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Supplementary Table S1. Structured 7-point sensory rating scale and descriptors used for the sensory evaluation of gluten-free bread samples.

	Parameter
	1 
(Very negative)
	2 (Negative)
	3 (Sufficient)
	4 (Acceptable)
	5 (Good)
	6 (Very good)
	7 (Excellent)

	Colour and uniformity of the crust
	Too light or too dark, uneven
	Not very uniform, presence of stains
	Acceptable colour but slightly irregular
	Normal, uniform but not perfect
	Good colour, well distributed
	Very good, uniform appearance
	Uniform, golden in colour and attractive

	Colour of the crumb
	Too pale or greyish
	Clear but not very appetizing
	Uneven colour, slightly dull
	Normal but can be improved
	Good, natural colour
	Very good, uniform and pleasant
	Homogeneous, natural and attractive

	Uniformity and distribution of alveoli
	Compact crumb, without alveoli
	With presence of alveoli but very irregular
	Uneven alveolation, with some voids
	Acceptable distribution
	Good distribution, pleasant appearance
	Excellent distribution, homogeneous alveolation
	Perfect, uniform and well-balanced alveolation

	Taste and flavour
	Unpleasant, strange aftertaste
	Not very pleasant, slightly artificial
	Weak, undefined flavour
	Neither good nor bad, slightly flat
	Good, fairly balanced flavour
	Very good, well-balanced taste
	Very pleasant, balanced, perfect flavour

	Total acceptability
	I wouldn't eat it again
	I didn't like it, but it's not inedible
	Passable, but with obvious flaws
	Not exceptional, but acceptable
	Good, I would gladly eat it
	Excellent, I would buy it again
	Perfect, I would prefer it to other breads






Supplementary Table S2. Sensory evaluation form used by panellists for the assessment of gluten-free bread samples.
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Supplementary Table S3. Water activity (aw) of gluten-free breads during 14 days of storage.
	(A) Water activity (mean ± SD)

	Storage time (days)
	C
	CC
	MA-100
	MA-200
	MA-300

	1
	0.902 ± 0.006
	0.895 ± 0.001
	0.890 ± 0.009
	0.889 ± 0.003
	0.889 ± 0.002

	3
	0.899 ± 0.008
	0.896 ± 0.004
	0.891 ± 0.003
	0.884 ± 0.007
	0.883 ± 0.003

	7
	0.892 ± 0.005
	0.887 ± 0.013
	0.884 ± 0.003
	0.880 ± 0.008
	0.877 ± 0.003

	10
	0.888 ± 0.001
	0.882 ± 0.008
	0.879 ± 0.003
	0.874 ± 0.002
	0.871 ± 0.001

	14
	0.879 ± 0.004
	0.879 ± 0.004
	0.874 ± 0.002
	0.864 ± 0.002
	0.863 ± 0.002

	(B) Two-way ANOVA

	Effect
	DF
	F value
	p value

	Formulation
	4
	23.346
	<0.001

	Storage time
	4
	42.937
	<0.001

	Interaction
	16
	0.443
	0.962

	(C) Planned pairwise comparisons

	Storage time (days)
	
C vs CC
	CC vs MA-100
	CC vs MA-200
	CC vs MA-300
	MA-100 vs MA2100
	MA-100 vs MA-300
	MA-200 vs MA-300

	1
	0.818
	0.943
	0.943
	0.943
	1.000
	1.000
	1.000

	3
	0.952
	0.808
	0.055
	0.027
	0.467
	0.306
	0.952

	7
	0.830
	1.000
	0.600
	0.143
	1.000
	0.600
	1.000

	10
	0.467
	0.914
	0.434
	0.096
	0.914
	0.434
	0.914

	14
	1.000
	0.711
	0.005
	0.003
	0.082
	0.069
	1.000


(A) Water activity values are expressed as mean ± SD (n = 3) for each formulation at each storage time. 
Mean ± SD (n = 3) for each formulation at each storage time. (B) Summary of the two-way ANOVA assessing the effects of formulation, storage time and their interaction. (C) Planned pairwise comparisons based on estimated marginal means with Holm correction. 

















Supplementary Table S4. Moisture content of gluten-free breads during 14 days of storage.

	(A) Moisture content (mean ± SD)

	Storage time (days)
	C
	CC
	MA-100
	MA-200
	MA-300

	1
	34.55 ± 1.10
	34.25 ± 0.81
	34.31 ± 1.07
	34.01 ± 1.41
	33.78 ± 0.93

	7
	34.58 ± 0.55
	33.91 ± 1.10
	32.54 ± 1.14
	33.89 ± 0.80
	33.16 ± 0.89

	14
	33.63 ± 0.26
	33.88 ± 0.95
	33.26 ± 1.10
	32.92 ± 0.06
	32.70 ± 0.27

	(B) Two-way ANOVA

	Effect
	DF
	F value
	p value

	Formulation
	4
	2.07
	0.110

	Storage time
	2
	3.772
	0.035

	Interaction
	8
	0.674
	0.710

	(C) Planned pairwise comparisons

	Storage time (days)
	
C vs CC
	CC vs MA-100
	CC vs MA-200
	CC vs MA-300
	MA-100 vs MA2100
	MA-100 vs MA-300
	MA-200 vs MA-300

	1
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000

	7
	1.000
	0.522
	1.000
	1.000
	0.522
	1.000
	1.000

	14
	1.000
	1.000
	1.000
	0.864
	1.000
	1.000
	1.000



(A) Moisture content values are expressed as mean ± SD (n = 3) for each formulation at each storage time. (B) Summary of the two-way ANOVA evaluating the effects of formulation, storage time, and their interaction. (C) Planned pairwise comparisons based on estimated marginal means with Holm adjustment for multiple comparisons. 



Supplementary Table S5. Initial pH values of gluten-free breads.
	(A) pH (mean ± SD)

	C
	CC
	MA-100
	MA-200
	MA-300

	5.67 ± 0.14
	5.66 ± 0.07
	5.58 ± 0.07
	5.61 ± 0.06
	5.66 ± 0.32

	(B) One-way ANOVA

	Effect
	DF
	F value
	p value

	Formulation
	4
	0.67
	0.616

	(C) Planned pairwise comparisons

	C vs CC
	CC vs MA-100
	CC vs MA-200
	CC vs MA-300
	MA-100 vs MA-200
	MA-100 vs MA-300
	MA-200 vs MA-300

	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000



pH values are expressed as mean ± SD (n = 10) for each formulation. (B) Results of the one-way ANOVA evaluating the effect of formulation on pH. (C) Planned pairwise comparisons based on estimated marginal means with Colour is a key quality attribute influencing consumer acceptance of gluten-free breads. Table 3 summarizes the crust and crumb colour parameters together with the overall ANOVA and planned pairwise comparisons evaluating the effects of preservative addition and maltogenic amylase supplementation.












Supplementary Table S6. Hardness (kgF) of gluten-free breads measured at the crumb centre and crumb edge during storage after outlier screening. 

	Crumb region
	Formulation
	n
	Day 1
	n
	Day 7
	n
	Day 14

	

Crumb centre
	C
	11
	0.308 ± 0.044
	12
	0.964 ± 0.155
	12
	1.744 ± 0.378

	
	CC
	11
	0.308 ± 0.044
	12
	0.964 ± 0.155
	11
	1.142 ± 0.090

	
	MA-100
	12
	0.259 ± 0.036
	12
	0.424 ± 0.076
	12
	0.460 ± 0.109

	
	MA-200
	12
	0.409 ± 0.069
	12
	0.544 ± 0.128
	11
	0.593 ± 0.119

	
	MA-300
	12
	0.315 ± 0.035
	10
	0.472 ± 0.057
	12
	0.606 ± 0.232

	

Crumb edge
	C
	12
	0.588 ± 0.134
	12
	1.542 ± 0.182
	12
	2.918 ± 0.461

	
	CC
	12
	0.588 ± 0.134
	12
	1.542 ± 0.182
	12
	1.758 ± 0.177

	
	MA-100
	12
	0.447 ± 0.054
	12
	0.695 ± 0.086
	10
	0.686 ± 0.061

	
	MA-200
	12
	0.727 ± 0.131
	11
	0.950 ± 0.050
	11
	1.101 ± 0.080

	
	MA-300
	12
	0.515 ± 0.086
	12
	0.531 ± 0.104
	12
	0.901 ± 0.157



Values are expressed as mean ± SD. The number of retained observations (n) is reported for each formulation after applying the 1.5 × IQR criterion within each formulation × storage time × crumb region combination.



Supplementary Table S7. Results of the three-way aligned rank transform (ART) ANOVA for bread hardness.

	Source of variation
	DF
	F value
	p value
	Partial η²

	Formulation
	4
	415.97
	<0.001
	0.839

	Storage time
	2
	761.709
	<0.001
	0.826

	Crumb region
	1
	602.955
	<0.001
	0.653

	Formulation × Storage time
	8
	147.585
	<0.001
	0.787

	Formulation × Crumb region
	4
	36.581
	<0.001
	0.314

	Storage time × Crumb region
	2
	52.166
	<0.001
	0.246

	Formulation × Storage time × Crumb region
	8
	9.506
	<0.001
	0.192



Results of the three-way aligned rank transform (ART) ANOVA evaluating the effects of formulation, storage time, crumb region, and their interactions on bread hardness. F values, p values, and partial η² are reported for each main effect and interaction. Partial η² was calculated as a measure of effect size.
















Supplementary Table S8. Planned pairwise comparisons for bread hardness following the aligned rank transform (ART) ANOVA.
	Crumb centre

	Storage time
	Planned comparison
	Holm-adjusted p-value
	Significance

	Day 1

	C vs CC
	1.000
	ns

	
	CC vs MA-100
	0.017
	*

	
	CC vs MA-200
	<0.001
	***

	
	CC vs MA-300
	1.000
	ns

	
	MA-100 vs MA-200
	<0.001
	***

	
	MA-100 vs MA-300
	0.004
	**

	
	MA-200 vs MA-300
	0.002
	**

	Day 7

	C vs CC
	1.000
	ns

	
	CC vs MA-100
	<0.001
	***

	
	CC vs MA-200
	<0.001
	***

	
	CC vs MA-300
	<0.001
	***

	
	MA-100 vs MA-200
	0.017
	*

	
	MA-100 vs MA-300
	0.302
	ns

	
	MA-200 vs MA-300
	0.491
	ns

	Day 14

	C vs CC
	0.004
	**

	
	CC vs MA-100
	<0.001
	***

	
	CC vs MA-200
	<0.001
	***

	
	CC vs MA-300
	<0.001
	***

	
	MA-100 vs MA-200
	0.011
	*

	
	MA-100 vs MA-300
	0.072
	ns

	
	MA-200 vs MA-300
	0.347
	ns

	Crumb edge

	Storage time
	Planned comparison
	Holm-adjusted p-value
	Significance

	Day 1

	C vs CC
	1.000
	ns

	
	CC vs MA-100
	0.005
	**

	
	CC vs MA-200
	0.041
	*

	
	CC vs MA-300
	0.384
	ns

	
	MA-100 vs MA-200
	<0.001
	***

	
	MA-100 vs MA-300
	0.104
	ns

	
	MA-200 vs MA-300
	0.001
	**

	Day 7

	C vs CC
	1.000
	ns

	
	CC vs MA-100
	<0.001
	***

	
	CC vs MA-200
	<0.001
	***

	
	CC vs MA-300
	<0.001
	***

	
	MA-100 vs MA-200
	<0.001
	***

	
	MA-100 vs MA-300
	<0.001
	***

	
	MA-200 vs MA-300
	<0.001
	***

	Day 14

	C vs CC
	<0.001
	***

	
	CC vs MA-100
	<0.001
	***

	
	CC vs MA-200
	<0.001
	***

	
	CC vs MA-300
	<0.001
	***

	
	MA-100 vs MA-200
	<0.001
	***

	
	MA-100 vs MA-300
	<0.001
	***

	
	MA-200 vs MA-300
	<0.001
	***



Results of the planned pairwise comparisons following ART ANOVA. p-values were adjusted using the Holm method. Statistical significance was considered at p < 0.05.
Supplementary Table S9. Descriptive statistics of sensory attributes of GF bread formulations during storage

	Attribute
	Formulation
	Day 1
	Day 7
	Day 14

	Cell uniformity & distribution
	
	
	
	

	
	C
	4.20 ± 0.92
	3.70 ± 0.67
	-

	
	CC
	4.10 ± 1.45
	3.70 ± 1.57
	4.50 ± 0.53

	
	MA-100
	4.20 ± 1.14
	4.50 ± 1.18
	4.50 ± 0.71

	
	MA-200
	4.60 ± 1.17
	4.00 ± 1.15
	3.60 ± 1.26

	
	MA-300
	4.00 ± 1.41
	3.70 ± 1.49
	3.50 ± 1.35

	Overall taste & flavour
	
	
	
	

	
	C
	4.30 ± 1.16
	3.20 ± 1.69
	-

	
	CC
	4.60 ± 1.17
	3.80 ± 1.32
	3.60 ± 1.07

	
	MA-100
	4.10 ± 0.74
	4.60 ± 1.43
	5.00 ± 0.67

	
	MA-200
	4.30 ± 0.48
	3.60 ± 1.35
	4.20 ± 1.03

	
	MA-300
	4.40 ± 1.17
	5.20 ± 1.23
	4.20 ± 1.03

	Overall acceptability
	
	
	
	

	
	C
	4.20 ± 1.03
	3.00 ± 1.41
	-

	
	CC
	4.10 ± 1.29
	3.90 ± 0.99
	3.60 ± 1.26

	
	MA-100
	3.90 ± 0.57
	4.60 ± 1.07
	4.80 ± 0.63

	
	MA-200
	4.60 ± 0.70
	3.70 ± 0.95
	4.10 ± 0.32

	
	MA-300
	4.30 ± 1.57
	4.60 ± 1.07
	3.80 ± 1.03

	Crust colour & uniformity
	
	
	
	

	
	C
	4.00 ± 0.94
	3.50 ± 0.97
	4.30 ± 1.16

	
	CC
	4.80 ± 1.40
	3.90 ± 1.20
	4.50 ± 1.08

	
	MA-100
	3.00 ± 1.05
	4.60 ± 0.97
	3.90 ± 0.88

	
	MA-200
	4.60 ± 1.35
	3.80 ± 0.63
	2.40 ± 1.07

	
	MA-300
	4.90 ± 1.37
	4.60 ± 1.07
	4.30 ± 1.16

	Crumb colour
	
	
	
	

	
	C
	4.00 ± 1.25
	3.90 ± 0.88
	-

	
	CC
	4.60 ± 1.43
	4.70 ± 0.95
	4.30 ± 1.42

	
	MA-100
	3.90 ± 0.99
	4.70 ± 0.82
	4.70 ± 1.06

	
	MA-200
	4.40 ± 1.43
	4.10 ± 0.99
	4.70 ± 0.67

	
	MA-300
	4.70 ± 1.06
	4.90 ± 0.88
	3.40 ± 1.26



Sensory scores are expressed as mean ± SD (n = 10 semi-trained panellists) for each GF bread formulation at each storage time. Sensory attributes were evaluated on days 1, 7, and 14 after baking using the structured 7-point category scale. The preservative-free control (C) was not evaluated on day 14 because visible mould growth rendered the samples unsuitable for sensory assessment.





















Supplementary Table S10. Holm-adjusted planned pairwise comparisons for sensory attributes of GF bread formulations.

	Cell uniformity & distribution

	Planned comparison
	Day 1
	Day 7
	Day 14

	C vs CC
	1.000
	1.000
	-

	CC vs MA-100
	1.000
	0.918
	1.000

	CC vs MA-200
	1.000
	1.000
	0.359

	CC vs MA-300
	1.000
	1.000
	0.358

	MA-100 vs MA-200
	1.000
	1.000
	0.359

	MA-100 vs MA-300
	1.000
	0.918
	0.358

	MA-200 vs MA-300
	1.000
	1.000
	1.000

	Overall taste & flavour

	Planned comparison
	Day 1
	Day 7
	Day 14

	C vs CC
	1.000
	0.713
	-

	CC vs MA-100
	1.000
	0.464
	0.038

	CC vs MA-200
	1.000
	0.713
	0.713

	CC vs MA-300
	1.000
	0.038
	0.713

	MA-100 vs MA-200
	1.000
	0.250
	0.580

	MA-100 vs MA-300
	1.000
	0.713
	0.580

	MA-200 vs MA-300
	1.000
	0.013
	1.000

	Overall acceptability

	Planned comparison
	Day 1
	Day 7
	Day 14

	C vs CC
	1.000
	0.396
	-

	CC vs MA-100
	1.000
	0.549
	0.069

	CC vs MA-200
	1.000
	1.000
	0.863

	CC vs MA-300
	1.000
	0.549
	1.000

	MA-100 vs MA-200
	0.960
	0.396
	0.549

	MA-100 vs MA-300
	1.000
	1.000
	0.172

	MA-200 vs MA-300
	1.000
	0.396
	1.000

	Crust colour & uniformity

	Planned comparison
	Day 1
	Day 7
	Day 14

	C vs CC
	0.425
	1.000
	-

	CC vs MA-100
	0.002
	0.785
	0.835

	CC vs MA-200
	1.000
	1.000
	0.835

	CC vs MA-300
	1.000
	0.785
	<0.001

	MA-100 vs MA-200
	0.007
	0.744
	0.674

	MA-100 vs MA-300
	0.001
	1.000
	<0.001

	MA-200 vs MA-300
	1.000
	0.744
	0.011

	Crumb colour

	Planned comparison
	Day 1
	Day 7
	Day 14

	C vs CC
	1.000
	0.681
	-

	CC vs MA-100
	0.878
	1.000
	1.000

	CC vs MA-200
	1.000
	1.000
	1.000

	CC vs MA-300
	1.000
	1.000
	0.250

	MA-100 vs MA-200
	1.000
	1.000
	1.000

	MA-100 vs MA-300
	0.681
	1.000
	0.045

	MA-200 vs MA-300
	1.000
	0.681
	0.045



Holm-adjusted p-values from planned pairwise comparisons among GF bread formulations performed separately within each storage time using estimated marginal means derived from the linear mixed-effects models. Comparisons are reported for each sensory attribute. Statistical significance was considered at p < 0.05. The preservative-free control (C) was not evaluated on day 14 because visible mould growth rendered the samples unsuitable for sensory assessment.
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