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12
13    ABSTRACT
[bookmark: _Hlk226551972]Aims: To assess the baking impact on antinutritional factors and the organic acid content of flours produced from the bulbils of the yam (Dioscorea bulbifera) cultivar «Dougou-won» with a view to determining whether this cooking method is suitable for human consumption
Study design: Analysis of Variance (ANOVA) is employed in this work.
Place and Duration of Study: Department of Food Science and Technology, Laboratory of Biocatalysis and Bioprocessing, University Nangui Abrogoua, Abidjan, Côte d’Ivoire, during the period from June 2015 to August 2016.
Methodology: The bulbils of yam (Dioscorea bulbifera) used in this study are harvested at physiological maturity, six months after planting in a field in Agou, a village in south-eastern Côte d’Ivoire. After harvesting, the samples are immediately transported to the Biocatalysis and Bioprocesses Laboratory. 2 kilograms of this bublbils are washed in drinking water to remove any impurities, then peeled using a stainless steel knife. The peeled samples are rinsed twice in clean water and cut into pieces weighing approximately 50 grams. They are then baked at 100°C for periods of 10 minutes, 20 minutes and 30 minutes respectively. The hot samples are removed from the oven and left to cool in the open air for 25 minutes. They were then dried at 45°C in a forced-air oven (MEMMERT) for 48 hours. After removal from the forced-air oven, the dried samples are ground into various fine flours (FF10, FF20, FF30 means flours from bulbils of yam (Dioscorea bulbifera) baked at 100°C during 10, 20 and 30 minutes respectively). These different flours are obtained after sieving using a 250 micrometers mesh sieve. Finally the antinutritional factors and organic acids levels of flours from bulbils yam are analyzed using standard methods.
[bookmark: _Hlk226731779][bookmark: _Hlk226731780]Results: While the organic acid content of bulbil flours increases, the baking after 30 minutes decreases significantly (P≤ 0.05) the phenolic compound levels and antinutritional factors including total phenolic compounds (551±2,65 to 536±1,75 mg/100g of dry matters), total oxalates (317±1 to 312±2 mg/100g of dry matters), phytates (466±1,73 to 448±1,73 mg/100g of dry matters) and tannins (64±1 to 58±1 mg/100g of dry matters). 





















However, the levels of the antinutritional factors studied remained below established lethal thresholds, posing no risk to consumers. 
Conclusion Consequently, baking appears to be a suitable cooking method for the safe consumption of bulbils flour from yam (Dioscorea bulbifera) cultivar «Dougou-won».
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19     1.  INTRODUCTION
[bookmark: _Hlk215395471]20      The aerial yam (Dioscorea bulbifera) is a species widely distributed in tropical regions, particularly                              21    in Southeast Asia, West and Southern Africa, and Central America (Nwosu, 2014). Despite its                           22    availability, this species remains underutilized among edible yams. It is very easy to grow, even                                   23    under difficult conditions, which provides the potential for a reliable food source throughout the year                                                       24    (Sanful et al. 2015). In Côte d’Ivoire, particularly among the «Bété»populations of the western forest                          25    region (Libra et al., 2011), it is cultivated for its bulbils, which constitute an important food resource,                             26    especially during the lean season (Lawal et al., 2017; Lawal and Akinoso, 2019).                                                            
27   These bulbils are of considerable interest due to their high mineral content (iron, phosphorus,                            28    calcium) (Achy et al., 2016) and their bioactive compounds, such as organic acids and phenolic                         29    compounds. However, they also contain antinutritional factors (oxalates, tannins, phytates), which                       30     may limit their nutritional value and bioavailability.                                                                                                     
[bookmark: _Hlk226548046]31    The presence of antinutritional factors in the bulbils of the yam Dioscorea bulbifera at high levels                    32     also poses a major obstacle to their consumption (Achy et al., 2016). Previous studies have shown                     33  that certain heat treatments, particularly boiling, can significantly reduce these undesirable                        34   compounds (Sahoo et al., 2024). However, there is a lack of scientific information regarding the                        35    effect of other cooking methods, particularly baking, on the reduction of antinutritional factors and                         36   organic acids in the bulbils flours of the yam (Dioscorea bulbifera). This lack of data limits the optimal                           37    utilization of this food resource. Thus, the objective of this study is to evaluate the impact of baking             38   on antinutritional factors and organic acid content in flours obtained from the bulbils of the yam                        39   (Dioscorea bulbifera) cultivar «Dougou-won», with a view to determining whether this cooking                         40    method is suitable for human consumption.                                                                                                              
41
42
43   2.  MATERIAL AND METHODS
44   2. 1  Material
45   The bulbils of yam (Dioscorea bulbifera) used in this study are harvested at physiological maturity,                            46    six months after planting in a field in Agou, a village in south-eastern Côte d’Ivoire. After harvesting,                             47    the samples are immediately transported to the Biocatalysis and Bioprocesses Laboratory, where                           48    they are stored under controled conditions at a temperature of 28°C ± 3°C and a relative humidity                       49    of 82 ± 5%.                                                                                                                                                           
50
51   2. 2  Methods
52   2. 2. 1  Preparation of cooked bulbils flours
53   The bulbils of yam (Dioscorea bulbifera) (2 kilograms) are washed in drinking water to remove any                        54   impurities, then peeled using a stainless steel knife. The peeled samples are rinsed twice in clean       55    water and cut into pieces weighing approximately 50 grams. They are baked in an oven at 100°C                             56    for periods of 10 minutes, 20 minutes and 30 minutes respectively. The hot samples are removed                         57    from the oven and left to cool in the open air for 25 minutes. They are then dried at 45°C in a forced-              58    air oven (MEMMERT) for 48 hours. After removal from the forced-air oven, the dried samples were                      59  ground into various fine flours. These different flours are obtained after sieving using a 250                      60    micrometers mesh sieve. The various flours are packaged in airtight plastic bags and stored in the                      61    refrigerator for subsequent analysis.
62
63    2. 2. 2  Organic acids analysis
[bookmark: _Hlk225768415][bookmark: _Hlk215572753]64  Liquid Chromatography High Performance (HPLC) is performed according to method of Ho                     65    et al. (1999). Fifty (50) milligrams of flour is dissolved in 75 milliliters of distilled water. The mixture                  66   is homogenized manually for 2 minutes and centrifuged at 4000 rpm/minutes for 30 minutes at                     67   4°C in a centrifuge (Sigma Aldrich 2-PK). Supernatant obtained, is filtered on WATTMAN paper                       68  n°4 and then through millipore filter 0.45 micrometers (µm). 20 microliters (µl) of each solution                             69    obtained are analysed by an HPLC system (Schimadzu Corporation, Japon) equiped with a binary                        70  pum coupled to a UU-VS (SPD-6A) detector. Chromatographic separation of organics acids is                        71   perfomed on a column ISSep ICE ORH-801 at temperature set at 35°C. The flow rate of elution                         72    was 0.5 milliliter/minute. The chromatogramm obtained at 280 nanometers (nm) are compared to                                       73     those standard of organics acids.
74
75    2. 2. 3  Antinutritional factors analysis 
76    2 .2. 3. 1  Tannin analysis
[bookmark: _Hlk215572769]77   Total tannin content of yam Dioscorea bulbifera is determined by the spectrophotometric                     78   procedure described by Brainbridge et al. (1996). 1 milliliter of methanolic extract is diluted in 5                      79   milliliters of vanillin reagent in a test tube. The mixture is homogenized by manual stirring for 2                       80   minutes at room temperature (28°C) and allowed to stand for 20 minutes in the dark. The intensity                       81  of the reaction mixture's color is determined at 500 nanometers using a spectrophotometer                       82   (JASCO, V-530, UV/VIS, model TUDC 12 B4, Japan Servo CO. LTD, Indonesia) against a blank.                      83   The tannin content of the flours is determined using a standard curve established from a stock                      84    solution of tannic acid (2 milligrams/milliliter) under the same conditions as the blank.                                                       
85
86   2. 2. 3. 2  Phytate analysis 
[bookmark: _Hlk226896891]87   Phytic acid was determined using the procedure described by Latta and Eskin, (1980). One gram                          88   of flour was homogenized in 20 milliters of HCl (0.65). The mixture obtained is stirred for 12 hours             89   at room temperature. The mixture was centrifuged at 3000 trs/min for 40 minutes. To 0.5 milliliters       90    of supernatant, 3 milliliters of Wade’s reagent were added. The blank was prepared for each sample      91    with 0.5 milliliters of distilled water in the test tubes without Wade's reagent. The tubes were left to                    92    stand for 20 minutes in the dark and the optical density was read with a spectrophotometer at 490             93  nanometres against a blank. The amount of phytate was determined using a standard range                        94   established from a sodium phytate solution (10 milligrams/milliliter) under the same conditions as                     95    the test.
96
97  2. 2. 3. 3  Total oxalates analysis 
[bookmark: _Hlk226638187][bookmark: _Hlk226734574]98  According to the methodology described by Olatoye and Arueya (2019), the oxalate levels in the                         99   samples of bulbils flour from yam (Dioscorea bulbifera) are determined. Briefly, 1 gram of the sample                             100 is added to 75 milliliters of 0.1N sulfuric acid. The content is thoroughly mixed and subjected to an                         101 hour-long extraction with constant agitation using a mechanical shaker. This is then filtered and                 102  25 mmilliliters of the filtrate is titrated with 0.1 milliliter KMnO4 with heating (80–90 °C) until a purple        103  color is observed at the end point. The titer value is then multiplied by 0.9004 to give the result      104   expressed as milligram/gram. Calculation of oxalate content is as shown in the equation.
105
106   2. 2. 3. 4  Total phenolic compounds
107   Determination of total phenolic contents in bulbils flour from yam (Dioscorea bulbifera) is done by          108   applying the protocol as explained by William et al. (2018). Methanolic extracted weaning formula         109   (50 microliters) is dissolved in 1 milliliter of sodium carbonate (Na2CO3 (20 %)) followed by adding 110  50 microliters of Folin-Ciocalteu reagent. The prepared combination is incubated at 25ºC for 40                           111  minutes in a dark area. Folin-Ciocalteu reagent substance (phosphotungstic acids) changes the                           112  color of the mixture (colorless to blue) under alkaline environment and alteration in absorbance             113  gives a quantity of total phenolic contents. Absorbance of gallic acid (GAE) as standard and                       114  methanolic extract was measured by using atomic absorption spectrophotometer at 765                             115    nanometers.
116
117  2 .2. 3. 5  Analysis of phenolic compounds
118 The separation of phenolic compounds is performed according to Servili et al. (1999). The                   119 HPLC system consisted of a Spectra System liquid chromatography model 2000 (Thermo                      120   Separation Product, USA), equipped with a 250 millimeters x 4.6 millimeters C18 Nova Pak column                   121  coupled with a UV detector. Individual phenolic compounds were detected at 278 nanometers. The                       122  flow rate is 1 milliliters/minute. The mobile phase used is 0.2 % (volume/volume) acetic acid                      123  in water (A) versus. methanol (B) for a total running time of 60 minutes and the gradient changed                       124  as follows: 95 % A / 5 % B for 2 minutes, 80 % A / 20 % B for 10 minutes, 70 % A / 30 % B for 10                    125  minutes, 60 % A / 40 % B for 10 minutes, 40 % A / 60 % B for 10 minutes, 100 % A / 0 % B for 10                     126 minutes until the end of running. Samples are dissolved in methanol; a sample loop of 20                  127 microliters capacity is used for the introduction of the sample. Gallic, protocatechuic, p-                                  128   hydroxybenzoic acid, vanillic, caffeic, syringic, p-coumaric, ferulic and ocoumaric acids were HPLC                     129 grade and purchased from Sigma Chemical Co (USA), tyrosol (98%) from Aldrich Chemie                              130  (Germany) and extra pure oleuropein from Extra synthese Co. (Genay, France).
131
132  2.3  Statistical analysis
[bookmark: _Hlk224982693]133  All analyses are carried out in triplicate. Statistical significance is established using analysis             134  of Variance (ANOVA) models to estimate the effect of cooking time on Some Antinutritional                     135  Compounds and Some Organic acids of Bulbils Flour from Yam at 5% level. Means comparison                        136   is carried out using Duncan’s multiple range test (P≤ 0.05), with the help of the software                              137   STATISCA 7.1 (StatSoftInc, Tulsa USA Headquarters).
138
139   3.  RESULTATS AND DISCUSSION
140   3.1.  Organic acids
[bookmark: _Hlk215487678][bookmark: _Hlk215486638]141   The organic acid content of bulbils flour from yam (Dioscorea bulbifera) is resumed in table 1.                      142   Cooking by baking increases significantly (P≤ 0.05) citric acid, tannic acid, oxalic acid, sulfanilic                       143    acid and tartaric acid.levels of bulbil flours from yam (Dioscorea bulbifera) cultivar «Dougou-won»                 144   after 30 minutes. Their value ranges from 367 ±1 to 375 ±1 milligrams/100 grams of dry matters,                         145   4,09 ±0,02 to 4,18 ±0,02 mg/100 g of dry matters, 4,88 ±0,05 to 5,01±0,01 milligrams/100 grams                           146  of dry matters, 1,82 ±0,02 to 1,92±0,04 milligrams/100 grams of dry matters and 3,30 ± 0,01 to                      147   3,47 ± 0,01 milligram/100 gram of dry matters respectively. This increase could be explained by                              148   their accumulation and subsequent release, caused by the reduction in water content in the bulbils                           149   during cooking. According to Sorathiya et al. (2025), organic acids play an important role in food                         150   preservation and safety. Furthermore, excessive loss of organic acids can also affect the sensory                             151   quality and stability of processed products (Chen et al., 2023).
152
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155
156            Table 1.   Organic acid contents of flours from baked bulbils yam (Dioscorea bulbifera) cultivar «Dougou-won»
Parameters                                                                      Flours                                                                     Methods
                                                                   FF10                     FF20                       FF30
[bookmark: _Hlk225768144][bookmark: _Hlk225768941]Citric acid (mg/100 g DM)                        367 ± 1A                370 ± 1,73B            375 ± 1C                HPLC method (Ho et al., 1999)
Tannic acid (mg/100 g DM)                      4,09 ± 0,2A                 4,11 ± 0,02AB          4,18 ± 0,02B          HPLC method (Ho et al., 1999)
Oxalic acid (mg/100 g DM)                      4,88 ± 0,05A          4,96 ± 0,02B            5,01 ± 0,01C           HPLC method (Ho et al., 1999)
[bookmark: _Hlk214726083]Sulfanic acid (mg/100 g DM)                   1,82 ± 0,02A                1,86 ± 0,01B                  1,92 ± 0,04C           HPLC method (Ho et al., 1999)
Tartaric acid (mg/100 g DM)                    3,30 ± 0,02A                  3,40 ± 0,1B                    3,47 ± 0,03C               HPLC method (Ho et al., 1999)
The obtained values are averages ± standard deviation of triplicate determinations. On the lines of each parameter, the averages affected of common letter are signicantly different between them on the thrshold of 5% according to the test of Duncan.
[bookmark: _Hlk225844967][bookmark: _Hlk225844968]DM=dry matters. FF10, FF20, FF30 means flours from bulbils of yam (Dioscorea bulbifera) baked at 100°C during 10, 20 and 30 minutes respectively
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170  3.2. Antinutritional factors
[bookmark: _Hlk226799408]171   According to Wu et al. (2016), the antinutritional components interfere with the digestive process                          172   and prevent the efficient utilization of nutrients. The effect of baking after 30 minutes on the levels                        173  of antinutritional factors contained in bulbil flour from the yam (Dioscorea bulbifera) is shown in                         174  Table 2. The study shows that baking for 30 minutes significantly decrease the levels of                           175   antinutritional factors in the bulbil flour
[bookmark: _Hlk226804696]176   Firstly, in terms of total phenolic compounds, their value ranges from 551 ±2,65 to 539 ±2,65                          177    milligram/100 grams of dry matters. This decrease is reported by Özer (2021) who founded a loss                        178    of total phenolic compounds (59,41%) in Bracoli flours after boiling. The decrease of total phenolic                 179    compounds during cooking may be due to thermal denaturation. Besides, The presnce of phenols                             180   indicates that Dioscorea species could act as as ant-inflammatory, anti-clotting, antioxydant, imune                     181  enhancers and hormone modulators (Okwu and Omodamiro, 2025). Furthermore, phenolic                        182    compounds, which act as natural antioxidants, can help prevent diseases linked to oxidative stress                            183    (Wang et al., 2022, Wu et al., 2022).
184
185   In the same way, the value of tannin varies from 64 ±1 to 58 ±1 milligrams/100 grams of dry                        186  matters. This observation is also made by Ojo, (2022) who reported that the hydrothermal                         187   techniques caused a reduction in the concentration of tannins in the legume seeds The decrease                          188  in the levels of tannins during cooking may be due to thermal degradation of the tannin.                         189   Furthermore, the lower level of tannin had important role as an antioxydant, work as a vascular                        190   protective anti-diarrheol and have therapeutic properties. The lethal dose of tannin in food is 35                         191  milligrams/kilogram/body weight (Aletor, 1993). With this tannin content, baked bulbils of yam                           192  (Dioscorea bulbifera) cultivar « Dougou-won » would be safe human., baked bulbils of yam                       193    (Dioscorea bulbifera) cultivar «Dougou-won» would be safe human.
194
195   Concerning, the phytate, their value ranges from 466 ±1,73 to 448 ±1,78 milligrams/100 grams of                       196  dry matters. This reduction is also observed in all samples of sorghum, millet and maize flour by                       197   Atuna et al. (2021) during their research into malting, fermentation and roasting. Baking may be                         198   due to thermal degradation of the phytate. Phytate can be found in numerous plants and their                          199    parts, including seeds, nuts, legumes, and cereals (Pujol et al., 2023). Futhermore, In the United                    200    Kingdom earlier studies showed phytate intake varying from 504 to 844 milligrams for adults (Wise                            201   et al. 1987). With the low levels of phytate found in bulbils after baking, their consumption would                           202   therefore be safe for humans.
203
[bookmark: _Hlk226901557]204   Finally, that of total oxalate varies from 317 ±1 to 312±2 milligrams/100 grams of dry matters. Total                                205  oxalate is an antinutrient which undernormal condition, is confined to separate compartiments.                          206  Oxalate tends to render calcium unavailable by binding to the calcium ion to form complexe The                          207  decrease of total oxalate content may be due to thermal degradation. The reduction of oxalate                        208   levels on cooking is expected to enhance the bioavailability of essential dietary mineral of the tuber                         209   and reduce the risk of kiney stones occuring (Goly et al., 2018). The lethal concentration of oxalate                          230  in food ranges from 2000 to 5000 milligrams of oxalate per 100 grams of food (Oke, 1966). With                          231  the low levels of oxalate found in bulbils after baking, their consumption would therefore be safe                          232  for humans.
233
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235
236
[bookmark: _Hlk214736596]237    Table 2.     Antinutritional factors contents of flours from baked bulbils yam(Dioscorea bulbifera) cultivar «Dougou-won»
Parameters                                                                      Flours                                                                     Methods
                                                                          FF10                  FF20                  FF30
[bookmark: _Hlk214734065][bookmark: _Hlk226897045]Total phenolic compounds (mg/100 g DM)       551 ± 2,65C       546 ± 2,65B      539 ± 2,65A       Spectrophotometric method (William et al., 2018)
Total oxalate (mg/100 g DM)                            317 ± 1B                   315 ± 2AB         312 ± 2A            Titration to warm (Olatoye and Arueya , 2019)
Phytate (mg/100 g DM)                                    466 ± 1,73C        458 ± 1B          448 ± 1,73A        Spectrophotometric method (Latta and Eskin, 1980)
Tannin (mg/100 g DM)                                      64 ± 1BC                     62 ± 1B            58 ± 1A             Spectrophotometric method (Brainbridge et al., 1996)
The obtained values are averages± standard deviation of triplicate determinations. On the lines of each  parameter, the averages affected of common letter are signicantly different between them on the thrshold of 5% according to the test of Duncan. DM = dry matters. FF10, FF20, FF30 means flours from bulbils of yam (Dioscorea bulbifera) baked at 100°C during 10, 20 and 30 minutes respectively
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247   3. 3. Phenolic compounds
248 The phenolic compound contents are shown in table 3. The result indicated that baking                        249  decreased significantly (P≤ 0.05) gallic acid, catechin, quercetin and coumarin in flour from bulbils                       250  yam (Dioscorea bulbifera) cultivar cultivar «Dougou-won» after 30 minutes. Their value ranges                        251  respectively from 102± 1 to 94 ± 1,73 mg/100 g of dry matters, 39,1± 0,79 to 32 ± 1,73 mg/100 g                        252  of dry matters, 42± 1,73 to 28 ± 1 mg/100 g of dry matters and 32± 1 to 25 ± 1 mg/100 g of dry                        253   matters. This decrease is reported by Assa et al. (2014) who observed a decrease of the same                         254   parameters in boiled yam specie (Dioscorea alata «Bètè-bètè» variety) tuber after 30 minutes. The                       255   decrease of these parameters in bulbils flour could be due to thermal degradation of total phenolic                       256   compounds.
257

258   Table 3.   Phenolic compounds contents of flours from baked bulbils yam (Dioscorea bulbifera) cultivar «Dougou-won»

Parameters                                                                      Flours                                                                     Methods
                                                                          FF10                  FF20                 FF30
[bookmark: _Hlk225776447]Gallic acid  (mg/100 g DM)                               102 ± 1K              97 ± 1J             94± 1,73HI          Separation by HPLC (Servili et al. (1999)
Catechin  (mg/100 g DM)                                  39,10 ± 0,79E      36 ± 1E             32 ± 1,73D          Separation by HPLC (Servili et al. (1999)
Quercetin  (mg/100 g DM)                                 42 ± 1,73G          34 ± 1E             28 ± 1E               Separation by HPLC (Servili et al. (1999)
Coumarin (mg/100 g DM)                                  32 ± 1JK                 28 ± 1I              25 ± 1GH             Separation by HPLC (Servili et al. (1999)
[bookmark: _Hlk226896526]The obtained values are averages ± standard deviation of triplicate determinations. On the lines of each parameter, the averages affected of common letter are signicantly different between them on the thrshold of 5% according to the test of Duncan. DM=dry matters. FF10, FF20, FF30 means flours from bulbils of yam (Dioscorea bulbifera) baked at 100°C during 10, 20 and 30 minutes respectively








 




259
260
261
262
263
264
265
266
267

268   4.  CONCLUSION
According to the results of this study, flour from the bulbils yam (Dioscorea bulbifera) cultivar «Dougou-won» contains various organic acids as well as certain antinutritional factors, such as total phenolic compounds, phytate, total oxalate and tannins. It also contained phenolic compound contents. Ultimately, baking for 30 minutes significantly reduces the antinutritional factors, whilst increasing the organic acid content in the bulbils flours from yam (Dioscorea bulbifera). However, the levels of the anti-nutritional factors studied in bulbils flours from yam (Dioscorea bulbifera) in paricular tannins, oxalates and phytates pose no risk to consumers in light of food safety thresholds. This is why baking method should be recommended to consumers in order to produce good nutritional quality from yam (Dioscorea bulbiferar) cultivar «Dougou-won».
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