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Abstract
Yam (Dioscorea spp.), a member of the Dioscoreaceae family, is a tuber crop 
of high nutritional and agro-industrial value. The variety Dioscorea alata is 
widely cultivated in the Colombian Caribbean but faces challenges such as 
post-harvest losses and limited industrial application. This study aimed to 
evaluate the quality attributes of biscuits formulated with partial substitution 
of wheat flour by Dioscorea alata flour. Biscuits are widely consumed 
baked goods with long shelf life and are suitable vehicles for nutritional 
enhancement through flour substitution. Four formulations were developed 
with 0%, 20%, 30%, and 40% yam flour substitution levels. Physicochemical 
parameters, bromatological composition, microbiological quality, sensory 
attributes, and instrumental texture profile analysis (TPA) were assessed. 
The incorporation of yam flour increased fiber and carbohydrate content 
while reducing protein and ash levels, with carbohydrate content reaching 
81.52% in the 40% formulation. Moisture content decreased from 12.82% 
(control) to 10.21% (T3), whereas fat content increased from 1.41% to 
1.95%. Microbiological analysis confirmed compliance with NTC 1241 
standards, ensuring product safety. Sensory evaluation showed no 
significant differences (p > 0.05) among treatments, with acceptability 
scores between 5.41 and 5.74, indicating good consumer acceptance 
up to 40% substitution. The 30% substitution level showed the highest 
sensory preference. Texture analysis revealed the lowest hardness at 30% 
substitution (4862.07 N) and the highest at 40% (7589.12 N), suggesting 
that moderate substitution improves softness while higher levels increase 
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compactness. Overall, yam flour substitution up to 40% maintained desirable 
quality attributes without compromising texture, flavor, or safety; these 
findings support the use of Dioscorea alata flour as a functional ingredient 
in biscuit production, promoting the utilization of local crops and innovation 
in traditional bakery products.

Introduction
Yam (Dioscorea  spp.) ,  a member of  the 
Dioscoreaceae family, is a prominent tuber crop 
with over 600 cultivated species globally, primarily 
in regions such as Africa, Asia, and South America.1 
In Eastern countries, yam has traditionally been 
utilized not only as a dietary staple but also as an 
herbal remedy to promote health and well-being.2 
Nutritionally, yam represents a significant source of 
carbohydrates and, to a lesser extent, contributes 
proteins, vitamins, and minerals,3,4 making it 
particularly valuable in regions where it is a primary 
crop. As of 2021, global yam production reached 
75,142,630.14 metric tons, with Africa particularly 
Nigeria accounting for 97.8% of total output. The 
Americas contributed 1.4%, with Colombia being the 
leading producer in the region at 409,423.31 tons.5

Although numerous yam species flourish in the 
humid tropics, only approximately ten are typically 
consumed for food. The most economically important 
species are Dioscorea rotundata, Dioscorea alata, 
and Dioscorea cayenensis.6 This study focuses 
on Dioscorea alata, a species valued for its high 
carbohydrate content and presence of vital elements 
like starch, fiber, and vitamins.7,8 Furthermore, it is 
regarded as the most frequently cultivated yam 
species worldwide.9

Yam includes a wide range of nutritional and 
functional bioactive components and has significant 
potential for translation into value-added food 
products.10 However, various postharvest constraints 
continue to make Dioscorea alata's use difficult. 
Notably, losses during storage and transportation, 
which are frequently caused by insufficient traditional 
handling methods, have been associated to 
considerable decreases in both tuber quality and 
yield.11,12

Furthermore, the crop's agro-industrial potential 
is not being fully realized. Despite its beneficial 
characteristics, yam is underutilized as a raw 

material for food innovation and product diversity.13 In 
this perspective, yam flour appears to be a promising 
alternative for the food business. Its use not only 
extends the shelf life and commercial value of yam, 
but also enables its use as a functional ingredient in 
a variety of food formulations.7,14 The manufacturing 
of yam flour takes advantage of the tuber's functional 
characteristics, helping to ensure food security and 
economic stability.10  Additionally, yam flour is rapidly 
being investigated as a partial alternative for wheat 
flour in the creation of baked goods such as bread, 
biscuits, and muffins,15-21 with encouraging findings in 
terms of product quality and consumer acceptance.
In this regard, studies such as “Evaluation of Yam 
Flour as a Partial Substitute for Wheat Flour in Bread 
Making”22 found that yam flour improves certain 
functional properties (such as water absorption and 
solubility), although it may reduce loaf volume and 
cause surface cracking at high substitution levels. 
From a sensory perspective, its use was acceptable 
up to 30%, and nutritionally, it contributes minerals 
but is relatively low in protein content. Similarly, 
the study “Assessment of sensory properties of 
optimized wheat- white yam composite cookies 
using response surface methodology”23 examined 
how dough thickness and baking temperature 
influence biscuits made from a blend of wheat (90%) 
and white yam (10%) flours, enriched with moringa 
and uziza. Using a CCRD design and sensory 
evaluation with 30 panelists, the optimal formulation 
was identified as 4 mm thickness and 165 °C baking 
temperature, achieving high scores for appearance, 
flavor, aroma, and texture. Together, these studies 
emphasize the potential of yam flour as a functional 
and sustainable alternative to wheat flour in bakery 
products, while also highlighting the need for further 
research on different substitution levels, nutritional 
composition, and product shelf life.

Among bakery products, biscuits are particularly 
popular due to their affordability, ease of preparation, 
and longer shelf life compared to other baked 
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items.10 In addition to their convenience as snacks 
to combat short-term fatigue, biscuits can serve as 
carriers for functional ingredients. Functional biscuits 
may offer added health benefits, contributing to 
recommended nutrient intake, enhancing general 
wellness, and potentially reducing dependence on 
nutritional supplements.24 Though different types of 
biscuits have gained popularity in recent years such 
as those made with legume flours among others, 
25-27 their traditional formulation typically involves 
combining butter, sugar, eggs, and flour.18 Variations 
in ingredient proportions, as well as differences in 
processing technologies, significantly influence the 
texture, structure, and rheological properties of the 
final product.28 These characteristics play a crucial 
role in consumer perception and acceptance, as 
texture and mouthfeel are key determinants of 
biscuit quality.29 Due to their high consumption and 
low production cost, biscuits represent a strategic 
vehicle for delivering nutritionally enhanced foods to 
a wide population. Given this context, the objective 
of this study is to evaluate the quality attributes of 

filled biscuits formulated with partial substitution 
of wheat flour by yam flour (Dioscorea alata). The 
physicochemical, microbiological, sensory, and 
textural properties are characterized to determine 
the effects of substitution on composition, consumer 
acceptance, and structural integrity. Additionally, the 
study aims to assess to supporting the feasibility of 
using yam flour in bakery products.  

Materials and Methods
Experimental Design
A completely randomized experimental design 
was followed, in which the independent variable 
corresponded to the percentage of wheat flour 
substituted with Dioscorea alata flour used in 
the preparation of the biscuits. Based on the 
methodology reported by Zucco et al.30 with slight 
modifications, four treatments were obtained with 
the following wheat flour to yam flour (WF:YF) 
ratios: control (100:0), T1 (80:20), T2 (70:30), and 
T3 (60:40).

Table 1:  Composite flour formulations prepared from the mixture 
of wheat flour (WF) and Dioscorea alata (yam) flour (YF)

	 Control	 T1	 T2	 T3

WF(%)	 100	 80	 70	 60
YF(%)	 -	 20	 30	 40

Obtaining Yam Flour
To prepare the Dioscorea alata flour, the modified 
methodology established by Setyawan et al.31 was 
followed. Undamaged yams were selected, washed 

with water, peeled, and cut into 2 mm thick slices. 
The slices were then immersed in 1% citric acid 
for 10 minutes, followed by blanching at 50°C for 3 
minutes, and then immersed in water for 4 hours. 

Table 2:  Formulation of biscuit dough

Ingredients	                                            Samples

	 Control	 T1	 T2	 T3

Wheat flour	 500g	 400g	 350g	 300g
Yam flour	 0	 100g	 150g	 200g
Butter	 70g	 70g	 70g	 70g
Sugar	 250g	 250g	 250g	 250g
Water	 200ml	 200ml	 200ml	 200ml
Fresh yeast	 10g	 10g	 10g	 10g
Baking powder	 10g	 10g	 10g	 10g
Vanilla essence	 2.5ml	 2.5ml	 2.5ml	 2.5ml
Salt	 2.5g	 2.5g	 2.5g	 2.5g
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Finally, they were dried in a forced convection oven 
(Tornado, Colombia) at 70°C for 2 hours; once 
dehydrated, they were ground and sieved. Finally, 
the flour was packaged in airtight metallized bags.

Formulation and Preparation of Biscuits
The ingredients used in the biscuit formulation 
included wheat flour, flour Dioscorea alata, sugar, 
butter, water, fresh yeast, baking powder, vanilla 
essence, and salt. Four types of biscuits were 
prepared, each corresponding to a different level 
of wheat flour substitution with yam flour: Control 
(100% wheat flour), T1 (20% substitution), T2 
(30% substitution), and T3 (40% substitution). The 
specific formulation for each treatment is presented 
in Table 2.

The process began with the reception, inspection, 
and weighing of the raw materials. The dough was 
prepared in two stages: first, sugar, fresh yeast, and 
vanilla essence were dissolved in water, and then 
the sifted dry ingredients were added. After kneading 
until a uniform consistency was achieved, the dough 
was rolled out to a thickness of 2 cm, cut into circles, 
and fermented for 60 minutes. The biscuits were then 
baked at 160°C for 16-20 minutes, cooled to room 
temperature, filled with dulce de leche, and glazed 
with meringue made from egg whites, sugar, lemon, 
and vanilla. Finally, they were left to rest until the 
coating hardened, then packaged and stored under 
appropriate conditions.

Physicochemical Properties
The pH measurement was performed following 
the method described by Haase et al.32 with some 
modifications. 0.5 grams of ground biscuits were 
suspended in 20 milliliters of distilled water, mixed for 
3 minutes and rested for 1 hour. Subsequently, the 
pH of the supernatant was measured using a Hanna 
Instruments pH meter. The acidity was determined 
by titration with a 0.1N solution of NaOH and 1% 
phenolphthalein as indicator. The color parameters 
(CIE L* a* b*) of the biscuits were determined using 
a colorimeter (Konica Minolta, EE.UU.) L* defines 
lightness and values range from 0 (black) to 100 
(white), while a* and b* denote green (-a) to red 
(+a) and blue (-b) to yellow (+b) respectively. The 
whiteness (W) was calculated according to the 
following equation 1.

	 ...(1)
Proximate Analysis
For proximate analysis of the biscuits, AOAC 
standard analytical methods33 were followed for 
moisture content (925.09), total ash (923.03), 
crude protein (960.52), crude fat (920.85), crude 
fiber (993.21). Carbohydrates were calculated by 
difference according to equation 2.

Carbohydrates(%)= 100-(% protein+% fat+% 
humidity+% fiber+% ashes			   ...(2 )

Microbiological Characterization
The microbiological analysis was carried out in 
accordance with NTC 1241,34 which establishes the 
requirements that biscuits for human consumption 
must meet. In this way, the mesophilic aerobic 
bacteria count CFU/g, coliform plate count and 
Escherichia coli count, CFU/g, were determined, 
coagulase-positive Staphylococcus aureus count 
CFU/g, mold and yeast count, Bacillus cereus count, 
CFU/g and Salmonella.

Sensory Analysis
A sensory analysis was conducted with a panel 
of 70 untrained cookie consumers. Freshly baked 
biscuits were used for the evaluation of sensory 
attributes. Samples were served on white plates, 
each labeled with randomly assigned three-digit 
codes to eliminate bias. The order of presentation 
was randomized, and panelists were provided with 
drinking water to rinse their mouths between samples 
to minimize carryover effects. The evaluation was 
performed using a 7-point hedonic scale, where 1 
= "Dislike extremely", 2 = "Dislike very much", 3 = 
"Dislike slightly", 4 = "Neither like nor dislike", 5 = 
"Like slightly", 6 = "Like moderately", and 7 = "Like 
very much".35 The assessed attributes included 
appearance, color, aroma, taste, flavor, texture, 
and overall acceptability. Overall acceptability 
was calculated as the average of all the individual 
sensory parameters.36

Texture Profile Analysis (TPA)
According to the results of the sensory analysis, TPA 
was performed for the 4 treatments. According to 
Bourne37 and Correa38 to perform TPA, the samples 



1468CERVANTES-MAZA et al., Curr. Res. Nutr Food Sci Jour., Vol. 13(3) 1464-1479 (2025)

were subjected to two successive compressions with 
a rest interval between them. Taking into account the 
methodology reported by Kaur et al.39 The hardness 
of the prepared biscuits was measured using P/75 
aluminum probe; pretest speed 3 mm/s, test speed 
3 mm/s, posttest speed 3 mm/s; 25% deformation, 
load cell 50 kg-f. TATX plus Stable Microsystem 
texturometer equipment Approximate shape of 
specimens cylindrical: diameter range 58-64 mm 
and height range 18-29 mm. The value reported 
for each test parameter (hardness, adhesiveness, 
cohesiveness, gumminess, elasticity, resilience, 
chewiness) corresponds to measurements on four 
specimens belonging to the same class of samples 
(replicates).

Statistical Analysis
All experiments were carried out in triplicate, except 
for the texture profile analysis (TPA), which was 

conducted in quadruplicate. Data are presented 
as the mean ± standard deviation (SD). Statistical 
analysis was performed using IBM SPSS Statistics 
software (version 23 for Windows 11). An analysis 
of variance (ANOVA) followed by Tukey’s HSD test 
was applied to compare means, with the level of 
significance set at p < 0.05.

Results
Physicochemical Properties
The pH analysis showed a progressive and 
statistically significant decrease as the substitution 
level with diamond yam flour increased. Nevertheless, 
all treatments remained within values close to 
neutrality (pH 6.2–6.6), which are characteristic of 
baked products such as biscuits.

Table 3: pH, Acidity and color measurement in biscuits

Ingredients	                                                      Treatments

	 Control	 T1	 T2	 T3

pH	 7.0367±0.015a	 6.9100±0.020b	 6.5100±0.020c	 6.4467±0.015a

Acidity	 0.0427±0.018b	 0.0427±0.018b	 0.1280±0.000a	 0.1493±0.037a

L*	 67.6733±3.423a	 67.3067±1.44a	 65.8033±3.508a	 65.7400±1.681a

a*	 3.0200±1.671a	 4.2567±1.641a	 5.6767±2.685a	 6.1900±2.476a

b*	 29.5033±2.499a	 28.1267±2.192a	 28.400±2.966a	 27.4633±3.561a

%W	 56.0900±3.940a	 56.6467±2.669a	 55.1200±3.850a	 55.5500±2.758a

Values represent the averages of three replicates (mean ± SD). Means that are denoted by different 
letters between treatments indicate a significant difference at (P <0.05).

Proximate Analysis
The results indicate that the moisture content 
decreased progressively with the increase in the 
substitution level of yam flour. The control sample 
presented a moisture content of 12.82%, while T1 
and T2 showed values of 12.12% and 12.27%, 
respectively, with no significant differences. Similarly, 
the T3 sample experienced a significant reduction 
to 10.21%.

Ash content decreased progressively from 1.17% in 
the control to 0.61% in T3.

The results of the fat analysis in the biscuits showed 
significant variations among treatments (p < 0.05), 

with values ranging from 1.40% in the control sample 
to 1.95% in T3.

The protein content of the biscuits decreased 
considerably as the substitution percentage of wheat 
flour with yam flour increased, with values ranging 
from 7.14% in the control to 5.38% in T3.

The fiber content, as shown in Table 4, did not 
present statistically significant variations. However, 
treatment T2 recorded the highest value (0.45%).

Carbohydrate content increased progressively with 
higher levels of yam flour substitution, ranging from 
77.16% in the control sample to 81.52% in treatment 
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T3. This increase corresponds to the high starch 
content of yam flour.

Microbiological Characterization
Table 5 presents the microbiological analysis of 
the control, T1, T2, and T3 samples. All treatments 

complied with the requirements set forth by the 
NTC 1246 standard, thus ensuring the microbial 
safety and hygienic quality of the biscuits. Notably, 
replacing wheat flour with varying levels of diamond 
yam flour did not result in a statistically significant 
increase in microbial load.

Table 4:  Proximate composition of the biscuits

Components                                                        Treatments
(%)	  
	 Control	 T1	 T2	 T3

Moisture	 12.8191±0.191a	 12.1163±0.067b	 12.2733±0.237b	 10.2133±0.232c

Total ash	 1.1667±0.055a	 0.6867±0.006b	 0.6767±0.012bc	 0.6100±0.010c

Fat	 1.4089±0.040c	 2.1193±0.081a	 1.1611±0.068d	 1.9533±0.008b

Protein	 7.145±0.040a	 6.3340±0.128b	 6.0013±0.046c	 5.3892±0.160d

Fiber	 0.290±0.05a	 0.418±0.22a	 0.453±0.19a	 0.314±0.27a

Carbohydrates	 77.1697±0.210d	 78.3258±0.229c	 79.4346±0.286b	 81.5201±0.387a

Values represent the averages of three replicates (mean ± SD). Means that are denoted by different 
letters between treatments indicate a significant difference at (P <0.05).

Table 5: Microbiological analysis of the biscuits according to NTC 1241

Analysis                                                                                            Treatments
	  
	 Control	 T1	 T2	 T3	 NTC 1241

Mesophilic Aerobic Count (CFU/g)	 290	 260	 220	 200	 5000
Total Coliform Count (CFU/g)	 <10	 <10	 <10	 <10	 <10
Coagulase (+) Staphylococcus aureus	 <100	 <100	 <100	 <100	 <100
count (CFU/g)
Mold Count (CFU/g)	 <30	 <20	 <100	 <20	 <1000
Yeast count  (CFU/g)	 <70	 <30	 <30	 <10	 <1000
Detection of Salmonella spp (/25 g)	 Absence	 Absence	 Absence	 Absence	 Absence
Escherichia coli Count (CFU/g)	 <10	 <10	 <10	 <10	 < 10
Bacillus cereus Count (CFU/g)	 <100	 <100	 <100	 <100 U	 < 100

Control: 100% wheat flour biscuit, T1: biscuit with 20% substitution, T2: biscuit with 30% substitution, and 
T3: biscuit with 40% substitution.

Sensory Evaluation
According to the results obtained, the color 
parameter showed no significant variation among 
the samples. This behavior suggests that partial 
substitution does not significantly affect color 
perception at the evaluated levels. Similarly, no 
significant differences were observed in the odor 
attribute between treatments, indicating that 

substitution with yam flour up to 40% does not 
negatively affect this parameter, allowing the biscuits 
to retain their characteristic aroma.

Likewise, flavor appeared to remain constant 
regardless of the substitution level, which is positive 
in terms of consumer acceptance. In terms of 
texture, no statistically significant differences were 
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observed either, suggesting textural stability in the 
treatments evaluated with yam flour substitution. 
Finally, no significant differences were demonstrated 
in appearance and overall acceptability among 

the treatments, evidencing that the progressive 
substitution of wheat flour with yam flour did not 
substantially alter the sensory perception of the 
filled biscuits.

Table 6: Sensory analysis of the biscuits

Parameters                                   Treatments (Formulations of biscuits with yam flour)
	  
	 Control	 T1	 T2	 T3

Color	 5.586±1.245a	 5.429±1.223a	 5.586±1.070a	 5.314±1.246a

Aroma	 5.229±1.066a	 5.300±1.220a	 5.271±1.284a	 5.300±1.232a

Flavor	 5.414±1.222a	 5.414±1.324a	 5.514±1.126a	 5.514±1.380a

Texture	 5.386±1.289a	 5.586±1.161a	 5.471±1.188a	 5.229±1.395a

Overall appearance	 5.600±1.109a	 5.571±1.111a	 5.743±0.988a	 5.514±1.248a

Overall acceptability	 5.529±1.073a	 5.529±1.100a	 5.600±0.923a	 5.414±1.123a

Control: 100% wheat flour biscuit, T1: biscuit with 20% substitution, T2: biscuit with 30% substitution, and 
T3: biscuit with 40% substitution.

According to Figure 1, the sensory analysis showed 
no significant differences (p > 0.05) among the 
treatments for the attributes of color, aroma, flavor, 
texture, and overall acceptability. Hedonic scores 
ranged from 5.41 to 5.74 on a 7-point scale, 

indicating broad consumer acceptance even at 
substitution levels of up to 40%. The formulation 
with 40% yam flour substitution (T3) obtained slightly 
higher scores for appearance and flavor, supporting 
its sensory viability.

Fig.1: Sensory analysis of the biscuits

Texture Profile Analysis (TPA)
Table 7 summarizes the texture profile analysis of 
the four biscuit treatments with partial substitution of 
wheat flour by yam flour. With respect to hardness, it 
was observed that treatment T2 exhibited the lowest 

value (4862.07 N), indicating a lower force required 
to compress the biscuit and, consequently, a softer 
texture. In contrast, T3 recorded the highest value 
(7589.12 N), evidencing a more compact structure 
with greater resistance to deformation.
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Overall, the TPA showed that partial substitution 
of wheat flour with yam flour up to 40% does not 
significantly affect the hardness, adhesiveness, 
resilience, or chewiness of the biscuits, maintaining 
textural characteristics comparable to the control 
formulation.

Discussion
Physicochemical Properties
These results are consistent with findings reported 
by Afolabi et al. Mingle et al. and Adedeji.40-42 who 
documented pH values for yam flours ranging 
from 6.20 to 7.03, indicating low acidity. This pH 
range does not generate perceivable acidic flavors, 
which is favorable from a sensory and consumer 
acceptability standpoint.

In contrast, treatments T2 and T3 exhibited 
significantly higher titratable acidity compared to 
the control sample. However, the values remained 
low (<0.2%), well below the threshold generally 
associated with noticeable sourness. For context, 
fermented products such as bread, yogurt, or 
fermented beverages often exhibit titratable acidity 
levels ranging from 0.3% to 1.0% or higher, which 
are associated with clear sensory impacts.43,44 
This outcome is encouraging, as it suggests that 
Dioscorea alata flour can be effectively used as a 
functional ingredient in biscuits without negatively 
affecting their nutritional or sensory characteristics.45

No significant changes were observed in the color 
parameters with the progressive substitution of 
wheat flour by yam flour. The L* value showed a 

slight decreasing trend as the substitution level 
increased, ranging from 67.67 in the control sample 
to 65.74 in treatment T3; however, these differences 
were not statistically significant. These findings 
are consistent with those reported by Tamaroh 
and Sudrajat,46 who evaluated bread made with 
wheat flour partially substituted by purple yam flour 
(Dioscorea alata L.) at different baking temperatures 
and found no significant differences in color between 
treatments. Similarly, Dada et al.47 reported no 
significant differences in L* values when assessing 
biscuits made from blends of wheat flour, African 
yam bean (AYB), and tiger nut flours, with L* values 
of 57.23 (100% wheat flour), 59.52 (70% wheat 
flour + 25% AYB + 5% tiger nut flour), 58.93 (70% 
wheat flour + 20% AYB + 10% tiger nut flour), and 
56.90 (70% wheat flour + 15% AYB + 15% tiger nut 
flour). The a value showed a progressive increase 
among treatments, ranging from 3.02 in the control 
sample to 6.19 in T3, though these variations were 
not statistically significant—a trend also reported 
by Dada et al.47 Regarding the b value, a slight 
decrease was observed in T1 and T2 compared 
to the control (29.50), indicating a minor reduction 
in yellow hue; however, these differences were 
not statistically significant. Similarly, the whiteness 
index (%W) showed no significant variations with 
increasing yam flour substitution, with values ranging 
from 56.09 in the control to 55.55 in T3. Overall, 
these results indicate that the incorporation of yam 
flour did not perceptibly affect the color of the final 
product, maintaining an appearance comparable to 
the control formulation.

Table 7:  Texture Profile Analysis (TPA) of the biscuits

Parameters                                                               Treatments
	  
	 Control	 T1	 T2	 T3

Hardness (N)	 6618.52±958.65ab	 6134.90±1023.71ab	 4862.07±1181.79b	 7589.12±1614.99a

Adhesiveness (g/s)	 -0.38±0.19a	 -2.32±1.25a	 -12.88±11.29a	 -5.94±10.50a

Cohesiveness	 0.52±0.02a	 0.52±0.03a	 0.57±0.04a	 0.57±0.01a

Gumminess (N)	 3483.58±604.51ab	 3201.38±599.16ab	 2760.24±626.09b	 4340.82±810.76a

Elasticity	 0.67±0.07a	 0.63±0.06a	 0.73±0.05a	 0.71±0.02a

Resilience	 0.20±0.01b	 0.20±0.01b	 0.23±0.01ab	 0.24±0.01a

Chewiness (N)	 2331.42±472.49ab	 2026.78±478.81ab	 2006.56±487.97b	 3115.58±639.95a

Values represent the averages of four replicates (mean ± SD). Means that are denoted by different letters 
between treatments indicate a significant difference at (P <0.05).
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The behavior of the protein component is consistent 
with the findings of Amandikwa et al.54 who reported 
a similar trend when replacing wheat flour with 
flours from three different yam varieties (Dioscorea 
rotundata, Dioscorea alata, and Dioscorea bulbifera) 
in bread making, at substitution levels of 25%, 
50%, and 75%. A progressive decrease in bread 
protein content was observed as the proportion of 
yam flour increased; in the case of formulations 
with Dioscorea alata flour, the protein content was 
9.25%, 8.70%, 8.40%, and 7.70% for 100% wheat 
flour and substitution levels of 25%, 50%, and 75%, 
respectively. Studies such as those by Bensod et 
al. and Induar et al.55,56 also reported a decrease 
in protein content in biscuits and cakes made with 
Dioscorea bulbifera L. and Dioscorea bulbifera flour, 
respectively. In both cases, increasing substitution 
levels of wheat flour with yam flour led to progressive 
reductions in protein content, confirming the inverse 
relationship between substitution proportion and the 
protein contribution of the final product.

Proximate Analysis
This decrease in moisture may be explained by the 
lower water-holding capacity of yam flour compared 
to wheat flour, which has been reported in previous 
studies;45,48 that explored the use of yam flour as a 
functional ingredient in bakery applications. Similar 
trends were observed in studies,49,50 that evaluated 
the moisture content of biscuits produced from 
composite flours incorporating wheat, acha, and 
African yam flours; and wheat, African yam, and 
fermented cocoyam flours, with substitution levels 
ranging between 20% and 60%. The reduced 
moisture content observed in the T3 treatment may 
provide an advantage in terms of product stability 
and shelf life, since lower moisture levels tend to 
inhibit microbial growth and contribute to prolonged 
freshness.49

The ash content, which represents the mineral 
composition,51 decreased in the formulations with 
higher percentages of yam flour. The ash content 
in the control sample was 1.17%, while values of 
0.69%, 0.68%, and 0.61% were obtained for T1, 
T2, and T3, respectively. Similar findings were 
reported by Kundam et al.52 who evaluated the use 
of flour from five yam types for biscuit production, 
corresponding to two varieties: four belonging to 
white yam (Dioscorea rotundata) and one to water 
yam (Dioscorea alata). In two treatments with D. 

rotundata, a reduction in ash content was observed, 
with values of 1.29% for the Ogoja variety and 1.10% 
for Faketsa. In comparison, the treatment with wheat 
flour presented a value of 1.77%.

The observed increase in fat content at higher 
substitution levels could be associated with the 
intrinsic composition of yam flour, which contains 
lipids in variable proportions depending on the 
variety and the type of processing applied.

Comparable findings were reported by Nwosu.53 who 
evaluated biscuits prepared with wheat flour partially 
substituted with aerial yam (Dioscorea bulbifera) 
flour at substitution levels ranging from 10% to 100%. 
In their study, fat content increased from 24.33% at 
10% substitution to 33.92% at 30%, subsequently 
showing fluctuations at higher levels (28.20% at 
40%, 31.20% at 80%, 26.52% at 90%, and 27.62% 
at 100%). These results reinforce the notion that 
yam flour can alter the lipid profile of bakery products 
depending on its proportion in the formulation. 
In contrast, other studies have indicated that fat 
content tends to decrease as the proportion of root 
and tuber flours increases in bakery formulations. 
For instance, Banti et al.22 reported that replacing 
wheat flour with taro flour at levels between 7.5% 
and 30% resulted in significantly higher fat content in 
the 7.5% substitution treatment (4.25%), followed by 
the 30% substitution (3.53%), while the lowest value 
was recorded in the 100% wheat flour formulation 
(1.91%). The authors attributed these findings to the 
higher oil absorption capacity of taro flour compared 
to wheat flour.

The fiber content is consistent with the findings 
of Armando et al.57 who evaluated the effect of 
substituting wheat flour with purple yam tuber 
(Dioscorea alata L.) of a local variety flour in stick-
type biscuits, with substitution levels of 0%, 12.5%, 
25%, 37.5%, 50%, and 62.5%. In their study, the 
addition of purple yam flour increased the fiber 
content compared to the control sample (0.48%), 
with values of 0.57%, 0.76%, 0.92%, 0.67%, 
and 0.84% for the different substitution levels, 
respectively. On the other hand, Amandikwa et al.54 

studied the partial substitution of wheat flour with 
yam flour from three different varieties (Dioscorea 
alata, Dioscorea rotundata, and Dioscorea bulbifera) 
in bread, where the fiber content increased as the 
substitution level rose. The substitution levels were 
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0%, 25%, 50%, 75%, and 100%. In the case of 
Dioscorea alata, the results were as follows: 0.12, 
0.12, 0.13, 0.15, and 0.15. Despite the increase, no 
significant differences were observed between the 
evaluated treatments and the control sample.

The increase in carbohydrate content observed in 
the present study with higher levels of yam flour 
substitution is consistent with previously reported 
trends in composite flour systems. As the proportion 
of yam flour increased, the carbohydrate content of 
the biscuits also rose, reflecting the naturally high 
carbohydrate composition of Dioscorea species. 
Comparable findings have been documented by 
Tsegay et al.,⁵⁸ who reported carbohydrate contents 
ranging from 70.65% to 71.99% in composite 
flours formulated from yam and wheat. Similarly, 
Nwosu⁵³ observed that the carbohydrate content 
of baked products increased with higher levels 
of yam flour (Dioscorea abyssinica) substitution, 
reaching values between 75.57% and 77.07%. 
These consistencies reinforce the expectation that 
yam-based formulations tend to exhibit elevated 
carbohydrate levels relative to wheat-only products, 
thereby supporting the nutritional behavior observed 
in the present study.

Microbiological Characterization
All treatments complied with the microbiological 
limits established by the NTC 1241 standard. The 
absence of Salmonella spp., Escherichia coli, and 
Bacillus cereus confirmed that the partial substitution 
with yam flour did not compromise the product’s 
safety or hygiene during processing. These results 
align with those reported by Altamar et al.59 who 
prepared composite flours of wheat, yam, and 
cassava for cake production. Their study, conducted 
under NTC 1241 standards, determined that the 
resulting product was microbiologically acceptable 
for human consumption.

Sensory Evaluation
These results indicate that substitution of up to 40% 
wheat flour with yam flour is adequate and generally 
well perceived by consumers. These findings are 
consistent with previous studies such as that of 
Tamaroh and Sudrajat.46 where the addition of purple 
yam flour did not affect the preference level for the 
produced bread. In this way, the authors stated that 
purple yam flour (up to 30%) can be included in 
bread formulations made with wheat flour. Research 

such as that of Banti et al. and Orafa et al.22,60 also 
demonstrated the feasibility of producing acceptable 
biscuits using flours from five selected yam varieties, 
as well as biscuits with up to 25% substitution with 
yam and carrot flours, respectively.

According to the sensory evaluation graph, treatment 
T2 obtained the highest scores in several attributes, 
particularly in color, odor, overall appearance, and 
overall acceptability. Although the differences were 
not statistically significant, these results suggest 
that the 30% substitution of wheat flour with yam 
flour maintains and even enhances certain sensory 
aspects compared to the control sample and the 
other treatments. This is consistent with the findings 
reported by China et al.61 who indicated that bakery 
products made with blends of wheat flour and tuber 
or root flours can retain high sensory acceptance up 
to moderate substitution levels.

Texture Profile Analysis (TPA)
The texture analysis revealed variations in hardness 
among the treatments. The lowest value was 
recorded for T2 (4862.07 N), indicating a softer 
texture, whereas T3 (7589.12 N) exhibited greater 
firmness and compactness. The cohesiveness, 
springiness, and adhesiveness parameters showed 
no significant differences among samples. These 
results suggest that moderate substitution levels 
may enhance textural properties, while higher levels 
tend to increase product density. These results 
may be partially associated with the reduction in 
moisture observed in the treatments containing 
yam flour, which is attributed to its lower water-
holding capacity compared to wheat flour, as 
previously reported by Salazar and Marcano. and 
Cruz Chinguel et al.45,48 The decrease in hardness 
in partially substituted formulations could be related 
to the reduction in gluten content, resulting in a more 
fragile and less compact matrix. However, at higher 
substitution levels (T3), the excess starch content 
may promote greater compaction of the dough, 
significantly increasing hardness compared to T2. 
This behavior is consistent with the findings of Xie 
et al. and Adebowale et al.62,63 who indicate that the 
proportion of starches and proteins in flour blends 
directly influences the firmness of baked products.
In relation to adhesiveness, no statistically significant 
differences were observed; however, Table 6 shows 
that T2 presented a value of −12.88, suggesting that 
these biscuits were stickier. This behavior could be 
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related to the starch present in yam flour, which, 
upon gelatinization during baking, may produce 
dough with higher moisture and stickiness.64 This, in 
turn, could also explain the lower hardness observed 
in this treatment.

On the other hand, cohesiveness and springiness 
did not show significant differences. Cohesiveness 
measures the resistance of the internal structure 
to breaking down in this case; the biscuit,65 and 
the results indicate that the internal structure of 
the biscuits was not compromised by the partial 
substitution of yam flour. Similarly, for springiness, 
which represents the degree of structural breakdown 
of the biscuit,66 the absence of significant differences 
suggests that yam flour did not influence this 
parameter.

Regarding resilience and chewiness parameters, 
significant differences were observed. Resilience 
showed a statistically significant variation; however, 
the values obtained (0.20–0.24) indicate that the 
difference between treatments is not markedly 
relevant in practical terms, suggesting that the 
substitution levels for this parameter are suitable 
and do not negatively affect the texture of the biscuit. 
Finally, T3 recorded the highest chewiness value 
(3115.58 N), indicating that greater force is required 
for mastication. Nevertheless, it is worth noting 
that the statistical analysis did not show significant 
differences between the control and the treatments, 
making it possible to state that substitutions of up 
to 40% do not generate perceptible changes in this 
parameter.

the results confirm the potential of Dioscorea alata 
flour as a functional and sustainable ingredient for 
the bakery industry, capable of being incorporated 
without compromising the sensory or technological 
quality of the product.

Future research should focus on optimizing 
technological parameters such as dough rheology, 
as well as baking time and temperature, in order 
to improve textural uniformity. It would also be 
relevant to examine the impact of different yam 
varieties or pre-treatments on the physicochemical 
characteristics and shelf life of the final product.

Conclusion
This study evaluated the quality attributes of filled 
biscuits prepared with partial substitution of wheat 
flour by Dioscorea alata flour at levels of 0%, 20%, 
30%, and 40%. The incorporation of yam flour 
increased the carbohydrate content from 79.02% to 
81.52% and fat content from 1.41% to 1.95%, while 
reducing protein and ash levels, without affecting 
sensory acceptability (scores between 5.41 and 
5.74). The 30% substitution treatment showed 
the lowest hardness value (4862.07 N), indicating 
better softness; moreover, all treatments maintained 
quality and safety parameters consistent with the 
NTC 1241 standard. These findings provide new 
scientific evidence supporting the technological 
feasibility of incorporating Dioscorea alata flour in 
bakery formulations without negatively impacting 
texture or consumer perception, while promoting 
the valorization of local crops.

However, the variations observed in texture at 
higher substitution levels suggest the need for 
further research aimed at optimizing processing 
parameters and evaluating the influence of different 
yam varieties or pretreatments on dough rheology 
and final product quality. Future studies could also 
assess the functionality, nutritional profile, and 
storage stability of bakery products formulated with 
yam flour, to strengthen their industrial applicability 
and market acceptance.
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