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Abstract: The recovery and utilization of onion processing waste would contribute to the solution of environmental
problems. This research presents the way of successful supplementation of onion processing waste in mayonnaise. Dif-
ferent levels (0, 1, 2, and 3%) of onion waste powder (OWP) were used as an additive to mayonnaise, based on sunflower
oil. The final mayonnaise formulations were evaluated for sensory properties, rheological behaviour, oxidative stability,
total phenolic content, total flavonoids, and antioxidant activity. The results indicated that OWP could be used as a po-
tential health-promoting functional ingredient in amounts of 2% to produce mayonnaise enriched with total phenolic
compounds and flavonoids, having high antioxidant activity, acceptable quality, and overall consumer preference.
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Consumer demand for nutritious, healthy, and fresh-
like food products, with high organoleptic quality
is increase (Zinoviadou et al. 2015). Evaluation of food
products by consumers is not only in terms of nutri-
tional needs, but also regarding the effect on their
health. On the other side, in the new era of the COV-
ID-19 pandemig, it is foreseen that consumers will in-
creasingly seek products to boost their immune system
in the future (Galanakis 2020). Supplementation of the
food is one of the most used techniques for quality im-
provement of the products (Swieca et al. 2014; Prokopov

et al. 2018a). Food waste is today considered a low-cost
source of food additives with high added value, and
significant efforts are being made to valorise it because
of the environmental problems associated with its
treatment and because of the great potential for the de-
velopment of new products (Galanakis et al. 2018a,b).
Different non-traditional extraction methods for nu-
traceuticals and techniques were proposed by several
authors (Nagarajan et al. 2019; Sarfarazi et al. 2020).
Onion processing waste (OPW) consists mainly of the
top and bottom of onion bulbs and the two outer fleshy
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scales together with the brown skins. In our previous
study, it was found that OPW powder could be po-
tentially used as a value-added low-calorie functional
food ingredient rich in dietary, mainly insoluble, fi-
bre, and in total phenols and total flavonoids, mainly
quercetin, with good antioxidant activity. The recovery
and utilisation of OPW would also contribute to the
solution of some environmental problems (Prokopov
et al. 2018b).

Mayonnaise is one of the most widely consumed
products worldwide for use in condiments or sauces
(Alu'datt et al. 2017). Its structure, creaminess, appear-
ance, and rheological behaviour are of outstanding
importance for the sensory properties and perceived
texture and also the physical stability parameters,
which are the key factors for consumers' choice and
satisfaction (Mattia et al. 2015). The addition of spices,
pureed or dried vegetable pieces into food emulsions,
improved their consumer acceptance and the overall
flavour (Mihov et al. 2012).

Many types of research have been reported in the
literature concerning the incorporation of different
plant waste by-products and extracts for the enhance-
ment of physicochemical properties, rheological be-
haviour, and lipid oxidation stability of mayonnaise
(Park et al. 2019; Flamminii et al. 2020). To the best
of our knowledge, there is no research, reported in the
literature, on the effects of onion waste powder (OWP)
addition on mayonnaise quality and consumer accept-
ability of such product. The importance and novelty
of this research is the addition of OWDP, like a health-
promoting functional ingredient in mayonnaise with
the objective of optimization and reduction of envi-
ronmental pollution. Therefore, this research was car-
ried out to find a way to successful supplementation
of OWP in mayonnaise. The aim of this study is to use
different concentrations of OWP to find out which one
is most appropriate and will give the most success-
ful results.

MATERIAL AND METHODS

Material

The industrial onion waste, used in this study, was
obtained from a Bulgarian canning factory (Bul-
cons Parvomay JSC, Bulgaria). OWP was prepared
as by Prokopov et al. (2018b). The ingredients,
used in the preparation of mayonnaise, included 70%
sunflower oil, 12% dry egg yolk, 1% salt, 0.5% sugar,
4% vinegar, 0.5% citric acid, purchased from the local
market, and the remaining water.

Methods

Preparation of the mayonnaise. Dry egg yolk or par-
tially replaced dry egg yolk with OWP at the 1, 2, and 3%
levels, salt and sugar were blended in the water and ho-
mogenized for 1 min. The oil was then carefully mixed
with the water phase. Finally, the dissolved in vinegar
citricacid was added to the emulsion. Four samples were
prepared — control sample with 0% OWP, mayonnaise
with 1% OWP, mayonnaise with 2% OWP, and mayon-
naise with 3% OWP. The mayonnaise was transferred
to sterile 500 mL glass beakers and left at 4 °C before
testing. Samples were taken after 1, 22, 43, and 64 days
in three replications for analysis.

Determination of total phenolic and flavonoid
contents and in-vitro antioxidant activity. For the
extraction of phytochemical compounds (phenols and
flavonoids), a sample (1 g) was extracted with methanol
in a solid-to-liquid ratio of 1:25 (w/v). The extraction
procedure was performed in temperature-controlled
water bath on a magnetic stirrer (500 rpm) for 60 min
at 60 °C. The obtained extract was twice vacuum fil-
tered, through filter paper with anhydrous Na,SO,.

The total phenolic content of the extract (TPC) was
determined using Folin-Ciocalteu's reagent according
to Stintzing et al. (2005). Gallic acid was used as a cali-
bration standard and the results were expressed
as mg gallic acid equivalents (GAE)-g~! on a dry weight
basis (d.w.) as described by Prokopov et al. (2018a,b).

The total flavonoid (TF) content of the extract was
determined using an Al(NO,), reagent and measur-
ing the absorbance at 415 nm according to Kivrak
et al. (2009). The results were presented as mg querce-
tin equivalents (QE)-g~! d.w. (Prokopov et al. 2018a,b).

The antioxidant activity was evaluated by two meth-
DPPH (1,1-diphenyl-2-picrylhydrazyl)
cal based on mixed hydrogen atom transfer (HAT)
and FRAP (ferric reducing antioxidant power) based
only on the single electron transfer mechanism (Ben-
zie and Strain 1996). The results were expressed
as mM Trolox® equivalents (TE)-g™! d.w. (Prokopov
etal. 2018a,b).

Determination of oxidative stability. For the deter-
mination of the oxidative stability of mayonnaise sam-
ples, the Soxhlet extraction of lipids was carried out.
Acid and peroxide values (AV and PV) were determined
according to ISO 660 (2009) and ISO 3960 (2007), re-
spectively. p-Anisidine value (p-AV) was determined
according to AOCS (1998).

Rheological properties. The rheological measure-
ments of the samples were carried out at a tempera-
ture of 20 °C with a rotational rheometer (Reotest 2,

ods: radi-

183


https://www.agriculturejournals.cz/web/cjfs
https://www.agriculturejournals.cz/web/cjfs

Original Paper

Czech Journal of Food Sciences, 41, 2023 (3): 182—188

Germany) using a system of coaxial cylinders (Dolz
et al. 2007). The flow curves (shear stress vs. shear rate
and viscosity vs. shear rate) were fitted at increasing
shear rates: 0.17-72.9-s"%. The apparent viscosity was
measured, i.e. the shear stress as a function of the rota-
tion velocity.

Sensory analysis. The Quantitative Descriptive
Analysis (QDA) was performed by a trained sensory
panel consisting of 12 trained assessors (Carpen-
ter et al. 2000). The mayonnaise samples of 5 g were
placed on white plastic glass and labelled with a three-
digit code. The performance conditions were standard,
during daytime and under regular room temperature
(20 °C). The temperature of the samples was 4 + 1 °C.

The list of specific attributes and sensory descrip-
tors was defined and focused on appearance: colour
(intensity of yellow colour), brightness (mat to bright),
emulsion stability (separate oil — stability); texture:
consistency (thin to thick), adhesion (stickiness),
oiliness (watery to oily), homogeneity (homogenous
to heterogeneous); smell (weak to strong): onion, ran-
cid; taste (weak to strong): salty, sour, bitter, onion,
rancid; aftertaste (weak to strong): bitter, onion; over-
all acceptability: bad to very good. The analysis was
performed by scoring attributes on a structural scale
from O to 9 points, where a higher score means more
expressed attributes.

Statistical analysis. All data were statistically evalu-
ated by means of one-way analysis of variance (ANO-
VA) and Tukey's test (P < 0.05) to establish the statistical
significance of the differences between the mayon-
naise samples.

RESULTS AND DISCUSSION

Effect of OWP addition on the total phenolic and
total flavonoids content and the antioxidant activity
of mayonnaise. For the evaluation of the OWP effect
on the antioxidant activity of the resulting mayon-

https://doi.org/10.17221/19/2023-CJES

naise, the total phenolic and total flavonoids content,
the DPPH and FRAP values in mayonnaise samples
with different levels of added OWP were determined
and the results presented in Table 1. Data indicated
increases in TPC, TF, and antioxidant activity, evalu-
ated by DPPH and FRAP methods, with increasing
added OWP levels. The TPC, TF, and antioxidant ac-
tivity of mayonnaise samples with added OWP were
significantly higher compared to the control sample.
The obtained results for antioxidant activity are com-
parable to those obtained by Shabbir et al. (2015)
for the addition of sesame sprout powder in mayon-
naise. The addition of an OWP level of 2% led to sig-
nificant increases in TPC, TF, DPPH, and FRAP values
of approximately 2.7, 2.0, 2.8, and 3.1-fold, respectively
in comparison with the control mayonnaise sample.

The levels of antioxidant activity (Table 1) were close
to the recommended values of 5-15 mM TE as nec-
essary to cover the human daily antioxidant needs
(Denev et al. 2013). The results suggested that a daily
intake of two tablespoons (28 g) of mayonnaise with
21.22% moisture content and 2% OWP could deliver
approximately 37.81 mg GAE of total phenols and
20.78 mg QE of total flavonoids which could render
additional health benefits to the human body. Similar
results were reported in a study for white bread (in-
take of 50 g) incorporated with 3% OWP (Prokop-
ov et al. 2018a). In another study, Lim et al. (2011)
also observed that a daily intake of 50 g or two slic-
es of bread having 4% turmeric powder could de-
liver 40.12 mg GAE of total phenolic compounds.
Data in Table 1 indicated the possible application
of OWP to the formulation of mayonnaise with health-
promoting ingredients.

Effect of OWP addition on oxidative stability
of mayonnaiselipid phase. Totest the effect of OWP ad-
dition on the oxidative stability of mayonnaise samples,
the AV, PV, and p-AV were determined during the in-
vestigated storage period. The AV of extracted lipids

Table 1. Total phenolic content, total flavonoids, and antioxidant activity of mayonnaise with different levels of added OWP

Levels of added OWP  Total phenolic content (TPC) Total flavonoids (TF) Antioxidant activity (mM TE-g*d.w.)
(%) (mg GAE-g™' d.w.) (mg QE-g™' d.w.) DPPH FRAP

0 (control) 0.641° 0.476° 1.12° ND

1 0.817° 0.579° 1.88P 2.64°

2 1.714¢ 0.942¢ 3.17¢ 3.05

3 2.4424 1.6404 5.284 4.03¢

*mean * SD of three independent measurements; a~d significantly different values (P < 0.05); OWP — onion waste powder;
GAE - gallic acid equivalents; QE — quercetin equivalents; TE — Trolox® equivalents; DPPH — 1,1-diphenyl-2-picrylhy-
drazyl; FRAP - ferric reducing antioxidant power; ND — not detected
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is an indicator for lipid hydrolysis and the formation
of free fatty acids, while the PV and p-AV indicated pri-
mary and secondary oxidation stages of mayonnaise,
respectively (Kishk and Elsheshetawy 2013). The oxi-
dative stability of the lipid phase of mayonnaise sam-
ples with different levels of added OWP during storage
at 4 °C is presented in Table 2.

The results indicated that the AV, PV, and p-AV of all
samples significantly increased during the storage period.
Similar trends were reported by Kishk and Elsheshetawy
(2013) for mayonnaise with added ginger powder. How-
ever, in our study, we found that the AVs and p-AVs
of samples with added OWP were higher than the con-
trol sample after 64 days of storage at 4 °C. While the
PVs of OWP-added samples were not statistically differ-
ent (P > 0.05) or close to the control for the same stor-
age period. On the other side, the results for PVs of the
mayonnaise enriched with 1% and 2% OWP after 22 and
43 days of storage were lower than that of the control.

Therefore, added OPW might retard oxidation in the
early stage. Similar results were reported by Park
etal. (2019). Generally, the results obtained in the study
for oxidative stability of the mayonnaise lipid phase
could be explained by the fact that quercetin, which
is the main antioxidant consisted in OWP (Prokopov
et al. 2018b), did not show a significant antioxidant ef-
fect in sunflower oil containing natural tocopherols with

added citric acid (Roeding-Penman and Gordon 1998).
Nevertheless, the data in Table 2 indicated that AVs,
PVs, and p-AVs of the mayonnaise with 1% and 2% add-
ed OWP were below the set limits for such type of prod-
uct (Codex Alimentarius) after 43 days of storage and
was oxidative stable and suitable for consumption.

Effect of OWP addition on rheological properties
of mayonnaise. Rheological behaviour is of consider-
able importance for the physical stability of the food
emulsion system. Flow curves of mayonnaise with dif-
ferent levels of OWP are presented in Figure 1. They
showed non-Newtonian, pseudo-plastic flow.

The control sample (0% OWP) exhibited the highest
rate of non-Newtonian properties, followed by the sam-
ple with 1% OWP. All the mayonnaises studied exhib-
ited non-ideal plastic behaviour. The Herschel-Bulkley
model described this rheological behaviour of prod-
ucts most accurately and the addition of OWP did not
influence the rheological properties of newly devel-
oped products.

Flow behaviour curves (apparent viscosity/shear
rate) of mayonnaise samples containing different levels
of OWP are shown in Figure 2.

Mayonnaise samples with OWP have high viscos-
ity or visco-elastic properties. Control sample and the
mayonnaise with 1% OWP had high viscosity, particu-
larly for high values of shear rate. With the increase

Table 2. Oxidative stability of lipids extracted from mayonnaise with different levels of added OWP

Levels of added OWP (%)

Period of storage (days)

1 22 43 64
Acid value (AV), mg KOH.g ! oil

0 (control) 0.28 + 0.01* 0.39 + 0.01"* 0.53 + 0.01* 0.66 + 0.0194
1 0.31 + 0.01*® 0.42 + 0.01"® 0.55 + 0.01® 0.77 + 0.039®
2 0.33 + 0.02*P 0.45 + 0.02°¢ 0.59 + 0.01¢¢ 0.76 + 0.019®
3 0.36 + 0.01%¢ 0.55 + 0.01°P 0.75 + 0.01P 0.89 + 0.029¢
Peroxide value (PV), meq O,-kg™! oil

0 (control) 0.12 + 0.0234 0.45 + 0.03P4 0.57 + 0.03 0.71 + 0.0344
1 0.13 + 0.03* 0.24 + 0.02"® 0.41 + 0.03® 0.67 + 0.03%
2 0.21 + 0.03*P 0.34 + 0.03P¢ 0.53 + 0.03¢ 0.81 + 0.03%®
3 0.39 + 0.03*C 0.51 + 0.03P 0.62 + 0.03P 0.88 + 0.039€
p-Anisidine value (p-AV)

0 (control) 2.22 +0.03*4 2.92 + 0.03P4 3.30 + 0.04 3.79 + 0.0344
1 2.28 + 0.03%8 3.06 + 0.03P® 3.50 + 0.03<B 3.99 + 0.039®
2 3.09 + 0.03*C 3.36 + 0.04°C 3.88 + 0.03<C 4.55 + 0.039¢
3 3.20 + 0.03*P 3.58 + 0.03P 3.78 + 0.03P 3.96 + 0.049°

*mean * SD of three independent measurements; ~~P significantly different values within each column and individual

indicator (P < 0.05); *4significantly different values within each row (P < 0.05); OWP — onion waste powder
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Figure 1. Flow curves of the mayonnaise with different levels of OWP

OWP — onion waste powder

in shear rate a decrease in the apparent viscosity of all
samples occurred. The apparent viscosity of samples
decreased with increasing the content of the OWP.
The increase OWP influenced emulsifying capac-
ity and emulsions stability of the food system because
of the reduced egg yolk content.

Effect of OWP addition on sensory quality of may-
onnaise. The results of sensory analysis of mayonnaise
samples with different levels of added OWP are pre-
sented in Table 3. For all samples, there were no statisti-
cal differences in colour. Using OWP up to 3% did not
influence the mayonnaise colour considerably. Accord-
ing to the brightness, the control sample was evaluated

600 -

500 A

m
400 A

Apparent viscosity (Pa-s)

as the brightest one and the powder made the product
more turbid. The emulsion stability and consistency
were different. The samples with 3% OWDP were per-
ceived as the most unstable and thin. This could be due
to the percentage of OWP used instead of egg yolk.
Thus, the emulsifying activity of the yolk lecithin was
decreased. The panellists evaluated the sensory attrib-
ute adhesion with a lower score. The perception of may-
onnaise's oily texture decreased with the increasing
content of OWP. Regarding homogeneity of the sample,
the control (0% OWP) was perceived as the product
with more homogenous consistency. The descriptive
analysis of mayonnaise samples with OWP showed

0% OWP
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Figure 2. Apparent viscosity of the mayonnaise with different levels of OWP

OWP — onion waste powder
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Table 3. Sensory evaluation of mayonnaise with different levels of added OWP
Levels of added OWP (%)

Sensory descriptors

0 (control) 1 2 3
Yellow colour 4.27 +1.32 4.23 +0.8* 4.38 + 0.5% 4.41 + 0.4*
Brightness 7.55 + 1.0° 5.45 + 0.6 6.27 + 0.5° 5.00 + 0.6
Stability 8.05 + 0.9° 7.14 + 1.2° 7.59 + 0.9" 5.00 + 1.0°
Consistency 7.64 + 0.4 6.50 + 0.5" 5.64 + 0.5¢ 291 +0.7¢
Adhesion 1.00 + 1.3* 2.27 +0.8° 1.18 £ 0.7° 2.18 +0.7°
Oiliness 8.05 + 0.4° 6.27 +0.5" 5.82 + 0.5¢ 4.82 + 0.64
Homogeneity 7.95 + 1.0° 6.45 + 0.9° 6.09 + 0.8° 5.00 + 0.8°
Onion smell 0.18 + 0.02? 4.82 +0.8° 6.36 + 1.0° 6.51 + 1.1°
Rancid smell 0.47 + 0.1 0.50 + 0.2 0.46 + 0.1 0.58 + 0.1
Salty taste 5.85 + 1.0° 6.00 + 1.1 6.00 % 0.7 6.43 + 0.9
Onion taste 0.18 + 0.02? 5.36 + 0.6 6.50 + 0.8° 7.73 + 0.8¢
Sour taste 6.50 + 0.8° 6.91 0.7 7.32 £ 0.7° 7.00 1.0
Rancid taste 0.00° 0.27 +0.01° 0,18 + 0.01° 0,26 + 0.02°
Bitter aftertaste 0.18 + 0.01° 0.50 + 0.1° 0.46 + 0.1° 0.45 +0.1°
Onion aftertaste 0.09 + 0.01* 4.45 +0.7° 5.09 + 0.9 6.36 + 1.1¢
Overall acceptability 4,95 + 0.7° 7,05+ 1.1° 8,45 + 0.9 5,55 + 0.5¢

*mean + SD (n = 12); *4significantly different values (P < 0.05); OWP — onion waste powder

that there were no significant differences in the sensory
characteristics including salty and sour taste, and bitter
aftertaste. For all samples, there were no statistical dif-
ferences in rancid smell and taste due to the high quality
of the sunflower oil. The mayonnaise with 2% OWP ob-
tained the highest score in overall acceptability com-
pared to the control and the other samples.

CONCLUSION

Quality characteristics of mayonnaise products with
added OWP were performed. It was demonstrated
utilising the sensory attribute of overall acceptability
that the panellists scored the highest in mayonnaise
samples with 2% OWP. The use of OWP did not in-
fluence the rheological model of mayonnaise. The in-
crease in OWP content decreased the viscosity of the
emulsions because of the reduced egg yolk emulsifier.
Mayonnaise with 2% added OWP was oxidative sta-
ble after 43 days of storage and suitable for consump-
tion. The addition of OWP into mayonnaise increased
significantly the TPC, TF, and antioxidant activity
of the final product. The data of the analyses showed
that OWP in mayonnaise could be successfully sup-
plemented. The addition of 2% OWP has the greatest
effect on the quality characteristics of mayonnaise.
The results of this study may be used in the commercial

development of mayonnaise products with OWP that
would appeal to consumers.
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