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Abstract

There is little research about walnuts with the certification of protected geographical indications (PGIs), especially about iron
walnut. In this study, the comparison of phytochemical profiles for common walnut (Juglans. regia) and iron walnut (Juglans.
sigillata) with PGIs was investigated. The results showed that common walnut has advantage in polyunsaturated fatty acids
(71.43%), polyphenols (39.65 mg/g), and flavonoids (21.72 mg/g), while iron walnut has advantage in a-tocopherol and
y-tocopherol (22.13 mg/kg and 420.72 mg/kg) and nutritive elements (Mn, Ba, Ni). Additionally, significant differences of
palmitoleic acid, arachidic acid, eicosenoic acid, and flavonoids were existed in the two species walnuts, with highest variances
of 87.05%. Compared with walnuts in other reports, walnuts with protected geographical indications have a higher level of
beneficial fatty acids, especially for monounsaturated fatty acid. Finally, highly positive correlations were observed among amino

acids for all analyzed walnuts, and oleic acid was negatively correlated with linoleic acid.

Keywords: iron walnut; common walnut; phytochemical profiles; protected geographical indications; fatty acids.

Practical Application: The study shows the phytochemical profiles of geographical indication walnuts from China, these results
will open promising perspectives for cultivation of walnut varieties and development of nutritional values.

1 Introduction

In all Juglans species, common walnuts (Juglans regia)
are widely cultivated in more than 50 countries and regions.
The phytochemical components and their nutritive effects in
common walnuts had been investigated by many scientists.
Common walnuts are rich in antioxidants and have notable
effects in regulating blood lipid, cleaning thrombus, and immune
regulation (Gao et al., 2018a). It is also considered to be a good
source of minerals and essential amino acids (Zhai et al., 2014),
which play vital roles in the living metabolism by involve the
activity of enzymes and are associated with an improved health
status (Trandafir et al., 2016). The common walnut oil contains
numerous fatty acids, such as linoleic acid (C18:2), a-linolenic acid
(C18:3), and oleic acid (C18:1), whose contents are significantly
higher than other nuts oils (such as pistachios, almonds, and
macadamias) (Schlérmann et al., 2015). Among vegetable oils,
walnut oil has one of the highest amounts of polyunsaturated
fatty acids (PUFAs, up to 78% of the total fatty acids content),
which can afford significant protective benefits in terms of both
fatal and nonfatal coronary heart disease events (Simsek, 2016).
Recently, many studies have dealt with the phytochemical
compositions of walnuts from different countries, including
Turkey (Simsek, 2016), Tunisia (Abdallah et al., 2015), Spain
(Tapia et al., 2013), and Romania (Trandafir et al., 2016).
The contents of fatty acids, mineral elements, proteins, antioxidant
activity, amino acids, and aroma were documented.

China is the largest walnut producer worldwide, accounting
for about 50% of the world’s total production of walnut. However,
little information is available on the chemical composition of
walnuts harvested from China. Especially, few reports about
the components of iron walnut (Juglans sigillata), the yield of
which is more than 40% of the total Chinese walnut production
(Gao et al., 2018b). Iron walnut (Juglans sigillata) is a special
walnut variety in China. With regard to the systematic status
of J. sigillata, there was a long-term, heated debate. It had been
regarded as an ecotype of J. regia, but numerous botanists have
viewed it as a different species. The most recent studies of I'TS,
RFLP, and cpDNA for J. regia and J. sigillata have concluded that
they are a single species (Sun et al., 2019). Some scientists also
found the differences among various phytochemical components
in the two species of walnuts. The essential amino acids and some
elements in kernels from 17 cultivars of common walnut and 11
cultivars of iron walnuts originated from China were determined,
in which the orders of these compositions were different
(Zhai et al., 2014). The fatty acids composition of six walnut oil
samples (3 common walnuts, 3 iron walnuts) collected from
Yunnan Province of China were also compared, in which C16:1,
(C22:0, and C22:1 only found in iron walnut (Gao et al., 2019).
Obviously, the limited studies could not comprehensively reveal
whether the two species are distinct in their compositions.
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In this work, we collected samples with the certification
of protected geographical indications (PGIs) to investigate the
comprehensive compositions of the two species. As we all know,
the foods with the PGIs have special qualities and reputation,
which may help the foods earn good economic effects in the
market. The results of this work are not only helpful to understand
the quality of Chinese walnuts, but also give more information
to know the two species of walnuts from the view of chemistry.

2 Materials and methods

2.1 Reagents and standards

HPLC grade hexane (methanol, isooctane, isopropanol,
and analytical grade nitric acid) were obtained from Thermo
Fisher (Thermo Fisher Scientific, America). All analytical grade
reagents were purchased from Wako Pure Chemical Industries,
Ltd (Japan) or Beijing Chemical Reagent Company (Beijing,
China). Folin-Ciocalteu reagent (Sigma-Aldrich) was used for
colorimetric analysis. The following certified standards were used:
37 component FAME Mix in dichloromethane (Sigma-Aldrich,
USA); Amino acid standard solution (Sigma-Aldrich, USA);
tocopherols (a-, B-, y-, and §) (purity=95% by HPLC) were
obtained from Supelco (Sigma-Aldrich, USA); rutin and gallic
acid (purity>98% by HPLC) were purchased by National Institutes
for Food and Drug Control (Beijing, China). Multi element
standard solutions containing 100 mg L of each element were
supplied by the National Analysis Center of Iron and Steel (NCS,
Beijing, China). A certified reference material (Green bean
powder, GBW10021, National Research Center for Certified
Reference Materials, Beijing, China) was used to verify the
accuracy of the results.

2.2 Sample collection

The walnut samples were collected from the typical
producing regions of China where produce the walnuts with
the certification of protected geographical indications (Iron
walnut: Xizang region; Guizhou region; Yunnan region. Common
walnut: Shaanxi region; Shanxi region; Xinjiang region; Hebei
region; Gansu region; Sichuan region). All samples came from
thelocal orchard at each region in 2017 during mature stage. All
walnut kernels and oil were prepared and kept frozen (-20 °C)
until analysis.

2.3 Fatty acid composition

Before esterification, walnut oil was extracted by Soxhlet
extraction method. Then the oil samples were esterificated
according to ISO-5509 method. Fatty acid methyl esters of oils were
analyzed using 7890A gas chromatography (Agilent Technologies,
USA) equipped with a flame ionization detector (GC-FID) and
capillary column (HP-INNOWAX, 30 m x 0.32 mm x 0.25 pm).

2.4 Tocopherols contents

The extraction and the analysis of the tocopherols were
performed on the walnut samples as described by Han et al. (2019).
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2.5 Total flavonoids and total polyphenols content

The extraction and the analysis of the total flavonoids and
total polyphenols were performed on the walnut samples as
described by Han et al. (2019).

2.6 Amino acids

Amino acids of walnut samples were determined by L-8900
automatic amino acid analyze (Hitachi High Technologies
Corporation, Tokyo, Japan). Approximately 0.1 g sample was
weighed into 35 mL hydrolysid tube, then was hydrolyzed
with 10 mL hydrochloric acid (6 M) at 105 °C for 24 h under
nitrogen atmosphere.

2.7 Mineral composition

The mineral compositions of walnut sample were determined
according to the method developed in our previous research
(Han etal., 2018). Walnut sample was digested with 6 mL nitric
acid (HNO,, 65%) and 2 mL hydrogen peroxide (H,0,, 30%)
using microwave oven (CEM, Matthews, NC, USA). Then the
solution was for ICP-OES (K, Ca, P, Cu, Zn, Fe, Mn) and ICP-MS

(Ba) analysis.

2.8 Statistical analysis

The results were shown as mean * standard deviation.
The statistical differences of the measured data were calculated
by analysis of variance (ANOVA). The statistical significance
(p <0.05) between different species was analyzed using by t-test
using SPSS, version 19.0 (IBM, USA). The correspondence analysis
between different phytochemical components of walnuts was
analyzed by R language with R 3.5.2.

3 Results and discussion

3.1 The profiles of fatty acids in the two kinds of walnuts

The fatty acid compositions of iron walnut and common
walnut are shown in Table 1. The main identified compositions
were linoleic acid (C18:2), oleic acid (C18:1), linolenic acid (C18:3),
palmitic acid (C16:0), and stearic acid (C18:0). The results also
found some minor fatty acids in the two kinds of walnuts, such as
palmitoleic acid (C16:1), arachidic acid (C20:0), and eicosenoic
acid (C20:1). The percentage of C16:1 for common walnut is
in agreement with those reported in Spain (Bada et al., 2010).
However, common walnuts from Serbia could not be found
C16:1 (Rabrenovic et al., 2008).

Among fatty acids, PUFA is considered as an important
and special composition for walnut, the level of which was even
found to be the highest among various nuts (Kim et al., 2013).
Interestingly, the content of PUFA in common walnut was higher
than that in iron walnut, which could be found in this study
and other previous report (Gao et al., 2019). Among PUFA, the
percentages of C18:2 were adjacent to 60% in the two kinds of
walnuts, which were higher than the results found in walnuts
of Turkey (Yerlikaya et al., 2012) and Spain (Tapia et al., 2013).
The performance might be due to our samples collected from
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Table 1. Fatty acids composition (%) of iron walnut and common walnut.

iron walnut

common walnut

range (%) average (%) std range (%) average (%) std P
C16:0 5.09-8.73 6.63 0.13 4.67-7.33 5.94 0.08 0.00
Clé:1 0.00-0.22 0.07 0.01 0.00-0.02 0.04 0.01 0.03
C18:0 1.16-3.36 2.27 0.07 1.92-3.81 2.70 0.06 0.00
C18:1 12.05-38.68 22.08 0.87 13.74-36.30 19.89 0.52 0.02
C18:2 42.72-73.06 59.45 0.94 47.82-67.48 61.30 0.45 0.04
Cl18:3 6.35-25.92 9.20 0.50 6.34-13.48 9.80 0.18 0.19
C20:0 0.00-0.08 0.01 0.00 0.00-0.10 0.02 0.01 0.09
C20:1 0.00-0.21 0.09 0.01 0.00-0.21 0.14 0.01 0.00
SFA 7.13-11.27 8.91 0.12 7.47-9.56 8.67 0.06 0.06
MUFA 12.21-38.89 22.25 0.88 13.92-36.55 20.07 0.53 0.03
PUFA 53.98-79.66 68.65 0.81 55.27-77.43 71.11 0.51 0.01

Note: std: standard deviation, SFA: saturated fatty acid, MUFA: monounsaturated fatty acid, PUFA: polyunsaturated fatty acids, P: P value.

the regions with the certification of PGIs. The advantages of the
samples from PGIs were also found in the contents of MUFA.
Our result of MUFA content in common walnut was 20.07%,
which was obviously higher than those from from Tunisia (15.72%)
(Bouabdallah et al., 2014), Italy (16.49%) (Poggetti et al., 2018)
and even other regions of China (17.56%) (Liu et al., 2020).
The average content of MUFA in iron walnut from our results
(22.25%) was also higher than that corresponding sample from
Xinjiang Uygur Autonomous region (18.42%) (Gao et al., 2018b).
Popescu et al. (2015) considered that the differences in fatty
acids composition could be partly due to geographical origin.
We agreed this opinion and further thought the walnut species
also was an important factor for the explanation of the differences
in fatty acids composition. At the same time, walnuts with the
certification of PGIs have a higher level of beneficial fatty acids.

3.2 The contents of antioxidants in the two kinds of walnuts

The findings for walnuts antioxidant contents were
polyphenols, flavonoids, and tocopherols (Ve), as is reflected
in Figure 1. Obviously, except for Ve, the detected antioxidant
contents in common walnut were higher than those in iron
walnut (Figure 1A). The result was also found in previous study
(Gao etal,, 2019). Meanwhile, the content of polyphenols from
this work was ranged from 12.95 to 61.45 mg/g in common
walnut. Gao et al. (2019) found the polyphenols content in
common walnut was 2-3 times higher than that in iron walnut.
However, it only observed less than 2 times higher than iron
walnut. The different performance might be due to the cultivar,
stage of maturity, year of harvest, storage conditions or extraction
procedure, which were the factors related to polyphenols
biosynthesis (Cerit et al., 2017). In addition, the polyphenols and
flavonoids contents in common walnut were higher than those in
iron walnut. However, the opposite result was observed in Ve,
in which the Ve contents were 510.42 mg/kg (iron walnut) and
418.87 mg/kg (common walnut), respectively. Moreover, the four
homologues of Ve (a-, B-, y-, and §-) were also various between
the two kinds of walnuts (Figure 1B). Notably, B-Ve had the
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Figure 1. The concentrations of antioxidants (A) and the compositions
of Ve (B) in the two kinds of walnuts.
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highest difference between iron walnut and common walnut, the
ratio of the mean content in iron walnut to common walnut
was 1.75. The §-Ve values of iron walnut (30.24-103.13 mg/kg)
were in accordance with the common walnut in this study
(32.61-87.47 mg/kg), but the results were higher than iron
walnut reported in other regions of China (36.88-45.19 mg/kg)
(Gao et al., 2018b). Therefore, the observed difference may be
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due to the location conditions, genetic effects or extraction
techniques as reported by previous study (Gao et al., 2019).
Interestingly, researchers (Li et al., 2007; Zhai et al., 2015) have
proved that p-Ve was not detected in common walnut of their
studies. Specially, Zhai et al. (2015) even found no a-Ve in
common walnut. The above performance showed that walnut
species may affect the Ve contents.

3.3 The contents of amino acid in the two kinds of walnuts

Amino acid composition is an important chemical property
of proteins, as it determines their nutritional value. According
to Table 2, 17 amino acids including ten kinds of non-essential
amino acids (NEAA) and seven essential amino acids (EAA)
were detected from the kernels of iron walnut and common
walnut. The two species contained appreciable amounts of total
amino acids, with 160.27 mg/g in iron walnut and 153.64 mg/g
in common walnut, respectively.

Glutamic acid (Glu), arginine (Arg), and aspartic acid
(Asp) were the most abundant in all the samples, accounting
for nearly 50% of the total amino acids. The similar results
were also observed in common walnuts from a region of China
(Liu et al.,, 2020) and other nuts from Korea (Chung et al., 2013).
Notably, the relatively low content of Lys and high levels of Arg
were in consistent with Ruggeri et al. (1999). It even can be
identified as a positive feature for walnuts. The mean ratio of
Lys/Arg for the two kinds of walnut was 0.19, which was lower
than other samples (0.24) (Savage, 2001). Arg is the precursor
of the endogenous vasodilator. Additionally, it is necessary for
EAA to evaluate the protein quality. They also play a key role in
the development of body since they are not synthesized by people

Table 2. Amino acids contents (mg/g) of the two kinds of walnuts.

iron walnut common average
walnut
Glu  33.86+0.59 31.77 +0.56 32.61 +0.42
Arg  2435+046 23.76 +0.38 24.00 +0.29
g Asp 1616 +0.27 15.60 +0.23 15.83 £0.18
g Ser 8.87 +0.14 8.39+0.11 8.58 % 0.09
;E“ Gly 820+0.14 7.61+0.10 7.85 +0.08
% Ala 7.18 £0.12 6.82 +0.09 6.96 +0.07
g Ty 5.55+0.10 534 +0.07 5.42 +0.06
§  Pro 5.50 +0.09 4.86 +0.20 5.12+0.13
Cys 3.97 £0.10 3.93 +0.09 3.95 +0.06
His 3.95+0.07 3.82+0.05 3.88 +0.04
Leu  11.72+0.23 11.21+0.17 1141 +0.14
®  Phe 7.05 +0.12 7.01+0.10 7.03 +0.08
é Val 6.55+0.15 6.41 +0.09 6.47 £ 0.08
§ le 5.89+0.13 5.70 +0.08 5.77 +0.07
Z Thr 534 +0.08 537 +0.07 5.36 +0.06
7 Lys 457 £0.09 450 +0.06 453 £0.05
Met 1.57 +0.03 1.55 +0.04 1.56 +0.03
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(Zhai et al., 2014). As can be seen in the Table 2, the contents of
leucin acid (Leu) was higher than other EAA, with the values
ranged from 8.74 to 15.15 mg/g in iron walnut, and 8.42 to
14.63 mg/g in common walnut, respectively. Besides, the value
of total EAA was 1.36 times higher than that of total NEAA in
common walnut, which was similar with iron walnut.

Generally, whether the specific amino acid or the total ones.
The differences of the amino acids contents in iron walnut and
common walnut were insignificant (p > 0.05). It may demonstrate
that the compositions of amino acids did not relate to the species.

3.4 The contents of mineral elements in the two kinds of walnuts

As we all know, the kernels of walnut have a remarkable
amount of mineral nutrition that is beneficial to body health
among common foodstuffs. In common walnut, the contents
of Mg, Fe, and Cu were notable high than those from non PGI
regions (Ozcan, 2009), even up to 50%. The results showed our
samples with the certification of PGIs had an advantage in some
nutritive elements. The similar performances were also found
in Malatya apricot (Akin et al., 2008) and Vatikiotiko onion
(Petropoulos et al., 2015), in which the geographical indication
products contained high nutritional values. Furthermore, previous
study even provided mineral compositions could be a useful
parameter to discriminate the production from different GI
(Gambetta et al., 2017).

In addition, compared with common walnut, the contents
of Ba, Ni, and Mn were particularly higher in iron walnut
(Figure 2). The Ba content in iron walnut was even up to 3 times
higher than that in common walnut. Zhai et al. (2014) found
the most significant difference between the two species existed
in Mn, the ratio of the mean contents of Mn in iron walnut to
common walnut was 1.76. Meanwhile, the ratio of Mn in this
study was 1.67. However, some elements composition, such as
Ca, Fe, Zn, and Cu, of common walnut were higher than those
in iron walnut. As a result of this study, the differences in mineral
composition between the two kinds of walnut could be due to
the effect of genotype and environmental factors.

3.5 The components correlations between iron walnut and
common walnut

In addition to analyzing the phytochemical profiles of the two
kinds of walnut, we also investigated the inherent relationships
of them. As shown in Figure 3, significant positive correlations
were found for many kinds of phytochemical components.
Especially, highly positive correlations were observed among
nearly all amino acids (r > 0.53, p < 0.05). The high correlation
is the embodiment of intricate mechanisms in the synthesis and
metabolic processes of amino acids (Martinez-Jarquin etal., 2017).
Nevertheless, surprisingly, amino acids were only correlated
with partial mineral elements (B, V, and Ti) in the two kinds
of walnuts. Though, mineral elements are an essential part of
many important enzymes and they play roles as catalysts and
antioxidants (Gharibzahedi et al., 2014). Besides, more positive
associations among mineral elements were found in common
walnut. It may suggested that the close relation between them.
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Figure 2. The average contents of mineral elements in iron walnut and common walnut.

Except for positive correlations, there were some negative
correlations among phytochemical components. It concluded
that C18:1 was negatively correlated with C18:2 in iron walnut
and common walnut, which concurred with the relationship in
common walnut reported by Gao et al. (2019) and in iron walnut
reported by Shi et al. (2018). The phenomenon can explained
by that C18:2 will accumulates when the fruit matures, and the
substrate of C18:2is C18:1, the residual amount of C18:1 is reduced
(Shietal., 2018). Besides, a previous study (Li et al., 2017) found
a significantly negative correlation between C18:1 and C18:3
(r=0.50, p < 0.05) in common walnut, while the similar result
were not found in the present study. The results demonstrated
that the negative correlation between the unsaturated fatty acids
might be not related to the species of walnuts. Interestingly,
although there were no significant correlations between C20:1
and other components in iron walnut, some negative correlations
among C20:1, elements and amino acids in common walnut
were found. The reason should be further explored.

4 Conclusion

Comprehensive information concerning the variances and
correlations of phytochemical components in iron walnut and
common walnut from PGI regions were analyzed. The differences
of most components existed in the two species walnuts, especially
for some fatty acids and total flavonoids. The values of PUFA,
polyphenols and flavonoids were rich in common walnut,
while iron walnut provided higher tocopherols and some
nutritive elements. Based on correlation analysis, highly positive
correlations of most amino acids and negative correlations
of minor fatty acids (C18:1 and C18:2) were observed in all
analyzed walnuts. These data will open promising perspectives
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for cultivation of walnut varieties and development of nutritional
values. Additionally, we found that walnuts with protected
geographical indications have a higher level of beneficial fatty
acids. The indicators are important to the consumption and
uses of walnut oil from PGI regions.
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