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Three gluten-free breads were prepared from blends of barnyard, little, foxtail and pearl 

millet flours using Saccharomyces cerevisiae and evaluated for baking yield, loaf 

characteristics, sensory acceptability, crumb texture, colour, proximate composition, 

acidity, water activity and microbial stability during seven days of storage. Baking yield 

ranged from 83.64 to 84.99%, while specific volume ranged from 2.28 to 2.35 cm³/g, 

without significant differences among formulations. Formulation I (F I; barnyard and little 

millet) received the highest sensory scores for appearance, colour, aroma and taste. 

Formulation III (F III; little, foxtail and pearl millet) showed the highest texture score 

(8.07), the lowest measured crumb firmness (4575.39 g) and the highest springiness 

(53.85%). Overall acceptability was statistically comparable between F I (8.23) and F III 

(7.87). In the reported proximate analysis, F III had the highest ash (4.63%), protein 

(9.10%) and crude fibre (2.70%) contents and the lowest moisture content (50.40%); 

carbohydrate (29.94%) and calculated energy (185.26 kcal/100 g) were not significantly 

different among formulations. Coliforms, Escherichia coli and Enterobacteriaceae were not 

detected during storage. All breads met the reported microbiological criteria through Day 5 

at room temperature and Day 7 under refrigeration; F I exceeded the room-temperature 

plate-count limit on Day 7. Overall, F III showed a promising balance of nutrient 

composition, crumb softness and sensory acceptability, whereas F I remained the most 

preferred for appearance and flavour. 
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Introduction 
 

Wheat gluten is what gives ordinary bread its structure, 

so any loaf made without it has to find that structure 

somewhere else. Millets are an obvious place to look. 

They are small-seeded cereals that tolerate dry, low-input 

growing conditions and carry fibre, protein and a range 

of phenolic compounds (Saleh et al., 2013). Using them 

in gluten-free baking therefore serves two purposes at 

once: it widens the range of products available to people 

who avoid gluten, and it brings grains with a different 

nutritional make-up into the bakery shelf. 

 

The difficulty is that swapping flours is not enough. A 

batter without gluten has no continuous elastic network 

to hold the gas produced during fermentation, and the 

baker has to rely on starch, water and added binders to do 

the job. Gluten-free breads based on barnyard millet and 

on whole-grain pearl millet have already been reported 

(Chakraborty et al., 2016; de Aguiar et al., 2024). Mixing 

several millets might offset the weaknesses of any single 

grain, but whether a particular blend actually performs 

better has to be tested at the bench. 

 

Shelf life is the other practical worry, because a moist 

crumb is easy prey for moulds and bacteria. Organic 

acids made during fermentation can slow spoilage in 

some systems, most clearly in sourdoughs fermented by 

lactic acid bacteria (Corsetti et al., 1998; Hassan et al., 

2016; Oleinikova et al., 2025). Our breads were leavened 

with baker's yeast, not a lactic culture, so that protective 

effect cannot simply be assumed here. Calcium 

propionate was also part of every recipe and has to be 

kept in mind when storage results are read. 

 

This study compares three millet blends baked by one 

common procedure. We looked at yield and loaf shape, 

sensory scores, instrumental crumb properties, proximate 

composition, pH, acidity and water activity, and 

microbial counts during storage. The practical question 

was whether any one blend gives a workable balance 

between nutritional value and eating quality. 

 

Materials and Methods 

 

Study location and raw materials 
 

This study was based at the Centre for Ayurvedic 

Translational Research, School of Studies in 

Biochemistry, Jiwaji University, Gwalior, India. Bread 

production, physical measurements and microbiological 

tests were done at Tropolite Foods Pvt. Ltd., Gwalior, 

and sensory sessions were held at both places. Barnyard 

millet (Echinochloa frumentacea), little millet (Panicum 

sumatrense), foxtail millet (Setaria italica) and pearl 

millet (Pennisetum glaucum) were bought locally in 

Gwalior district. The grains were cleaned by hand, 

washed, shade-dried, ground in a laboratory mixer-

grinder and sieved through a 35-mesh sieve. The flour 

was stored airtight at ambient temperature until use. 

 

Yeast culture 
 

Saccharomyces cerevisiae was grown for 48 h at 37 °C 

(100 rpm) in yeast peptone dextrose broth, inoculated at 

1:100 (v/v). The cells were collected by centrifugation 

(4000 rpm, 15 min, 4 °C) and used as the yeast pellet for 

baking, or held at 4 °C until needed. 

 

Formulation and bread making 
 

The three breads differed only in their millet blend. Each 

batch contained 214 g millet flour, 14 g psyllium husk 

(pre-hydrated, as the gluten substitute), 7.4 g sugar, 10 g 

wet yeast, 3 g salt, 20 mL vegetable oil, 1 g calcium 

propionate and 360 mL water. 

 

The ingredients were mixed in a planetary mixer (120 

rpm) into a thick batter, which was fermented for about 

60 min at 32 °C, degassed, moulded and proofed for 

about 30 min at 30 °C.  

 

Baking took 60 min at 195 °C (top) and 215 °C (bottom). 

Loaves were cooled for 120 min at about 25 °C, sliced to 

1.5 cm and sealed in LDPE pouches. 

 

Physical characteristics and colour 
 

After 2 h of cooling, loaf weight, dimensions and volume 

were measured in triplicate; volume was taken by 

rapeseed displacement (AACC International, 1999). 

Specific volume was loaf volume (cm3) divided by loaf 

weight (g).  

 

Yield was the cooled loaf weight as a percentage of the 

batter weight (Wbread ÷ Wbatter × 100), i.e. 100 minus 

baking loss. Crust and crumb colour were read with a 

Konica Minolta Chroma Meter in the CIE L, a, b* 

system (D65, 2° observer), and a whiteness index was 

calculated from the three readings. 
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Sensory evaluation and texture 
 

Thirty semi-trained assessors (healthy adult volunteers, 

students and staff members) took part in the sensory 

evaluation. The purpose of the study was explained to all 

participants, and informed consent was obtained from 

each of them before participation.  

 

The assessors rated coded 1.5 cm slices for appearance, 

colour, aroma, taste, texture and overall acceptability on 

a nine-point hedonic scale. Texture profile analysis was 

run on 20 mm crumb cubes in a TA.XT Plus analyser 

(P/36 probe, double compression, 40% strain), giving 

firmness, springiness and hardness. 

 

Chemical and microbiological analysis 
 

Moisture, ash, fat, crude fibre and protein (Kjeldahl, N × 

6.25) were determined by AOAC methods (AOAC 

International, 2019). Available carbohydrate (%) was 

calculated for each replicate as 100 − [moisture (%) + ash 
(%) + fat (%) + protein (%) + crude fibre (%)].  

 

Energy (kcal/100 g) was estimated for each replicate 

using Atwater factors: 4 × protein (g) + 9 × fat (g) + 4 × 

available carbohydrate (g).  

 

Group means and sample standard deviations were 

calculated from the three replicate-level results. pH was 

measured in a 1:10 bread suspension, titratable acidity by 

titration with 0.1 N NaOH (as % lactic acid), and water 

activity with an AquaLab meter at 25 °C. 

 

Total plate count (TPC), yeast and mould count (YMC), 

coliforms, Enterobacteriaceae and presumptive E. coli 

were determined by standard plating methods (FSSAI, 

2024) and expressed as CFU/g.  

 

Packed breads were tested on Days 0, 3, 5 and 7 at room 

temperature and at 4 °C, against limits of TPC < 1000 

CFU/g, YMC < 100 CFU/g and absence of the indicator 

organisms. 

 

Statistical analysis 
 

Data are given as mean ± SEM or mean ± SD, as stated 

under each table. Formulations were compared by one-

way ANOVA with Tukey's HSD, sensory scores by 

repeated-measures ANOVA with Tukey's HSD, and 

crumb against crust colour by paired t-test (p < 0.05). 

Results and Discussion 

 

Yield and loaf characteristics 
 

Yield was 84.99 ± 0.48% for F I, 83.64 ± 0.57% for F II 

and 84.07 ± 0.65% for F III. F I kept slightly more of its 

batter mass and F II slightly less, but the whole spread is 

only 1.35 percentage points, so the three blends lost a 

similar share of weight in the oven. 

 

F I gave the heaviest loaves, while F III gave the largest 

volume and the highest specific volume (2.35 cm3/g, 

against 2.28 and 2.30 cm3/g for F I and F II; Table 2). 

Height and breadth were practically identical, and no 

physical measurement differed significantly, so F III's 

better expansion is a trend and nothing more. 

 

Gas retention in a gluten-free batter depends on how 

starch, hydrocolloid and water interact. All three recipes 

shared the same psyllium level, hydration and baking 

schedule, which probably explains why their specific 

volumes sit so close together. Work on whole-grain pearl 

millet gluten-free bread gives useful background (Silva et 

al., 2026), but recipes and processing differ between 

studies, so a direct numerical comparison would not be 

fair. 

 

Sensory evaluation 
 

Scores differed among the breads for every attribute 

(Table 3). F I was rated highest for appearance, colour, 

aroma and taste, whereas F III was rated highest for 

texture (8.07). F II was the least liked overall (6.93). F I 

(8.23) and F III (7.87) shared the same letter group for 

overall acceptability, so the gap between them is not 

significant. 

 

Panellists seemed to judge first impression (look, colour, 

smell, flavour) and mouthfeel separately: F I was more 

favourably received for several first-impression 

attributes, whereas the texture rating favoured F III. 

Since the two breads were equally acceptable overall, 

neither is the clear favourite; the data show two different 

strengths that can be weighed against the nutritional 

results. 

 

Texture and colour 
 

Crumb firmness was 6341.05 g for F I, 5952.81 g for F II 

and 4575.39 g for F III. Springiness barely moved (53.37 
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to 53.85%) and hardness stayed between 6.28 and 6.38 

kg. F III was therefore the softest crumb, which fits with 

its top texture score from the panel. Each texture value is 

a single measurement, so no significance test could be 

run and the differences are descriptive only. Blend 

composition may change batter hydration and crumb 

structure, but that was not measured here. 

 

F I was the lightest bread (crumb L 56.83, crust L 49.03), 

and F III the darkest (51.33 and 42.50). In all three 

breads the crust was redder and yellower than the crumb, 

and crumb and crust differed significantly, while the 

formulations did not differ from each other. Oven 

browning and the colour of the grains themselves are 

plausible reasons for the darker crust, though pigments 

were not measured. F III, the darkest bread, was still 

scored well for overall acceptability. 

 

Proximate composition 
 

Composition separated the breads more clearly than the 

physical tests (Table 4). F III contained the most ash 

(4.63%), protein (9.10%) and crude fibre (2.70%) and the 

least moisture (50.40%). Fat, available carbohydrate and 

estimated energy did not differ significantly among 

formulations (one-way ANOVA; p > 0.05). Mean 

available carbohydrate ranged from 29.84 to 31.12%, 

while mean energy ranged from 185.26 to 193.88 

kcal/100 g. F III had significantly greater ash and crude 

fibre than both other formulations, and greater protein 

than F II (Tukey’s HSD, p < 0.05). 

 

The gap was widest for protein and fibre when F III is set 

against F II. F III also had the largest foxtail millet share, 

which may have contributed, but the individual flours 

were not analysed, so this remains a possibility and not a 

finding. Crude fibre is not total dietary fibre, and ash is 

only a rough index of minerals. Whole-grain millet flours 

are generally expected to give a different nutrient profile 

from refined starch-based gluten-free recipes (Silva et 

al., 2026). Within our data F III looks promising because 

its nutrient values improved without a measurable fall in 

overall acceptability against F I.  

 

Acidity and water activity 
 

Mean pH was 6.26 (F I), 6.19 (F II) and 6.10 (F III), 

while titratable acidity rose from 0.10% to 0.30% and 

0.50% in the same order. Water activity was almost 

identical, between 0.989 and 0.992, so the blend had little 

effect on the water available in the crumb. pH changed 

only slightly while acidity rose five-fold, which is 

expected in a buffered cereal matrix, where pH says little 

about the total acid present. 

 

Microbiological quality and storage 
 

Till Day 5 no growth was detected in any bread under 

either storage condition, and coliforms, E. coli and 

Enterobacteriaceae were absent at every sampling point. 

Differences appeared only on Day 7 at room temperature 

(Table 5). F I had spoiled, with a plate count too 

numerous to count (TNTC). F II (TPC 5.5 × 102 CFU/g) 

stayed within the limits, and F III (8.0 × 102 CFU/g) was 

inside the limit but close to it, with no yeasts or moulds 

detected. Under refrigeration all three breads were 

acceptable on Day 7; the only growth was a yeast and 

mould count of 1.0 × 101 CFU/g in F III. 

 

By these results the breads stayed acceptable for at least 

5 days at room temperature, and for the full 7 days when 

chilled. F I, the least acidic of the three, was the one that 

spoiled first at room temperature, which hints at a link 

between blend and resistance to spoilage.  

 

A firm shelf-life claim would also need to consider 

packaging, storage temperature, detection limits, sensory 

spoilage and the calcium propionate. These statements 

apply to the sampling and detection limits of this study 

and are not proof of sterility. 

 

In conclusion, three fermented gluten-free millet breads 

were successfully evaluated across nutritional, physical, 

textural, sensory, physicochemical and microbiological 

characteristics. FIII, prepared from little, foxtail and pearl 

millet, exhibited the highest measured protein, crude 

fibre and ash levels, the lowest single-measurement 

firmness and the highest numerical specific volume. Its 

sensory texture score was highest and its overall 

acceptability did not differ significantly from FI 

according to the reported post-hoc comparison. FI 

nevertheless remained the top-scoring formulation for 

overall sensory liking.  

 

Storage results supported refrigerated holding through 

seven days under the study conditions, while all 

formulations met the reported criteria through five days 

at room temperature. FIII is therefore a promising 

candidate for further optimisation, particularly for 

nutrient-oriented gluten-free bread, subject to 

independent replication, statistical verification and more 

detailed nutritional and shelf-life assessment. 
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Table.1 Millet bread Formulations 

 

 

Table.2 Loaf weight, volume and specific volume (mean ± SEM, n = 3) 

 

Parameter F I F II F III Sig. 

Loaf weight (g) 529.07 ± 7.87 521.33 ± 9.02 515.93 ± 10.34 NS 

Loaf volume (cm3) 1203.33 ± 31.80 1195.33 ± 21.84 1212.00 ± 31.24 NS 

Specific volume (cm3/g) 2.28 ± 0.09 2.30 ± 0.08 2.35 ± 0.10 NS 

NS, not significant (p > 0.05; one-way ANOVA). 

 

Table.3 Sensory scores of millet breads (mean ± SD, n = 30) 

 
Attribute F I F II F III 

Appearance 8.30 ± 0.92a 7.27 ± 1.11b 7.60 ± 0.77b 

Colour 8.27 ± 0.83a 7.23 ± 0.90b 7.27 ± 0.98b 

Aroma 8.17 ± 0.87a 6.93 ± 1.28b 7.57 ± 1.01ab 

Taste 8.27 ± 0.74a 6.90 ± 0.96b 7.50 ± 1.20b 

Texture 7.73 ± 1.05ab 7.20 ± 1.13b 8.07 ± 1.01a 

Overall acceptability 8.23 ± 0.90a 6.93 ± 1.17b 7.87 ± 1.07a 

Different letters in a row indicate significant differences (repeated-measures ANOVA, Tukey's HSD, p < 0.05). 

 

Table.4 Proximate composition of millet breads (per 100 g, mean ± SD, n = 3) 

 
Parameter F I F II F III p-value 

Moisture (%) 51.37 ± 0.59ab 53.04 ± 0.79a 50.40 ± 0.82b 0.013* 

Ash (%) 3.22 ± 0.11b 3.00 ± 0.16b 4.63 ± 0.07a <0.001*** 

Fat (%) 3.97 ± 0.16a 3.87 ± 0.31a 3.24 ± 0.60a NS 

Protein (%) 8.43 ± 0.13ab 8.15 ± 0.28b 9.10 ± 0.47a 0.030* 

Crude fibre (%) 1.90 ± 0.15b 2.10 ± 0.18b 2.70 ± 0.20a 0.004** 

Carbohydrate (%) 31.12 ± 0.87a 29.84 ± 0.57a 29.94 ± 0.47a 0.099 (NS) 

Energy (kcal/100 g) 193.88 ± 2.69a 186.81 ± 4.23a 185.26 ± 4.97a 0.086 (NS) 

Values are expressed as Mean ± SD (n = 3). One-Way ANOVA followed by Tukey’s HSD test was applied. Means sharing common 

superscript letters within a row are not significantly different. * p<0.05; ** p<0.01; *** p<0.001; NS p>0.05. Available 

carbohydrate and energy were calculated for each replicate before statistical analysis 

 

Table.5 Microbial counts of millet breads on Day 7 of storage (CFU/g) 

 

Storage Test F I F II F III Limit 

Room temperature TPC TNTC 5.5 × 102 8.0 × 102 < 1000 

Room temperature YMC 5.0 × 101 2.0 × 101 ND < 100 

4 °C TPC ND ND ND < 1000 

4 °C YMC ND ND 1.0 × 101 < 100 

ND, not detected; TNTC, too numerous to count. Days 0 to 5 (both conditions) were ND for all samples, and E. coli, 

Enterobacteriaceae and coliforms were ND throughout. 

Sr. No. Formulation I (F I) Formulation II (F II) Formulation III (F III) 

1 Barnyard millet  Barnyard millet  Little millet  

2 Little millet  Foxtail millet  Foxtail millet  

3  Pearl millet  Pearl millet  
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Figure.1 Fermented Millet Bread Formulations FI, FII and FIII. 
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Standardized preparation and processing of fermented millet

bread formulations

Step 1

Batter before fermentation

(FI • FII • FIII)

➜

Step 2

After 1st

proofing

➜

Step 3

Before 2nd

proofing

➜

Step 4

After 2nd

proofing

↓

Step 8

Formulation II (FII)

←

Step 7

Formulation I (FI)

←

Step 6

Cooling

←

Step 5

Baked loaves

↓

Step 9

Formulation III (FIII)

➜

Step 10

FI – packed bread

➜

Step 11

FII – packed bread

➜

Step 12

FIII – packed bread
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