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Abstract Due to the strong bitter taste, sacha inchi seeds

are usually consumed after roasting, which also contributes

to the elimination of antinutrients. Sacha inchi plants fully

adapted to cultivation under sub-tropical climate conditions

were produced in southeastern Brazil. Our main goal was

to evaluate the effect of dry heating (roasting) on the

antinutrient content of these seeds. We also investigated

the effects of the applied roasting treatments on the

antioxidant activity, proximate composition and oxidative

stability of the seeds. To the best of our knowledge, this is

the first report on antinutrients of sacha inchi seeds culti-

vated under sub-tropical conditions, outside their native

tropical environment. Except for saponins, which are not

heat-labile compounds, the contents of all assessed antin-

utrients continually reduced with the increase in roasting

temperature. Roasting improved antioxidant activity and

phenolic content in the seeds at the highest temperature.

Oxidation changes occurred in the seed oil, and they

increased with temperature. However, maximum peroxide

value was within the acceptable consumption limits. As a

conclusion, roasting treatments can be applied to minimize

the antinutrient potential in sacha inchi seeds. Knowledge

on the composition and proper processing of sacha inchi

cultivated under sub-tropical conditions may support future

efforts focused on the development of new production

areas.
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Introduction

Plukenetia volubilis Linneo is an oil seed naturally found in

regions of tropical rainforest climate of northern South

America, such as Venezuela, Peru, Bolivia and Brazil. The

crop is well-known by the Peruvian population as sacha

inchi, meaning ‘‘forest peanut’’ (Bussmann et al. 2009).

With the current trend in finding ‘‘super-foods’’, great

attention has been focused on sacha inchi as a novel source

of omega-3 fatty acids. Although marine oils are consid-

ered the primary source of long-chain polyunsaturated fatty

acids (LC-PUFAs), sacha inchi oil has been directly con-

sumed as a supplement or incorporated into other foods and

cosmetics for its high polyunsaturated fatty acid (PUFA)

content, which includes 45–55% linolenic acid.

Sacha inchi belongs to Euphorbiacea, a family of plants

that includes many species known to produce metabolites

of toxicity to humans and livestock (Seigler 1994). Ther-

mal treatments have been largely used to inactivate antin-

utrients and improve the general flavor of seeds (Nidhina

and Muthukumar 2015). Indigenous peoples have tradi-

tionally consumed sacha inchi after roasting the seeds, to

eliminate its beany taste and digestive impairments. On the

other hand, roasting may contribute to accelerate seed
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Piracicaba, SP CEP 13418-900, Brazil

2 Laboratory of Toxinology, Department of Clinical Analysis,

Toxicology and Food Science, School of Pharmaceutical

Sciences of Ribeirão Preto, University of São Paulo, Av. Do
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lipids oxidation with some effects on shelf-life. Although

the effects of roasting on the sacha inchi oil have been

studied (Cisneros et al. 2014), there is little data regarding

its antinutrients.

Growing interest in sacha inchi’s products lead to the

investigation of its cultivation performance outside the

Amazonian environment. Recent propagation studies,

conducted in a subtropical climate region of Brazil,

demonstrated the feasibility of producing this crop under

milder conditions (Rodrigues et al. 2014). In light of these

findings, we aimed to investigate the presence of antinu-

trients in the seeds produced by these experiments and how

they are affected by roasting. Additionally, we have eval-

uated the effects of the applied dry-heat on the proximate

composition, antioxidant activity and oil stability.

Materials and methods

Cultivation of the plant material

Around 2010, sacha inchi seeds originated from Amazo-

nian Colombia were sown in southern Brazil, where cli-

mate and soil characteristics are quite different from

conditions found in the Amazon region. This endeavor

generated strong vigorous plants. From one of these plants,

an experiment was set with the goal of comparing horti-

cultural features between plants obtained via seminal and

in vitro (Rodrigues et al. 2014). The experimental field was

installed at the University of São Paulo in the city of

Piracicaba, Brazil (22�4203000S; 47�3800000W), at 546 m

altitude. Eucalyptus stakes and steel wires were used in the

guidance of 36 plants (30 originated from seminal propa-

gation). Cultivation was performed in clay acidic soil in a

zone of humid subtropical climate (Cwa in the Köppen–

Geiger classification), characterized by cool and dry win-

ters and hot summers, with average annual temperature of

21.1 �C. Both tissue culture and seed-propagated seedlings

of sacha inchi exhibited good agronomic field performance.

Offspring seeds of the plants propagated via seminal in this

experiment were harvested during the year of 2015 and

used in the present study.

Materials and reagents

HPLC grade isoctane, ethanol and methanol were obtained

from J. T. Baker (Phillipsburg, NJ, USA). Trolox (6-hy-

droxy-2,5,7,8-tetramethylchroman-2-carboxylic acid),

AAPH (2,20-Azobis(2-methylpropionamidine) dihy-

drochloride), DPPH (2,2-Diphenyl-1-picrylhydrazyl),

ABTS (2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic

acid) diammonium salt), vanillin, catechin, L-BAPNA (N-

Benzoyl-L-arginine 4-nitroanilide hydrochloride),

fluorescein, p-anisidine, trypsin, diosgenin, 5-sulfosalicylic

acid hydrate, phytic acid, resin Dowex 1 9 4 chloride

form, gallic acid and sodium carbonate were Sigma-

Aldrich (St Louis, MO, USA). Microplates were provided

by Greiner Bio-one (Frickenhauser, Germany). All ana-

lytical grade reagents were purchased from Synth (Di-

adema, SP, Brazil).

Seed collection and roasting

Sacha inchi is a dehiscent plant. When mature, seeds are

self-dispersed (autochory), a common trait of the Euphor-

biaceae family. As the plant’s capsule (fruit) becomes dry,

its lobes open up releasing the seeds onto the ground.

Almost year-round, fruits at a wide range of maturity can

be found in sacha inchi plants. Mature seeds remain inside

the capsules of the plant for a period of approximately

2 weeks before being released. However, harvest was

carried out after a brief period of rain and, for that reason,

lobes containing mature seeds remained closed for longer

than usual. For that reason, after harvest, capsules were

placed in a ventilated oven at 35 �C for 3 h to allow dry-

ness and partial opening of the lobes. Seeds were fully

unshelled and uncoated carefully to maintain integrity, and

further divided into 4 groups comprising the three treat-

ments of roasting temperatures and raw seeds, as the con-

trol. Roasting was performed for 15 min in a non-

ventilated laboratory oven at 80 ± 1 �C, 120 ± 1 �C and

160 ± 1 �C, namely T80, T120 and T160, respectively.

After cooling to room temperature, seeds were finely

ground and stored at - 4 �C until analysis.

Proximate composition

Analyses of proximate chemical composition were carried

out according to the Association of Official Analytical

Chemists (1990). Crude protein was determined by micro-

Kjeldahl analysis (6.25 9). Fiber content was analyzed

according to Asp et al. 1983. Carbohydrates were deter-

mined by percentage difference. For each of the four

samples, analyses were carried out in triplicates.

Antinutritional factors

Tannins

Tannins were determined by the vanillin/HCl spectroscopic

method described by Price et al. 1980. 0.5 g of the ground

uncoated seeds were extracted with 10 mL methanol. The

mixture was shaken for 20 min, centrifuged for 20 min at

4000 rpm and the supernatant was collected, completing

the volume to 10 mL. To 1 mL of extract were added 5 mL
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of 1% vanillin in 8% HCl/methanol. The test tube was

covered in tin foil and kept under agitation for 20 min at

30 �C. Readings were performed at 500 nm. Catechin

dilutions were used as standard to compose a calibration

curve. Results were expressed as catechin equivalents (CE

mg/100 g sample).

Phytic acid

Quantification was based on Latta and Eskin (1980) using

the Wade reagent (a mixture of 0.3 g FeCl3 � 6H2O in

10 mL H2O and 0.03 g sulfosalicylic acid in 10 mL H2O).

Samples (0.5 g) were digested in 10 mL aqueous 0.65 N

HCl for 1 h under agitation and centrifuged for 10 min at

3000 rpm. Fifteen milliliters of the supernatant, previously

diluted ten times in distilled water, were eluted in an ion

exchange resin column with 0.7 M sodium chloride. A

fraction of 5 mL was collected and added to 1 mL of Wade

reagent in stoppered test tubes. The tube was mixed and

readings were performed at 500 nm after a 15-min incu-

bation period. A curve was built using 5 mL of phytic acid

dilutions as standard (0.005–0.05 mg/mL) with the addi-

tion of 1 mL Wade reagent. Water was used instead of the

sample as the blank.

Saponins

Total saponins were extracted with 50% aqueous ethanol

(see preparation of antioxidant extracts) and determined

according to Hiai et al. (1976). Sample extract (500 lL)
was added to a glass tube containing 5 mL 72% sulfuric

acid. After adding 500 lL of 8% vanillin/ethanol solution,

tubes were closed with glass stoppers and mixed in vortex.

Incubation took place in a 60 �C water bath for 10 min. A

stock solution of diosgenin 1 mg/mL was prepared in 50%

ethanol and diluted to generate solutions ranging from 0.05

to 0.3 mg/mL. Readings were performed at 540 nm and

saponins were expressed as diosgenin equivalents.

Hemagglutinating activity

Hemagglutinating activity test was executed according to

Nowak et al. (1976) with modifications described by

Mendonça-Franqueiro et al. (2011). Approximately 1 g of

ground seeds were resuspended in 10 mL PBS. The mix-

ture was kept under stirring at room temperature for 2 h.

The material was centrifuged at 10.000 rpm for 10 min and

the supernatant collected. The assay was performed in

96-well round-bottom plates, where 100 lL of the phos-

phate-buffered saline (PBS) solution containing human red

blood cells at 4% were added to 50 lL of samples at dif-

ferent dilutions (1:1–1:105) and incubated at room tem-

perature for 2 h. Formation of a net of red blood cells

characterized hemagglutination, whereas a settling button

of erythrocytes was observed at the bottom of the well for

samples with no agglutination activity. Results are the

minimal concentration in which the seed extract presents

hemagglutinating activity.

Trypsin inhibitor activity

Trypsin is capable of cleaving L-BAPNA releasing the

colorimetric agent p-nitroaniline. Thus, the ability of the

samples to reduce this activity was determined according to

Kakade et al. (1974), using 1 mM L-BAPNA substrate in

Tris buffer (pH 8.2; 20 mM CaCl2). One hundred mil-

ligrams of each sample were resuspended in 1 mL of a

10 mM NaOH solution, adjusting the pH to 9.5. Samples

were vortexed for 5 min and kept under stirring at room

temperature for 2 h. After centrifugation at 10.000 rpm for

10 min, the supernatant was collected for analysis. A cal-

ibration curve was drawn from a seriated dilution of a

20 lg/mL trypsin solution in 1 mM HCl. Reaction was

carried out in a 96-well flat-bottom plate, in which 45 lL
Tris buffer, 45 lL of trypsin solution and 110 lL of

L-BAPNA were added. Reaction was monitored using a

Spectramax 190 reader (Molecular Devices, California,

USA) for 10 min, at 410 nm.

Antioxidant capacity

Preparation of extracts

The antioxidant capacity of foods can be better assessed by

means of solvent extracts, with the goal of concentrating

and isolating the compounds of interest from the sample’s

matrix. It is known that antioxidant compounds of polar

nature can be highly effective in protecting lipids by acting

on oil interface (Laguerre et al. 2015). Roasting has been

reportedly responsible for the development of Maillard-

derived compounds of polar nature that may present

antioxidant activity (Pellegrini et al. 2003). Therefore, we

chose to perform antioxidant capacity in vitro assays using

polar extracts obtained from the 4 groups of seeds of this

study. The choice of solvent for ethanol was based on

preliminary tests comparing the extractability of aqueous

solutions of ethanol, acetone and methanol (data not

shown).

Approximately 20 mL of 50% aqueous ethanol were

added to 2 g of sample in an Erlenmeyer flask kept at room

temperature under agitation for 24 h. Extracts were cen-

trifuged and the collected supernatant was evaporated to

dryness at 45 �C by rotary evaporation. Residues were

suspended in 5 mL methanol and stored in freezer until

analysis.

J Food Sci Technol (October 2018) 55(10):4159–4166 4161

123



Total phenolic content (TPC)

TPC was determined using the Folin–Ciocalteau reagent

according to de Camargo et al. (2015). To 20 lL of the

prepared extract, 100 lL of the Folin–Ciocalteau reagent

were added. After 5 min, aqueous sodium carbonate 7.5%

was added to complete a final volume of 195 lL in each

well. Readings at 740 nm were performed after incubation

for 40 min. Dilutions of gallic acid were used as the

standard phenolic to build a calibration curve. Results were

calculated using the equation from the standard curve, and

expressed as gallic acid equivalents (mg GAE/100 g seed).

All antioxidant assays were performed using a microplate

reader spectrophotometer SpectraMax M5 (Molecular

Devices, California, USA) and carried out in triplicates

(three readings per sample).

DPPH

DPPH method (1,1-diphenyl-2-picrylhydrazyl) was asses-

sed based on Al-Duais et al. (2009). Trolox was used as

standard to generate a calibration curve. DPPH 150 mM

solution was mixed with 66 lL of the sample extract to

reach a final volume of 200 lL in each well. Readings

were performed at 517 nm after a 45-min incubation

period.

TEAC/ABTS1

The TEAC/ABTS assay was based on Al-Duais et al.

(2009). To liberate the ABTS radical cation, 88 lL of

aqueous potassium persulfate was added to 5 mL of 7 mM

aqueous ABTS. Trolox was used as standard to generate a

calibration curve. Either 20 lL of sample, potassium

phosphate buffer (as blank) or standard were added to

220 lL of the ABTS solution. Readings were made at

734 nm after a 5-min incubation period.

Oxidative stability

Oil extraction

Sacha inchi oil was obtained from all samples through

solvent extraction at room temperature. Approximately,

5 g of ground seeds were transferred to stoppered Erlen-

meyer flasks and extracted with 30 mL n-hexane under

agitation for 4 h. The content was then filtered and con-

centrated using rotary evaporator at 30 �C to yield

approximately 1.9 g of oil. Oil aliquots were stored at

- 4 �C until analysis. Three oil-extractions were per-

formed per sample and the following determinations were

carried out in triplicates.

Absorptivity in the UV spectrum

Oil samples were weighed (0.100 g) into 10 mL volumet-

ric flasks and dissolved in isooctane. Determinations of

conjugated dienes and trienes were performed at 232 and

270 nm, respectively, using a UV–VIS spectrometer

(model UV-1203, Shimazu, Japan), with 1 mm path-length

quartz cuvette.

Peroxide value and anisidine value

Peroxide value (PV) was determined by the iodometric

AOCS method Cd 8b-90 (2003). Anisidine value (AnV)

was carried out according to method Cd 18-90 (AOCS,

2003).

Statistical analysis

Significance among means was established by one-way

ANOVA, at the level of p\ 0.05, using Minitab 17.0

statistical software (Minitab Inc., State College, PA, USA)

and Tukey’s test for multiple comparisons.

Results and discussion

Proximate composition

Results of the proximate composition of raw and roasted

sacha inchi seeds are presented in Table 1. From control to

T160, samples displayed gradual increase in browning,

occurring more intensively in T160. As expected, the

higher the temperature applied, the greater was moisture

loss. Roasting did not affect fiber, ash, protein and fat

contents significantly (p\ 0.05). Gutiérrez et al. (2011)

found similar results for protein (24.7%) and ash (4.0%)

content, but considerably different for fat content (42.0%)

in sacha inchi seeds of Colombian origin. Fat content was

comparable to those found by Martı́nez-Herrera et al.

(2006) (57.2–55.3%) for Jatropha curcas of different

agroclimatic regions of Mexico. The high fat content in

sacha inchi seeds reveal its potential as a source of oil that

could be used for many nutritional, industrial and phar-

maceutical applications.

Antinutrients

The many ways in which food is processed can influence

the content of its nutrients, antinutrients and other bioactive

compounds. Levels of all the assessed antinutrients in

sacha inchi seeds (Table 2) were affected by roasting

treatments. Tannins were only detected in the control

group, indicating the effectiveness of treatments for tannin
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decomposition. The detected content was low, compared to

those found in legumes, such as common beans

(6.9–32.4 mg/g) (Guzmán-Maldonado et al. 1996). Tannin

content was, however, comparable to other species of

Euphorbiaceae: Jatropha curcas (0.04 mg/g) (Makkar

et al. 1998) and Ricinus communis (0.35 mg/g) (Akande

et al. 2012). Despite presenting antioxidant, antibacterial

and aflatoxin inhibitory activities (Mahoney and Molyneux

2004), many tannins have been associated to negative

effects on both taste and digestibility of foods.

Phytic acid in its salt form, known as phytates, bind with

key enzymes involved in the breakdown of nutrients,

negatively affecting digestibility and bioavailability of

proteins and micronutrients. Roasting significantly reduced

phytic acid levels at all temperatures, showing over 11-fold

reduction from control to T160. Although the activity of

existing phytases can be reduced with heat (Blaabjerg et al.

2010), phytates were decomposed by thermal treatments.

Heat-induced physical changes within the seed may have

facilitated the exposure of phytates to enzymatic

degradation.

Saponins are a class of compounds comprising glu-

coside units linked to either a triterpene or steroid. In the

past, saponins were regarded as antinutrients due to

hemolytic properties and toxicity to fish (Lacaille-Dubois

and Wagner 1996). Nowadays, these natural surfactants are

desired by the food and beverage industry. Saponin content

increased significantly with roasting temperature, which

agrees with the work of Reddy and Pierson (1994) stating

that saponins are not destroyed by heat. As proteins and

cell walls constituents endure chemical changes during

roasting, saponins may have been released from their sites

in the seed matrix and become more available for detection

in the analysis (Chen et al. 2007).

Agglutinating activity of red blood cells is a direct

indicative of the presence of lectins. This class of proteins

is largely found in plants of Leguminosae, but has also

been detected in many species of Euphorbiacea (Nsimba-

Lubaki et al. 1986). The control sample presented high

agglutinating activity on erythrocytes. After heat treat-

ments, the minimal concentration of sample necessary to

generate hemagglutination increased with the temperature.

Hemagglutinating activity dropped 92-fold from control to

T160. Similar results were found by Aregheore et al.

(2003), demonstrating heat-induced inactivation of lectins

in Jatropha curcas meal. The undesired effects derived

from lectin ingestion by humans and other non-ruminants

are mainly related to impairment of the digestive system on

several levels. As observed, such effects could be mini-

mized after heating the whole seeds for a short period.

Similarly to lectins, trypsin inhibitors are protein-based

agents with special importance to the animal feeding

Table 1 Chemical proximate

composition of raw and roasted

sacha inchi seeds (g/100 g dry

matter basis)

Component Control T80 T120 T160

Moisture 5.54 ± 0.3c 5.05 ± 0.2c 3.52 ± 0.3b 0.80 ± 0.2a

Ash 2.90 ± 0.1a 2.97 ± 0.2a 3.00 ± 0.1a 3.02 ± 0.3a

Fat 54.7 ± 0.3a 54.8 ± 0.3a 54.6 ± 0.2a 54.3 ± 0.4a

Protein 29.2 ± 0.2a 29.0 ± 0.1a 28.9 ± 0.2a 28.8 ± 0.5a

Total fiber 6.61 6.23 6.58 6.47

Insoluble 0.51 ± 0.7a 0.44 ± 0.3a 0.45 ± 0.4a 0.48 ± 0.8a

Soluble 6.10 ± 0.9a 5.79 ± 0.7a 6.13 ± 0.7a 5.99 ± 0.4a

Carbohydrate (by difference) 6.59 7.00 6.92 7.43

Results are mean ± SD. Letters (a, b, c) represent significant difference between samples. Determinations

were carried out in triplicates

Table 2 Antinutritional factors in sacha inchi seeds

Tannins (mg/g

seed)

Phytic acid (mg/g

seed)

Saponins (mg/g

seed)

Hemagglutination (lg seed/

mL)

Trypsin inhibitor activity (lg/g
seed)

Control 0.19 ± 0.0 59.4 ± 1.0a 7.02 ± 0.2a 0.68 32.2 ± 1.1a

T80 nd 45.7 ± 1.0b 7.83 ± 0.5b 0.97 23.8 ± 0.7b

T120 nd 39.1 ± 0.6c 8.49 ± 0.3c 3.36 12.6 ± 1.2c

T160 nd 5.43 ± 0.4d 10.85 ± 0.4d 62.5 1.93 ± 0.9d

Results are mean ± SD. Letters (a, b, c, d) represent significant difference between samples. Determination of tannins, phytic acid and saponins

was carried out in triplicates. Hemagglutination and trypsin inhibitor activity assays were performed in duplicates. nd not detected
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industry due to their digestive adverse effects, which

include high pancreatic toxicity, growth inhibition and

overall reduction of digestive efficiency (Reddy and Pier-

son 1994). Since most trypsin inhibitors are thermolabile,

heat-treatments have been used in meals as feed, as in

soybeans (Vollmann et al. 2003). Trypsin inhibitor activity

was reduced in 26.3% from control (32.2 lg/g) to T80

(23.7 lg/g). This reduction continued with the increase in

temperature, first in T120 (57.7%), and finally in T160

(92.4%). Similarly, Armour et al. (1998) managed to

reduce lectin and trypsin inhibitor activities to minimal

levels in soybean seeds, using moist heat treatments at

100 �C for 10 min of exposure. Kadam and Smithard

(1987) also indicated higher efficiency of temperatures

above 100 �C in the minimization of the inhibitory activity

of trypsin in winged bean.

Antioxidant capacity

Reduction of the radical cation ABTS�? by sacha inchi

extracts is shown in Fig. 1. Extracts presented decreasing

activity from control (0.49 lmol TE/g seed) to T120

(0.37 lmol TE/g seed), later increasing in T160

(0.61 lmol TE/g seed). The extract with higher scavenging

effect on DPPH radicals (Fig. 1) was T160 (0.44 lmol TE/

g seed), showing up to 13% increase as compared to its

counterparts. TPC analysis (Fig. 1) revealed that antioxi-

dant activity decreased from control (0.09 mg GAE/g seed)

to T80 (0.07 mg GAE/g seed), increasing in T120

(0.09 mg GAE/g seed) and again in T160 (0.12 mg GAE/g

seed), which was 22% higher than control. The ORAC

assay showed that the sample’s capacity of scavenging

peroxyl radicals significantly increased with roasting at

160 �C (0.12 lmol TE/mg seed) in comparison to control

(0.11 lmol TE/mg seed). Overall, T160 displayed the

highest antioxidant activity between samples. Similarly,

Cisneros et al. (2014) found that the highest roasting

temperature (102 �C for 10 min) resulted in greater

antioxidant activity, assessed in sacha inchi oil. This heat-

induced increase in TPC and antioxidant activity has been

reported for other foods (Xu et al. 2007). In nature, phe-

nolic compounds are found in their free form or covalently

associated to other groups or molecules (Andjelkovic et al.

2006). Processing of foods, including roasting, can break

up this linkage, thus increasing antioxidant activity. Also,

in the roasting process, compounds of antioxidant activity

derived from Maillard reactions are generated, which can

also help explaining the increased antioxidant activity in

samples roasted at temperatures (Pellegrini et al. 2003).

Oxidative stability

The oxidative status of sacha inchi oil was assessed by

three methodologies to identify occurring changes on dif-

ferent stages of oxidation (Table 3). Absorptivity in the UV

region is used in the evaluation of primary oxidation

products, such as conjugated dienes and trienes. As

expected, the control presented the lowest oxidation levels.
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Fig. 1 Antioxidant activity of
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Thermally treated samples, however, showed no significant

difference in diene measurements among them, but the

presence of trienes increased with temperature. In oils with

high content of polyunsaturated fatty acids, such as sacha

inchi oil, it is essential to perform measurements at the

region of max absorption for trienes (270 nm) to ensure a

correct assessment of its oxidative status. Peroxide Value

(PV) also increased with temperature, starting from

3.46 meq O2/kg oil (control) to 6.89 meq O2/kg oil (T160).

PV of the control can be considered high for a fresh cold-

pressed oil sample. Seeds were harvested after a long

period they maturated, and had not fallen off because of the

rainy period. It is possible that this could have negatively

affected the sample’s oxidative status, considering the

susceptibility of sacha inchi oil to oxidation reactions due

to high linolenic acid content. Similar results have been

found before by Anjum et al. (2006) for crude sunflower

seed oil obtained by cold pressing (3.77 meq O2/kg).

Herchi et al. (2012) have found that PV increases according

to flaxseed maturation in the field, reaching a maximum of

3.22 meq O2/kg 42 days after flowering (DAF). The

overall PV obtained for any of the samples is considered

within acceptable quality limits (\ 10 meq O2/kg oil)

(Codex Alimentarius 2015). Anisidine Value (AnV) cor-

relates to the presence of volatile compounds produced in

the final stages of oxidation reactions. AnV also followed a

trend along with temperature, increasing in over 4.2-fold

from control to T160. These findings indicate there was

significant formation of secondary oxidation products

throughout the roasting process. Although there is no

official standardized limit for AnV in vegetable oils, the

generally accepted limit is 10 (Mathäus 2010). For fish oils

and high omega-3 supplements the stablished limit is 20,

which places all oil samples used in this study within

acceptable quality limits (Ismail et al. 2016). It is important

to notice that the increase in PV and AnV from 120 to

160 �C was the smallest in comparison to the oxidation-

related changes found in the lower temperatures. This may

be due to the higher antioxidant activity found at T160, as

previously explained.

Conclusion

Apart from saponins, roasting reduced the contents of all

assessed antinutrients. Oven-roasting sacha inchi seeds at

160 �C for 15 min significantly reduced overall antinutri-

ent content and improved antioxidant activity. Oxidation-

related changes that occurred as consequence of roasting

were within generally accepted oil quality limits. Roasting

demonstrated to be a simple and effective procedure that

can reduce antinutritional potential in sacha inchi seeds.

Knowledge on the composition and processing of seeds of

Plukenetia volubilis cultivated under sub-tropical condi-

tions may endorse forthcoming actions involving novel

production regions.
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