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l. INTRODUCTION

Immobilization techniques are usually applied to keep cell viability, activity, and
functionality of starter and probiotic bacteria during food processing and storage. Grains
such as proso millet (Panicum miliaceum L.) are potential supports for the immobilization
of probiotics in meat products. Some previous studies have reported the successful
addition of wheat-immobilized probiotic bacteria in the processing of dry fermented
sausages [1], however the effect of the addition of millet-immobilized probiotic on
oxidation and volatile profile of fermented sausage needs to be assessed. This study
aimed to assess the effects of addition of Lp. plantarum immobilised in millet grains on
the oxidation and volatile profile of dry fermented sausage.

Il. MATERIAL AND METHODS

Lactiplantibacillus plantarum was grown at 37 °C for 48 h in MRS broth and was added
to the sausage batter at ~9 log CFU/g. A novel immobilization method designed from a
modification of the method described by Bosnea et al. [2] was carried out using
incubation of millet and Lp. plantarum at 37 °C for 72 h. Sausages were produced
according to Karwowski [3]. Four batches were prepared: FC (free Lp. plantarum), Nl14%
(free cell + 4% millet grains), 12% (2% immobilized Lp. plantarum) and 14% (4%
immobilized Lp. plantarum). Fermented sausages were evaluated for lipid oxidation and
carbonyls during ripening (days O R, 2 R, 7 R, 14 R and 21 R) and storage (days 41 S,
61 S, 81S, 101 S and, 121 S). Volatile compounds were determined at 0 R and 21 R.
Lipid oxidation was measured as TBARS and expressed as mg malonaldehyde (MA)/ kg
[4]. Carbonyls were determined using the colorimetric DNPH method [5]. The absorbed
volatile compounds were analyzed by Solid Phase Microextraction (SPME) technique
coupled to Gas Chromatography-Mass Spectrometry (GC-MS) system. Fixed effects for
full models included treatment (FC, NI 4%, | 2%, and | 4%), ripening (0, 2, 7, 14 and 21
days), and storage times (41, 61, 81, 100, 121 days), and their interaction. ANOVA and
Tukey’s test were used (P<0.05).

[l RESULTS AND DISCUSSION

TBARS values were affected (P <0.05) by time and treatment (Figure 1a). The sausages
added with grains (NI 4%, 12% and 14%) showed slower rancidity rate than the control
(FC). The threshold for rancidity in meat products (2.0 mg MDA/kg) was achieved at 61
Sin FC, at 100 S in 14% and at 121S in NI 4% and 12%. The presence of polyphenolic
compounds in millet grains might have reduced the rate of formation of TBARS.
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Figure 1. a) TBARS values (mg MDA/kg) of dry-fermented sausages during ripening and storage b) Carbonyl
content (nmol/mg protein) of dry-fermented sausages during ripening and storage "¢ different letters
indicate statistical differences among treatments (P <0.05).

Protein oxidation was not influenced by the presence of millet grains, only by time (Figure
1-b). 176 compounds (18 aldehydes, 7 ketones, 41 alcohols, 8 acid organics, 18 esters,
55 hydrocarbons, and 29 miscellaneous compounds) were identified in sausages after
ripening. The aldehydes group had the highest peak area, followed by alcohols. The
main volatile compounds were hexanal, 1-hexanol, and pentanal. The peak area of
volatile compounds remained stable during time in all treatments and the aromatic profile
was similar in all treatments.

IV. CONCLUSION

The addition of millet as an immobilizing matrix for probiotic cells showed beneficial
effects on the lipid oxidation of fermented sausages, whereas protein oxidation was not
affected. Millet grains did not affect the overall aroma profile of the fermented sausages,
indicating that they can be used as immobilizing supports for probiotics in meat products.
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