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Innovative and sustainable food ingredients and products
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» Firefighters are exposed to several persistent organic pollutants including
polycyclic aromatic hydrocarbons (PAHs), brominated flame retardants
(BFR), among others [1].

« In 2022, IARC reclassified the occupational activity of firefighting as

carcinogenic to humans (Group 1) [1].

 Most available mitigation strategies focus on better quality and fire
resistance of personal protective equipment (PPE) and decontamination
procedures of PPE [2].

There is a scientific and technological demand for mitigation strategies for occupational

exposure.
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Essential oil

» Capacity to retain the lipophilic pollutants

* Provides pleasant aroma to the product

The proposed invention

Chewing gum (CG) as mitigation strategy

Advantages

Easy-use
Affordable

Sustainable

v

Dry kiwiberry (Actinidia arguta)

Anti-inflammatory and antioxidant effect may offer
protection again the pollutants.
Allows reuse of kiwiberry that are not

commercialized Introduction | 3
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Main Objectives

1. CG development

2. CG characterization

3. Pollutant Removal Efficiency by the CG
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Formulations CGR CGA CGB CGC
5§
Appearance
——— H_ME "rq-flh;—r -.-1-—--1--:-
Eesential 0.6% 0.6% 0.8% 0.8%
Composition
Dry kiwi Not present 0.2% Not present 2%

CG-Chewing Gum*

The formulations were developed in collaboration with Lusiteca- Produtos Alimentares PA.
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Texture Profile Analysis (TPA) Rheologic Analysis (RA) Sensorial Analysis (SA)*

* The SA was conducted with a panel of military firefighters from the Special Protection and Relief
Unit of the Republican National Guard.
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(TPA) @ Wmsisere requimte
Textural Profile Analysis Textural Profile Analysis
(Dry CG) (Chewed CG)
A / After 10 minutes ! /
CGR of chewing z . | CGR
| | |

—CGA - §°~4 / | | —CGA

—CGB S | —cocB

5 CGC o2 2 w 12 14-\1-6;- 3 CGC
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Amplitude Sweep Test

90000

Linear Viscoelastic Region

~

100000 Linear Viscoelastic Region
_ 1 (CGR) % 90000 (CGA) %
@ 10000 | 80000 80 /('U\ 80000 80
D(? 70000 | aaaAAAaL,, 0 s~ [ 70000 70 €
= © La =~ o
> 1000 CGR Q. 0 ., 60 @ v 60000 o iiiiiiaa,, 60 =
5 " 50000 A 0 2 0 50000 hay 50 C
8 ——CGA N = - A, <
z 100 ~d CGB (D...moo 4 g 40 ; i 40000 ‘AA.A 4% 9)
) 30000 (] 30
z cae 30000 L o @ Thaa, it 3
(1) =/ 20000 0 = 20000 LT 20 C
o) "y e . o
- 10 10000 ‘A“ 10 10000 "y 10
o 0 AA“AAO 0 Ly IT
1 0.01 003 0.10 0.32 1.00 316 1003 3177  100.42 001 0.03 0.10 032 100 316 1002 3174 10059
0.1 1 10 100 Complex Sheer Strain Complex Sheer Strain
1
Shear rate(s-1) (%) (%)
Three Step Shear Rate Test Linear Viscoelastic Region Linear Viscoelastic Region
100000 90000 ‘AAAAA“‘A (CGB) 90 90000 (CGC) 90
1* Phase 80000 A“A‘ 80 80000 |, s aaddaa,, 80
- — ~7N 70000 ‘A 06 A~ 70000 ‘i 70 o~
10000 r e © N > © ‘i e_
) ﬁ Phase g_/ 60000 AA 60 % g__/ 60000 ‘a 60 O
[0 \ A [ . A 6)
. (o . % £ o 50000 ., 0 c
= —CGR ~ 40000 o2 0 D 40000 4 o <
> A (2] 5 )
= —CGA ¢ 30000 Tma 30 @© N )
D ) N = 30000 . 0 &
8 100 —CGB 20000 "uy . 20 O 20000 & 2 i
g \ CGC 10000 “‘;“ B 10 10000 Y 10
10 % 0 A4 o . A3l alis .
- oot 003 o.10 032 .00 316 1002 3176 100.37 001 003 0.10 032 1.00 316 1003 3177 10042
2" Phase i
1 Complex Sheer Strain Complex Sheer Strain
0 200 300 400 500 600 (%) o
Time (s) (%)

CG-Chewing Gum*
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Do you chew gum often? \

. ] Formulation Preference
Sensorial Analysis

--CGR o
=}
42% 42% @Yes
--CGA
mCGB aNe
--CGB 58%
oCGC
0%
Would you consume any of the CG How often do you chew gum?
formulations again ? o - =
33% BA few ti th
Initial Adhessiveness mYes S Hmes amen
B A few times a week
@No
O Several times a day

67%

/

» SAresults indicated that CG, and CG¢ are the preferred formulations

« Hardness and Adhesiveness correlate with the TPA results

CG characterization | 11
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Pollutant Removal Efficiency by the CG
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General Procedure — Simulations with CG and Artificial Saliva

(2) (3) (4)

Vortex

.
\ . .
Steps

(1) CG is contaminated with standard solution of 7 BFRs and 17 PAHs

(2) Saliva and CG are separated

(3) n-Hexane or Acetonitrile is added as extraction solvents

(4) Extracts are concentrated
(5) Extracts are analyzed via HPLC or Gas chromatography (GC)

(6) Chromatograms are collected

—
— —| |~

v

yyyyyyyyyy
1

PAHs BFRs

Naph gﬁa&A BDE28
Acen , BDE47
Ace g(i)gt”B(J)Ft BDE100
Flu Bgaip BDE99
Phe OB(a P BDE 154
Ant (a.l) BDE153

DB(a,h)A
Fin i BDE183
Pyt (g,h,i)P

InP

Chewing simulation

Pollutant Removal Efficiency by the CG | 13
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(HPLC)
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CG-Chewing Gum*

*‘

PAHs

od"
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= Saliva
mCG
Total

m Saliva
uCG
Total

100.0
90.0
80.0
~ 70.0
X
= 600 .
E m Saliva
> 500 uCG
S 400
& Total
30.0
20.0
10.0 I II
0.0
2 > & \g <& R \g I R
Ao < ¥ %\,b\ &Q Q,\'b\ \2 0;9}\ N
Q\, Q% %\
O
)
PAHs

: « The CG’ formulations were capable of retain !

I
| upto10 PAHSs. |
:- Overall, CGA and CGB exhibited higher |
I

recoveries values.

Pollutant Removal Efficiency by the CG | 14
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All formulations ! across all formulations. :
120.00 - 120.00 -
—100.00 | __100.00 {
2 u X
> 80.00 { ace 2 80.00 1 = CGA
> 60.00 A > 60.00 -
3 0000 mSaliva 3 uCGB
) | L .
& 40.00 aTota) & 1000 CGC
20.00 - 20.00 -
0.00 - 0.00 -
® A S o ) o 0 ® N O P> L D
A A\ - Y A S A PR AL S SO
& & & & & & ¥ & g ¥ & & Pollutant Removal Efficiency by the CG | 15

CG-Chewing Gum* BFRs BFRs



. . [B§PORTO L
Conclusions and Future Perspectives gz\ rme

UNIVERS l DADE DO PORTO LABORATORIO ASSOCIADO
PARA A QUIMICA VERDE

Main Conclusions

« All formulations reveal very similar texture profiles and rheological behavior.
+ The CG showed good acceptability of the participants.

« The CG reveals promising retention of several BFRs.

» Overall, the analytical requires further optimization to obtain PAH higher recoveries.

Future Perspectives

. All formulations will be used by participants during 2024 firefighting activities to evaluate

the presence of fire-related pollutants in the oral cavity of firefighters.

. In the future, the protective capacity of the dry kiwiberry extract will be evaluated through

in-vitro cell assays.
Conclusions and Future perspectives | 16
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Thank you for listening!

Any questions?
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