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Abstract

Horticultural by-products (HBP) are valuable functional ingredients and natural preservatives that enhance the
nutritional value and shelf life of foods. The review includes articles examining HBP addition in bakery products.
Following PRISMA Guidelines, 1,970 articles were identified, with 47 selected for analysis. These studies explored
HBP's impact on phenolic content, physicochemical composition, colour, rheological, and sensory properties in bakery
products. The published data suggests that increasing the concentration of HBP positively correlated with high
phenolic content and antioxidant capacity in bakery products. The main limitation of the published data was that no
articles were found to contain a complete characterisation of the products: physicochemical parameters, rheological
parameters and sensory analysis. Moreover, no standardisation of rheological methods was identified. Further
investigations into HBP properties and usefulness will help optimize formulations, meet consumer preferences and
increase the use of HBP to produce more healthy and sustainable food.
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INTRODUCTION 2022). However, further research is needed to
optimize formulations, align with consumer
Reducing food losses and waste is crucial in  preferences, and ensure regulatory compliance,
mitigating pressure on natural resources and  in order to enable the development of
fostering sustainable food systems (FAO, innovative and sustainable bakery products that
2019). One approach involves valorising by- address both nutritional and environmental
products to harness phenolic compounds for  goals.
developing functional foods, with bakery  This review focuses on potential functional
products serving as effective carriers for  ingredients from horticultural by-products
fortification (Dziki et al, 2014; Echave et al., incorporated to bakery products.
2023; Krajewska & Dziki, 2023; Santos et al., Physicochemical characterization of the
2022). functional ingredients, and their effect on
Methods for extracting valuable phenolic dough and final products properties will be
compounds from these by-products have been = summarized, but due to the wide variety of
investigated, and their incorporation into baked  these by-products existing in literature, they
goods has been shown to increase phenolic =~ were organized according to their origin in four
content and antioxidant capacity (Olaoye & categories: peels and skins; pomace; seeds and
Ade-Omowaye, 2011; Piasecka & Gorska,  petals, leaves, stems and other floral by-
2021; Ramya et al., 2023; Ranasinghe et al., products.
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MATERIALS AND METHODS

Search Strategy

This review was conducted based on an
extensive literature search across three major
databases, following PRISMA 2020 guidelines
to ensure rigor and minimize bias. The search
focused on studies that investigated the
influence of horticultural by-products on the
quality, physicochemical, sensorial and
rheological properties of bakery products,
published in peer-reviewed English journals.
The initial search yielded 1,970 publications.
After excluding 636 duplicates, 1,334
potentially relevant titles were identified.
Screening of titles and abstracts resulted in 132
articles, and subsequent full-text screening led
to the final inclusion of 47 articles.

Identification of studies via databases

,E Records identified from Records removed
& databases (n=1,970) > before screening:
g Google Scholar (n=373) Duplicate records
5 Research Gate (n=617) removed (n= 636)
= Science Direct (n= 980)
Records screened » Ricords excluded*
(n=1334) (n=1,202)
&0
£
E v
S
= Records assessed for
@ full text reading** ;{ze)cords excluded (n=
(n=132) Exclusion criteria  #1
¢ (n=64)
Exclusion criteria  #2
Studies included in (0=8) . -
. _ Exclusion criteria #3
= review (n=40) (0= 20)
2 Studies  included  in
E review  based  on
= references  cited in *Based on title and abstract
publications included screening.
(n=7) **Based on  full  text
availability and reading.
Figure 1. PRISMA flow diagram
(From: Page MLJ. et al., 2021)
RESULTS AND DISCUSSIONS
Composition of Potential Functional

Ingredients Obtained from Horticultural
By-Products

Horticultural by-products, such as pomace,
peels, seeds, and leftover fruits and vegetables,
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typically make up 20% to 45% of total produce.
These by-products are rich in dietary fiber,
polyphenols, antioxidants, essential fatty acids,
and carotenoids. Incorporating them into baked
goods can enhance the nutritional profile,
sensory characteristics, and shelf life. This has
been shown to significantly improve the
nutritional and functional properties of products
like cakes, muffins, cookies, crackers, and
bread. It can also modify the texture, flavour,
and overall nutritional composition, making the
final products more appealing to consumers
(Goémez & Martinez, 2018; Kauser et al., 2024,
Kuyu, 2015; Sahni & Shere, 2019; Melini et
al., 2020).

The composition of different horticultural by-
products used in bakery products is
summarized in Table 1.

The total phenolic content (TPC) varies widely,
with peels and skins ranging from 2.14 to 6.47
g kg!, pomace from 10.16 to 45.75 g kg™!, and
petals, stems, leaves, and other floral by-
products from 0.56 to 537.40 g kg™' (Upadhyay
et al., 2023; Sudha et al., 2007; Fardaghi et al.,
2020; Tukassar et al., 2023). Analyses of
pomace indicate protein is generally below 10 g
kg, except for mushrooms which are higher
(Djeghim et al., 2021; Sudha et al., 2007;
Upadhyay et al., 2023; Lu et al., 2018). Fat and
ash levels are below 7 g kg' and 5 g kg™!, while
total dietary fiber (TDF) ranges from 10.15 to
49 g kg!'. Other HBPs have fiber contents
between 7.24 and 52.90 g kg™!, with protein and
fat levels generally ranging from 8.58 to 30.60
g kg! and 1.03 to 31.83 g kg'!, respectively
(Djeghim et al., 2021; Upadhyay et al., 2023;
Segura-Badilla et al., 2022 Ojeda et al., 2023;
Matseychik et al., 2021; Abdel-Hameed et al.,
2023; Cerda-Bernad et al., 2023; Drabinska et
al., 2018; Vinod et al., 2023). Mineral analysis
shows potassium is particularly high in saffron
stigmas and chickpeas, while iron levels in
saffron stigmas are lower than cauliflower by-
products and chickpeas (Cerda-Bernad et al.,
2023; Tukassar et al., 2023; Vinod et al., 2023).



Table 1. Composition of potential functional ingredients recovered from horticultural
by-products incorporated in bakery products

Energy | Macrominerals | Microminerals [
HBP TPC | Moisture | Protein | Fat Ash | TDF value Carbohydrate
(Kcal/100g) | Ca ‘ Mg | Na | K | Fe | Mn ‘ Zn ‘ Cu ‘
PEELS AND SKINS
Pepper 6.04 438 246 292 15.90 - 3520 - - - -
pecls
Prickly pear Djeghimet
pocls - 1029 8.48 169 | 1960 | 52.90 - 52.53 - - - - o 0l
Prickly pear 7.87 7.00 1oy | 1642 | s0s0 16.88
seed peels
815
Potato pecl 214 1144 217 242 | 22 + - - -
0.22 Upadhyayet
7.24 al. (2023)
Botde 647 9.40 274 243 | 392 + - - -
gourd peel o
Segura-
Banana peel 3.56 6.41 1022 | 1186 | 14.38 - 57.13 - - - - Badilla et
al. (2022
POMACE
Orange 9.90 540 437 376 | 1241 - 64.16 - - - -
pomace
Apple Djeghim et
pomace 11.41 3.66 316 151 - 64.36 - - - - al. (2021)
Tomato - 523 7.87 331 361 | 49.00 - 27.08 - - - -
pomace
‘Apple Sudha ctal
e 1016 1080 2.06 270 | o0s0 | sL10 200
:g':‘{:cc 10.45 550 153 4.15 1.89 10.15 - - - - - -
indian e
gooseberry 45.75 9.31 177 614 | 086 | 1315 - - - - - -
pomace
Vinal
(Neltuma , Ojeda et al.
sl 8.90 1020 240 | 450 | 2120 53.00 202%)
residuc
Shiitake o4 s - - - . - - - 7 -
mushroom
Black ear Luetal
mushroom 1381 1092 - - - - - - - - - (2018)
Silver car 7 s 088 7 . 7 7 7 7 7 7 7
mushroom
SEEDS
Amaranth N Matseychik
o - 13.80 710 | 220 62.30 ctal G021
‘Abdel-
Papaya sced - 7.15 2795 | 3183 | 7.86 | 1853 6.68 42499 - - Hameed et
al. (2023)
Vinal
(Neltuma - 5.90 30.60 4.60 320 | 2090 - 35.00 - - - -
ruscifolia)
seeds Ojeda et al
Vinal (2023)
(Neltuma 8.90 180 | 210 | 390 | 3860 - 35.00 - - - -
ruscifolia)
endocarp
PETALS, LEAVES, STEMS AND OTHER FLORAL BY-PRODUCTS
Spanish 642- 858~ | ssi- | s30- [ 26 41320 | 12030 4900 | gs30- | 4626~ | ' | 3go- | 07
saffron 552 8.68 456 4.89 g 369381 70807635 5 : 9.20 1450 638 p 2.10 P
petals 22.56 11260 | 10330 0.95 0.55
‘Spanish
saffron - 8.90 13.15 7.01 559 | 17.86 377.00 65.26 11830 | 10020 | 1900 | 111400 | 545 L5 | o265 | 035 Cerd
stigmas crda-
Bernad et
Tranian ol 2023
saffron 9.01 13.61 6.08 5.57 2117 372.00 65.73 86.25 102.50 3375 1136.00 12.28 1.30 213 0.25 B -
stigmas
Greek
saffron 1074 1229 622 | 481 | 1764 369.00 65.94 12330 | 8870 | 3325 | 97130 8.13 125 | 198 | 163
stigmas
Saffron o ) ) ) 7 ) ) ) )
stigma
Saffron 06 . 7 7 7 7 7 7 7 7
stamen
Saffron Fardaghi ot
style 0.76 al. (2020)
Saffron 106 . B B R j . R - -
petal
Saffron 056 - - - - - - - -
corm
Broccoli Drabinska
leaves 2899 1065 - - - - - ctal. (2018
Cauliflower
stems, = e - Tukassar et
e 537.40 5.50 22.80 295 | s81 | 1532 47.62 363.00 20030 160 | s30 | OO
leaves
Vinal
(Neltuma N Ojeda et al
ruifoli) 8.70 1280 240 | 410 | 3110 - 41.00 - - - - 3003)
pods
Chickpea 22.40 60.69 2.82 17.40 57.80 45.00 166.00 846.00 4.86 V‘Z‘Z"{fz“!‘)“"

The Influence of Fruit, Vegetable and
Legumes Peels and Skins on Bakery
Products

The formulations of breads and bakery goods
incorporating potential functional ingredients
from peels and rinds are presented in Tables 2
and 3.

Variation of the total phenolic content,
chemical composition and mineral content
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According to a study by Manzoor et al. (2024),
bagels containing banana peel and lavender
extract exhibited high TPC compared to control
samples.

The incorporation of horticultural by-products
increased protein levels in breads by 8% to
182% when compared to their respective
control samples. However, a study conducted



by Upadhyay et al. (2023) found that protein
content decreased by 70% to 76% in HBP-
containing bread compared to the control. Fat
content in wheat-based bakery products
increased by 11% to 81% with HBP addition,
except for banana peel bread where fat levels
decreased by 41%. TDF values rose by 12% to
192% in HBP-containing bakery items
compared to their controls, while carbohydrate

content decreased by 4% to 9% for banana peel
bread and biscuits, but increased by 7% in
bread with potato and bottle gourd peels
compared to their respective control samples
(Manzoor et al., 2024; Segura-Badilla et al.,
2022; Upadhyay et al., 2023). The reviewed
studies did not examine the influence of adding
HBP peels and skins on the mineral content of
bakery products.

Table 2. Nutritional composition of bakery products with horticultural peels and skins incorporated in bakery products

%

/o Moistur
added

e

HBP Bakery P Protein | Fat | Ash
product

TDF

Energy
value
(Keal/10
0g)

Carboh

ydrate Ca Mg Na Fe Zn Cu Reference

10
510,15
mL

15-
21.53
(1.58)

>
28.68- 5.25

29.64

11.65 -
1243

Banana peel .
and lavender Bagels

7.21

525-
6353
2.17)

Manzoor et
al. (2024)

10.7
(18.1
18]

126
(36.8)

345

Bread (122)

10

27(24)

38.9

@ Segura-

Banana peel 302

315

(283
)

23-
13.1
2.1

6.2-53

Biscuits 4

10,20

1.8-26
(1.5)

Badilla et

481 al. (2022)

46.1
(50.7)

Apple pomace,
Indian
gooseberry
pomace, potato
peels and bottle
oourd peels

4,58,
10, 12,
15,16,
20,25

1.5-
315 -4.67

(1.74 (0.50
) )

11.89- 28

14.48
(2.23)

12.246 -
938
(12.2)

2.57-
3.16
(10.79)

Bread

6.26-
8.28
(3.16)

255.2-
365.46
(303.04)

5432-
7036
(65.41)

Upadhyay
etal
(2023)

Variation of colour analysis, rheological,
physical, textural and sensorial proper

The addition of horticultural by-products to
bakery products often results in a decrease in
lightness (L*) wvalues, likely due to Maillard
and caramelization reactions, as well as the
original colour of the HBP. Variations in
redness (a*) and yellowness (b*) can also be
attributed to the HBP colour (Djeghim et al.,
2021; Upadhyay et al., 2023; Manzoor et al.,
2024).

Rheological properties of bakery products can
be measured or tested with different
instruments (farinograph, alveograph, mixolab,
visco anlyser), which provide data that can be
correlated with  final product's quality.
Incorporating HBP into wheat-based doughs
can modify their rheological properties, such as
increased water absorption (WA) and dough
development time (DDT) (Hussain et al.,
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2023). Changes in DDT and dough stability
(DS) can be related to TDF composition of
HBP.

HBP incorporation in wheat-based bakery
products frequently leads to increased weight
loss, specific volume, and moisture, along with
decreased pH (Djeghim et al., 2021).

The texture of banana peel bagels shows higher
hardness/firmness and cohesiveness, but lower
gumminess and springiness (Manzoor et al.,
2024).

Sensory scores for odour, flavour, taste, and
texture generally decrease with higher HBP
addition, though some wheat bread
formulations show no impact or even improved
scores for certain attributes.

Overall, the highest HBP addition without
significant differences is often 5-10%, with a
range of 2.5-25% reported in the literature.




Table 3. Influence of potential functional ingredients obtained from horticultural peels and skins
on dough and final bakery product properties

Dough Bakery products properties
HBP Bakery product % added i Sensorial analysis Reference
properties Physical properties Textural properties Colour
N K2 TWL, "Vsp, moisture Jerust and crumb L, crumb b*
- 25 1R
Pepper pecls Gluten-free bread 5,5,7.5 o e o cramy b
Prickly pear - TK, 2.1 TWL, "Vsp Jerust and crumb L, crust b* Dieghim et
peels Gluten-free bread 25,575 n LpH. moisture tcrust and crumb a*, crumb b* al. (2021)
el T T ~and b*
Prickly pear Gluten-free bread 25575 K2 T°WL, "Vsp, pH and Jerust and crumb L* and b
seed peels oy moisture Jorust and crumb a*
"Apple pomace,
Indian
gooseberry 4,5,8,10,12, L Upadhyay
Bread 5 % ctal.
pomace, potato 15,16.20,25 Ta®,b* S0y
peels and bottle :
gourd peels
Todour, taste and overall Mamroor
thardness and cohesiveness L% b acceptability ;
Banana peel Bagels 10 ¢ ! . etal.
Jgumminess and springiness Ta Jerust colour and S
T‘V\N/\A “DDT
) . DS, "MTI, Iwidth Hussain et
Pumpkinpeel | Biscuits 510,15 mixing time, peak RO o ons)
height and spread 23
factor
Tappearance, colour, ;
Bread 10 texture Segura-
Banana pel T o Badilla et
— N arance, flavour, <
Biseuits 10,20 colour, smelland texuure_| 2 2922)

'K: consistency coefficient; >n: flow behaviour index; 3r: statistical correlation coefficient; *y2: chi-square; "WA: water
absorption; °DDT: dough development time; "DS: dough stability; *MTI: mixing tolerance index; "WL: weight loss;

10Vsp: specific volume;

The Influence of Fruit, Vegetable and
Legumes Pomace on Bakery Products

The compositions of bakery products enhanced
with potential functional components derived
from various horticultural pomaces are
summarized in Tables 4 and 5.

Variation of the total phenolic content,
chemical composition and mineral content
The incorporation of horticultural by-product
pomaces in bakery products, such as cakes,
bread, and cookies, has been found to have
various effects on their nutritional composition.
Compared to control samples, cakes containing
tomato, apple, and bread with apple and Indian
gooseberry pomaces exhibited 40%, 52%, and
550% higher phenolic content, respectively
(Bhat et al, 2022; Sudha et al., 2007,
Upadhyay et al., 2023).

The addition of HBP pomaces to cakes and
biscuits resulted in a decrease in protein content
of up to 70% %. (Bhat et al., 2022; Jose et al.,
2022; Ojeda et al., 2023; Sudha et al., 2007,
Upadhyay et al, 2023). Oppositely, the
inclusion of mushroom powder increased
protein levels by 1 to 22% in comparison to
control samples (Lu et al., 2018). Cookies

enriched with pineapple pomace had higher
protein content, while cakes with tomato and
apple pomace presented lower protein levels.
The TDF content increased significantly,
ranging from 1.3 to 30 times, in bakery
products formulated with HBP pomaces.
Furthermore, higher ash and carbohydrate
levels were observed in cookies with pineapple
pomace and cakes with apple pomace (Jose et
al., 2022; Sudha et al., 2007; Upadhyay et al.,
2023). The effect on fat content varied, with
cakes and bread containing tomato, apple, and
Indian gooseberry pomaces exhibiting higher
fat values compared to controls, while biscuits
with pineapple pomace had lower fat content.
However, none of the bakery products with fat
content higher than 7 g kg qualified for the
“low fat” (<3 g fat kg! food product) and “fat-
free” (<0.5 g fat kg food product) nutrition
claims (Regulation (EC) No. 1924/2006),
except for the bread with apple and Indian
gooseberry pomace, which could be classified
as "low fat."

The reviewed studies did not report the
influence of HBP pomace addition on the
mineral content of the bakery products.
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Table 4. Nutritional composition of bakery products with horticultural pomaces incorporated in bakery products

Energy inerals Mi
Bakery | ’ . Value
HBP product % added TPC Moisture Protein Fat Ash TDF (Keal/100 Carbohydrate Ca Mg Na K Fe Mn Zn Cu Reference
_2)
20.09 - 13.40 - 20.69 - 3.09- 1.44 - 389.51 - Abdel-
Papaya sceds | Cupeakes | 5, 10, 15,20 21.56 1855 | 2107 | 465 | 422 39.15 Hameed et
(22.58) arm) | 2042) | 255 | ©61) | (399.18) al. (2023)
Cookies
. R | 200-
with 400~ <o 326-340 | ILESS | 1850 | 170- 1 209 62.45 - 66.20
251jun o G.13) 1296 | 197 | a0 | 172 (60.86)
powder ¢ - .
Cookies "
Pincapple | with 250— S0 3.12-3.40 1lz|05-19» “8 3 ‘|72 - 27‘0;2‘ 62.57-64.57 Jose ctal
omace 150um 510,15 (3.13) - 023 75 23 (60.86) (2022)
P 1296 | (o7 | a0 | a7
powder
Cookies
with < S 01s 329-3s8 | e | 183 LT ] 22 63.68 - 65.04
Mo 5,10,15 e 109 1032 | 175 | 245 ooy
povder 1296) | (1977 | (1700 | (1.72)
Shiitake Sorghum < < 6.75-6.76 776
510,15 8.84
mushroom | biscuits (5.66) o)
7.28 -
Blackcar | Sorghum S 1015 s2-643 | TR Luctal
mushroom | biscuits 3,10, 15 (5.66) -3 (2018)
(7.21)
7.20-
Silvercar | Sorghum <o s71-624 | T2
mushroom | biscuits > 10, (5.66) 3
@21
Vinal
(Neltuma N Ojeda et al
| Bread 5 890 1020 | 240 | 450 | 2120 53.00 T
residue
‘Apple - 315 205 1320 Sudha ctal.
e Cake 25 Sopy | 21809 [sacws) | (05 o oo
‘Apple and
Indian
gooseberry 11.89- . B . 258- | 6.26- 2552~ . ,
pomace, Bread 1'55'&' ‘2?, 1225 14.48 9'32}{2(‘1’2 P 2'(51?, 739')“ ! (5] 734)'5 4.67 8.28 365.46 4 (3525 4710)35 ”ﬂ"l“‘(“z“yé’}f‘
potato and 2162025 | 503 | #3802 g ©50) | 316 | (303.04) -
bottle gourd
peels

Variation of colour analysis, rheological,
physical, textural and sensorial properties

A darker colour is commonly observed in
bakery products formulated with HBP
pomaces, while cookies with pineapple pomace
and silver ear mushroom had a higher L* value.
This can be attributed to Maillard and
caramelization reactions, as well as the original
colour of the HBP. Differences in a* and b*
values were likely related to the original HBP
colour (Bhat et al., 2022; Djeghim et al., 2021;
Din et al., 2024; Upadhyay et al., 2023).

Dough rheology changes in enriched bakery
products are shown in Table 5. Biscuits
enriched with pumpkin pomace had increased
WA and DDT, but decreased dough stability
(DS). The opposite was true for light-grain rye
semi-finished products enriched with apple and
pumpkin pomace, where WA decreased
(Hussain et al., 2023; Sadygova et al., 2021).
Changes in dough WA can be linked to protein
content, dietary fiber structure, molecular
interactions, particle size, and fiber porosity.
The impact of HBP pomaces on starch pasting
properties, such as peak viscosity (PV), though
viscosity (TV), final viscosity (FV), setback
viscosity (SV) and breakdown viscosity (BV),
as well as pasting time and temperature, also
varied in cookies with pineapple pomace and
sorghum biscuits with mushrooms. These
properties increased in products enriched with
pumpkin pomace and decreased with shiitake

mushroom addition (Jose et al., 2022; Lu et al.,
2018).

Physical characteristics, such as volume and
specific volume (Vsp), increased for enriched
gluten-free bread with apple and orange
pomace, except for tomato pomace and cake
with apple pomace (Djeghim et al., 2021;
Sudha et al., 2007). Other physical properties,
like weight, frequently increased, while
thickness and diameter decreased (Jose et al.,
2022; Lu et al., 2018; Hussain et al., 2023).

As shown in Table 5, a consistent increase was
observed for hardness/firmness, fracturability,
chewiness, and gumminess, with a decrease in
cohesiveness (Jose et al., 2022; Upadhyay et
al., 2023; Mildner-Szkudlar et al., 2016; Lu et
al., 2018).

Regarding sensory analysis, scores for flavour,
taste, texture, and overall acceptability usually
decreased with increasing addition of HBP
pomaces to bakery formulations. However,
some formulations showed better scores for
these characteristics (Bhat et al., 2022; Sudha et
al., 2007; Ojeda et al., 2023; Upadhyay et al.,
2023).

Based on the analysis of various parameters,
especially sensory analysis, the highest
incorporation of HBP pomaces in bakery
products like cakes, biscuits, muffins, and
bread without significant overall differences
was often 5 and 10%, with the maximum
addition at 30% and minimum at 2.5%.




Table 5. Influence of potential functional ingredients obtained from horticultural pomaces
on dough and final bakery product properties

Dough Bakery products properties
HBP Bakery product % added oug! " Physical - Sensorial analysis Reference
Y properties proverdes Textural properties Colour -
Terust L¥, crust and Tappearance and texture hatetal
"omato pomace akes . crumb a*, cruml lavour, Aftertaste and overal
T Cak 2,4 b a*, crumb b* flavour, Aft d overall 052,
Lerumb L*, crust b* il
A R Jorust and crumb L®
) - Gluten-free N UK. %2.n WL, *'Vsp S ane e e
Orange pomace e 25,575 & T coista Terust and crumb a -
- 2 WL, 'Vsp, Lerust and crumb L* oo )
Apple pomace Gluten-free 25,515 i, moisture and b - Dicghim ctal.
bread 1K' . @021
IpH ferust and crumb &
y o — Torust and crumb L*
Tomato pomace Gluten-free 25,575 VK2 LWL, Vsp and b¥, crumb a* -
bread T, TpH, moisture "
Jerust a
Cookios with TPV, TV, BV, 'FV, Tihickness and
y ) SV, "wsl, ''sp diameter |hardness and 1L*, b*
400-251um 510,15 -
- 510,15 1WA, "OA, “PT and Taw, spread fracturability la*
P pasting time ratio and weight
TPV, TV, BV, 'FV, Ispread ratio
gs"gfl‘?o‘z:" S0 V. WS, ''sp and diameter Ihardness 1L* .
Pineapple pomace owdor G s 1WA, "OA, “PT and taw, thickness, tfracturability la*, b* Jose et al. (2022)
P pasting time weight
BV TV, 7BV, § Tthickness,
VBV, TV, BY; BV diameter and .
Cookies with < 5101 SV, "Ws, ''sp e, Ihardness I .
149um powder c 1WA, "0OA, “PT and o dg‘ ad fracturability ta*, b*
pasting time Taw and sprea
ratio
‘Applc and Indian , -
gooseberry pomace, potato | 45810, e T e Tweight Thardness L Teolour, texture, flavour, Upadhyay et al
read 12,15, 16, 1'1SP, “EC, FC Ivolume and d appearance and overall
pecls and bottle gourd e Jcohesivencss Ta, b (2023)
pd 20,25 Vsp acceptability
Tvolume and Torust and cramb colour, crumb Sudhactal
Apple pomace Cake 10,20, 30 weight - grain, crumb texture, cating oon
1p and texture quality and overall acceptability
Thardness and
Muffins baked at 10,20 cohesivencss . .
140 °C/30min -2 Jgumminess and
chewiness
Raspberry pomace Muffins baked at Thardness, cohesiveness,
150 s 10,20 gumminess and - -
chewiness
Thardness, cohesiveness,
Mutfin bk 10,20 umminess and . - Mildner-
chewiness Szkudlarz ct al.
- Thardness, gummincss (2016)
'I"f;)'f,‘é‘/’x%‘l‘]“d at 10,20 and chewiness R R
oumin Lcohesiveness
. Thardness, gummincss
Cranberry pomace 'I\’,‘(‘('fi‘(‘f?zbo:‘ff at 10,20 and chewiness R R
- Thardness, gummincss
Mutfin bk 10,20 and chewiness - -
=D
Lightgreinmys TPWA, kncading and
gluten
Apple pomace semi-finished Is - -
tviscosity, amylase and
product !
_ Sadygova ctal.
Ligtgainmye VWA, koeaing and (2021)
Pumpkin pomace semi-finished 15 Lo g - -
tviscosity, amylase and
product !
Tdiameter,
. j 1L*, b¥, chroma,
: Sorghum 1PV and "BV thickness and
Shiitake mushroom Sorhur 510,15 LTV SV o T o Thardness hue-angle -
Tweight Ta
[ Tdiameter,
TPV, TV, "BV, *FV and ¢ R
Black ear mushroom Sorghum 510,15 Ssv thickness and Thardness AL*,a*, b, chroma, R Luctal. (2018)
biscuits Lo WL hue-angle
Tweight
P Tdiameter and
. Sorghum TPV, TV, "BV, "FV and thickness 1L*, %, b¥, chroma,
Silver ear mushroom ! 510,15 S Thardness -
biscuits Lr Tweight and huc-angle
Vinal (Neltuma ruscifolia) | o 5 i i Teolour, odour, texture and Ojeda ctal
residue ‘ overall acceptabilit (2023)
1°WA, "DDT
1"*DS, ""MTI, mixing Lwidth Hussain et al.
Pumpkin pomace Biscuits 510,15 time, peak height and Tthickness (2023)
spread factor

'K: consistency coefficient; %2: chi-square; *n: flow behaviour index; “r: statistical correlation coefficient; *PV: peak viscosity; °TV: trough viscosity;
"FV: final viscosity; *BV: breakdown viscosity; *SV: setback viscosity; '"WSI: water solubility index; !'SP: swelling power; ?WA: water absorption;
BOA: oil absorption; '*PT: pasting temperature; *EC: emulsion capacity; '°FC: foaming capacity; "DDT: dough development time; '*DS: dough

stability; '"MTI: mixing tolerance index; **WL: weight loss; >'Vsp: specific volume.

The Influence of Fruit,

Vegetable and
Legumes Seeds on Bakery Products

yellow pumpkin seeds recorded a 10% decrease

in phenolic

content

(Weldeyohanis

The nutritional profile of bakery goods fortified
with potentially functional ingredients derived
from seeds is summarized in Tables 6 and 7.

Variation of the total phenolic content,
chemical composition and mineral content

Higher phenolic content values, compared to
the control samples, were found in cookies and
pita bread containing pumpkin seeds had 11%
and 6%, respectively. However, pan bread with
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Gebremariam et al., 2024; Aljahani, 2022).

Compared to the control samples, protein
content increased between 7% and 98% in
formulations with papaya seeds, pumpkin
seeds, amaranth seeds, and vinal seeds. A small
0.3% protein reduction was reported for pita
bread with yellow pumpkin seed addition.
Overall, pumpkin seeds and vinal seeds had
higher protein content, while amaranth seeds
had lower protein content (Abdel-Hameed et



al., 2023; Weldeyohanis Gebremariam et al.,
2024; Aljahani, 2022; Apostol et al., 2020;
Bojnanska et al., 2024; Matseychik et al., 2021;
Ojeda et al., 2023).

The incorporation of HBP seeds increased the
TDF content from 159% to 591% in all bakery
products. Compared to the control samples, the
addition of seeds raised the fat concentration
from 1% to 12%, while pomegranate peel
reduced the fat concentration with 3-153%. The
fat content can be used to determine eligibility
for the "low fat" and "fat-free" nutrition claims

(Regulation (EC) No. 1924/2006). Therefore,
the pita bread with yellow pumpkin seeds
qualifies for the "fat-free" nutrition claim,
while the breads with pumpkin seeds and vinal
endocarp are "low fat" (Abdel-Hameed et al.,
2023; Weldeyohanis Gebremariam et al., 2024;
Aljahani, 2022; Apostol et al., 2020).

Cookies and bread enriched with pumpkin
seeds reported increased mineral content
compared  to the control samples
(Weldeyohanis Gebremariam et al., 2024;
Apostol et al., 2020).

Table 6. Nutritional composition of bakery products with horticultural seeds incorporated in bakery products

Macrominerals Microminerals
Energy
Bakery | % ; ) ; value S
HBP | et | addea | TPC | Moisture | Proein | Fat | Ash | TDF | (GO, | Carbohydrate | Mg - < e | wm | zn o | Reference
2
Papaya 5. 10, 20.09 - 13.40 - 20.69 - 3.09- 1.44 - 389.51 - Abdel-
g Cupeakes | 135 21.56 1855 | 21.07 | 465 | 422 | 399.15 Hameed ctal.
seeds =) & (2258) | (11.73) | (2042) | 255 | (0.61) | (399.18) (2023)
Pumpkin 6,105, | 43.19 252 1428 | 1773 | 216 | 241 469.81 4625 | 5133 320 263 Weldeyohanis
seeds Cookies 15 | (3872) | (3.05) | (1149) | (13.99) | (1.77) | (0.93) | (452.00) (32.23) | (40.12) . . (2.12) (1.42) Gebremariam
s 38.72 ; ; : 32.23 - 2 ctal. (2024)
521~ | 804- | IL1s- | 244- | 2.89- .
Vellow | Panbread 537 827 1141 312 | 348 7"(1746'(;""“
p:m;‘:m 510, [ (595 | (842 | (1060) | @17 | 272 Aljahani
15 [T521- | 769- | 1033- | 020- | 191 (2022)
seeds Pita bread 530 951 1081 | 027 | 241 s
(5.01) (825 | (1084) | (0.18) | (1.68) -
Wheat 15.35- 1.66 - 0.90 - 3.18- o 58.41 - 69.77 - 28.22- | 2394- | 442- 1.27- 5.65- 0.85 -
Pumpkin | fourana | 10 - 1865 | 279 | 159 | 574 s | s | o | 29st | Sas2 | 1105 | 268 | o3 | oss | Apeosat
S dough > 13.70) | (1.10) | (0.55) | (1.90) (43.70) | 47.70) | 30.60) | (187) | (1.10) | (0.56) | (5.45) | (0.78)
11.8- .
Amaranth 5. 10 Bojiiansk et
Bread e 11.9
seeds 15 (19) al. (2024)
403- | 1B32- 3.04- 119.0-
Amaranth | . . o o . e oo Matseychik et
sceds 3 al. (2021)
G60) | 6.1 (1.5) (140.0)
Vinal
(Neluma | g, 5 . 590 | 3060 | 460 | 320 | 2090 35.00
ruscifolia)
sceds Ojeda et al.
Vinal (2023)
(Neluma | g 5 - 8.90 180 [ 210 | 3.90 | 3860 35.00
ruscifolia)
endocarp
Variation of colour analysis, rheological,  Physical characteristics such as volume,

physical, textural and sensorial properties

A decrease in crust and crumb L* value is
typically observed in bread and cupcake
formulations containing pumpkin and papaya
seeds, respectively. This can be attributed to
Maillard and caramelization reactions, as well
as the original colour of the horticultural by-
products, leading to a darker appearance and
differences in a* and b* values (Abdel-Hameed
et al., 2023; Aljahani, 2022).

The effects of HBP seeds on dough rheology in
enriched bakery products are summarized in
Table 7. Water absorption increases with the
addition of HBP seeds, except for dough with
pumpkin seeds. The influence of HBP seeds on
dough development time, dough stability, and
mixing tolerance index varies depending on the
type and concentration of seeds used, but
generally increases (Bojnanska et al., 2024;
Hussain et al., 2023; Apostol et al., 2020).

specific volume, thickness, and diameter are
affected by the addition of HBP seeds. These
changes can be related to the gluten and TDF
content and structure (Matseychik et al., 2021;
Abdel-Hameed et al., 2023; Aljahani, 2022;
Hussain et al., 2023).

Scarce data is available on textural parameters,
but an increase in cohesiveness and springiness,
as well as a decrease in hardness, adhesiveness,
and gumminess, have been reported with the
addition of yellow pumpkin seeds to pan and
pita bread (Aljahani, 2022).

Sensory analysis often shows that the addition
of HBP seeds to bakery formulations decreases
scores related to aroma, flavour, taste, colour,
and texture. However, in the bread formulation
with vinal endocarp addition, there is no
significant difference or a slight increase in the
scores for these sensory attributes (Abdel-
Hameed et al., 2023; Aljahani, 2022; Ojeda et
al., 2023).
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Based on the information gathered from all the
analyzed parameters, the highest incorporation
of HBP seeds in bakery products without

significant overall differences is frequently 5%.
The maximum addition value possible is 20%,
while the minimum is 5%.

Table 7. Influence of potential functional ingredients obtained from horticultural seeds
on dough and final bakery product properties

Bakery products properties

Bakery % Dough rheological . )
HBP ) . N - T N s 1 analy: Ref
product added properties Physical properties Textural properties Colour Sensorial analysis eference
Amaranth seeds Rolls 5,10, R Thumidity, porosity, Matscychik et al
15 acidity (2021
o . 5,10, 1'WA, *DDT, DS Bojianska et al.
Amaranth seeds Bread I oo (024)
Theight and weight Jerust and crumb L¥, b*
Papaya seeds Cupcakes 5,10, R before and after and chroma, crumb a* Jaroma, flavour, Aftertaste and Abdel-Hameed et
pay: -upe 15,20 baking, volume and ferust a*, crust and crumb overall acceptability al. (2023)
“Vsp AE and hue angle
Flour and 5,10, TPV, BV, FV, 'SV and
dough 15 °PT
o lhardnzss. adhesiveness Lcrustand cramb L* lc{:sl (ciol?ur. symmetry. break :lnd
Pan bread ‘tweight and aw and gumminess forust and crumb a* and shred, crumb colour, grain an
Yellow pumpkin Ivolume and Vsp Teohesiveness and texture, flavour and overall
! * : Aljahani (2022)
seeds 5, 10, springiness
15 Thardness, adhesiveness L Terust colour, symmetry, break and
tweight and aw and gumminess Jerusi shred, crumb colour, grain and
Pita bread o : ferumb L, crust and
Ivolume and Vsp Teohesiveness and § texture, flavour and overall
e vainons crumb a* and b
1'WA, °DDT
R 5,10, 1°DS, "MTI, mixing Lwidh Hussain et al.
Pumpkin seeds Biscuits 15 time, peak height and tthickness (2023)
spread factor
Pumpkin sceds Wheat flour 5 10, ‘WA Apostol etal.
piin S and dough 15 1°DS and amplitude (2020
Vinal (Neltuma Teolour, odour, texture and overall
1 Bread 5
ruscifolia) seeds Ojednctal
Vinal (Neltuma +colour, odour, texture and overall (2023)
ruscifolia) Bread 5 i
endocarp acceptability

'"WA: water absorption; 2DDT: dough development time; *DS: dough stability; *Vsp: specific volume; *PV: peak viscosity; “BV: breakdown viscosity;
FV: final viscosity; *SV: setback viscosity; *PT: pasting temperature; '°MTI: mixing tolerance index.

The Influence of Petals, Leaves, Stems and
Other Floral By-Products on Bakery Products
The composition of bakery products enriched
with ingredients from petals, stems, leaves and
other floral by-products is summarized in
Tables 8 and 9.

Variation of the total phenolic content,
chemical composition and mineral content
Higher phenolic content is generally observed
in baked goods like cakes, cookies, bread, and
muffins that are enriched with by-products
from saffron, broccoli, tea, and cauliflower.
Compared to control samples, these values
increased significantly, from 4% to 197% (Bhat
et al., 2022; Bhat et al., 2018; Cerda-Bernad &
Frutos, 2023; Drabinska et al., 2018; Koh et al.,
2023; Tukassar et al., 2023).

Bhat et al. (2022) also reported a non-
significant decrease (p>0.05) in TPC of saffron
and tomato enriched cakes during a storage
period of 0-15 days, possibly due to the by-
products' high antioxidant activity. Baking
significantly increased TPC of cookies
supplemented with saffron stigmas due to the
release of bound phenolics and the formation of
Malanoidins produced in the Maillard reaction,
though a gradual decline was seen over storage,
becoming significant after 9 months (Bhat et
al., 2018).

In contrast, Drabinska et al. (2018) found no
significant impact of thermal processing on
TPC or antioxidant activity in gluten-free cakes
with broccoli leaves. Similarly, Tukassar et al.
(2023) reported that baking caused less nutrient
loss than prolonged mixing in cauliflower-
enriched muffins and improved phenolic
bioavailability by releasing cell wall-bound
phenolic compounds.

Protein content also increased, from 1% to
31%, in formulations containing by-products
from saffron, tea, banana blossoms, and
cauliflower. However, a slight reduction of
0.3% was reported for bread with saffron
tepals, and little to no increase was seen in
patties with spinach leaves and cookies with tea
leaves. Overall, higher protein was found in
cakes with banana blossoms, muffins with
cauliflower, and bread with vinal pods, while
saffron stigmas and tea leaves had lower
protein content (Bhat et al., 2022; Bhat et al.,
2018; Koh et al., 2023; Ojeda et al., 2023;
Sapozhnikov et al., 2019; Tasnim et al., 2020;
Tukassar et al., 2023).

The TDF content increased greatly, from 25%
to 412%, in baked goods enriched with tea
leaves, banana blossoms, and cauliflower by-
products (Koh et al., 2023; Tasnim et al., 2020;
Tukassar et al., 2023). The incorporation of
floral  by-products  slightly raised fat
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concentration, from 0.3% to 3%, for saffron,
tea, spinach, and banana, while cauliflower
increased it by 52%. Conversely, these by-
products generally lowered carbohydrate
content, from 6% to 20% (Bhat et al., 2022;
Bhat et al., 2018; Koh et al., 2023; Ojeda et al.,
2023; Sapozhnikov et al., 2019; Tasnim et al.,
2020; Tukassar et al., 2023).

Bread with saffron tepals and muffins with
cauliflower reported increased mineral content
compared to controls. Cake with banana
blossoms also had 11% and 122% increases in
calcium and iron, respectively (Cerda-Bernad
& Frutos, 2023; Tasnim et al., 2020; Tukassar
et al., 2023).

Table 8. Nutritional composition of bakery products with horticultural petals, leaves, stems and other floral by-products
incorporated in bakery products

Energy Macrominerals Microminerals
Bakery % Moist | Prote | TD | valie | Carbohyd Referenc
HBP product | added Tre ure in Fat 1 Ash | (ealt rate Ca Mg Na K | Fe | vn | zo | cu e
00g)
301
0 1.76
Saff 0.5 oes-0rs | 08| 679 5 . Bl
affron . .05, .66-0.75 30. hat et
stigmas Cakes 0.1 (0.62) ol 008 1 180 al. (2022)
(33.4) (6.57) 7
cor |G
1
77
229- 6.14- 3 ' t)l
Saffion | o | 00s, | 086-094 e e | Bhatet
stigmas 0.1 ©090) o | e 1 s al. (2018)
en | G
8) B
295 s | 37 w6 | O | 122 | 0w
. 25.47- - - y 713 - - : - -
Wheat | 235 Nor 3244 379 ey | 6| s | o | B8 e | e
read 013 (1.12) @7 (39.22 N (641) 16 (1.0 .7
612 0 Cerda-
) s) ) 2) 3) 7 .
Saffron ) ) Bernad &
tepals 337 sa74 | 34 178 | 27 | oo | o7 Frutos
29.51- - - o 713 - - - - - (2023)
Spelt | 22, e 3189 395 oase | B4 g | ase | T8 a7 | 09e
2 (3271( 6.0 (3347 @i | as |2 01 | ©7
5 ) (339 §ole |G 5
5) 7
Gluten- -
Broccoli free mini 5.5, 0.77-0.99 D:‘C?‘;‘I‘k
leaves sponge 75 0.46)
cakes (2018)
Green Gluten ogs | w0 a0 | A g .
tea o 8 80 (30) 218 ' (14 (457.84 hois
o shortbrea ey | ese | eor | G| g ! (©21)
d cookie 62 7 0
Gluten 2058 ]
Oolong 191 2736
free 235 6.89 0 9 5316 Koh etal.
s shortbrea 8 6030) (62 | 686) | (20.1 “J a7 ‘45)7 84 (6221) (2023)
d cookie 7 ’ 0
Black e 219 ssa | 50| rse | 1S ] ey 5387
:““, shortbrea § 65 G0) (1.62) 6.86) | (20.1 ‘;4 (1.7 (43; 84 (62.21)
caves d cookie 7 ) 0
Vinal
(Neltum
a Bread 5 870 | 1280 | 240 | 410 | 3 41.00 “l)lezdg,g‘)
ruscifoli al. (202
a) pods
Wheat B 60 62 ('“79 35| yims
flour roll 6o | 65 | G (134) 2
Spinach Curd 4 12.8 10.0 ?(‘971 271 38.1(368) E;“:"jl‘a‘}‘
leaves patty an | oy | G 262) : @019)
0.97
Lingonbe 60 92 289
ry patty 4 69 | ©n ‘gf’ (85) | 0487
BT | ras | a0 | as0ss 1602 s
Banana 1678 | 910~ | 07 - - - 49.96 - - 23 —
blossom Cake 4,68 - 2031 | 120 | 3 189 | 345 | 4309 4266 168.5 o i
s (1432) | 853 a2 | @7 | @s30 | 382 | asis @
@1 | G i ; ) as.
0) N 0)
Cauliflo 6ss | 201 | 117 b o 266 120 | o6
e " 282.40 - 26.13- | 893- - - - 126 - 5523 - ass o1 1677 - - - Tukassar
Sk Muffins | 0% 561.20 2391 9.70 682 | 238 | 374 106 53.46 s o o 656 158 | 1.9 etal
2 (193.10) @726) | 153 | 644 | (13 | 07 | (34 (56.24) (16 @ | o2 | @3
and | 3 % ana | 613 | aosa 6 5 o
leaves 7 s) 9
Variation of colour analysis, rheological, Cerda-Bernad & Frutos, 2023; Koh et al., 2023;

physical, textural and sensorial properties

Crust and crumb L* generally decreased with
the addition of floral by-products. This is due to
Maillard and caramelization reactions, as well
as the original colour of the horticultural by-
products. The original colour of the by-product
also explains the differences in a* and b*
values (Bhat et al., 2022; Bhat et al., 2018;
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Tasnim et al., 2020; Tukassar et al., 2023).
Data on dough rheology changes in bakery
products enriched with floral by-products is
limited. The pasting properties PV, BV, FV and
SV increased with the addition of cauliflower
stems, stalks, and leaves to muffins compared
to control samples, while trough viscosity, peak
time, and pasting temperature decreased
(Tukassar et al., 2023).




Physical characteristics like Vsp, spread factor,
density, thickness, and diameter are affected by
the addition of floral by-products. Changes in
these parameters can be attributed to gluten,
TDF content and the structure of the respective
HBP (Bhat et al., 2018; Rizi et al., 2024,
Chaalal et al., 2023; Koh et al., 2023; Tasnim et
al., 2020; Tukassar et al., 2023).

Textural data shows an increase in hardness,
firmness, gumminess, and chewiness, while
cohesiveness and  springiness  generally
decrease with the addition of floral by-products
(Bhat et al., 2018; Cerda-Bernad & Frutos,
2023; Rizi et al.,, 2024; Koh et al., 2023;
Tasnim et al., 2020; Tukassar et al., 2023).
Sensory analysis indicates that the addition of
floral by-products such as leaves, petals, stems,
and stalks to bakery formulations usually
decreases scores for aroma, flavour, taste, and
texture. However, in many formulations, the

scores for colour, odour, appearance, and even
aroma, taste, and texture show a significant
increase compared to control samples (Bhat et
al., 2022; Bhat et al., 2018; Cerda-Bernad &
Frutos, 2023; Rizi et al., 2024; Chaalal et al.,
2023; Koh et al., 2023; Tasnim et al., 2020;
Tukassar et al., 2023; Ojeda et al., 2023;
Sapozhnikov et al., 2019). These scores suggest
that bakery formulations with floral by-
products are generally better accepted by
consumers than those with peels, skins,
pomaces, or seeds.

Based on the analysis of various parameters,
especially sensory analysis, the highest
incorporation of floral by-products in bakery
formulations  without  significant  overall
differences is frequently 4-5%. The maximum
addition value possible is 30%, while the
minimum is 0.05%.

Table 9. Influence of potential functional ingredients obtained from horticultural petals, leaves, stems and other floral
by-products on dough and final bakery product properties

% Dough Bakery products properties
HBP Bakery products N rheological Physical o . . Sensorial analysis References
added . ysica Textural properties Colour
properties properties
Terust and crumb
Saffron stigmas Cakes 0.05, 0.1 L* ‘tappearance and texture Bhat ctal. (2022)
atiron stigmas akes -0, 0 terust and crumb Iflavour, Aftertaste and overall acceptability avetal.
a* and b*
Tweight, diameter . ir o
Saffron stigmas Cookies 0.05,0.1 and spread ratio Ihardness L™, b Iexture - Bhat et al. (2018)
La* ‘tappearance, mouth feel, flavour and overall acceptability
Tthickness
Thardness, gumminess | erust and crumb | Tevenness colour of crust, sweetness, flower-ID., floral-herbaceous
Wheat bread 25,5, and chewiness L*and a*, crust taste, sourness astringency, bitterness, aftertaste, hardness,
eat brea 10 Jcohesiveness and b* cohesiveness, adhesiveness, stickiness
springiness terumb b* |crispiness, saltiness Cerda-Bernad &
Saffron tepals Thardness, gumminess | Jcrust and crumb Frutos (2023)
25,5, and chewiness L*, crust a* and
Spelt bread 10 Jcohesiveness and b
springiness Terumb a* and b*
- Thardness, gumminess -
Saffron petals Mung bean 10 Tporosity tresilience and faroma and taste Rizi et al. (2024)
sourdough bread IpH e Ichew-ability, colour, mouth feel and overall acceptability
- Thumidity, pH - j Chaalal et al
Saffron stigmas Biscuits 01 Tasti Teolou, odour, taste, texture, aspect and overall acceptability Bors)
. lp.pH
- | Gluten free .o S '
Greentea leaves | e TES e 8 fspread factor, Thardness IL*, a5, b fappearance, taste, smell, texture and overall acceptability
loss rate and aw
- o 1p. pH
Oolong tea leaves | Glen free 3 1spread factor, thardness |L*,a*, b* |appearance, taste, smell, texture and overall acceptability Koh et al. (2023)
shortbread cookic Y
loss rate and aw
¢ p. pH
Black tea leaves Gluten free 8 tspread factor, thardness IL*, 2%, b* Lappearance, taste, smell, texture and overall acceptability
shortbread cookie
loss rate and aw
Thardness, gumminess
WA ZOA. JFC and resilience e y
Banana blossoms | Cake 468 |1 WAlA;)}f“ Fe Tsultll’n]nv Jcohesiveness, “_T'«;*h Jcolour, flavour, texture and overall acceptability T"‘(‘;‘D";g; al
¥ springiness and
chewiness
TPV, BV, 'FV, Thardness and
Cauliflower stems, | 0 oo 10, 20, sV vy chewiness IL*, b* lappearance, taste, aroma, texture, softness, palatability, colour and Tukassar et al.
stalks and leaves ulins 30 1'°TV, peak time P Lcohesiveness and Ta*, AE* overall acceptability (2023)
and "'PT springiness
Vinal (Neltuma e Vi e
ruseifolia) pods Bread 5 tcolour, odour, texture and overall acceptability Ojeda et al. (2023)
. |scent and taste.
Wheat flour roll 4 P
. . Iscent Sapozhnikov et al
Spinach leaves Curd patty 4 Yo and golonr 5019,
Tappearance, colour and consistency
Lingonberry patty 4 Jtaste

'WA: water absorption; 20A: oil absorption; *FC: foaming capacity; “SP: swelling power; *Vsp: specific volume; °PV: peak viscosity; 'BV:
breakdown viscosity; *FV: final viscosity; *SV: setback viscosity; '“TV: trough viscosity; ''PT: pasting temperature

CONCLUSIONS

The exploration of horticultural by-products as
valuable sources of functional ingredients in

bakery products

has

been

extensively

researched. Fruit and vegetable by-products,
which constitute a significant portion of food
waste, are studied for their potential to enhance
baked goods quality. By-products are
commonly processed into powders or flours,
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which are easily into bakery
formulations.

Research shows increasing inclusion of these
powders correlates positively with higher
phenolic content and antioxidant capacity in
bakery products. These bioactive compounds
have potential health benefits.

Understanding sensory attributes and ensuring
safety are crucial for consumer acceptance and
market success. Comprehensive investigations
into their phenolic profile, chemical and
mineral content, as well as sensory, textural and
rheological properties will provide insights to
optimize formulations, meet consumer prefe-
rences, ensure product safety, and leverage the
potential of horticultural by-products for human
health and sustainable food systems.

integrated
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