SUPPLEMENTARY INFORMATION

In situ adsorption of red onion (Allium cepa) natural
dye on cellulose model films and fabrics exploiting

chitosan as a natural mordant

Rafael Grande®, Riikka Riiiscinen®, Jinze Dou¢, Satu Rajala®, Kiia Malinen®, Paula A.

Nousiainen**, Monika Osterberg™*

aAalto University, School of Chemical Engineering, Department of Bioproducts and Biosystems,

Vuorimiehentie 1, 02150 Espoo, Finland

bUniversity of Helsinki, Craft Science, Siltavuorenpenger 10, 00014 Helsinki, Finland

S1



&
E Pre-mordanting
>
©
cé 80 B
Dyeing
@
50| A
\ Rinse Rinse
Rinse Rinse
Extraction of Pre-mordanting, Set A: Dyeing: Time / min
dye liquor: LR 1:10 LR 1:20
Allium cepa 33% owf | Mordant: Alum 8%, FeSO, 3% owf 50 °C, 120 min (Set A),
LR 1:20 50 °C, 60 min 50 °C, 95 min (Set B)
50 °C, 60 min Pre-mordanting, Set B:
Filtration LR 1:20
Mordant: Chitosan 1% owf
80 °C, 30 min

Figure S1. Procedure simulating industrial dyeing of cotton fabric with red onion (A. cepa) dye. owf = on

the weight of the fiber.

Table S1. The pre mordanting and dyeing conditions of the experimental set-ups A and B.
Mordant amount is measured by percentage on the weight of the fibre (owf).

Sample Pre mordanting Dyeing
Mordant (owf) pH pH
Al-0 0 - 4.1
A2-Al Alum 8% 3.5 3.3
A3-Fe FeSO. 3% 3.6 3.9
B1-Ch Ch 1% 31 3.8
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Figure S2. a) 'H and b) 3C NMR spectra of ROD in comparison with standard quercetin in DMSO-
d6/pyridine-d5. 2D *H-13C HSQC NMR spectrum (8¢/6x, 30-155/1.5-9.5 ppm) with c) standard quercetin
and d) onion extract in DMSO-d6/pyridine-d5.

The purified pectin (Table S2) was systematically chemically characterized by NMR spectroscopy
and chromatography techniques (i.e., HPAEC-PAD and HPLC). The galacturonic acid (GalA)
represented approximately 57% of the identified carbohydrates (Table $3) and this explains that
the 1,4-glycosidically linked GalA unit is the dominant linkage at pectin. Specifically, in HSQC
NMR spectrum of the purified pectin fraction, two strong and well resolved chemical shifts (Fig.
S3) at 6¢/6wn,52.5/3.72 ppm and &¢/6w, 20.9/2.11 ppm indicated the strong presence of C/H atoms
of the methyl ester groups of carboxylic acid moiety of 1,4-a-D-GalpA and the acetate ester-
groups of at the 02/03-position of 1,4-a-D-GalpA. Moreover, after the two-hours saponification,
the detected methanol and acetic acid are directly proportional to the released pectin esters,
respectively.! Interestingly, these carboxylic acid—carboxylate functional groups of pectin are
known to absorb dyes and metal ions.? The detailed structural chemical characteristic of pectin

of the red onion extract is out of scope of this present study.
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Table S2. Mass Balance of the Hot Water Extract (HWE) from Onion. The standard deviations are included
in the parenthesis.

mg/g extracts

Arabinose 1.0 (0.2)
Galactose 0.4 (0.1)
Glucose 121 (6.3)
Mannose 10(1.7)
Total carbohydrates® 132
Quercetin® 53 (4.7)
Pectin® 203 (13)
Ash 58
Sum 447

aDetermined by HPAEC-PAD
b Determined by *H NMR
¢Gravimetric differences of the precipitates from the pectin purification step
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Figure S3. a) 2D HSQC NMR spectra regions (6¢/6n, 0-110/0-6.0 ppm) of the purified Pectin from
onion water extracts using D20 as the solvent and b) *H NMR spectrum of the purified Pectin
from onion water extracts treated under alkaline (NaOH 0.45 mol/l) conditions for two hours
using D20 as the solvent.
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Table S3. Chemical characteristics of the purified pectin (Table 1) by HPAEC-PAD and HPLC. The standard

deviations are included in the parenthesis.

mg/g pectin
Arabinose 13 (1)
Rhamnose 26 (3)
Galactose 50 (5)
Glucose 127 (13)
Galacturonic acid 283
sum 499
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Figure S4. FTIR spectra of a) red onion dye (ROD), dried powder (insert) and b) untreated and
dyed cotton fabrics. Blue line = untreated cotton fabric, red = cotton and chitosan, black = cotton

with chitosan mordanting and ROD.
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Figure S5. a) Change in oscillation frequency (fifth overtone) as a function of time of ROD in different pH
conditions adsorbed onto CNF model films. b) Maximum sensed mass calculated from curve “a)” using
Sauerbrey’s relation c) visual appearance of ROD solutions (250 pug/mL) under different pH immediately
after the solubilization and 72 h later.
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Table S4. CIE L*, a*, b* color coordinates and visual colour, K/S values at minimum reflectance (Rmin) and at 480 and 520 nm, and light fastness
(LF, evaluation 1-8 where 8 is the best value), washing fastness (evaluation 1-5, where 5 is the best value) and rubbing fastness (1-5) values of the
dyed cotton fabrics. The total color change (CC) as AE values of the dyed samples before and after washing at pH 7 and pH 10 laundering liquors.

ccC . Rubbing

Sample CIELab ClElnb | | | Washing fa:stness | | | fastness
No. " ‘ = ‘ pr | KIS | K/s | K/s | | AE| AE| cc icc|wo;wo|PAN;PAN | PEs; PES| PA;PA|cCO:CO|CAiCAl gl

Bmin | 480 nm | 520 nm pH7 | pH10D pH7 'pH10| pH7 'pH10| pH7 'pH10 | pH7 'pH10| pH7 'pH10| pH7 'pH 10| pH 7 ' pH 10 o

A1o | 7014 3.88 113.72| 9.13 | 054 | 051 | 5 |10.13) 7.25 |3y cia/a|3/4 4 | 4 | 5 | 51 5 |4/5: 5 |4/50 5 |4/50 5| 4/5 | 4/5
A2-Al 741 | 126 1 097 | 5 158911935 4 45| 4 1 4 |a/sia/s| s s | 55| s5is | 5ias| a5 | a5
A3-Fe 985 | 4391 417 ) 4 | 136119391 5 5 lasia/s| 4 0 4 | 514|545 5|5:5]| 4 4
prch |O0:29 ILIONT6.064 6.26 | 1.00 | 117 | | 253111703\ 55 ¢ 1 | 4/514/5 | a/s | 4/s |4/5 ) 4/5| 4 ia/s|3/a4/5|a/504/5| a5 | a5

Y=yellower, G=greener, Str=stronger, D(wf)=direction weft, D(wp)=direction warp
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