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Introduction
The following supplementary figures show the PCA and AHC analyses performed on data sets
obtained.

Figures

Figure S1. PCA biplot showing the relationships among sensory attributes of muffins enriched with
different percentages of hemp flour. The first two principal components (F1 and F2) explain
81.46% of the total variance (F1: 51.64%, F2: 29.82%). Variables such as core texture, first bite,
interior aspect, exterior aspect, and taste/aroma are plotted as active variables.
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Figure S2. PCA score plot showing the distribution of muffin samples prepared with different
percentages of hemp flour and control samples. C-WF: control sample with wheat flour; C-WWF:
control sample with whole wheat flour; W-HF (5%, 10%, 15%, 20%): samples with wheat flour
and hemp flour in different percentages; WW-HF (5%, 10%, 15%, 20%): samples with whole
wheat flour and hemp flour in different percentages.
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Figure S3. PCA biplot combining sensory attributes (active variables) and muffin samples (active
observations) enriched with varying percentages of hemp flour. C-WF: control sample with wheat
flour; C-WWF: control sample with whole wheat flour; W-HF (5%, 10%, 15%, 20%): samples
with wheat flour and hemp flour in different percentages; WW-HF (5%, 10%, 15%, 20%): samples
with whole wheat flour and hemp flour in different percentages.
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Figure S4. Agglomerative Hierarchical Clustering (AHC) dendrogram of muffin samples
formulated with different percentages of hemp flour. The clustering was performed using the
software with Euclidian distance as the similarity measure of Ward’s method for linkage. C-WF:
control sample with wheat flour; C-WWF: control sample with whole wheat flour; W-HF (5%,
10%, 15%, 20%): samples with wheat flour and hemp flour in different percentages; WW-HF (5%,
10%, 15%, 20%): samples with whole wheat flour and hemp flour in different percentages.

Dendrogram
-0.294115
-0.094115 +
0.105885 +
>
=
& 0305885 +
E
9 0505885 +
0.705885 +
s 3 <} <)
0.905885 + ¥ *J? T T | T
'y 25 f — 1
s 223222 2% 2 & =
e XX R R R 2oz
S & ;m o Ihn © oS d =
mn — — — — [aN] o~ [&) o mn

Figure S5. PCA biplot of textural parameters of muffins enriched with different percentages of
hemp flour. The first two principal components (F1 and F2) explained 80.82% of the total variance
(F1: 53.06%, F2: 27.76%). Textural attributes include firmness, gumminess, cohesiveness, and
elasticity, presented as active variables.
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Figure S6. PCA score plot showing the distribution of muffin samples prepared with different
percentages of hemp flour and control samples. C-WF: control sample with wheat flour; C-WWF:
control sample with whole wheat flour; W-HF (5%, 10%, 15%, 20%): samples with wheat flour
and hemp flour in different percentages; WW-HF (5%, 10%, 15%, 20%): samples with whole
wheat flour and hemp flour in different percentages.
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Figure S7. PCA biplot combining textural parameters (active variables) and muffin samples (active
observations) enriched with varying percentages of hemp flour. C-WF: control sample with wheat
flour; C-WWF: control sample with whole wheat flour; W-HF (5%, 10%, 15%, 20%): samples
with wheat flour and hemp flour in different percentages; WW-HF (5%, 10%, 15%, 20%): samples
with whole wheat flour and hemp flour in different percentages.
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Figure S8. Agglomerative Hierarchical Clustering (AHC) dendrogram of muffin samples
formulated with different percentages of hemp flour. The clustering was performed using the
software with Euclidian distance as the similarity measure of Ward’s method for linkage. C-WF:
control sample with wheat flour; C-WWF: control sample with whole wheat flour; W-HF (5%,
10%, 15%, 20%): samples with wheat flour and hemp flour in different percentages; WW-HF (5%,
10%, 15%, 20%): samples with whole wheat flour and hemp flour in different percentages.
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Figure S9. PCA biplot of color parameters of muffins enriched with different percentages of hemp
flour. The first two principal components (F1 and F2) explained 96.05% of the total variance (F1:
62.58%, F2: 33.47%). Color attributes L*, a*, and b*, presented as active variables.
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Figure S10. PCA score plot showing the distribution of muffin samples prepared with different
percentages of hemp flour and control samples. C-WF: control sample with wheat flour; C-WWF:
control sample with whole wheat flour; W-HF (5%, 10%, 15%, 20%): samples with wheat flour
and hemp flour in different percentages; WW-HF (5%, 10%, 15%, 20%): samples with whole
wheat flour and hemp flour in different percentages.
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Figure S11. PCA biplot combining color parameters (active variables) and muffin samples (active
observations) enriched with varying percentages of hemp flour. C-WF: control sample with wheat
flour; C-WWF: control sample with whole wheat flour; W-HF (5%, 10%, 15%, 20%): samples
with wheat flour and hemp flour in different percentages; WW-HF (5%, 10%, 15%, 20%): samples
with whole wheat flour and hemp flour in different percentages.
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Figure S12. Agglomerative Hierarchical Clustering (AHC) dendrogram of muffin samples
formulated with different percentages of hemp flour. The clustering was performed using the
software with Euclidian distance as the similarity measure of Ward’s method for linkage. C-WF:
control sample with wheat flour; C-WWF: control sample with whole wheat flour; W-HF (5%,
10%, 15%, 20%): samples with wheat flour and hemp flour in different percentages; WW-HF (5%,
10%, 15%, 20%): samples with whole wheat flour and hemp flour in different percentages.
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Figure S13. PCA biplot of physicochemical parameters of muffins enriched with different
percentages of hemp flour. The first two principal components (F1 and F2) explained 92.74% of
the total variance (F1: 74.29%, F2: 18.45%). Physicochemical attributes moisture, protein, ash,
crude fiber, and sugar, presented as active variables.
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Figure S14. PCA score plot showing the distribution of muffin samples prepared with different
percentages of hemp flour and control samples. C-WF: control sample with wheat flour; C-WWF:
control sample with whole wheat flour; W-HF (5%, 10%, 15%, 20%): samples with wheat flour
and hemp flour in different percentages; WW-HF (5%, 10%, 15%, 20%): samples with whole
wheat flour and hemp flour in different percentages.

Observations (axes F1 and F2: 92.74 %)
2.5
[ ]
5% W-HF
2
15
<
o ! 15% WW-HF
S 05 ¢ e
o U T
e 10% W-HF 20% WW-HF
oo X T
c-wuh 10% WW-HF
_05 +
[ ]
c-wh 20% W-HF
1 15% w-AiE- .
5% WW-HF
_15 4
-6 -4 -2 0 2 4
F1 (74.29 %)
| e Active observations |

Figure S15. PCA biplot combining physicochemical parameters (active variables) and muffin
samples (active observations) enriched with varying percentages of hemp flour. C-WF: control
sample with wheat flour; C-WWF: control sample with whole wheat flour; W-HF (5%, 10%, 15%,
20%): samples with wheat flour and hemp flour in different percentages; WW-HF (5%, 10%, 15%,
20%): samples with whole wheat flour and hemp flour in different percentages.
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Figure S16. Agglomerative Hierarchical Clustering (AHC) dendrograms of muffin samples
formulated with different percentages of hemp flour. (A) Overall clustering of samples prepared
with different hemp flour concentrations. (B) Detailed view of the 5 clusters identified in panel A,
showing a closer examination of relationships between sample groups. The clustering was
performed using the software with Euclidian distance as the similarity measure of Ward’s method
for linkage. C-WF: control sample with wheat flour; C-WWEF: control sample with whole wheat
flour; W-HF (5%, 10%, 15%, 20%): samples with wheat flour and hemp flour in different
percentages; WW-HF (5%, 10%, 15%, 20%): samples with whole wheat flour and hemp flour in
different percentages.

Dendrogram
0.9777945
0.9827945 +
>
2
T 09877945 +
K]
£
»n
0.9927945 +
0.9977945 + 4. g—éﬁ_l_* [
e o) <)
I SE = =
£ = E S i i S s = 2
2 2 5 23 35 3 &5 = =
o o~ — mn — o i - m o
Dendrogram
0.9777945
0.9827945 -+
>
2
T 09877945 +
8
£
n
0.9927945 -+
0.9977945 +
— mn o o N
o o o o o
References

XLSTAT statistical software, version 2024. Addinsoft, Paris, France. Available online:
http://www xlstat.com



