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Nuts are indehiscent dry fruits with one seed and a thick, hard pericarp. The presence of nuts in diets has notably
increased due to their composition, and the presence of antioxidants and their unsaturated fatty acid profile has led
to a considerable increase in their consumption. The volatile profile of nuts is important from different points of
view. It affects consumer’s selection, influences raw material selection for the production of composite foods,
dictates variety selection in breeding programs, and, from a quality perspective, its changes can indicate food
degradation or alteration.

nut volatile aroma flavor key odorants analytical methods

solid-phase microextraction

| 1. Introduction

Food odor and aroma have a great influence on consumers’ preference. These attributes are related to different
volatile chemicals. Volatiles are a set of compounds with a relatively low molecular weight and high vapor pressure
[, They include different classes of chemicals such as alcohols, hydrocarbons, esters, terpenes and aldehydes.
The characterization of this complex and heterogeneous mix is important in food quality control and consequently,
for the food industry 2.

Molecules with low molecular weight are perceived in the nose and mouth sensors faster than others with higher
molecular weight and, for this reason, they condition the final flavor of the product. These predominant compounds
are known as odorants, and they are very important as some of them are associated with pleasant odors, and
others with off-odors. Study of the chemical composition of the volatile profile of foods allows us to understand the
optimal conditions for food production and contributes to obtaining valuable information about their composition.
Odor molecules arrive into the nose by air, and they are perceived by the olfactory mucosa via orthonasal smell.
Meanwhile, aromas are perceived in the nose by the olfactory receptors, in the olfactory epithelium via the
retronasal pathway, when the food is put into the mouth and the cells are broken by chewing, thus releasing volatile
compounds. Odor and aroma perception is the result of the activation of odorant receptors generating complex
signals that are sent to the central nervous system . The amount and type of volatiles released from the food
highly depends on the nature of the sample matrix and the state of the food [4l. More specifically, the entire volatile
profile reflects the phenotypic or metabolic state of foods. In plants, volatile compounds have diverse and important

functions such as to attract pollinators to flower organs, to protect damage plants from the attack of herbivores and
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to exchange some low molecular weight terpenes during light changes, droughts, or other stress situations for the
plant 4,

Nuts are indehiscent dry fruits with one seed and a thick, hard pericarp. In the botanical sense, they are produced
by some families of the order Fagales . These families are the Juglandaceae (walnut and pecan nut), the
Fagaceae (chestnut), and the Betulaceae (hazelnut). In the culinary sense, the term nut is applied to a wide variety
of dried seeds and fruits and to any large, oily kernel found within a shell. These nuts belong to the Fabaceae
(peanut), the Rosaceae (almond) and the Anacardiaceae (pistachio) families. From the food composition point of
view, nuts are characterized by having a low water content, i.e., usually less than 50% weight, although some

exceptions exist (. Due to the group’s diversity, nut volatile profiles are expected to be diverse.

Based on data recorded by the Food and Agriculture Organization of the United Nations (FAOSTAT), worldwide nut
production has increased significantly in recent years, from 12.9 Mtons in 2010 up to 17.5 Mtons in 2019 (Figure 1)
4. 1n 2019, California was the top worldwide producer of nuts, with an estimated annual production of 27.0% of the
total. The United States was the second largest producer at around 17.4%, followed by Turkey (7.5%), Iran (4.9%),
Cote d'lvoire (4.6%), India (4.3%) and Spain (3.3%).
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Figure 1. Worldwide nut production from 2010 to 2019.

The majority of worldwide nut production in 2019 was registered as walnuts, followed by almonds, cashew,
chestnut, hazelnuts, and finally, pistachio and Brazil nuts (Figure 2) Z. Nuts are seeds showing a high sensory
appeal and numerous health benefits due to their composition. In this sense, they present a high content in terms
of protein (13-26% total weight) and lipids (43—76% total weight), carbohydrates (9—30% total weight) and fiber (7—
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12% total weight) with less than 6.4% water 8. Nuts can be eaten raw, roasted, or salted as snacks. Thus, they are
widely added to some important food formulations such as ice creams, chocolates, confectioneries, cookies, cereal
bars and cakes. Due to their high level of dry matter and the possibility of undergoing technological processing, the

volatile profile of nuts can undergo significant modifications compared to the profile of raw products.

Almonds; 3.5
Walnuts; 4.5

Cashew; 4.0

Pistachios; 0.9

Hazelnuts; 1.1

Chestnut; 2.4

Figure 2. Worldwide nut production (Mtons) registered by FAOSTAT in 2019.

| 2. Main Volatile Organic Compounds (VOCs) Present in Nuts

The final flavor of nuts is conditioned by the volatile compounds generated during fruit growth and maturation.
Further changes in the volatile profile can occur during the storage after the harvesting of fruits and in the
processing and cooking of nuts, thus affecting their sensorial quality . The precursors of the VOCs are mainly
fatty acids, carbohydrates and amino acids present in the plants and fruits (Figure 3). Among the VOCs in nuts, it
is possible to find saturated and unsaturated molecules with straight, branched or cyclic structures including

different functional groups such as alcohols, aldehydes, ketones, esters and ethers and also nitrogen and sulfur .
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~ ¢ Degradation (amines, thioesters,
thioethers, thiols and aromatic
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aldehydes, acids and esters).

Amino acids . . .
* Biosyntesis (isothiocyanates,
nitriles, aldehydes, ketones,
trisulfides, disulfides,

thiosulfinates).
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R
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* Oxidation (aliphatic alcohols,
Fatty acids aldehydes, methylketones, acids,
lactones and esters).

Figure 3. Scheme showing different pathways from the main precursors of nut volatiles 12!,

| 3. Analysis of VOCs Present in Nuts

The large number of volatile compounds, usually up to 200, that can be identified in nuts, make their identification
and quantification difficult 19, In this case, a separation technique such chromatography is usually employed. The
volatile nature of the compounds determined makes gas chromatography (CG) coupled to mass spectrometry (MS)
the preferred chromatographic type utilized for this analysis 1. By using this technique, volatile compounds are
commonly introduced in the chromatograph by using the split or splitless mode but if a higher sample capacity is
needed due to a low volatile concentration in the sample, a programmed temperature vaporizer (PTV) is employed
as an injection port 12 In order to identify the main VOCs, the most extended stationary phases are nonpolar
phases such as polydimethylsiloxane, columns with 5% phenyl groups or moderately polar phases such as
polyethylene glycols. The length of the employed columns can vary between 25 and 30 m, but if complex mixtures
of volatile compounds need to be separated, the length of the column must be increased up to 200 m 22, Finally,

the detector selected is usually a mass spectrometer that allows spectral information of the peaks to be obtained
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for identification of the target analytes. In routine analysis, the flame ionization detector (FID) can also be employed
2

Prior to the identification and quantification of volatiles in nuts, the extraction of the target compounds must be
optimized. A reference method for the extraction of VOCs in food matrices is liquid extraction (LE) with organic
solvents. This methodology implies the employment of great amounts of organic solvents and, in many cases, low
recoveries are obtained 3. To solve this problem, liquid—liquid microextraction (LLME), dispersive liquid—liquid
extraction (DLLE), stir bar sorptive extraction (SBSE) and solid-phase microextraction (SPME) are also employed.

All of these analytical methodologies are commercially available, and extensively used.

SPME is nowadays the most commonly used extraction methodology for the analysis of volatile compounds in food
samples, either in direct or in headspace (HS) mode, since it is a solvent-free extraction process that employs
lower amounts of sample (1. The analytical methodology consists of a fiber holder, in which a fiber coated with
polymeric material is employed to retain the volatiles. After this, the analytes can be directly desorbed on the
injection port of a chromatograph 4. SPME methodology involves equilibration and extraction steps. Firstly, the
sample inside a sealed vial is exposed to a selected temperature for a specific period of time in order to promote
analyte volatilization into the HS in the equilibration step. Secondly, the coated fiber is immersed in the HS of the
sample, maintaining a constant temperature, for a selected period of time to extract the target compounds.
Experimental conditions (time and temperature values) of both steps, equilibration and extraction, commonly

employed in VOCs analysis in nut samples are depicted in Table 1.

Table 1. Experimental SPME conditions (time and temperature values) of both steps, equilibration and extraction,

commonly employed in VOCs analysis in nut samples.

Equilibration Extraction
Conditions Conditions

Sample ) )
) o Time Temperature Time Temperature o
Type of Nut Amount Fiber Agitation ) ) Quantification Column Ref.
(min) (°C) (min) (°C)
(9
DB-Wax
1-cm 50/30 pm
Amond  5.0* ! No 40 24 30 24 @) (29
DVB/CAR/PDMS (30 m x 0.25 mm
x 0.25 pm)
Almond 5.0* 1-cm 50/30 pm Yes 45 40 45 40 ?3) DB-Wax et
DVB/CAR/PDMS

(30 m x 0.25 mm
x 0.25 pym)
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Equilibration Extraction
Conditions Conditions

Sample
> ] o Time Temperature Time Temperature o
Type of Nut Amount Fiber Agitation . ) Quantification Column Ref.
@ (min) °C) (min) (°C)
g

DB-Wax
0.250 1-cm 50/30 pm
Almond . No 15 25 30 25 ) L
* DVB/CAR/PDMS (30 m x 0.25 mm
x 0.25 pm)
DB-Wax
1-cm 50/30 pm
Almond 5.0* ! Yes 45 40 45 40 ©) (Lo
DVB/CAR/PDMS (30 m x 0.25 mm
x 0.25 pm)
TRB-5MS
1-cm 50/30 pm
Almond  3.0* . No 10 40 30 40 (1) (L8
DVB/CAR/PDMS (30 m x 0.25 mm
x 0.25 pm)
Beechnut,
hazelnut, RTx-5 (60 m x
] ) 10.0 1-cm 50/30 pm [19]
pistachio Yes 60 25 60 25 No 0.25 mm x 0.25
wx DVB/CAR/PDMS
and pm)
walnut
DB-Wax
1-cm 75 pm
Hazelnut  0.1* No 10 60 10 60 3) 29
(30 m x 0.25 mm
CAR/PDMS
x 0.5 pm)
21
Hazelnut 15* 2-cm 50/30 pm No 20 50 20 50 @)© MEGA-WAX™ =
DVB/CAR/PDMS (30 m x 0.20 mm
x 0.20 pm)
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Equilibration

Conditions

Extraction

Conditions

Sample
> ] o Time Temperature Time Temperature o
Type of Nut Amount Fiber Agitation . ) Quantification Column Ref.
(min) °C) (min) (°C)
@)
Peanut 5.0 PDMS/DVB No 30 60 15 60 3) DB-5 (22
50/30 pm SUPELCOWAX™
Peanut 5.0* Yes 1440 25 20 21 (1) 10(30m,0.25 [
DVB/CAR/PDMS mm, 0.25 mm)
DB-Wax
1-cm 65 pm
Peanut 3.0 * Y 10 50 40 50 1 24)
eand e @ (30 m x 0.25 mm
PDMS/DVB
x 0.25 pym)
RTX-5MS
2-cm 50/30 pm
Peanut 5.0 ** . No 30 80 10 80 1) (25]
DVB/CAR/PDMS (30 m x 0.25 mm
x 0.25 pym)
DB-17MS
1-cm 50/30 pm
Peanut 5.0 ** . Yes 30 50 30 50 No (26]
DVB/CAR/PDMS (60 m x 0.25 mm
x 0.25 pm)
2-cm dB5-MS semi-
Peanut 0.2* Yes 8h 20 50 60 2) polar (60 m x 27]
DVB/CAR/PDMS 0.32 mm x 1 pym)
Peanut 5.0 ** 1-cm 65 pm No 20 80 60 80 No HP-5 [28]
DVB/CAR/PDMS
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Equilibration Extraction
Conditions Conditions

Sample
> ] o Time Temperature Time Temperature o
Type of Nut Amount Fiber Agitation . ) Quantification Column Ref.
@ (min) °C) (min) (°C)
g

(30 m x 0.25 mm

x 0.25 pm)
HP-5
50/30 um
) ) 15.0 [13]
Pistachio Yes 15 50 120 50 No
* (30 m x 0.32 mm
DVB/CAR/PDMS
x 0.25 pm)
50/30 um HP-5MS (30 m x
Pistachio 8.0* No - - 60 83 No 0.25 mm x 0.25 29
DVB/CAR/PDMS um)
Al
50/30 pm Equity-5 (30 m x
) ) 10.0 [30]
Pistachio . IS5 50 120 50 2) 0.25 mm x 0.25
DVB/CAR/PDMS pm) '
Agilent DB-1 L
) ) 24.5 [31]
Pistachio PDMS-DVB No 30 30 20 30 No
* (60 m x 0.320 ne.
mm x 0.25 pym)
rer.eu/
DB-Wax
) ) 2-cm 50/30 pm 2]
Pistachio ~ 1.5** Yes - - 30 40 (2)
DVB/CAR/PDMS (30 m x 0.25 mm )21)
x 0.25 pm) '
ailable
[32]
Walnut 05* 50/30 um Yes 15 50 30 60 1) RTX-5MS
DVB/CAR/PDMS (30 m x 0.25 mm
x 0.25 pm)

Determination to Cultivar Authenticity. Food Chem. 2011, 126, 603-609.

9. Schwab, W.; Davidovich-Rikanati, R.; Lewinsohn, E. Biosynthesis of Plant-Derived Flavor
Compounds. Plant. J. 2008, 54, 712—-732.

10. Franklin, L.M.; King, E.S.; Chapman, D.; Byrnes, N.; Huang, G.; Mitchell, A.E. Flavor and
Acceptance of Roasted California Almonds during Accelerated Storage. J. Agric. Food Chem.
2018, 66, 1222-1232.
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1 Equilibration Extraction in
Conditions Conditions
Sample
1 s ) o Time Temperature Time Temperature o s and
Type of Nut Amount Fiber Agitation Quantification Column Ref.

(min) (°C)  (min)  (°C)
©)

[HRY

)N
HP-INNOWAX
2010,
3.0 ** 1-cm 50/30 pm 23
Walnut No 10 50 30 50 No (3]
(mL)  DVB/CAR/PDMS (30 m x 0.25 mm
x 0.25 pm) .
1 tion
NSis
CP-Wax52CB
65 um
Wal 1.0 ** N . . N 4]
. alnut 0 oS ovs o 30 50 o] (30 m x 0.25 mm o .
)
X 0.25 um) iles in
1 HP-5 d
50/30 pm
) 2.0* Y 0 % 1 =4 ted
ecan es 3 5 30 65 (1) (30 m x 0.25 mm
DVB/CAR/PDMS
x 0.25 pm)
1 1onds

~

on the Development of the Quality Defect Concealed Damage. J. Agric. Food Chem. 2017, 65,
8948-8956.

18. Oliveira, I.; Malheiro, R.; Meyer, A.S.; Pereira, J.A.; Goncgalves, B. Application of Chemometric
Tools for the Comparison of Volatile Profile from Raw and Roasted Regional and Foreign Almond

Cultivars (Prunus dulcis). J. Food Sci. Technol. 2019, 56, 3764—-3776.
Sample pre-treatment: * Only grinding ** Grinding and oil extraction. Quantification: 1: Semi-quantification with 1S,

12. Sushigsia By BiPRASG: K EShnmrc Rl S 1VMRNWEERN: SV aricNARioR R Ylatilgarhoxen,
PDﬁgnm%}qgtmgg{%%ylglycerol Profiles of Nut Oils Using SPME-GC-MS and MALDI-TOF-MS.
Eur. J. Lipid Sci. Technol. 2009, 111, 170-182.

4a2Effect of Harvesting Conditrons andHeathy Statéoof Nats
on NMolatHeProfibeal in Hazelnuts as an Indicator of the Interaction of Active Packaging
Materials with Food Aroma Compounds. Food Addit. Contam. 2006, 23, 1236-1241.

The main volatile comdpounds relg_orted_ in_raw nuts are reviewed_ in Table 2. As expected, several differences are
21. Nicolaotti, L.; Cordero, C.; Bicchi, C.; Rubiolo, P.; Sgorbini, B.; Liberto, E. Volatile Profiling of High
detected. that could be related to nut composition. Additionally _different_factors could change the characteristic
uality Hazelnuts (Corylus avellana, L.): Chemical Indices of Roasting. Food Chem. 2013, 138
vola_}Llle grolflle of raw nuts. In this section, the ‘effect of harvesting conditions is reviewed as well as the hea’lthy

72 733
state of nuts.
22. Baker, G.L.; Cornell, J.A.; Gorbet, D.W.; O'Keefe, S.F.; Sims, C.A.; Talcott, S.T. Determination of
Takfhy PaMiaen MRCE learWariations in Peanut Genotypes during Roasting. J. Food Sci. 2003, 68, 394—

400.
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2 Nut Main VOCs Ref. Peanut
Almond 1-Hexanol, 3-methyl-1-butanol, nonanal, 2-methyl-1-propanol, 1-propanol (17 .
2 4 S S Volatile
d
Benzaldehyde, hexanal, 1,2-propanediol, 1-chloro-2-propanol, 3-methyl-1-butanol, pentanal, [15]
2-heptanone, 1-hexanol. o
2 uidolin
Hexanal, 3-methyl-1-butanol, benzaldehyde, heptanal, nonanal, 1-octanol, 2-octanone 18] 16, 93,
2 Chestnut Y-terpinene, phenylaldehyde, hexanal, furfural, a-terpinene [25] y
t. J.
Hazelnut o-tujone, B-tujone, 2-pentanone, acetic acid, 3-methyl-2- butanol, n-decane [21]
? essin
Hexanoic acid, 2-ethyl-1-hexanol, 1-hexanol, pentanal, hexanal, palmitic acid, 2-ethyl-5- > 115.
Peanut _ [24]
2 methylpyrazine, heptanal d
ristic
2-Propanone, a-pinene, benzene, o-terpinolene, hexanal, d-limonene (361
2 vor
Toluene, a-limonene, y-terpinene, p-cymene, nonanal, B, pinene, hexanoic acid [25]
3 ou, K.;
2,5-Dimethylpyrazine, nonanal, hexanal, 2-ethyl-5-methylpyrazine, octanal, 2,5-dimethyl-3- 28 - Int.
ethylpyrazine
3 idity
Hexanal, benzaldehyde, benzenacetaldehyde, 2,5-dimethylpyrazine, 2-heptenal, 2-ethyl-5- [27]
methylpyrazine, trimethylpyrazine, 3-ethyl-2,5-dimethylpyrazine
3 Light,
ood Sci.
) ) 9-Octadecenoic acid, a-pinene, 1-methyl-1H-pyrrole, a-terpinolene, limonene, dimethyl-2H- o
Pistachio [29]
pyran-2-one, 2-octenal, 2-hexenal
3 Is as
a-Pinene, a-terpinolene, 1H-pyrrole, ethyl-alcohol, limonene, hexane (9]
3 ind
2

a-Pinene, B-pinene, 2-ethyl-1-hexanol, a-terpineol, camphene, hexanoic acid

33. NIISL O., Ullelweycelr, mn., bdilulull, ., bulllvduel, O. vulauie Cullipourliu Allalysis vl DI"IVIE
Headspace and Extract Samples from Roasted Italian Chestnuts (Castanea sativa Mill.) Using
GC-MS. Eur. Food Res. Technol. 2004, 219, 470-473.
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2 Nut Main VOCs Ref. Sensory
ora, L.).
. Walnut Hexanal, hexanoic acid, 1-pentanol, 2-octenal, pentanal, 2-pentylfuran, propanoic acid 23]
pichdFicais,
2-Octenal, hexanoic acid, hexanal, 2-decenal, 1-octen-3-ol, nonanal 4] MEELt fruit
[37][38] [39] example,

i AT e C b T S L el (A T ereles [ [ R I NN RS Sate ?a?tEYMan%ﬁté‘é[%’@“ s
ez e, VT8 RSO et B achina. R A ERIFASCiNG0E SUARY PafAmatdR M Sensory ™
O s S s AR Ra R Ars G5y B et "f'rsr%%*t‘i?)nsﬂ“epa'?ﬁfe%ﬁ‘da.'tAVéarfc?ESoeéée&H‘ear%.w%%f 68"
influence the biosynthesis of VOCs [42] and also the harvesting time 43123l |n another study, it was also evidenced

3BaliRfalor SResbiapadidnimedayerdipdeal ; tyczko, J.; Moriana, A.; Hernandez, F.; Garcia-
Garcia, E.; Carbonell-Barrachina, A.A. Optimization of Roasting Conditions in HydroSOStainable

Morklmmen dseUsitegil ¥y alajieiandoble sofriptitte cSaldsbey Ry difikes [an th€ citsanoé hAaltie ptaree nidt. Foed iBekl
ora2§R0or@H (I8OBHY—-82BMong the major concerns in the almond industry, due to it being able to cause fungal
ABeEL R R BT HO B S RAEREAS RN IR iR LR BRYR-BR5E ANREEK  potind S
CIMESENTy BAPSNRAIS BBIR A o8 A 08101 Bhgigieuier compounds and ther relationship
to NOW have not been addressed. Mature almonds from the Monterey variety were evaluated for their volatile
%n%@ﬂfﬂﬁﬁf@ﬁrﬁ%hmﬁca@dﬁﬁn%’é%’ EbmPgHSIANIRYBIatie d8h{pBEMEN SFilRRERREE Mmdsnanas.
perftandl €ARd-koPEZokerQUAlLY {ifdRetgS AbRIjRFhINNIR GuATegie b RRASIPNaad Wglsler, the
corlCBERLIRM: of- safle E@%o%%gsa@lés a@piroketal conophthorin, numerous four-carbon esters and ketones as

495 IPRTRICNS! AUl OB FRAGIISBHO LM MU S RSN G AYTROEN P RSt BTER e BiARARa 45 BRGNS
M[ﬁ%ids and Volatile Terpenes in “Kerman” and “Golden Hills” Pistachio (Pistacia vera) Kernels. J.

Food Sci. 2019, 84, 1937-1942.
Changes in volatile organic compounds have been evaluated as an indicator of aflatoxin contamination [BL48](47]

1B N3S: &7 - st BIRYHE IRl RhassoMirRKBiRGtiAN b ARAVEHH oras Rt RIS RRHRMARRI RIPEIRtoxins.
Vol MRSSIRPEAIE BEHE ARAY discoln M aBe oRer Bld #HB4n SR #d3ss#Rdes that underwent some form of

AAAEEHNG- MPIeGMFHEER 'BUNEHINTELRSS MRS LN PATSBIE GHARNARE EdisdiBrR orertanal,
octiyRY AR GEPARA MR B SR WASATER UV ELPistRCAfiEOPHBRS WRO! volatile compounds
in healthy and naturally or artificially aflatoxin-contaminated pistachios was carried out by Georgiadou et al. They

RBuRELe) Ml B Tlghee. Bissu Nt BiMie @8 WisholD STy SEERMA Sudy 1the o< and

moN R EL ORI G/ ORGP LRI AS YREa NPRRBRE LiBRAR RGO IRE  Bhd  healtny

pistLRBIBY ERly iy PARGHEI2Bth She A AR 22
46. Scott-Thomas, A.; Chambers, S.T. Volatile Organic Compounds: Upcoming Role in Diagnosis of

| 5ivvstatile Profile Of Nuts affeRPhérméal Treatments

47. Beck, J.J.; Willett, D.S.; Gee, W.S.; Mahoney, N.E.; Higbee, B.S. Differentiation of Volatile Profiles
PTG Stotkped Aohds B VARG RefEve Humia, Levels USRG BRISEHESH ant PoRaBe e o™

tre%nﬁs_‘ &aﬁ% _aﬁoré)gsé?l% r%r."b(r)%‘%ir.e necessary during nut processing to improve their sensory quality,

digestibility, and microbiological safety. These heat treatments may significantly affect their properties and quality
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4&trBetls, dhlgiltaappeysibble. atibddsilod, dBaeydd/it théol atiterdnadysislafds rodnastd MBnidserestingly, when
nutCarmrtdraimatydraatbdNadur A9 ecel famek ding. difégnicrelommh Chanar Pddtub8d, others disappear, and

A8 R R B RN N0e L A ag s PR A Bade kB R ok SRRE S nas M e Emd, fn E/5ehdeg g
PR A b SRR B SESS LI CRIRAOIA R Sl SRR L PRRaRpR e o
M AR U8 RS B AMAP ARG RS TSy SR RS Ritions. Foods 2021, 10, 944.

Stabtasg\idst Bapyld:. ke ke dBssivtaciéemds ofBing elnGrabramtts M dortedircthe Kierbtatdugh, T.H.;
Wang, H. Shelf-Life of Infrared Dry-Roasted Almonds. Food Chem. 2013, 138, 671-678.

Thermal Processing )
] Nut . Main VOCs Ref. S,
Processing Conditions
uts
34,18, 13 ) ) .
) ) 2,3-pentanedione, 2-acetyl-1-pyrroline, dimethyl
E Hot-air min at 130, ) . sq ) HMF
h ] Hazelnut sulphide, 2-furfurylthiol, 3-methylbutanal, 2-nonenal, (501
roasting 140 and 150 )
. 2-decenal, hydroxy-2,5-dimethyl-3(2H)-furanone
£ itoring
al and
20, 25 and J. Lipid
30 min 2-methylpropanal, 2-methylbutanal, 3-methylbutanal, [51] '
2,5-methylpyrazine
£ at 160 °C 5-SPME
yod
2-methylbutanal, 3-methylbutanal, 2,5-methylpyrazine,
c 40 min at furfuryl alcohol, 2-methylpropanal, ehtyl acetate, 2,3- 21 )
140 °C pentanedione, 2-methylpyrazine, 2,5-methylpyrazine,
furfural, 1-hydroxy-2-propanone
yod
5minat 177 Benzyl alcohol, benzaldehyde, 1-octen-3-ol, toluene, 501 .
c Almond _ . 52 ferent
X dimethylpyrazine, 1-butanol, hexanal
£ . ave
5-10 min at .
Hexanal, 2-methyl-butanal, 2-methyl-pyrazine, 2,5- 53 hnol.
dimethyl-pyrazine, furfural
170-190 °C L/
£ ds of
10 min at ] ] ) ) .
2,5-dimethyl-pyrazine, trimethylpyrazine (291
d 190 °C |
o a

ULy (U ¥ UIALIG U1 PO IUS U1 a1 Ieos ot Tu ot U (ot e 1 uimosn s wiannie -1 wod Chem.

2016, 201, 80-86.
Retrieved from https://encyclopedia.pub/entry/history/show/37036

https://encyclopedia.pub/entry/15590 12/14



\olatile Profile of Nuts | Encyclopedia.pub

Thermal Processing .
] Nut . Main VOCs Ref.
Processing Conditions
33 min at Hexanal, benzeneacetaldehyde, 2,5-dimethyl- [15]
138 °C pyrazine, nonanal
28 and 38 2-methylbutanal, 3-methylbutanal, h I
-me utanal, 3-me utanal, hexanal,
min at 138 Y Y (L5
o5 benzaldehyde, furfural, 2-phenyl acetaldehyde
28, 33 and
38 min 2-methylbutanal, 3-methylbutanal, hexanal, [54]
benzaldehyde, furfural, 2-phenyl acetaldehyde
at 138 °C
25 min at Hexanal, butylacetate, ethylbenzene, 2-hydroxy-2-
Chestnut Y Y Y Y =
200 °C cyclopenten-1-one
Pistachio )
) 90 min at ) ) [55]
with and o-pinene, limonene, 3-carene
_ 120 °C
without salt
3 and 9 min
Methylbutanal, hexanal, acetaldehyde, heptane,
Cashew / - . . Y P (561
at 143 °C ethanol, pentane, acetone
) Benzyl alcohol, methional, benzaldehyde,
Microwave 120 V for 2 ) ) [52]
) Almond ) dimethylpyrazine, nonanal, undecane, 1-octen-3-ol,
roasting min
1,4-butyrolactone
480 or 640 W
Pistachio for 2,3 and 4 a-pinene, limonene, nonanal 571
min
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Thermal Processing .
] Nut . Main VOCs Ref.
Processing Conditions
Hot air- ]
) ) 15 min at ) ) (58]
assisted radio Almond 2,5-dimethyl-pyrazine, toluene, hexanal and heptane
120-130 °C
frequency
) 5 min at 135 Benzyl alcohol, methional, benzaldehyde, 1-butanol, [52]
Deep-frying Almond
G 1-octen-3-ol
10-15 min at Hexanal, 2-methyl-butanal, 3-methyl-butanal, 2,5- (53]
160-200 °C dimethyl-pyrazine, 1-pentanol
15 min at Hexanal, octanal, nonanal, furfural, 3-heptanone, 4- [59]
Chestnut
240 °C hydroxy-2-butanone
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