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Abstract

Prolonged drought poses a critical challenge for pistachio cultivation in Mediterranean regions. Water-saving
strategies and selecting adapted cultivars can help maintain sustainable production. This study was conducted in
the experimental orchard of the Regional Center of Agricultural Research of Sidi Bouzid, Tunisia. Four pistachio
cultivars (Mateur, Elguetar, Kerman, and Ohadi) grafted on P. atlantica rootstock were used to investigate the
impact of regulated deficit irrigation (RDI) on yield, nut composition, volatile compounds, phenolic compounds,
fatty acid profile, and sensory analysis. Three irrigation treatments were applied: control (T0) received 100% crop
evapotranspiration (ETc) during all stages of nut development; RDI treatment (T1) received 50% ETc during stages
I and II of nut development, followed by 100% ETc during stage III; and stressed treatment (T2) received 50% ETc
during two growing seasons (2017 and 2018). Pistachio nuts were immersed in a solution of NaCl (5% w/v) for 5
min and then introduced in an oven for 2 h at 120°C to obtain ‘roasted’ pistachio for volatile and sensorial analysis.
Results showed that RDI saved 20% of irrigation water during stages I and II of nut development while maintain-
ing similar yield, nut composition, and fatty acid profile as that of control. Moreover, the volatile compounds con-
tent and oil yield were enhanced under drought stress. Roasting enhanced the perception of volatile compounds,
especially nitrogenous ones. Cultivars Mateur and Ohadi showed high sensory quality, with Ohadi achieving the
highest consumer satisfaction despite lower yield and dehiscence rate. Cultivar Mateur was suitable for high-den-
sity planting in semiarid environments. Overall, RDI proved effective for increasing water use efficiency without
compromising pistachio quality, suggesting its suitability for arid and semiarid orchards.
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Introduction drought-tolerant and saline-resistant species culti-

vated under rainfed conditions in its region of ori-
Pistachios are among the most nutritious nuts consumed gin (Rieger, 1995). In Tunisia, pistachio production
as raw or roasted, with or without salt (Dini et al, is around 3,190 tons with a cultivation area of 27,153

2019). The pistachio tree has the reputation of being hectates (ha) (FAOSTAT, 2024). Recently, extension of
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pistachio cultivation has taken place in west-central
Tunisia because of economic importance of pista-
chio nuts. New pistachio orchards are planted under
high-density system, which increases water requirement.
However, water availability for agriculture continues to
decline due to changes in global climactic conditions.
Therefore, great emphasis is placed on irrigation man-
agement in arid regions to increase water use efficiency
(Abboud et al., 2019). Regulated deficit irrigation (RDI)
is a system of managing water supply by imposing water
deficits in specific phenological stages, which are found
to be less sensitive, without loss of economic benefits
(Carbonell-Barrachina et al., 2015). In pistachio pro-
duction, development of nuts is characterized by three
different periods (Goldhamer, 1995): stage I starts at the
beginning of nut growth and ends when its maximum
size is reached; during stage II, hardening of shells takes
place; and finally, stage III is the period of kernel growth.

Pistachios are also considered functional food on account
of their high contents of monounsaturated fatty acids,
vitamins, minerals, sterols, polyphenols, and high anti-
oxidant potential (Hojjati et al., 2013; Satil et al., 2003).
Pistachio nuts contain about 50% of oil, with maximum
of oleic acid (54.4-71.8%), linoleic acid (16.7-35.3%),
palmitic acid (7.2-10.5%), stearic acid (0.9-10.5%), and
linolenic acid (up to 2%) (Arena et al., 2007). These fatty
acids have important therapeutic properties, such as
reducing triacylglycerols, low-density cholesterol (LDL),
total cholesterol, and glycemic index (Taghizadeh et al.,
2018). Among different nuts, extraction of oil is an inter-
esting alternative due to their high lipid content, such
as almonds (53%), pistachios (50%), and walnuts (65%)
(Sena-Moreno et al., 2015). Nutrient oil is used in the
food and cosmetics industry, adding value to products.

Raw nuts, even if well appreciated, have a rather bland
aroma, because of some compounds that are responsi-
ble for characteristic flavor generated during the roast-
ing process (Acena et al., 2010). Roasting is a key method
in pistachio processing used to enhance sensory prop-
erties and aroma attributes of nuts influencing con-
sumer’s acceptance (Acefa et al., 2011). It was reported
that roasting of pistachio nuts increased free fatty acids,
reduced total available carbohydrates, decreased mois-
ture of nuts, produced a more crispy and fragile texture,
enhanced Maillard reaction and degradation of lipids,
and created desirable pigments and aroma compounds
(Hojjati et al., 2013).

In this context, the present study was conducted to ana-
lyze the impact of RDI on pistachio nuts and oil bioactive
compounds, volatile compounds, and sensorial analysis
after the roasting process of cultivars Mateur, Elguetar,
Kerman, and Ohadi grown under semiarid conditions.

Impact of regulated deficit irrigation and roasting on pistachio traits

Material and Methods
Plant material

The trial was carried out in the Regional Center of
Agriculture Research (CRRA, Sidi Bouzid) in west-
central Tunisia (9°43" E, 35°01’ N; altitude 354 m)
during the growing seasons of 2017 and 2018. Age-
wise, 17-year-old pistachio trees of cultivars (cv.)
Mateur, Elguetar, Kerman, and Ohadi grafted on P
atlantica rootstock were studied. Trees were trained to
the standard open vase system planted at a spacing of
6 x 6 m, and grown under standard conditions of fertil-
ization, pruning, pollination, pest, and disease control.
The surveyed trees were selected for uniform trunk and
canopy size.

Experimental design

The trial was set in a complete randomized block design
arrangement. The area assigned for the experiment
was divided into three main blocks corresponding to
each irrigation treatment (TO = 100% ETc: irrigation
at full water requirements; treatment T1 = RDIL: irri-
gation at 50% water requirements during stages I and
IT of nut development, and 100% ETc during stage III;
and treatment T2 = 50% ETc: irrigation at 50% water
requirements). Each main block was then divided into
four experimental units, one for each cultivar. Each
cultivar (experimental plot) had on nine trees (eight
females and one male). Experimental area had semi-
arid Mediterranean climate with a low annual rainfall of
200 mm irregularly distributed over the growing season
and a reference evapotranspiration (ETo) of 1,400 mm.
The soil was aridisol, with a sandy-clay texture (clay =
13.69%, silt = 1.11%, and sand = 84.7%), 10% active
CaCO,, basic pH of 8.6, and slightly saline concentra-
tion (3.6 dS/m). The irrigation water was slightly saline
and had a high concentration of nitrate (EC = 1.5 dS/m;
SAR = 2.4; NO; = 50 ppm; pH = 7.9; and HCO; = 16.0
meq!) (Akrimi et al., 2020).

Applied treatments

Regulated deficit irrigation treatments

The treatments consisted of three different irrigation
regimes (Table 1) during the two growing seasons. The
phenological stages considered during RDI treatments
were those suggested by Goldhamer and Beede (2004)—
stage I: from sprouting until the end of rapid nut growth;
stage II: from maximum nut size until the beginning of
kernel growth; and stage III: from the beginning of kernel
growth until harvest.
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The applied treatments were as follows:

» Treatment (TO): trees received water to cover esti-
mated evapotranspiration losses (100% ETc), also
referred to as ‘control’;

+ Treatment (T1): trees received 50% ETc during stages I
and II, and 100% ETc during stage III, also referred to
as ‘RDT’;

o Treatment (T2): trees received 50% ETc during the
growing season, also referred to as ‘stressed.

Drip irrigation was applied for 3 days every week, and
was controlled and adjusted weekly according to the
potential of soil matrix measured by tensiometers located
0.5 m from the drip head at depths of 30 cm and 60
cm. A drip line was utilized in each tree row, with four
self-compensating drippers (4 L/h) per tree, 0.5 m apart.
The amount of provided water was calculated based on
crop ETc and crop coefficient (Kc) according to the FAO
method: ETc = ETo x Kc (Allen et al., 1998). The mean
Kc values provided by Goldhamer (1995) were used: 0.39,
1.06, and 1.14 for stages I, II, and III, respectively.

Roasting treatments

After manual nut peeling, pistachio nuts were immersed
in NaCl (5% w/v) solution for 5 min. Salted nuts were
left to dry at room temperature for 30 min to release the
excess of water and then kept in an oven for 2 h at 120°C
to obtain ‘roasted’ pistachio for volatile and sensorial
analysis (Figure 1).

Agronomical and pomological traits

Nuts were handpicked at commercial maturity and
assessed by color of shells and dehiscence of nuts (Figure 2).

Table 1.
(treatment T2) during the growing season 2017-2018.

Yield (in kg) was determined per tree. At harvest, a rep-
resentative nut sample (100 nuts) was taken for pomo-
logical evaluations. Nut characteristics, such as mean
nut weight (NW in g) and 100 kernel weight (g), were
calculated using an electronic balance of 0.001-g sensi-
tivity; split nuts (%), blank production (%), and infested
nuts were evaluated. Nut dimensions and morpho-
logical and quality parameters of kernels were carried
out at random on a sample of 100 nuts collected from
trees. The color of crunched pistachios (Figure 3) was
measured using a Konica Minolta CR-400 colorime-
ter (Tokio, Japan) to obtain CIE L', a’, and b* chromatic
coordinates.

Nutritional quality of pistachio nuts

Composition of pistachio nuts

The moisture content was determined with milled pis-
tachio nuts at 105°C for 6 h in an oven (Memmert,
Model UNE 400 PA; Scheabach, Germany) (Chahed et
al., 2008). The ash content was determined by muffle
furnace at 550°C. Concentration of proteins was deter-
mined according to the method from Bradford (1976)
using bovine serum albumin (BSA) as a standard. Total
protein content was expressed as mg g of fresh weight
(FW). The fiber content was determined according to
Ashraf et al. (2011), and the fat content (FC) was deter-
mined using hexane as a solvent (Association of Official
Analytical Chemists [AOAC], 1995). After calculating
the moisture, ash, protein, fat, and crude fiber content in
the form of a powder, the total carbohydrate content was
determined using the following formula:

Total carbohydrates = 100 — (moisture [%] + ash [%]
+ protein [%] + fat [%] + crude fiber [%]).

Crop evapotranspiration rate (ETc) and irrigation regimes applied to the control (treatment T0), RDI (treatment T1), and stressed

Water applied (mm)

Treatment Year
2017 2018
Stage | Stage Il Stage llI Stage | Stage Il Stage Il
ET, TO 78.9 64.4 101.9 57.5 53.0 107.5
ET, T1 394 32.2 101.9 28.7 26.5 107.5
ET, T2 394 32.2 50.9 28.7 26.5 53.7
Rainfall (mm) 112.9 9.4 16.6 58.6 36 48.6
ET, (mm) 4432 293.6 446.9 324.2 2428 4715

ETc: Crop evapotranspiration rate; ETt1: evapotranspiration rate under regulated deficit irrigation; ETt2: evapotranspiration rate under stressed
treatments; ET, : reference evapotranspiration of annual rainfall; Treatment: TO: well watered; T1: regulated deficit irrigation; T2: stressed; stage I:
from sprouting until the end of rapid nut growth; stage II: from maximum nut size until the beginning of kernel growth; stage IlI: from the beginning of

kernel growth up to harvest.
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Pistachio nuts were
immersed in a solution of
NaCl (5% w/v) for 5 min

Salted nuts were left to
dry at room temperature

Impact of regulated deficit irrigation and roasting on pistachio traits

Oven for
2h at
120°C

Finely ground pistachios
for HS-SPME-GC-MS

Figure 1.

Outline of pistachio preparation phases for roasting and subsequent analyses.

Figure 2.

Figure 3. Color determination of pistachio nuts collected
from the studied cultivars.

Pistachio nuts of the studied cultivars (M: Mateur, K: Kerman, E: Elguetar, and O: Ohadi).

Analyses were made in triplicate and the results were
expressed as a percentage of grams of FW (% g ). Oil yield
is defined as the quotient of the weight of extracted oil
and the weight of pistachio nut powder, and is expressed
as percentage (%) (Uquiche et al., 2008). Oil extraction
was accomplished by solvent extraction technique using
n-hexane according to the method described previously
(Damirchi et al., 2005). The prepared samples were kept
at —20°C for further analysis.

Oil yield was determined using the weight of the oil
extracted from 100-g pistachio samples. Free acidity was
expressed as oleic acid (g 100 g'! oil), and UV absorp-
tion characteristics (K,,, and K, ) were determined
according to the International Olive Council (Conseil
Oléicole International [IOC], 2015), while the refractive
index (RI) was calculated according to the AOAC (2000)
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method. Carotenoid and chlorophyll from oil samples
were extracted with cyclohexane, and their contents
were determined according to the method described by
Minguez-Mosquera et al. (1991). Pigments were mea-
sured at 470 nm and 670 nm, while the color of crunched
pistachios was determined as described previously for
nuts.

Content of bioactive compounds in pistachio nuts and oil
Samples were crunched to form powder in a mortar and
pestle, separately. By weight, 20 g of pistachio kernel of
each cultivar was extracted with 200 mL of 95% metha-
nol for 48 h at room temperature. Then, the extracts were
filtered and evaporated at low pressure; samples were
stored at -20°C until analysis (Taghizadeh et al., 2018).
Total anthocyanin content (TAC) was evaluated by mea-
suring absorbance at 535 nm and 700 nm in hydroalco-
holic extract (Fuleki and Francis, 1968). Concentration
of anthocyanins was calculated using the molar extinc-
tion absorptivity coefficient € = 25,965/cm M and was
expressed in mg of cyanidin 3-glucoside equivalents
(C3Geq) per kilogram of dry weight (C3Geq/kg DW).
Total flavonoid content (TFC) was measured as described
by Huang et al. (2004). Briefly, 5 mL of 2% aluminum tri-
chloride (AICL) in methanol was mixed with the same
volume of extract. Absorbance was read at 367 nm and
the TFC was determined by a standard curve plotted for
catechin. Results were expressed as mg of catechin equiv-
alents (mg CE/g). Total phenol content (TPC) was deter-
mined using the Folin—Ciocalteu method (Abidi et al.,
2011). For this purpose, 100 pL of extract was mixed with
0.5-mL Folin—Ciocalteu reagent. Then, 7 mL of distilled
water was added to the solution. After 5 min incubation
at room temperature, 1.5 mL 10% sodium bicarbonate
(Na,CO,) solution was added to the mixture and left in
the dark for 2 h. Absorbance was read at 725 nm against
blank and results were presented as mg gallic acid equiv-
alence for 100 g of DW (mg GAE/100 g DW). Total phe-
nols (TP) and antioxidant capacity (AC) of pistachio oil
extracts were measured as described for pistachio nuts.

Antioxidant capacity of pistachio nuts and oil

The antioxidant capacity of pistachio methanolic extracts
was evaluated using modified 2,2-diphenyl-1-picrylhy-
drazyl radical (DPPH), ferric reducing/antioxidant power
(FRAP), and p-carotene bleaching (p-carot) activity
assays. The DPPH assay was performed using the method
adapted from Brand-Williams et al. (1995). In brief, 0.1-
mM solution of DPPH in methanol was prepared and
2.9 mL of the solution was added to 0.1 mL of extract.
The mixture was shaken vigorously for about 10 s and
incubated in the dark at room temperature for 10 min;
the absorbance was recorded at 515 nm against a blank
(50 pL of sample with 950 pL of ethanol 80%). The con-
trol was a mixture of DPPH (950 pL) plus ethanol 80%
(50 pL). A standard curve was drawn with Trolox (0.5-10

ppm). Results were expressed as pg of Trolox equivalence
(TE) per gram of DW.

The FRAP assay was performed using 2,4,6-tripyridylS-
triazine (TPTZ) solution according to the method
described by Fu et al. (2020). In brief, 4.9 mL of FRAP
solution (2.5 mL of 0.1-M acetate buffer [pH = 3.6], 250 uL
of 10-mM TPTZ, and 250 pL of 20-mM FeCl3) was mixed
with 0.1 mL of sample extract. Thereafter, the obtained
mixture was shaken vigorously and incubated in the dark
for 10 min at room temperature. Finally, the absorbance
was measured at 593 nm. Results were calculated using a
Trolox standard curve and expressed as pg of TE per gram
of DW.

B-carot activity was determined using the method
described by Kim et al. (2019). A mixture of 20-pL lin-
oleic acid and 100-uL Tween 20 was dissolved in 10-mL
chloroform. After removing chloroform, 10 mL of dis-
tilled water was added and stirred vigorously. Then, 240
pL of emulsion was mixed with 10 pL of extracts at vari-
ous concentrations (1, 2, 3, 4, and 5 mg/mL) or butylated
hydroxytoluene (BHT) as a positive control. The absor-
bance was measured every 15 min for 120 min at 470 nm.
The antioxidant activity of extracts in terms of [-carot
was calculated using the following formula:

_ Abs0 sample — Abs120 sample
Abs0 control — Abs120 sample

B-carot (BA %)= [1 } x100

Content of volatile compounds

The volatile aroma compounds of raw and roasted pis-
tachio nuts from each cultivar were extracted and ana-
lyzed by Head Space—Solid Phase Micro-Extraction—Gas
Chromatography—Mass ~ Spectrometry ~ (HS-SPME-
GC-MS) using the method suggested by Acena et al. (2010)
with slight modifications. Briefly, 1 g of finely crunched
pistachio samples was placed into a 40-mL glass vial with
18 mL of NaCl saturated aqueous solution and sealed with
a ‘mininert’ valve (Supelco; Bellefonte, PA, USA). Each
sample was equilibrated for 30 min at 50°C with continu-
ous stirring (700 rpm) in a thermostatic bath. Then, a divi-
nylbenzene—carboxen-polydimethylsiloxane (DVB/CAR/
PDMS) 2-cm fiber with 50/30-pum thickness, purchased
from Supelco (Bellfonte, USA), was exposed for 1 h at
50°C in a vial headspace for the extraction of volatile com-
pounds. After extraction, the fiber was inserted into the
injection port of GC for the thermal desorption of analyte
at 260°C for 3 min. The fiber was conditioned before use
and thermally cleaned after each analysis at 250°C in the
injector port of GC. A Shimadzu GC 2010 Plus gas chro-
matograph directly interfaced with a TQMS 8040 triple
quadrupole mass spectrometer (Shimadzu; Milan, Italy)
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was used for GC-MS analysis. Two capillary columns
of different polarity were used: (1) VF-WAXms, 60 m,
0.25-mm id, 0.25-pm film thickness polar column
(Agilent Technologies Italia S.p.A., Milan, Italy) and
(2) DB-5 ms, 30 m, 0.25-mm i.d., 0.25-ym film thickness
polar column (Agilent Technologies).

The GC conditions were as follows—injector temperature,
260°C; injection mode, splitless: (1) oven temperature
VE-WAXms, 45°C held for 5 min, then increased from
80°C at a rate of 10°C/min to 210°C at a rate of 2°C/min
and 240°C at 20°C/min; (2) oven temperature SLB-5ms,
60°C to 110°C at a rate of 2°C/min, from 110°C to 160°C
at a rate of 3°C/min, and from 160°C to 260°C at a rate
of 10°C/min; carrier gas, helium at a constant flow of 1
mL/min; transfer line temperature, 250°C; acquisition
range, 40—400 mz'; and scan speed, 1,250 amu/s. Each
compound was identified using mass spectral data, NIST’
20 (NIST/EPA/NIH Mass Spectra Library, version 2.0,
NanoTech Analysis, Turin; Italy) and FFNSC 3.0 data-
base, linear retention indices (LRI) according to the equa-
tion of Van Den Dool and Kratz (1963), literature data,
and the injection of available standards, as reported pre-
viously (Cincotta et al., 2018). The samples were analyzed
in duplicate. The compounds were quantified using peak
area, and average value was calculated.

Profile of fatty acids

The fatty acid composition of oils was analyzed using
GC to determine fatty acid methyl esters (FAMEs), fol-
lowing the method outlined in Ghrab et al. (2010).
FAMEs were prepared by saponification/methylation
with sodium methylate according to the European Union
Commission modified Regulation EEC 2568/91. A cap-
illary column (30-m length and 0.32-mm i.d.; Stabilwax;
Restek, Bellefonte, PA, USA) coated with a stationary
phase formed by carbowax (0.25-mm thickness) in GC
(Shimadzu GC-17A; Japan) was used. The analytical con-
ditions were as follows: flame ionization detector (FID),
nitrogen as vector gas at a flow rate of 1 mL/min. The
column temperature was isothermal at 180°C and the
injector and detector were at 230°C and 250°C, respec-
tively. In all, ten fatty acids were identified by comparing
retention times with standard compounds: palmitic acid
(C16:0), palmitoleic acid (C16:1), margaric acid (C17:0),
heptadecenoic acid (C17:1), stearic acid (C18:0), oleic
acid (C18:1), linoleic acid (C18:2), linolenic acid (C18:3),
arachidic acid (C20:0), and gadoleic acid (C20:1).

Sensorial analysis of pistachio nuts

This analysis was performed with salted and roasted
pistachio nuts of the four studied varieties grafted on

Impact of regulated deficit irrigation and roasting on pistachio traits

P atlantica rootstock and conducted with three irri-
gation treatments of RDI. The sensory study was per-
formed as suggested previously (Carbonell-Barrachina
et al., 2015; Noguera-Artiaga et al., 2020). A consumer
panel was carried out with 60 consumers selected from
personal staff and students of the Faculty of Science of
Sidi Bouzid (Tunisia) to study the sensory properties of
pistachios. Consumers were aged 20—60 years and had
no diet restrictions or allergies for any type of nut. In
all, 74% of panelists were women, and 65% were aged
between 20 and 35 years, 20% between 35 and 50 years,
and 15% were aged between 50 and 65 years. Ten pista-
chio nuts were served at room temperature to each pan-
elist in an odor-free disposable 60-mL covered plastic
cups coded using two-digit numbers. Unsalted crackers
and drinking water were used between samples to clean
panelists’ palate. Natural illumination was used during
the test, and the temperature of the testing room was
20°C + 2°C. Panelists responded using a 9-point hedonic
scale, where 9 = like extremely and 1 = dislike extremely;
they were asked to indicate their order of preference for
samples and mark reasons for their preferences regarding
the attributes under study (color, hardness, size, roasted
and sweet/almond odor, sweet and sour taste, and global
satisfaction).

Statistical analysis

All traits were measured or scored for each treatment
separately during the two growing seasons. Mean val-
ues and mean standard error (SE) were calculated for
each studied trait using SPSS 20.0 (SPSS Inc., Chicago,
IL). Analysis of variance (ANOVA) was used to test the
effects of water treatments and roasting on the studied
parameters, and the significance was expressed as p <
0.05. The test Scheffe one ANOVA factor was used to
compare means values. Pearson’s correlation at 5% level
of significance was performed between antioxidants
and antioxidant capacity using the software SPSS 20.
Principal components analysis (PCA) of all studied traits
was carried out using SPSS 20.0. Component matrix was
evaluated and orthogonal factors were rotated using vari-
ance maximization (Varimax).

Results
Agronomical parameters

During the 2-year experimental period, results showed
significant differences (p < 0.05) between cultivars con-
cerning yield (Table 2). Low yield was observed in treat-
ment T2 whereas treatments TO and T1 presented the
same behavior. The highest yield (7.5 kg/tree) with con-
trol treatment was observed for cv. Mateur, followed
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o o by cv. Kerman (6.4 kg/tree) and Elguetar (5.1 kg/tree)
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the findings of Galindo et al. (2018), reporting that irriga-
tion increased yield, nut size, and splitting, and reduced
alternate bearing pattern and incidence of blank nuts.
An explanation of blanks proportion in pistachio nuts
could be attributed to lack of pollination, poor nutrition,
rainfall during anthesis, and water deficit during seed
development (Crane and Iwakiri, 1981). Present results
showed lower proportions of infested nuts under differ-
ent irrigation regimes. The observed fungal decay and
insect infestation of the kernel was generally low in the
present conditions.

Nut color parameters (L*, a* b* and C*) presented sta-
tistically significant differences (p < 0.05) among gen-
otypes (Figure 4). L* varied from 40.7 in cv. Ohadi
to 43.5 in cv. Kerman with control treatment. The a’
value ranged from 22.9 in cv. Elguetar to 28.4 in cv.
Mateur. The b" value ranged from 16.9 in cv. Mateur
to 21.5 in cv. Elguetar. Similar results were reported by

Impact of regulated deficit irrigation and roasting on pistachio traits

Carbonell-Barrachina et al. (2015) and Galindo et al.
(2015), stating that the RDI treatments applied did not
significantly affect pistachio nut color.

Regarding the effect of water regimes on pistachio nut
color, results of the present study were in accordance
with Guerrero et al. (2005), showing that irrigation
increased kernel weight but did not show significant
impact on shell and kernel colors. The obtained values in
the present study were consistent with those observed by
Dini et al. (2019), studying the kinetics of color degrada-
tion, chlorophylls, and xanthophylls loss in pistachio nuts
during roasting.

Composition of Nuts

Nut composition (moisture, carbohydrates, ash, protein,
fiber, and oil yield) varied between cultivars, depending

(A) 50 oT0 oT1 mT2 (B) 50 oT0 OT4 mT2
40 40
—_ Q
e a @ a a = 30 i
= 30 a 2 b
§ b b b a b b % a b b a b
8 20 S2 ad bpb
2 z
10 10
0 0
Mateur Kerman Elguetar Ohadi Mateur Kerman Elguetar Ohadi
©) 80 570 071 - (D) 60 aTo oT1 mT2
d
7 60 n a
= aa a a ba 940 a a a
= 40 o
5 5
- 20
20
0 0
Mateur Kerman Elguetar Ohadi Mateur ~ Kerman Elguetar ~ Ohadi
ANOVA
a* b* L* c*
Cultivar : : : :
Treatment : . . .
Cultivar x Treatment NS i i NS

Figure 4. Variation in nut color from the pistachio cultivars (C) under irrigation treatments (T). L" means the brightness of the
sample while a* and b* represent color directions, and C* = chroma. Values are mean values of three measurements (n = 3) * SE.
Different letters a, b, and ¢ indicate significant differences between the storage periods of each cultivar (NS: not significant; *p <

0.05, **p < 0.01) according to Duncan’s multiple range test.
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on RDI treatments (Table 3). Hence, treatment T2 pre-
sented significant (p < 0.05) lower values of carbohy-
drates, compared to the control and RDI treatments. Ash
content also decreased under stressed treatment (T2),
showing a statistically significant (p < 0.05) difference
between cv. Mateur, Kerman, and Ohadi. The protein
content ranged from 18.6% in cv. Mateur to 25.1% in cv.
Ohadi. This trait was also affected by water restriction,
showing significant (p < 0.05) lower values with treat-
ment T2. The fiber content presented a similar trend
showing significantly lower values with treatmentr T2
whereas treatments TO and T1 presented the same con-
tent. Moisture in nuts decreased with decrease in water
supply, showing significant (p < 0.05) lower values under
stressed treatment T2.

Regarding oil yield, cv. Mateur, Elguetar, and Kerman
presented similar values under three water regimes. Cv.
Ohadi presented higher oil content under RDI treatment,
showing a significant difference between treatments T0
and T2. These results were in accordance with those
reported by Carbonell-Barrachina et al. (2015), stating
that the nuts from treatment T1 showed the highest oil
content, followed by control and treatment T2. Yahyavi
et al. (2020) reported that differences in oil contents of

pistachio cultivars could be due to differences in factors,
such as growing conditions, harvesting, and climate.

As expected, irrigation regimes significantly affected nut
composition, except for oil yield, which was consistent
with water treatments. Nut composition identified cv.
Ohadi with high carbohydrates, ash, protein, fiber, and
moisture contents. In the present study, nut composition
was affected by drought stress, showing lower contents in
treatment T2. Kola et al. (2018) reported that irrigation
increased crude fiber, ash, and oil contents of pistachio
nuts, but decreased protein content. Oil yield showed the
same pattern under three water regimes, showing that
water restriction did not affect oil content.

Biochemical parameters of nuts

Contents of anthocyanins, flavonoids, and total pheno-
lics and the antioxidant capacity of pistachio nuts are
shown in Table 4. Treatments TO and T1 presented the
same values of anthocyanins, flavonoids, total phenols,
and RAC, showing statistically significant differences
(p < 0.05) with treatment T2. Cv. Elguetar showed low
flavonoid content, compared to other three cultivars. Cv.

Table 3. Nut composition (%) for the studied pistachio cultivars grown under RDI treatments.

Traits Mateur Elguetar Kerman Ohadi
Carbohydrates TO 9.20 £ 234 8.70 t 138 7.80 £ 228 10.20 + 12A
T1 8.10 £ 224 8.10 + 12A 7.23 £ 228 9.83 + 12A
T2 7.85+ 208 7.73 £ 108 7.00 £ 208 9.35 + 10A
Ash T0 0.50 £ 0.224 0.43 £0.128 0.46 £ 0.128 0.52 + 0.12A
T1 0.45 £ 0.224 0.37 £0.1°8 0.45 £ 0.12A 0.48 £ 0.12A
T2 0.36 £ 0.2°8 0.40 £ 0.12A 0.38 £0.1°8 0.42 £ 0.1°4
Proteins TO 20.5+0.128 22.5+0.12A 214 +0.128 25.1 £ 0.23A
T1 19.3£0.128 20.1+£0.128 20.4 £ 0.128 23.1+0.28A
T2 18.6 £ 0.1°8 19.5+0.1°8 19.140.1%8 22.3+0.2°
Fiber T0 1.23+0.5%8 1.35+0.228 1.52 + 0.52A 1.60 £ 0.224
T1 1.20 £ 0.528 1.15 4 0.208 1.34 £ 0.52A 1.56 £ 0.224
T2 1.13 £ 0.5%8 1.05 £ 0.208 1.12 £ 0.5%8 1.21 £ 0.204
Moisture T0 28.26 + 0.628 29.94 £ 0.5A 30.07 £ 0.6%A 35.61+0.13A
T1 24.52 +0.4°8 30.16 £ 0.42A 29.47 +1.02A 33.54 £ 0.6
T2 22.92 +0.5°8 24.66 £ 0.7°F 26.41+0.9°8 32.1+£0.6°
Oil yield (%) T0 54.45 + 0.3%A 53.62 £ 0.23A 56.63 £ 0.13A 46.84 + 0.3°8
T1 54.07 £ 0.9%A 52.77 £ 0.23A 55.76 + 0.33A 54.45 £ 0.32A
T2 54.38 £ 0.32A 53.24 £ 0.13A 57.11 £ 0.32A 47.57 £0.2°8

FW: fresh weight; DW: dry weight, FC: fat content.

Data are presented as mean + SE (n = 3). Different superscripted lowercase letters a, b, and ¢ indicate difference (p < 0.05) among three irrigation
treatments (TO: control; T1: regulated deficit irrigation; and T2: stressed) in the same cultivar. Uppercase superscripted letters A and B indicate
differences (p < 0.05) among cultivars in the same treatment. Mean separation within columns by Scheffe’s test (p < 0.05). In each column, values

with the same letter are not significantly different.
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Table 4. Phenolic compounds in pistachio nuts under RDI.

Impact of regulated deficit irrigation and roasting on pistachio traits

Traits Mateur Elguetar Kerman Ohadi
Pistachio fresh nuts
Anthocyanins TO 7.72 + 224 6.63 + 128 6.38 + 238 8.25+ 12A
T 6.78 + 224 5.98 + 128 5.82 + 238 7.51 £ 12A
T2 4,85 + 204 4.38 £ 1A 3.40 + 208 4.33 £ 1A
Flavonoids TO 12.18 £ 0.228 10.63 + 0.128 15.38 £ 0.12A 14.25 £ 0.12A
T1 13.28 £ 0.22A 8.68 +0.128 12.82 £ 0.12A 13.51£0.12A
T2 8.75+ 0.2°8 7.38£0.1°8 9.40 £ 0.1°A 10.33 £ 0.1°A
Total phenols TO 410.50 £ 0.13A 323.63+0.128 365.38 £ 0.128 334.25+0.228
T 385.50 + 0.12A 300.20 + 0.128 305.58 + 0.1%8 344.51 + 0.22A
T2 311.50 + 0.1°A 207.38 £ 0.1°€ 257.40 £ 0.1¢8 237.33 £ 0.2°4
RAC TO 121.90 £ 0.528 131.20 £ 0.228 162.43 £ 0.5A 153.00 £ 0.23A
T 112.40 £ 0.5%¢ 123.08 £ 0.228 142.99 + 0.5A 132.69 + 0.228
T2 84.31 £ 0.5%B 92.75 £ 0.2°A 73.46 £ 0.5°C 102.47 £ 0.2°A
FRAP T0 125.00 £ 1.528 123.00 £ 0.528 150.00 £ 1.5%A 140.00 £ 0.5%A
T1 110.00 £ 1.0°¢ 120.00 £ 2.028 140.00 £ 1.5%A 143.00 £ 1.03A
T2 100.50 £ 0.5°8 123.00 £ 1.03A 115.00 £ 1.0°A 98.00 £ 2.0°8
B-carot (%) TO 60.50 £ 2.02A 56.50 £ 1.02A 40.00 £ 2.02A 42.50 £ 2.0°8
T 55.0 £ 3.0%A 52.0 £2.0%A 45.50 + 2.02A 57.10 £ 3.0%A
T2 40.60 + 2.0°8 43.60 + 3.0%8 37.20 + 1.0°8 52.20 £ 2.0%A
ANOVA © * * * *
T o i i i
CT * % % X

Anthocyanin: mg C3Geq kg'' of DW,; flavonoids: mg CE/100 g of DW; total phenols: mg GAE/100 g of DW; RAC: relative antioxidant capacity (ug
TE/g of DW). C3Geq: Cyanidin-3-glucoside equivalents; CE: catechin equivalents; GAE: gallic acid equivalence; p-carot: -carotene bleaching

activity; DW: dry weight.

Values are means (n = 3) + SE. Different superscripted lowercase letters a, b, and ¢ indicate difference (p < 0.05) among the irrigation treatments in
the same cultivar. Superscripted uppercase letters A, B, and C indicate differences (p < 0.05) among cultivars (C) in the same treatment (T)
(TO: control [100% ETc]; T1: treatment RDI [50% ETc during stage | and stage of nut development and 100% ETc during the stage II]; T2: stressed

treatment (50% ETc).

Mateur presented high TPC (410.5 mg GAE/100 g of
DW), followed by cv. Kerman (365.38 mg GAE/100 g
of DW). Changes in the antioxidant capacity of pista-
chio nuts were consistent with changes in flavonoid and
TPC. The observed values of RAC with DPPH, FRAP,
and p-carotene assays showed that DPPH scaveng-
ing ability was stronger, which could be due to specific
antioxidant compounds discovered in pistachio nuts. In
the present study, TPC in pistachio nuts presented high
variability between cultivars under three water regimes.
It was observed that treatments TO and T1 presented
high values of bioactive compounds whereas treatment
T2 presented lower values. As stated by Ojeda-Amador
et al. (2019), the observed variability in phenolic com-
pounds was explained by different factors, such as cul-
tivar, geographical origin, ripening stage, and industrial
processing. Our findings were in line with the results of
Noguera-Artiaga et al. (2020a), reporting that moderate
RDI (T1 treatment) produced nuts with good functional

quality (high values of TPC and antioxidant capacity),
without affecting their sensory quality.

Physicochemical and biochemical parameters of
pistachio oil

Physicochemical parameters of pistachio oil

Pistachio oil samples were investigated for acidity, chloro-
phyll, carotenoid pigments, and specific extinction coeffi-
cient (K,,,, and K, ) as shown in Table 5. Physicochemical
parameters varied between cultivars whereas water regimes
did not show significant differences. Acidity showed
a statistically significant difference (p < 0.05) between
the studied cultivars. Cv. Ohadi showed the highest value
(0.55 g/100 g) of acidity with treatment T2 whereas the
lowest value (0.32 g/100 g) was observed in cv. Mateur with
treatment T1. The lower values of acidity in oil samples
of raw kernels indicated that hydrolytic rancidity had not
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occurred. Oil acidity observed in the present study was in
the range of 0.37-0.62 meq O, /kg of oil, as also reported by
Daneshmandi et al. (2014).

Arena et al. (2007) found 6.8 meq O,/kg of oil as perox-
ide number in Iranian pistachio oil. Yahyavi et al (2020)
reported that the peroxide number was the main indi-
cator of fat oxidation, measuring the concentration of
hydroperoxide formed during lipid oxidation. The spe-
cific extinction index is often used to evaluate the pres-
ence of primary (K,,) or secondary (K,,) oxidation
products. The K,,, values in pistachio oil were higher in
cv. Ohadi (2.17, 2.31, and 2.05 for treatments TO, T1, and
T2, respectively) followed by cv. Elguetar. Interestingly,
no significant variation of RI, even at 270 nm, was
observed in pistachio oil of the studied cultivars. RI of
pistachio oil samples was the same between cultivars
(1.47) and years of study. These results were consistent
with the results of the previous studies, reporting that
the RI of pistachio oil was around 1.4 for different variet-
ies and regions without any significant changes (Yahyavi
et al., 2020; Yildiz et al., 1998). Results further showed
that cv. Ohadi showed the most considerable content of
chlorophyll for three irrigation regimes (7.35, 8.11, and
7.8 mg/kg for treatments TO, T1, and T2, respectively).
However, carotenoids content showed a significant dif-
ference (p < 0.05) between cultivars. Hence, carotenoid
dominated in cv. Ohadi (38.04, 38.66, and 36.37 mg/kg
for treatments TO, T1, and T2, respectively), followed
by cv. Elguetar. Analysis revealed that the oil extracted
from cv. Mateur had the lowest content of carotenoids
(25.38 mg/kg) for treatment T0. Treatment TO showed
lower values of carotenoids, compared to treatments
T1 and T2. Bellomo and Fallico (2007) reported that the
content of pigments in pistachio oils was in the range of
18-52 mg/kg of DW. These values were linked to geno-
type, degree of ripeness, environmental conditions, and
geographical origin (Giuftrida et al., 2006).

Biochemical parameters of pistachio oil

The TPC of the extracted pistachio oil in control and
treatment T1 was the same, showing a statistically sig-
nificant difference (p < 0.05) with the treatment T2
(Table 5). Among cultivars studied, TPC of pistachio oil
samples showed statistically significant differences (p <
0.05). Cv. Ohadi had the highest values of TPC, followed
by cv. Mateur and Elguetar, while cv. Kerman presented
the lowest values of TPC for three irrigation treatments.
Irrigation treatments significantly affected the TPC,
with treatment T2 presenting lower values for the four
studied cultivars. These results were in line with the
study done by Miraliakbari and Shahidi (2008), show-
ing a TPC of 158 mg/kg oil for commercial pistachio.
Irrigation treatments affected significantly the TPC,
with treatment T2 presenting the lowest values in the
four studied cultivars.

The RAC values conducted with DPPH assay showed
values of DPPH ranging from 22.40 pug TE/g to 53.63 ug
TE/g of oil. Pistachio oil from treatment T2 always pre-
sented lower values of RAC, compared to treatment TO
and RDI (treatment T1). Extracted oil from cv. Kerman
showed lower values for AC and presented statistically
significant difference (p < 0.05) compared to cv. Mateur,
Ohadi, and Elguetar. The AC values were consistent
within the range of 20.7-87.4 ug TE/g of oil as reported
in a previous paper on fatty acid composition, antiox-
idant, and antibacterial activities of Pistacia fruit oils
(Mezni et al., 2020).

Correlations between antioxidant compounds

Pearson’s correlation between antioxidants showed a
strong positive association between total phenols and
DPPH (r = 0.45), flavonoids and anthocyanin (r = 0.56),
flavonoids and FRAP (r = 0.52), and flavonoids and
[-carot (r = 0.40) (Table 6). A low positive correlation was
observed between anthocyanin and B-carot (r = 0.32).
Negative correlations were observed between total phe-
nols and flavonoids (r = -0.50), total phenols and antho-
cyanin (r = -0.62), total phenols and FRAP (r = -0.68),
and anthocyanin and B-carot (r = -0.70). Moreover, a
positive relationship (r = 0.45) that manifested between
total phenols and DPPH implied the contribution of phe-
nols in DPPH capacity. However, total phenols showed a
negative correlation with FRAP and (-carot. Meanwhile,
flavonoids and anthocyanin had a positive correlation
with FRAP and B-carot but a negative association with
DPPH. These demonstrated their contributions to radical
scavenging in pistachio nuts, but they were not key com-
ponents of DPPH activity.

Content of volatile compounds in nuts

The analysis of volatile compounds in raw pistachio
nuts identified 76 volatiles belonging to the chemical
classes of acids, aldehydes, alcohols, terpenes, ketones,
esters, aromatics, and nitrogen compounds as shown
in Table 7. Water regime affected the volatile content of
the studied cultivars, showing high values in treatment
T2 whereas treatments TO and T1 presented similar
volatile compounds content. The most abundant com-
pounds were terpenes, such as a-pinene, terpinolene,
and limonene, followed by 1-methyl-pyrrole. Terpenes
and 1-methyl-pyrrole (nutty and sweet) constituted 80%
of volatile compounds. The results revealed statistically
significant differences (p < 0.05) in the contents of vola-
tile compounds of the studied cultivars under three water
regimes. The amount of terpenes and 1-methyl-pyrrole in
raw pistachio nuts was higher with T2 stressed treatment
in all studied cultivars. In the same manner, aliphatic
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Table 6. Correlation between antioxidants and antioxidant activity in pistachio nuts.

TP Flav Anth FRAP DPPH p-carot
TP 1 -0.50** -0.62* -0.68* 0.45* -0.70**
Flav 1 0.56* 0.52* -0.32* 0.40*
Anth 1 0.60* -0.42* 0.32*
FRAP 1 -0.10NS 0.60*
DPPH 1 -0.37**
f3-carot 1

* Kk

, ™, and *** indicate significance at p < 0.05, 0.01, and 0.001, respectively.

NS = not significant; TP: total phenols; Flav: flavonoids; Anth: anthocyanin; FRAP: ferric-reducing antioxidant power;
DPPH: 1,1-diphenyl-2-picrylhydrazyl capacity; -carot: p-carotene bleaching activity assay.

alcohols, aldehydes, and 1-methyl-pyrrole also increased
with decrease in water regime. Hence, the amount of
1-methyl-pyrrole increased by about 50% in cv. Mateur
and Ohadi with stressed treatment T2. Alcohols were
the second most represented class consisting mainly of
1-hexanol, 1-nonanol, and 1-dodecanol. Among the alde-
hydes, nonanal (nonanaldehyde) had the highest content,
especially in cv. Ohadi and Elguetar.

Seventy volatiles were identified in pistacho nuts after
the roasting process, including acids, aldehydes, alcohols,
terpenes, ketones, esters, aromatic compounds, pyridine,
pyrazines, pyrimidines, and furan derivatives (Table 8).
The predominant volatile compounds were a-pinene
and limonene, which are terpenes. Terpenes constituted
the primary class of substances, comprising 50% of all
volatile compounds, followed by aldehydes and nitroge-
nous compounds. The roasted pistachio showed an evi-
dent increase in pyridine, pyrazines, pyrimidines, furan
derivatives, and aldehydes arising from Maillard reaction
during roasting (Table 8).

Irrigation treatments have similar effects on the content
of volatile compounds of raw and roasted pistachio nuts.
Results showed that terpenes were the most abundant
compounds. Kendirci and Onogur (2011), studying raw
pistachio nuts of different cultivars in Turkey, observed
that terpenes and mainly «a-pinene (pine-like, resinous)
were the major volatile compounds contributing to fla-
vor. These authors suggested that terpenes and 1-methyl-
pyrrole were the key odorants found in the highest
amount in all cultivars grown under the T2 stressed
treatment. Key aroma compounds, such as terpenes,
aldehydes, and nitrogenous compounds, were improved
in raw and roasted nuts grown under the T2 irrigation
treatment. Galindo et al. (2018) reported that severe RDI
during stage II increased the contents of aldehydes and
reduced those of pyrazines and terpenes. These findings
were in accordance with the results shown by Sahan and
Bozkurt (2020), reporting that flavoring compounds were

higher in rain-fed pistachios than irrigated trees and the
concentration of terpenes, the most abundant volatile
compounds in dried pistachio nuts, decreased with irri-
gation. Increase in pyridines, pyrazines, pyrimidines, and
furan derivatives as well as aldehydes in roasted pistachio
was evident. This behavior is related to the roasting pro-
cess, as these volatiles arise from Maillard reactions as
well as from the Strecker degradation of a-amino acids,
producing aldehydes and a-aminoketones, as reported by
Rodriguez-Bencomo et al. (2015).

Composition of fatty acids

In the present study, the RDI irrigation treatments did
not affect the fatty acid profile, and the fatty acid com-
position didn’t show a consistent behavior with irrigation
treatments (Table 9). Moreover, Noguera-Artiaga et al.
(2020b) showed that pistachios obtained under moderate
RDI (treatment T1) had the highest content of oleic acid
and the lowest content of a-linolenic, compared to those
of control (T0) and treatment T2. In the same manner,
Carbonell-Barrachina et al. (2015) reported that moder-
ate RDI increased the content of linoleic acid. Moreover,
50% ETc water regime (treatment T2) contributed to
higher fatty acid content for all cultivars in both years,
compared to control (100% ETc) and RDI (T1) treat-
ments. It was clear from the results of this investigation
that the fatty acid content appeared to be insensitive to
water deficit. This finding confirmed the results of previ-
ous investigations under deficit irrigation, showing that
deficit irrigation allowed the maintenance of higher fatty
acids, compared to full irrigation (Ahumada-Orellana
et al., 2018; Motilva et al., 2000). This contrasting behav-
ior could be attributed to the higher influence of varietal
factors and climatic conditions on the composition of fatty
acids than to water status (Fernandes-Silva et al., 2021).

Analysis of the fatty acid profile revealed four main fatty
acids: oleic acid (C18:1), linoleic acid (C18:2), palmitic
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acid (C16:0), and stearic acid (C18:0) (Table 8). Oleic acid
was dominant (68% of the total content), followed by lin-
oleic (19% of the total content), palmitic (9% of the total
content), and steric acids (1% of the total content). Our
findings matched with Acar et al. (2017), reporting that
main fatty acids found in pistachio were oleic, linoleic,
and palmitic acids. Oleic acid ranged from 58.75% in cv.
Ohadi to 68.70% in cv. Elguetar. Our results for the oleic
acid content (58-68%) in pistachio samples were con-
firmed by previous studies (Arena et al., 2007; Noguera-
Artiaga et al., 2020a). In the same line, Ghrab et al. (2010)
reported that oleic acid was the main monounsaturated
fatty acid, the total contents of saturated and unsaturated
fatty acids being constant at 10% and 89%, respectively,
and other fatty acids were determined in traces. Cv.
Ohadi showed the lowest value of oleic acid (59.0; 58.7,
and 59.4 with treatments TO, T1, and T2, respectively).
Linoleic acid was the dominant polyunsaturated fatty
acid, varying from 19.49% in cv. Elguetar to 28.75% in cv.
Ohadi. Hence, the extracted oil from cv. Ohadi had higher
content of linoleic acid (28.62%, 28.75%, and 28.52% with
treatment TO, T1, and T2, respectively). Palmitic acid
was the main saturated fatty acid ranging from 8.85%
in cv. Elguetar to 10.13% in cv. Ohadi. Regarding stearic
acid, it was found as a minor saturated fatty acid in pis-
tachio kernels, ranging from 0.8% in cv. Ohadi to 1.52%
in cv. Elguetar. Our results revealed that both cv. Ohadi
and Elguetar had the most interesting fatty acid composi-
tions among the studied cultivars. Statistically, neither of
the treatments nor the ‘cultivar x treatment’ interaction
(C x T) showed significant results; the only significant
differences (p < 0.05) observed among cultivars were for
four main FAME:s (oleic acid, linoleic acid, palmitic acid,
and stearic acid).

Sensorial analysis

Sensory attributes of nuts, such as color, odor, size,
sweetness, acidity, and hardness, were studied to assess
their organoleptic quality and meet consumer prefer-
ences (Figure 5). These attributes influence the con-
sumer’s sensory experiences, contributing to the overall
perception of product. As expected, irrigation treatments
significantly (p < 0.05) affected the sensory features and
consumer’s global preferences. Pistachios grown with
treatments TO and T1 gained higher values of the most
studied attributes, showing statistically significant dif-
ferences (p < 0.05) with treatment T2. Our findings
matched with those of Noguera-Artiaga et al. (2020a),
studying sensorial properties of pistachios under RDI
and reporting that pistachios under treatment T1 were
the most appreciated ones. In addition, an international
consumer study on the same topic indicated that the ker-
nels resulting from moderate RDI applied during stage II

had a higher intensity of sensory attributes and a greater
level of satisfaction among consumers than the kernels
obtained from well-watered trees or from those exposed
to severe RDI during stage II (Noguera-Artiaga et al.,
2016).

Regarding nut color (Figure 5A), cv. Ohadi showed the
highest values with irrigation treatments T2 and T0. Cv.
Mateur with treatment TO (7.5) had the highest value of
sweet taste (Figure 5B). In the present study, sour taste
(Figure 5C) showed a different trend, with treatments TO
and T1 having less sour taste than treatment T2 samples.
The highest value of sour taste (6.5) was observed in cv.
Mateur for treatment T2.

The nut size was cultivar-dependent, with cv. Ohadi
demonstrated the highest value for treatment TO
(Figure 5D). Cv. Ohadi showed the highest value of nut
hardness (Figure 5e) for treatment TO, with no significant
difference compared to treatment T1.

The highest score for the roasted odor resulted in cv.
Mateur grown for two water regimes of TO and T1
(Figure 5f). The sweet/almond odor was also noted in cv.
Mateur for two water regimes of TO and T1 (Figure 5g).
Considering global satisfaction (Figure 5h), which defines
the final opinion of consumers about the overall quality
of samples, all the studied cultivars grown under treat-
ment TO obtained the highest score, followed by treat-
ment T1, which received water restriction during stages
I and II of nut development, whereas treatment T2 was
statistically different from both treatments T0 and T1.

The sensorial analysis performed in this study showed
that cv. Mateur and Ohadi grown with treatments TO
and T1 were the most appreciated varieties among con-
sumers. The roasting process had a significant impact
on the sensorial quality of pistachio nuts. Roasted nuts
from cv. Ohadi and Mateur grown under 100% ETc
water regime were the most appreciated nuts, followed
by treatment T1 nuts. Rodriguez-Bencomo et al. (2015)
reported that the roasting process makes the pistachio
commercially viable and valuable as it improved nut’s
hallmark sensory characteristics, such as flavor, color,
odor, and texture.

Nuts of local cv. Mateur were highly appreciated by
consumers. Ojeda-Amador et al. (2018) reported that
cv. Mateur presented a marked green appearance and
higher intensity of the roasted nuts attribute and were
appreciated for their flavor, intensity, and the persistence
of pistachio aroma in the mouth. Regarding the roasted
and sweet/almond odor, the resulting acceptability was
confirmed by Noguera-Artiaga et al. (2016) and Ojeda-
Amador et al. (2018).

36

ltalian Journal of Food Science, 2025, 37 (1)



"JudW)eal) Passal)s = Z] pue ‘Juaw)eal) uoiebLL Houap pajenbal = || ‘palajem [jam = 0L
"IpeyQ = O ‘UBWIAY = ) “ejanb|g = J Unajely = [\ iSuoneIABIGY "Sjudw)eal} |gY Jopun umoib sieiynd ojyoeysid Inoy Jo sjnu (dYS) pajseol pue payjes Jo sishjeue [eliosusg G ainbi4

37

Impact of regulated deficit irrigation and roasting on pistachio traits

TONIEENES [EQO[5)

(a)

(®)

(0)

b |

01N

SINH PRISTOY

- 010

01¥

013 -

[ §

013+

LI

R ERE TN

(v)

Italian Journal of Food Science, 2025; 37 (1)



Abidi W et al.

Analysis of principal components

The multivariate analysis of data permitted the reduc-
tion of variables to two principal components, PC1 and
PC2, revealing an interesting grouping of the studied
cultivars under RDI strategy (Figure 6a). Depending
on the water regime, the studied cultivars were distrib-
uted into four groups. Cv. Mateur, Elguetar, and Ohadi,
grown with treatments TO and T1, occupied the posi-
tive side of PC1 and PC2. These cultivars occupied the

negative side of PC2 if subjected to severe drought stress
(treatment T2). Cv. Kerman subjected to treatments TO
and T1 occupied the positive side of PC2 and the neg-
ative side of PC1. Cv. Kerman under severe drought
stress (treatment T2) occupied the negative side of both
PC1 and PC2.

The two principal components presented 61.0% of total
variability. The first principal component PC1 showed
35.52% of the observed variability and separated the

(A)
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e Kerman TO hadiT1 e
Mateur T1 ..ElguetarTO
05 OhadiTo ®
, Ke.rman T Elguetar T1 o
9 [
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Figure 6. Principal component analysis of main agronomical and biochemical pistachio nuts and oil quality of the four studied
cultivars under RDI treatments: (treatment T0) control (100% ETc); (treatment T1) regulated deficit irrigation RDI (50% ETc during
stage | and stage of nut development and 100% ETc during stage lll); (T2) stressed treatment (50% ETc). Values are means (n = 3)
+ SE. Abbreviations: TCSA = trunk cross-sectional area; FW = fresh weight; DW = dry weight.
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cultivars based on biochemical traits, fatty acid profile,
composition, and size of nuts.

According to a PCA biplot, size, fat content (FC), C18:1 con-
tent, total phenols in oil, and carbohydrates of nuts were pos-
itively correlated to PC1 whereas absorbance at a wavelength
of 270 nm (K, ), chlorophylls, and C18:2 content were neg-
atively correlated to PC1. Parameters such as biochemical
traits, oil quality, and composition of nuts explained PC1
separation in a better way (Figure 6b). Principal component
PC2, explaining 25.57% of total variability, was able to sepa-
rate cultivars depending on water regime. Hence, treatment
T2 occupied the negative side of PC2 whereas treatments TO
and T1 occupied its positive side. Among all the traits that
contributed mostly to PC2 separation were phenolic com-
pounds and the nutritional components of pistachios, with
split nut and C18:1 being the only two parameters showing a
negative correlation (Figure 6B).

Conclusions

The moderate water stress generated by RDI (treatment
T1; 50% ETc during fruit development stages I and II,
followed by full irrigation at 100% ETc during stage III)
maintained nut organoleptic quality as compared to
control trees. Water restriction applied in treatment
T2 (50% ETc) during all growing seasons decreased nut
composition and biochemical compounds. Cv. Ohadi
presented nuts with higher dimensions and higher con-
tent of carbohydrates, ash, fiber, and proteins under three
water regimes. Cv. Mateur and Ohadi presented high
sensorial quality and were more accepted by consum-
ers. Cv. Mateur appeared suitable for high-density plant-
ing under semiarid conditions. In the present study, the
RDI irrigation treatments did not affect fatty acid profile.
Oleic, linoleic, palmitic, and steric acids were the main
components. Higher contents of volatile compounds
were observed in pistachios roasted under stressed treat-
ment T2 (50% ETc); hence, terpenes were abundantly
found in non-irrigated pistachios. Oil yield of pistachio
nuts was improved under treatment T2. Treatment T1
(RDI) reduced water supply by 20% during stages I and II
of nut development, thus increasing water use efficiency
without compromising yield and nut quality. Our results
suggested that the RDI water management strategy could
be applied in pistachio orchards grown under arid and
semiarid conditions.
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