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Abstract Pistachio flour obtained from oil industry was
nutritionally characterized for use as food ingredient in
functional foods. Proximal composition, jointly with min-
eral content, amino acids and fatty acid profile were stud-
ied. In addition, different components present in this food
ingredient have been analyzed by attenuated total reflec-
tance Fourier transform infrared spectroscopy and thermal
properties of proteins were evaluated by differential scan-
ning calorimetry. This flour presented high mineral content
such as potassium, phosphorus, magnesium and calcium.
Moreover, high amount of unsaturated fatty acids, mainly
oleic and linoleic were found. Secondary structure of
proteins mainly was formed by parallel B-sheet and a-he-
lix. In the by-product, pistachio protein is in a native state
and is able to be denatured at temperatures higher than
100 °C. Therefore, food processing of this ingredient can
affect the structure of components.
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Introduction

Pistachio seeds derived from a tree of the Mediterranean
countries, adaptable to arid areas belonging to the Pistacea
genus, family of the Anacardaceae. Iran is the country with
largest producers and exporters of pistachio in the world
(Ehsanpour et al. 2010). Argentina has an extensive terri-
tory with diversity of climates, being Mendoza and San
Juan ideal areas for the cultivation of pistachio. Pistachio
raw nut contain 45.32% of lipids with 53% of total
monounsaturated fatty acid, 33% of polyunsaturated and
13% of total saturated fatty acids (USDA 2018). Also,
minerals with major proportions of calcium, magnesium,
zinc, iron, phosphorus and potassium were reported. In
addition, pistachio nut has 10.6% of total dietary fiber,
27.17% of availability carbohydrates, and 20.16% of
protein.

A nutritional important aspect of the lipid fraction is the
knowledge of the fatty acid profile. Essential fatty acids are
alpha-linolenic acid (18:3-®3) and linoleic acid (18:2-w6).
Some other fatty acids are sometimes classified as “con-
ditionally essential”, meaning that they can become
essential under some developmental or disease conditions.
Examples include docosahexaenoic acid (22:6-»3) and
gamma-linolenic acid (18:3-w6) (Joint FAO 2010).
Another important component from the nutritional and
functional point of view is the protein. The essential amino
acids of proteins have carbon skeletons that cannot be
synthesized by humans, and therefore they must be pro-
vided through the diet; they are important for the growth
and maintenance of metabolic requirements. Other cate-
gory is ‘‘conditionally essentials’’ amino acids, are those
that are not normally required in the diet but under specific
physiological or pathological conditions the human body
cannot synthesize them in adequate amounts, and in this
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context their intake becomes therefore indispensable (Joint
WHO 2007).

Fourier transform infrared spectroscopy (FTIR) has
become a powerful analytical tool in food analysis for
monitoring changes in structure of different molecules
when they were subjected to different processes. It was
used for evaluating the oxidation degree of edible oils
(Guillén and Cabo 1999), for characterization or classifi-
cation different almond cultivars (Garcia et al. 2013); and
also for studying secondary structure of proteins in bio-
logical systems (Gerbino et al. 2011). In addition, this
technique is valuable in evaluating changes in protein
structure due to folding or unfolding processes (Barth
2007).

On the other hand, thermal techniques have also been
employed for food analysis. Differential scanning
calorimetry (DSC) is a very useful technique for studying
the thermal properties of polymers, especially denaturation
of proteins (Konieczny et al. 2016) and starch gelatiniza-
tion (Tananuwong and Reid 2005). However, no previous
studies in thermal properties of pistachio were found.

Different authors have studied the fatty acid, carbohy-
drate and amino acid composition on dried pistachio or y-
irradiated nuts (Clarke et al. 1976; Gecgel et al. 2011).
Shokraii and Esen (1988) also studied the composition,
solubility and patterns of proteins isolated from Kerman
pistachio nut. These authors found that 66% of total pro-
teins are globulin while albumin, glutelin, and prolamins
contributed in a minor proportion with 25, 7 and 2%,
respectively.

Although there are studies on pistachio nut composition
(Clarke et al. 1976), the characterization of the flour
obtained as by-product of the oil industry for consumption
as ingredient for human foods, has not been studied at the
present. Pardo-Giménez et al. (2016) used the defatted
pistachio meal to evaluate the agronomic performance as a
compost supplement for button mushroom crops and to
supplement the Pleurotus mushroom substrate.

The consumption of pistachio in Argentina is low;
nevertheless a sustained growth in the production of deli-
cate gourmet edible oils has been taking place in recent
years being an economic activity of great relevance at
present. In this sense, the elaboration of non-traditional
vegetable oils, such as that obtained from pistachio
(Pistacia vera L. genotype Kerman) offers an unexplored
opportunity for new foods for haute-cuisine. This increase
in the production of this kind of oils generates a remnant
by-product that could be used in the form of flour, as a
potential ingredient for human consumption. Thus, the
objective of this work was to evaluate the chemical com-
position and nutritional quality of pistachio flour obtained
as by-product of the Argentinian pistachio oil manufacture,
in order to use it as an ingredient for food industry.
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Materials and methods
Materials

Pistachio flour obtained as by-product of oil industry
(Aceites del Desierto S.R.L., Argentina) included under
vacuum in individual bags (1 kg), was provided by the
factory and stored at 4 °C until their use. The oil extraction
process was performed by hydraulic press at room
temperature.

Methods
Proximal composition of pistachio flour

Moisture content of pistachio flour was determined by
drying in an vacuum oven (5 h at 70 = 1 °C, 13.3 kPa).
Content of ash was determined at 550 °C by direct method,
contents of protein and lipids by Kjeldhal and Soxhlet
methods, respectively (AACC 2000). Total dietary fiber
was determined according to method 32-05.01 (AACC
2000) using the Megazyme kit (Megazyme Int. Ireland
Ltd., Wicklow, Ireland).

Available carbohydrates. Glucose, fructose, sucrose and
starch were determined through High Performance Liquid
Chromatography (HPLC). In a first assay, soluble sugars
were extracted with Mili-Q water from defatted flour
according to Eliasson (2006). Large soluble molecules such
as polysaccharides and proteins can be removed by co-
precipitation with Carrez I and Carrez II. This mixture was
heated (70 °C, 600 rpm) for 30 min in a thermomixer
(DLAB, Riverside, USA). Then, was brought to adequate
final volume with acetonitrile and centrifuged for 10 min at
580g. In other experience, starch was determined measur-
ing the amount of glucose that was obtained after total
hydrolysis of starch with HC1 16.7% v/v solution at reflux
during 2 h. Solution was cooled at room temperature,
neutralized to pH 8 and brought to an adequate final vol-
ume with acetonitrile and then was centrifuged for 10 min
at 580g.

Supernatants of both assays were filtered through a
0.45 pm MSI filter before injecting them into the chro-
matograph Waters 1525 (Waters Corporation, Mas-
sachusetts, USA) using a refractive index detector Waters
2414 adequate for carbohydrates identification. The col-
umn used at 30 °C was a C18-amide (particle size: 3.5 pm,
i.d: 4.5 mm, length: 150 mm) (Thermo Fisher Scientific
Inc. Massachusetts, USA). Aliquots of 20 pL were injected
and eluted with isocratic aqueous acetonitrile (75:25 v/v)
solution with 0.2% ethylenediamine at a flow rate of
1.0 mL/min.
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The sugars peak areas were measured and identified by
comparison with the retention times of the standards
solutions of glucose, fructose, and sucrose (Sigma-Aldrich,
Missouri, USA) using a PeakFit software (version 4.12 for
Windows, SPSS Inc., Chicago, IL, USA).

The linear range for the standard was: 0.05-12.9 mg/mL
for fructose (y = 33.329x; = 0.998), 0.05-13.6 mg/mL
for glucose (y = 33.526x; = 0.998), and 0.05-12.5 mg/
mL for sucrose (y = 34.27x; 2= 0.998) in mobile phase.
The sugars data were expressed as g per 100 g of by-pro-
duct flour. Assays were performed by duplicate.

Water activity of pistachio flour was measured at 25 °C
using an electronic dew-point water activity with Aqualab
Series 4 TEV meter (Decagon Devices, Pullman, Wash-
ington, USA). Measurements were carried out in triplicate.

Total phenolics content and antioxidant activity
of pistachio flour

Extraction process Pistachio flour (x~ 0.7 g) was
extracted according to Carbas et al. (2019) with 10 mL of
acetone during 15 min and then was centrifuged 15 min at
1030g. The residue was re-extracted with 10 mL of aque-
ous acetone (70:30 v/v) until a clear solution was obtained.
Supernatants were combined, shaken in a tube with chlo-
roform (2:1 chloroform:acetone) and stored overnight at
4 °C. Then, residual acetone of aqueous phases (top por-
tion) was evaporated using Buchi rotavapor R 200 (Biichi
Labortechnik AG, Postfach, CH-9230, Flawil, Switzerland)
at 40 °C. Finally, the extract was diluted to 25 mL with
distilled water.

Total phenolics The total phenolic content was deter-
mined by Folin—Ciocalteu (FC) method according to Sin-
gleton et al. (1999): 50 pL of extract (“Extraction process”
section), 750 pL of distilled water and 50 pL of FC reagent
were combined and mixed. After 3 min, 150 pL of 1 N
Na,COs5 solution was added. The solution was incubated in
dark at 25 °C for 2 h. The absorbance was measured at
760 nm using a spectrophotometer UVmini-1240 (Shi-
madzu, Tokio, Japan) and the results were expressed in
milligram of gallic acid equivalents (GAE) per gram of
flour. The linear range for GAE was between 0.00 and
0.250 mg/mL (y = 2.5764x; 1* = 0.996).

Ferric ion reducing antioxidant power assay (FRAP)
This assay was performed according to Carbas et al (2019).
Pistachio flour extracts (100 pL) were mixed with 900 pL
of the freshly FRAP reagent for 60 min in the dark con-
dition. The absorbancewas measured at 593 nm. The
standard curve was linear between O and 99 pg/mL of
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic  acid
(Trolox). Results were expressed as microgram of Trolox

per gram of pistachio flour (ug Trolox/g). All determina-
tions were performed in triplicate.

Free radical scavenger activity on 2,2-diphenyl-1-picryl-
hydrazyl (DPPH) To measure antioxidant capacity with
DPPH? radical, extracts were obtained as described above
(“Extraction process” section). The DPPH® assay was done
according to the method described by Kedare and Singh
(2011). Test tubes containing 0, 5, 10, 20, 30, 40, 80, 115
and 150 pL of sample (“Extraction process” section) and
ethanol to a final volume of 1000 pL were prepared. After
that, 1000 pL of a 30 mg/L of the radical DPPH® dissolved
in ethanol solution was added. Samples were vortexed and
incubated in darkness at 20 °C for 90 min. The absorbance
was measured at 515 nm in a spectrophotometer UVmini-
1240 (Shimadzu, Tokio, Japan). Result is expressed as
EC5q (concentration required to obtain a 50% of antioxi-
dant effect). All determinations were performed in
triplicate.

Nutritional characterization of pistachio flour

Mineral content Pistachio flour (0.5 g) was digested with
10 mL of 85% high purity HNO; using microwave tech-
nology (QLABPro, Questron Technology Corp., Missis-
sauga, Canada). The digest was diluted to 50 mL with
distilled water and filtered with syringe filters (0.45 pum).
Minerals, such as phosphorus, iron, calcium, sodium, zinc,
manganese, molybdenum, selenium, magnesium, copper
and potassium were analyzed by an inductively coupled
plasma optical emission spectrometer, ICP-OES model
ICPE-9820 (Shimadzu, Japan) equipped with an ASX-520
Automatic Autosampler (Cetac Technologies). Assays
were performed in duplicate.

Fatty acid analysis Lipids fractions (2 g) were deriva-
tized in glass tube using 4 mL of solution of concentrated
HCI in methanol (5% v/v). The tubes were tightly capped,
vigorously shaken and placed in boiling water for 10 min.
After cooling, 2 mL of mili-Q distilled water and 1 mL of
hexane were added. After shaken, were centrifuged (1600g,
15 min) until both layers were clear. The upper phase with
the methyl esters was filtered (0.45 um) and transferred to
5 mL glass vials, which were analyzed by using a gas
chromatograph Agilent Technologies 7890A (Agilent
Technologies; Santa Clara, CA, SA) equipped with
Supelco capillary column DB 23 (30 m, 250 pm i.d.,,
0.25 mm) and flame ionization detector (FID) according to
Guardianelli et al. (2019). Analyses were conducted in split
mode (50:1). The oven temperature program was: isotherm
at 50 °C for 1 min, 50-175 °C at a rate of 25 °C/min,
175230 °C at a rate of 4 °C/min, isotherm at 230 °C for
15 min. Helium was used as carrier gas (flow rate =
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0.4763 mL/min). Injector and detector temperatures were
held to 250 and 280 °C, respectively. Fatty acids were
identified by comparison with the retention times of stan-
dards fatty acids methyl ester Supelco 37-Component
FAME Mix (Sigma-Aldrich, USA) and the area of different
peaks were analyzed using the PeakFit software (version
4.12 for Windows, SPSS Inc., Chicago, IL, USA). Assays
were performed by duplicate.

Amino acid analysis Pistachio flour was digested in glass
vials with 6 M HCI (2 mg protein/1.5 mL acid solution).
The vials were sealed in anaerobic conditions using nitro-
gen gas and incubated in oven at 110 °C for 24 h. Amino
acids were derivatized with diethyl ethoxymethylene-
malonate and determined by RP-HPLC according to a Cian
et al. (2015). p,L-o-Aminobutyric acid as internal standard
was used. An HPLC Agilent Serie 1100 with a detector of
variable wavelength VW (Santa Clara, CA, USA) was
utilized. A reverse phase column of 300 x 3.9 mm internal
diameter (Novapack C18, 4 m; Waters) at 18 °C was used.
Samples were eluted with a binary gradient solution at a
flux rate of 0.9 mL/min.

Mobile phase consisted in the mix of two solvents:
(A) sodium acetate (25 mM) containing sodium azide
(0.02% w/v) pH 6.0, and (B) acetonitrile. The following
gradient condition used were: 0.0-3.0 min with a linear
gradient from A:B (91:9) to A:B (86:14); 3.013.0 min with
A:B (86:14); 13.0-30.0 min with the linear gradient A:B
(86:14) to A:B (69:31). Then, continue with A:B (69:31)
for 5 min. Amino acids eluted were detected at 280 nm.
Tryptophan was determined by RP-HPLC after an alkaline
hydrolysis according to the method described by Yust et al.
(2004). Derivatized amino acids were identified and
quantified by comparison with the retention times and areas
ratios of standard amino acids mixture with the internal
standard. Assays were performed in duplicate. Results were
expressed in mg of amino acid per 100 g of protein.

Structural and thermal properties of pistachio by-product

Fourier-transform infrared spectroscopy (FTIR) FTIR
spectra of pistachio flour, defatted pistachio flours, and
pistachio oil were performed. Sample was placed on the
sample holder of an attenuated total reflectance Fourier
Transform Infrared Spectroscopy (ATR-FTIR) Thermo
Nicolet iS10 spectrometer (Thermo Scientific, MA, USA).
Spectra were registered in the 4000-500 cm ™' range by co-
adding 128 scans with 4 cm™" spectral resolution, using
OMNIC software (version 8.3, Thermo Scientific, MA,
USA). Duplicate spectra were collected from each sample.

The assignation of the bands to a specific functional
group vibration mode was made by comparison with
spectral data of literature as well as with reference
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compound spectra included in the software spectral library.
Inverted second derivative spectra were used to estimate
the number and position of individual elements composing
Amide I band (1580-1710 cm™"). This information was
taken into account to fit Amide I bands in protein spectra
with Gaussian—-Lorennz band profiles, using PeakFit soft-
ware (version 4.12 for Windows, SPSS Inc., Chicago, IL,
USA). The assignment of protein secondary structures to
the principal Amide I frequencies was performed as pre-
viously described in literature (Gerbino et al. 2011).

Differential scanning calorimetry (DSC) Aqueous sus-
pensions of pistachio flour (P) or defatted pistachio flour
(DP) at 20% w/w and 40% w/w were prepared 24 h before
the assay. A portion (10 mg) of the suspension was placed
in aluminum capsules that were hermetically sealed and
subjected to one heating cycle from 10 to 140 °C at a rate
of 10 °C/min in a calorimeter Q100 DSC (TA Instruments,
USA). Protein denaturation process was characterized by
onset (Ty), peak (Tp), and final (Ty) temperatures and the
enthalpy change (AH) was determined between T, and Ty.
Assays were performed by duplicate.

Statistical analysis

Values were expressed as mean =+ standard deviation of
replicates. Statistical analysis was performed with Stat-
graphic Centurion XV for Windows 15.2.06 Software
using with level of significance defined at p < 0.05.

Results and discussion

Pistachio flour obtained as a by-product of the pistachio oil
industry (Aceites del Desierto S.R.L., Argentina) presented
7.61 £ 0.05% of moisture, 33.2 & 0.3% of protein,
30.6 £ 0.3% of lipids, and 3.5 & 0.2% of total ash. In
addition, pistachio flour presented 29.3% of carbohydrates,
of which 13.6 & 0.5% is total dietary fiber, an important
component for human health. The rest of the available
carbohydrates found was sucrose (8.3 & 0.5%), starch
(5.9 £ 0.7%), glucose (0.9 £ 0.3%), and fructose
(0.6 £ 0.2%). Therefore, pistachios are considered a
nutritionally dense nut after oil extraction due to 100 g of
this flour provide 471 kcal, being this energy contributed
by proteins in 28%, by lipids in a 58.8% and 62.8% of
calories provided by carbohydrates. Further, this by-pro-
duct covered half of the recommended intake of dietary
fiber proposed by World Health Organization (> 25 g per
day of total dietary fiber) (World Health Organization
2003).

Water availability of the by-product was 0.711 %+ 0.003;
hence the development of pathogenic microorganisms is
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not favored while lipid oxidation could occur in this
ingredient.

Antioxidant activity and nutritional contribution
of pistachio flour

The total content of phenols of pistachio flour was
7.1 £ 0.8 mg/g and the antioxidant activity value obtained
by FRAP was 8139 pg trolox/g and the amount of flour
required to obtain a 50% radical inhibition (ECsy) was
41.8 mg pistachio flour/mL. Pistachio nut are a rich source
of phenolic compounds like anthocyanins, flavan-3-ols,
proanthocyanidins, flavonols, isoflavons, flavanones, stil-
benes and phenolics acids with high antioxidant activity;
these compounds have protective effects in the prevention
of inflammatory activities, cardiovascular diseases and
cancer (Tomaino et al. 2010). Taghizadeh et al. (2018)
studied the levels and antioxidant activities of some sec-
ondary metabolites isolated from five pistachio (Pistacia
vera L.) cultivars collected from four different geographi-
cal regions of Iran; these authors found lower values
(< 12.59 pg/mL) of ECs in all samples compared to our
data, probably because lipids also contribute to the
antioxidant activity.

The total content of minerals (ash) for the defatted
pistachio flour of this work was lower (3.5 £ 0.2%) in
comparison to that obtained by Rabadan et al. (2018) for
different pistachio samples; they reported a mineral con-
centration ranging between 4.95 and 4.21%. The mineral
contribution of the pistachio by-product and the recom-
mended nutrient intake (RNI) from World Health Organi-
zation is shown in Table 1. Potassium (K) is the principal
mineral present in pistachio flours covering 25% of the

RNI. This mineral is widely available in different kind of
foods (potatoes, meat, cereals and milk), and a deficiency
of this mineral is uncommon (Lanham-New et al. 2012).
Regarding sodium (Na), the level of this mineral in pista-
chio by-product flour is low and covers 3% of RNI
(Table 1). Therefore, this flour present a good Na—K bal-
ance that could prevent the incidence of diseases (arterial
hypertension, cardiovascular accident) commonly observed
in persons that consume high amounts of sodium (Farquhar
et al. 2015). Both minerals, Na and K, are widely dis-
tributed in the organisms and are linked in their functions;
also their proportions directly influence several vital
functions such as the maintenance of the ionic medium for
enzymatic reactions, regulation of the membrane potential
and the intervention in the conduction of the nerve impulse
and muscle contraction (Pita Martin de Portela 2003).
Moreover, a portion of 100 g of pistachio flour contribute
with 16% of the RNI for calcium (Ca) and also with 87%
for the RNI of phosphorous (P). Calcium is in low pro-
portion in foods, being dairy products those that contain the
highest amount of this mineral. In Argentina, the require-
ments of this mineral in a high proportion of the popula-
tion, are not covered; due to bad eating habits (National
Survey on Nutrition and Health 2007). With a low calcium
intake, the risk of osteoporotic fractures increases in adult
people (more than 50 years old); this deficiency can be
correct with an additional intake of calcium plus vitamin D
supplement (Weaver et al. 2016). Phosphorous is important
because jointly with calcium are in bones in the form of
hydroxyapatite in a ratio Ca:P = 2:1. In addition, P is an
important component of membrane lipids and genetic
materials (DNA, RNA) contributing to formation of ATP

Table 1 Mineral content of
pistachio flour

Minerals Minerals Recommended nutrient intakes (RNI)*
Potassium (K) (mg%) 1178 £ 2 4700 mg
Sodium (Na) (mg%) 65 £ 10 2400 mg
Phosphorous (P) (mg%) 613+ 5 700 mg
Calcium (Ca) (mg%) 158 + 14 1000 mg
Magnesium (Mg) (mg%) 143 £ 4 260 mg
Iron (Fe) (mg%) 7+1 14 mg
Zinc (Zn) (mg%) 3.0 £ 0.1 7 mg
Copper (Cu) (ng%) 2800 £ 900 900 pg
Manganese (Mn) (mg%) 1.08 £+ 0.05 2.3 mg
Molybdenum (Mo) (ng) <dl 45 pg
Selenium (Se) (ng) < dl 34 ng

Value of detection limit from: Mo (202.030 nm) was 0.021 mg/L

dl detection limit

“Recommended Nutrient Intake (RNI) from World Health Organization and Food and Agriculture Orga-
nization of the United Nations WHO/FAO, for males and females, aged between 19 and 65 years (WHO

and FAO 2004)
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and phosphoric intermediate compounds in metabolism of
nutrients (Pita Martin de Portela 2003).

Pistachio flour contribute with 55% of the RNI of
magnesium (Mg), however deficiencies in this mineral are
not evident due to human body present a mechanism for
ensure its bioavailability (Nielsen 2018).

In relation to macro elements, Rabadan et al. (2018)
obtained similar values of P, Mg, Ca and K for the defatted
by-product flour from pistachio Kerman cultivar.

Iron (Fe) is an essential mineral for the energetic and
oxidative metabolism. A deficiency of Fe is associated to a
low intake or bioavailability of this mineral from the diet;
consuming adequate amounts of iron prevents iron-defi-
ciency anemia. Pistachio flour covers the 50% of the RNI
of iron. This flour also covers about 43% and 47% of the
RNI for zinc (Zn) and manganese (Mn), respectively
(Table 1). Zinc is an essential mineral for several enzymes
activities and it is also related to oxidative protection and
synthesis of proteins, among other functions. Rabadan et al.
(2018) obtained for the defatted by-product flour from
pistachio Kerman cultivar values for Fe (4 mg%) and Mn
(2.32 mg%) lower and higher, respectively, respect to
those informed in the present work (Table 1).

In addition, Zn is important for fertility and male genital
health, also favors formation of DNA and the optimum
function of immunological system (Livingstone 2015).
Copper (Cu) content in this by-product flour is three times
greater than the amount intake established by WHO/FAO
(WHO and FAO 2004). This mineral act as cofactor in
superoxide dismutase enzyme present in aerobic cells
(WHO and FAO 2004), and jointly with zinc are important
minerals for brain neurotransmitters; copper also enhance
calcium and phosphorus fixation.

In summary, the consumption of 100 g of pistachio flour
contributes to the half of the daily recommended intake of
essential minerals, converting this by-product in a good
ingredient complement of cereal flours. Fabani et al. (2013)
found that the mineral content of pistachio seeds was lower
than that obtained in this work, and also observed that this
content increased with the age of the tree (5, 9, and
11 years).

Pistachio by-product presented 30% of lipids, important
components for human nutrition due to one third of the
energy supported by diet is contributed by this faction.
Table 2 shows the fatty acid profile of the pistachio by-
product and results found by other authors were included
for comparison. The major proportions for oleic, linoleic
and palmitic acids and a five times higher than proportion
of unsaturated with respect to saturated fatty acids were
identified in our by-product (Table 2). The proportion of
fatty acids (saturated, mono and polyunsaturated) present
in lipids from the by-product pistachio flour was similar to
those obtained in colza and sesame oils (Guillén and Cabo
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1999). Different authors studied the fatty acid profile of
pistachios cultivated in Turkey (Gecgel et al. 2011) and
Iran (Mahmoodabadi et al. 2012; Rabadan et al. (2018).
These authors found that the percentage of the linoleic and
a-linolenic acids was lower than those reported in this
work, with the exception of stearic and oleic acids that
were higher than those observed in this by-product
(Table 2).

Besides the high amount of protein (33.2%) of this by-
product, the knowledge of the amino acids profile result
interesting from the nutritional point of view. Pistachio
proteins presented 21.29% of basic amino acids (Lys, Hys
and Arg), 29.69% of acidic amino acids (Asp and Glu),
22.09% of polar and hydrophilic amino acids (Thr, Cys,
Tyr, Ser and Gly) and 26.93% of non-polar hydrophobic
amino acids (Table 3). Conversion factor from nitrogen-to-
protein was 6.25 and was calculated from the amount of
amino acids present in pistachio proteins. These polymers
present 46.98 g of essential amino acids per 100 g protein,
that are Lys, His, Val, Ile, Leu, Thr, Met, Cys, Tyr, Phe and
Trp. These amino acids must be incorporated through the
diet. Comparing to FAO reference protein (Joint WHO
2007), proteins from pistachio nut provided 1.5 times of
Lys, Val, Ile, and Leu and 1.7 times more of Hys and Thr
(Table 3). Although pistachio proteins have a high contri-
bution of cysteine (Cys), these proteins resulted deficient in
Met (chemical score = 55.6%). Therefore, pistachio by-
product is a promising ingredient to supplement proteins
from Lys-deficient cereals like wheat and rice, but is not
adequate to complement legumes. Some authors reported
similar values in contents of some amino acid of pistachio
from California (Clarke et al. 1976), nevertheless these
authors obtained higher amounts of methionine and lower
of aromatic amino acids than those observed for the pis-
tachio by-product.

Structural and thermal properties of pistachio by-
product

The ATR-FTIR spectra in the 4000-800 cm™' region
shows bands corresponding to stretching and deformation
of the main functional groups of the macro components
(Fig. 1a). The major bonds of biological interest are placed
in the regions of 3600-2800 and 1800-800 cm ' (Barraza-
Garza et al. 2013). The significant bands presented in dif-
ferent pistachio samples are shown in Fig. la, and the
assignments of the functional groups to each band are
described in Table 4. The following regions were analyzed:

e 3700-3100 cm™" A wide band at 3267 cm™! in pista-
chio and defatted pistachio flour was observed,
attributed to OH-stretching vibrations of hydroxyl
groups of water and starch (Monroy et al. 2018).
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Table 2 Fatty acid contents of lipids from pistachio flour

Fatty acid methyl esters (FAME) FAME (%)* FAME (%)°
Gecgel et al. (2011) Mahmoodabadi et al. (2012) Rabadan et al. (2018)

Palmitic acid C16:0 11.2 £ 0.1 7.75 8.90 10.84
Palmitoleic acid Clé6:1-07 1.8 £ 0.9 0.62 0.83 1.13
Stearic acid C18:0 0.7+ 03 1.95 1.29 1.15
Oleic acid C18:1-09 523 + 37 67.76 62.56 59.21
Linoleic acid C18:2-w6 310 £ 1.7 20.73 23.49 29.44
a-Linolenic acid C18:3-»3 0.7 £ 0.1 0.39 0.47 0.44
Gadoleic acid C20:1 nd 0.74 0.34 0.33
Arachidic acid C20:0 nd nd nd 0.13
Behenic acid C22:1 nd nd nd 0.09
Total saturated fatty acid 119 £ 0.3 9.7 10.19 12.12
Total unsaturated fatty acid 54 £3 69.12 63.73 60.76
Total polyunsaturated fatty acid 32£2 21.12 23.96 29.88

nd Not detected

“Data are expressed as percentage of total fatty acid methyl ester.
PEAME composition found for Pistacia vera L. cv Kerman (Mahmoodabadi et al. 2012; Rabadan et al 2018), for Pistacia vera L. Anacitlak

variety (Gecgel et al. 2011)

Table 3 Amino acid
composition from pistachio
flour

Amino acid

Amino acid (g/100 g of protein)

Joint WHO (2007)*

Lysine (Lys)
Histidine (His)
Valine (Val)
Isoluecine (Ile)
Leucine (Leu)
Threonine (Thr)
Methionine (Met)
Cysteine (Cys)

Met + Cys
Tyrosine (Tyr)
Phenylalanine (Phe)
Tyr + Phe
Tryptophan (Trp)
Serine (Ser)
Aspartate (Asp) + glutamate (Glu)
Proline (Pro)
Glycine (Gly)
Alanine (Ala)
Arginine (Arg)

7.03 £ 0.06
2.62 £ 0.02
574 £0.14
4.56 + 0.05
9.18 £0.14
4.09 £ 0.02
0.89 £ 0.05
1.69 £ 0.14
258 £0.14
3.54 £ 0.01
6.99 £ 0.01
10.53 £ 0.01
0.65 £ 0.01
7.32 £0.12
29.69 £ 0.15
7.31 £ 0.40
5.45 £ 0.04
5.37 £ 0.03
11.64 + 0.17
113.76 £ 1.56

4.5
1.5
3.9
3.0
59
23
1.6
0.6
22

3.8
0.6

#Amino acid requirements in human nutrition—Joint WHO (2007)

e 3100-2800 cm™' Three bands were observed in pista-
chio flour and oil, the band at 3007 cm ™! was assigned
to cis double bound stretching vibration of olefin groups
of unsaturated fatty acids. Besides, the two bands

observed at 2922 and 2853 cm ™!

correspond to the

asymmetric and symmetric stretching vibrations of
aliphatic CH, functional groups, respectively. Further-

more, the band at 2922 cm™!

is associated with the
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Fig. 1 a ATR-FTIR whole spectra of the pistachio flour (black full
line), pistachio oil (red dash dot dot line), and defatted pistachio flour
(blue dashed line). b Deconvolved amide I band of defatted pistachio
flour (color figure online)

saturated fatty acids fraction present in pistachio lipids
(Guillén and Cabo 2000).

e 1800-1700 cm™" The band at 1744 cm™" observed for
pistachio flour and oil is associated to the C=0
stretching vibration of the ester carbonyl of the
triglyceride.

e 1700-1500 cm™' The two bands observed for both
pistachio flours at 1634 and 1539 cm™' were previously
found by Ng et al. (2014) in pistachio nuts spectrum,
and they assigned these bands to the bending vibration
of N-H functional group in Amide I and Amide II.

e 1500-1070 cm™' Weak bands at 1457 and 1378 cm ™"
were distinguished in this region and associated by
Guillén and Cabo (1999) to the presence of CH bending
vibrations in CH, and CHj; groups. Besides, four bands
at 1237, 1160, 1119, and 1096 cm™! were observed in
samples that contain lipids associated them to the
stretching vibration of the C—O group in esters.

@ Springer

e 1070-800 cm™" A band at 1047 cm ™" appeared in both
flours and it can be attributed to the stretching vibration
of C-O functional groups characteristic of carbohy-
drates being more intense in the defatted flour that
present high proportion of starch (Garcia et al. 2013;
Monroy et al. 2018).

As intensity of FTIR bands of by-product pistachio flour
are straightforward related with chemical composition,
changes in intensity of bands could be used as a rapid
evaluation of the effectiveness of different technological
process, like lipid extraction. In addition, due to the high
proportion of proteins present in the by-product, changes in
structure and thermal properties of proteins can bring
valuable information for the use of this ingredient in food
industry.

Different types of secondary structures of proteins were
analyzed through the de-convolution of the Amide I band
of the ATR-FTIR spectra (Fig. 1b). The five structures
characterized were localized at approximately 1620 cm™'
(parallel B-sheet), 1640 cm™! (random coil), 1665 cm ™!
(o-helix), 1678 cm ™" (B-turn) and 1685 cm™' (antiparallel
B-sheet). Pistachio proteins presented 56% B-sheet (parallel
and anti-parallel), 32% o-helix, 7% B-turns and 5% random
coil. Dogan et al. (2007) found in other nut like hazelnut a
similar tendency, with a greater proportion of -sheet than
a-helix. No studies were found at present on pistachio
proteins.

One of the food applications of this by-product could be
in baked goods; thus, thermal behavior of pistachio flour
was studied by DSC analysis. Thermograms of aqueous
suspensions of by-product (P) and defatted (DP) pistachio
flours, at 20% and 40% (w/v) are shown in Fig. 2. Sus-
pension 20% w/v (DP20) presented an endotherm with a
peak temperature (Tp) at 103 °C; a similar behavior was
obtained for P20. A comparable tendency was observed for
40% suspensions, although Tp were displaced to higher
temperatures, due to the lower amount of water present in
the dispersion. In addition, the lower Tp obtained for the
pistachio by-product sample (P) suggest that the residual
lipid fraction confers to the flour a less thermal stability.
The endotherms observed can be attributed to protein
denaturation because starch gelatinizes around 60 °C, and
no endotherm was observed at that temperature (data not
shown). The assignment of the endotherm to proteins was
evidenced by the values of denaturation enthalpy, because
slightly higher values of this parameter were obtained in
the absence of the lipid fraction (DP), i.e. in samples with
high proportion of proteins.
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Table 4 FTIR functional group composition

Wavenumber (cm 1)

Functional group

Flour component

3267 O-H stretching

3007 cis double bound stretching vibration

2922 Asymmetric stretching vibration of aliphatic CH,
2853 Symmetric stretching vibration of aliphatic CH,
1744 C=0 stretching of ester carbonyl of the triglycerides
1634 N-H bending (Amide I)

1539 N-H bending (Amide II)

1457 Asymmetric bending vibration of aliphatic CH, and CH3 groups
1378 Symmetric bending vibration of CH, group

1237 Stretching vibration of C-O group

1160 Bending vibration of CH, group

1119 Stretching vibration of C=0 group

1096 Stretching vibration of C=0 group

1047 Stretching vibration of Cs=O groups

Water, starch
Lipids*

Protein®

Lipids*

Carbohydrates

AGuillén and Cabo (2000)
"Ng et al. (2014)

0554 " "---_ | endo
0.54 4 9% T~ (J/g protein)

T--DP20 16+ 1

0.49 4 9‘;;»».\ ST T DP 40 201

o

Heat Flow (W/g)
o
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0.47 4 TiosT e e P40 1712
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Fig. 2 DSC thermograms of suspension of pistachio flour: DP
defatted pistachio flour, P pistachio flour. Suspension at 20% (DP20,
P20) and 40% (DP40, P40) were prepared in distilled water. Values of
temperatures and enthalpy of protein denaturation (AH) are shown

Conclusion

The pistachio by-product obtained from oil Industry pre-
sent high amount of lipids, proteins and total dietary fiber.
Fiber is in a proportion higher than 6%, the minimum
required for considering this ingredient as a “good source”
of dietary fiber content claim (according regulatory law in
the United States and the European Union). On the other
hand, the high antioxidant activity of pistachio flour can
protect unsaturated fatty acids present in lipids against
oxidation. In addition, this flour presents higher amounts of
minerals than the whole nut. Proteins are of high biological

value, providing about half of the essential amino acids
amount. Although these proteins were limited in
methionine, they contribute with the half proportion of the
lysine recommended by FAO. All these characteristics
convert this by-product in a good ingredient for comple-
menting cereals and for applications in functional foods.
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