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Background

One-third of produced food is wasted each year
» food insecurity
« financial loss
* negative environmental impacts

World’s annual edible food waste: 1.3 billion tonnes

Upcycled foods contain unmarketable ingredients (e.g., damaged food
produce, by-products and scraps from food preparation) that otherwise
would not be directed for human consumption.
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According to UFA, upcycled foods
use ingredients that otherwise would
not have gone to human
consumption, are procured and
produced using verifiable supply
chains, and have a positive impact on
the environment.



OF BORAS

Upcycled food examples

Damaged bananas . banana chips
Brewer’s spent grain (BSG) > flour - cereal-based products
Tofu and soymilk by-products - flour > chocolate chip cookies

Carrot peels ~ powdered soup mix
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Conventional foods

Food categories

Upcycled foods Organic foods




uonoe [ qesasald jsea) 03 Isow WoL

Upcycled food production

Animal feed reuse

Material recovery

Anaerobic digestion

UNIVERSITY
OF BORAS

Food waste
management hierarchy

The hierarchy for the management of food surplus, waste,
and loss has been modified to include upcycled food
production as a management action (Moshtaghian et al.
2021).
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Upcycled food choices factors

Ailm 1: to investigate the upcycled food choice factors among
those who are inclined to consume upcycled food and those
who are hesitant or reluctant

Alm 2: assesses the association between upcycled food choice
factors and hesitancy or reluctance toward upcycled food
consumption
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Factors influencing upcycled food choices

e Food Choice Questionnaire

* Focused on the importance of health and weight management, mood,
convenience, sensory appeal, natural content, price, familiarity, ethical and
environmental concern, risk perception and neophobia.

o Scored from 1to5 (1=not at all important, 2= a little important, 3=
moderately important, 4= important, 5= very important).
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Questionnaire

Advertised on social media (e.g., Facebook, LinkedIn and Instagram)
for 3 months

All adults aged 18 and over who lived in Sweden were eligible

683 participated

682 participants provided information on their intention to consume
upcycled foods
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Participants’ characteristics
| Reluctant/hesitant | __Inclined
146 536

105 (71.90) 475 (88.62)
47.58 (16.70) 48.10 (14.55)
Postgraduate education, n (%) 59 (40.41) 136 (25.37)
37 (25.34) 128 (23.88)
Small household, n (%) 117 (80.14) 429 (80.04)
No children in household, n (%) 101 (69.18) 355 (66.23)

Full-time employment, n (%) 69 (47.26) 280 (52.24)
High household income, n (%) 36 (24.7) 161 (30.04)
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Attitudes towards food waste and upcycled foods
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Concern for Importance of UF Prior UF consumption Preference for Importance of value-

environmental impact of contribution in food conventional food over UF  added feature of UF
food waste waste reduction

Proportion (%)

M Reluctant/hesitant Inclined

*Significant difference (P-value <0.05) between two groups assessed by Z-test for proportion (Bonferroni adjustment)
Upcycled Foods: UF



Table 2. Comparison of mportance of food cheice factors m reluctant'hesitant and inclmad

participants
Relnctanthesitant  Inclmed [
(98)

‘Health and weight control
Contain vitamin and minerals 46.54 0598
Nutritious food 63.60 0101
High protein cantent 0.010
High fibra contant 0026
Low calorie content 0.007
Low fat content 0.020
Mood

Helps in coping with stress
Keeps me awake/alert
Cheers me up
Comvenisncs

Easy to prepare
Conveniant to store

Easily availahla in shops
Sencory Appeal

Nice smallz

Good taste

Nawural Content

Mo additives

Wanural mgredients

Certified as no chemical
TUnprocessed

Preserves natural gpodness
Price

Mot expensive

Cheap

Value for money

Familiarit

Sirpdlar 10 usual food

Familiar food

Well-known brand

Ethical Concern

Country of origin markad

Not forbidden by my relizion
Fespact animal rights

Respact human rights
Emironment

Environmentally friendly preparation
Local production
Ervircrmentally Friendly package
Risk perception and neaphobia
No geetically modified ingredisnts
Femiliar ingredients

No food scare
Certificstion from authorsties
Food label

food that I can trust

3246

6043

6.16

187
3446
4.14
2640
8574
3408

8326
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Comparison of importance
of food choice factors in
reluctant/hesitant and
Inclined participants
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Comparison of importance
food choice factors In
reluctant/hesitant and inclined
participants in three different
age groups: young (18—39)
middle-aged (40—64), and older
adults (65+)

- = 5
R Middle aged Elderly
=138 n=327 n=115
Reluctanthas  Inclined B Realuctant hesitant Inclined B Reluctant hesitant Inclined B

it ) ) ) ) )

(36
Tealth and veeighz conaral
Comtzin vitamin and minersls 4035 4088 0243 4212 0733 50.00 5814 0451
Muwitious food 614 64.64 0.247 6034 0302 2046 0314
High protein content 2632 105 0008 155 0317 1429 1608 0818
High fibre conternt 1381 1436 0133 137 0451 714 2326 0.061
Low calorie contant 1053 33l 242 0384 714 345 0404
Low fat content 1222 407 1207 0.48 1429 034 0367
Mood
Helps in coping with stress 552 0.004 524 001 34 0.01¢
Eezps me awakealert 1333 0420 723 0793 2674 0.856
Chaers me up 3149 0200 2697 0158 2781 0400
Comvenience
Easy toprepare 4211 08 0085 1828 0870 264 0255
Comvenient to stare 6842 5414 0.057 5075 0471 5340 0182
Eszzily svailable in shops TLo3 748 0218 6105 0042 6207 0508
Sersory Appedl
Nice smells 4309 0571 7188 46,64 <0001 60.71 5632 0.683
Mice Look X 0.010 4828 2500 <0.001 3920 3563 0727
Dleasant textare: TL93 60.77 0127 73.68 55.60 0012 50.00 4767 0831
Good tasta 108 80.06 0506 831 8255 0391 920 2023 0174
Nemrai Conter
No additives 5028 084 6034 8670 046 0314
Namrzl ingredisnts 7238 0185 9158 8731 2080 0812
Cemifiad 3z no chemical 70.80 0.47 80.70 8018 2195 0440
Unprocessed £0 045 66.07 5130 0548 701 0091
Preserves natursl goodness 6188 0501 T544 70.04 0415 8506 0412
Price
Mot expensive 63.16 37.02 0.001 4483 3022 0032 42.86 2030 0.204
Chaap 4211 2167 0.002 3103 16.60 oo 14120 16.2: 0802
Value for money 70.18 68.51 0313 6034 5485 0445 67.36 6092 0500
Familiariy
Similar 1o usnsl food. ik 3 fid <0.001 485 0012 0.014
Familiar food 1456 884 0.002 448 <0.001 0.20 0.010
Well dmown brand 1420 166 =000l 2 003 460 508
Erhical Concern
Couniry of origi marked 76.67 0012 0.095 2029 2070 0826
Mat farbidden by my religicn 44 0000 0.262 5 460 0817
Respact animal rights 8785 0.010 0003 8214 8621 0508
PRespact human rights 343 0.260 0.030 7500 8538 0182
Evnvirarmarz
Envirommentslhy friendly preparstion 70.18 8232 0048 2470 0.00g 8588 0182

ilsg 44.75 0.074 4308 01 3632 003
Exviroumantlly fiendly packags 5430 287 <0001 8545 0036 1066 0018
Risk perceprion and neaphobia
‘Gemetically modified mzyedients 50.83 0352 7018 7052 0958 020 1558 012
Familiar ingredients 204 000 5063 3172 =0.001 8420 3448 0005
No food scare 8448 037 am 0373 o286 a7 0124
Cestification from suthorities 66.67 38.89 <0.00L 4757 0566 5114 4651 03128
Food label 6140 6000 0430 el 023l 5029 731 0235
food that I can st 8772 B846.67 0.837 8179 0850 0643 2195 0418
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Risk perception and neophobia

Reluctant/hesitant Inclined R
(%) (%)

69.44 64.67 0.284
60.14 32.28 <0.001
93.01 96.27 0.092
Certification from authorities 59.44 44.47 0.001
70.83 71.96 0.789
90.91 90.09 0.770

* Z-test for proportion comparison (Bonferroni adjustment)

e Inall age groups, the importance of familiarity of ingredients differed between Reluctant/hesitant
and Inclined groups.

e Inyoung age group, the higher proportion of Reluctant/hesitant participants considered
certification as important factors compared to Inclined participants.
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Sensory Appeal

Reluctant/hesitant Inclined *Palue
(%) (%)

Nice Look 44.83 26.54 <0.001

Pleasant texture 68.75 56.07 0.006
Good taste 92.47 88.22 0.144

* Z-test for proportion comparison (Bonferroni adjustment)

* In middle age group, the higher proportion of Reluctant/hesitant participants believed in the
importance nice smell, nice look and pleasant texture compared to Inclined participants.
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Health and weight control

Reluctant/hesitant Inclined *Patue
(%) (%)

Contain vitamin and minerals 46.53 46.54 0.998
Nutritious food 61.38 68.60 0.101
High protein content 20.00 11.78 0.010
High fibre content 17.24 17.57 0.926
Low calorie content 10.34 4.48 0.007
Low fat content 13.10 7.09 0.020

* Z-test for proportion comparison (Bonferroni adjustment)

* Inthe young age group, there was a significant difference between Reluctant/hesitant and Inclined groups for
the importance of high protein, and low-calorie content
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Environmental concern

Reluctant/hesitant Inclined *Palue
% %

Environmentally friendly preparation 71.53 84.08 0.001

Local production 46.15 46.25 0.983

Environmentally friendly package 66.21 85.26 <0.001

* Z-test for proportion comparison (Bonferroni adjustment)

* In both young and middle age groups, the proportion of those who considered environmentally friendly
preparation and packaging as importance factors were different between Reluctant/hesitant and Inclined
groups
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Model 1 Model 2

OR (95%CI) B OR (9599CT) B - - -
Health and weight conmrol
‘Contain vitamin and minerals 0.96 (0.38, 1.60) 0.880
MNutritions food 0. 32,101 0.056
High protein coatent 187 (L10,3.17) 0.021
High fibra contant 086 (0.56, 1.65) 0816
Low calorie content 235 (1.13,4.88) 0.022
Low fat contant 1.0 (106, 2.72) 0.032
Mood
Helps in coping with siress 403 (218,746 <0001  412(218,7.31) <0001
Keeps me awake/alert 1.23 (0.74, 2.06) 0428 121(0.71,1 0474 -
Chesrs ma up 113(0.72,1.78) 0583
Comvenisncs
Easy to prepare 1.86 (112, 2.10) 0.017
Convenient to stare 139 (0.77,2.52) 0272
Easily available in shops 0.65 (0.37, 117T) 0.150
Serzory Appeal
Nice mells 1.67(146,4.80) 0.001
Nice Lok 3328(107,548) <0001
Dleazant texcture 2.12(1.18,3.83) 0.012
Good taste 144 (0.29, 7.20) 0.658 L]
Nawural Content
No additives 1.05 (0.61, 1.81)
Nanral ingredients 0.85(0.46,1.87)
Certifiad 25 no chemical 0.86 (0.44,1.70)
Unprocassed 081 (0.37, 1.46)
Preserves natural oodness 1.24 (0.64, 2.40)
Price
Inexpensive 192 (L13,3.25) 0.015
Cheap 226(139,3.68)  0.001
Vale far money 1.08 (053, 221) 0825 =
Faniliarity
Sirnilar s usual food 55(259,788) <0001
Femiliar food 466(267,811)  <0.001
Well-imown brand 5.77(241,13.31) <0001
Ethical Concern
Country of origin markad 0.7: 0346 .
FReligion approved permissible by 1.60 0182 172078,
Fespact animal rights 034 (0.17, 0.6T) 0002 038(0.19,0. 007
Feespect buman rights 0.43 (0.20,0.91) 0028 0.45 (0.2 0.043
Emironment
Environmentally frisndly preparation 034 (0.17, 0.68) 0.003 0.31 (0.
Local 0.14 (050, 1.40) 0503 024
Ervircemertally frisndly package 031(017,058) <0001
Risk perception and neophobia
Genetically modified ingredients 1.25 (0.78, 2.01) 0333
Familiar ingredients 316(196,511) <0001
No food scare/contamination 0.76(0.22, 2.63) 0.664
Certification from authorities 163 (1.02, 2.58) 0.041
Food lzhel 0.80 (045, 1.40) 0430
Trustable food 0.85 (0.22, 331y 0.816

Modal T adjusted for age and geadar

Maodel 2 adjustad for model | and education and employment status
14
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Assoclation between importance of food choice factors
and reluctance or hesitation towards upcycled food

I M
3.53 (2.15, 5.82) <0.001
2.25 (1.23, 4.12) 0.009
1.88 (1.08, 3.25) 0.025

Environmentally friendly preparation 0.31 (0.15, 0.65) 0.002

* Logistic regression adjusted for age, gender, education and employment status
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In conclusion:

* People are interested in upcycled foods, but some health,
sensory and risk perception factors influence their
choices

» Upcycled food manufacturers and researchers should
consider consumer perspectives and needs to meet their
expectations and achieve upcycled food acceptability
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