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Abstract

:

Featured Application


The current study was conducted to identify and measure the off-flavoring volatile compounds and microbial load of pasteurized fluid milk, stored at different temperatures, as a possible indicator of its keeping quality.




Abstract


(1) Background: Multiple attempts have been conducted to correlate milk keeping quality with chemical, physical or bacteriological parameters. These methods only measure the chemical changes in milk produced by bacteria. Headspace solid-phase micro-extraction (HS-SPME) is an economic and recent method used to measure both volatile compounds and microbial load in milk, also allowing to keep the quality of the milk product. (2) Methods: The present study was conducted to identify and measure the off-flavoring volatile compounds through gas chromatography coupled with flame ionization detector (GC-FID) and the microbial load of pasteurized fluid milk stored at different temperatures, as a possible indicator of its keeping quality. (3) Results: The highest results were obtained to acetone, followed by butanone, pentanal and ethanol. These mean values were significantly enhanced from the 0 to 19th day of storage, at 10 °C. At day 19th, the minimum score for aroma, flavor and overall acceptability were also recorded as 4.33 ± 0.17, 4.02 ± 0.06, 4.00 ± 0.04, respectively. Likewise, maximum values for standard plate count (Log10 CFU 15.54 ± 0.40 mL−1) and total psychotroph count (Log10 CFU 11.67 ± 0.30mL−1) were reported at 10 °C and 4 °C. (4) Conclusion: HS-SPME/GC-FID methodology revealed to be very sensitive and capable to be applied in volatile compounds quantification in pasteurized milk produced during the storage period at different temperatures.
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1. Introduction


It has been demonstrated that it is more difficult to objectively quantify milk spoilage than organoleptically. Some types of milk, with a standard plate count of 106 CFU/mL, are perfectly palatable, whereas others have become unpalatable. Further, it is even more difficult to estimate “keeping quality”, the number of days between manufacture and spoilage [1].



Keeping quality is essentially determined by the rate of production of off-flavors and off-tastes. As such, it is only indirectly related to the bacterial quality of milk. Thus, a bacterial strain which produces more off-flavors will obviously cause spoilage at a lower count than one which produces lesser off-flavors [2]. In addition, off-flavor production may also vary with temperature, storage time and substrate availability, which itself may be produced by other bacteria [3].



Pasteurized milk-induced spoilage causes significant economic losses to food industry. Dogan and Boor [4] reported that the presence of large populations of Pseudomonas spp. generally resulted in shorter shelf-lives for pasteurized milk than if products were contaminated with other types of organisms [4]. Thus, a mixed culture of bacteria may produce more off-flavors than those containing individual strains.



Many attempts have been made to correlate the keeping quality of milk with chemical, physical or bacteriological parameters. The most promising methods have been impedance measurement [5], and acetaldehyde estimation in milk headspace [6]. Nonetheless, all of these methods measure chemical changes produced by bacteria rather than their actual numbers and as such might be expected to correlate better with organoleptic quality than would standard plate count or psychotropic count [7].



Volatile compounds in milk have been extensively studied using different extraction techniques including static headspace, purge and trap, and solvent-assisted flavor evaporation [8,9,10]. The headspace solid-phase microextraction (HS-SPME) has been developed. This technique is able to substantially reduce analysis time and sample manipulation steps [11]. Indeed, HS-SPME has been widely used to extract volatile components from dairy foods, such as fluid processed milk, cheese, milk powder and milk chocolate [12]. On the other hand, many studies have reported the off-flavor development in milk at a given storage time, usually at the end of the product shelf-life. However, there is limited information in literature regarding changes in milk flavor compounds, as affected by storage time and distinct temperatures. Thus, the present study aims to identify and to quantify volatile compounds in pasteurized milk, stored at different temperatures and specific time periods, for possibly correlated changes in volatile compounds to sensory and microbiological attributes for keeping milk quality.




2. Materials and Methods


2.1. Samples and Storage Conditions


Commercially available pasteurized milk with 3.25% standardized fat content with the same date of production was purchased from Walmart Superstore of Darigold company brand (Inc. Seattle, Washington, DC, USA). Samples were transferred, under sterilized conditions, to a 250 mL plastic vessel. A total of 30 samples were stored at 4, 7 and 10 °C for 19 days with a time interval of 0, 1, 5, 9, 12, 14, 16, 17, 18, and 19 days, for further analysis.




2.2. Microbiological Analysis


To determine total microbial load, total plate count was assessed, using dilution standard method 42-11. The samples were also scrutinized for total coli form count to infer about sewerage water contamination and adulteration in milk used for fermented dairy products production, adapting the approved method 42-15. Media was changed to Violet Red Bile without autoclaving, and the remaining methodology was the same as applied for total plate count.



For the psychotropic count, plate count skim milk agar (Merck) was used to determine total psychotropic bacteria count (TPC) and it was applied by a standard method 42-45 [13]. The samples were inoculated by three successive dilutions with sterile saline solution, in three replicates.




2.3. Extraction of Volatile Compounds and Solid Phase Micro Extraction


The headspace (HS) solid phase micro extraction (SPME) technique was adopted for absorption of milk off-flavoring volatile compounds. In this technique, the milk samples were agitated with the addition of salt and the temperature was maintained at 18 ± 1 °C to overcome the remains of flavor compounds. The salt was added to improve the release of volatile compounds that ultimately increased the absorption efficiency of SPME fiber.



For this study, 10 mL milk sample was taken in a 25 mL flask equipped with cap and Teflon-faced silicone rubber septa (Supelco, Co., Bellefonte, PA, USA). A magnetic stir plate (model PC-220, Corning, NY, USA) was used for stirring the flask containing the milk sample and salt at 1100 rpm 20 min. The volatiles were preequilibrated by adding an internal standard n-tridecane @ 0.5 mg/10 mL of sample after 18 min of stirring. Volatile compounds were extracted using HS-SPME, according to a previously described method in Dalgado et al. [14]. Three fibers from a flavor collection kit were examined: 75 µm carboxen/poly-dimethylsiloxane (CAR/PDMS), 100 µm poly-dimethylsiloxane (PDMS) and 65 µm poly-dimethylsiloxane/divinilyebene (PDMS/DVB), founded upon its affinity with milk spoilage volatiles and with the symmetry of chromatographic peaks (time exposure: 1 h). When the fiber was chosen, four exposure times (30, 45, 60, and 90 min) were considered, to improve the extraction of volatile compounds.




2.4. Identification and Quantification Volatile by GC-FID


The extracted/adsorbed volatiles into SPME fiber were thermally desorbed into injector port of Gas chromatographs (GC) Varian 3400 (Varian, Inc., Walnut Creek, CA, SUA) that was connected with a flame ionization detector (FID). The common conditions for GC-FID assembly were: the carrier gas was Helium, a DB-1 column (30 m × 0.32 mm i.d., 0.25 µm film thickness, J&W Scientific, Folsom, CA, USA), the injector temperature was 200 and detector 250 °C according to the method in Cramer et al. [15]. At the start the column remained at 33 °C for 5 min then increased at the rate of 2 °C/min up to 50 °C. Finally, it was adjusted at 225 °C by increasing at the rate of 5 °C/min. A preliminary study was conducted for the first identification of off-flavoring volatile compounds by using GC-MS under the same conditions (but with a column length of 60 m), by matching their spectra with those present in Wiley-NBS library mass spectral data.



The same volatiles were purchased as standard compounds that were first identified at GC-MS in the preliminary study. The compounds Acetaldehyde, Acetone, Butanal, Butanone, Ethanol, Hex-Propanone and Hexanon were purchased from Chem Service (West Chester, PA, USA). The compounds Propanol, Eth-Butanol, Hexanal, 2 Meth-1-Pro-ol, Heptanal, 3Meth-1Butanol, Trans-2-Hexenal, Octanal were purchased from Sigma-Aldrich Corp. St. Louis, MO, USA. The compounds 2,3-Butanediol, Hex-Propanone, 1-Hexanol and 1-Pentanol were purchased from purchased from Alltech (Deerfield, IL, USA). These standard compounds were run on GC-FID and got a (Figure 1) of peaks of different volatiles according to their retention times. After that, the milk samples were run on GC-FID and identification and quantification of volatiles were achieved using detector response factors established from standard compounds and their retention time.




2.5. Sensory Analysis


Sensory stability of the samples was estimated by a trained panel, consisting of 10 members. Panelists were asked to evaluate the sensory attributes of aroma, flavor and overall acceptability by assigning a liking score on a 9-point hedonic by Meilgaard et al. [16].




2.6. Statistical Analysis


Data was analyzed under Complete of Randomized Design (CRD) through two-way analysis of variance (ANOVA) technique. Means separation was made using Duncan’s Multiple Range Test. All statistical analysis was carried out using Mini-tab software package (SPSS-18, Armonk, NY, USA) [17].





3. Results and Discussion


3.1. Optimization of SPME Experimental Conditions


Various fiber coatings and exposure times were explored prior to analysis of volatile compositions of pasteurized milk. PDMS-coated fiber originated lower area counts of individual volatile compounds than that of PDMS/DVB or CAR/PDMS coatings (Figure 1). Moreover, PDMS/DVB and CAR/PDMS fibers revealed, correspondingly, 14 and 21 peaks on their respective chromatograms and showed adsorbed distinctive compounds. Consistent with the manufacturer, CAR/PDMS coating is more suitable for low molecular weight compounds detection (e.g., 2-butanone or acetone), while PDMS/DVB absorbs higher molecular weight compounds (e.g., nonanal or decanal) [18]. In the present work, the lowest molecular weight compound detected was 3-methylbutanal, and the highest one was heptanal. PDMS/DVB coated fiber proved to be superior for analysis of volatiles in pasteurized milk samples.



Regarding the SPME fiber exposure time to the headspace of the milk sample, it was noticed that, after 30 and 45 min, most of the volatile compounds were detected with PDMS/DVB fiber. Other compounds, for example heptanal, were only detectable after 60 min-exposure and 90 min-exposure time was suitable for SPME analysis of a milk sample, as the area count of most of the compounds (e.g., heptanal, 3-heptanone, 2-heptanone, and 2-pentylfuran) revealed small changes. Because the area count of hexanal or 1-octen-3-ol remained affected by exposure time after 90 min, this time was prudently controlled throughout the experiment in order to restrain variability among replications.




3.2. Quantification of Volatiles in Pasteurized Milk


Volatile compounds were produced in pasteurized milk as a result of storage time and temperature. A total of 20 volatile compounds were quantified in milk samples, ranging from 0.01 ± 0.01 µg/L to 139.6 ± 6.7 µg/L, which agrees with previous reports [9,19]. Freshly pasteurized milk (Table 1, day 0) at 4 °C resulted in the measurement of 6 compounds, including ketones (2), alcohols (2) and aldehydes (2), which were increased to 12 compounds, with 3 ketones, 7 alcohols and 2 aldehydes, at the end of storage (day 19). A comparable volatile profile was described by Marsili [20] for cow’s milk with low fat content, at day 0. Carbonyl compounds are secondary products of lipid photo-oxidation, as product of light exposure and a microbial metabolite [21]. Of the above compounds, acetone was measured the compound with the maximum amount of 75.6 ± 1.13 µg/L, at 0 day, and 93.3 ± 2.14 µg/L at day 19. Butanone, ethanol and pentanal were also quantified compounds, which increased proportionally with storage time at 4 °C.



A similar volatile profile was detected for milk stored at 7 °C (Table 2). At day 0, the same 6 compounds were measured, but at the end of storage, the total number of volatile compounds increased to 14, including ketones (4), aldehydes (4) and alcohols (6). The acetone amount was 73.5 ± 1.12 µg/L at day 0 and 99.6 ± 2.17 µg/L at day 19, being slightly higher than at 4 °C. Two new compounds were detected at this temperature: acetaldehyde at day 17 and 3-Meth-1-Butanol at day 18, which was likely photo-oxidation of milk. This deterioration in packaging materials arises in milk in the presence of a photosensitizer (e.g., riboflavin), which excites oxygen to its singlet state, a requisite for oxygen to react with the unsaturated lipid moiety, producing hydroperoxide [22].



The number of volatile compounds in pasteurized milk stored at 10 °C, at day 0, was almost similar to that at 4 °C and 7 °C, but high at end of storage. A total of 20 different compounds were observed, including aldehydes (5), ketones (4) and alcohols (11) (Table 3). At day 0, acetone (72.8 ± 1.32 µg/L) was the highest quantified compound, followed by butanone (7.56 ± 0.03 µg/L), pentanal (1.13 ± 0.02 µg/L) and ethanol (0.04 ± 0.01 µg/L). These compounds slightly increased at the 19th day of storage, being respectively, 139.6 ± 6.7, 15.4 ± 2.20, 11.2 ± 2.06 and 5.29 ± 1.17. These results are in close agreement with that obtained by Karatapanis et al. [23] and a similar profile of off-flavoring compounds was detected in pasteurized milk by Vazquez-Landaverde et al. [24]. Analyzing the trend of volatile compound production, mostly all compounds increased in quantity as the storage interval increased, but some decreased as the storage period increased, at all studied temperatures. At the same time, the rate of increase was higher at 10 °C. Adequate reproducibility was achieved for most compounds (relative standard deviation < 15%).




3.3. Microbial Count and Spoilage Indication


Standard plate count (SPC) and TPC of pasteurized milk was significantly influenced, while total coliform count (TCC) was insignificantly affected by both storage period and temperature, and even their interaction (p < 0.05). At 0 day, the mean values of TCC, SPC and TPC were, respectively, (Log10 CFU 0.83 ± 0.14 mL−1, 0.83 ± 0.14 mL−1 and 0.83 ± 0.14 mL−1) at 4 °C; (Log10 CFU 3.14 ± 0.03 mL−1, 3.14 ± 0.03 mL−1 and 3.14 ± 0.03 mL−1) at 7 °C; and (Log10 CFU 2.24 ± 0.02 mL−1, 2.24 ± 0.02 mL−1 and 2.24 ± 0.02 mL−1) at 10 °C.



At the 19th day of storage, TCC, SPC and TPC were increased to (Log10 CFU 2.33 ± 0.03 mL−1, 4.08 ± 0.05 mL−1 and 5.36 ± 0.17 mL−1) at 4 °C, (Log10 CFU 7.90 ± 0.11 mL−1, 12.13 ± 0.19 mL−1 and 14.33 ± 0.31 mL−1) at 7 °C, and (Log10 CFU 13.892 mL−1, 11.896 mL−1 and 7.670 mL−1) at 10 °C, respectively (Table 4). To highlight that at 10 °C, Enterobacteriaceae and Gram-positive bacteria revealed to assume a greater importance in the pasteurized milk spoilage. The shelf-life values found at 4 and 7 °C were revealed to be longer when compared to values reported in under-developed countries. For pasteurized milk, stored at 7 °C, Shipe et al. [25] reported an average keeping quality of 13 days, and at 4 °C, of 18 to 20 days, while Martins et al. [26] reported 9, 12-13, and 15-17 days, respectively, for a short, medium and long shelf-life.




3.4. Sensory Evaluation


The results of sensory evaluation are shown in Table 5. In general, off-flavors increased more rapidly in milk stored at 10 °C than at 4 °C and 7 °C. After 14 days-storage, the overall acceptability score of milk stored at 4 °C was 8.00 ± 0.29, followed by at 7 °C (7.50 ± 0.00) and 10 °C (7.00 ± 0.00). Similarly, the score of taste and aroma at day 14 was (7.50 ± 0.00, 7.17 ± 0.60), (7.00 ± 0.00, 6.67 ± 0.33) and (6.67 ± 0.33, 6.33 ± 0.17) at 4 °C, 7 °C and 10 °C, respectively. The overall acceptability of milk samples, after 19 days of storage, at 4 °C was (score 6.00 ± 0.00) going to spoil, and at 7 °C and 10 °C were badly spoiled, with scores of respectively, 5.17 ± 0.17 and 4.00 ± 0.00. Overall, the obtained sensory results agree with those of Lloyd et al. [27], who reported that storage-induced changes in sensory characteristics, volatiles and primary amines depend on both differences in lactose content and the applied heat processing, as well as with the results obtained by Li et al. [28], who reported that aldehyde and ketone compounds may play a major role in controlling the oxidized flavor, which was influenced by pre-heating as well as concentration and drying during milk powder production. The standard plate count (SPC, Log10) was (2.91 ± 0.03 CFU/mL, 5.77 ± 0 CFU/mL and 14.88 ± 0.03 CFU/mL), at day 14, and (5.78 ± 0.01 CFU/mL, 17.25 ± 0.03 CFU/mL and 21.89 ± 0.01 CFU/mL), at day 19, respectively, at 4 °C, 7 °C and 10 °C. This has previously been noted by Labuza [29] and Maxcy and Wallen [30], who reported that the most reliable method to judge fresh milk quality is sensory evaluation.




3.5. Correlation between Sensory, Microbiological and Volatile Compounds


Figure 2, Figure 3, Figure 4, Figure 5, Figure 6, Figure 7, Figure 8, Figure 9 and Figure 10 signposted a linear rise in TCC, SPC and TPC, at all temperatures, with a maximum increase in SPC in the last storage days, mainly at 10 °C. This can be associated with the average acceptability scores, which slightly declined during the early days of milk storage. Though, at 7 °C and 10 °C, flavor rapidly deteriorated and milk samples were considered as unacceptable after days 16 and 12, respectively. Milk samples kept at 10 °C were excluded by the panel after days 12 to 14. The main milk defects described included acid, sour and rancid for samples kept at 10 °C, and bitter, rancid and slightly acidic for samples stored at 7 °C. All these defects in milk samples may be related to changes in the flora due to the storage temperature. In fact, Griffiths and Phillips [31] reported that the refrigeration temperatures spoilage was predominantly due to Pseudomonas species growth than that of storage temperature. There was a rather poor relationship among sensory and microbiological data with respect to total coliform, psychotropic and standard plate counts. As formerly recognized [20,32], the spoilage of a specific food substrate is the result of the growth of specific spoilage organisms and not of total microflora. Furthermore, these outcomes exposed that there was a low relationship between microbiological and volatile compound data, and as for a large number of volatile compounds, there was no variation in concentration with the growth of microbial populations, particularly at 4 °C (Figure 2, Figure 3, Figure 4, Figure 5, Figure 6, Figure 7, Figure 8, Figure 9 and Figure 10). Pondering the relationship between sensory and volatile compounds, there was a small rise in acetone, butanone, pentanal, heptanal, ethanol and pentane concentrations with storage time, at 4 °C. The accumulation of these compounds seems to link well with reducing flavor scores of milk (Figure 2, Figure 3, Figure 4, Figure 5, Figure 6, Figure 7, Figure 8, Figure 9 and Figure 10).





4. Conclusions


Overall, the HS-SPME/GC-FID methodology developed in this study was revealed to be very sensitive and capable to be applied in volatile compound quantification in pasteurized milk produced during the storage period at different temperatures as an indicator of spoilage. Overall, HS-SPME/GC-FID was able to extract, separate and identify the volatile compounds from the milk sample; but it still had flaws regarding information on the key aroma compounds. Further studies should be performed to separate and identify the key aroma compounds of pasteurized milk samples in the near future.
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Figure 1. Standards volatile compounds run on gas chromatography coupled with flame ionization detector (GC-FID). 
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Figure 2. Relationship of total coliform count Log CFU/mL growth trends with sensory scores of pasteurized milk for spoilage detection stored at 4 °C. 
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Figure 3. Relationship of total coliform count log cfu/mL growth trends with sensory scores of pasteurized milk for spoilage detection stored at 7 °C. 
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Figure 4. Relationship of total coliform count log cfu/mL growth trends with sensory scores of pasteurized milk for spoilage detection stored at 10 °C. 
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Figure 5. Relationship of standard plate count log cfu/mL growth trends with sensory scores of pasteurized milk for spoilage detection stored at 4 °C. 
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Figure 6. Relationship of standard plate count log cfu/mL growth trends with sensory scores of pasteurized milk for spoilage detection stored at 7 °C. 
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Figure 7. Relationship of standard plate count log cfu/mL growth trends with sensory scores of pasteurized milk for spoilage detection stored at 10 °C. 
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Figure 8. Relationship of total psychrotrophs count log cfu/mL growth trends with sensory scores of pasteurized milk for spoilage detection stored at 4 °C. 
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Figure 9. Relationship of total psychrotrophs count log cfu/mL growth trends with sensory scores of pasteurized milk for spoilage detection stored at 7 °C. 
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Figure 10. Relationship of total psychrotrophs count log cfu/mL growth trends with sensory scores of pasteurized milk for spoilage detection stored at 10 °C. 
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Table 1. Means values and standard deviation of volatile compounds (µg/L) of pasteurized milk stored at 4 °C.
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Volatile Compounds

	
Storage Days




	
0

	
1

	
5

	
9

	
12

	
14

	
16

	
17

	
18

	
19






	
Acetone

	
75.6 ± 1.13

	
77.4 ± 2.65

	
78.7 ± 1.53

	
82.6 ± 2.08

	
79.5 ± 3.01

	
84.9 ± 1.27

	
85.6 ± 2.05

	
87.4 ± 1.14

	
93.2 ± 1.07

	
93.3 ± 2.14




	
Butanone

	
8.06 ± 0

	
8.36 ± 0

	
8.68 ± 0.01

	
8.89 ± 1.04

	
9.09 ± 0

	
9.31 ± 1.02

	
9.42 ± 0.02

	
9.64 ± 2.06

	
9.86 ± 1.52

	
10.23 ± 2




	
Ethanol

	
0.01 ± 0.01

	
0.16 ± 0.1

	
1.07 ± 0.4

	
1.23 ± 0.45

	
1.67 ± 0.66

	
1.52 ± 0.52

	
1.54 ± 1.03

	
1.77 ± 1.24

	
1.83 ± 1.48

	
1.99 ± 1




	
Pentanal

	
1.21 ± 0.04

	
1.33 ± 0.06

	
1.89 ± 0.08

	
2.57 ± 0.92

	
3.15 ± 0.54

	
3.94 ± 0.73

	
4.82 ± 0.08

	
5.40 ± 0.65

	
6.15 ± 1.08

	
7.83 ± 1.14




	
1-Butanol

	
0.02 ± 0

	
0.01 ± 0

	
0.01 ± 0

	
0.02 ± 0

	
0.03 ± 0.02

	
0.02 ± 0

	
0.03 ± 0.02

	
0.07 ± 0.01

	
0.13 ± 0.01

	
0.41 ± 0.02




	
3-Meth-1-Butanol

	
ND

	
ND

	
ND

	
ND

	
ND

	
ND

	
ND

	
ND

	
0.02 ± 0.01

	
0.09 ± 0.01




	
Heptanal

	
0.01 ± 0

	
0.02 ± 02

	
0.02 ± 0.02

	
0.03 ± 0.01

	
0.07 ± 0.04

	
0.06 ± 0.02

	
0.13 ± 0.05

	
0.27 ± 0.10

	
0.45 ± 0.13

	
0.957 ± 0




	
2,3-Butanediol

	
ND