



Improved Fermenter of Cocoa Beans for Good Fermentation of Small-Scale Farmers




.
.
.

	.
.


.

____________________________________________________________________________________________

*Corresponding author: Email: XYZ@ABC.COM


ABSTRACT
	The primary raw material for the chocolate industry is cacao (Theobroma cacao). Once the pods are harvested and shelled, the beans are subjected to fermentation and then drying as quickly as possible. These two processes have a direct impact on the quality of marketable cacao. The experiments took place at the Félix Houphouët Boigny University of Cocoa site, Abidjan, from September to October 2024. Samples harvested in the Sikensi area , less than 100 km from Department of Technology of the university. This study focuses on improving the fermentation process, an essential phase for developing cacao aromas. In this study, a 60 cm barrel filled to 70% capacity was used for fermentation. The temperatures in this empty fermentation barrel, as well as those in the presence of the beans, were measured over 1 to 5 days. Approximately 30 kg were fermented. A representative sample was taken each day of fermentation and then air-dried to monitor bean browning. A cutting test was also performed on the fermented beans after drying. The results indicate a temperature difference of approximately 1°C between the inside and outside of the empty fermenter, with temperatures remaining nearly identical at different heights within the fermenter. During fermentation, a small average temperature difference of 1.8°C was observed between 13 cm and 39 cm inside the fermentation heap. Browning began on the second day and reached its optimum on the fourth day. The cutting test confirmed the good market quality, with a score of 72% brown beans. These values ​​indicate that our fermenter is a reliable tool for fermenting small quantities of cocoa.
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1. INTRODUCTION

Cocoa production represents a significant portion of the economy for many tropical countries, notably Côte d'Ivoire (Sangare et al., 2009). In order to reach full aromatic potential and be ready for chocolate making, freshcocoa beans must undergo a fermentation process followed by proper drying. The final quality of the cocoa depends largely on these two steps, which directly influence the sensory characteristics of the beans. Among these post-harvest treatments (Wahyuni et al., 2024), fermentation seems to have the greatest impact on the quality of cocoa beans.Indeed, the fermentation of cocoa is a process carried out by a diverse microbial flora composed of yeast, lactic acid bacteria, acetic acid bacteria, and Bacillus (Pereira, 2012; Tejeda et al., 2024). The action of these microorganisms during cocoa fermentation promotes the formation of precursors chocolate aroma, which will be developed during roasting.
However, in many producing countries, fermentation is still carried out using traditional methods (de Melo Pereira et al., 2013), often without adequate control of conditions, resulting in variable quality. To improve the consistency of fermented cocoa bean quality, various research projects have been undertaken to modernize and control this process. 
For controlling cocoa fermentation, some researchers propose using microbial starter cultures. This has allowed them to control the cocoa fermentation process in some American countries notably Brazil, equator etc with yeast starter patents (de Melo Pereira et al., 2012; D. H. Ouattara et al., 2014; Rahardjo et al., 2022; Kamarisima et al., 2025). However, the cost of acquiring these starters could be a barrier to the widespread use of this technology, especially for African farmers who complain about the low selling price of their cocoa production. Also, these microbial starters must be paid for by the farmer each time he wants to carry out a fermentation.
The second approach to controlling cocoa fermentation is the development of a fermenter. For this, several fermenters have been designed and tested to carry out the fermentation of cocoa. The tested fermenter prototypes have led to an improvement in the quality of cocoa beans.

This approach offers 3 possibilities. Firstly, involves the design and construction of prototype solid wood fermenter’s to better control fermentation conditions and improve cocoa bean quality while facilitating the work of producers.

However, despite the promising results obtained, several significant limitations have been identified in these prototypes, hindering their adoption by small-scale producers. For exemple high cost of materials and the manufacturing of the fermenters constitute a significant obstacle, as they were made of stainless steel (Castillo et al., 2021; Veira et al., 2019). Furthermore, the fermentation temperature was lower compared to the wooden fermenter for the same quantity of beans processed (de Melo Pereira et al., 2013). Secondly, fermenters constructed from solid wood were susceptible to termite infestations. These insects quickly compromised the structural integrity of the equipment, reducing its durability and efficiency. Thirdly, they are used for harvests exceeding 100 kg (Bankoff et al., 2014) or employ an electric temperature control system (Dircks, 2009), which forces producers to harvest several times before fermentation begins, with the risk of pod rot or bean germination. Therefore, mixing these large quantities involves transferring the beans into another container to facilitate turning This operation induced risk of leaving the beans outside the fermenter for an extended period (Peláez et al., 2016), resulting in heat loss and potentially slowing down the fermentation. Additionally, a technique called "batch micro-fermentation" involves adding nets containing between 10 kg and 20 kg of fresh beans in to a larger fermentation heaps, thus providing these smaller quantities with a more impactful fermentation ecosystem. The major constraint is that all the beans must begin the fermentation process simultaneously (End &Dand, 2015; Fourny&Reynes, 2012). For very small quantities, on the order of 3 to 5 kg, some studies recommend using large quantities of cocoa pod huk in the heap during fermentation (Bobiles & Millena, 2025). Furthermore, producers are not easily adopting new fermentation techniques (Laksono et al., 2025).

The aim of this study is to make available to small farmers, who account for 60% of cocoa producers (Assiri et al., 2009)., a fermenter made from local materials, durable and capable of better fermenting small quantities of cocoa (30 kg) without added starter culture.


2. material and methods 

2.1 Materials
2.1.1 Cocoa 
The cocoa pods used during this process were harvested in the SIKENSI area (Côte d’Ivoire) and sent to the Félix Houphouët University to be fermented. The beans used were of the Forestero type.

2.1.2 Fermenter using during cocoa fermentation 
A 60cm high plastic drum, capable of holding 41 kg of fresh cocoa beans, is used as a fermenter. This material was chosen for its low mass, ease of cleaning, and resistance to termite attack. Furthermore, it is lined with 2cm of coconut fiber for thermal insulation, as its thermal conductivity is between 0.037 W/ mK and 0.045 W/ mK (Fig.1). The use of the plastic sheeting facilitates the installation of this fiber around the fermenter.
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Fig.1.Fermenter in horizontal position
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	Fig.2.Fermenter after isolation



2.1.3 Measuring instrument
The fermenter is equipped probes PT100 (Fig.3) with a Wimesure electronic system (Fig.4) who records the temperatures at 13cm, 26cm and 38cm from the bottom of the fermenter. This device allows for real-time monitoring of the thermal evolution inside the fermenter. In addition, it is connected to a laptop with the cable shown in Fig.3, facilitating setup and data download. The probes are of the temperature PT100 with a range between –​​​200 And​ + 850°C.
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	Fig.3: Equipment connected to the fermenter to monitor the temperature changes during cocoa fermentation





2.2  Method
2.2.1 Cocoa fermentation with fermenter
Approximately 300 pods were harvested on the same day, and 30 kg of bean were transported to the laboratory, about 100 km away. The beans are cleaned of pod remains and other debris. Banana leaves are used to line the bottom of the fermenter, and then the beans are placed inside. The fermenter filling to 75% capacity allows the beans to move more freely during turning phases. According turning timing, the fermenter will be rotated several times clockwise, then counterclockwise for 5 minutes, to complete turning process without disturbing the beans. Each day, a sample is taken immediately after stirring and sun-dried to stop fermentation. This sample is used to analyze the browning of the almonds. On the morning of the fifth day, all the beans were removed and sun-dried. Turning of the beans during fermentation was carried out using two timings according to current techniques (Arulmari& Visvanathan, 2024; Guehi et al., 2010; Vincent, 1970). The first series (series 1) of brewing was timed at 24h, 48h, 72h and 96h, while series 2 was timed at 48h, 72h and 96h.
2.2.2 Measurement of the temperature of the cocoa mass during the fermentation
A set of three PT100 probes were placed at 13 cm intervals within the fermenter pile (Fig. 4). A fourth probe was positioned in the space between the fermenter heap and fermenter top. ALMEMO Control V5.19 software was used during the experiments for temperature measurement and formatting. Regarding the expected temperature values, it is necessary to remain above 35°C for as long as possible and as quickly as possible, and in the best-case scenario reach 45°C (Barel 2013).
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	Fig.4.Probe locations



2.2.3 Beans Browning modification 
Browning analyzing  allows to assess the evolution of changes within the cocoa bean(De Vuyst & Weckx, 2016; León-Roque et al., 2016; Santos et al., 2019; Thompson et al., 2001). For this measurement, a portion of the sample taken at the beginning of each day during fermentation (0.1 kg of beans) is left to air dry every day of fermentation. Once all the samples are completely dry, the shell are removed and the beans are ground into a fine powder (Nielsen, 2006) . The different powders are sorted according order in which they exit the fermenter. Photographs of the powder are taken, and using open-source software (ImageJ 1.45s) to evaluate the grayscale level throughout entire process.

2.2.4 Cut test
At the end of fermentation process, beans are carefully dried. Market quality is determinate with cutting test. This test involves randomly selecting 100 dry beans, cutting them in half lengthwise to examine their degree of fermentation, as illustrated in Fig.5 below. Beans are sorted according color: purple for insufficiently fermented beans, brown for well-fermented beans, and black or gray for damaged beans (mold or insect).(Guzmán-Armenteros et al., 2023; Tchouatcheu et al., 2019).
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	Fig.5.Cutting test on a sample of 100 beans




3. results and discussion
After development of fermenter, this document presents its impact on the market quality of cocoa beans .Wewill present the results of the temperature evolution during fermentation according the two most commonly used turning methods. After, we present the evolution of bean’s browning, followed by a cutting test. Finally, we discuss the results.

3.1 Temperature evolution in empty fermenter
Three temperature probes placed inside empty fermenter at different level (T0: 13cm, T1: 26cm, T2: 39cm) from bottom of fermenter, measurements are shown in Fig.6. Regardless of the level of the thermometer probe, the temperature of the empty fermenter is between 27 and 27.4. These values suggests absence of temperature gradient and therefore absence of temperature disturbances throughout the entire fermenter when it is empty, values ​​are very close.

	

	Fig.6.Temperature in the fermenter during the test without cocoa beans




3.2 Temperature of cocoa beans during fermentation by homogenizing the fermentation mass every 24 hours
Fig.7 below shows temperature evolution within the fermenting heap at different level (T1 :13cm,T2: 26cm and T3: 38cm) from bottom of fermenter  during 96-hour fermentation period. Unlike the temperature curves of the empty fermenter, which show temperatures around 27 °C, those of the fermenter containing cocoa beans shows an increasing trend in temperature from the beginning of fermentation ( 28.5°C + 0.52°C ) to the end of the fermentative process( 43°C +0.71°C). Moreover, the temperature curves seem to be specific to our work from the beginning of fermentation until 25hours and from 70 hours until the end of the process. However, between 28 hours and 68 hours, the temperature values seem different, with lower values when the temperature probe is at 13 cm (T1).These temperature values obtained have been reported by several researchers. Furthermore, the average temperature from the beginning to the end of fermentation is 36.1°C. Indeed the average temperature is 28°C, a value lower than the 33°C obtained in several other studies (Hidayat et al., 2019; Veira et al., 2019).  On day 2, our system averaged 35°C and remained above Veira's (2019) and Wahyuni’s (2024), results until the end of the process. Furthermore, the 40°C threshold was reached up to day 3, a finding also observed in other studies (Hernández-Hernández et al., 2016; H. G. Ouattara et al., 2008)  involved quantities ranging from 100 to 1000 kg. Some studies dealing with small quantities of beans, up to 20 kg, indicate temperatures above 40°C by the middle of the second day when the fermenter is insulated (Davrieux et al., 2017).
This result suggests that our system optimizes heat retention during the fermentation of small quantities of beans, through to the use of coconut fibers as insulation. Furthermore, the fact that the beans are not removed from the fermenter during stirring also limits heat loss from the fermenting pile.

	


	Fig.7.Temperature evolution in the fermenting pile at different heights as a function of time in hours (with turning at 24h, 48h,72h, 96 h)



3.3 Temperature of cocoa beans during fermentation by homogenizing the fermentation mass every 24 hours after second day (48 hours) of fermentation
 The graph below (Fig.8) shows the temperature evolution at different heights in the fermenter heap (T0, T1, T2) during 96 hours of fermentation. During the first 48 hours, these internal temperatures (T0, T1, T2) follow a similar trend to those in Fig. 7. However, at turning times (48h, 72h, 94h), a brief temperature variation is observed ±1.5°C , probably due to the movement of the beans during turning and microflora activities. . As in the first series of experiments (fermentation with turning beans every 24 hours), the temperature difference in the fermenter heap between the two commonly used stirring times remains small (approximately 1.8°C) with an average value of 36.6°C. This indicates that our system is suitable for the two most frequently used turning methods.




	


	Fig.8.Evolution of temperature in fermenter at different heights as a function of time in hours (with turning for 48 hours,72 hours,94 h)



3.4 Bean browning evolution during  cocoa fermentation
Fig.9​ present​​​​ evolution​​​​​ of browning ​​​​​​of the order ​​​​​​the course of fermentation in the​​fermenters during cocoa fermentation.​​​ The color change observed after 48 hours is similar to the results reported by Nielsen, (2006),which attributes it to the hydrolysis of anthocyanins (insoluble pigments, such as tannins) into anthocyanidins. This hydrolysis process is favored during fermentation by the rise in temperature and the increase in acidity in the kernel. Indeed, after 48 hours, the temperature rise to 42°C as well as the increased acidity in the beans trigger, according Biehl et al., (1989) and Camu (Camu et al., 2008),  to the fusion of lipids. A continuous darkening of the almond's color is thus observed until the process is interrupted.
Furthermore, the analysis of the gray level (Fig.10) (high values ​​indicate a light shade, low values ​​indicate darkening) of the almonds indicates an evolution of the fermentation. This decrease is also observed by Ndukwu and several other authors(León-Roque et al., 2016; Ndukwu & Udofia, 2016; Oliveira et al., 2021).
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	Fig.9.Evolution of the cocoa bean browning



	

	Fig.10.Evolution of the grey level during fermentation day



The value close to 70 as a grey level is similar to that obtained for quantities greater than 100kg that underwent 6 days of fermentation (Koffi et al., 2018).

3.5 Cut test
[bookmark: _GoBack]The results of this test show that 70% of the beans are brown after 96 hours of fermentation, indicating successful and complete fermentation. This brown hue reflects good development of aroma precursors, demonstrating the effectiveness of our system. Conversely, 28% of the beans are distinguished by a purple color, indicating insufficient fermentation. This rate of under fermented beans could suggest an irregularity in the brewing technique. In the sample, we obtained a percentage of moldy beans, slate-colored beans, and defective beans of less than 3%. These results are close to those obtained after 7 days of fermentation (Bankoff et al., 2014; Kongor et al., 2013). These results therefore indicate that our fermenter makes it possible to achieve grade 1 quality from 4 days of fermentation and this for small quantities.

4. Conclusion

An average temperature variation of 1.8°C was observed along the height of the fermentation heap, with temperatures exceeding 40°C from the second day onward. This resulted in normal development, with pronounced browning of the beans beginning on the second day.
Using both brewing methods commonly employed by producers in our fermenter resulted in an average temperature of 36°C, regardless of the brewing method. Since the beans underwent the same thermal shock, the browing was also similar. The resulting beans had a brown proportion of approximately 70%, conforming to export grade 1. Our system is therefore suitable for processing small quantities of cocoa beans.
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T0	0.65416666666666667	0.65486111111111234	0.65555555555555689	0.65625000000000122	0.65694444444444666	0.6576388888888911	0.65833333333333444	0.65902777777777888	0.65972222222222265	0.66041666666666654	0.66111111111111165	0.66180555555555765	0.66250000000000064	0.66319444444444631	0.66388888888889086	0.66458333333333364	0.66527777777777775	0.66597222222222263	0.66666666666666663	0.66736111111111163	0.66805555555555718	0.66875000000000173	0.66944444444444595	0.6701388888888905	0.67083333333333495	0.67152777777777772	0.67222222222222261	0.67291666666666672	0.67361111111111271	0.67430555555555693	0.67500000000000149	0.67569444444444704	0.67638888888889026	0.67708333333333492	0.67777777777777914	0.67847222222222225	0.6791666666666667	0.67986111111111258	0.68055555555555614	0.6812500000000008	0.68194444444444624	0.68263888888889057	0.6833333333333339	0.68402777777777823	0.68472222222222279	0.68541666666666667	0.68611111111111156	0.68680555555555722	0.68750000000000044	0.688194444444446	0.68888888888889044	0.68958333333333377	0.69027777777777821	0.69097222222222265	0.69166666666666665	0.69236111111111154	0.69305555555555676	0.69375000000000087	0.69444444444444575	0.69513888888888986	0.69583333333333441	0.69652777777777763	0.69722222222222263	0.69791666666666663	0.69861111111111185	0.69930555555555651	0.70000000000000062	0.70069444444444595	0.70138888888888884	0.70208333333333361	0.70277777777777772	0.70347222222222228	0.7041666666666665	0.7048611111111116	0.7055555555555556	27.400000000000002	27.400000000000002	27.400000000000002	27.366666666666664	27.316666666666691	27.366666666666671	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.383333333333255	27.333333333333275	27.316666666666691	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.25	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	T1	0.65416666666666667	0.65486111111111234	0.65555555555555689	0.65625000000000122	0.65694444444444666	0.6576388888888911	0.65833333333333444	0.65902777777777888	0.65972222222222265	0.66041666666666654	0.66111111111111165	0.66180555555555765	0.66250000000000064	0.66319444444444631	0.66388888888889086	0.66458333333333364	0.66527777777777775	0.66597222222222263	0.66666666666666663	0.66736111111111163	0.66805555555555718	0.66875000000000173	0.66944444444444595	0.6701388888888905	0.67083333333333495	0.67152777777777772	0.67222222222222261	0.67291666666666672	0.67361111111111271	0.67430555555555693	0.67500000000000149	0.67569444444444704	0.67638888888889026	0.67708333333333492	0.67777777777777914	0.67847222222222225	0.6791666666666667	0.67986111111111258	0.68055555555555614	0.6812500000000008	0.68194444444444624	0.68263888888889057	0.6833333333333339	0.68402777777777823	0.68472222222222279	0.68541666666666667	0.68611111111111156	0.68680555555555722	0.68750000000000044	0.688194444444446	0.68888888888889044	0.68958333333333377	0.69027777777777821	0.69097222222222265	0.69166666666666665	0.69236111111111154	0.69305555555555676	0.69375000000000087	0.69444444444444575	0.69513888888888986	0.69583333333333441	0.69652777777777763	0.69722222222222263	0.69791666666666663	0.69861111111111185	0.69930555555555651	0.70000000000000062	0.70069444444444595	0.70138888888888884	0.70208333333333361	0.70277777777777772	0.70347222222222228	0.7041666666666665	0.7048611111111116	0.7055555555555556	27.3	27.333333333333268	27.366666666666671	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.400000000000002	27.333333333333268	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.3	27.283333333333232	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	T2	0.65416666666666667	0.65486111111111234	0.65555555555555689	0.65625000000000122	0.65694444444444666	0.6576388888888911	0.65833333333333444	0.65902777777777888	0.65972222222222265	0.66041666666666654	0.66111111111111165	0.66180555555555765	0.66250000000000064	0.66319444444444631	0.66388888888889086	0.66458333333333364	0.66527777777777775	0.66597222222222263	0.66666666666666663	0.66736111111111163	0.66805555555555718	0.66875000000000173	0.66944444444444595	0.6701388888888905	0.67083333333333495	0.67152777777777772	0.67222222222222261	0.67291666666666672	0.67361111111111271	0.67430555555555693	0.67500000000000149	0.67569444444444704	0.67638888888889026	0.67708333333333492	0.67777777777777914	0.67847222222222225	0.6791666666666667	0.67986111111111258	0.68055555555555614	0.6812500000000008	0.68194444444444624	0.68263888888889057	0.6833333333333339	0.68402777777777823	0.68472222222222279	0.68541666666666667	0.68611111111111156	0.68680555555555722	0.68750000000000044	0.688194444444446	0.68888888888889044	0.68958333333333377	0.69027777777777821	0.69097222222222265	0.69166666666666665	0.69236111111111154	0.69305555555555676	0.69375000000000087	0.69444444444444575	0.69513888888888986	0.69583333333333441	0.69652777777777763	0.69722222222222263	0.69791666666666663	0.69861111111111185	0.69930555555555651	0.70000000000000062	0.70069444444444595	0.70138888888888884	0.70208333333333361	0.70277777777777772	0.70347222222222228	0.7041666666666665	0.7048611111111116	0.7055555555555556	27.099999999999987	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.2	27.166666666666661	27.099999999999987	27.099999999999987	27.099999999999987	27.099999999999987	27.099999999999987	27.099999999999987	27.099999999999987	27.099999999999987	27.099999999999987	27.099999999999987	27.099999999999987	27.099999999999987	27.099999999999987	27.099999999999987	27.099999999999987	27.099999999999987	27.099999999999987	27.099999999999987	27.099999999999987	27.099999999999987	27.066666666666666	27	27	27	27	27	27	27	27	27	27	27	27	measurement time (h:mn:s)

temperature (°C)



T0	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	28.799999999999969	28.799999999999969	28.799999999999969	28.799999999999969	28.763114754098364	28.700000000000028	28.700000000000028	28.661475409836093	28.599999999999973	28.599999999999973	28.505464480874316	28.5	28.5	28.498633879781316	28.476502732240426	28.490710382513601	28.5	28.926502732240426	29.23060109289619	29.567213114754097	29.884972677595627	30.212021857923489	30.511748633879726	30.646174863387987	30.979781420764986	31.496721311475351	31.887978142076594	31.900000000000027	31.900000000000027	31.900000000000027	31.900000000000027	31.900000000000027	31.900000000000027	31.900000000000027	31.900000000000027	31.900000000000027	31.900000000000027	31.900000000000027	31.900000000000027	31.900000000000027	31.900000000000027	31.907650273224036	32	32.049180327868811	32.160928961748645	33.8415300546447	34.651366120218469	34.376229508196573	34.300000000000004	34.35655737704915	34.46174863387985	34.610655737704917	34.821038251366033	35.131147540983605	35.488797814207594	35.924316939890772	36.408743169398896	36.948907103825107	37.531693989071051	38.118306010929075	38.680874316939963	39.204098360655763	39.641803278688478	40.020218579234921	38.618306010929061	39.456284153005292	40.586065573770405	41.105464480874296	41.449453551912413	41.651366120218469	41.784153005464475	41.7	41.2	40.800000000000004	40.9	41	41.5	42.702732240437363	42.928688524590179	43.207103825136656	43.433060109289542	43.568306010929049	43.672677595628322	43.70000000000001	43.78442622950822	43.800000000000004	43.800000000000004	43.062568306011066	42.618579234972849	42.990163934426263	43.149726775956246	43.147267759562681	43.027322404371603	42.827322404371564	42.662021857923477	42.600000000000009	42.606830601092845	T1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	28.799999999999969	28.799999999999969	28.815846994535484	28.850819672131152	28.900000000000027	28.899453551912593	28.863114754098333	28.806557377049149	28.804644808743095	28.893715846994564	28.900819672131099	28.999726775956223	29.122404371584686	29.262568306010902	29.409289617486326	29.542896174863298	29.662568306010957	29.792622950819599	29.928961748633881	30.065846994535441	30.223224043715806	30.354371584699528	30.58306010928959	30.646721311475421	30.980874316939833	31.498360655737656	32.020491803278645	32.416393442622926	32.829508196721363	33.237704918032811	33.591803278688495	33.90273224043726	34.140163934426262	34.263661202185858	34.372677595628339	34.514207650273072	34.668306010929136	34.909562841530061	35.279781420765048	35.693989071038246	36.117486338797825	36.132513661202175	36.351092896174912	36.544535519125652	36.600000000000009	35.130327868852454	34.833606557376925	35.375136612022004	35.559016393442484	35.760382513661199	36.025409836065563	36.36857923497282	36.799180327868967	37.311475409835957	37.902732240437224	38.560109289617444	39.261475409836045	39.976229508196617	40.66967213114755	41.331147540983594	41.940983606557324	42.489071038251296	42.968852459016254	43.354644808742982	40.929234972677627	40.375409836065586	40.831693989071056	40.877868852459024	42.2	42.2	42.2	42.2	42.2	42.2	42.2	42.2	42.2	42.2	42.2	42.2	42.2	42.127049180327859	42.402732240437288	42.594535519125699	42.755464480874345	42.894262295082001	42.900000000000048	42.765846994535579	42.766939890710411	43.033333333333303	43.171311475409816	43.20000000000001	43.147540983606419	43.024043715846929	42.839344262295022	42.667213114754112	42.519672131147544	T2	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	27.898360655737729	27.898360655737729	27.878415300546418	27.74071038251363	27.615573770491775	27.53688524590164	27.428688524590136	27.263661202185755	27.211748633879786	27.162021857923484	27.212568306010944	27.354098360655811	27.631420765027325	27.917486338797826	27.905191256830623	28	28.169398907103826	28.435519125683026	28.749453551912527	28.745901639344233	28.637431693989097	28.686885245901671	29.741803278688533	30.560655737704909	30.974043715846975	31.471584699453537	31.977049180327786	32.451092896174863	32.900273224043701	33.329234972677604	33.726775956284243	34.085519125683064	34.340437158469975	34.488251366120217	34.572677595628285	34.659562841530082	34.793715846994679	35.022404371584656	35.342076502732148	35.704371584699444	36.077595628415303	36.857103825136548	37.016939890710375	37.006830601092894	36.929508196721422	34.816939890710394	34.051366120218418	34.041256830601064	34.121311475409833	34.281147540983604	34.543442622950813	34.880327868852355	35.306010928961875	35.818032786885261	36.393169398907112	37.039071038251372	37.731420765027295	38.463387978142045	39.216939890710393	39.963387978142045	40.626229508196737	39.9	41.685792349726896	42.068852459016249	40.254918032786911	39.923497267759544	40.627322404371569	42.4	42.4	42.4	42.4	42.4	42.6	42.6	42.4	43	42.6	41.7	41.6	41	41.745355191256913	41.902732240437295	42.099453551912418	42.27377049180329	42.413387978141998	42.5	42.5	42.395901639344274	42.604098360655691	42.751639344262244	42.624043715846945	42.357650273223896	42.058196721311475	41.813661202185727	41.657103825136595	41.600000000000009	41.600000000000009	fermentation time (h)

Temperature (°C)


T0	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	28.799999999999969	28.799999999999969	28.799999999999969	28.799999999999969	28.799999999999969	28.799999999999969	28.725409836065516	28.700000000000028	28.700000000000028	28.623770491803249	28.599999999999973	28.567759562841527	28.5	28.5	28.5	28.491530054644816	28.475136612021799	28.499180327868853	28.5	28.533606557376981	28.599999999999973	28.635519125683093	28.706010928961739	28.887978142076541	29.119672131147553	29.442349726775856	29.764754098360662	30.090710382513624	30.393442622950822	30.715573770491787	31.029508196721238	31.340983606557387	31.646448087431686	31.927049180327788	32.177868852459035	32.396174863387998	32.558196721311425	32.680874316939963	32.848907103825155	32.993715846994654	33.147814207650235	33.301912568305994	33.486885245901604	33.683606557376955	33.899726775956296	34.114480874316847	34.343715846994563	34.768852459016344	35.49754098360647	36.01994535519124	36.531967213114754	37.190983606557381	38.080054644808762	39.068852459016313	39.812841530054584	40.083879781420706	40.193715846994671	40.20000000000001	40.20000000000001	40.20000000000001	40.20000000000001	40.198087431693914	42.166393442622933	43.93524590163932	44.569945355191237	44.349726775956171	44.0704918032786	42.075409836065589	40.942349726776008	42.669945355191253	41.572677595628299	41.7	41.2	40.800000000000004	40.9	38	38	38.02786885245898	38.390163934426262	39.006284153005339	40.094262295081968	42.039344262295074	44.649180327868862	46.669125683060109	47.900000000000048	48.056557377049174	47.276229508196721	46.634699453551896	46.120765027322399	45.705191256830588	45.32923497267754	45.005191256830635	44.70000000000001	44.190710382513785	42.287158469945346	41.958469945355176	41.889617486338736	T1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	28.59153005464481	28.59153005464481	28.754098360655735	28.799999999999969	28.816393442622939	28.887978142076587	28.900000000000027	28.894808743169431	28.83661202185791	28.801639344262217	28.834426229508217	28.900000000000027	28.936612021857886	29.039344262295046	29.160928961748695	29.327322404371586	29.456830601092893	29.583606557376957	29.727595628415301	29.85573770491807	30.001366120218634	30.14726775956289	30.288251366120189	30.487431693988988	30.599999999999969	30.792896174863351	31.233879781420793	31.790983606557386	32.227049180327889	32.631693989071039	33.053278688524586	33.432513661202144	33.74972677595629	34.048633879781377	34.208743169398936	34.323770491803245	34.453825136611997	34.575956284153044	34.782513661202174	35.09371584699467	35.493989071038143	35.919672131147451	36.303825136611998	36.756010928961906	37.236612021858022	37.735792349726935	38.332513661202121	36.815573770491817	35.737978142076585	35.709836065573803	35.95355191256828	36.558469945355185	37.478688524590154	38.434426229508176	38.871857923497188	38.843715846994563	38.648633879781414	38.385245901639344	38.077595628415303	37.790710382513737	37.555464480874242	37.344262295081954	41.327595628415267	44.002732240437304	43.761475409835995	43.604098360655712	43.366939890710405	42.33524590163934	42.2	42.2	42.2	42.2	42.2	42.2	42.2	42.2	42.2	42.2	42.2	42.2	42.2	43.762568306011055	45.21994535519125	46.1456284153005	46.865027322404323	47.200273224043684	47.209016393442596	47.253005464480815	47.166666666666522	46.990710382513804	46.787978142076433	46.524043715846943	46.24863387978138	45.568032786885389	42.723497267759605	42.786065573770394	42.609836065573759	T2	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	27.803825136611998	27.803825136611998	27.899453551912597	27.898907103825167	27.840710382513599	27.680874316939892	27.596448087431639	27.502732240437066	27.353278688524565	27.225956284153	27.174863387978135	27.198907103825164	27.250273224043699	27.430054644808735	27.780327868852485	27.918852459016492	27.942622950819608	28.034972677595597	28.268579234972602	28.622404371584686	28.805464480874296	28.640983606557342	28.686885245901667	28.959016393442624	30.402732240437054	30.764480874316913	31.226502732240426	31.739344262295102	32.23087431694001	32.685792349726896	33.131693989071039	33.542076502732158	33.924043715846899	34.230327868852456	34.438524590163937	34.525136612021996	34.612021857923445	34.731967213114764	34.891256830601108	35.184426229508205	35.534426229508156	35.896994535519127	36.263387978142092	36.678688524590171	37.109289617486255	37.557103825136551	38.091256830601111	36.422404371584712	35.077595628415281	35.17513661202203	35.612295081967204	36.483606557376937	37.684699453551843	38.733606557377044	38.92213114754113	38.679781420765025	38.382786885245828	38.074863387978148	37.728688524590169	37.371038251365981	36.975956284153114	39.9	39.588251366120211	41.70000000000001	41.76557377049194	41.805737704918052	41.857650273223953	42.4	42.4	42.4	42.4	42.4	42.6	42.6	42.4	43	42.6	40	40.6	41	41.206284153005377	42.694535519125807	44.204644808743055	45.243169398907163	46.460655737704961	47.2349726775956	47.100000000000009	47.187158469945324	47.183060109289528	47.074043715846877	46.9398907103825	46.748907103825083	46.497267759562753	45.82486338797812	42.773497267759574	42.800000000000004	42.403825136611999	fermentation time (h)

Temperature (°C)


grey level	125.06	109.27	73.394999999999996	68.739000000000004	68.393000000000001	fermentation day (day)

grey level
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