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Abstract

BACKGROUND: Owing to their health benefits, walnuts are attracting interest as a good option for nutritious meals, thereby
promoting their production. Furthermore, the adoption of ecologically and environmentally friendly agriculture strengthens
biostimulant use as a sustainable complement to traditional fertilizers. This study evaluated the effects of different foliar-
applied biostimulants in walnut tree orchards, in northeastern Portugal, on walnuts' chemical composition and bioactivity.

RESULTS: Walnut samples were rich in fat (particularly the polyunsaturated linoleic acid), dietary fiber and protein. Sucrose was
the most prevalent soluble sugar, followed by glucose and fructose. Studied samples also showed an antioxidant activity com-
parable (or superior) to that of Trolox. Some plant biostimulants (e.g. Sprint Plus®) had a positive impact on the nutritional com-
position of walnuts, more specifically by boosting tocopherol levels, besides improving the bioactivity of walnut extracts
against specific bacteria.

CONCLUSION: Overall, this research demonstrated that important quality traits of walnuts can be improved using sustainable
agricultural bioproducts and practices.
© 2024 Society of Chemical Industry.
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INTRODUCTION
Walnut tree (Juglans regia L.), belonging to the Juglandaceae fam-
ily, produces one of the nuts frequently present in Mediterranean
diets and is widespread in Portugal, where its production exceeds
6000 tons per year.1 Recently, walnuts have been considered as a
natural functional food of elevated economic significance due to
their nutritional and medicinal advantages.2,3

Nuts' unsaturated fatty acid composition has been associated
with improving digestion, accelerating wound healing, strength-
ening the immune system and improving blood circulation. Fur-
thermore, it has been reported that their characteristic lipid
profile is correlated with a reduced risk of cardiovascular diseases,
particularly due to the levels of mono- and polyunsaturated fatty
acids, which contribute to decreasing low-density lipoprotein
cholesterol, usually known as ‘bad cholesterol’. Furthermore,
short-term trials have shown that nuts may be associated with
increasing high-density lipoprotein, normally referred to as ‘good
cholesterol’, besides strengthening the antioxidant defense
system.4,5

Several studies have explored the traditional applications, phy-
tochemistry and pharmacology of walnuts.6 Additionally, investi-
gations have delved into the antioxidant properties of both the
fruits and leaves of this tree,7 as well as the chemical characteriza-
tion and nutritional properties of walnuts.8

Traditionally, the challenge imposed by increasing food require-
ments was approached by an intensification of synthetic fertilizers

and pesticide use. However, only a fraction of the applied nutri-
ents are absorbed by plants leading to disruptions in microbial
populations in addition to contamination of water resources.9

Hence, there is an urgent need for a transition from contemporary
agricultural methods to eco-friendly practices, aiming to reduce
or substitute fertilizers and pesticides, specifically by using biosti-
mulants. Plant biostimulants can be any material or combination
of compounds from natural sources or microorganisms that
enhance crop productivity and quality without causing environ-
mental impact.10 Plant biostimulants do not fall under the cate-
gory of fertilizers given that they do not directly provide
nutrients to plants; therefore, they could be considered as a com-
plement since they support the absorption of nutrients, increase
tolerance to biotic/abiotic stresses and stimulate plant
growth.11,12 Studies report that marine bioactive compounds
extracted from algae, for example, have numerous beneficial
results regarding increased quality and yield.13,14
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Indeed, the work reported here aimed to evaluate the influence
of using plant biostimulants on the chemical profile, nutritional
composition and bioactivity of walnuts. Interestingly, it is impor-
tant to mention that the biostimulants investigated were admin-
istered via leaves, a method potentially more effective due to
the limited accessibility of nutrients when applied to the soil
and the inefficiency in their translocation from root system to
fruits. Numerous studies have demonstrated the effectiveness of
applying biostimulants through foliar application techniques in
different crops.14-18 Thus, the study offers useful information on
the potential of several plant biostimulants to be used in sustain-
able agriculture. It will also promote the consumption of plant
foods obtained with these techniques and their inclusion in a
healthy and equilibrated diet.

MATERIALS AND METHODS
Foliar application of biostimulants and sample
preparation
Walnut samples were collected from a field experiment con-
ducted in a walnut orchard of the Franquette cultivar, located in
Vale da Porca (41°5403400 N, −6°8809100 W, 583 m above sea level)
within the municipality of Macedo de Cavaleiros, in northeastern
Portugal. The trees, which are 20 years old, are planted at a spac-
ing of 7 m × 7 m and are irrigated using a drip irrigation system.
Soil management involves a natural vegetation cover that is
mowed twice annually. In the field trial, six treatments were estab-
lished based on the application of five plant biostimulants and a
control treatment, namely: (i) Basfoliar® K Premium;
(ii) Tradebor®; (iii) Sprint Plus®; (iv) Fitoalgas Green®;
(v) Stimulus™; and (vi) control (sprayed only with water).
Basfoliar® K Premium is a high-concentration liquid foliar fertil-

izer, containing potassium (25% (w/v) K₂O), enhanced with 3%
seaweed extract (Scklonia maxima) and 10 g L−1 of boron. It is
recommended for application close to harvest to increase fruit
size and quality. The product was applied at a rate of 5 L ha−1 in
two separate applications. Tradebor® is a foliar fertilizer contain-
ing boron in the form of ethanolamine (15.4% w/v), which offers
enhanced mobility within the plant. It was applied at a rate of
1.5 L ha−1 across three applications. Sprint Plus® is a plant biosti-
mulant composed of free amino acids, which act rapidly on the
plant. It contains 28.8% (w/v) free amino acids, 10.8% (w/v) total
nitrogen and 67.4% organic matter. It was applied at a rate of
1.5 L ha−1 in three applications. Fitoalgas Green® contains a pure
extract of Ascophyllum nodosum, obtained through a cold extrac-
tion process. It is designed to promote flowering, fruit set and fruit
quality. The product contains 16.5% (w/v) A. nodosum expressed
as dry weight. It was applied at a rate of 2.5 L ha−1 in three appli-
cations. Stimulus™ contains a pure extract of A. nodosum,
obtained through a cold extraction process. The commercial
product comprises 6.6% (w/v) A. nodosum expressed as dry
weight, 10.6% (w/v) free amino acids, 4% (w/v) nitrogen and
18.9% (w/v) organic matter. It was applied at a rate of 2.5 L ha−1

in three applications. Basfoliar® K Premium was applied only
twice, close to the harvest period, while the other products were
applied three times, following a schedule as close as possible to
themanufacturers’ recommendations. The application dates were
21 June and 9 and 26 July. All these products are usually approved
for use in organic farming.
The experiment was planned as a randomized design with three

replicates. Once in the laboratory, dried walnut fruit samples were
ground in a food chopper (A327R1, Moulinex, Spain),

homogenized, kept shielded from moisture and light and ana-
lyzed in triplicate.

Standards and reagents
Chemicals and reagents were of analytical purity (Fisher Scientific,
Lisbon, Portugal), except for the solvents used in high-
performance liquid chromatography (HPLC), which were of HPLC
grade. Water was treated in a Milli-Q water purification system
(TGI Pure Water Systems, Greenville, SC, USA).

Centesimal composition analysis
The centesimal composition (ash, crude fat, crude protein and
total fiber) was analyzed following AOAC procedures.19 Crude
protein was determined by the macro-Kjeldahl method with an
automatic distillation and titration unit (Pro-Nitro-A; Selecta, Bar-
celona, Spain); ash was evaluated by incineration at 550 °C and
crude fat was determined by Soxhlet extraction with petroleum
ether. Total dietary fiber (TDF) was calculated through an
enzymatic–gravimetric method (AOAC 993.19), with ⊍-amylase,
protease and amyloglucosidase. Results were expressed as grams
per 100 g of dry weight (dw). The available carbohydrate content
(g (100 g)−1 dw) was estimated by difference using the formula:
100 − (g fat + g ash + g proteins + g fiber), and the energy value
(kcal (100 g)−1 dw) was estimated according to the Regulation
(EC) No. 1169/2011 as follows: 4 × (g protein + g available
carbohydrate) + 2 × (g fiber) + 9 × (g fat).

Chemical composition analysis
The chemical composition of walnuts encompassed tocopherols
and fatty acids as lipophilic constituents and soluble sugars and
organic acids as hydrophilic constituents.

Tocopherols
Tocopherols were determined using an HPLC system (Knauer,
Smartline System 1000, Berlin, Germany) coupled to a fluores-
cence detector (FP-2020; Jasco, Easton, MD, USA).14 The identifica-
tion was performed by chromatographic comparisons with
commercial standards, and the quantification using the internal
standard method (IS, tocol). The results were expressed in mg
(100 g)−1 dw.

Fatty acids
Fatty acid profile was determined by gas–liquid chromatography
with flame ionization detection/capillary column, after the extrac-
tion and derivatization to fatty acid methyl esters (FAMEs).14 The
analysis was carried out with a DANI model GC 1000 instrument
equipped with a split/splitless injector, a Macherey-Nagel
(GC 1000, Düren, Germany) column (50% cyanopropylmethyl–
50% phenylmethylpolysiloxane, 30 m × 0.32 mm i.d. × 0.25 μm
df), and a flame ionization detector. The identification was made
by comparing the relative retention times of FAME peaks with
commercial standards and the results were expressed as the rela-
tive percentage (Clarity DataApex 4.0.1.7 software).

Lipid quality indices
The polyunsaturated fatty acid (PUFA)/saturated fatty acid (SFA)
ratio was calculated from the relative percentages. The athero-
genicity (AI), hypocholesterolemic (HI) and thrombogenicity
(TI) health indices of the walnut fatty acids were calculated as pre-
viously described.20
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Soluble sugars
Soluble sugars profile was determined by HPLC and consisted of
an integrated system with a pump (Knauer, Smartline System
1000, Berlin, Germany), an auto-sampler (AS-2057, Jasco, Easton,
MD, USA), a degasser system (Smartline Manager 5000) and a
refractive index detector (Knauer Smartline 2300, Berlin,
Germany). Freeze-dried samples were extracted with a water–
ethanol mixture (80:20) after being spiked with melezitose (IS,
5 mg mL−1).21 Compounds were identified by comparison with
commercial standards and quantified using the IS method
(Clarity 2.4 software, DataApex, Prague, Czech Republic). Results
are expressed in g (100 g)−1 dw.

Organic acids
Samples were extracted at room temperature by adding 25 mL of
4.5% metaphosphoric acid and under stirring for 20 min. Extracts
were filtered twofold (Whatman No. 4 paper + 0.22 μm nylon fil-
ters) andmoved to HPLC vials. The organic acids were determined
by ultrafast liquid chromatography coupled to a photodiode array
detector (UFLC-PDA, Shimadzu 20A Series, Kyoto, Japan). The
quantification was performed by association of the peak area
recorded at 215 nm (245 nm to ascorbic acid) with calibration
curves from commercial standards. The results were expressed
in mg (100 g)−1 dw.

Bioactivity evaluation
Sample preparation
For obtaining extracts, 1 g of ground sample was suspended in
50 mL of ethanol–water (80:20, v/v) at 25 °C by stirring for 1 h,
and then filtered through Whatman No. 4 paper. The residue
was subsequently re-extracted under identical parameters. Lastly,
ethanol was evaporated from the combined extracts with a rotary
evaporator (Büchi R-210, Flawil, Switzerland), and the aqueous
phase was lyophilized to afford a dried extract (FreeZone 4.5, Lab-
conco, Kansas City, MO, USA). The lyophilized hydroethanolic
extracts were redissolved to perform the bioactivity assays.

Antioxidant activity
TBARS assay. Porcine (Sus domesticus) brains were dissected and
homogenized with a Polytron in ice-cold Tris–HCl buffer
(20 mmol L−1, pH 7.4) to obtain a 1:2 (w/v) brain tissue homoge-
nate that was centrifuged (3000 × g, 10 min). An aliquot of the
supernatant was incubatedwith the extracts at diverse concentra-
tions with FeSO₄ (10 μmol L−1; 0.1 mL) and ascorbic acid
(0.1 mmol L−1M; 0.1 mL) at 37 °C for 1 h. The reaction was
stopped by adding trichloroacetic acid (28% w/v, 0.5 mL) and
thiobarbituric acid (2% w/v, 0.38 mL), heated at 80 °C for 20 min.
After centrifugation (3000 × g, 10 min), the supernatant wasmea-
sured by its absorbance at 532 nm. The results were expressed as
EC50 values (μg mL−1), calculated by interpolation from the TBARS
formation inhibition percentage graph versus sample
concentration.
OxHLIA assay. An erythrocyte solution (2.8% v/v; 200 μL) pre-

pared in PBS was mixed with extract solution (0.03–1 mg mL−1

in PBS); PBS (negative control); distilled water (baseline); or Trolox
(positive control; 7.81–250 μg mL−1 in PBS). Following pre-
incubation (at 37 °C, 10 min) with shaking, 200 μL of 2,20-azobis
(2-amidinopropane) dihydrochloride (AAPH; 160 mmol L−1 in
PBS) was added, and the optical density was measured at
690 nm (ELx800 microplate reader, Bio-Tek Instruments, Winoo-
ski, VT, USA) over time until complete hemolysis. IC50 values
(μg mL−1) for a Δt of 60 min were obtained by comparing the

extract concentration to the Δt values (min), which resulted from
the half hemolysis time (Ht50 values) obtained from the hemolytic
curves of each extract concentration minus the Ht50 value of the
negative control.

Anti-inflammatory activity
Dexamethasone (50 μmol L−1) was used as a positive control. The
mouse macrophage-like cell line RAW 264.7 (Leibniz Institute
DSMZ, German Collection of Microorganisms and Cell Cultures
GmbH), stimulated with lipopolysaccharide (LPS), was used in
the assay. The nitric oxide (NO) produced was determined by
reading absorbances at 540 nm (Bio-Tek Instruments, Inc., Winoo-
ski, VT, USA), and the quantification was done using a standard
calibration curve. Results were expressed as IC50 values (μg mL−1)
equivalent to the sample concentration corresponding to 50%
inhibition of NO production.

Antimicrobial activity
The antimicrobial potential of the extracts was evaluated against a
panel of different pathogenic bacteria and fungi.

Antibacterial activity. The extracts were tested on five Gram-
negative and three Gram-positive bacterial strains frequently
associated with foodborne diseases, namely Enterobacter cloacae
(ATCC 49741), Escherichia coli (ATCC 25922), Salmonella enterica
(ATCC 13076), Pseudomonas aeruginosa (ATCC 9027) and Yersinia
enterocolitica (ATCC 8610) (Gram-negative bacteria) and Listeria
monocytogenes (ATCC 19111), Bacillus cereus (ATCC 11778) and
Staphylococcus aureus (ATCC 25923) (Gram-positive bacteria). All
these microorganisms were purchased at Frilabo, Porto,
Portugal. Regarding the clinical bacterial strains, these were clini-
cal isolates from the Hospital Center of Trás-os-Montes and Alto
Douro (Vila Real, Portugal). The strains included five Gram-
negative bacteria: Escherichia coli (VRU12881), Proteus mirabilis
(VRU17684), Klebsiella pneumoniae (VRI17214), Pseudomonas aer-
uginosa (VRU14123) and Morganella morganii (VRU14272); and
three Gram-positive bacteria: Enterococcus faecalis (VRU14041),
Listeria monocytogenes (VRU17684) and methicillin-resistant
Staphylococcus aureus (MRSA) (VRI17654). The results acquired
by the microdilution method were expressed as MIC (minimum
inhibitory concentration) and MBC (minimum bactericidal
concentration).

Antifungal activity. Aspergillus fumigatus (ATCC 204305) and Asper-
gillus brasiliensis (ATCC 16404) strains (Frilabo, Porto, Portugal)
were utilized. Extract samples were prepared by dissolving them
in a mixture of 5% (v/v) dimethylsulfoxide and 95% autoclaved
distilled water to achieve a stock concentration of 20 mg mL−1.
Subsequently, 90 μL of this solution was added to the microplate
in duplicate, along with 100 μL of malt extract broth (MEB). MIC
determinations were conducted using the microdilution tech-
nique, with the smallest concentration showing no visible growth
defined as the MIC. Minimum fungicidal concentration (MFC) was
determined by subculturing 2 μL of the extract in MEB for 72 h at
26 °C, with the smallest concentration showing no visible growth
considered the MFC, indicating 99.5% killing of the original inoc-
ulum. The commercial fungicide ketoconazole was used as the
positive control.

Statistical analysis
To compare the influence of the different biostimulants applied, a
one-way analysis of variance was performed after preliminary
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assumptions were confirmed: homoscedasticity of variances
(Levene's test), normality of distributions (Shapiro–Wilk test) and
the existence of statistically significant differences (Welch's statis-
tics). When statistical significance differences were recognized,
the dependent variable was compared using Tukey's honestly sig-
nificant difference (HSD) or the Games–Howell test when homo-
scedasticity was verified or not, respectively.
The Statistical Package for the Social Sciences (SPSS) version

24 (IBM et al., USA) was used. All results were expressed as mean
value ± standard deviation, maintaining the decimal places
allowed by the magnitude of the standard deviation. All tests
were performed with a 5% significance level, three samples were
mixed to have a representative pool and all tests were performed
in triplicate.

RESULTS AND DISCUSSION
This preliminary study evaluated potential changes in the expres-
sion of different nutrients and bioactive compounds in walnuts
due to the biostimulant foliar treatment applied to this crop.
Other factors such as crop location, edaphoclimatic conditions,
irrigation system or tree density can also influence walnut chem-
ical profiles and should be considered for complementary studies.

Centesimal composition
The centesimal composition of Franquette walnuts submitted to
different treatments is presented in Table 1. Fat was the prevalent
macronutrient, ranging from 56 g (100 g)−1 in the Basfoliar® K
Premium treatment to 61 g (100 g)−1 in the control, without sig-
nificant differences between the treatments. The TDF ranged
from 32.4 g (100 g)−1 in both Basfoliar® K Premium and Stimulus™
to 40 g (100 g)−1 in the control. The total protein ranged from
13.3 g (100 g)−1 in Tradebor® to 14.7 g (100 g)−1 in Fitoalgas
Green®. Ash content varied from 1.97 to 2.37 g (100 g)−1.
The high fat content explained the walnuts' high energy value.

Walnut consumption used to be limited because of this. Never-
theless, this perspective has undergone reassessment due to the
absence of a resultant net increase in bodymass following its con-
sumption.22 Indeed, moderate walnut consumption is advised
since its fat is considered ‘healthy’ and has cardioprotective
properties,23 among other benefits. Also, walnuts' generous die-
tary fiber value makes them a ‘source of dietary fiber’ according
to the European Regulation (EC) No. 1924/200633, as their TDF
content is higher than 3 g (100 g)−1.24

Numerous walnuts grown in New Zealand,25 Portugal26 and
Spain27 showed a nutritional profile like that observed in this
study. Thus, considering the application of different biostimulants

and despite some significant differences between treatments, it is
possible to declare that using plant biostimulants does not com-
promise the nutritional composition of walnuts.

Lipophilic constituents
Table 2 summarizes the results obtained for the composition of
tocopherols and fatty acids. Data presented show that walnuts
are a great source of tocopherols and exhibit three vitamers, the
⊍-, γ- and ⊐-tocopherol isoforms, with γ-tocopherol being the pre-
dominant one. The total tocopherol values varied from 20.9 mg
(100 g)−1 (Basfoliar® K Premium) to 24.6 mg (100 g)−1 (Sprint
Plus®). These values are in line with those described by Miraliak-
bari and Shahidi for walnuts in Canada (14.91–26.72 mg
(100 g)−1)28 and by Abdallah et al. for six walnut varieties (18.6–
43.6 mg (100 g)−1).2 Crews et al. reported comparable results, this
encompassing the lack of ⊎-tocopherol found in walnuts har-
vested across various countries.29 All these works reported
γ-tocopherol as the principal tocopherol in walnuts. These out-
comes emphasize the slight variability of tocopherol contents in
walnuts based on the geographical origin and cultivar. The results
of this work show that the different biostimulants had little effect
on tocopherol content, except when Sprint Plus® was used, with a
slight increase compared to the control. Other studies proved that
the use of biostimulants could improve the yield and increase the
concentrations of important functional constituents like
γ-tocopherol and ⊎-tocopherol.18,30,31

Regarding fatty acid composition, no significant alterations in
total monounsaturated fatty acids (MUFAs) and PUFAs were
observed among the applied biostimulants. Nevertheless, a small
decrease in SFA contents was observed in samples submitted to
the Basfoliar® K Premium and Tradebor® treatments. According
to the literature,5,26,32,33 the primary unsaturated fatty acids in
walnuts are linoleic, ⊍-linolenic and oleic acids, and the primary
SFAs are palmitic and stearic acids. The results presented in
Table 2 include only the main fatty acids found; although, other
fatty acids were identified in trace amounts (>2%): myristic
(C14:0), palmitoleic (C16:1), marginal (C17:0), arachidonic (C20:0),
eicosenoic (C20:1) and docosanoic (C22:0) acids.
Linoleic acid (C18:2n6) was the most abundant fatty acid, rang-

ing between 58% and 59.6%, followed by oleic (C18:1n9c) and
⊍-linolenic (C18:3n3) acids, with contents of 16.8–15.8% and
13.1–12.1%, respectively. The total of C16:0 and C18:0 was
10.01–9.32% and 2.9–2.67%, respectively. These ranges were sim-
ilar to those described by other works.5,29

Because of these results, walnut is claimed to be a healthy
source of lipids for human nutrition since it is rich in MUFA (oleic

Table 1. Centesimal composition (g (100 g)−1) and energy value (kcal (100 g)−1) of walnuts from trees submitted to foliar treatments with different
biostimulants

Basfoliar® K Premium Tradebor® Sprint Plus® Fitoalgas Green® Stimulus™ Control

Protein 13.7 ± 0.6b 13.3 ± 0.7b 14.8 ± 0.3a 14.7 ± 0.5a 13.5 ± 0.4b 14.2 ± 0.6ab

Ash 2.0 ± 0.1c 2.4 ± 0.1a 2.1 ± 0.1b 2.37 ± 0.05a 2.1 ± 0.1bc 2.0 ± 0.1bc

Fat 56 ± 2a 57 ± 5a 60 ± 3a 59 ± 4a 58 ± 4a 61 ± 2a

TDF 6.5 ± 0.1a 6.4 ± 0.3a 6.5 ± 0.1a 6.5 ± 0.2a 6.5 ± 0.2a 6.5 ± 0.2a

Carbohydrates 22 ± 2a 21 ± 5a 16 ± 3a 18 ± 4a 20 ± 4a 17 ± 3a

Energy 683 ± 12a 688 ± 23a 705 ± 15a 697 ± 19a 695 ± 19a 708 ± 11a

Results are presented as mean ± standard deviation. Different letters in each column indicate statistically significant differences between sam-
ples (P < 0.05).

www.soci.org LA Pascoalino et al.

wileyonlinelibrary.com/jsfa © 2024 Society of Chemical Industry. J Sci Food Agric 2024

4

 10970010, 0, D
ow

nloaded from
 https://scijournals.onlinelibrary.w

iley.com
/doi/10.1002/jsfa.13904 by Prt-Inst Politec D

e B
raganca, W

iley O
nline L

ibrary on [16/10/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://wileyonlinelibrary.com/jsfa


acid) and PUFA (linoleic and ⊍-linoleic acids).34 These liposoluble
compounds have been recognized for their role in preventing
dyslipidemia35 and reducing low-density lipoprotein cholesterol
levels.36 As presented in Table 2, the PUFA/SFA ratio in walnut
samples ranged from 5.51 in the control to 5.85 in the Sprint Plus®
treated samples, indicating a positive impact on cardiovascular
health, with higher ratios suggesting greater benefits. Addition-
ally, the low AI and TI values of walnut samples suggested a
potential to inhibit plaque accumulation and reduce cholesterol
levels. The high HI values further confirm the cardiovascular ben-
efits of walnuts, with studied samples showing a favorable nutri-
tional quality index. In general, walnut samples treated with
biostimulants tended to present better lipid quality, characterized
by higher PUFA/SFA and HI values, along with lower AI and TI
values, in comparison to the control sample.

Hydrophilic constituents
The studied walnuts contained 8.1 to 10.7 g (100 g)−1 of soluble
sugars (Table 3). The most abundant sugar was sucrose, and sig-
nificantly lower concentrations of fructose and glucose were
determined. The monosaccharides fructose and glucose
were not identified in the samples treated with Basfoliar® K Pre-
mium and Sprint Plus®. Nonetheless, the samples treated with
Fitoalgas Green® showed a slight rise in fructose and glucose con-
tent compared to the control samples. Comparable results were
reported by Brufau et al. andWojdyło et al., with sucrose as the pri-
mary sugar.37,38 It is well known that the low quantity of sugars in
walnuts and the high protein content make them a suitable food
for inclusion in healthy diets.39 The treatments applied in this
study did not alter this tendency.

Concerning the organic acids (Table 3), oxalic acid, quinic acid,
malic acid, succinic acid and trace amounts of fumaric acid were
detected. The most considerable quantities recorded of succinic
and quinic acids were in samples treated with Tradebor® and
Sprint Plus®, with 1858 and 1859 mg (100 g)−1 of total organic
acids. A study by Erdoğan et al., considering different genotypes
of Turkish Juglans regia, also revealed that the most prevalent
organic acids in walnuts were succinic, malic and oxalic acids.
However, wide fluctuations were recorded in the profiles accord-
ing to the genotype variety.40 When the organic acid content is
related to the biostimulant used in the production of walnuts, it
is possible to conclude that all the samples showed higher con-
centrations of organic acids than the control. Given this, the use
of biostimulants intricately intertwines with mechanisms enhanc-
ing tolerance to biotic and abiotic stress, improving quality char-
acteristics and increasing nutrient availability, making them a
valuable alternative to fertilizers. Moreover, they bolster plant
metabolic processes and associated microbiota, aiding in nutrient
acquisition and overall plant health. However, their impact on the
production of biologically active compounds introduces complex-
ity, as stimulating such compounds may indicate stress in crops
but also offer nutritional and bioactive advantages. Hence, if the
crop integrity is maintained, it is interesting to stimulate the pro-
duction of desired compounds.

Bioactivity properties
It is acknowledged that the primary aim of employing biostimu-
lants is to foster a more sustainable and environmentally friendly
production system, devoid of risks to human health and with min-
imal alteration to crops’ nutritional attributes. Therefore, a critical
aspect entails analyzing the nutritional and chemical

Table 2. Tocopherol (mg (100 g)−1) andmain fatty acid (relative %) composition of walnuts from trees submitted to foliar treatments with different
biostimulants

Basfoliar® K Premium Tradebor® Sprint Plus® Fitoalgas Green® Stimulus™ Control

Tocopherols
⊍-Tocopherol 0.44 ± 0.02ab 0.30 ± 0.02d 0.47 ± 0.02a 0.43 ± 0.02bc 0.41 ± 0.02c 0.46 ± 0.02a

γ-Tocopherol 19 ± 1d 19 ± 1cd 22 ± 1a 20.8 ± 0.7bc 19.5 ± 0.5cd 21.5 ± 0.7ab

⊐-Tocopherol 1.4 ± 0.1d 1.60 ± 0.05abc 1.71 ± 0.07a 1.58 ± 0.04bc 1.49 ± 0.06cd 1.6 ± 0.1ab

Total 21 ± 1d 21 ± 1d 25 ± 1a 23 ± 1bc 21.4 ± 0.6cd 23.6 ± 0.7ab

Fatty acids
C16:0 9.3 ± 0.2b 9.6 ± 0.2ab 9.5 ± 0.3ab 9.7 ± 0.3ab 9.5 ± 0.1ab 10.0 ± 0.2a

C18:0 2.7 ± 0.1a 2.79 ± 0.04a 2.8 ± 0.2a 2.81 ± 0.06a 2.83 ± 0.05a 2.90 ± 0.03a

C18:1n9c 16.4 ± 0.5a 16.8 ± 0.2a 16 ± 1a 15.9 ± 0.4a 16.6 ± 0.5a 16 ± 1a

C18:2n6c 60 ± 1a 58 ± 1a 59 ± 3a 59.2 ± 0.3a 60 ± 1a 58.1 ± 0.7a

C18:3n3 12.1 ± 0.2a 12.8 ± 0.4a 12.8 ± 0.3a 12.4 ± 0.4a 12.1 ± 0.6a 13.1 ± 0.6a

Fatty acid class
SFA 12.0 ± 0.3ab 12.4 ± 0.3ab 12.3 ± 0.5ab 12.5 ± 0.3ab 12.3 ± 0.1ab 12.9 ± 0.3a

MUFA 16.4 ± 0.5a 16.8 ± 0.2a 16 ± 1a 15.9 ± 0.4a 16.6 ± 0.5a 16 ± 1a

PUFA 72 ± 1a 70.8 ± 0.3a 72 ± 2a 71.6 ± 0.6a 71.1 ± 0.5a 71 ± 1a

Lipid quality indices
PUFA/SFA 5.98 5.70 5.85 5.71 5.77 5.51
AI 0.11 0.11 0.11 0.11 0.11 0.12
TI 0.16 0.16 0.16 0.17 0.17 0.17
HI 9.41 9.05 9.16 8.97 9.20 8.67

Results are presented as mean ± standard deviation. Different letters in each line indicate statistically significant differences between samples
(P < 0.05). nd, not detected; tr, trace amounts.
C16:0, palmitic acid; C18:0, stearic acid; C18:1n9c, oleic acid; C18:2n6c, linoleic acid; C18:3n3, ⊍-linolenic acid; SFA, saturated fatty acids; MUFA, mono-
unsaturated fatty acids; PUFA, polyunsaturated fatty acids; AI, atherogenicity index; TI, thrombogenicity index; HI, hypocholesterolemic index.
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characteristics. Additionally, to enrich the investigation, the bioac-
tive properties of the samples were assessed to elucidate the
impact of biostimulants on these parameters.

Antioxidant activity
The in vitro antioxidant potential of the walnut sample extracts is
presented in Table 4. Control sample showed the smallest EC50
value for TBARS (10.7 ± 0.6 μg mL−1), followed by samples trea-
ted with Stimulus™ (11.3 ± 0.6 μg mL−1). To the best of the
authors’ knowledge, there are no results concerning the antioxi-
dant potential of the walnut kernel using this kind of assay. Santos
et al. reported the antioxidant activity for lipid peroxidation inhibi-
tion of walnut leaves, presenting an EC50 of 20.4 ± 0.8 μg mL−1.41

Moreover, Vieira et al. also studied walnut leaves and obtained an
EC50 of 26.8 ± 0.2 μg mL−1.42

In the OxHLIA assay, the inhibition of erythrocyte membrane
damage stimulated by the free radical generator AAPH and other
subsequent radicals produced in the systemwas achievedwith an
IC50 of 18 ± 1 μg mL−1, with samples treated with both Fitoalgas

Green® and control. It should be highlighted that this concentra-
tion was lower than that of Trolox (21.8 ± 0.3 μg mL−1), which is
a commercial antioxidant compound well known for its high
capacity to neutralize free radicals. The anti-hemolytic activity of
walnut leaves was evaluated by Carvalho et al., who achieved
IC50 values of 60 μg mL−1 after 3 h of reaction,43 and by Vieira
et al., who reported an IC50 value of 32 μg mL−1.42

The IC50/EC50 values of Trolox (21.8 ± 0.3 and 5.4 ± 0.6 μg mL−1

for OxHLIA and TBARS assays, respectively) were in most cases
lower than those obtained with the walnut extracts, indicating
that Trolox displays higher anti-peroxidation and anti-hemolytic
potential than the natural extracts, as was somewhat expected.
Nonetheless, Trolox is a pure antioxidant, while the extracts are
multifaceted mixtures of numerous compounds with diverse bio-
active mechanisms of action. In general, walnut extracts showed
lower EC50 values for the TBARS assay compared with OxHLIA. In
fact, the IC50 values of the extracts are 0.8–2.9 times higher than
that of Trolox ([sample]/[Trolox]) in the OxHLIA assay, compared
with the 1.9–5.4 times difference found for the TBARS assay. Upon
examination of the outcomes in the context of the investigated
biostimulants, the samples treated with Stimulus™ exhibited
superior antioxidant capacity, closely resembling the control sam-
ple, which was particularly evident in the TBARS assay. On the
other hand, in the OxHLIA assay, samples treated with Fitoalgas
Green® demonstrated the most promising antioxidant results.

Anti-inflammatory activity
The walnut samples, tested up to a maximum concentration of
400 μg mL−1, did not show anti-inflammatory activity with the
methodology used. Fizeşan et al. investigated a bioactive
compound-rich Juglans regia L. extract and reported its antioxi-
dant and anti-inflammatory effects through biochemical assays
and histopathological analysis.44 Moreover, Ryu et al. investigated
the anti-inflammatory reaction of LPS-activated macrophages
(RAW 264.7 murine cell line) to a J. regia-containing extract. Their
results revealed no significant anti-inflammatory response at con-
centrations up to 400 μg mL−1. However, cell survival markedly
decreased at 800 μg mL−1 (P < 0.001). Additionally, exposure to
the extract (10–800 μg mL−1) did not notably reduce NO

Table 3. Soluble sugars (g (100 g)−1) and organic acids (mg (100 g)−1) composition of walnuts from trees submitted to foliar treatments with dif-
ferent biostimulants

Basfoliar® K Premium Tradebor® Sprint Plus® Fitoalgas Green® Stimulus™ Control

Soluble sugars
Fructose nd 0.25 ± 0.01b nd 0.44 ± 0.02a 0.14 ± 0.01c 0.14 ± 0.01c

Glucose nd 0.31 ± 0.01b nd 0.57 ± 0.01a 0.19 ± 0.01c 0.15 ± 0.01d

Sucrose 8.1 ± 0.3c 8.7 ± 0.5b 9.3 ± 0.3b 8.9 ± 0.2b 8.8 ± 0.2b 10.4 ± 0.4a

Total 8.1 ± 0.3d 9.3 ± 0.5c 9.3 ± 0.3c 9.9 ± 0.2b 9.1 ± 0.2c 10.7 ± 0.4a

Organic acids
Oxalic acid 43 ± 4b 32.3 ± 0.2c 30 ± 1cd 57 ± 5a 24 ± 2d 9.2 ± 0.5e

Quinic acid 623 ± 50a 599 ± 53a 590 ± 28a 631 ± 26a 611 ± 46a 623 ± 41a

Malic acid 216 ± 6bc 187 ± 12cd 261 ± 15a 176 ± 8d 249 ± 10a 244 ± 11ab

Succinic acid 954 ± 30ab 1040 ± 75a 977 ± 78a 808 ± 44bc 948 ± 45ab 705 ± 49c

Fumaric acid tr tr tr tr tr tr
Total 1835 ± 40a 1858 ± 85a 1859 ± 66a 1673 ± 40ab 1832 ± 78a 1582 ± 92b

Results are presented as mean ± standard deviation. Different letters in each line indicate statistically significant differences between samples
(P < 0.05). nd, not detected; tr, trace amounts.

Table 4. Antioxidant activity via TBARS formation and oxidative
hemolysis (OxHLIA) inhibition of walnuts from trees submitted to leaf
treatments with different biostimulants

Sample/treatment
TBARS (EC50,
μg mL−1)

OxHLIA (IC50,
μg mL−1)

Basfoliar® K
Premium

21 ± 1b 35 ± 4b

Tradebor® 30 ± 2a 63 ± 3a

Sprint Plus® 14.3 ± 0.5c 35 ± 4b

Fitoalgas Green® 26 ± 2a 18 ± 2c

Stimulus™ 11.3 ± 0.6c 64 ± 2a

Control 10.7 ± 0.6c 18 ± 1c

Trolox 5.4 ± 0.3d 21.8 ± 0.3c

Results are presented as mean ± standard deviation. Different letters
in each column indicate statistically significant differences between
the samples (P < 0.05). Lower EC50 and IC50 values indicate greater
antioxidant capacity.
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production in LPS-activated RAW 264.7 cells associated with the
control group.45

Besrour et al. explored walnut leaves and proved that a concen-
tration of 109 ± 5 μg mL−1 inhibited half of the NO produced by
macrophage cells (RAW 264.7).46 Yan et al. also reported an EC50
value of 319 μg mL−1 for a hydroethanolic extract of J. regia
leaves.47 Moreover, other studies have shown that different parts
of J. regia, such as its aqueous seed extract48 and hydroethanolic
husk extract,49 present anti-inflammatory properties in different
in vitro and in vivo assays.

Antimicrobial activity
The antibacterial properties of the samples are presented in
Table 5. Regarding food bacteria, it is possible to conclude that
the samples treated with Fitoalgas Green® displayed the best abil-
ity to inhibit the development of Y. enterocolitica, followed by the
extract treated with Sprint Plus®, both with MIC values of 0.3 and
0.6 mg mL−1. Subsequently, all the extracts, except the Stimulus™
one, showed better results in inhibiting the growth of S. enterica
and L. monocytogenes than the control, with MIC equal to
2.5 mg mL−1. In all cases, the MBC was higher than 10 mg mL−1.
Concerning the clinical bacteria, the extracts treated with biosti-
mulants presented similar results to those of the control, standing
out that the extract treated with Sprint Plus® could inhibit the
growth of Proteus mirabilis with a MIC value of 2.5 mg mL−1.
Overall, the walnuts treated with Fitoalgas Green® showed bet-

ter bacteriostatic activity against Y. enterocolitica, S. aureus and
E. coli. The foodborne bacterium P. aeruginosa was more resistant
to the tested walnut extracts (MIC and MBC >10 mg mL−1). Also,
all samples demonstrated high values against S. aureus and these
results agree with the literature.50 The antibacterial capacity of

Portuguese walnuts was earlier evaluated by Oliveira and co-
workers, who tested various J. regia cultivars versus different
Gram-negative and Gram-positive bacteria. The samples showed
positive results inhibiting the growth of S. aureus, B. cereus and
P. aeruginosa.50 On the other hand, Sharma et al. estimated the
antibacterial capacity of walnut husk extracts made with different
solvents. Despite using a different methodology, the authors con-
cluded that ethanolic extract usually showed a higher inhibition
diameter against the studied bacteria (E. coli, K. pneumoniae and
S. aureus).51 Vieira et al. also studied hydroethanolic extract of wal-
nut husk and got the lowest MIC (higher antibacterial potential)
for the MRSA strain.49 To the extent of our understanding, no
studies were found evaluating the antimicrobial potential of wal-
nuts treated with biostimulants, indicating a novel aspect of
research in this area.
The results regarding the antifungal capacity of the walnut sam-

ples were not extraordinary. Although practically all samples
inhibited the fungal growth of the examined pathogenic fungal
species (A. brasiliensis and A. fumigatus), the MIC was 10 mg mL−1

(the maximum concentration tested). However, these data show
that applying biostimulants does not induce the production of
specific antifungal agents, as the same results were verified for
control and treatment samples, which validates their use regard-
ing this parameter.
Ara et al. studied the antifungal potential of J. regia leaves.

They reported the significant antifungal activity of walnut
leaves against C. glabrata, C. albicans and C. tropicalis.52 Benna-
cer et al. also investigated the antifungal activity of J. regia
leaves cultivated in Algeria and the extract presented higher
antifungal potential on A. terreus, A. ochraceus and
A. brasilliensis.53

Table 5. Antibacterial activity of walnuts from trees submitted to foliar treatments with different biostimulants

Basfoliar® K
Premium Tradebor®

Sprint
Plus®

Fitoalgas
Green® Stimulus™ Control

Streptomycin Methicillin Ampicillin

Foodborne bacteria MIC MIC MIC MIC MIC MIC MIC MBC MIC MBC MIC MBC

Enterobacter cloacae 2.5 2.5 2.5 2.5 2.5 2.5 0.007 0.007 n.t. n.t 0.15 0.15
Escherichia coli 5 5 5 10 10 10 0.01 0.01 n.t. n.t. 0.15 0.15
Pseudomonas aeruginosa >10 >10 >10 >10 >10 >10 0.06 0.06 n.t. n.t. 0.63 0.63
Salmonella enterocolitica 2.5 2.5 2.5 2.5 5 5 0.007 0.007 n.t. n.t. 0.15 0.15
Yersinia enterocolitica 1.25 1.25 0.6 0.3 2.5 2.5 0.007 0.007 n.t. n.t. 0.15 0.15
Bacillus cereus 5 2.5 10 10 10 10 0.007 0.007 n.t. n.t. n.t. n.t.
Listeria monocytogenes 5 2.5 2.5 2.5 5 5 0.007 0.007 n.t. n.t. 0.15 0.15
Staphylococcus aureus 0.6 0.3 0.6 0.6 1.25 0.6 0.007 0.007 0.007 0.007 0.15 0.15

Ampicillin Imipenem Vancomycin

Clinical isolates MIC MIC MIC MIC MIC MIC MBC MBC MIC MBC MIC MBC

Escherichia coli 2.5 2.5 2.5 1.25 1.25 1.25 <0.15 <0.15 <0.0078 <0.0078 n.t. n.t.
Klebsiella pneumoniae 10 10 10 10 10 10 10 >10 <0.0078 <0.0078 n.t. n.t.
Morganella morganii 5 5 5 5 10 10 >10 >10 <0.0078 <0.0078 n.t. n.t.
Proteus mirabilis 5 5 2.5 5 5 5 <0.15 <0.15 <0.0078 <0.0078 n.t. n.t.
Pseudomonas aeruginosa >10 >10 >10 >10 >10 >10 >10 >10 0.5 1 n.t. n.t.
Enterococcus faecalis 5 5 5 10 5 5 <0.15 <0.15 n.t. n.t. <0.0078 <0.0078
Listeria monocytogenes 5 5 10 5 10 10 <0.15 <0.15 <0.0078 <0.0078 n.t. n.t.
MRSA 2.5 5 10 5 5 2.5 <0.15 <0.15 n.t. n.t. 0.25 0.5

MIC, minimal inhibitory concentration; MBC, minimal bactericidal concentration; n.t., not tested. All walnut extracts showed MBC values greater than
10 mg mL−1.
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Overall effect on walnut quality
A linear discriminant analysis (LDA) was conducted to evaluate
the impact of the applied biostimulants on the global quality of
walnuts, while simultaneously considering all the parameters dis-
cussed above. High percentages of correct classification were
obtained after the use of stepwise LDA. The selected variables
were glucose, sucrose, γ-tocopherol, ⊍-tocopherol, malic acid,
oxalic acid, OxHLIA and TBARS. The model defined four discrimi-
nant functions. The first function accounted for 88.2% of the total
variance and separated the samples in the biplot based on glu-
cose, oxalic acid and malic acid levels. Meanwhile, the second
function accounted for 10.4%, with separation mainly attributed
to OxHLIA (Fig. 1). Consequently, the biplot effectively distin-
guished Fitoalgas Green® treated samples, exhibiting higher
levels of glucose and oxalic acid and lower levels of malic acid,
along with reduced TBARS activity. Control samples stood out
for their elevated γ-tocopherol levels and increased TBARS and
OxHLIA activity. In contrast, samples treated with Tradebor®
and Stimulus™ displayed lower bioactivity and levels of
⊍-tocopherol and oxalic acid. Sprint Plus® treated samples show-
cased more malic acid and ⊍- and γ-tocopherols, with no detect-
able glucose, thus presenting a somewhat interesting nutritional
composition.

CONCLUSIONS
Biostimulants have emerged as pivotal components in modern
agriculture, offering a multifaceted solution to address pressing
demands for alternative products whilemitigating ecological con-
cerns. In this study, the most notable positive effects on walnut
composition were obtained with the Sprint Plus® treatment,
which effectively improved the nutritional profile, translated into
higher levels of malic acid and ⊍- and γ-tocopherols and the
absence of glucose. These results were valuable in helping select
the optimal biostimulant to be used in walnut production. This

study also contributes to increasing the comprehension of walnut
composition and cultivation practices since, to the best of the
authors’ knowledge, it was the first time that this set of experi-
ments was implemented. Finally, judicious application and further
research are necessary to optimize the utilization of biostimulants
in agriculture, ensuring sustainable intensification while minimiz-
ing environmental impact.
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