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Abstract
Sweet potato (Ipomoea batatas) is a tuber that is widespread throughout Cameroon and highly prized by the population, who eat it using a variety of culinary techniques. It naturally contains amylases, which play a crucial role in the digestion of starch into simpler molecules (such as maltose and glucose), facilitating their absorption by the body. The aim of this study was to characterise the amylases contained in sweet potatoes from Cameroon. To do this, sweet potato tubers were harvested in 3 agro-ecological zones (high savannah, high plateau and bimodal forest) in order to determine their hydrolysis capacity in a slurry. The results showed that all sweet potato tubers exhibit both α- and β-amylase activity, but in varying proportions. However, β-amylase activity was highest in all the tubers analyzed (106.65 ± 6.74 BU/g for Bafia to 543.14 ± 12.09 for Dang in the high savannah zone in the north). The viscosities of the slurries produced by cooking the different flours were very high between 20 and 30°C and moderately high at 40 and 80-90°C (before and after 60°C). As for the optimum pH for activity, the amylases contained in the sweet potato act best at a pH close to neutral (5.55 - 6.55). Measurement of the viscosity of the various slurries showed that it was the slurry made with sweet potato flour from Dang that allowed the incorporation of a large quantity of flour and gave fluid slurries up to a high proportion of flour in the same quantity of water.
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[bookmark: _Toc398328768][bookmark: _Toc398309175][bookmark: _Toc408224487]I. Introduction
The sweet potato (Ipomoea batatas), a tuber in the Convolvulaceae family, is native to Latin America. It is a staple ingredient in the subsistence diet of many households in the tropics (Cui et al., 2024). The flour produced by processing sweet potato tubers is commonly used in bread-making as a substitute for wheat flour, the price of which on the world market has risen sharply as a result of the Russo-Ukrainian war. This flour could be used for other purposes, in particular to prepare energy-dense porridges (Ndangui, 2015). The presence of amylases could be a determining factor in reducing the high viscosity of most porridges made from starch flours ( Luque-Vilca , et al., 2023). Viscosity is an important parameter for a porridge because it determines the energy density inherent in the carbohydrate content, the main energy provider (Li et al., 2022). The viscosity depends on the behaviour of the starch during cooking and influences the number of meals to be given to the child (Zannou-Tchokko et al., 2011). When viscosity is high, consumption is reduced due to the immaturity of the child's digestive system. Several studies have shown the effect of amylases in reducing the viscosity of porridges (Mouquet et al., 2006). In an aqueous medium, amylases act on the carbohydrate bonds present in starch to release glucose, maltose and maltodextrins (Yifan et al., 2024). The action of these amylases is optimal at well-defined pH and temperatures. The aim of this article is to determine the nature of these amylases and to highlight the optimum conditions for their activity. 

[bookmark: _Toc408224488][bookmark: _Toc398309176][bookmark: _Toc398328769]II. Materials and methods
[bookmark: _Toc408224489][bookmark: _Toc398309177][bookmark: _Toc398328770]II.1 Biological material and sample preparation 
Mature sweet potato samples were collected from three locations in the three agro-ecological zones that make up the sweet potato production basins in Cameroon. The analyses focused on sweet potato flour harvested in three localities located in three agro-ecological zones in Cameroon, namely Dang (high savannah zone in the north), Dschang (high plateau zone in the west) and Bafia (bimodal forest zone in the centre). The various tubers were peeled, washed and then sliced using an electric slicer (Crypto Peerless) into strips about 3 mm thick. One section was used to measure amylase activity and to determine α- and β-amylase activity. Another part of the fresh lamellae was dried in an oven (Heraeus - Electronics), ventilated at 0.6 m / s with circular air distribution, volume 750 l. The operation was carried out after the tuber slices had been laid out by uniform spreading at 40°C for 48 hours. The Cossette obtained were ground in a blender (Waring Commercial Blender) and the flour sieved using an electric sieve (Glen Creston Stanmore - MIDDX England) with a mesh of 250 μm. The flour obtained was used to determine the temperature and pH of optimum amylase activity.

[bookmark: _Toc408224490]II.2 Measuring amylase activity
Amylase activity was estimated by the rate of starch hydrolysis using the method described by (Ketemaw and Ramesh, 2021). This method is based on the property of soluble starch to form a brown complex absorbing at 620 nm in the presence of an iodine reagent. A sweet potato extract was obtained after grinding 10 g of fresh lamellae in 25 ml of citrate-phosphate buffer (pH 6.9) and filtration through Whatman No. 1 filter paper. The volume of the filtrate was adjusted to 50ml with the same buffer after adding 2.5ml of a 10mg/ml thimerosal solution. Next, 0.8 ml of a soluble starch solution was introduced into a test tube with 0.1 ml of the amylase extract. The mixture was stirred and incubated at 60°C for 30 min and the reaction stopped by adding 0.1 ml of 2N H2S0(4). Next, 0.1 ml of the contents of each tube was added to 2.4 ml of iodine reagent (KI: 30 g/l; I2: 3 g/l) in a test tube. A standard range containing 0, 2, 4, 6, 8, 10 g / l of soluble starch (10 mg / ml) was made from a 1% starch solution. Optical density was read at 620 nm. Amylase activity was determined as follows: one enzyme unit being defined as the quantity of amylase required to hydrolyze 10 mg of starch in 30 min at 60°C. The presence of amylases helps to make the carbohydrates contained in sweet potatoes more digestible, making them a nutritious and easily assimilated food.

[bookmark: _Toc398328771][bookmark: _Toc408224491][bookmark: _Toc398309178]II.3. Determination of α- and β-amylase activities
The α- and β-amylase activities were determined using the Ceralpha and Betamyl-3 kits (Megazyme Wickaw, Ireland), respectively. The α - amylase activity was measured using the Ceralpha kit (Megazyme Wickaw, Ireland) with Nitro - 4 - phenyl α - D maltoheptaoside (PNBPG7) as the specific substrate while the β - amylase activity used p - nitropheny - β - D - maltotrioside (PNPβ - G3) as the specific substrate. 500 mg of fresh sweet potato slices were ground and introduced into centrifuge tubes in the presence of 5 ml of extraction buffer prepared at the time of use (sodium malate buffer pH 5.4 for α - amylase and Tris - HCl buffer pH 8.0 for β - amylase). After extraction for 20 min and 1 h (respectively for α-amylase and β - amylase) at room temperature with constant stirring, the mixture was centrifuged at 2000 g for 10 min. To 0.5 ml of supernatant were added 9.5 ml of extraction buffer (pH 5.4) and 10 ml of dilution buffer (pH 6.2) for α-amylase and β-amylase, respectively. Next, α- and β-amylase were mixed with their respective substrates. The reactions were carried out at 40°C for 10 min. After this time, the reaction was stopped by addition of tri-sodium phosphate and trizma base (for α - amylase and β - amylase respectively) with the appearance of a yellow coloration due to nitro - 4 - phenol from substrate hydrolysis. Absorbance was read at 400 nm against distilled water as a blank. The α - amylase activity was expressed in Ceralpha units (amount of enzyme that allows the release of 1 µmol of ρ - nitrophenol from PNBPG7 per minute) and the β - amylase activity in Betamyl - 3 units (amount of enzyme that allows the release of 1 µmol of ρ - nitrophenol from PNPβ - G3 per minute).

[bookmark: _Toc398309180][bookmark: _Toc408224492][bookmark: _Toc398328773][bookmark: _Toc330386510][bookmark: _Toc378551514]II.4. Determination of the optimum temperature for amylase activity 
The method used to determine the optimum temperature for amylase activity is that described by Oboh (2005). A quantity equivalent to 10 g DM of sweet potato flour was mixed with 100 ml of water. The resulting suspension was cooked in a boiling water bath for 5 min to gelatinize the starch. The temperature of the slurry was then reduced to 40, 50, 60, 70, 80 and 90°C in a cold-water bath. The total mass of the slurry was adjusted to 100 g. For 30 min, the beaker containing the slurry was once again placed in a first water bath still at the temperature set for the experiment, then in a second water bath at 45°C. The viscosity of each slurry was measured using a Haake Viscotester - VT02 viscometer, and the dry matter content determined.

[bookmark: _Toc302048896][bookmark: _Toc398328772][bookmark: _Toc330386509][bookmark: _Toc378551513][bookmark: _Toc302049361][bookmark: _Toc408224493][bookmark: _Toc398309179][bookmark: _Toc302048631] II.5. Determination of the optimum pH for amylase activity 
The method used is that described by Jay and Prakash (2011). Several slurries are made from sweet potato flours. Before and after cooking each slurry, the pH was measured. The mixture was cooked under constant stirring on a hot plate at 60°C for 10 min, then the mass was reduced to 100 g with boiling distilled water to compensate for losses due to evaporation. The temperature of the resulting slurry was reduced to 45°C and the pH measured again. The viscosity of the slurry was read using a Haake Viscotester - VT02 viscometer. pH and viscosity were measured at . The optimum pH for amylase activity was that at which the slurry had the lowest viscosity.

[bookmark: _Toc398309187][bookmark: _Toc398328780][bookmark: _Toc408224494]II.6. Statistical analysis
The results obtained are the averages of three replicates. The results are expressed as the mean ± standard deviation. An analysis of variance using the Stat graphics 5.1 package was used to compare the effect of the different treatments on the responses. Where the difference was significant, Duncan's test was used to classify the means.

[bookmark: _Toc408224495][bookmark: _Toc398309188][bookmark: _Toc398328781]III. Results and discussion
[bookmark: _Toc408224496]III.1 Determination of α- and β-amylase activity
Table 1 shows the different α- and β-amylase activities contained in the sweet potato tubers analysed.
[bookmark: _Toc400692157]Table 1: Amylase activities in the three sweet potato provenances
	Provenances
	AA (EU)
	α (UC / g)
	β (UB / g)

	Dang
	2402,67 ± 12,09c
	0,24 ± 0,01c
	543,14 ± 12,09 c

	Dschang
	1212,43 ± 9,51b
	0,13 ± 0,02b
	237,32 ± 4,11b

	Bafia
	453,76 ± 4,44a
	0,09 ± 0,01a
	106,65 ± 6,74a


Values in the same column with the same superscript letter are not significantly different (P < 0.05). EU = Enzyme Unit; UC = Ceralpha Unit / g; BU / g = Betamyl Unit/g)
The results presented in the table above show that all sweet potato tubers exhibit both α- and β-amylase activities but in varying proportions. α-Amylase is an enzyme that hydrolyses α-1,4-glycosidic bonds in starch, producing oligosaccharides and dextrin while β-amylase cleaves maltose units from the non-reducing ends of starch, often used in industry for the production of glucose syrup (He and Zhang, 2019). The data obtained show that there is a significant difference between two amylase activities (p > 0.05). These results are consistent with those obtained by several authors who showed that fresh sweet potato tubers contain amylases (Suh et al., 2003). Moreover, β-amylase activity is the highest in all the tubers analysed (106.65 ± 6.74 BU / g for Bafia to 543.14 ± 12.09 for Dang) as obtained by (Junges et al., 2025) on Yulmi provenances of sweet potato grown in South Korea.  We also note that the sweet potato from Dang has the highest amylase activity (2402.67 ± 12.09 EU) compared with the other two tubers (1212.43 ± 9.51 EU for Dschang and 453.76 ± 4.44 for Bafia). These results justify the significant drop in the viscosity of the porridge made from Dang sweet potato flour observed during the preparation of porridges based on the three types of tuber. Thus, Dang provenances could be incorporated as a source of amylase in the preparation of supplementary feeds. This justifies the fact that certain sweet potato provenances are used for the same purpose (as a source of amylases) in the preparation of cereal flour-based beverages, as shown by the work carried out by Suh et al. (2003)
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[bookmark: _Toc398529993][bookmark: _Toc398309193][bookmark: _Toc398328786][bookmark: _Toc398355813][bookmark: _Toc398356378]These results indicate the temperature at which native sweet potato amylase is most active. The results showing the values obtained for viscosity as a function of temperature are presented in Figure 1. 


[bookmark: _Toc378548432][bookmark: _Toc400692185][bookmark: _Toc375310781][bookmark: _Toc376789961][bookmark: _Toc378658441]Figure 1: Viscosity of slurries as a function of temperature 
Viscosities are very high between 20 and 30°C and moderately high at 40 and 80-90°C (before and after 60°C). Amylases depolymerize starch into shorter chains , resulting in a decrease in viscosity from 5.5 Pa.s (40°C) to 2 Pa.s (70°C). The work of Trèche (1996) showed that the drop in viscosity, reflecting an increase in amylase activity as a function of temperature (from 20 to 60°C), is attributed to the collision between the substrate and the enzyme. Above 70°C, the three-dimensional amylase network is destabilized, resulting in denaturation. These results are consistent with those obtained by Li et al (2022), who showed that at temperatures above 60°C, there is a reduction in amylase activity, resulting in an increase in viscosity. It has also been shown by Ajayi and Fagade (2003) that amylases in fresh sweet potato tubers are thermolabile and can be rapidly denatured above 70°C (Sang and Xu, 2018). In sum, it should be noted that adequate energy density and sufficient fluidity are considered essential for breastmilk supplement foods. Increasing the energy density of porridges can have favourable effects on the energy intake of infants, particularly in contexts of malnutrition or acute diarrhoea (Trèche, 1996).
[bookmark: _Toc398309191][bookmark: _Toc398328784][bookmark: _Toc408224498]III.3 Optimum pH for amylase activity
Figure 2 shows the pH curve as a function of the corresponding slurry viscosities.

[bookmark: _Toc375310782][bookmark: _Toc376789962][bookmark: _Toc378548433][bookmark: _Toc378658442][bookmark: _Toc400692186]Figure 2: Viscosity of slurries as a function of pH 
This figure shows that the amylases contained in sweet potatoes work best at pH close to neutral. The lowest viscosities were obtained between pH 5.55 and 6.55. These results are in agreement with those obtained by Sow and Ndiaye (2021) who showed that the amylase activity contained in fresh sweet potato tubers is optimal at pH between 6.0 and 6.6. The results also show that for acidic and basic pH, the slurries have high viscosities. At extreme pHs, amylases would be inhibited by a high concentration of H+ or OH- ions at acidic and basic pHs respectively (Foma et al., 2013). Excess acidity and basicity would therefore not be favourable for amylase action in this case, since most amylases have maximum activity at slightly acidic pHs: 4.7 to 5.4 for barley malts; 6 for a bacterial endo-amylase extracted from Bacillus substitlis. 

[bookmark: _Toc408224482][bookmark: _Toc398309138][bookmark: _Toc378551499][bookmark: _Toc398328731]III.2.4. Viscosity of slurries 
The desired consistency of a porridge depends on the flour/water ratio. This dry matter concentration defines the energy density of the porridge and therefore its nutritional value (Trèche, 1996). Thus, the higher the relative quantity of flour, the more "nutritious" the porridge, but also the thicker it will be, up to the threshold of maximum consistency accepted by the mother or child. The ratio of viscosity to dry matter content in the porridge has emerged in the course of this study as a key factor to be applied to the different flours analysed. Figure 3 shows the viscosity curves as a function of dry matter concentration for the three porridges prepared from the different sweet potato flours.
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[bookmark: _Toc400692183]Figure 3: Viscosity curves for sweet potato porridges as a function of dry matter concentration 

Determination of viscosity as a function of slurry concentration shows different profiles depending on the origin of the slurry. According to Figure 3, the ranking of slurry viscosities from the lowest to the highest dry matter concentration is as follows: Bafia < Dschang < Dang. This ranking would mean that the porridge made from the Dang sweet potato allows the incorporation of a large quantity of flour and produces porridges that are fluid up to a high proportion of flour in the same quantity of water. This is the flour that best meets expectations, as it produces a porridge with the characteristics recommended by WHO and UNICEF (viscosity: 3-4 Pa.s, SST: 25 - 30%) (Trèche and Mbome, 1999). This porridge also has a high dry matter content compared with those made from a fermented maize paste called "poto-poto" or from cassava flour in Congo (Trèche, 2004), with average porridge concentrations of 14 and 16 g of dry matter per 100 g of porridge respectively. This means that, assuming that 1 g of porridge provides 4 kcal, the porridge made from Dang's sweet potato would provide at least 120 kcal per 100 g of porridge with a dry matter content of 30%. These results were used to guide further work, which will now focus solely on the Dang potato. The thickening of the starch during cooking is essentially due to the nature of the starch present. The liquefaction observed during cooking of the Dang porridge is thought to be due to the enzymatic activity (Luque-Vilca et al., 2023) carried out by the amylases contained in sweet potato tubers (Li et al., 2022). This amylase activity would decrease with increasing dry matter concentration due to the presence of a relatively high number of starch chains to be lysed in the reaction medium. 

[bookmark: _Toc408224483]III.3 Acceptability test for fermented and non-fermented slurries
Figure 4 shows the panelists' assessment of the acceptability of the slurries from the 3 sweet potato varieties.


Figure 4: Slurry acceptability test for the 3 sweet potato provenances

The tasters' assessment of the organoleptic parameters: colour, smell, texture, taste and consistency on the basis of the 5-level evaluation scale (don't like at all, don't like, moderately like, like, extremely like). It emerges that the 3 porridges are little appreciated by the panelists and have characteristics that do not exceed a score of 3 (likes) in terms of their smell, colour and taste. On the other hand, the sweet potato porridge from Dschang had a better texture than the other two (Dang and Bafia). It should also be noted that the extremely liquid consistency and dark colour of the sweet potato porridge from Dang was an unfavorable factor for its choice

[bookmark: _Toc398309201][bookmark: _Toc398328794][bookmark: _Toc408224499]IV. Conclusion 
Highlighting the presence of amylases in sweet potato tubers showed that the three provenances analyzed are mainly provided with β - amylases. These amylases have an optimum temperature and pH for activity at 60°C and 6.5 respectively. The sweet potato harvested in Dang showed a higher amylase capacity than the other two provenances, resulting in a more pronounced liquefaction of its porridge. Nevertheless, the use of native sweet potato flour comes up against certain nutritional constraints in the porridge. Thanks to their starch content and the action of amylase, sweet potatoes are a beneficial source of energy. They are not only delicious but also nutritious, making them ideal for a balanced diet. The amylases extracted from sweet potatoes can be used in a variety of industrial processes, including the production of maltose-rich syrups for use in food and fermentation.
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