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Abstract

This study investigated the effect of different almond oil extraction techniques,
namely, cold-press extraction (CP), hydraulic press extraction (HP), and subcritical
fluid extraction (SFE), on the fatty acid composition, physicochemical properties,
bioactive substances, and thermal stability. The results showed that oleic acid and
linoleic acid were the main unsaturated fatty acids in almond oil (AO). The overall
physicochemical properties of the AO (SFE) had the better oil quality compared
to cold-press extraction and hydraulic press extraction in three kinds of varieties.
Almond oil extracted from SFE contained the highest levels of total phenolics (9.58-
11.75 mg/100 g), total phytosterols (92.86-244.21 mg/100 g), total tocopherols, and
tocotrienols (48.03-55.74 mg/100 g). Meanwhile, the TG/DTG curves showed AO
(SFE) were more thermally stable than AO (CP) and AO (HP) consistent with the result
of oxidative induction time. Subcritical fluid extraction may be a useful extraction

technology to produce high-quality almond oils in the future.
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1 | INTRODUCTION

Almond seed, is a well-known nut in the world widely distrib-
uted in Mediterranean district, USA and Western China, has
been cultivated for thousands of years (Vazquezaraudjo, Verdd,
20009).
As the unique area and climate of almond cultivation in Xinjiang

Navarro, Martinezsanchez, &  Carbonellbarrachina,
region of western China, it has strong desert sand-fixing viability.
Meanwhile, there is a great potential commercial prospects and eco-
nomic interest in Xinjiang region.

Almond was consumed as baked goods, original cereals, and
confection arise due to their nutritional value, desirable flavor at-
tributes, and high energy density (Xiao et al., 2014). Furthermore,
almond is also regards as vegetable oil resource due to its high fat
content with high level of unsaturated fatty acid. (Lin et al., 2016).
Therefore, another promising approach of almond utilize was a high-
quality oil in edible oil market accept conventional snacks. A plant
of studies have focused on the characteristic of almond indicated
that the almond oil was benefit for human health, thanks for its
special function on reducing the risk of total cholesterol glycemic
index, cardiovascular diseases, and so on (Bolling, Dolnikowski, &
Blumberg, 2010; Yada, Lapsley, & Huang, 2011). Almond oil was rich
in micronutrients, for example tocopherols, sterols, and squalene
were 450 pg/g, 2,200 pg/g, and 95 pg/g, respectively (Lopez-Ortiz
et al., 2008; Maguire, O'Sullivan, Galvin, O'Connor, & O'Brien, 2004,
Matthius & Briihl, 2008). These components, seen as conventional
antioxidants, contributed to the diversity of physiology, biological,
and biochemistry function.

The quality of vegetable oil is mainly determined by the raw ma-
terials and the process. The conventional extract methods consist
of enzyme-assisted extraction (Winkler, Foidl, Glbitz, Staubmann, &
Steiner, 1997), mechanical pressing, solvent extraction (Chen, Cheng,
Ching, Hsiang, & Chang, 2012; Sayyar, Abidin, Yunus, & Muhammad,
2009). Generally, solvent extraction can affect the degradation of
active-oxidative compounds and the products safety (Chan & Ismail,
2009). However, residual solvent is hard to remove absolutely.
Hence, mechanical pressing is considered as the preferred method to
extract oil from seed (Achten et al., 2010). For instance, cold-pressed
technology has been promoted for a long time because its advan-
tages such as without solvent, low press temperature compared
with the traditional process. Until now, a new extraction technol-
ogy, subcritical fluid extraction (SFE), was based on the low polarity
fluid extraction. It also can overcome the defects of the conventional
organic solvent extraction and expeller pressing methods (Liu et
al., 2008). In applied subcritical fluids exaction solvents, n-butane
is regarded as the most practical fluid thanks for its lower critical
pressures and temperature, meanwhile its extraction ability for li-
pophilic substances. SFE is also attracting increasing attention be-
cause of the shorter extraction time, high yield, and environmentally
responsibility (Jimenez, Masson, Barriga, Chavez, & Robert, 2011;
Wang, Liu, Chen, & Wang, 2011; Xia, You, Li, Sun, & Suo, 2011; Xu et
al., 2011). SFE has been widely reported for plant seed extractions

such as canola oil and sunflower oil (Jimenez et al., 2011), flaxseed
oil (Pradhan, Meda, Rout, Naik, & Dalai, 2010; Zanqui et al., 2015),
camellia seed oil (Miao et al., 2013), and wheat germ oil (Shao, Sun,
& Ying, 2008). Nevertheless, the comparison of above three tech-
niques ( SFE, CP, and HP) was limited in application of almond oil.

Except for the extraction method, genotypes were also a
main source for chemical traits in plant oil (Maestri et al., 2015).
Macronutrients and micronutrients in several genetic almond ker-
nel and almond oil were reported in California, USA, Egypt, Greece,
Turkey, and so on (Askin, Balta, Tekintas, Kazankaya, & Balta,
2007; Bolling et al., 2010; Nanos, Kazantzis, Kefalas, Petrakis, &
Stavroulakis, 2002; Yada et al., 2011). However, a little study was
focus on the Xinjiang region. During our preliminary experiment,
three kinds of typical varieties from 9 genotype varieties in Xinjiang
region has been selected derived from excellent quality and a certain
scale of planting area. A investigation has been carried out for cold-
pressed oil extracted from 9 types of almond cultivars, indicated
that SC-9, SC-ZP, and SC-TX cultivars have high quality in terms of
nutrition and oxidation stability (Zhou, et al, 2017).

A complete investigation needs to conduct based on three ex-
tract methods (cold-press extraction, hydraulic press, and subcritical
fluid extraction) with respect to chemical composition, physico-
chemical characteristics, and thermal stability. The results reported
here may serve as a guide to produce high-quality almond oil to im-
prove the inherent chemical components and conservation ability in

process of almond.

2 | MATERIAL AND METHODS

2.1 | Materials

Three types of local major almond cultivars (SC-9, SC-ZP, and SC-TX)
in Xinjiang region was collected in 2015. Those samples were chosen
for the experiment because Xinjiang region was the biggest produc-
tion region, and the total amount of SC-9 SC-ZP and SC-TX occupied
one third of Xinjiang region. Moisture in almond kernel was ranged
from 4% to 5%.

2.2 | Chemicals

Analytical grade hexane, ethanol, chloroform, and sodium hydrox-
ide were supplied by Shanghai Guo Yao Medicine Chemical Reagent
Co., Ltd. (Shanghai, China). Methanol and acetonitrile (chroma-
tographic grade) were purchased from Merck Chemical Co., Ltd
(Darmstadt, Germany). High purity helium was supplied by Ming
Hui Gas Co., Ltd. (Wuhan, China). All the standards («, B, y, 8-toco-
pherols and «, B, y, 8-tocotrienols standards, p-sitosterol, stigmas-
terol, campesterol and brassicasterol, sinapic acid) were purchased
from Chromadex Co., Ltd. (Irvine, CA, USA).Fatty acid methyl ester
(C4-C,p) was derived from Sigma-Aldrich Co. (Shanghai, China). N-
Butane (food grade, purity 99.99%) was purchased from Henan sub-
critical Biotechnology Manufacturing Co., Ltd (Hunan, China).
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2.3 | Extraction procedures

2.3.1 | Cold-press extraction (CP)

Almond kernel was extracted by cold-press with a small proportion
of hull in order to increase the squeezing pressure. Oil was obtained
using a spiral screw press (CA59G, Komet Co. Stuttgart, Baden-
Wouerttemberg, Germany) with a 5-mm restriction die. A screw
speed of 20 rpm was kept in the whole pressing process. The screw
press was first run empty for 5 min without any material to raise
the screw press barrel temperature. In order to maintain the screw
press barrel temperature to the indoor temperature, the press barrel
was heated via an electrical resistance-heating ring (Martinez, Penci,
Marin, Ribotta, & Maestri, 2013). The cold-pressed oils were cen-
trifuged. The oils were protected and stored under N, gas at -4°C

prior to analysis.

2.3.2 | Hydraulic press extraction (HP)

Approximately 1,000 g of sample was placed in the pressing
chamber. Almond oil was obtained by hydraulic pressure extrac-
tion (YD32-30, Changzhou, China) and pressures up to 25 MPa
as Subrotoel method (Subroto, Manurung, Heeres, & Broekhuis,
2015). Operation temperature of hydraulic press machine was
range from 30°C to 105°C. Total pressing time was 10 min.
Hydraulic pressed oils were centrifuged at 8,000 rpm for 15 min.
The extracted oils were protected and stored under N, gas at -4°C

prior to analysis.

2.3.3 | Subcritical fluid extraction (SFE)

Almond kernel was smashed, through a 60 mesh screen. Subcritical
fluid extraction unit was customized by Henan of subcritical
Biotechnology Manufacturing Co., Ltd. About 250 g samples were
placed by subcritical liquid extraction with butane as a solvent. The
pressure in the extraction tank was reduced to -0.09 MPa, and a
certain volume of butane was added to the extraction. After the ex-
traction, the extraction liquid is introduced into the separation tank
to open the compressor for solvent recovery and dissolve. When the
pressure of the separation tank and the extraction tank falls below
0.3 MPa, the vacuum pump is opened until the pressure of the two
tanks was reduced to -0.09 MPa. Almond kernel was extracted by
two times, and final collected oil was centrifuged and was protected

and stored under N, gas at -4°C prior to analysis.

2.4 | Analytical methods

2.4.1 | Total fat, protein, and moisture content of
almond seeds

Almond oils were investigated in terms of crude fat (method GB/T
5512-2008), crude protein (method GB/T 14489.2-2008), and mois-
ture (method GB/T 14489.1-2008).

2.4.2 | Amino acids composition of almond seeds

Amino acid analysis of almond seed was made according to method
GB/T 5009.124-2003 using a L-8900 amino acid analyzer (Hitachi,
Japan). Almond samples were first hydrolyzed to convert proteins
into their constituent amino acids. Almond sample was put into hy-
drolysis tubes, 6M HCl was added, evacuated, and filled with nitro-
gen thrice, and then hydrolyzed at 110°C for 22 hr. The amino acids

were analyzed by monitoring the absorption at 570 nm and 440 nm.

2.4.3 | Physicochemical properties of almond oils

Physicochemical properties of AO were analyzed including oil yield
(extract oil weigh/ almond weigh, %), oil moisture (method GB/T
5528-2008), acid value (AV, method GB/T 5530-2008), perox-
ide value (PV, method GB/T 5538-2008), iodine value (IV, method
GB/T 5532-2008), and saponification value (SN, method GB/T
5534-2008).

2.4.4 | Fatty acid composition of almond oils

Fatty acid composition was determined by GC-FID after trans-
methylation with methanolic potassium hydroxide. 0.05 g oil sam-
ple was weighed and saponified in 0.5 M sodium methoxide. The
fatty acids methyl esters were analyzed by 7890A (Agilent, Santa
Clara, CA, USA) provide with a polar capillary column HP-INNOWX
(30 m x 0.25 mm x 0.25 mm film thickness, Supelco, Bellefonte, PA,
USA). Temperature programming was from 210°C and increased
to 260°C at the rate of 20°C/min, and ultimately hold for 5.0 min.
The injector volume was 1 ml. Split ratio was 80:1. A reference fatty
acid standards (C4-C,o) was synchronously separated to qualita-
tive analysis by comparing their retention times. The final result was

expressed as percentage of total peak areas.

2.4.5 | Total phenol content

Total phenolic content was detected according to Yang Mei et al.
method (Yang et al., 2013).

2.4.6 | Phytosterols content

0.03 g oil sample was mixed with 3 ml of 2 M KOH in 95% ethanol.
Then it was shaken in a water bath at 90°C for 15 min, adding 2 ml of
water and 1.5 ml of hexane. The mixture was centrifuged at 5,000 rmp
for 3 min, and the organic phase was separated for further analysis.
A nonpolar DB-5 column (15 m x 0.32 mm id, 0.1 pm film thickness)
was performed. The flow rate was set at 1.5 ml/min with nitrogen as
the carrier gas. The injection volume was 1 ml, and the split ratio was
10:1. The oven temperature was programmed as follows: 180°C to
243°C at 3°C/min and hold for 0.5 min. Then, the temperature was
increased at a rate of 50°C/min to a final temperature of 340°C, and
keep for 0.5 min. Identification of the individual phytosterol was ac-

complished by peak times and standard compounds.
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2.4.7 | Tocopherol and tocotrienols content

0.05 g oil sample was weighed into a glass tube, added into 10 ml
mixed solution (ethyl acetate: cyclohexane was 1:1). Take 3 ml solu-
tion and put into GPC, then collect objectives and volume to 2 ml
with methanol. High-performance liquid chromatography with C18
column conditions as follows: moving phase: The ratio of methanol
and water was 98:2, column temperature was 30°C, UV detec-
tion wavelength was 296 nm, and the injection volume was 10 pL.
Qualitative use retention time and quantification use external

standard.

2.4.8 | Rancimat test and DSC analysis

Rancimat test in almond was according to Matthaus method
(Matthaus & Briihl, 2008) with a slight modification It was determined
at 110°C, under a constant air flow (20 L/h). Thermogravimetric (TG)
technique on a thermogravimetric analyzer (Q2000, TA Instruments
Inc., USA) was used to evaluate the thermal stability under normal
air atmosphere (100 ml/min) conditions. The weighed samples (5 mg)
weighed in open solid fat index (SFI) aluminum pans (T70529, TA
Instruments) and were put into open alumina crucibles, then cool-
ing to 10°C from room temperature. Heating program: The tempera-
ture was ranged from 10°C to 350°C at a heating rate of 10°C/min.
Thermal oxidation temperature was determined in three times.

2.5 | Statistical analysis

Analysis of variance (ANOVA) and Duncan's multiple range tests
were carried out by using SPSS (Statistical Product and Service
Solutions) 18.0 software version. All experiments were performed in
quintuplicate. All the figures with means and standard deviations for

all values were computed in origin 8.0.

3 | RESULTS AND DISCUSSION

3.1 | Characterization of fat, protein, and moisture
in almond seeds

The main ingredient in almond seed was fat, protein, and carbohy-
drates. The composition of almond may be influenced due to cul-
tivar and season (Vazquezaradjo et al., 2009). From Figure 1, the
fat content in almond seeds was 52.00%, 58.72%, and 57.62% in
SC-9, SC-ZP, and SC-TX, respectively. Maestri et al.(2015) have re-
ported that total fat contents in almond kernels were ranged from
48.0% to 57.5%, and the value for oil content at the average of
50%. SC-ZP has the highest fat content indicating high quality of
Xinjiang region. Meanwhile, protein content was 33.04%, 37.73%,
and 34.04% in SC-9, SC-ZP, and SC-TX. The moisture content was
4.93%, 4.24%, and 4.65% in almond seeds at SC-9, SC-ZP, and SC-
TX, respectively. Martinez et al.(2013) indicated that the mean
value for protein and moisture could be around 25.56% and 4.50%

in almond kernels.
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FIGURE 1 Composition (% dry matter) of three almond seeds

TABLE 1 Amino acids composition (g/100 g protein) in almond
seed

Protein SC-9 SC-ZP SC-TX

Asp 246 +0.12 2.70+£0.01 2.35+0.04
Thr 0.59 £0.02 0.67 £0.02 0.62 £0.01
Ser 0.89 +0.03 0.97£0.03 0.90 £0.03
Glu 548 £0.21 5.65+0.07 5.46 £0.08
Gly 1.14 £ 0.05 1.24+0.02 1.14 £ 0.05
Ala 0.94 £ 0.03 1.04 £0.01 0.95+0.03
Cys 0.42+0.01 0.43 +£0.05 0.46 +0.04
Val 0.99 £0.02 1.08 £0.07 1.00 £0.02
Met 0.21+0.01 0.21+£0.01 0.23+0.01
Iso 0.81 £0.08 0.86 £ 0.04 0.79 £0.05
Leu 1.37+£0.06 1.48 £0.04 1.36 £ 0.04
Tyr 0.65+£0.03 0.69 £0.01 0.65£0.01
Phe 0.96 +0.04 1.01+0.03 0.93+0.02
Lys 0.50+0.01 0.57 £0.02 0.56 £0.02
His 0.44 +0.03 0.45+0.01 0.43+0.03
Arg 2.00+0.04 2.07 £0.02 1.93+0.01
Pro 0.66 +0.05 0.68 +0.05 0.66 +0.05
Total AA 20.51 £ 0.66 21.80£0.77 20.42 £0.37

3.2 | Amino acids in almond seeds

The amino acid compositions in almond were shown in Table 1. 16
amino acids were detected, and the most abundant one was Glu, fol-
lowed by Asp then Arg. The total amino acids were accounted for
20.51, 21.80, and 20.42 g/100 g protein in SC-9, SC-ZP, and SC-TX,
respectively. There was no significant difference between SC-9 and
SC-TX. The exceptional thing is the contents of individual amino acids
were all higher than the other ones. These results agree to the Zhou
et al. studies (Zhou et al., 2017), where found no significant differ-

ence of total amino acid content among varieties of hempseed oils.
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3.3 | Physicochemical properties of almond oils
from different extraction methods

Fat content in seed and extraction methods play roles one extrac-
tion properties (Aladic et al., 2014). Fat content of 58.72% in SC-ZP
was highest in all samples. Its corresponding oil yield 44.05% for CP,
49.71% for HP, and 41.52% for SFE in SC-ZP, respectively. The best
extraction method for oil yield was HP, followed by SFE then CP in all
samples. Pradhan et al. (Pradhan et al., 2010) found oil yield of super-
critical CO, extract oil (35.31%) was higher in comparison with the
screw press process (25.55%). Liu et al. (Liu et al., 2008) showed that
the high oil yield was attained based on n-butane solvent subcritical
fluid extraction. Part of oil moisture was exceed the limit in oil, for
instance 0.14% for CP, 0.12% for HP in SC-9, 0.13% for CP, 0.11% for
HP in SC-ZP, 0.14% for CP in SC-TX. However, the almond oil ranged
from SFE opposed a moisture under safe storage condition. Oils
from cold-pressed method may need to dehydrate free moisture. Oil
moisture content in almond oil from SFE was lowest, suggesting the

AO from SFE may more stable during storage due to low moisture
content (Onyeike et al., 1995). AV, PV, IV, and SN of the extracted
almond oils from this study are also shown in Figure 2. AV indicates
the level of free FA as a result of lipase activity in oil. AV were ranged
from 0.28 mg/g to 0.57 mg/g. PV, another parameter for evaluating
oil quality, in the samples studied here PV were 1.22 mmol/kg for
SFE in SC-9,0.36 g/100 g in SC-ZP, 0.50 mmol/kg in SC-TX. PV value
from SFE was lower than that in CP and HP, which confirmed good
oxidative stability of AO from SFE. Meanwhile, IV (g of |, per 100 g
of oil) showed the levels of unsaturation and potential oxidative sen-
sitivities of the oils (Moodley, Kindness, & Jonnalagadda, 2007). IV
was ranged from 83 g/100 g to 94 g/100 g. IV value in AO from SFE
was lower than that in CP and HP. These values were lower than
in Zizyphi spinosi semen obtained by supercritical fluid extraction
(IV = 109.7) (Wang et al., 2011). IV of Camellia seed oil was 83.20
according to Miao report (Miao et al., 2013), also extracted from
SFE. SN value reflects the average molecular weight in oil (Wang et
al., 2011). SN was ranged from 179 to 197 mg/g, for CP, from 180
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TABLE 2 Fatty acid composition in almond oils (relative content, %)

SMUFA/SPUFA

C18:2 C18:3 SPUFA >MUFA SUFA

C18:1

C18:0

Fatty acid C16:0 Ci16:1

Methods

4.86
3.82
4.07
3.96
3.75
4.10
4.86
3.88
4.10

92.28 £0.19

76.54 +0.07

15.74 +0.12

0.1+0.00
0.1+0.00
0.1 +£0.00
0.2 +0.00
0.2+0.00
0.1 +£0.00
0.1+0.00
0.1+0.00
0.2+0.00

15.64 +0.06

75.92 £ 0.06

1.17 £0.01
1.40+0.01
1.40 £0.02
1.08 £0.01

0.62 £0.01
0.46 £0.01
0.54+0.01
0.66 +0.02
0.52 £0.01
0.57 £0.01
0.66 +0.02
0.48 +0.02
0.55+0.01

6.54 +0.02
6.45 +0.02
6.49 £0.01

SC-9

AO (CP)

92.13+0.12

73.03+0.08

19.10 + 0.04
18.19 +0.03
18.58 + 0.03

19.43 +£0.01

19.00+0.04
18.09 +£0.03

72.57 £0.07

SC-ZP

92.16 £0.10

73.97 £0.0.07
73.58 £0.08

73.43 £0.06

SC-TX
SC-9

92.16 £0.11

18.38 +0.03
19.23 +0.01

72.92 +0.06

6.74 £ 0.01
6.36 £0.01
6.38 +0.01
6.58 +0.01

AO (HP)

92.31+0.07
9242 +0.14

72.88 £ 0.06

72.36 £ 0.05

1.31+0.02

SC-ZP

18.01 +0.03 18.11 +0.03 74.31 £0.10
15.74 +0.04

73.74 £ 0.09

1.17 +0.01

SC-TX
SC-9

92.29 £0.15

76.55 £ 0.11

15.64 +0.04

75.89 +0.09
72.61 +£0.07
73.61 +£0.07

1.11£0.03
1.21+0.03
1.20 £ 0.06

AO (SFE)

73.09 £0.09 91.93+0.14

18.84 +0.05

18.74 £ 0.05

6.85 +0.02
6.55 +0.02

SC-ZP

QlET AL

74.16 +0.08 92.24+0.13

18.08 £ 0.05

17.88 £ 0.05

SC-TX

to 189 mg/g for HP, and from 170 to 182 mg/g for SFE. SN value
in AO from SFE was lower than that in CP and HP. Those results
of SN obtained from the almond oils were in good agreement with
Moodley et al. (2007), who reported the SN value of regular almond
was 182.5 mg/g. However, these values are higher than kernel oils
(SN =108.19 mg/g) reported by Farhoosh and Tavakoli (2008).

3.4 | Fatty acid composition in almond oils from
different extraction methods

The FA composition of AO has been extensively researched for dif-
ferent species (Yada et al., 2011). FA compositions of almond oils
are shown in Table 2. The oils contained palmitic acid, palmitoleic
acid, stearic acid, oleic acid, linoleic acid, and linolenic acid. The most
abundant FAin AO is oleic acid, followed by linoleic acids, represent-
ing 72%-76% and 15%-20% of the total FA content, respectively.
The levels of total UFA in all almond oil were similar. These results
agree with the previous studies, where fatty acid content in flaxseed
oil from solvent extraction and SFE extract had no significant dif-
ference (Zanqui et al., 2015). However, there were slight variations
between the PUFA and MUFA contents (Table 2). Main major mono-
unsaturated fatty acid (MUFA) among all studied species was oleic
acid (C18:1) ranging from 72.92% to 75.92%. Main polyunsaturated
fatty acids (PUFA) present were linoleic acid (C18:2) ranging from
15.64% to 19.23%. The content of MUFA was found to be 76.54%,
73.58%, and 76.55% in the AO of SC-9 (CP), SC-9 (HP), and SC-9
(SFE), and the MUFA in AO (SFE) was similar to that in AO (CP) but
was higher than that in AO (HP). The amount of PUFA in AO by SFE
was similar to CP, but was lower than HP, suggesting the HP method
was more efficient in PUFA. Han et al. (Han, Cheng, Zhang, & Bi,
2009) found content of UFA in safflower seed oil obtained by SC-
CO, extraction (91.57%) was higher than those in oils obtained ex-
peller pressing (89.72%) and solvent extraction (88.33%). Pradhan et
al. (2010) found the percentage of UFA in supercritical CO, extract
flaxseed oil (88.7%) was higher in comparison with the screw press
(84.3%).The ratio of MUFA to PUFA is an important reference indica-
tor for oil stability in unsaturated oils (Kodad & Socias, 2008; Sathe,
Seeram, Kshirsagar, Heber, & Lapsley, 2008). In the current study,
SFE and CP had the highest ratio of MUFA to PUFA (4.86), corre-
sponding HP had the lowest MUFA to PUFA ratio (3.96), suggesting
AO by SFE have high stability. Kodad and Socias (2008) have found
high stability of highest ratio of MUFA to PUFA in almond kernels.

3.5 | Bioactive substances in almond oils from
different extraction methods

3.5.1 | Total phenols

Total phenols content and range in the AO was investigated
shown in Table 3. Total phenols amount ranged from a minimum of
4.71 mg/100 g to maximum of 11.75 mg/100 g. The total phenols
in AO extracted by SFE derived from SC-9 (11.75 mg/100 g), SC-ZP
(10.59 mg/100 g), and SC-TX (9.58 mg/100 g) were higher than that
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TABLE 4 Correlation analysis between bioactive compounds
and induction time

Induction time (IP)

r=0.864"*p < 0.01
r=0.560"*p < 0.01
r=0.220p > 0.05

Tocopherol and tocotrienols
Total phytosterols
Total phenol

**Correlation is significant at 0.01 level.

by CP derived from SC-9 (5.51 mg/100 g), SC-ZP (4.71 mg/100 g), and
SC-TX (8.40 mg/100 g) and by HP derived from SC-9 (7.62 mg/100 g),
SC-ZP (8.92 mg/100 g), and SC-TX (7.45 mg/100 g), respectively. The
results suggested that the SFE was more effective in extracting of
total phenol from almond seed. These results agreed the results
of Mezzomo, Mileo, Friedrich, Martinez, and Ferreira (2010), who
found the AO may get a better retention of phenolic compounds by
SFE method compared with conventional techniques. Similar phe-
nomenon also was observed by Shao, Liu, Fang, and Sun (2015),
who found the content of total phenols in tea seed oils extracted by
supercritical fluid extraction (78.7 mg/kg) was higher than that by
cold-press extraction (65.9 mg/kg).

3.5.2 | Phytosterols

Phytosterols were found in plant and marine materials and known
for their decrease the low-density lipoprotein (LDL) cholesterols
(Racette et al., 2010). Phytosterols were detected and the most
abundant one was f-sitosterol in both AO samples and ranged from
60.91 mg/100 g (HP) to 156.10 mg/100 g (SFE) (Table 3). The B-sitos-
terol in AO extracted by SFE derived from SC-9 (156.10 mg/100 g),
SC-ZP (83.00 mg/100 g), and SC-TX (74.51 mg/100 g) were higher
than that by CP derived from SC-9 (82.07 mg/100 g), SC-ZP
(58.05 mg/100 g), and SC-TX (56.86 mg/100 g),which derived from
HP. In addition, the total phytosterols in AO extracted by SFE derived
from SC-9 (244.21 mg/100 g), SC-ZP (92.86 mg/100 g), and SC-TX
(108.85 mg/100 g) were higher than that cold-pressing technology
derived from SC-9 (122.9 mg/100 g), SC-ZP (58.0 mg/100 g), and SC-
TX (56.8 mg/100 g), significantly higher than SC-9 (60.9 mg/100 g),

TABLE 5 Thermal stability of almond oil by DSC

SC-ZP (19.3 mg/100 g), and SC-TX (23.5 mg/100 g) in HP, which sug-
gested that the SFE method was more effective in extracting of -
sitosterol and total phytosterols from almond seed. The extracted
total content was nearly twofold compared to cold-pressed ones.
This phenomenon is consistent with the results reported by Shao et
al.(2015), who showed the total phytosterol contents in tea seed oils
extracted by supercritical fluid extraction (3,820 mg/kg) was higher
than that in by cold-press extraction (3,388 mg/kg).

3.5.3 | Tocopherol and tocotrienols

In collected almond, eight vitamin E compounds were detected.
The four individual tocopherol compounds(a, B, vy, and 8) have a
saturated 16-carbon phytol on the side chain; however, the cor-
responding tocotrienols («, B, y, and 8) have three double bonds
(Kornsteiner, Wagner, & Elmadfa, 2006). The a-tocopherol seems
to be the mostimportant contributor to both the radical scavenging
capacity and the oxidative stability of almond kernel (Kornsteiner
et al., 2006). AO studied in the present work showed a-tocopherol
was the most prevalent tocopherol in AO and it ranged from 17.64
to 36.49 mg/kg (Table 3). Interestingly, the content of a-tocoph-
erol from SFE in SC-TX and SC-ZP was higher than that in CP and
HP, which suggested that the SFE method was more effective in
extracting of a-tocopherol from almond seed. This phenomenon
is consistent with the results of the Mariod et al. reports (Mariod,
Matth3us, & Ismail, 2011), who showed that a-tocopherol content
(40.07 mg/100 g) of kenaf seed oil extracted by SFE was higher
than Soxhlet (19.76 mg/100 g), and antioxidant capacity of flax-
seed hull oils extracted from SFE (1.18) was higher than cold-press
(0.61) (Oomah & Sitter, 2009). B- and y-tocopherol are minor vi-
tamin E components in SC-ZP and SC-TX and the mean amounts
in descending order were SFE > HP>CP. Accordingly, Bozan and
Temelli (Bozan & Temelli, 2002) have also reported the content of
B- and y-tocopherol in flaxseed oil obtained by SFE (73.9 mg/kg)
was higher than that obtained by HP (53.7 mg/kg).

Sight traces of §-tocopherol (<5 mg/kg AO) were found in SC-9,
SC-ZP, and SC-TX. The total vitamin E in almond oil extracted by
SFE derived from SC-9 (48.03 mg/kg), SC-ZP (50.04 mg/kg), and SC-
TX (55.74 mg/kg) were higher than that by CP derived from SC-9

AO (CP) AO (HP) AO (SFE)
SC-9 SC-ZP SC-TX SC-9 SC-ZP SC-TX SC-9 SC-ZP SC-TX
IP (h) 6.50+0.12 647+0.30 6.26+0.31 145+0.25 4.28+045 3.00+x0.10 7.09+0.12 6.77+0.43 6.41+0.45
Onset 120.31 121.36 120.96 118.62 119.63 119.00 122.35 123.47 123.01
Oxidative 154.59 157.49 158.52 150.43 151.25 155.94 157.88 160.11 157.65
temperature
(°C)
Peak1 (°C) 182.26 184.85 179.70 177.82 178.87 171.32 183.28 180.79 183.67
Peak2 (°C) 205.06 217.64 212.10 203.82 209.56 210.38 213.47 215.16 217.14
Peak3 (°C) 276.21 286.07 288.73 273.03 27718 278.37 287.24 286.61 286.25
Peak 4 (°C) 320.03 319.56 318.95 315.69 318.14 318.99 317.43 319.67 319.46
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FIGURE 3 DSC of almond oil in different varieties and
technology

(45.28 mg/kg), SC-ZP (42.1 mg/kg), and SC-TX (47.64 mg/kg) and by
HP derived from SC-9 (28.81 mg/100 g), SC-ZP (43.07 mg/100 g),
and SC-TX (36.44 mg/100 g), respectively. Almond oil extracted by
SFE exerted better oxidative stability. Previous studies have demon-
strated almonds rich in tocopherols and polyphenolic compounds,
and these bioactive compounds can protective against lipid oxida-
tion (Bolling et al., 2010).

3.6 | Thermal stability of almond oil from different
extraction methods

From the comparison of micronutrients, total phenolic, and phy-
tosterol contents in almond oil from SFE were significantly higher
than those in CP and HP and may contribute to the different pro-

cess technology. Consequently, the oxidative stability of almond

oil was measured using the Rancimat method. This is a commonly
used method for comparing the oxidative stabilities of fats and oils.
Temperature (110°C) and a constant air flow (20 L/h) were usually
chosen as suitable parameters for determining IP (induction period)
value (Garcia-Lomillo, Gonzélez-SanJosé, Pino-Garcia, Rivero-Perez,
& Muiiz, 2014; Parras, Martinez-Tomé, Jiménez, & Murcia, 2007,
Tanska, Mikotajczak, & Konopka, 2018). The IP values at 110°C
of AO were found to be 6.50 hr, 1.45 hr, and 7.09 hr in SC-9 (CP),
SC-9 (HP), and SC-9 (SFE), respectively, 6.47, 4.28, and 6.77 in SC-
ZP (CP), SC-ZP (HP), and SC-ZP (SFE), respectively, 6.26 hr, 3.00 hr,
and 6.41 hr in SC-TX (CP), SC-TX (HP), and SC-TX (SFE), respectively
(Table 5). Interestingly, the IP values of almond oil in descending
order all were SFE > CP>HP, suggesting that the almond oil from
SFE has better oxidation stability compared to that from CP and HP.
By analyzing the correlation between different active substance and
oxidation induction time, Table 4 showed total phytosterols, tocoph-
erol, and tocotrienols have significant correlation with oxidation in-
duction time (p < 0.01). However, there is no significant correlation
with total phenol and induction time.

In addition, oxidation characteristic of almond oil was assessed
by differential scanning calorimetry (DSC). DSC testing revealed
three step exothermic effects in almond (Figure 3). These peaks
could be considered as cross-linking level. Oxidation temperature
of almond oil started from 150.43 to 160.11°C, within temperatures
reported for edible oils from 130 to 180°C (Litwinienko, Daniluk, &
Kasprzycka-Guttman, 1999). Mean onset and oxidation tempera-
tures were 122.35-123.01°C and 157.65-160.11°C, respectively,
higher than that in CP and HP (Table 5). Oxidation temperature of
first peak was similar to those of flash and smoke points. High ki-
netic stability in almond oil from SFE characterized by DSC revealed
excellent thermal stability, contributed to the high content bioac-

tive compounds of almond oil from subcritical fluid extraction.

4 | CONCLUSIONS

Oleic acid and linoleic acid were the dominant unsaturated fatty
acids in almond oil. From conventional index, the overall physico-
chemical properties of the AO (SFE) had the best oil quality due to
PV, IV, and SN in three extraction methods. Almond oil extracted
from SFE contained the highest levels of total phenolics (9.58-
11.75 mg/100 g), total phytosterols (92.86-244.21 mg/100 g), total
tocopherol and tocotrienols (48.03-55.74 mg/100 g) compared to
those from CP and HP. The total phytosterols were highest in SC-9,
simultaneously. SC-TX has abundant total tocopherol and tocotrie-
nols. Meanwhile, the TG/DTG curves showed AO (SFE) were more
thermally stable than AO (CP) and AO (HP) consistent with the result
of oxidative induction time. By analyzing the correlation between
different active components and oxidation induction time, total
phytosterols, tocopherol, and tocotrienols showed significant cor-
relation with oxidation induction time (p < 0.01). However, there is
no significant correlation with total phenol and induction time. The
oil from subcritical fluid extraction no need for refining. In all, the
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subcritical fluid extraction may be a useful extraction technology to

produce high-quality almond oils in the future.

ACKNOWLEDGMENTS

This research was supported by National Key R&D Program of China
(2017YFD0400402); Agricultural Scienceand Technology Innovation
Project of Chinese Academy of Agricultural Sciences(CAAS-
XTCX2016005); National Natural Science Foundation of China
(31501409); Construction project of Youth Science and technology
innovation leader in Corps (2016BC001).

CONFLICT OF INTEREST

There is no conflict of interest in this paper.

ETHICAL APPROVAL

All authors were actively involved in the work leading to the manu-
script and will hold themselves jointly and individually responsible
for its content. There is no conflict of interest in this paper. Human

or animal testing is unnecessary in our study.

ORCID
Zhou Qi https://orcid.org/0000-0002-3369-1149
REFERENCES

Achten, W. M. J,, Maes, W. H., Reubens, B., Mathijs, E., Singh, V. P,,
Verchot, L., & Muys, B. (2010). Biomass production and allocation in
Jatropha curcas L. seedlings under different levels of drought stress.
Biomass & Bioenergy, 34, 667-676. https://doi.org/10.1016/j.biomb
i0e.2010.01.010

Aladi¢, K., Joki¢, S., Moslavac, T., Vidovi¢, S., Vladi¢, J., & Subari¢, D.
(2014). Pressing and supercritical CO2 extraction of hemp (canna-
bis sativa) seed oil. Chemical & Biochemical Engineering Quarterly, 28,
481-490. https://doi.org/10.15255/cabeq.2013.1895

Askin, M. A, Balta, M. F,, Tekintas, F. E., Kazankaya, A., & Balta, F. (2007).
Fatty acid composition affected by kernel weight in almond [Prunus
dulcis (mill.) d.a.webb.] genetic resources. Journal of Food Composition
& Analysis, 20, 7-12. https://doi.org/10.1016/j.jfca.2006.06.005

Bolling, B. W., Dolnikowski, G., & Blumberg, J. B. (2010). Polyphenol
content and antioxidant activity of california almonds depend on
cultivar and harvest year. Food Chemistry, 122, 819-825. https://doi.
org/10.1016/j.foodchem.2010.03.068

Bozan, B., & Temelli, F. (2002). Supercritical CO,, extraction of flaxseed.
Journal of the American Oil Chemists Society, 79, 231-235. https://doi.
org/10.1007/s11746-002-0466-x

Chan, K. W., & Ismail, M. (2009). Supercritical carbon dioxide fluid ex-
traction of Hibiscus cannabinus seed oil: A potential solvent free and
high antioxidative edible oil. Food Chemistry, 114, 970-975. https://
doi.org/10.1016/j.foodchem.2008.10.055

Chen, C.R., Cheng, Y. J.,, Ching, Y. C., Hsiang, D., & Chang, C. M. J. (2012).
Green production of energetic Jatropha oil from de-shelled Jatropha
curcas L. seeds using supercritical carbon dioxide extraction. The
Journal of Supercritical Fluids, 66, 137-143. https://doi.org/10.1016/j.
supflu.2012.01.010

Farhoosh, R., Tavakoli, J., & Khodaparast, M. H. H. (2008). Chemical
composition and oxidative stability of kernel oils from two cur-
rent subspecies of Pistacia atlanticain iran. Journal of the American
Oil Chemists Society, 85(8), 723-729. https://doi.org/10.1007/
s11746-008-1258-2

Garcia-Lomillo, J., Gonzalez-SanJosé, M. L., Pino-Garcia, R. D., Rivero-
Perez, M. D., & Muiiz, P. (2014). Antioxidant and antimicrobial prop-
erties of wine byproducts and their potential uses in the food in-
dustry. Journal of Agricultural and Food Chemistry, 62, 12595-12602.
https://doi.org/10.1021/jf5042678

Han, X., Cheng, L., Zhang, R., & Bi, J. (2009). Extraction of safflower seed
oil by supercritical CO,. Journal of Food Engineering, 92(4), 370-376.
https://doi.org/10.1016/j.jffoodeng.2008.12.002

Jimenez, P, Masson, L., Barriga, A., Chavez, J., & Robert, P. (2011).
Oxidative stability of oils containing olive leaf extracts obtained by
pressure, supercritical and solvent-extraction. European Journal of
Lipid Science & Technology, 113(4), 497-505. https://doi.org/10.1002/
€jlt.201000445

Kodad, O., & Socias, I. C. R. (2008). Variability of oil content and of
major fatty acid composition in almond (prunusamygdalusbatsch)
and its relationship with kernel quality. Journal of Agricultural and
Food Chemistry, 56, 4096-4101. https://doi.org/10.1021/jf800
1679

Kornsteiner, M., Wagner, K.-H., & Elmadfa, I. (2006). Tocopherols and
total phenolics in 10 different nut types. Food Chemistry, 98, 381-
387. https://doi.org/10.1016/j.foodchem.2005.07.033

Lin, J. T,, Liu, S. C., Hu, C. C,, Shyu, Y. S., Hsu, C. Y., & Yang, D. J. (2016).
Effects of roasting temperature and duration on fatty acid compo-
sition, phenolic composition, maillard reaction degree and antioxi-
dant attribute of almond (Prunus dulcis) kernel. Food Chemistry, 190,
520-528. https://doi.org/10.1016/j.foodchem.2015.06.004

Litwinienko, G., Daniluk, A., & Kasprzycka-Guttman, T. (1999). A
differential scanning calorimetry study on the oxidationof C12-
C18saturated fatty acids and their esters. Journal of the American
Oil Chemists Society, 76, 655-657. https://doi.org/10.1007/
s11746-999-0156-6

Liu, W., Fu, Y. J,, Zu, Y. G, Tong, M. H., Wu, N., Liu, X. L., & Zhang,
S. (2008). Supercritical carbon dioxide extraction of seed oil
from Opuntia dillenii Haw and its antioxidant activity. Food
Chemistry, 114(1), 334-339. https://doi.org/10.1016/j.foodc
hem.2008.09.049

Lépez-Ortiz, C. M., Prats-Moya, S., Sanahuja, A. B., Maestre-
Pérez, S. E., Grané-Teruel, N., & Martin-Carratald, M. L. (2008).
Comparative study of tocopherol homologue content in four al-
mond oil cultivars during two consecutive years. Journal of Food
Composition & Analysis, 21(2), 144-151. https://doi.org/10.1016/j.
jfca.2007.09.004

Maestri, D., Martinez, M., Bodoira, R., Rossi, Y., Oviedo, A., Pierantozzi,
P., & Torres, M. (2015). Variability in almond oil chemical traits from
traditional cultivars and native genetic resources from Argentina.
Food Chemistry, 170, 55-61. https://doi.org/10.1016/j.foodc
hem.2014.08.073

Maguire, L. S., O'Sullivan, S. M., Galvin, K., O'Connor, T. P., & O'Brien, N.
M. (2004). Fatty acid profile, tocopherol, squalene and phytosterol
content of walnuts, almonds, peanuts, hazelnuts and the macadamia
nut. International Journal of Food Sciences & Nutrition, 55(3), 171-178.
https://doi.org/10.1080/09637480410001725175

Mariod, A. A., Matth&us, B., & Ismail, M. (2011). Comparison of su-
percritical fluid and hexane extraction methods in extracting
kenaf (Hibiscus cannabinus) seed oil lipids. Journal of the American
Oil Chemists Society, 88, 931-935. https://doi.org/10.1007/
s11746-010-1754-z

Martinez, M. L., Penci, M. C., Marin, M. A,, Ribotta, P. D., & Maestri,
D. M. (2013). Screw press extraction of almond (Prunus dulcis
(miller) D.A. Webb): Oil recovery and oxidative stability. Journal


https://orcid.org/0000-0002-3369-1149
https://orcid.org/0000-0002-3369-1149
https://doi.org/10.1016/j.biombioe.2010.01.010
https://doi.org/10.1016/j.biombioe.2010.01.010
https://doi.org/10.15255/cabeq.2013.1895
https://doi.org/10.1016/j.jfca.2006.06.005
https://doi.org/10.1016/j.foodchem.2010.03.068
https://doi.org/10.1016/j.foodchem.2010.03.068
https://doi.org/10.1007/s11746-002-0466-x
https://doi.org/10.1007/s11746-002-0466-x
https://doi.org/10.1016/j.foodchem.2008.10.055
https://doi.org/10.1016/j.foodchem.2008.10.055
https://doi.org/10.1016/j.supflu.2012.01.010
https://doi.org/10.1016/j.supflu.2012.01.010
https://doi.org/10.1007/s11746-008-1258-2
https://doi.org/10.1007/s11746-008-1258-2
https://doi.org/10.1021/jf5042678
https://doi.org/10.1016/j.jfoodeng.2008.12.002
https://doi.org/10.1002/ejlt.201000445
https://doi.org/10.1002/ejlt.201000445
https://doi.org/10.1021/jf8001679
https://doi.org/10.1021/jf8001679
https://doi.org/10.1016/j.foodchem.2005.07.033
https://doi.org/10.1016/j.foodchem.2015.06.004
https://doi.org/10.1007/s11746-999 130156-6
https://doi.org/10.1007/s11746-999 130156-6
https://doi.org/10.1016/j.foodchem.2008.09.049
https://doi.org/10.1016/j.foodchem.2008.09.049
https://doi.org/10.1016/j.jfca.2007.09.004
https://doi.org/10.1016/j.jfca.2007.09.004
https://doi.org/10.1016/j.foodchem.2014.08.073
https://doi.org/10.1016/j.foodchem.2014.08.073
https://doi.org/10.1080/09637480410001725175
https://doi.org/10.1007/s11746-010-1754-z
https://doi.org/10.1007/s11746-010-1754-z

QI ET AL.

of Food Engineering, 119, 40-45. https://doi.org/10.1016/j.jfood
eng.2013.05.010

Matthaus, B., & Brihl, L. (2008). Virgin hemp seed oil: An interesting
niche product. European Journal of Lipid Science and Technology, 110,
655-661. https://doi.org/10.1002/€jlt.200700311

Mezzomo, N., Mileo, B., Friedrich, M., Martinez, J., & Ferreira, S. (2010).
Supercritical fluid extraction of peach (Prunus persica) almond oil:
Process yield and extract composition. Bioresource Technology, 101,
5622-5632. https://doi.org/10.1016/j.biortech.2010.02.020

Miao, J., Che, K., Xi, R., He, L., Chen, X., Guan, X, ... Cao, Y. (2013).
Characterization and benzo[a]pyrene content analysis of camel-
lia seed oil extracted by a novel subcritical fluid extraction. Journal
of the American Oil Chemists Society, 90, 1503-1508. https://doi.
org/10.1007/s11746-013-2293-1

Moodley, R., Kindness, A., & Jonnalagadda, S. B. (2007). Elemental com-
position and chemical characteristics of five edible nuts (almond,
Brazil, pecan, macadamia and walnut) consumed in Southern Africa.
Journal of Environmental Science and Health, Part B, 42, 585-591.
https://doi.org/10.1080/03601230701391591

Nanos, G. D., Kazantzis, I., Kefalas, P., Petrakis, C., & Stavroulakis, G. G.
(2002). Irrigation and harvest time affect almond kernel quality and
composition. Scientia Horticulturae, 96(1-4), 249-256. https://doi.
org/10.1016/50304-4238(02)00078-X

Oomah, B. D., & Sitter, L. (2009). Characteristics of flaxseed hull oil.
Food Chemistry, 114, 623-628. https://doi.org/10.1016/j.foodc
hem.2008.09.096

Onyeike, E. N., Ayalogu, E. O., & Uzogara, S. G., (1995). Influence of
heat processing of African yam bean seed (Sphenostylis stenocarpa)
flour on the growth and organ weights of rats. Plant Foods for Human
Nutrition (Dordrecht), 48, 85-93. https://doi.org/10.1007/BF010
88303

Parras, P., Martinez-Tomé, M., Jiménez, A. M., & Murcia, M. A. (2007).
Antioxidant capacity of coffees of several origins brewed following
three different procedures. Food Chemistry, 102, 582-592. https://
doi.org/10.1016/j.foodchem.2006.05.037

Pradhan, R. C., Meda, V., Rout, P. K., Naik, S., & Dalai, A. K. (2010).
Supercritical CO, extraction of fatty oil from flaxseed and compar-
ison with screw pressexpression and solvent extraction processes.
Journal of Food Engineering, 98, 393-397. https://doi.org/10.1016/j.
jfoodeng.2009.11.021

Racette, S. B., Lin, X., Lefevre, M., Spearie, C. A., Most, M. M, Ma, L.,
& Ostlund, R. E. (2010). Dose effects of dietary phytosterols on
cholesterol metabolism: a controlled feeding study. The American
Journal of Clinical Nutrition, 91(1), 32-38. https://doi.org/10.3945/
ajcn.2009.28070

Sathe, S. K., Seeram, N. P., Kshirsagar, H. H., Heber, D., & Lapsley,
K. A. (2008). Fatty acid composition of california grown al-
monds. Journal of Food Science, 73, C607-Cé14. https://doi.
org/10.1111/j.1750-3841.2008.00936.x

Sayyar, S., Abidin, Z. Z., Yunus, R., & Muhammad, A. (2009). Extraction
of oil from jatropha seeds-optimization and kinetics. American
Journal of Applied Sciences, 6, 1390-1395. https://doi.org/10.3844/
ajassp.2009.1390.1395

Shao, P, Liu, Q., Fang, Z., & Sun, P. (2015). Chemical composition, thermal
stability and antioxidant properties of tea seed oils obtained by dif-
ferent extraction methods: Supercritical fluid extraction yields the
best oil quality. European Journal of Lipid Science & Technology, 117,
355-365. https://doi.org/10.1002/€jlt.201400259

Shao, P.,, Sun, P. L., & Ying, Y. J. (2008). Response surface optimization of
wheat germ oil yield by supercritical carbon dioxide extraction. Food
& Bioproducts Processings., 86, 227-231. https://doi.org/10.1016/j.
fbp.2007.04.001

CWILEY- 2%

Subroto, E., Manurung, R., Heeres, H. J., & Broekhuis, A. A. (2015).
Mechanical extraction of oil from Jatropha curcas L. kernel: Effect
of processing parameters. Industrial Crops & Products, 63, 303-310.
https://doi.org/10.1016/j.indcrop.2014.06.018

Tanska, M., Mikotajczak, N., & Konopka, I. (2018). Comparison of the ef-
fect of sinapic and ferulic acids derivatives (4-vinylsyringol vs. 4-vi-
nylguaiacol) as antioxidants of rapeseed, flaxseed, and extra virgin
olive oils. Food Chemistry, 240, 679-685. https://doi.org/10.1016/j.
foodchem.2017.08.007

Vazquezaratjo, L., Verdd, A., Navarro, P., Martinezsanchez, F., &
Carbonellbarrachina, A. A. (2009). Changes in volatile compounds
and sensory quality during toasting of Spanish almonds. International
Journal of Food Science & Technogy, 44, 2225-2233. https://doi.
org/10.1111/j.1365-2621.2009.02063.x

Wang, F., Liu, X., Chen, Y., & Wang, L. (2011). Characterization of fatty
oil of Zizyphi spinosi semen obtained by supercritical fluid extraction.
Journal of the American Oil Chemists Society, 88, 467-472. https://doi.
org/10.1007/s11746-010-1700-0

Winkler, E., Foidl, N., Glbitz, G. M., Staubmann, R., & Steiner, W. (1997).
Enzyme-supported oil extraction from Jatropha curcas Seeds. Applied
Biochemistry and Biotechnology, 63-65(1), 449-456. https://doi.
org/10.1007/BF02920445

Xia, L., You, J. M., Li, G. L., Sun, Z. W., & Suo, Y. R. (2011). Compositional
and antioxidant activity analysis of Zanthoxylum bungeanum seed
oil obtained by supercritical CO, fluid extraction. Journal of the
American Oil Chemists Society, 88, 23-32. https://doi.org/10.1007/
s11746-010-1644-4

Xiao, L., Lee, J., Zhang, G., Ebeler, S. E., Wickramasinghe, N., Seiber, J., &
Mitchell, A. E. (2014). HS-SPME GC/MS characterization of volatiles
in raw and dry-roasted almonds (Prunus dulcis). Food Chemistry, 151,
31-39. https://doi.org/10.1016/j.foodchem.2013.11.052

Xu, W., Chu, K. D,, Li, H., Chen, L. D., Zhang, Y. Q., & Tang, Y. C. (2011).
Extraction of Lepidium apetalum seed oil using supercritical carbon
dioxide and anti-oxidant activity of the extracted oil. Molecules, 16,
10029-10045. https://doi.org/10.3390/molecules161210029

Yada, S., Lapsley, K., & Huang, G. (2011). A review of composition studies
of cultivated almonds: Macronutrients and micronutrients. Journal of
Food Composition & Analysis, 24, 469-480. https://doi.org/10.1016/j.
jfca.2011.01.007

Yang, M., Zheng, C., Zhou, Q., Huang, F., Liu, C., & Wang, H. (2013).
Minor components and oxidative stability of cold-pressed oil from
rapeseed cultivars in china. Journal of Food Composition & Analysis, 29,
1-9. https://doi.org/10.1016/j.jfca.2012.08.009

Zanqui, A. B., de Morais, D. R., da Silva, C. M., Santos, J. M., Gomes,
S. T. M,, Visentainer, J. V., ... Matsushita, M. (2015). Subcritical ex-
traction of flaxseed oil with n -propane: Composition and purity.
Food Chemistry, 188, 452-458. https://doi.org/10.1016/j.foodc
hem.2015.05.033

Zhou, Q., Huang, F. H., Zheng, C., Guo, P. M, Li, W. L., Liu, C. S., & Wan,
C.Y.(2017). Physicochemical properties and volatile components of
hempseed oils in bama region. Oil Crop Science, 2, 13-22. https://doi.
org/10.3969/j.issn.2096-2428.2017.01.002

How to cite this article: Qi Z, Xiao J, Ye L, et al. The effect of
the subcritical fluid extraction on the quality of almond oils:
Compared to conventional mechanical pressing method. Food
Sci Nutr. 2019;7:2231-2241. https://doi.org/10.1002/
fsn3.1023



https://doi.org/10.1016/j.jfoodeng.2013.05.010
https://doi.org/10.1016/j.jfoodeng.2013.05.010
https://doi.org/10.1002/ejlt.200700311
https://doi.org/10.1016/j.biortech.2010.02.020
https://doi.org/10.1007/s11746-013-2293-1
https://doi.org/10.1007/s11746-013-2293-1
https://doi.org/10.1080/03601230701391591
https://doi.org/10.1016/S0304-4238(02)00078-X
https://doi.org/10.1016/S0304-4238(02)00078-X
https://doi.org/10.1016/j.foodchem.2008.09.096
https://doi.org/10.1016/j.foodchem.2008.09.096
https://doi.org/10.1007/BF01088303
https://doi.org/10.1007/BF01088303
https://doi.org/10.1016/j.foodchem.2006.05.037
https://doi.org/10.1016/j.foodchem.2006.05.037
https://doi.org/10.1016/j.jfoodeng.2009.11.021
https://doi.org/10.1016/j.jfoodeng.2009.11.021
https://doi.org/10.3945/ajcn.2009.28070
https://doi.org/10.3945/ajcn.2009.28070
https://doi.org/10.1111/j.1750 133841.2008.00936.x
https://doi.org/10.1111/j.1750 133841.2008.00936.x
https://doi.org/10.3844/ajassp.2009.1390.1395
https://doi.org/10.3844/ajassp.2009.1390.1395
https://doi.org/10.1002/ejlt.201400259
https://doi.org/10.1016/j.fbp.2007.04.001
https://doi.org/10.1016/j.fbp.2007.04.001
https://doi.org/10.1016/j.indcrop.2014.06.018
https://doi.org/10.1016/j.foodchem.2017.08.007
https://doi.org/10.1016/j.foodchem.2017.08.007
https://doi.org/10.1111/j.1365-2621.2009.02063.x
https://doi.org/10.1111/j.1365-2621.2009.02063.x
https://doi.org/10.1007/s11746-010-1700-0
https://doi.org/10.1007/s11746-010-1700-0
https://doi.org/10.1007/BF02920445
https://doi.org/10.1007/BF02920445
https://doi.org/10.1007/s11746-010 131644-4
https://doi.org/10.1007/s11746-010 131644-4
https://doi.org/10.1016/j.foodchem.2013.11.052
https://doi.org/10.3390/molecules161210029
https://doi.org/10.1016/j.jfca.2011.01.007
https://doi.org/10.1016/j.jfca.2011.01.007
https://doi.org/10.1016/j.jfca.2012.08.009
https://doi.org/10.1016/j.foodchem.2015.05.033
https://doi.org/10.1016/j.foodchem.2015.05.033
https://doi.org/10.3969/j.issn.2096-2428.2017.01.002
https://doi.org/10.3969/j.issn.2096-2428.2017.01.002
https://doi.org/10.1002/fsn3.1023
https://doi.org/10.1002/fsn3.1023

