC 3.83" 4.08 4.64° 583 6.58¢ 6.62¢ 7.54° 1.164

* Different letters within the same row differ significantly (p <0.05).
'Standard errors of the mean (n=21).
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Fig. 5. Fluorescence emission-excitation matrix for pork loin.
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Fig. 6. Fluorescence emission-excitation matrix for pork belly.
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Fig. 8. Changes of fluorescence emission spectra of pork meat with storage time.
Table 3. Changes of pork fluorescence intensity at the optimal excitation and emission wavelengths with storage time.
Storage time (da
g (day) SEM"
1 3 5 7 9 12 15
Loin 51.37° 147.70 217.50% 242.60" 277.73% 350.40¢ 546.13¢ 12.487
Belly 104.47° 111.27° 140.23% 150.20® 270.73* 333.73° 537.00° 12.868

* Different letters within the same row differ significantly (p < 0.05).
DStandard errors of the mean (n=21).

Table 4. Results of linear regression analyses between chemical
& microbial indicators and pork loin fluorescence intensity
measured at excitation of 420 nm and emission of 569 nm.

Table 5. Results of linear regression analyses between chemical
& microbial indicators and pork belly fluorescence intensity
measured at excitation of 430nm and emission of 636 nm.

Calibration Validation Calibration Validation
Measurement N Measurement N
Rc*Y RMSEC? Rv*» RMSEV?Y Rc*?  RMSEC? Rv*Y RMSEVY
TBARS 21 0.7482 0.1700 0.6936 0.1875 TBARS 21 0.6879 09737 0.5716  1.1408
TBC 21 0.8521 03811 0.8229 0.4170 TBC 21 0.6478  0.7845  0.5772  0.8596
VBN 21  0.8872 0.5558 0.8693 0.5984 VBN 21 0.6473  0.7568  0.5520  0.8528
pH 21  0.7046 0.1177 0.6325 0.1313 pH 21 0.5509 2.6872 04268 0.2925

DR.?; Result regression’s calibration R-square. ? R, Result regression’s
validation R-square.

% RMSEC: Root Mean Square Error of calibration. ¥ RMSEV: Root
Mean Square Error of validation.

olg SO, A FS 2 430 nm $E
EEE
A

==

5> O

ko

=

DR ; Result regression’s calibration R-square. ? R, Result regression’s
validation R-square.

% RMSEC: Root Mean Square Error of calibration. ¥ RMSEV: Root
Mean Square Error of validation.
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