
Comparison of carbohydrate and pasting profile of sweet potato (Ipomoea batatas L. Lam) flour from three agro-ecological zones in Cameroon


Abstract
Processing sweet potato tubers into flour is the most common way of making a variety of food products, particularly in traditional cooking, baking and pastry-making. However, this flour can also be used in baby food to prepare porridges. The present work highlights a comparative study of the carbohydrate potential of sweet potatoes from three agro-ecological zones that constitute the tuber's production basins in Cameroon in regards of an improved variety. The tubers were processed into flour after peeling, washing, slicing, drying and sieving. Different carbohydrate compounds contents were determined through various classical methods (starch and its two compounds: amylose and amylopectin; total sugars, maltodextrins, reducing sugars, sucrose, free glucose, free fructose, free galactose, raffinose and dietary fibers). After that, viscosimetric properties and sweetness index were also determined in sweet potato flour. Results showed that tubers harvested in the High Savannah zone (Dang) has a high starch content compared with the other two. However, the sweet potato from the High Plateaux zone showed intermediate values. However, tubers harvested in the Bimodal Forest zone (Bafia) showed high levels of amylose, soluble carbohydrates, sucrose, fructose and crude fiber. Measurement of the viscosity of starch stacks shows that this parameter varies from 1.49 Pa.s for sweet potatoes harvested in Bafia to 3.49 Pa.s for sweet potatoes from Dang (High Savannah). This leads us to conclude that the tubers from Bafia (Bimodal Forest zone) are more suitable for confectionery-type food products, whereas those harvested in the High Savannah zone are better suited to the preparation of porridges for young children. 
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Introduction
Sweet potato (Ipomoea batatas) is a plant native to tropical America and belongs to the Convolvulaceae family. Its tubers are an important food source for people living in the tropics because of their high energy density. This energy comes mainly from starch, which is the main component and accounts for 70-80% of the tuber's dry matter. Sweet potatoes are produced in more than 100 countries (Mohammad, 2021) and are the second most important staple crop in both developed and underdeveloped countries (Ayman et al., 2023). It is one of the most important, versatile and under-exploited food crops in the world, with annual production of over 90 million of tons, mainly in Asian and African countries (Mohammad, 2021). A tuber with a high energy density and widely grown in Cameroon, it is an asset in the formulation of supplementary foods for young children, who are often victims of protein-energy malnutrition (Skiredj et al., 2003). As in most plant mayor types of starches, sweet potato starch is composed of two types of polysaccharides: amylose and amylopectin. However, the ratio between the two and the starch structure give sweet potatoes unique properties: amylopectin (majority about 70 to 80% of total starch) and amylose (minority about 20 to 30%). The physico-chemical changes that occur during hydrothermal treatment are governed by the behavior of starch (Dewey and Brown, 2003). The rheology of this system depends on the important parameters sought for a supplemental slurry, namely: energy density and viscosity (Nguyen et al., 2007). Several factors can influence these two evaluation parameters: carbohydrate content - the main component of sweet potato tubers - the presence of enzymes endogenous to the tuber, cooking time and even the agro-ecological zone (climatic and soil factors). This study is based on an improved sweet potato variety (IRA1112) which has been popularized throughout Cameroon due to its ease of cultivation on several types of soil and in various climates, high productivity and short development cycle compared with local varieties. This variety is less demanding in soil and is more productive per hectare, with an average yield of 6.5t /ha. This culture has a rapid vegetative cycle and harvested between 03 to 04 months after his plantation. This tuber highly appreciated for its nutritional value is rich in vitamin B6 and C, copper, manganese and potassium source (Mfewou, 2019). The present study highlights the influence of sweet potatoes from three agro-ecological zones in Cameroon varieties on the carbohydrate content, which may determine their suitability for use as a basic ingredient in the formulation of infant flours. 

[bookmark: _Toc330386469][bookmark: _Toc378551453][bookmark: _Toc398301492][bookmark: _Toc398309095][bookmark: _Toc398328688][bookmark: _Toc398355704][bookmark: _Toc408224439]II. Materials and methods
II.1 Sampling 
Mature sweet potato samples, as showed in fig 1, were collected from three locations in the three agro-ecological zones that make up the sweet potato production basins in Cameroon.

Fig 1. Sampling by agro-ecological zone in Cameroon
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Once in the laboratory, the tubers were washed in plenty of tap water, then peeled using a stainless-steel knife, cut into slices approximately 3 mm thick using an electric tuber slicer (Crypto Peerless), rinsed with distilled water and then dried in an oven (Heraeus - Electronics), ventilated at 0.6 m / s with circular air distribution at 50 °C for 48 h. The resulting dried slices were ground in a blender (Waring Commercial Blender) and the flour sieved using an electric sieve (Glen Creston Stanmore - MIDDX England). The dried slices obtained were ground in a blender (Waring Commercial Blender) and the flour sieved using a 250 μm electric sieve (Glen Creston Stanmore - MIDDX England) then stored in polyethylene bags at 4°C for analysis. 

[bookmark: _Toc330386476]II.2 Determination of carbohydrate compound
[bookmark: _Toc142848729][bookmark: _Toc142848726][bookmark: _Toc378551467][bookmark: _Toc398309107][bookmark: _Toc398328700][bookmark: _Toc398355716][bookmark: _Toc408224451][bookmark: _Toc330386479][bookmark: _Toc378551469][bookmark: _Toc398309109][bookmark: _Toc398328702][bookmark: _Toc398355719][bookmark: _Toc408224453]Starch content was determined by the modified Ewers polarimetric method (Keshun et Qian (2020). The amylose content of sweet potato starches was determined spectrophotometrically using the method of (Xuan et al., 2013), after starch extraction using the method described by Perez et al. (2003). Determination of the amylopectin content of the starches was deduced from the amylose content, by difference. The sugars were extracted before assaying using the method of Zafar et al. (2022). Maltodextrins were extracted hot in 40% (v/v) ethanol, while soluble carbohydrates with molecular weights greater than those of maltodextrins were extracted in 80% (v/v) ethanol. Maltodextrins and reducing sugars were determined using the method described by (Chengdeng et al., 2023). The sucrose, glucose and fructose content were obtained using 2-thiobarbituric acid. The method used was that described by Zafar et al. (2022) following invertase digestion using p-hydroxybenzoic acid hydrazide (PAHBAH). Free galactose and raffinose contents were obtained concomitantly using the Raffinose / Galactose K - Rafga 11/07 enzyme kit developed by © Megazyme International Ireland 2011. The raw fibres were obtained after the respective action of sulphuric acid and hot soda according to the method described by (Chengdeng et al., 2023).

II.3. Viscosimetric properties and sweetness index
The method described by Trèche and Mbome (1999) was used to misrepresent slurry viscosity. Stuffing properties were determined using the method described by Crosbie and Ross (2009). The sweetness index was determined using the method described by Obanda-Ulloa et al. (2009).

[bookmark: _Toc408224465]II.4. Statistical analysis
All the results obtained are the averages of three replications. Statistical analyses were carried out using the Statgraphics 5.1 package, which made it possible 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.

III. Results and discussion



Table 1 shows the levels of various carbohydrate compounds measured in sweet potato flour from the three origins.
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[bookmark: _Toc400692152]Table 1. Carbohydrate content of sweet potato flour (g/100 g DM)
	Source
	Starch

	Amylose*
	Amylopectin*
	Total
Soluble sugars 
	Sucrose
		Reducing
     sugars

	
	Free
Glucose 

	Free
Fructose 

	Free
Galactose

	Dietary
Fibers

	Dang
	76,57±2,01b
	37,86±1,20b
	62,14±1,12a
	12,66±0,54a
	11,42±0,93a
	1,71±0,02b
	
	0,03±0a
	0,62±0,08a
	0,17±0a
	1,24±0,32a

	Dschang
	73,06±1,34a
	38,35±0,12b
	61,65±2,01a
	14,40±0,50a
	12,20±0,12a
	1,52±0,03b
	
	0,03±0a
	0,67±0,02a
	0,17±0a
	1,42±0,01a

	Bafia
	72,80±2,76a
	30,11±1,24a
	69,89±1,37b
	20,87±0,6b
	21,34±0,22b
	0,40±0,10a
	
	0,03±0a
	0,97±0,07b
	0,16±0a
	2,11±0,01b



Values in the same column with the same superscript letter are not significantly different (P > 0.05). *Amylose and amylopectin are expressed in relation to 100g of starch.

[bookmark: _Toc378551494][bookmark: _Toc398309127][bookmark: _Toc398328720][bookmark: _Toc408224472]III.1.5. Starch, amylose and amylopectin
Starch, which is the main form of carbohydrate storage in tubers, is made up of amylopectin, a polymer with branched chains, and amylose, a polymer with a linear chain (Lestienne et al., 2005). Starch is used in many kinds of food and serves as a major source of energy for humans (Chinwoo et al., 2019). Sweet potatoes are a source of energy due to their high starch content (Ayman et al., 2023). The starch content of the potatoes analyzed ranged from 72.80 g/100 g DM for the Bafia sweet potato to 76.57 g/100 g DM for the Dang sweet potato. The results show that there is no significant difference (p < 0.05) between the sweet potato from Dschang and from Bafia, but these values are significantly different from the sweet potato harvested in Dang. The high starch content is thought to be due to the fact that Dang is located in a sunnier area (High Savannah) than the other two (Ako Ako et al., 2012), which flavors starch synthesis. In addition, the same climatic conditions mentioned above allow dehydration of the tuber, resulting in a relative increase in starch content per 100 g. The analysis of variance shows that the starches of potatoes from Dang and Dschang contain similar levels of amylose (37.86 and 38.35 g/100 g of starch respectively). However, these levels were significantly different from those obtained for the potato harvested in Bafia (30.11 g/100 g starch). These results are in line with those obtained by Varatharajan et al. (2010) for several tropical tubers (sweet potato: 8.5 - 38%; cassava 13.6% - 23.8%, macabo 15% - 25%, yam 12.5% - 29.7%; taro 3% - 43% and potato 3.4% - 33.5%). The same applies to amylopectin levels, where the samples showed no significant difference between the amylopectin levels of potatoes from Dang and Dschang. The Bafia sweet potato had the highest level of this branched component of starch, with a value of 50.22g/100g of starch, but was in the minority in the Bafia starch (69.89g/100g of starch). This relatively high content compared to the other samples suggests that the starch absorbs more water and swells more than the other two samples during hydrothermal treatment.

[bookmark: _Toc378551495][bookmark: _Toc398309128][bookmark: _Toc398328721][bookmark: _Toc408224473]III.1.6 Total soluble carbohydrates and sucrose
Soluble carbohydrates are low molecular weight sugars. They represent an "immediate" source of energy that can be used by the brain and muscles. This is why they are also known as "fast sugars" (available for short, sudden efforts) (Defraigne and Pincemail, 2007). In excess, they can cause diarrhoea due to high osmolality in the cells of the digestive tract (Trèche and Mbome, 1999). The soluble sugars present are mainly in the form of sucrose, reducing sugars, glucose and fructose (Zafar et al., 2022). Analysis of variance applied to the results shows that there is no significant difference (P > 0.05) between sweet potatoes harvested in Dang and Dschang (12.66 ± 0.54 g / 100 g DM and 14.40 ± 0.50 g / 100 g DM respectively). The sweet potato from Bafia had the highest level of total soluble sugars (20.87 ± 0.6 g /100 g DM). This result was in disagreement with Ayman et al. (2023), they mentioned that sweet potatoes harvested in Egypt has 23,14 % of total sugars. The sweet potato from Bafia contained the highest levels of total soluble carbohydrates and sucrose. 

[bookmark: _Toc398309129][bookmark: _Toc398328722][bookmark: _Toc408224474]III.1.7 Free glucose, fructose and galactose
Glucose is the simplest, most assimilable form and the basic building block of carbohydrates (Zafar et al., 2022). Fructose (or levulose) is a simple, non-hydrolysable sugar from the ketose group. In its free state, sweet potatoes contain significantly less glucose than fructose (Alais et al., 2003). Both types of molecules are found more in bound form (sucrose). The three potato cultivars analyzed have similar levels of glucose (0.03 g/100 g DM). With regard to fructose, the analysis of variance shows that there is no significant difference between the potatoes harvested in Dang (0.62±0.08 g / 100 g DM) and Dschang (0.67±0.02 g / 100 g DM). The relatively high fructose content shows that the sweet potato from Bafia (0.97± 0.07 g / 100 g DM) is sweeter than the other three (see paragraph on sweetness index). In addition, the sweet potatoes analyzed contained a high level of free galactose, with levels not exceeding 0.2%. The values obtained vary from 0.16 g/100 g DM for the Bafia potato to 0.17 g/100 g DM for those harvested in Dang and Dschang.

[bookmark: _Toc378551496][bookmark: _Toc398309130][bookmark: _Toc398328723][bookmark: _Toc408224475]III.1.8. Reducing sugars 
Reducing sugars are either those with an aldehyde function or a free hemiacetal group at one end or those capable of forming one by isomerism (Zafar et al., 2022). This is a functional qualification and has no influence on taste or metabolism (Alais et al., 2003). The values range from 0.40 g/100 g DM for Bafia potatoes to 1.71 g/100 g DM for Dang. There was no significant difference (p > 0.05) between the reducing sugar levels of potatoes harvested in Dang and those from Dschang (1.71±0.02 and 1.52±0.03 g/100 g DM respectively). Sweet potato tubers contain the two reducing sugars glucose and fructose. During the biochemical transformations of the energy storage process, these are converted into sucrose and then starch. 

[bookmark: _Toc378551497][bookmark: _Toc398309131][bookmark: _Toc398328724][bookmark: _Toc408224476]III.1.9. Raw fibres
The results show that the crude fibers content of the sweet potatoes analyzed varied from 1.24 g/100 g DM for Dang to 2.11 g/100 g DM for Bafia. The analysis of variance shows that there is no significant difference (P > 0.05) between the crude fibers contents of sweet potatoes harvested in Dang and Dschang. These levels are not negligible and may help to improve digestion of the food bolus by allowing the food to progress through the intestinal contractions known as peristaltic movements (Mohammad, 2021), since fibers is a group of non-amylaceous polyosides that are resistant to human digestive enzymes (Alais et al., 2003).

[bookmark: _Toc398309137][bookmark: _Toc398328730][bookmark: _Toc408224480]III.2.2. Viscosimetric properties and sweetness index



Table 2 shows the different parameters obtained from the viscoamylographs of the flours of the different sweet potato cultivars analyzed.
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[bookmark: _Toc400692155]Table 2. Viscosimetric properties and sweetness index of flours from different sweet potato origins analysed
	[bookmark: _Toc375462272]Source
	VMaxC (Pa.s)
	VMinC (Pa.s)
	VF
(Pa.s)
	CV
(Pa.s)
	RV 
(Pa.s)
	T°G
(°C)
	AC
(sec / g)
	IS
(g / 100 g DM)

	Dang
	6,86±1,98b
	3,37±0,23a
	4,01±0,77a
	3,49±0,76c
	1,72±0,09b
	71,83±0,70a
	158,17±7,49b
	12,89±1,22a

	Dschang
	6,64±1,04b
	3,86±0,75a
	5,09±1,87b
	2,78±0,12b
	0,15±0,05a
	72,56±0,28a
	161,00±5,31b
	13,45±0,95a

	Bafia
	6,22±0,97a
	4,73±0,54b
	7,22±1,11c
	1,49±0,07a
	2,49±0,33c
	73,00±0,74b
	155,44±6,12a
	24,16±1,56b


Values in the same column with the same superscript letter are not significantly different (P < 0.05).
VMaxC = Maximum Hot Viscosity; VMinC = Minimum Hot Viscosity; VF = Final Viscosity at 50 °C; CV = Viscosity Drop; RV = Viscosity Recovery; T°G = Gelatinisation Temperature; AC = Cookability; IS = Sweetness Index.


The viscosimetric properties of the various sweet potato flours analyzed differed significantly depending on the agro-ecological zone. The ability of starch to absorb water and swell depends on the amylose/amylopectin ratio, the flour/water ratio and, above all, the gelatinization temperature, which in turn depends on the size of the starch granules (Liu et al., 2006). Small granules are more resistant to thermodynamic forces than large granules (Sijie et al., 2024), hence the relatively high gelatinization temperature for the three flours. This can be explained by the data in Table 2, which show that the starch granules in the sweet potato samples analyzed were very small. These results are consistent with those obtained by Osundahunsi et al. (2003), Liu et al (2006) and Aina et al (2009), who showed that the gelatinisation temperature of sweet potato is between 50 and 86.6°C. Maximum viscosity, also known as peak viscosity, represents the state of maximum swelling of starch granules during cooking and before molecular disintegration. It is defined as the point of equilibrium between the state of swelling and that of granule bursting (Liu et al., 2006). Maximum viscosity also shows that starches with a high swelling capacity induce a high peak viscosity (Ragaee and Abdel-Aal, 2006). The analysis of variance applied to the results shows that there is no significant difference (p < 0.05) between the maximum viscosity values of sweet potatoes from Dang and Dschang on the one hand and those from Bafia on the other. These relatively low values indicate that these three sweet potato cultivars have starches consisting of granules with low cohesive forces between them, hence a low capacity to disintegrate (Hoover, 2001) and a low maximum viscosity. Another parameter measured was breakdown viscosity. This is a measure of resistance to hot shear forces, giving an idea of the level of stability of the paste obtained during cooking (Jangchud et al., 2003). There was a wide variation in this measurement for the three locations. Viscosities ranged from 1.49 Pa.s for the sweet potato harvested in Bafia to 3.49 Pa.s for the sweet potato from Dang. A low viscosity drop value like that of Bafia indicates that its starch granules are more resistant to heat and shear forces. These low values of viscosity drop correspond to a low maximum viscosity or viscosity peak. Setback viscosity is defined as the difference between the value of the minimum hot viscosity and that indicating the viscosity of the dough at 50°C. This viscosity determines the tendency of the starch to retrograde (Owuamanam et al., 2010). The flour from the Dschang sweet potato had the lowest value (0.15 Pa.s). This low value would indicate a low tendency to retrogradation during cooling of the starch and a low probability of providing rancid by-products (Dewey and Brown 2003). On the other hand, starches with a high viscosity recovery (sweet potato harvested in Bafia) have a strong tendency to form heavier pastes, but are more prone to retrogradation (Siti et al., 2022) when used as a filling in frozen foods (Seog et al., 1987). The analysis of variance shows that the three sweet potato cultivars are significantly different (p > 0.05) for the values indicating the flour's suitability for cooking. Bafia flour 155.44 (sec / g) has a low cooking ability and therefore takes less time to cook (Ragaee and Abdel-Aal, 2006) than those obtained for Dang and Dschang sweet potato flours (158.17±7.49 and 161.00±5.31 sec / g respectively). 

[bookmark: _Toc398301494][bookmark: _Toc398309140][bookmark: _Toc398328733][bookmark: _Toc408224484]IV. Conclusion
This study showed the influence of ecological zone on the carbohydrate and viscosity profile of sweet potato tubers grown in Cameroon. Sweet potatoes harvested in the high savannah zone (Dang) have a higher starch content than the other two zones (Dschang and Bafia), with a high proportion of amylose, and are therefore subject to greater retrogradation. In addition, the sweet potato harvested in Bafia (a bimodal forest area) has a high sweetness index, mainly due to fructose, making it more suitable for culinary preparations without the addition of sugar. These three flours could be blended to produce a variety of food products with different textures and tastes for the agro-industry. 

[bookmark: _Hlk198120853]Disclaimer (Artificial intelligence)
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 

V. References
Aina A. J., Falade K. O., Akingbala J. O. & Titus P. (2010). Physicochemical properties of Caribbean sweet potato (Ipomoea batatas (L) Lam.) starches. Food Bioprocess Tech. 9-16.
Ako Ako A., Shimada J., Hosono T., Kagabu M., Ayuk A. R., Elambo Nkeng G. & Eneke Takem G., (2012). Spring water quality and usability in the Mount Cameroon area revealed by hydrogeochemistry. Environmental Geochemistry and Health: 27: 5-6
Alais C., Linden G. & Miclo L. (2003). Food Biochemistry. 5th edition. Sciences Sup. Dunod, 250 p.
Ayman, S. Dyab, Ginat, M. El-Sherif & Rehab H. Gab-Allah (2023). Evaluate the effect of pretreatments and drying techniques on the sweet potato slices. Food Technology Research Journal 1 (1)9 -19
Chengdeng Chi, Yiqing Zou, Xuemei Peng, Ying Yang, Bilian Chen, Yongjin He, Hongwei Wang & Longmei Weng (2023). Measurement of starch gelatinization using a spectrophotometer, Food Hydrocolloids, Vol. 144
Chinwoo K., Ha R. K., Tae W. M., Seung H. L. & Chang J. L. (2019). Structural and physicochemical characteristics of granular malic acid-treated sweet potato starch containing heat-stable resistant starch, Journal of Chemistry Volume, Article ID 2903252, 10 p
Crosbie G. B. & Ross A. S. (2009). The RVA handbook. AACC International, Minnesota, USA. 152 p.
Defraigne J.O. & Pincemail J. (2007). Stress oxydant et antioxydants: mythes et réalités. Revue Médicale de Liège.62 : 4
Dewey K. G. & Brown K. H. (2003). Update on technical issues concerning complementary
feeding of young children in developing countries and implications for intervention
programmes. Food and Nutrition Bulletin, 24(1), 5-28.
Hoover M. W. (1967). An enzyme activation process for producing sweet potato flakes. Food Technology 21: 322-325.
Jangchud K., Phimolsiripol Y., & Haruthaithanasan V. (2003). Physicochemical properties of sweet potato flour and starch as affected by blanching and processing. Stärke. [Starch], 55: 258 - 264.
Keshun L. & Qian L. (2020). Enzymatic determination of total starch and degree of starch gelatinization in various products. Food Hydrocolloids, 103
Lestienne I., Icard- Vernière C., Mouquet C., Picq C. & Trèche S. (2005). Effect of soaking cereals grains and legumes seeds on iron, zinc and phytate contents. Food Chemistry, 89 : 421-425
Liu Q., Donner E., Yin Y., Huang R. L., & Fan M. Z. (2006). The physicochemical properties and in vitro digestibility of selected cereals, tubers and legumes grown in China. Food Chemistry, 99: 470 - 477.
Mfewou A., Engwali F. D. & Tchofo P. (2019). Geography of the Production of Ipomoea batatas (Sweet Potato): An Analysisin the Space of Santchou (West-Cameroon). International Journal of Humanities and Social Science, 6(2) 2394 – 2703
Mohammad Khairul Alam (2021). A comprehensive review of sweet potato (Ipomoea batatas [L.] Lam): Revisiting the associated health benefits. Trends in Food Science & Technology. 115 : 512-529
Nguyen T. T. T., Guyot J.-P., Icard-Vernière C., Rochette I. & Loiseau G. (2007). Effect of high pressure homogenisation on the capacity of Lactobacillus plantarum A6 to ferment rice/soybean slurries to prepare high energy density complementary food. Food Chemistry, 102: 1288-1295
Obando-Ulloa, Eduardo J. M., Monforte A. J. & Fernandez-Trujillo J. P. (2009). Identification of QTLs related to sugar and organic acid composition in melon using near - isogenic lines. Journal of the American Society of Horticultural Science 121: 425 - 433. 
Owuamanam C. I., Ihediohanma N. C. & Nwanekezi E. C. (2010). Sorption isotherm, particle size, chemical and physical properties of cocoyam corm flours. Researcher, 2(8), 11 - 19.
Osundahunsi O. F., Fagbemi T. N., Kesselman E., & Shimoni E. (2003). Comparison of the physicochemical properties and pasting characteristics of flour and starch from red and white sweet potato cultivars. Journal of Agricultural and Food Chemistry, 51, 2232 - 2236.
Perez O. E., Haros M., Suarez C. & Rosell M. (2003). Effect of steeping time on the starch properties from ground whole corn. Journal of Food Engineering, 60, 281-287.
Ragaee S. & Abdel-Aal E. S. M. (2006). Pasting properties of starch and protein in selected cereals and quality of their food products. Food Chemistry, Oxford, 95(1) 9-18.
Seog H. M., Park Y. K., Nam Y. J., Shin D. H., & Kim J. P. (1987). Physicochemical properties of several sweet potato starches. Journal of Korean Agricultural and Chemical Society, 30: 179-185.
Sijie Z., Zhen W., Luyang W., Hailong T., Huiping W., Chenxu D., Dale Z., Meijuan L., Jihong H., Xinrui Z. (2024). A- and B-type wheat starch granules: The multiscale structural evolution during digestion and the distinct digestion mechanisms. International Journal of Biological Macromolecules, 278(4)135033
Siti Nurdjanah, Samsu Udayana Nurdin, Sussi Astuti & Venni Elsa Manik (2022) Chemical Components, Antioxidant Activity, and Glycemic Response Values of Purple Sweet Potato Products. International Journal of Food Science, Art. ID 7708172, 11 P.
Skiredj A., Ellattir H., Waladi D. E. & El Fadl A. (2003). Fiches techniques des cultures maraichères et arboricoles. Transfert de technologie N° 107, 108 et 109.
Trèche S. & Mbome L. I. (1999). Viscosity, energy density and osmolality of gruels for infant prepared from locally produced commercial flours in some developing countries. International Journal of Food Science and Nutrition 50, 117-125.
Varatharajan V., Hoover R., Liu Q. & Seetharaman K. (2010). The impact of heat moisture treatment on the molecular structure and physicochemical properties of normal and waxy potato starches. Carbohydrate Polymers, 81: 466-475.
Xuan Wei, Liang Huang, Siyi Li, Sheng Gao, Dengfei Jie, Zebin Guo & Baodong Zheng (2023). Fast Determination of Amylose Content in Lotus Seeds Based on Hyperspectral Imaging. Agronomy 13(8)
Zafar H.,  Channa A.,  Jeoti V. &  Stojanović G. M. (2022). Comprehensive Review on Wearable Sweat-Glucose Sensors for Continuous Glucose Monitoring, Sensors, 22(2), 638 







image1.jpeg




image2.jpeg




image3.jpeg




