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Abstract. 
In the present study, we investigated the characteristics of chicken meat fermented with Penicillium nalgiovense and Penicillium chrysogenum. Hardness and springiness gradually decreased, while gumminess gradually increased during fermentation. Fermentation with P. chrysogenum led to higher hardness and lower gumminess than fermentation with P. nalgiovense. Fermentation with two molds resulted in similar microstructure, such as granule formation and fractured myofibril. The highest percentage of secondary structure was ɑ-helix, and tyrosine residues were buried after fermentation. P. nalgiovense-fermented samples contained more bound water, lower relative content of alkanes, and higher relative content of aldehydes than P. chrysogenum-fermented samples.

1. Introduction
Mold-fermented meat processing originated in Italy and concentrated especially in Southern European regions previously [1]. Nowadays, it has been spread around the world. In particular, Penicillium genera is the most widespread in meat products, probably because they can grow at lower temperatures and aw (water activity) than other molds normally present in meat [2]. However, the colonization of meat surface by undesirable molds can lead to the deterioration of food quality, such as off flavors, colour of conidia, and floccose mycelium on the casing [3] and even produce highly toxic secondary metabolites with relevant toxic effects on consumer health [4]. In contrast, inoculation with appropriate molds in fermented meat can contribute to taste and aroma, improve the stabilisation of colour, and delay the rancidity [5].
To date, many nontoxigenic commercial molds have been used as starter culture for meat fermentation, including Penicillium aurantiogriseum, Penicillium camemberti, Penicillium roqueforti, Penicillium nalgiovense, and Penicillium chrysogenum. Previous published literature studies reported that inoculation with P. chrysogenum and P. camemberti increased the contents of free amino acids, free fatty acids, and volatile compounds as well as the overall quality of pork and beef products [2, 6, 7]. On the other hand, P. nalgiovense also has been used as a protective starter culture in processing of dry-fermented sausages [3, 8], which could avoid growth of toxigenic molds during the drying and fermenting processes [3]. Similarly, P. aurantiogriseum and P. roqueforti could improve the sensory properties of products via increasing the content of flavor compounds [5, 9]. However, little information is available in the literature regarding the effect of molds on quality of fermented chicken meat.
It has been reported that high consumption of processed red meat (ham, sausages, bacon, frankfurters, salami, etc.) increased the risk of several major chronic diseases (some carcinomas, atherosclerotic cardiovascular disease, type II diabetes, etc.) and preterm mortality [10, 11]. Therefore, being a white meat, chicken meat is increasingly consumed due to its less fat and cholesterol, as well as a higher proportion of polyunsaturated fatty acids compared with red meat [12, 13]. However, the kinds of processed chicken products are fewer than red meat. Moreover, little information is available about the influence of fermentation on characteristics of cooked chicken meat. Hence, the main objective of the present study was to compare the effects of fermentation with P. nalgiovense and P. chrysogenum on quality of chicken breast meat product, including texture, microstructure, protein structure, and volatile compounds.
2. Materials and Methods
2.1. Preparation of the Spore Suspension of Penicillium nalgiovense and Penicillium chrysogenum
The starter culture of P. nalgiovense and P. chrysogenum was purchased from the China Center of Industrial Culture Collection and saved at 4°C in Czapek’s medium. The preparation of the spore suspension, treatment of chicken breast meat, and the fermenting and ripening conditions have been described in a previous study [14]. Finally, the working spore concentration was about 106 spores/mL. Chicken meat manufacture was replicated three times.
2.2. Preparation of the Fermented Chicken Meats
The fresh chicken breast meat was purchased from a local farmers’ market in Qingdao and was transported to the laboratory under iced conditions. They were cut into uniform size (3 cm  3 cm  1 cm) and 200 pieces in each group. Firstly, the chicken breast meat was sterilized with high-pressure steam (0.1 MPa) at 121°C for 15 min, then superficially inoculated with 2 mL of P. nalgiovense and P. chrysogenum, fermented at 27 ± 1°C and 80 ± 5% relative humidity for 7 days (primary fermentation). Afterwards, they were immersed in 4% sodium chloride solution and fermented at 30°C for 14 days (postfermentation). Each treatment was replicated three times.
2.3. Texture Analysis
A TA-XT2i texture analyzer (Stable Micro Systems, Surrey, UK) equipped with a cylindrical probe (P 0.25ss) was used to determine hardness, springiness, and gumminess at 25°C. This procedure involved cutting samples approximately 3.0 cm × 3.0 cm × 1.0 cm (length × width × height). The texture analyzer conditions were set as follows: pretest speed 2.0 mm/s, test speed 1.0 mm/s, post-test speed 5.0 mm/s, compressed distance 8.0 mm, and applied trigger force 5 g. During primary fermentation, samples of 1, 4, and 7 days were used for analysis. During postfermentation, samples were analyzed every other day. Texture Expert version 1.22 software (Stable Micro System, Surrey, UK) was used to calculate the values of hardness, springiness, and gumminess. Each batch was analyzed six times; therefore, each value presented in this study is the mean of 18 data.
2.4. Microstructure Evaluation
Scanning electron microscope (SEM) and transmission electron microscopy (TEM) were used to view the microstructural changes of fermented chicken breast meat. For chicken meat, 5 mm × 5 mm × 3 mm (length × width × thickness) of samples were cut in a pool of fixing solution of 2% glutaraldehyde in 0.1 M sodium phosphate buffer (pH 7.4) at 4°C for 24 h. They were then washed six times with the same buffer for a period of 20 min. After that 1% osmium tetroxide in the same buffer was added for postfixation and kept at 4°C for 2 h. Then, the samples were washed six times for 10 min each, using 0.1 M sodium phosphate buffer (pH 7.4). Samples were dehydrated in serial dilutions of ethanol (once in 50, 60, 70, 80, 90, and three times in 100%), each one for 15 min. Afterwards, samples were prepared to be observed using a JSM-7500F scanning electron microscope (JEOL Ltd., Tokyo, Japan) with an accelerating voltage of 2.00 kV. For TEM examination, dehydrated samples were embedded in Epon-812, then stained with uranyl acetate and lead citrate, and observed with a HT7700 transmission electron microscope (Hitachi Ltd., Tokyo, Japan) at an operating voltage of 80 kV.
2.5. Raman Spectroscopic Analysis
According to the method of Chen and Han [15], the structural change of fermented chicken breast meat was measured using a Jobin Yvon Labram HR800 spectrometer (HORIBA Jobin Yvon Inc., Longjumeau, France). Normalization of individual band intensities was carried out using the phenylalanine amino acid band located near 1003 cm−1 as an internal standard [16]. Protein secondary structures were determined as percentages of α-helix, β-sheet, β-turn, and random coil according to the method of a previous study [17].
2.6. Low-Field Nuclear Magnetic Resonance (LF-NMR) Measurements
An NMR analyzer (MicroMR20-025V, Niumag Electric Corporation, Shanghai, China) was used to perform LF-NMR measurements. Approximately, 2 g of sample was placed into NMR glass tubes (15 mm in diameter). Proton transverse relaxation times (T2) were measured using Carr–Purcell–Meiboom–Gill (CPMG) sequence. The analyzer was operated with a resonance frequency of 22.6 MHz at 32°C, and τ value was 150 μs. Data from 10,000 echoes were acquired as 32 scan repetitions. The repetition time between subsequent scans was 8,000 ms. Three relaxation times (T2b, T21, and T22) and their corresponding water populations (P2b, P21, and P22) were recorded. Each measurement was performed at least in triplicate.
2.7. Analysis of Volatile Flavor Compounds by SPME/GC-MS
An SPME-fibre (75 μm, carboxen/polydimethylsiloxane) was used to extract the volatile compounds. About 4 g of sample was placed in a 20 mL headspace transparent glass vial. 5 μL of 1,2-dichlorobenzene (0.1 μg/μL in methanol) was added into the samples as an internal standard for quantitative analysis. The SPME-fibre was inserted into the headspace of the glass vial, and the vial was placed at 50°C for 30 min at 800 r min−1 on a magnetic stirrer (IKA Inc., Staufen, Germany). The SPME-fibre was then desorbed into the GC-MS injector at 250°C for 5 min.
A 7890A GC system (Agilent Technologies Co. Ltd., Santa Clara, CA, United States) equipped with a 5975C mass selective detector (Agilent Technologies Co. Ltd., Santa Clara, CA, United States) was used to analyze volatile compounds, which was separated on a fused silica capillary Agilent HP-5 (5% phenylmethyl siloxane) column (30 m × 0.25 mm × 0.25 μm, Agilent Technologies Co. Ltd., Santa Clara, CA, United States). The analysis conditions were in line with the previous study [14].
2.8. Statistical Analyses
All statistical analyses were performed with SPSS 19.0 software package (SPSS Inc., Chicago, IL, USA). One way analysis of variance (ANOVA) with Duncan’s test was conducted on the data. Comparisons with  value lower than 0.05 were considered statistically significant.
3. Results and Discussion
3.1. Effect of Fermentation on Hardness, Springiness, and Gumminess of Chicken Meat during Fermentation Process
The hardness is an indicator of maturation degree since it is involved in the proteolysis or denaturation of meat proteins and water loss [18, 19]. As shown in Figure 1, the hardness and springiness of chicken meat remained stable during primary fermentation process but dramatically declined during postfermentation process. The hardness of chicken meat fermented with P. nalgiovense and P. chrysogenum was decreased by 62.9% and 53.4%, respectively, compared with unfermented meat (Figure 1(a)). This phenomenon might be attributed to the breakdown of chicken meat proteins during postfermentation, thus generated a great deal of small, low-molecular weight peptides and damaged the gel network of proteins, consequently reducing firmness of chicken meat samples [20]. It has been reported that gumminess of Turkish dry-fermented sausage gradually showed a significant enhancement during ripening [21]. Similar results also observed in the present study. The gumminess of chicken meat was gradually increased during postfermentation process (Figure 1(c)). An increase of 5.13- and 4.44-fold was found in gumminess after fermentation with P. nalgiovense and P. chrysogenum, respectively. On the other hand, no significant difference was observed in springiness between P. nalgiovense- and P. chrysogenum-fermented chicken meat (Figure 1(b)). However, fermentation with P. nalgiovense led to lower hardness and higher gumminess than fermentation with P. chrysogenum.
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(c)
Figure 1: Effect of fermentation with two molds on hardness (a), springiness (b), and gumminess (c) of chicken meat. The different lowercase and uppercase letters indicate statistical differences for fermentation time and treatments at  < 0.05, respectively. Samples from ten pieces of chicken breast meat for each treatment were examined.


3.2. Effect of Fermentation with Two Molds on Microstructures of Chicken Meat
The SEM and TEM photomicrographs of fermented chicken meat are presented in Figures 2 and 3, respectively. It has been reported that protein degradation might affect the texture of fermented meat [22]. In the present study, surface structures of fermented chicken meat with two molds were similar. They were rough, granular, and adhered together. Hence, the granule formation of chicken meat might be resulted from the myofibril fragment degradation by protease generated from P. nalgiovense and P. chrysogenum. The decreased hardness and springiness (Figures 1(a) and 1(b)) also further confirmed the protein degradation of chicken meat fermented with P. nalgiovense and P. chrysogenum. The TEM micrographs of fermented chicken meat with two molds suggested that Z lines of myofibril disappeared and sarcomere fractured and loosely distributed. The boundary of sarcomere was indistinct. A previous study found that high-pressure treatment destroyed myofibrils, Z lines, and I bands of cured Turkey breast; meanwhile, dense aggregation substances formed near the Z line and M line [23].


	
		
	
	
		
		
		
	
	
		
		
		
	

Figure 2: Microstructures of chicken meat fermented with P. nalgiovense (a) and P. chrysogenum (b) observed with SEM. Samples from ten pieces of chicken meat for each treatment were examined.




	
		
	
	
		
		
		
	
	
		
		
		
	

Figure 3: Microstructures of chicken meat fermented with P. nalgiovense (a) and P. chrysogenum (b) observed with TEM. Samples from ten pieces of chicken meat for each treatment were examined.


3.3. Effect of Fermentation with Two Molds on Protein Secondary Structure of Chicken Meat
The Raman spectra of fermented chicken meat in 1600–1700 cm−1 range suggested that the most prominent band, centered near around 1653 cm−1 (Figure 4), was assigned to the amide I vibrational mode [15], which consist of amide carbonyl C=O stretching vibrations and, to a lesser extent, C-N stretching, Cɑ-C-N bending, and N-H in-plane bending of peptide groups [17, 24]. It has been reported that there is a correlation between the frequencies of the amide I band components and the types of protein backbone conformation [15, 17]. The result of Figure 4 shows that no obvious change was observed in the frequency of the amide I band between chicken meat fermented with P. nalgiovense and P. chrysogenum. Generally, an amide I band consists of overlapped bands at 1650–1658, 1665–1680, and 1660–1665 cm−1 corresponded to ɑ-helix, β-sheet, and random coil structure, respectively [16]. In the present study, fermentation with P. chrysogenum resulted in higher ɑ-helix percentage than fermentation with P. nalgiovense (Figure 5), but the highest percentage of secondary structure was ɑ-helix. Hence, the maximum frequency of the amide I was around 1653 cm−1 (Figure 4).


	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
	
	
		
	
	
	
		
			
			
			
			
		
		
			
			
			
			
		
		
			
			
			
			
		
		
			
			
			
		
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	

Figure 4: Raman spectrum (400–2000 cm−1) of proteins in samples fermented with P. nalgiovense (a) and P. chrysogenum (b).




	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
	
	
		
	
		
	
		
	
		
	
	
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
		
	
		
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
	
	
		
	
	
	
		
	
		
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		
	
		
	
		
	
		
	
	
	
	
	
	
	
		
	
	
		
	
		
	
		
	
		
	
		
	
	
	
	
	
	
	
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
			
				
			
				
			
				
			
				
		
		
			
			
			
			
			
			
			
			
			
			
		
		
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
		
		
			
			
			
			
			
			
		
	
	
		
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
		
		
			
			
			
			
			
			
			
		
		
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
		
		
			
			
			
			
			
			
			
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
			
		
		
			
			
		
		
			
			
		
		
			
			
		
		
			
			
		
		
			
			
			
		
	

Figure 5: Secondary structure fractions estimated from the amide I band in fermented chicken meat with P. nalgiovense and P. chrysogenum.


3.4. Effect of Fermentation with Two Molds on Protein Tertiary Structure of Chicken Meat
It has been indicated that several Raman bands are characteristic of the tertiary structure of proteins [16]. Hydrophobic interactions of proteins can be reflected by changes of these Raman bands [16]. The band assigned to tryptophan residues near 760 cm−1 indicates changes in the local environment of the tryptophan aromatic moiety. It has been reported that a decrease in the intensity of a band neat 760 cm−1 may be found when tryptophan residues from a buried, hydrophobic microenvironment become exposed to the polar aqueous solvent [15]. In the present study, no significant difference was observed in the intensity of the Trp band between fermentation with P. nalgiovense and P. chrysogenum (Table 1).
Table 1: Normalized intensities of tryptophan and tyrosine residue microenvironment in fermented chicken meat products.
	

	Treatment	Trp band (I760/I1003 cm−1)	Tyr doublet (I850/I830 cm−1)
	

	P. nalgiovense	0.340 ± 0.016a	0.973 ± 0.014a
	P. chrysogenum	0.333 ± 0.030a	0.906 ± 0.012b
	


Values not sharing the same letters at the same column are significantly different at  < 0.05. Samples from ten pieces of chicken breast meat for each treatment were examined.


The doublet bands located near 830 and 850 cm−1 can be used to monitor the microenvironment around tyrosyl residues [25]. The tyrosyl doublet ratio (I850/I830) has been used as a way of determining whether the tyrosine (Tyr) residue is exposed or buried [17]. The intensity ratio of the doublet bands (I850/I830) usually ranges from 0.90 to 1.45 [25]. In the present study, the values of the tyrosyl doublet ratio of I850/I830 were in this range. Moreover, the band at 850 cm−1 of chicken meat fermented with P. nalgiovense and P. chrysogenum was more intense than the band at 830 cm−1 (Table 1), indicating that tyrosine residues were buried within the protein network and act as hydrogen donors [25].
3.5. Low-Field NMR
Low-field NMR T2 measurements can provide information about the state of the water in samples. The T2b,T21, and T22 represent bound water, immobilised water, and free water, respectively [26]. Bound water is tightly combined with protein and macromolecular constituents. On the other hand, immobilised water is a component and considered to be located in the myofibrillar network and the protein structure. Additionally, free water is corresponded to water outside the myofibrillar lattice [27]. Figure 6 shows the changes of T2 relaxation times of fermented chicken meat. The proportion of three kinds of water in chicken meat is shown in Table 2. In the present study, fermentation with P. nalgiovense resulted in higher T2b and P2b than P. chrysogenum. The reason might be that fermentation with P. nalgiovense caused more muscle myofibrils breakdown and protein denaturation than fermentation with P. chrysogenum; meanwhile, the water tightly associated to decreased protein and macromolecular constituents [27]. However, there was no significant difference in immobilised water and free water between fermentation with P. nalgiovense and P. chrysogenum.


	
		
		
		
		
		
		
		
		
		
	
	
		
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
		
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
	
	
	
	
	
	
	
	
	
	
		
		
		
	
	
		
		
		
	
	
	
	
	
		
	
	
	
		
	
	
	
		
		
		
	
	
		
			
		
		
			
			
		
		
			
			
		
		
			
			
		
		
			
			
		
	
	
		
			
			
			
		
		
			
		
		
			
			
		
		
			
			
			
		
		
			
			
			
			
		
		
			
			
			
			
			
		
		
			
			
			
			
		
		
			
			
			
			
			
			
		
	

Figure 6: Distribution of T2 in chicken meat fermented with P. nalgiovense and P. chrysogenum.


Table 2: Water populations of three components (b) in fermented chicken meat.
	

	Processing mode	T2 relaxation time area distribution (%)	Total integral areas
	P2b	P21	P22
	

	P. nalgiovense	0.80 ± 0.05a	96.4 ± 5.11a	2.7 ± 0.97a	7375.17 ± 44.82a
	P. chrysogenum	0.30 ± 0.04b	96.8 ± 6.08a	2.9 ± 0.17a	6958.52 ± 49.01b
	


P2b, P21, and P22 represent proportion for water closely associated with macromolecules, water located in the myofibrillar network, and extramyofibrillar water, respectively. The different letters indicate statistical differences for the same component at  < 0.05. Samples from ten pieces of chicken breast meat for each treatment were examined.


3.6. Effect of Fermentation with Two Molds on Profiles of Volatile Flavor Compounds
The profiles of total volatile compounds in meat could be increased by many factors, such as aging, storage, fermentation, and cooking method. [28, 29]. On the other hand, volatile acids, esters, and alcohols were the dominant volatiles in the raw chicken breast meat [30]. A large number of alkanes and aldehydes were formed in chicken meat after fermentation with P. roqueforti [14]. As shown in Table 3, 45 and 42 kinds of volatile flavor compounds were detected in chicken meat fermented with P. nalgiovense and P. chrysogenum, respectively. The most abundant volatile compound in P. nalgiovense- and P. chrysogenum-fermented chicken meat was alkanes, which accounted for 52.5% and 63.1%, respectively. Song et al. [31] reported that the enhancement of aldehydes was resulted from the decomposition of oleic acid released as a result of lipolysis by lipase. Likewise, 11 kinds of aldehydes were identified in P. nalgiovense- and P. chrysogenum-fermented chicken meat in the present study, and they were accounted for 11.5% and 9.8 % of the total volatiles, respectively.
Table 3: Effect of fermentation with P. nalgiovense and P. chrysogenum on volatile flavor compounds in chicken meats.
	

	Time (min)	Flavor compound	Relative content (%)
	P. nalgiovense	P. chrysogenum
	

	4.977	3-Methylbutyral	1.276	0.783
	6.260	Toluene	0.969	ND
	6.706	n-Dodecane	1.183	0.573
	6.759	n-Tridecane	3.908	2.735
	7.011	2-Methyldecane	3.486	4.869
	7.173	10-Methylhendecane	0.657	0.030
	7.258	Caproaldehyde	4.209	5.032
	7.426	3-Methylundecane	1.013	3.081
	7.603	2,5-Dimethyl-undecane	4.206	3.092
	7.802	2-Methyldodecane	4.232	3.078
	7.879	n-Tetradecane	1.455	3.982
	7.998	3,4,5,6-Tetramethyl octane	1.109	2.553
	8.119	2,6-Dimethyldecane	0.300	0.332
	8.219	8-Methylhendecane	5.274	5.578
	8.294	2,5,6-Trimethyl-decane	2.345	4.982
	8.384	6-Methylhendecane	1.665	2.035
	8.804	4-Ethyloctane	2.090	6.742
	8.932	4-Methylhendecane	3.366	3.254
	9.011	2-Methylhendecane	7.794	3.442
	9.146	4-Methyldodecane	6.093	10.786
	9.269	Sulfurous acid-caprate	5.093	ND
	9.812	Heptaldehyde	1.350	1.002
	10.147	Phenylacetic acid ethyl ester	0.826	1.534
	10.316	n-Pentadecane	1.383	0.606
	10.528	3-Methyl-1-butanol	0.277	0.443
	11.051	4-Ethyl-2-undecenal	0.268	0.032
	11.244	3,7-Dimethyl-1-octanol	0.384	0.069
	12.267	3-Hydroxy-2-butanone	6.351	4.058
	12.372	1-Octanal	0.783	0.690
	13.175	trans-2-Heptenal	ND	0.004
	13.481	6-Methyl-5-hepten-2-one	2.054	0.895
	13.900	1-Caprylalcohol	0.166	0.698
	14.655	1-Nonanal	1.958	0.235
	14.876	cis-6-Nonenal	0.017	0.345
	15.302	trans-2-Octenal	0.207	0.743
	15.571	Acetate acid	12.820	14.541
	16.464	1-Decylalcohol	0.057	2.099
	16.478	1-Tetradecanol	0.296	0.961
	16.844	Benzaldehyde	0.259	0.343
	17.069	trans-2-Nonenal	0.188	ND
	17.272	2-Pyridinecarboxaldehyde	1.356	0.112
	18.212	2,3-Butanediol	0.647	ND
	18.351	Butyric acid	2.085	0.798
	19.961	2-Undecenal	0.973	0.542
	20.649	trans-2,4-Decadienial	0.658	0.092
	21.027	Hexanoic acid	1.054	0.075
	


ND represents not detectable.


In addition, ketones and alcohols can be formed by the lipid degradation [31, 32]. Particularly, alcohols are formed due to the oxidation of the fatty acid components, which are derived from lipid degradation [32]. In the present study, only two ketones, 6-methyl-5-hepten-2-one and 3-hydroxy-2-butanone, were identified in fermented samples, and the content in samples fermented with P. nalgiovense was higher than that in samples fermented with P. chrysogenum (Table 3). Mehmet et al. [30] showed that alcohols play a very small role in odour because they have relatively high odour threshold. In P. nalgiovense- and P. chrysogenum-fermented chicken meat, 6 and 5 kinds of alcohols were detected, respectively. However, their relative content was lower than alkanes and aldehydes.
4. Conclusion
The textural properties, structure, water distribution, and volatile compounds were changed by fermentation with P. nalgiovense and P. chrysogenum. Lower hardness and higher gumminess were observed in P. nalgiovense-fermented chicken meat. Meanwhile, granule formed and sarcomere fractured, which were observed by SEM and TEM analysis. Samples fermented with P. chrysogenum contained higher α-helix percentage than those fermented with P. nalgiovense. However, tyrosine residues were buried within the protein network after fermentation with P. nalgiovense and P. chrysogenum. Higher bound water proportion was observed in P. nalgiovense-fermented samples. The predominant volatile compounds in fermented samples with two molds were alkanes, subsequently aldehydes. These results indicated that fermentation with the two molds could be useful ways to improve quality of chicken meat. Some experiments will be conducted to evaluate the effect of the mixed molds used as starter cultures on chicken and duck meat. The present study provides valuable information for the development of chicken product and industry in China.
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