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Abstract 

The effect of chestnut flour (Castanea sativa Mill) on L. plantarum viability and 

physicochemical characteristics in a dry-cured sausage (Longaniza de Pascua) during storage 

is discussed. Four batches were prepared: CL with 3% chestnut flour added; CPL with 3% 

chestnut flour and 8.5 log CFU/g L. plantarum added; PL with 8.5 log CFU/g L. plantarum 

added and L, the batch control. The sausages were stored at 4 °C and 20 °C, and vacuum 

packed for 43 d. L. plantarum viability was affected by storage time (P< 0.001). However, 

higher L. plantarum counts at the final of storage were reached due to chestnut flour 

addition (P< 0.001). At room storage, chestnut flour caused a higher increase in TBARS 

values (P= 0.022). Nevertheless, all lipid oxidation treatments were in the range of accepted 

values at the sensory detection level. In conclusion, Longaniza de Pascua can be kept at 4 °C 

or 20 °C for 43 d without causing any rancidity problems. 

Keywords: dry cured sausage, Longaniza de Pascua, Lactiplantibacillus plantarum, Chestnut 

flour, Probiotics, viability. 
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Nowadays, the meat industry is focusing on producing meat products with potential health 

benefits by using probiotic microorganisms (Agüero, Frizzo, Ouwehand, Aleu, & Rosmini, 

2020; Sirini et al., 2021). Much attention has been paid to developing meat products with 

functional ingredients to promote health conditions and prevent the risk of diseases (Barone 

et al., 2021). Nonmeat ingredients have been commonly used in meat products to reduce 

costs, improve functionality and give added value to those products. These ingredients could 

include probiotics, prebiotics, vegetable proteins, dietary fibres, herbs and spices, thus 

increasing nutritional value and providing benefits to human health (Zhang et al., 2010; 

Gullón et al., 2020). 

Longaniza de Pascua, a traditional dry-cured sausage from the Mediterranean area (Martín-

Sánchez et al., 2014) with a small diameter (18-22 mm), is usually consumed as a snack. This 

dry-cured sausage is an intermediate moisture food (water activity <0.900) that can be 

stored at room temperature (Sayas-Barberá, Viuda-Martos, Fernández-López, Pérez-Alvarez, 

& Sendra, 2012). In addition, from a scientific point of view, it is considered an excellent dry-

cured model system due to its easy elaboration process (4-8 days), and it can be an excellent 

delivery system of healthy ingredients in meat products (Sayas-Barberá et al., 2012; Sánchez-

Zapata, Díaz-Vela, Pérez-Chabela, Pérez-Alvarez & Fernández-López, 2013). Probiotic 

bacteria are successfully used in the production of many products; however, the commercial 

application of probiotic microorganisms in dry fermented meat products is not yet common 

(Agüero et al., 2020). Controlling probiotic viability is necessary to ensure a beneficial daily 

dose for the host. The meat industry is developing strategies to incorporate different 

ingredients that could protect probiotics from adverse environment and storage conditions, 

limiting the effect of factors that tend to decrease or eliminate their viability in meat 

products (Burgain, Gaiani, Linder & Scher et al., 2011). 

Viable probiotic counts in the final product are required to be at least 106-107 cfu mL1 to 

offer health benefits to consumers (Shori, 2015). However, the minimal dose is dependent 

on several factors, such as the individual person, the strain and the food product concerned. 

In recent years, consumers have been interested in chestnut (Castanea sativa Mill.) because 

of its nutritional qualities and potentially beneficial health effects. Chestnuts and their by-

products contain antioxidant compounds such as phenolic acids, flavonoids and tannins (Diaz 

Reinoso et al., 2012). On the same line, it has been reported that chestnut flour could be 

used as a good prebiotic due to the fact that it contains non-digestible ingredients such as 
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oligosaccharides, which could be fermented by probiotic bacteria like lactobacilli and 

Bifidobacteria both in food and in the gut (Grimoud et al.,2010; Ozcan, Yilmaz‐Ersan, 

Akpinar‐Bayizit & Delikanli, 2017). The development of functional meat products capable of 

providing indigestible carbohydrates with the ability to provide optimal amounts of 

substrate for the nutrition and development of colon bacteria is among the pending tasks of 

the meat industry.  

Meat matrices are favourable for lactic acid bacteria (LAB) growth and development. LAB 

have shown good adaptation to the environment during sausage fermentation, which is 

associated with a rapid growth rate and acidification. In addition, Rebucci et al. 2007 have 

proved the suitability of selected probiotic bacteria to be used as probiotic cultures in 

fermented sausages. Therefore, the L. plantarum probiotic could survive in Longaniza de 

Pascua, thus reaching consumers in a considerable dose. The presence of chestnut flour in 

the formulation could improve survival during storage. 

The shelf life of fermented meat products is limited by physical and chemical spoilage, and 

said spoilage may be related to problems with the development of fermentative microbiota. 

Due to the fact that this spoilage could affect probiotic survival, the interaction between the 

meat matrixes and those new ingredients must be analysed (Sirini et al., 2021). Therefore, 

the objective of this work was to evaluate L. plantarum viability and physicochemical 

characteristics in a dry-cured sausage (Longaniza de Pascua) with added chestnut flour. 

 

2. Materials and methods 

2.1 Materials  

Chestnut flour was purchased from a local market in Orihuela, Spain. It was previously 

characterized by Fernández–López, Viuda-Martos, Lucas-González, & Pérez-Álvarez, (2019). 

The meat (lean and fatty meats) was purchased in a local supermarket, transported in 

refrigerated conditions (4 °C) and immediately processed at the IPOA pilot plant facility at 

Miguel Hernández University (Orihuela, Spain). 

2.2 Longaniza de Pascua manufacture 

Longaniza de Pascua was manufactured in the IPOA Research Pilot Plant (Orihuela, Spain). 

The elaboration process and technological conditions were established as described by Sirini 
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et al. (2020). The microorganism used as probiotic was L. plantarum, a food-grade strain 

normally used as a probiotic by food manufacturers. It was isolated, for research purposes 

only, from the Bioflora™ product (BIOSIDUS S.A), which is commercialized as a probiotic with 

sanitary certifications. 

A pure overnight culture of L. plantarum was inoculated at 1% in 150 ml of MRS broth and 

incubated at 37 °C for 24h in aerobiosis. The 150 ml broth was then centrifuged at 5000 xg 

for 10 min at 4 °C and washed with PBS. The pellet was mixed with 150 ml of a sterile 25% 

w/v solution of maltodextrin and whey protein isolate. This solution forms the wall material 

of the microcapsules that present suitable technological properties, giving rise to the 

suspension that will be spray dried under controlled conditions. For this, a laboratory spray 

dryer (Mini Spray Dryer ADL311S, Yamato, Japan) was used. The best drying conditions were 

previously determined (Inlet temperature: 160 °C, Outlet temperature: 65 °C), which did not 

affect bacterial viability. The probiotic powder obtained was vacuum packed and transferred 

from Argentina to Spain. The probiotic strain was encapsulated to be transferred to the pilot 

plant where the present test was carried out. The confirmation of identity at the strain level 

was carried out using PFGE. Then, the strain was reconstituted at 25% with physiological 

solution (0.85%). The L. plantarum strain was re-isolated in the MRS agar. The inoculum was 

made as previously described by Rubio, Jofré, Aymerich, Guárdia, & Garriga (2014). Briefly, 

the strain was grown overnight in de Man, Rogosa and Sharpe (MRS) broth (Merck, 

Darmstadt, Germany) at 37 °C in aerobiosis, harvested by centrifugation at 9,600 xg for 10 

min at 6 °C, washed and re-suspended in saline solution (0.85% NaCl) and stored at −80 °C 

with 20% of glycerol until further use. Before freezing, a sample of the inoculum was 

extracted for enumeration, which was performed by plate counting on MRS agar. The stock 

culture had 10 Log UFC/ml. The amount of microorganisms adjusted to final concentration in 

meat batter was 8.5 log CFU/g. Four batches were prepared: CL batch with 3% chestnut flour 

added; CPL batch with 3% chestnut flour and 8.5 log CFU/g L. plantarum added; PL batch 

with 8.5 log CFU/g L. plantarum added and L batch control. After 5 d of drying, Longaniza de 

Pascua was considered “ready-to-eat”. Chamber drying conditions were as follows: 15±1° C 

and 75±2% relative humidity (Tarré, Noain, Navarre, Spain). Day 5 of drying corresponds to 

day 0 of this experiment. 

2.3 Storage experimental design 
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The resulting products were stored at 4 °C and 20 °C, and vacuum packed for 43 d. Vacuum-

packed pouches are made of polyethylene and polyamide laminate of water vapor 

permeability 1.1 g/m2/24 h at 23 °C, nitrogen permeability 10 cm3/m2/24 h at 23 °C, carbon 

dioxide permeability 140 cm3/m2/24 h at 23 °C, and oxygen permeability 30 cm3/m2/24 h 

at 23 °C (Fibran, Girona, Spain). Samples were preserved at a controlled temperature of 20 

°C in a Refrigerated cabinet HOT-COLD GL-2101507 (Selecta S.A., Abrera, Barcelona, Spain); 

in addition, samples were preserved at 4 ± 1°C in a commercial refrigerator with the 

objective of simulating the true way in which consumers preserve sausages throughtout the 

study. Samples of all treatments were analysed at 0, 15, 22 and 43 d of storage to perform 

the corresponding analysis. For this type of product, 43 days is the established time of 

commercial useful life. All determinations were performed in triplicate, except for colour 

with nine measurements. Production was repeated 3 times with the same raw material. The 

trial plan is a completely randomized design (n= 3).  

2.4 Determination of pH 

The pH value was determined at room temperature using a pH metre (510 Crison, Barcelona, 

Spain) equipped with a puncture electrode (Hach puncture electrode probe 5233). The 

measurement was made directly and taken three times by changing the electrode insertion 

place each time. 

2.5 Microbiological analysis 

Microbiological analyses were established as described by Sirini et al. (2020). LAB counts 

were determined using DeMan, Rogosa, and Sharpe agar (MRS) after 72h at 37 °C in 

anaerobiosis, and L. plantarum counts were performed using Lactobacillus plantarum 

selective medium (LPSM), 37 °C for 72 h in anaerobiosis, as described by Bujalance, Jiménez-

Valera, Moreno, & Ruiz-Bravo (2006). Enumeration results were signified as log CFU (colony 

forming units)/g sausage sample. 

2.6 Evaluation of lipid oxidation 

Lipid oxidation was evaluated as a function of changes in 2-Thiobarbituric acid reactive- 

substances (TBARs) in storage, following the method by Rosmini et al. (1996).  

2.7 Colour measurement 
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The CIELAB coordinates determined were lightness (L*), red/green co-ordinate (a*) and 

yellow/blue co-ordinate (b*), from which the psychophysical magnitudes hue (h*) and 

chrome (C*) were calculated (UNE 72-031, 1983). A Minolta CM-2002 (Minolta Camera Co., 

Osaka, Japan) spectrophotometer with illuminant D65, 10° observer, SCI mode, 11 mm 

aperture of the instrument for illumination and 8 mm for measurement was used. 

Determinations were assessed at 0, 15, 22, and 43 days of storage (at both storage 

temperatures). Spectrally pure glass (Minolta CR-A51/1829-752) was placed between the 

samples and the equipment. The American Meat Science Guidelines for colour evaluation 

were followed (Hunt et al., 2012), and infinite solid and background were obtained following 

the methodology described by Sánchez-Zapata et al. (2011). The total colour difference (ΔE 

*) between each treatment (CL, CPL, PL) and traditional Longaniza de Pascua (L) was 

determined by equation number 1 (Hunt et al., 2012): 

ΔE * = [(ΔL *) 2 + (Δa *) 2 + (Δb *) 2] ½ (1) 

2.8 Genomic DNA preparation 

Strains isolated from the pharmaceutical product, from the probiotic powder and from L. 

plantarum inocula used in Longaniza de Pascua formulations (CL and CPL) were taken. 

Regarding inocula samples, strains at 0 d and 43 d at room storage (20°C) were selected. All 

recollected samples were incubated in LPSM medium at 37 ° C in anaerobiosis. The protocol 

described by Gosiewski & Brzychczy-Wloch (2015) was used with modifications. Grown 

colonies were re-suspended in 3 ml of NaCl 0.85% (Biopack, Buenos Aires, Argentina). 

Optical density (OD) was measured at 600 nm, adjusting the concentration of cell 

suspensions to OD 2.0 ± 0.2. A 200 µl volume of adjusted cell suspensions was transferred to 

1.5 ml microtubes. Plugs were made according to Blajman et al. (2015). The digestion of L. 

plantarum plugs was carried out with restriction enzyme SfiI (Thermofisher) (incubation time 

5 h at 50 °C). Electrophoresis was carried out at 4.5 V/m (initial orientation change 1.0 s, final 

orientation change 20 s) for 26 h at 14 °C.  

2.9 Statistical analysis 

All collected data during the storage process were evaluated by applying ANOVA, according 

to a four-factorial design (2x2x2x4) with batch of production as a completely random effect. 

The factors were chestnut flour (0% and 3%), probiotic L. plantarum strain (0 log CFU/g and 

8.5 log CFU/g), storage temperature (room temperature at 20 °C and cold temperature at 4 
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°C) and time of storage (vacuum packaged) on 0, 15, 22 and 43 d. For these analyses, 

InfoStat (Universidad Nacional de Córdoba) for Windows software was used, with P <0.05 

representing a significant difference between means. 

3. Results and discussion  

3.1 pH  

Longaniza de Pascua is a low-acid fermented meat product (final pH, 5.3 to 6.2). The final pH 

values obtained in this research work were in accordance with the findings on other studies 

on low-acid fermented sausages (Aymerich, Martin, Garriga, & Hugas, 2003; Casaburi et al., 

2007). A decrease in pH values is frequently reported in fermented sausages during storage 

(Papadima & Bloukas 1999; Kim et al., 2012; Dong et al., 2020). The pH decrease could be 

related to an accumulation of lactic acid as a result of a carbohydrate breakdown during 

fermentation. Nevertheless, this decrease tends to be corrected during drying by the 

buffering effect on organic acids produced by the reaction of lactic acid with amino groups 

from protein degradation (Ordóñez, Hierro, Bruna & Hoz, 1999; Ruiz-Moyano et al., 2011). 

Fig. 1a and Fig.1b show pH changes during 43 d at room and cold storage, respectively. 

Although sugars were added to the sausage mixture during production, the sausage pH did 

not continuously decrease in storage for any treatments. Other authors found similar slight 

increases (Casaburi et al., 2007; Jin et al., 2018; Hilbig, Hartlieb, Herrmann, Weiss, & Gibis, 

2020). The pH values were affected by chestnut flour and the probiotic strain interaction (P< 

0.001) over 43 d of storage. Samples without L. plantarum (L and CL) tended to suffer a 

strong increase in pH during the first days of storage, whereas in the case of samples with L. 

plantarum (PL and CPL), this increase occurred more slowly (P= 0.068). This could be owing 

to the existence of autochthonous lactobacilli in matrix meat with low acidifying power 

(Casaburi et al., 2007). Besides, the small diameter of Longaniza de Pascua and the process 

temperature used (15 ±1 °C) may not have favoured a true fermentation process. Therefore, 

the pH profile is consistent with the decrease in LAB and the release of peptides, amino acids 

and ammonia as a result of the proteolytic activity of microorganisms (Gao et al., 2013). In 

addition, chestnut flour causes less pronounced increases in pH regardless of the presence 

of the probiotic (P< 0.001). This could be explained by lactate, which can be converted to 

lactic acid, being primarily produced from added carbohydrates. In case of carbohydrates as 

a potential prebiotic (chestnut flour), the metabolic capacity to form acid from dietary sugars 

differed significantly between probiotic strains, as shown by Hedberg, Hasslöf, Sjöström, 
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Twetman & Stecksén‐Blicks (2008). It could be inferred that the L. plantarum strain used in 

this work would have the ability to metabolize the carbohydrates present in chestnut flour. 

Further research work should be carried out to verify this possibility.  

According to Leistner & Roedel (1975), if these products have pH ⩽5.2 and an aw ⩽ 0.95 or 

only pH <5.0 or aw <0.91, then they are considered “shelf stable meat” and need no 

refrigeration. Therefore, their shelf-life is often not limited by bacteria but by chemical or 

physical spoilage. In this context, it should be noted that lowering the pH is a major barrier 

against pathogens during the fermentation stage and until the time slice consistency is 

achieved. Due to the small diameter of Longaniza de Pascua and the “quick” drying process 

after stuffing, the main barrier against pathogens seems to be the aw values decrease. All 

treatment aw values were determined in previous studies during sausage drying by providing 

the safety of the product (CL: 0.860; CPL: 0.839; PL: 0.766 and L: 0.876) (Sirini et al., 2020). 

On the other hand, storage temperature did not affect pH values during the storage period 

(P= 0.397).  

3.2 Microbiological analysis  

Lactic acid bacteria are microorganisms commonly found in fermented sausages and are 

subject to a great variability of species depending on the region in which the products are 

manufactured. Aquilanti et al. 2016 reported that L. plantarum is a species that is not 

characteristic of these meat foods, whereas other authors reported that L. plantarum has 

been frequently isolated in fermented sausages, but not as a dominant microorganism 

(Drosinos et al., 2005; Cocolin et al., 2011; Nediani et al., 2017). In this research work, the 

inoculated L. plantarum strain was not found in the control group, which indicates that no 

native strain of that species was present or could proliferate during fermentation. In other 

words, L. plantarum was able to adapt and survive in an environment in which it is not 

usually found. The adaptation of a species not usually found in that environment facilitates 

the tracking and quality control of probiotic viability in the finished product since there will 

be no autochthonous L plantarum to interfere with the growth of the added probiotic strain. 

Lactiplantibacillus plantarum viability during 43 d at room storage and cold storage is shown 

in Fig. 2a and Fig. 2b, respectively. Due to the fact that L. plantarum viability was affected by 

storage time interaction, L. plantarum counts decreased during all storage days (P< 0.001). 

The number of viable probiotics in the meat product is affected by several factors, such as 

fat content, food ingredients, temperature, processing conditions, moisture, % NaCl, aw, etc. 
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(Ranadheera, Baines & Adams, 2010). However, higher L. plantarum counts at the final of 

storage were reached due to the addition of chestnut flour (P< 0.001). As is already known, 

the chestnut fruit has a remarkable content of fibre and polyphenols, including Gallic and 

Ferulic acids (Barreira, Ferreira, Oliveira, & Pereira, 2008). Therefore, this improvement in 

viability could be attributed to the buffering capacity of the fibres present in chestnut flour 

and to the considerable amount of nutrients that promote bacterial survival (Espírito-Santo 

et al., 2012; Frumento et al., 2013). Final L. plantarum counts indicate that the presence of 

chestnut flour supports L. plantarum probiotic viability (P˂ 0.001). Other authors have also 

demonstrated that the use of fruit by-products to enrich fermented products is a successful 

strategy to increase probiotic viability during storage (Espírito-Santo et al., 2012; Frumento 

et al., 2013; Casarotti et al., 2018). In addition, phenolic compounds can exert a prebiotic 

function and increase the probiotic population, suggesting a mutual relationship between 

phenolic compounds and probiotics while improving the general quality characteristics of 

foods and potentiating the healthy beneficial effects of both components (De Llano et al. 

2017; De Souza et al., 2019). Phenolic compounds can selectively inhibit the growth of 

pathogenic bacteria without affecting probiotic viability (Pacheco‐Ordaz et al., 2018). In the 

same line, L. plantarum has been described to hold several enzymatic activities such as 

phenolic acid decarboxylase (PAD), benzyl alcohol dehydrogenase and the ability to degrade 

some phenolic compounds (Rodríguez et al., 2009). In this work, probiotic strain viability was 

affected by temperatures during storage (P= 0.002). As has been described by Vermeulen et 

al. (2015), this type of dry-cured meat product does not traditionally need refrigeration; 

nevertheless, when the probiotic strain was added to the formulation, viability was 

improved under refrigeration (Champagne, Ross, Saarela, Hansen, & Charalampopoulos, 

2011). 

Lactic acid bacteria viability during 43 d at room and cold storage are shown in Fig. 3a and 

Fig. 3b, respectively. LAB populations were affected by storage temperature and storage 

time interaction (P< 0.001), by probiotic strain and chestnut flour interaction (P= 0.001) and 

by probiotic strain and storage time interaction (P< 0.001). At 43 d of storage, LAB count 

improvements by cooling were observed (P= 0.001). In addition, regardless of the presence 

of the probiotic, chestnut flour addition kept the LAB count higher than treatments with no 

chestnut flour during storage (P= 0.001). This could be explained by the same reasons why 

chestnut flour improves probiotic viability. Final LAB counts for the control case were 5.08 
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and 5.13 log CFU/g at 4 and 20 °C, respectively, which is in accordance with reports by Pavli 

et al. (2020). 

3.3 Lipid oxidation (TBARS) 

Lipid oxidation, expressed as TBARS value, is shown in Table 1. No significant effects were 

observed due to the probiotic strain in TBARS values (P= 0.294). As was expected, room 

storage caused higher TBARS values with respect to cold storage during 43 d (P= 0.001) 

(Aksu & Kaya 2005). TBARS values increments throughout storage at 20 °C and 4°C for all 

treatments, except for CPL, were observed (Table 1). Chestnut flour in the Longaniza de 

Pascua formulation at room storage caused a higher increase in TBARS values with respect 

to treatments without chestnut flour (P= 0.022). As explained by Sirini et al. (2020), since 

phenolic antioxidants can initiate an auto oxidation process, chestnut flour could finally 

behave like pro-oxidants. In the same line, the addition of chestnut flour and its subsequent 

room storage led to the highest TBARS values (P= 0.029). It is worth noting that the amount 

of malonaldehyde formed during storage at both temperatures was in the range of 0.23–

0.70, in accordance with other authors (Slima et al., 2017; Bis-Souza et al., 2020), and 

resulted in TBARS values much lower than 2.0 mg MDA/kg, which is accepted as the 

deterioration and sensory detection level (Campo et al., 2006). The results of this work 

suggest that vacuum packaged Longaniza de Pascua with L. plantarum and chestnut flour 

could be stored at room storage or cold storage up to 43 d without causing any serious 

rancidity problems. 

3.4 Colour 

Pérez-Alvarez (1996) has studied a dry-cured behaviour in dry-cured sausages. This author 

mentions that Lightness (L*) was decreased by dehydration process while a* (red-green 

colour co-ordinate) increased. This increase is caused by a nitrosated-heme pigments 

formation (main nitrosomyoglobin) and pigment concentration by a dehydration process. 

The yellow-blue (b*) colour co-ordinate was decreased by meat pigments interconversion. 

The results of this work indicate that control L* values ranged between 38 and 45, which is in 

accordance with other authors (Dong et al., 2020; Aksu & Kaya 2005). Storage temperature 

and storage time interaction affected lightness values (P˂ 0.001). L* values decreased at 

both temperatures in the first days of storage. Then, L* values remained for all treatments 

except for CPL, where there were no significant changes throughout storage. In addition, 

Pérez-Alvarez & Fernández-López, (2012) mentioned that L* can be influenced by “water 
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free” movements on the meat product surface. Thus, L* decreased due to a decrease in 

moisture content, less free-water on the sausage surface and pigments concentration. Due 

to the fact that chestnut flour had high L* values (L* 87.56; a* 1.15; b* 12.60; C*12.66; 

h*1.48) and retained water due to the chestnut starch (due to its water holding capacity),  

the addition of chestnut flour causes a lower decrease in L* when compared to those 

treatments that do not have chestnut flour (P= 0.040). 

Redness (a*) is used as an indicator of colour stability in meat and meat products. Although 

there is an interaction between storage temperature and storage time, it did not affect 

redness behaviour (P = 0.007). A significant increase in redness values between days 0 and 

15 at both temperatures in all treatments was registered (Table 2). This redness increase 

might be explained by the formation of nitrosyl-myoglobin as a reaction product between 

myoglobin and nitrites under mildly acidic conditions (Turantaş & Kemahlıoğlu, 2010). From 

the final of storage, a decrease in redness values at both temperatures for all treatments, 

except for CPL, was observed. The addition of a probiotic strain to the Longaniza de Pascua 

formulation (PL) at 4 °C led to a faster redness decrease compared to non-probiotic strain 

treatments (P= 0.005). Both redness decreases may be attributed to the oxidation of 

nitrosyl-myoglobin (Wenjiao et al., 2013). As has been reported by other authors, the 

application of probiotic microorganisms in fermented meat products might interfere 

significantly by increasing rancidity and discoloration in the final product. This is due to the 

fact that most lactobacilli form hydrogen peroxide, which could have an influence over lipid 

oxidation and colour losses in meat products (Caplice et al., 1999; Kołożyn-Krajewska & 

Dolatowski, 2012). This could be the reason for an earlier a* decrease in probiotic strain 

treatments (PL). However, the combined use of chestnut and probiotic strain (CPL) caused 

higher a* values than each factor used separately at 20 °C (P˂ 0.001). Therefore, this 

combination could mitigate the oxidizing effect of chestnut flour and probiotic strain added 

alone.  

Yellowness is the colour parameter which could be mainly related to lipid oxidation. Under 

the same behaviour pattern, the addition of a probiotic strain caused higher b* values earlier 

than in those treatments with no probiotic addition (P = 0.004). This could be explained for 

the same reason argued in the redness discussion. Yellowness was affected by storage 

temperature and probiotic strain interaction (P= 0.020). The pigments interconversion 

generated by the metabolic action of the probiotic would affect b*, which is associated with 

storage temperature. The higher the temperature, the greater the change observed, which 
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would indicate that it is preferable to keep Longaniza de Pascua at 4 °C than at 20 °C. In the 

same line, the combined use of chestnut flour and L. plantarum generates higher b* values 

than the ingredients alone (P˂ 0.001). This is due to the direct effect of the yellow 

components of the colour coming from the chestnut flour. 

Chroma (C*) and hue (h*) are better correlated with human visual colour perception. 

Chroma (C*) values describe brightness or vividness of colour. An increase in C* values at the 

beginning of storage and a subsequent decline were observed. In the same line, lower C* 

values were found at room storage compared to cold storage (P= 0.001). In addition, the 

combined use of L. plantarum and chestnut flour in Longaniza de Pascua at room storage 

caused higher C* values compared to each factor separately (P˂ 0.001). These results could 

be related to the fact that oxidation reduces colour vividness (Salueña, Gamasa, Rubial, & 

Odriozola, 2019), as shown in Table 1. Although a storage time and probiotic strain 

interaction existed (P= 0.001), it did not affect C* values behaviour.  

Regarding hue values, no effect by storage temperature was observed (P= 0.742). 

Independently of the probiotic strain addition, the presence of chestnut flour in the 

Longaniza de Pascua formulation (CL) led to approximately constant hue values (P= 0.002). 

This could be due to the fact that the addition of chestnut flour to Longaniza de Pascua 

increases TBA values and oxidation reduces colour vividness at an approximately constant 

hue (Salueña et al., 2019). Although a significant interaction between the probiotic strain 

and storage time existed, the probiotic strain did not cause variety in h* value behaviour (P= 

0.032). Hue values were in the red hue range (30-60) during all storage for all treatments, 

which is typical of Longaniza de Pascua colour. 

In accordance with Prandl, Fischer, Schmidhofer & Sinell (1994), in this work colour 

differences (ΔE*) were less evident throughout storage at both temperatures owing to the 

addition of the probiotic strain, whereas the opposite occurs at 4 ° C due to the addition of 

chestnut flour in the Longaniza de Pascua formulation. In the case of a combined use of 

chestnut flour and L. plantarum at both temperatures, very evident differences in colour 

during the first days of storage were observed, while differences were not very evident 

towards the end (Table 3). 

 

3.5 PFGE genotyping 
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As shown in Figure 4, the eight bacterial isolates analysed had identical PFGE profiles. 

According to the number and size of the fragments, it was possible to distinguish only one 

chromosomal restriction pattern or "Fingerprint" for the eight isolates, ensuring the 

presence of one strain of L. plantarum throughout the whole study. 

4. Conclusion 

In this research work, an L. plantarum counts improvement at the final of storage was 

reached due to the addition of chestnut flour. Probiotic strain viability was affected by 

storage temperature, so the addition of a probiotic strain requires refrigeration for 

Longaniza de Pascua during its shelf-life. Vacuum packaged Longaniza de Pascua with L. 

plantarum and chestnut flour could be stored at room storage (20 °C) or cold storage (4 °C) 

until the end of its shelf life without causing any serious rancidity problems. For all 

treatments, the h* values remained within the red zone, which is typical of Longaniza de 

Pascua. The incorporation of chestnut flour and L. plantarum did not modify the shelf life of 

dry-cured sausages compared to the control during all their shelf life at both temperatures 

analysed. Chestnut flour and probiotic strain addition to the Longaniza de Pascua 

formulation could represent a good alternative to improve and give added value to this kind 

of fermented meat products. Longaniza de Pascua is able to act as a good carrier of probiotic 

bacteria by maintaining probiotic bacteria viability. 
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Table 1. TBARS values (mean ± standard deviation) during 43 d of storage of Longaniza de 

Pascua at room and cold storage temperature. 

  TBA (mg malonaldhyde/kg)  

 
Type of sausage 

 
Time (d) 

Room storage 
(20 °C) 

Cold storage 
 (4 °C) 

SEM 

  

CL 0 0.27b 0.27a 0.02 
15 0.26b 0.32a 0.01 
22 0.52a 0.33a 0.04 
43 0.70a 0.33a 0.03 

 F.E 0.32A  0.24A,B 0.05 

CPL 0 0.25a 0.25a 0.04 

15 0.23a 0.25a 0.03 

22 0.58a 0.22a 0.19 

43 0.43a 0.34a 0.05 
 F.E 0.37A 0.28A 0.05 

PL 0 0.13b 0.13b 0.01 

15 0.14b 0.16a,b 0.01 

22 0.21a 0.12b 0.02 

43 0.29a 0.23a 0.01 
 F.E 0.31A 0.18B 0.07 

L 0 0.14b,c 0.14b 0.01 

15 0.13c 0.13b 0.00 

22 0.21b 0.08b 0.01 

43 0.36a 0.31a 0.01 
 F.E 0.43A 0.28A 0.17 

F.E: Fixed Effect Average. Capital letters represent treatment effects. Lowercase letters 

represent storage time effects. CL: 3% chestnut flour; CPL: 3% chestnut flour and 8.5 log 

CFU/g L. plantarum; PL: 8.5 log CFU/g L. plantarum; L: control. 

 

Table 2. Colour parameters (mean ± standard deviation) of Longaniza de Pascua at room (20 

°C) and cold (4 °C) storage temperature. 

Storage 
temperatur
e 

Type of 
sausage 

Time 
(d) 

L* a* b* C* h* 

 
 
 
 
 
 
 
  

CL 
 

0 45.5±3.6a  4.4±1.9b  3.5±1.5 b 5.7±2.2b 34.7±6.8a 

15 41.0±2.5b  5.0±2.0a,

b 
4.3±3.0a,

b 
6.7±3.3a,b  46.0±4.5a 

22 42.4±3.1a,

b  
7.4±1.8a 6.6±1.8a  10.0±2.2a  42.2±5.7a 

43 42.2±3.6 

a,b 
4.3±1.8b  4.±1.4 b 5.9±2.0b  55.8±7.2a 

 F.E 42.8 ± 5.3 ± 4.6±2.2C 7.0±2.9C 40.9 ± 
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 (20°C) 3.5A 2.2B 11.6A,B 

CPL 
 
 

0 42.2±2.0a  4.5±1.0b 3.2±1.0c  5.4±1.4c  39.2±11.0c  

15 43.0±2.3a  8.4±1.2a  8.6±0.8b 12.1±1.4b,

a  
36.6±11.5b  

22 40.8±3.0a  8.1±2.0a 7.3±1.4b  11.0±1.9b  41.4±7.0c,b 

43 42.5±2.8a 7.7±2.0a  11.2±0.9
a 

13.7±4.6a  46.3±15.3a  

 F.E 42.2 ± 2.6 

A 
7.2± 
2.2A 

7.6 
±3.1A 

10.6 
±3.4A 

44.7 ±9.7A 

PL 
 

0 42.2±1.6a  4.4±1.3 b 2.7±0.8c 5.2±1.5 b 31.3±4.2b 

15 37.4±2.1b 7.6±1.0 a 7.2±1.1a 10.5±1.2a 43.5±5.3a 

22 39.4±2.2b 7.2±0.9 a 5.6±1.0b 9.1±1.0a  37.6±5.5a 

43 42.2±1.3a 4.4±1.3 b 7.0±0.3a  5.2±1.5b  31.3±4.2b 

 F.E 40.2± 2.9 
B 

6.0 
±1.8B 

5.7± 
2.4B 

8.4 ±2.5B 41.8 
±11.0A,B 

L 
 

0 45.0±3.5a  5.5±1.7b  4.1±1.4b  6.9±2.2b  37.0±4.6b 

15 38.0±3.4b 9.7±2.1 a 8.7±1.6a 13.0±2.3a  42.1±6.3b 

22 41.7±4.1a,

b  
8.6±1.3a 8.0±1.9a 11.9±1.5a 43.0±7.7b  

43 41.7±2.8a,

b 
4.9±1.4b 8.9±2.9a 8.9±2.3b  54.6±10.8a  

  F.E 41.8± 4.0A 7.0± 
2.7A 

6.0 
±2.9B 

9.2 ±3.8B 38.3 ±7.4B 

 
 
 
 
 
 
 

(4°C) 

CL 
 

0 45.6±3.6a 4.4±1.9b 3.5±1.5c 5.7±2.2c 37.0±4.6a 

15 45.5±3.8a 8.0±1.7a 8.6±2.7a,

b 
11.9±2.7a 46.5±11.1a 

22 40.3±1.9b 9.4±2.0a 9.4±1.8a 13.3±2.5a 44.3±4.8a 

43 45.5±4.5a 6.6±3.0a,

b 
6.7±2.0b 9.5±3.4b 45.4±6.8a 

 F.E 42.7 ±4.0A 7.3±2.6A 7.0± 
2.9A 

10.2± 
3.7A 

42.8 
±7.9A,B 

CPL 
 

0 42.2±2.1a 4.5±1.0b 3.2±1.0b 5.3±1.4b 39.2±11.0b 

15 40.8±3.5a 9.4±1.2a 8.1±1.5a 11.9±1.7a 46.4±8.0a,b 

22 40.6±3.7a 7.3±2.6a 7.3±2.46
a 

10.4±2.7a 45.2±4.2a 

43 39.5±2.0a 7.6±1.6a 6.3±1.1a 10.3±1.8a 48.0±11.3a,

b 

 F.E 40.6± 3.5B 7.3 
±2.5A 

6.4± 
2.5A 

9.8 ±3.3A 40.5 
±7.9A,B 

PL 
 

0 42.2±1.6a 4.4±1.3b 2.7±0.8c 5.2±1.5b 34.7±6.8c 

15 40.8±1.7a,

b 
7.9±1.5a 8.1±1.5a 11.4±1.8a 40.6±5.5a 

22 40.0±3.0a,

b 
8.4±1.7a 6.2±1.8b 10.5±2.3a 45.6±7.7b,c 

43 38.6±3.9b 8.1±1.9a 7.0±1.3a,

b 
10.4±1.7a 40.2±4.8a,b 

 F.E 40.3± 2.7B 7.0± 
2.2A 

6.0 
±2.8A 

9.4 ±3.2A 39.6 ±8.2B 

L 
 

0 45.0±3.5a 5.4±1.7b 4.1±1.4b 6.9±2.1b 31.3±4.3b 

15 43.0±2.0a,

b 
7.2±1.9a,

b 
8.1±2.7a 11.0±2.9a 46.0±5.4a 

22 40.2±3.0b,

c 
8.5±2.6a 8.2±2.5a 11.8±3.4a 35.9±5.0a,b 
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43 38.0±2.8c 7.3±2.2a,

b 
7.3±1.9a 10.4±2.6a,

b 
41.3±8.5a,b 

  F.E 43.4 ±3.9A 7.0± 
2.9A 

6.8 
±2.9A 

9.8 ±3.5A 44.0 ±9.3A 

F.E: Fixed Effect Average. Capital letters represent treatment effects. Lowercase letters 

represent storage time effects. CL: 3% chestnut flour; CPL: 3% chestnut flour and 8.5 log 

CFU/g L. plantarum; PL: 8.5 log CFU/g L. plantarum; L: control. 

 

Table 3: Colour Differences (ΔE*) during storage at room (20 °C) and cold (4 °C) storage 

temperature. 

Storage temperature Day ΔE CL ΔE CPL ΔE PL 

 
 

20 °C 
 

0 1.33 3.11 3.31 

15 7.06 5.15 2.64 

22 1.97 1.20 3.62 

43 4.91 3.76 1.93 

 
 

4 °C 

0 1.33 3.11 3.31 

15 2.62 3.08 2.30 

22 1.50 1.49 2.00 

43 7.57 1.86 1.07 

CL: 3% chestnut flour; CPL: 3% chestnut flour and 8.5 log CFU/g L. plantarum; PL: 8.5 log 

CFU/g L. plantarum; L: control. 

 

Fig. 1a. Changes in pH during 43 d at room storage (20 °C). Letters represent significant 

differences between treatments per day. 

Fig. 1b. Changes in pH during 43 d at cold storage (4 °C). Letters represent significant 

differences between treatments per day. 

Fig. 2a. L. plantarum viability at room storage (20 °C). Letters represent significant 

differences between treatments per day. 

Fig. 2b. L. plantarum viability at cold storage (4 °C). Letters represent significant differences 

between treatments per day. 

Fig. 3a. LAB viability at room storage (20 °C). Letters represent significant differences 

between treatments per day. 

Fig. 3b. LAB viability at cold storage (4 °C). Letters represent significant differences between 

treatments per day. 

Fig. 4. PFGE patterns of digested genomic DNA of L. plantarum isolated from pharmaceutical 

product (1), L. plantarum spray dried powder (2), L. plantarum inocula used in CPL (3), L. 

plantarum at day zero in CPL treatment (4), L. plantarum at day 43 in CPL treatment (5), L. 

plantarum inocula used in PL (6), L. plantarum at day zero in PL treatment (7) and L. 
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plantarum at day 43 in PL treatment (8). Letters a and b represent Ladder PFG Marker (New 

England Biolabs, Ipswich, USA). 

 

Highlights 

 The addition of chestnut flour in Longaniza de Pascua caused a higher L. plantarum counts at 

final of storage. 

 Vacuum packaged Longaniza de Pascua with L. plantarum and chestnut flour could be stored 

at 20 °C or 4 °C up to 43 d without causing any rancidity problem. 

 The L. plantarum addition to Longaniza de Pascua requires cold storage temperature to keep 

the probiotic viability. 

 The hue always remained around red, which is typical of Longaniza de Pascua. 
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Figure 1a



Figure 1b



Figure 2a



Figure 2b



Figure 3a



Figure 3b



Figure 4


