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Abstract The aim of the present work was to study the
effect of hot-air drying on the quality of chestnut slices,
regarding fatty acid and vitamin E composition. Chestnut
slices of two varieties, Longal and Judia, were dried in a
tray dryer at 50 °C, for 1, 2, 4, 6, 8 and 10 h. Concerning
fatty acids, at beginning both varieties presented significant
different contents in C16:0, C18:0, C18:1, C18:2cc, C20:0
and C20:1, being C18:2cc the most abundant. Concerning
vitamin E, both varieties had similar y- and 8-tocopherol
contents; however, after 10 h of drying their concentrations
decreased in Longal (19.2 and 14.4 %, respectively). It was
also in slices of Longal variety that a significant decrease
was observed in C18:0 (15.0 %), C18:1 (19.4 %), C20:0
(14.3 %) and C20:1 (11.1 %) after 10 h of drying, suggest-
ing this variety to be a little more heat sensible than Judia.
Even though some variation on lipid composition was
observed along drying of chestnuts, the variety showed to
have a higher effect than the drying process itself. Thus, hot
air convective drying seems to be an interesting process to
apply in the future to this nut in order to produce a healthy
snack, not causing potential losses from a nutritional point
of view.
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Introduction

Chestnut tree production is of great importance to several
European countries such as Portugal and Italy; however,
chestnut fruits are perishable, requiring efficient preser-
vation methods, being cold storage the most commonly
used technologies. However, during this process two major
problems can be observed: weight loss due to water evapo-
ration and mold development due to the high moisture con-
tent of the fruits [1]. Thus, to minimize losses it is impor-
tant to find alternative solutions for chestnuts preservation.
These processes should be economic and permit industrial
scale-up, while providing shelf life extension without qual-
ity loss. Drying under controlled conditions could be a pos-
sible technological alternative, having Delgado et al. [2]
already stated that after 10 h of drying the proximate com-
position of chestnuts was almost unaffected by the thermal
process.

From the nutritional point of view, besides being a glu-
ten-free nut, chestnut is quite interesting [3] because it is a
good source of fibre, starch, protein, aminoacids, minerals,
fatty acids and vitamin E. Although presenting a low crude
fat content, chestnut fat is constituted by high unsaturated
fatty acids (USFA) [4], namely monounsaturated (MUFA)
and polyunsaturated (PUFA) fatty acids. This fatty acid
profile plays an important role in diverse physiological pro-
cesses affecting health and chronic diseases such as the reg-
ulation of plasma lipid levels, cardiovascular and immune
functions, insulin action and neuronal development and
visual function [5]. Moreover, its fat also contains some
vitamin E, with several benefits on human health, namely
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by minimizing the adverse effects of inflammatory diseases
(e.g. rheumatoid arthritis or hepatitis) [6], strengthen the
immune system and reduce the risk of cancer [7], or aid in
the treatment of Parkinson’s syndrome [8]. However, most
of the published studies on chestnut technological preserva-
tion have neglected the effects on the fat composition.

Until now, only two studies evaluated the effect of indus-
trial processing on chestnut composition. The effect of
chestnuts storage during 3 months at around 0 °C (relative
humidity of 90 %), after industrial peeling by flame or fire
(“brilage”) and after freezing in a tunnel with a CO, flow
were studied by de Vasconcelos et al. [9] and de Vasconce-
los et al. [10]. On those works the fat content and vitamin
E profile were included together with several other compo-
nents. Furthermore, Kiinsch et al. [11] and Krist et al. [12]
evaluated the effect of roasting at 210 and 190 °C on weight
loss, starch, sucrose and fructose contents, total fatty acids
and sensory properties as well as volatiles of chestnuts.

Chestnuts drying at lower temperatures than those
applied during roasting may be an interesting option. Sev-
eral works on chestnut hot air drying have already been
performed, including drying kinetics [13-16]; energetic
requirements [17]; proximate composition [2]; tempera-
ture effect on morphological, chemical (reducing sugars,
starch, amylose, sugar and damaged starch) and rheological
properties of chestnut flours [18-20]; and effect of drying
followed by rehydration on chestnuts properties [21-23].
Until now no studies have been performed on the effect of
drying on chestnuts lipid composition.

Nowadays consumers are looking for healthy snacks,
being the market share of dried fruits increasing. In this
way the production of dried chestnut slices might have
great potential, due to low caloric value, excellent lipid
composition and gluten-free properties of chestnuts. Thus,
the aim of our work was to evaluate for the first time the
effect of hot air convective drying at 50 °C on the quality
of chestnut slices, regarding their fatty acid and vitamin
E composition, in order to evaluate the possible induction
of oxidation and the occurrence of potential losses from a
nutritional point of view.

Materials and methods
Reagents and standards

HPLC grade n-hexane was purchased from Merck (Darm-
stadt, Germany) and 1,4-dioxane from Sigma (Madrid,
Spain). Methanol and KOH were acquired from Panreac
(Barcelona, Spain). Boron trifluoride in methanol (14 %),
butylated hydroxytoluene (BHT), and ascorbic acid were
obtained from Sigma. All other chemicals were of analyti-
cal grade from diversified suppliers.
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Concerning standards, a-, y-, d-tocopherols were pur-
chased from Sigma or Matreya (State College, USA).
5 mg mL™! standard solutions were prepared in ethanol
and kept at —20 °C. Their accurate concentrations were
evaluated by UV spectrophotometry according to their
molar absorptivity values in ethanol (3056, 3810 and
3673 M~ ecm™; [24, 25]). Dilutions in n-hexane were per-
formed as required for calibration or other purposes. The
internal standard for vitamin E quantification was tocol
(2-methyl-2-(4,8,12-trimethyltridecyl) chroman-6-ol),
obtained from Matreya Inc. A 100 wg mL~! solution was
prepared in n-hexane and kept at —20 °C. Triundecanoin
was used as the internal standard for fat estimation, based
on the total fatty acid amounts, and was purchased from
Sigma. A 10 mg mL~" solution was prepared in n-hexane.
A commercial standard solution with 37 fatty acid methyl
esters (FAME) was used for the calibration of the FID sig-
nals (Supelco 37 FAME mix, Sigma, Bellefonte, USA).

Plant material

The chestnuts used in this study were acquired in Braganca
(NE Portugal) in November 2012 and stored in cold cham-
bers (4 = 1 °C) until the drying experiments were carried
out. Two varieties were used in this study, Longal and
Judia, acquired directly to chestnut producers of Macedo de
Cavaleiros and Vinhais (Braganca, Portugal), respectively.

Drying experiments

The exterior shells of chestnuts were carefully removed
with a knife and the fruits sliced with approximately 4 mm
of thickness. Around 150 g of chestnut slices were dried in
a tray dryer (Armfield, Ringwood, England) at 50 °C, with
an air velocity at 1.2 & 0.1 m s~', along different times.
After drying for 1, 2, 4, 6, 8 and 10 h, samples were frozen
and freeze-dried, as well as the control (fresh chestnuts).
For each drying time all drying experiments were per-
formed in triplicate.

Lipid extraction

The total fat was determined on 5 g of sample, using petro-
leum ether for 24 h in a Soxhlet apparatus (P Selecta, Bar-
celona, Spain). The lipid extraction was performed accord-
ing to the method described by Cruz et al. [26], with some
modifications. An accurate 300 mg portion of lyophilized
sample was weighted in a plastic tube, followed by the
addition of two internal standards solutions: tocol (15 uL;
10 mg mL~!) for vitamin E quantification, and triundeca-
noin (45 pL; 20 mg mL’l), for total fatty acids estimation,
followed by two antioxidants—BHT (50 pL, 5 mg mL™!
in methanol), and ascorbic acid (50 mg), and three glass
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pearls. Propan-2-ol (1.58 mL) and ciclohexane (2.04 mL)
were added for lipid extraction. The mixture was agitated
briefly by vortexing and kept overnight under refrigera-
tion. The non-lipid material was removed by washing with
2.28 mL of 0.9 % NaCl solution, with agitation by vortex-
ing and centrifugation (5000 rpm, 5 min; Heraeus Sepatech,
Am Kalkberg, Germany). The top layer was transferred to
a second another tube, and a second extraction was per-
formed with cyclohexane (2.04 mL), and the upper layers
combined.

An extract volume, corresponding to approximately two
thirds of the total, was transferred to Pyrex derivatization
tubes. The solvent was evaporated under a nitrogen stream
(60 °C) and resuspended in about 0.5 mL of dichlorometh-
ane. Hydrolysis was performed with 1.5 mL of KOH (0.5 M
in methanol) at 100 °C (10 min). After reaching room tem-
perature, methylation was completed by the addition of
1.5 mL of BF; (14 % in methanol) and heated for further
30 min at 100 °C. After cooling, 0.9 % NaCl (2.5 mL) and
n-hexane (3 mL) were added and the mixture was mixed by
vortexing, followed by centrifugation (3000 rpm, 5 min).
The supernatant was transferred to a tube with anhydrous
sodium sulphate to remove the residual water, followed by
centrifugation at 5000 rpm for 5 min. A supernatant portion
(2 mL) was directly transferred to a clear glass vial (Supelco,
Sigma, Bellfonte, USA), the solvent was evaporated under a
nitrogen stream (60 °C), resuspended with heptane (1 mL)
and the solution mixed in a vortex. This vial was positioned
in the gas chromatograph autosampler for fatty acid analysis.

To the remaining lipid extract (1/3) anhydrous sodium
sulphate was added followed by centrifugation (5 min,
13,000 rpm, Heraeus Sepatech Biofuge Pico, Am Kalkberg,
Germany). The supernatant was transferred to an amber
glass vial. The solvent was evaporated under a gentle nitro-
gen stream (40 °C), resuspended in the same volume of
n-hexane (HPLC grade) and placed in the HPLC autosam-
pler for vitamin E quantification.

Fatty acids analysis

Fatty acids analysis was performed on a Chrompack CP
9001 chromatograph (Chrompack, Middelburg, Nether-
lands) equipped with a split-splitless injector, a Chrom-
pack CP-9050 autosampler and a flame ionization detector
(FID). The temperatures of the injector and detector were
250 and 270 °C, respectively. Separation was achieved on
a 50-m x 0.25-nm i.d. CP-Sil 88 column (0.19-um film;
Chrompack-Varian). Helium was used as carrier gas at
an internal pressure of 120 kPa. The column temperature
was 140 °C, for a 5 min hold, and then programmed to
increase to 220 °C at a rate of 5 °C min~! and then held for
15 min. The total analysis time was 35 min, but a further
5-min elution was applied for complete elution of possible

interference compounds. The slip ratio was 1:50 and the
injected volume was 1.2 pL.

Fatty acids identification (from C11:0 to C22:6 n-6) was
accomplished by comparing the relative retention times of
FAME peaks with standards from diversified suppliers and
from literature data. Peaks were corrected using empirical
response factors obtained by the standard FAME solution.
The fatty acids results were calculated initially on a rela-
tive percentage basis and then expressed in mg 100 g~! dry
matter. Total fat was estimated after performing a Soxhlet
extraction using petroleum ether for 24 h.

HPLC chromatographic conditions for vitamin E

The liquid chromatograph consisted of a Jasco integrated
system (Easton, USA) equipped with an autosampler (AS-
2057 Plus), a PU-980 intelligent pump, connected to a fluo-
rescence detector (FD) (FP-2020 Plus; Ay iiion = 290 nm
and A piion = 330 nm). The chromatographic separa-
tion was achieved on a Supelcosil™ LC-SI column
(75 x 3.0 mm, 3 um; Supelco, Bellefonte, USA), operating
at constant room temperature (23 °C). A mixture of n-hex-
ane and 1,4-dioxane (97.5:2.5, v/v) was used as eluent at a
flow rate of 0.7 mL min~'. The compounds were identified
by chromatographic comparisons with authentic standards
by co-elution and by their UV spectra. Tocopherols were
evaluated by the internal standard method based on the flu-
orescence data.

Statistical methods

The statistical analysis was performed on SPSS software
(Version No. 20.0). The effect of drying time and the influ-
ence of cultivar over fatty acid and vitamin E contents and
profiles were evaluated by the two-way analysis of variance
(ANOVA) (p < 0.05), followed by the Tukey HSD Post-
hoc test because normality was observed and the variances
of the groups were identical. The normality and variance
homogeneity were evaluated by Kolmogorov—Smirnov and
Levene’s tests, respectively. Comparisons were carried out
at 95 % confidence. Principal component analysis (PCA)
was also performed for the fatty acids and tocopherols
results of the two chestnut cultivars along drying time. The
PCA score plot was used to differentiate cultivars and ver-
ify the effect of drying time on chestnut lipid profile.

Results and discussion
Fat content and fatty acid composition

The fat contents in chestnuts were low (Table 1). Even
though significantly higher values were determined at the
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beginning in Longal (3.26 + 0.11 g fat 100 g~! dry weight)
than Judia (2.77 £ 0.45 g fat 100 g~! dry weight), along
drying the two varieties presented similar fat contents.
Moreover, the fat contents determined at the beginning of
the drying process and after 10 h were not significantly dif-
ferent, indicating that this parameter was almost unaffected
by the thermal process, as stated by Delgado et al. [2].

Regarding the fatty acids contents of the two chest-
nut cultivars along drying (Table 1), the results showed
that chestnut variety x time interaction was a signifi-
cant source of variation for all of fatty acids (p < 0.001).
At the beginning, the fresh chestnuts (+ = 0 h) of Lon-
gal variety contained 18.8 % saturated fatty acids (SFA)
and 80.8 % unsaturated fatty acids (USFA), consisting of
36.2 % monounsaturated fatty acids (MUFA) and 44.6 %
polyunsaturated fatty acids (PUFA), while Judia variety
presented 18.6 % SFA and 81.1 % USFA, consisting of
28.1 % MUFA and 53.0 % PUFA. These results were in
agreement with Borges et al. [4] (SFA 14.1-18.6 %; MUFA
22.5-39.3 %; PUFA 42.0-60.1 %), Espaiia et al. [27] (SFA
19 %; MUFA 31 %; PUFA 41.5-56.7 %) and Barreira et al.
[28] (SFA 16-19 %; MUFA 36-38 %; PUFA 43-48 %).

Concerning fatty acids individually, linoleic acid fol-
lowed by oleic acid were the predominant in both chest-
nut varieties. At the beginning (r = 0 h), significant dif-
ferences were observed between the two varieties in most
of the fatty acids, with the exception for palmitoleic acid
(C16:1n9) and a-linolenic acid (C18:3n3). These results
were similar to Barreira et al. [29] who also found signifi-
cant differences between chestnut varieties for several fatty
acids.

Regarding fatty acid composition along drying, Longal
variety showed a significant decrease in some fatty acids
contents, particularly after 10 h of drying. For C18:0,
C18:1n9, C20:0 and C20:1n9 the following losses (%)
were observed: 14.9, 19.4, 13.9 and 11.1 %, respectively.
In opposition, Judia variety maintained or even increased
the contents of some fatty acids after 10 h of drying. This
small effect of drying at 50 °C on chestnut fatty acid com-
position of Judia might be associated to variations in the
sample itself, as a result of intra genotype diversity and
influence of environmental and growing conditions. These
results are in line to those of Kiinsch et al. [11] after study-
ing the effect of roasting. These authors had also observed
differences between varieties and along the roasting time
with regard to the analysed fatty acids, being these differ-
ences more pronounced in some varieties such as Liina and
Marigoule.

At the beginning (+ = 0 h), significant differences were
found between both varieties on the total SFA content
(Table 1), with 601 mg fatty acids 100 g~! dry matter and
488 mg fatty acids 100 g~! dry matter for Longal and Judia
varieties, respectively. During the drying process small
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variations were found in SFA contents, being Longal val-
ues almost always higher than Judia, but these differences
were not found at the end of the drying process (10 h)
(572 and 566 mg 100 g~! dry matter for Longal and Judia,
respectively). Palmitic acid (C16:0) was the major SFA. At
the beginning (0 h), Longal and Judia presented 518 mg
100 g~! dry matter and 429 mg 100 g~' dry matter of pal-
mitic acid, corresponding to 15.9 and 16.3 % of the total
fatty acids, respectively. These values were in agreement
with those reported by Borges et al. [4] (12.5-16.8 %), Fer-
nandes et al. [30] (14.6 %), Fernandes et al. [31] (18 %)
and Barreira et al. [28] (16-17 %). Significant differences
between varieties were only found at the beginning (0 h),
1 and 4 h. Stearic and arachidic acids (C18:0 and C20:0,
respectively) were two fatty acids that also contributed
to the SFA, with small variations on their contents along
drying.

In relation to MUFA, significant differences were always
found between the two varieties, presenting Judia lower
values than Longal. Concerning drying, some variation
was observed along time but without any decreasing trend.
The MUFA majority was constituted by oleic acid (C18:1),
with 1136 and 705 mg 100 g~' dry matter for Longal and
Judia varieties at zero hours, corresponding to 34.9 and
26.8 %, respectively. These values were also in agreement
with Borges et al. [4] (20.7-37.6 %), Fernandes et al. [30]
(20.3 %), Fernandes et al. [31] (28 %) and Barreira et al.
[28] (35-37 %). Along drying, both varieties presented sig-
nificant differences on the oleic acid contents. In addition,
palmitoleic acid (C16:1n9) and eicosenoic acid (C20:1n9)
were also important to MUFA, with small variations along
drying. A significant decrease was only observed on eicose-
noic acid content for Longal variety after 10 h of drying.

In relation to PUFA, significant differences were found
between the two varieties at the beginning (1451 and
1396 mg 100 g~! dry matter for Longal and Judia, respec-
tively); however, after 10 h no effect and a slight increase
(around 10 %) was detected on both varieties when com-
paring with the beginning, respectively, showing the neg-
ligible effect of drying at 50 °C on chestnut fatty acid
composition. Linoleic acid (C18:2n6) and a-linolenic acid
(C18:3n3) were the most representative PUFAs. At zero
hours, linoleic acid contents of 1285 and 1212 mg 100 g~!
dry matter were quantified in Longal and Judia varieties,
respectively, being these values significantly different. In
opposition, similar a-linolenic acid contents were obtained
for both varieties at 0 h (159 and 176 mg fatty acids 100 g~
dry matter). The linoleic and «-linolenic acids corre-
sponded to 39.5 and 46.1 %, and to 4.9 and 6.7 % for Lon-
gal and Judia varieties, respectively. These values were in
agreement with Borges et al. [4] (37.6-50.9 % for C18:2n6
and 4.5-10.0 % for C18:3n3), Fernandes et al. [30] (53.2 %
for C18:2n6 and 7.7 % for C18:3n3), Fernandes et al. [31]
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Table 1 Fatty acids composition along air convection drying for two chestnut varieties, Longal and Judia

Parameter Air convection drying

p
Variety x time

t=0h t=1h t=2h t=4h t=6h t=8h t=10h
Total fat (g fat 100 g~! dry matter)
Longal 326 +0.11% 278 £0.40  2.8140.12%  3.17 £0.08"%* 2.66 + 0.15% 2.83 4+ 0.16>A 298 £ 0.15*>*  0.012
Judia 277 £ 0458 2694041 2774024 24840328 250+ 0.11%* 2.71 £0.33*  3.00 £0.19%4
C16:0 (mg fatty acids 100 g~ dry matter)
Longal 518 424%A 443 £ 7204 463 + 144 502 + 1694 430 4 434 469 + 9°A 500 + 1644 <0.001
Judia 429 + 7308 417 £ 11*°B 459 £ 754 410 £ 128 433 £ 124 460 £ 1494 495 + 844
C18:0 (mg fatty acids 100 g~! dry matter)
Longal 383 452%% 296+ 1.2*  31.04£09*®" 3454 1.6"% 291+ 1.6" 309+ 144 326+£27**%  <0.001
Judia 32.6 £ 208 3034 1,134 33.8 4+ 1.8%%8 3054+ 088 363 +£58%F 3244084  40.0+3.38
C20:0 (mg fatty acids 100 g~ dry matter)
Longal  10.1+0.5% 8.1 +0.4%54 8.8 £ 04%4 934035 7.6402%  8.6+£0.55A 8740624 <0.001
Judia 83 +£0.6°F 784050  80+03B  74+404*B  70+£05 82+04%%4 89404
SFA (mg fatty acids 100 g~! dry matter)
Longal 601 £42%* 510+ 11°* 522454 580+ 13%* 500+ 6" 538+ 14°% 572+ 18%%%  <0.001
(18.8 %) (18.3 %) (19.4 %) (18.3 %) (18.8 %) (19.5 %) (19.7 %)
Judia 488 + 11%B 474 £ 12°B 521 + 8> 468 + 14%B 489 + 26 521 £ 14%A 566 + 104
(18.6 %) (18.7 %) (18.8 %) (18.8 %) (20.3 %) (19.5 %) (18.9 %)
C16:1 (mg fatty acids 100 g~ dry matter)
Longal 17.6 4 1.0°%* 16.1 £0.9*** 180+ 1.1>* 187+ 1.3%* 1554 1.1 184+ 14 209+ 0.7%* <0.001
Judia 18.0 4 1.4%%4 1784 1.3%B 19.3 + 14304 213 4£0298 231+ 1198 205+ 184 2134 1.0994
C18:1 (mg fatty acids 100 g~ dry matter)
Longal 1136 £ 38> 902 4 9434 921 + 47%A 1059 £ 18>4 866 + 48 839 4 384 916 + 49%A <0.001
Judia 705 + 46>B 710 + 48><B 785 + 5448 636 435458 612 £26°B 650 & 60*°B 840 + 848
C20:1 (mg fatty acids 100 g~ dry matter)
Longal 17.14 1.5%* 14.6 £0.7** 154 +£0.64 172406  13.6+09%* 147408 152 +£0.2% <0.001
Judia 134+£1.1°%  1224+14°¢F  1324£07°B 111 £13*B  102+£06F 1224148 1394 0.6%B
MUFA (mg fatty acids 100 g~! dry matter)
Longal 1174 36> 937 £ 924 951 £ 5134 1100 £ 18>* 897 £ 49 866 & 384 950 + 4544 <0.001
(36.2 %) (33.6 %) (34.3 %) (34.6 %) (33.8 %) (31.2 %) (32.3 %)
Judia 739 + 448 742 + 46>B 820 + 518 662 + 238 636 £25%B 685 + 62408 880 + 9B
(28.1 %) (29.2 %) (29.6 %) (26.9 %) (26.0 %) (26.4 %) (29.4 %)
C18:2n6 (mg fatty acids 100 g~! dry matter)
Longal 1285 43744 1169 & 65*%¢4 1133 453304 1318 4+ 14%% 1109 4 34%4 1212 4 36>~ 1240 £ 63%44 0,001
Judia 1212 + 2258 1140 4+ 2024 1233 4248 1142 + 10*B 1113 £41%4 1250 + 51%A 1338 4 1958
C18:3n3 (g fatty acids 100 g~' dry matter)
Longal 159 & 6404 152 4 20204 150 + gbA 159 + 53bA 139 £ 10** 163 £ 7°* 170 + 164 0.001
Judia 176 £ 19854 171 £+ 174 183 & 19%>¢B 196 £ 21*P<B 207 £ 1098 202 & 15°¢B 194 + 320<B
PUFA (mg fatty acids 100 g~! dry matter)
Longal 1451 +42%4 1326 4 84*>¢A 1289 4 58304 1483 4+ 1794 1254 £43%4 1382 & 42°4A 1417 £78°¢A  <0.001
(44.6 %) (47.6 %) (45.9 %) (46.7 %) (47.0 %) (48.9 %) (47.5 %)
Judia 1396 & 40**B 1317 + 384 1391 £95*%A 1311+ 81*8 1330 +£33*B 1461 £65°B 1540 + 16°B
(53.0 %) (51.8 %) (51.2 %) (53.9 %) (53.2 %) (53.8 %) (51.4 %)
Isomers frans (mg fatty acids 100 g~! dry matter)
Longal 7.6+0.7%%A 83408 7.3 £0.5%4 654064 7.3 +£0.6%% 73403204 10.1 & 1.194 <0.001
Judia 5.8 4 0.74>¢B 52 4 (5208 4.8 4+ 0.5%B 524068 85409 594 (4°B 6.4 & 0.5%B

Mean =+ SD with different small letter (a—e) superscripts on the same row are significantly different (p < 0.05). Mean £ SD with different capital
letter (A, B) superscripts on the same column are significantly different (p < 0.05)
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Table 2 Vitamin E composition along air convection drying for two chestnut varieties, Longal and Judia

Param-  Air convection drying p
eter Variety x time
t=0h t=1h t=2h t=4h t=6h t=8h t=10h
a-tocopherol (mg a-tocopherol 100 g! dry matter)
Longal 0.87 £0.03%* 0.88£0.08%"  0.93 £0.07°* 0.68 £0.03**  0.75 £ 0.07*>* 0.72 4+ 0.05%*  0.85 £ 0.07>°* <0.001
Judia 1.5+ 0.04*8  1.540.05>8 1.5 4 0.04>B 1.4 4 0.08>B 1.2 +0.09*8 1.2 +£0.07*8 1.2 +0.05*8
y-tocopherol (mg y-tocopherol 100 g~! dry matter)
Longal 1554 1.4%% 1404 1.28°¢A 1494+ 1,154 [354£031%%* 13.14£0.59*  13.6 £ 0.67*>* 125+ 0.67%* <0.001
Judia 146412  13.04 1.1***  10.8 £0.94*® 109 + 1.2%B 12.6 + 1.43%A 139 4 [.4%A 13.4 4+ 1.457
3-tocopherol (mg 8-tocopherol 100 g~! dry matter)
Longal 0.40+0.03%* 0.32 £ 0.03*>* 036 £0.03>%* 032 4+0.03*>* 031 40.02%  0.34 4+ 0.03%>*  0.34 £ 0.02*>* 0.156
Judia  0.43 +0.03*>* 040 4+ 0.03*>B  0.44 +0.04>® 037 £0.04* 041 4+ 0.03*>B  0.42 +0.03*>8  0.41 £ 0.04*>B

Mean + SD with different small letter (a—c) superscripts on the same row are significantly different (p < 0.05). Mean £ SD with different capital
letter (A, B) superscripts on the same column are significantly different (p < 0.05)

(44 % for C18:2n6 and 7 % for C18:3n3) and Barreira et al.
[28] (38-40 % for C18:2n6 and 4-5 % for C18:3n3). Along
drying, small variations were observed.

With respect to trans fatty acids isomers (indicatives of
the thermal effect on the fatty acid composition) negligi-
ble values were obtained at the beginning (7.6 and 5.8 mg
100 g~! dry matter for Longal and Judia, respectively), as
expected. It was interesting to notice that despite remaining
very low even after 10 h of processing, a significant increase
(to 10.1 mg fatty acid 100 g~! dry matter) was observed
only for Longal. Although being recognized as detrimental
for the human health if ingested in significant amounts, par-
ticularly for the cardiovascular system [32, 33], our results
were negligible from the bioactive point of view due to the
small contents. However, our data reinforced that Longal
variety is slightly more sensible to drying than Judia.

Vitamin E

The results obtained for the vitamin E composition for the
two chestnut cultivars along the drying time are shown
in Table 2. The major component was y-tocopherol with
15.5 and 14.6 mg 100 g~ dry matter in Longal and Judia
varieties, respectively, at the time of zero hours, with-
out significant differences between them. However, lower
y-tocopherol contents were observed in Longal variety after
10 h of drying whereas in Judia variety no significant dif-
ferences were detected, showing again Longal to be more
heat sensitive than Judia. For a-tocopherol, the second
most abundant tocopherol, at the beginning (¢ = 0 h) sig-
nificant differences were found between the two varieties
(0.87 and 1.50 mg 100 g~! dry matter for Longal and Judia,
respectively), showing Judia always higher amounts than
Longal along drying. Nevertheless a significant decrease in
a-tocopherol content was observed for the former variety
after 10 h of drying (20.0 %). In terms of 3-tocopherol, no
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significant differences were found between the two vari-
eties at the beginning (¢ = 0 h), with 0.40 and 0.43 mg
100 g~! dry matter for Longal and Judia, respectively.
Again a significant decrease was observed after 10 h of
drying but only for Longal variety (15.0 %).

Until now, there were no studies that had evaluated the
effect of thermal processing on vitamin E composition.
On general, the results of our study showed that the dry-
ing temperature of 50 °C only caused minor losses in some
vitamin E vitamers.

Principal component analysis (PCA)

After performing a PCA to the fatty acid and vitamin E
composition, two principal components were extracted
(PC1 and PC2) that accounted for 71.2 % of the total vari-
ation (Fig. 1). The main variables associated with each
principal component were: PC1—C18:1, C20:0, C20:1,
MUFA and y-tocopherol with positive component load-
ings, as well as a-tocopherol with a negative component
loading; PC2—C16:1, C18:0, C18:2 and PUFA, all with
positive component loadings. PC1 and PC2 explained 46.1
and 25.1 % of the variation, respectively. According to the
PCA the two varieties were clearly differentiated whereas
their lipid profiles along drying time were not so well dif-
ferentiated. These results indicated that chestnut variety
had a more important role than drying at 50 °C on fatty
acid and vitamin E composition, even though some effect
was detected in some specific compounds mainly in Lon-
gal variety.

Conclusions

For the first time the effect of hot air convective dry-
ing on quality and particularly on fatty acid and vitamin
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Fig.1 Loadings and scores plot resulting from the PCA of fatty
acids and vitamin E (L Longal, J Judia; the number after the letter
indicates the drying time in hours)

E composition of slices of two chestnut varieties, Longal
and Judia, was studied. At the beginning significant dif-
ferences were detected between varieties on some major
fatty acids. After 10 h of drying only Longal variety had
significant reductions on some fatty acid contents (C18:0,
C18:1n9, C20:0 and C20:1n9), suggesting this variety to be
more heat sensitive than Judia. Nevertheless, global MUFA
and PUFA contents on both varieties did not decrease after
10 h of drying. From the results obtained it is possible to
conclude that, despite being exposed to hot air drying after
being sliced, no significant differences were observed on
the fatty acid composition of Longal and Judia varieties.
Concerning vitamin E, a decrease on y- and 3-tocopherol
contents was observed in Longal but not in Judia, this last
variety with a decrease observed at o-tocopherol level.
After performing a PCA, it was concluded that variety had
a greater role than drying time on fatty acid and vitamin E
composition. Therefore, although hot air convective drying
could in some situations modify the lipid composition of
this nut, the composition of dried sliced chestnuts at 50 °C
was not much different from fresh chestnut. Thus, low tem-
perature hot-air drying can be efficiently applied to this
healthy and gluten free nut, from which other products can
be produced such as snacks.
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