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Abstract 

Sacha inchi is cultivated commercially in Thailand for its edible kernels and oil. Highest quality 
sacha inchi is normally associated with highest oil content. Samples of 3 maturity stages: green, greenish 
brown, and brown and dry, were collected from 2 different harvests and comparisons were made based on 
composition and antioxidant analysis. In each harvest, all 3 stages were collected from the Phitsanulok 
and Chiang Rai provinces. There were 12 samples plus 2 controls. As maturity increased, moisture 
content of samples decreased, while oil content increased. Oil content ranged from 38.15 - 48.81 g/100 g. 
Protein content ranged from 16.23 - 18.98 g/100 g. Fibre content was 14.50 - 22.24 g/100 g, ash content 
was 2.70 - 3.06 g/100 g, and carbohydrate content was 7.70 - 19.47 g/100 g. The total phenolic content 
(TPC) was 103 - 385 mg/100 g, and antioxidant activity was 9.36 - 13.72 % for DPPH and 5,803.99 - 
10,700 mg Trolox equivalent for FRAP. Average SFA, MUFA, and PUFA contents were 3.35, 4.63, and 
30.91 g/100 g, respectively. Most common FA was omega-6 PUFA, followed by omega-3 and omega-9. 
Omega-6 to omega-3 ratio was 1.12 - 1.56. Samples with highest oil content were brown and dry samples 
harvested from Chiang Rai (47.26 g/100 g oil) and Phitsanulok (46.37 g/100 g oil), which were selected 
to test for amino acids and vitamin E. Nineteen amino acids were detected, with lysine, tyrosine, leucine, 
and glutamic acid predominant. Vitamin E content was 1.02 - 1.42 mg/100 g. For highest quality and 
greatest benefits to health, sacha inchi should be harvested when the shuck is brown and dry. 

Keywords: Sacha inchi, Maturity, Split shuck, Fatty acids, Antioxidant activity 

 

Sample identification 
 
PH, CH Province code: PH: Phitsanulok, CH: Chiang Rai 
CT Control 
PH11, PH12, PH13 
CH11, CH12, CH13 
PH21, PH22, PH23 
CH21, CH22, CH23 

First number: Samples with different Harvest times  (1st in April 2016 and 2nd in 
May 2016) 
Second number: Sample with different Maturity stage (1: green, 2: greenish 
brown, and 3: brown and dried) 
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Introduction 

Sacha inchi (Plukenetia volubilis L.), or “Inca peanut” or “mountain peanut”, is a plant native to 
Peru. The kernels of sacha inchi are high in protein (33 %) and oil (49 %) [1,2]. Intake of sacha inchi oil 
provides health benefits, as shown by many nutritional studies [3-7]. Sacha inchi oil not only lowers 
serum triglyceride and cholesterol but also decreases oxidative stress biomarkers [3]. Sacha inchi oil is of 
particular interest due to its high levels of omega-3 and omega-6 fatty acids [4,5]. These omega fatty 
acids are essential fatty acids that provide important health benefits to humans. Omega-3 fatty acids 
decrease inflammatory markers, blood pressure, and triglycerides [6,7]. Sacha inchi, therefore, has great 
commercial potential, both as a food in itself and as an ingredient to increase the nutritional value of other 
foods [8]. 

Due to growing interest in plant-based sources of omega-3 fatty acids and protein as alternatives to 
animal-based sources, the demand for products developed from sacha inchi kernels, such as enriched and 
nutraceutical foods, continues to rise [9]. A thorough search of literature revealed no previous study of the 
chemical composition and antioxidant activity of sacha inchi in Thailand; thus, the findings in this study 
should be invaluable. 

Sacha inchi growers in Thailand normally harvest the fruits only when they are fully dried with 
opened and brown shuck. No other maturity indices, such as measuring its oil or moisture content, 
counting the number of days after bloom, recording the date of harvest, or weighing of the whole fruit, are 
practiced. Other nuts, such as pecan and almond, are matured when the shucks are still green and split. If 
these nuts are left on the trees until the shucks become fully brown, dry, and split, they will be exposed to 
undesirable weather conditions which would cause deterioration to their quality. Since sacha inchi has the 
same physiological changes as pecan and almond when it is mature, the maturity stages due to colour 
change and split of shuck are ideal for investigation in order to confirm the normal practice of harvesting 
for Thai growers and to provide a simple maturity index of sacha inchi. 

The aim of this research was to investigate the effects of maturity on chemical composition and 
antioxidant activity of sacha inchi (Plukenetia volubilis L.) cultivated in the Phitsanulok and Chiang Rai 
provinces in Thailand. 
 
Materials and methods 

Sacha inchi samples 
The physiological appearance of sacha inchi plants, nut-in-shells, and kernels is shown in Figure 1. 

Five hundred sacha inchi fruits of each of the 3 maturity stages were collected: 1) green, 2) greenish 
brown, and 3) brown and dried (Figure 2), and all 3 stages were collected at 2 harvest times (1st harvest 
in April 2016, and 2nd harvest in May of 2016) to investigate the seasonal variation of agricultural 
products. The control samples consisted of regularly harvested sacha inchi from both locations which had 
been stored for 1 year. 

Sacha inchi cultivated in the Phitsanulok and Chiang Rai provinces, Thailand, were collected due to 
the following reasons: (1) Chiang Rai and Phitsanulok were selected as representative of the upper north 
and lower north areas of Thailand, respectively; (2) Chiang Rai was the 1st sacha inchi cultivated area of 
Thailand, and sacha inchi cultivation is abundant in Phitsanulok province, and (3) sample collection from 
both farms at Chiang Rai and Phitsanulok were recommended by the 1st commercial sacha inchi company 
of Thailand (Tai C.M.S. Standard Industrial Co., Ltd.). 
 

Sample preparation   
After harvesting of the samples, all shucks were removed as soon as possible in order to minimise 

chances of deterioration. The initial moisture content of the kernels was measured. The 500 nuts-in-shells 
of each maturity stage were evenly spread in a separated tray and dried at 65 °C in a hot air oven, with the 
moisture content measured every 6 h until a moisture content of 3 - 5 %was reached. Then, they were 
cracked by hand, and the kernels were separated from the shells. Floating of kernels were carried out to 
separate the floated and sunk kernels, and the kernels were dried at 65 °C in a hot air oven for 3 h. The 
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kernel samples were packed into vacuum cans (100 g of kernels per can) and stored at -18 ± 2 °C until 
analysis. 
 
 

 

Sacha inchi plants 

 

Sacha inchi nut-in-shell 

 

Sacha inchi fresh kernel 

Figure 1 Physiological appearance of sacha inchi plant, nut-in-shells, and kernels. 
 
 

 

1) Green  
 

2) Greenish brown  

 

3) Brown and dry 

Figure 2 The appearance of 3 different maturity stages of sacha inchi. 
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Chemical composition 
The chemical composition of each sacha inchi sample was analysed for moisture, protein, oil, fibre, 

ash, and carbohydrate content using the AOAC [10] procedure. 
 

Total phenolic content 
The TPC of each sacha inchi sample was analysed by the Folin-Ciocalteu calorimetric method, as 

described by Shen et al. [11]. Briefly, 1.0 mL of appropriately diluted standard or extract solution was 
mixed with 0.5 mL of 0.5 N of Folin-Ciocalteu reagent. The reaction was neutralised with sodium 
carbonate (75 g/L) and the absorbance of the resultant blue colour after incubation for 2 h at 23 °C was 
determined with a spectrophotometer. The calibration curve was prepared using gallic acid solution, and 
the total phenolic content and was expressed as mg of gallic acid equivalent (mg GAE) per 100 g dry 
weight. 
 

DPPH scavenging activity 
The radical scavenging activity of each sample was analysed using the DPPH-colorimetric method, 

as described by Murakami et al. [12]. A 200 µL sample aliquot was mixed with 800 µm of 100 mM Tris-
HCl buffer (pH 7.4) and then added to 1 mL of 500 µM DPPH in ethanol (for a final concentration of 250 
µM). This mixture was vigorously shaken and allowed to stand in the dark for 20 min at room 
temperature. Blanks were prepared without sample solution, and absorbance was measured using a UV-
VIS spectrophotometer at 517 nm. The free radical scavenging activity was calculated by taking the 
difference in DPPH radical absorbance at 517 nm between the blank and the sample, using the following 
equation: 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑎𝑎𝑎𝑎𝑣𝑣𝑣𝑣 (%) = 𝐶−𝐴

𝐶
 × 100               (1) 

  
 Ferric reducing antioxidant power (FRAP) 

The ferric reducing antioxidant power (FRAP) of each sample was analysed following the methods 
of Benzie and Strain [13]. The sample extract (200 µL) was mixed with 3 mL of FRAP reagent in test 
tubes and then mixed with a vortex mixer. A blank sample was prepared for both methanol and deionised 
water extracted samples. The samples and blanks were all incubated in a water bath for 30 min at 37 °C, 
and the absorbance of each sample was measured against the blank at 593 nm. A series of stock solutions 
at 200, 400, 800, 1200, and 1600 µm were prepared using an aqueous solution of FeSO4.7H2O as a 
standard curve. The results obtained were expressed as µM of ferrous equivalent Fe (II) per g of sample. 
 

Fatty acid profile, amino acid profile, and vitamin E content 
The fatty acid profile and amino acid profile were analysed using an in-house method TE-CH-208 

[14] based on AOAC 996.06, with the limit of detection of 0.01 g/100 g, and the vitamin E content was 
also analysed using an in-house method [15] based on the protocol of Khon Kaen AGR. J. 42 SUPPL.1: 
2014 in Chiang Rai, Central Laboratory (Thailand) Co. Ltd. Even though the analysis of this part was 
performed in single analysis, the internal quality control of analysis was carried out to ensure the accuracy 
of results. 
 

Statistical analysis 
Results were expressed as mean values with standard deviation (SD) from triplicate experiments. 

Statistical analysis was performed using SPSS v 16.0 (SPSS Inc., Chicago, Illinois, USA), and statistical 
significance was assessed using analysis of variance followed by Duncan’s multiple range test at 95 % 
confidence level (P ≤ 0.05). 
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Results and discussion 

Chemical composition 
The chemical composition of the sacha inchi harvested at the 3 maturity stages and 2 locations are 

presented in Table 1. The initial kernel moisture content of the samples ranged between 4.94 ± 0.22 to 
36.53 ± 0.65 g/100 g and appeared to decrease slightly as the sample changed from one maturity stage to 
the next, particularly the brown and dry samples, which had significantly lower (P ≤ 0.05) moisture 
content than other maturity stages. Due to rain, the 2nd harvest samples had similar initial moisture 
content to the 1st harvest samples. After drying, the kernel moisture content of all the samples ranged 
between 1.54 ± 0.10 to 3.72 ± 0.07 g/100 g. The moisture values were quite similar to the 3.3 ± 0.3 g/100 
g reported by Gutiérrez et al. [16]. A higher moisture content of 8.68 g/100 g for sacha inchi was also 
reported by Bandioli et al. [17]. The protein content of all the samples from both locations ranged 
between 16.23 ± 0.15 to 18.98 ± 0.13 g/100 g. Significantly higher protein contents (18.19 ± 0.17 to 
18.98 ± 0.13) were recorded in all the samples cultivated in Phitsanulok at all 3 maturity stages. The 
protein results obtained in this research were lower than the 24.7 g/100 g and 27 - 33 g/100 g obtained 
from Colombian sacha inchi [16] and Peruvian sacha inchi trees [2], but slightly below the range of 20 - 
30 g/100 g reported for flax seed [18]. The oil content ranged from 38.15 ± 1.01 to 48.81 ± 0.52 g/100 g 
and is within the range of the 35 - 60 g/100 g reported by Hamaker et al. [1]. Bandioli et al. [17] reported 
a similar oil content of 37.69 g/100 g. Samples CH13, CH12, PH23, CH22, and the control sample CHCT 
were significantly higher (P ≤ 0.05) in oil than all other samples. This might indicate that, in order to get 
the best quality sacha inchi, the suitable time of harvest is when the shuck is brown, dry, and opened. 

The fibre, ash, and carbohydrate content ranged between 14.50 - 22.24, 2.70 - 3.06, and 7.70 - 19.47 
g/100 g, respectively. The fibre content was considerably high; hence, sacha inchi would be a good source 
of fibre and the associated economic uses. The ash content was similar to the 2.7 ± 0.04 g/100 g reported 
by Betancur-Hoyos et al. [19], and the carbohydrate content was lower than Betancur-Hoyos et al.’s [19] 
reported 24.5 g/100 g. The lowest fibre content (14.50 ± 0.24 g/100 g) was observed in sample PH11. In 
the case of ash and carbohydrates, the samples from both Phitsanulok and Chang Rai of the 1st harvest at 
all 3 stages had similar ash content except CH13. Similarly, no significant difference in ash content was 
observed between all the samples from the 2nd harvest, including the control samples. The carbohydrate 
content of the 2nd harvest at both locations was similar, with no significant difference (P > 0.05). 
Variation in carbohydrate content was observed only among the samples of the 1st harvest. These 
variations in composition between this study’s samples and the results of other researchers may be 
attributed to the differences in climate, geographical location, or subspecies [16]. The composition of this 
study’s sacha inchi samples is similar to the Canadian flax seed in terms of protein (20 g/100 g), fat (41 
g/100 g), and ash (3.4 g/100 g). Therefore, sacha inchi is another promising alternative fat and protein 
source, given its similarity to flax seed and soybeans. 

 
The total phenolic content and antioxidant activity of sacha inchi 
The total phenolic content (in mg gallic acid/100 g) and antioxidant activity (in mg Trolox 

equivalent) of all the sacha inchi samples was analysed, and the results are shown in Table 2. The 
concentration of phenols ranged between 103.18 ± 1.37 to 385.00 ± 1.81 mg gallic acid/100 g. The 
phenolic content of samples cultivated in both Phitsanulok and Chiang Rai were found to decrease as the 
sacha inchi fruits changed from the green stage to the brown and dry stage, indicating the effect of 
maturity stage on total phenolic content. Total phenolic content as a concept has been found to provide 
many more health benefits than those of essential fatty acids [9]. 

The DPPH (%) antioxidant activities and FRAP of the samples ranged between 9.36 ± 0.09 to 13.72 
± 0.47 % and 6212.01 ± 227.36 to 10700.23 ± 186.90 mg Trolox equivalent, respectively. The antioxidant 
activity as measured by DPPH was found to decrease as the maturity changed from the green stage to the 
brown/dry stage. This might be related to the decrease in total phenolic content which is a natural 
antioxidant in sacha inchi. However, when measured by FRAP, the antioxidant activity increased.  These 
values were higher than the 64.6 to 80 mg GAE/100 g reported by Chirinos et al. [20] for DPPH. Liu et 
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al. [9] also reported 12.82 ± 0.60 and 8.25 ± 0.50 mM gallic acid/kg for the DPPH radical scavenging 
activity in sacha inchi oil. 
 
 
Table 1 Chemical composition of sacha inchi harvested at 3 maturity stages and 2 locations. 

 

Sample Initial kernel 
moisture 

Content (g/100 g dry sample) 
Moisture* Protein Oil Fibre Ash Carbohydrate 

PHCT 4.97 ± 0.09f 2.12 ± 0.13b 18.64 ± 0.18a 41.88 ± 2.35c 18.60 ± 0.11bc 2.70 ± 0.04b 16.08 ± 2.24bc 

PH11 24.84 ± 0.31c 3.00 ± 0.44a 18.64 ± 0.27a 38.15 ± 1.01d 14.50 ± 0.24d 2.76 ± 0.05b 22.88 ± 0.36a 

PH12 26.27 ± 0.10b 2.81 ± 0.21a 18.98 ± 0.13a 41.86 ± 1.12c 18.45 ± 0.22bc 2.72 ± 0.03b 15.18 ± 1.19cd 

PH13 5.25 ± 0.10ef 1.54 ± 0.10c 17.65 ± 0.39b 42.71 ± 2.93c 18.92 ± 0.07b 2.78 ± 0.13b 16.31 ± 3.20bc 

CHCT 4.94 ± 0.22f 1.56 ± 0.07c 16.96 ±0.68b 48.81 ± 0.52a 22.24 ± 1.11a 2.71±0.08b 7.70 ± 1.14e 

CH11 28.19 ± 0.48a 2.05 ± 0.20b 17.31 ± 0.11b 40.94 ± 1.50cd 17.47 ± 1.06c 2.77 ± 0.15b 19.47 ± 2.00ab 

CH12 21.25 ± 0.79d 2.11 ±0.25b 17.54 ± 0.46b 44.20 ± 0.40bc 21.60 ± 1.38a 2.82 ± 0.10b 11.73 ± 1.35d 

CH13 5.79 ± 0.27e 1.42 ± 0.12c 17.25 ± 0.94b 47.26 ± 2.49ab 17.16 ± 0.62c 3.06 ± 0.15a 13.86 ± 4.06cd 

PHCT 4.97 ± 0.09D 2.12 ± 0.13C 18.64 ± 0.18A 41.88 ± 2.35CD 18.60 ± 0.11CD 2.70±0.04 NS 16.08 ± 2.24A 

PH21 36.36 ± 0.36A 2.78 ± 0.21B 18.59 ± 0.39A 42.92 ± 0.79C 17.27 ± 1.01DE 2.77 ± 0.11NS 15.66 ± 1.43A 

PH22 36.37 ± 0.57A 2.16 ± 0.58C 18.22 ± 0.15A 40.09 ± 0.91D 22.19 ± 1.56A 2.78 ± 0.03 NS 14.57 ± 1.64A 

PH23 6.37 ± 0.05C 1.91 ± 0.08CD 18.19 ± 0.17A 46.37 ± 0.98B 16.62 ± 1.27E 2.73 ± 0.10 NS 14.17 ± 0.76A 

CHCT 4.94 ± 0.22D 1.56 ± 0.07D 16.96 ± 0.68B 48.81 ± 0.52A 22.24 ± 1.11A 2.71 ± 0.08 NS 7.70 ± 1.14B 

CH21 36.53 ± 0.65A 2.14 ± 0.07C 16.43 ± 0.05BC 42.24 ± 0.96CD 20.30 ± 0.50BC 2.81 ± 0.03 NS 16.08 ± 1.52A 

CH22 36.21 ± 0.30A 2.14 ± 0.10C 16.23 ± 0.15C 46.09 ± 0.56B 18.82 ± 0.52CD 2.77 ± 0.07 NS 13.94 ± 1.08A 

CH23 28.34 ± 0.19B 3.72 ± 0.07A 16.51 ± 0.17BC 42.05 ± 1.09CD 20.67 ± 0.62AB 2.85 ± 0.11 NS 14.20 ± 1.26A 
*Moisture after drying 
Mean values with different superscript letters in column (same harvest time) indicate significant difference (P ≤ 
0.05). 
PH, CH Province code: PH: Phitsanulok, CH: Chiang Rai 
CT Control 
PH11, PH12, PH13 
CH11, CH12, CH13 
PH21, PH22, PH23 
CH21, CH22, CH23 

First number: Samples with different Harvest times (1st in April 2016 and 2nd in May 2016) 
Second number: Sample with different Maturity stage (1: green, 2: greenish brown, and 3: 
brown and dried) 
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Table 2 Total phenolic content and antioxidant activity of sacha inchi harvested at 3 maturity stages and 2 
locations. 
 

Sample Total Phenolic Content 
(mg gallic acid/100 g wb.) 

Antioxidant activity 

DPPH (%) FRAP 
(mg Trolox equivalent) 

PHCT 120.31 ± 1.44e 12.23 ± 0.28abc 5892.69 ± 79.83ef 
PH11 385.00 ± 1.81a 9.36 ± 0.09f 10700.23 ± 186.90a 
PH12 311.30 ± 1.19b 11.49 ± 0.47cd 10079.33 ± 377.57b 
PH13 103.18 ± 1.37f 11.68 ± 0.84bcd 6212.01 ± 227.36e 
CHCT 116.24 ± 1.81e 12.56 ± 0.05ab 6167.66 ± 81.29ef 
CH11 263.03 ± 0.69d 10.47 ± 0.56e 9006.06 ± 358.00c 
CH12 272.13 ± 3.14c 10.84 ± 0.74de 8562.56 ± 85.54d 
CH13 107.13 ± 8.56f 12.84 ± 0.33a 5803.99 ± 40.65f 
PHCT 120.31 ± 1.44F 12.23 ± 0.28B 5892.69 ± 79.83H 
PH21 380.54 ± 2.47A 11.31 ± 0.56C 9795.49 ± 81.29A 
PH22 337.41 ± 4.28B 10.15 ± 0.14D 9147.98 ± 66.97B 
PH23 156.20 ± 8.08E 13.72 ± 0.47A 6522.46 ± 40.65F 
CHCT 116.24 ± 1.81F 12.56 ± 0.05B 6167.66 ± 81.29G 
CH21 243.64 ± 1.19C 10.43 ± 0.61D 7764.26 ± 85.54C 
CH22 245.62 ± 0.68C 11.17 ± 0.33C 7551.38 ± 15.36D 
CH23 196.16 ± 1.19D 13.35 ± 0.10A 7036.92 ± 46.09E 

Mean values with different superscript letters in column (same harvest time) indicate significant difference (P ≤ 
0.05). 
PH, CH Province code: PH: Phitsanulok, CH: Chiang Rai 
CT Control 
PH11, PH12, PH13 
CH11, CH12, CH13 
PH21, PH22, PH23 
CH21, CH22, CH23 

First number: Samples with different Harvest times (1st in April 2016 and 2nd in May 
2016) 
Second number: Sample with different Maturity stage (1: green, 2: greenish brown, and 3: 
brown and dried) 
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Table 3 Fatty acid composition of sacha inchi harvested at 3 maturity stages and 2 locations. 

Samples 

Fatty acid content (g/100 g wb.) 

Palmiti
c acid 

(C16:0) 

Heptadecanoi
c acid 

(C17:0) 

Stearic 
acid 

(C18:0) 

Arachidic 
acid 

(C20:0) 

Palmitoleic 
acid 

(C16:1n7) 

cis-10-
Heptadecenoic 

acid 
(C17:1n10) 

cis-9-Oleic 
acid 

(C18:1n9c) 

cis-11-
Eicosenoic 

acid 
(C20:1n11) 

cis-9,12-
Linoleic acid 

(C18:2n6) 

gamma-
Linolenic 

acid 
(C18:3n6) 

alpha-
Linolenic  

acid 
(C18:3n3) 

cis-11,14-
Eicosadienoic 

acid 
(C20:2) 

PHCT 1.78 0.02 1.32 0.06 0.02 ND 4.40 0.15 17.14 0.05 15.86 ND 
PH11 1.74 0.03 1.20 0.05 0.02 0.01 3.49 0.12 15.33 0.04 13.43 ND 
PH12 1.68 0.03 1.22 0.05 0.02 0.01 4.08 0.12 15.36 0.04 13.25 ND 
PH13 1.78 0.03 1.30 0.06 0.02 0.01 4.39 0.12 16.29 0.04 13.18 ND 
CHCT 1.58 0.02 1.24 0.05 0.02 ND 3.87 0.14 15.35 0.05 15.80 ND 
CH11 1.68 0.03 1.26 0.05 0.02 0.01 3.34 0.14 16.18 0.05 15.93 0.01 
CH12 1.76 0.03 1.38 0.06 0.02 0.01 3.58 0.16 17.71 0.06 18.21 0.01 
CH13 1.56 0.02 1.37 0.06 0.02 ND 3.66 0.14 15.59 0.05 14.93 0.01 
PH21 2.14 0.04 1.36 0.06 0.03 0.02 5.48 0.11 17.02 0.03 10.15 ND 
PH22 2.03 0.04 1.29 0.06 0.03 0.02 5.22 0.10 16.21 0.03 9.87 ND 
PH23 2.35 0.04 1.59 0.07 0.03 0.02 5.98 0.14 19.71 0.05 13.96 ND 
CH21 2.25 0.04 1.70 0.08 0.02 0.02 5.69 0.14 20.34 0.05 14.07 ND 
CH22 1.94 0.04 1.46 0.06 0.02 0.02 4.83 0.12 17.82 0.04 12.32 ND 
CH22 2.04 0.03 1.51 0.07 0.03 0.02 4.45 0.12 18.02 0.04 12.93 ND 

 
PH, CH Province code: PH: Phitsanulok, CH: Chiang Rai 
CT Control 
PH11, PH12, PH13 
CH11, CH12, CH13 
PH21, PH22, PH23 
CH21, CH22, CH23 

First number: Samples with different Harvest times (1st in April 2016 and 2nd in May 
2016) 
Second number: Sample with different Maturity stage (1: green, 2: greenish brown, and 3: 
brown and dried) 

 
 

Fatty acid composition and profiles of sacha inchi 
The fatty acid composition of sacha inchi harvested at the 3 maturity stages and 2 locations is 

displayed in Table 3. The major fatty acids identified were cis-9, 12-linoleic acid (15.33 to 20.34 g/100 
g), alpha-linolenic acid (9.87 to 18.21 g/100 g), cis-9-oleic acid (3.34 to 5.98 g/100 g), palmitic acid (1.58 
to 2.35 g/100 g), and steric acid (1.20 to 1.70 g/100 g). Betancur-Hoyos et al. [19] reported similar 
palmitic acid (1.85 ± 0.001 %), stearic acid (1.26 ± 0.002 %), palmitoleic acid (0.03 ± 0.001 %), and oleic 
acid (3.4 ± 0.009 %) content, but lower linoleic acid (13.7 ± 0.05 %) and α-linolenic acid (19.9 ± 0.06 %) 
content, in Colombian sacha inchi seeds. Similarly, Chirinos et al. [20] reported palmitic, stearic, oleic, 
linoleic, and α-linolenic acids in the ranges of 1.7 - 2.1 g/100 g, 1.1 - 1.3 g/100 g, 3.5 - 4.7 g/100 g, 12.4 - 
14.1 g/100 g, and 13.2 - 16 g/100 g, respectively, for 16 different cultivars of sacha inchi seeds from Peru. 
Interestingly, Bondioli et al. [17] reported higher fatty acid levels from sacha inchi oil (rather than seeds), 
specifically oleic (8.77 %), stearic (2.65 %), palmitic (3.79 %), linoleic (33.67 %), and linolenic acid 
(50.73 %). It is worth noting that the linoleic acid content of the current study’s sacha inchi samples 
(15.33 to 20.34 %) were competitive with those of flax seed (15.30 %), chia seed (18.89 %) [18], and 
Camelina seed (14.8 %) [21]. 

In general, the samples of the 2nd harvest showed slightly more palmitic acid, heptadecanoic acid, 
steric acid, arachidic acid, palmitic acid, cis-9-oleic acid, and α-linolenic acid. Cis-11, 14-eicosadienoic 
acid was found exclusively in the samples of the 3 stages of harvest 1, cultivated in Chiang Rai; 
specifically, only 0.01 g/100 g was present. Fatty acid content of sacha inchi seeds is generally found to 
be lower than that of sacha inchi oil. Both sacha inchi seeds and sacha inchi oil can serve as viable 
alternative sources of linoleic and linolenic acids in the diet or for nutraceuticals [9]. 

The fatty acid profiles of the sacha inchi samples are shown in Table 4. The polyunsaturated fatty 
acid (PUFA) of the sacha inchi amounted to 27.21 to 35.99 g/100 g, and the highest PUFA content was 
obtained in CH12 (35.99 g/100 g), followed by CH21 (34.46 g/100 g), CH23 (33.74 g/100 g), and CH12 
(32.18 g/100 g). The monounsaturated fatty acid (MUFA) content ranged between 3.51 to 6.17 g/100 g, 
and the highest content was observed in PH23 (6.17 g/100 g), CH21 (5.88 g/100 g), PH21 (5.65 g/100 g), 
PH22 (5.37 g/100 g), and CH22 (5.00 g/100 g), in that order. On the other hand, a low saturated fatty acid 
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(SFA) content was found (2.99 to 4.09 g/100 g). The results were below the ranges of 78.0 - 81.1 %, 10.8 
- 13.2 %, and 7.9 - 9.1 % for PUFA, MUFA, and SFA, respectively, for the 16 cultivars of sacha inch 
seed presented by Chirinos et al. [20] and the 84.2 %, 9.1 %, and 6.8 %, for PUFA, MUFA, and SFA, 
respectively, presented by Gutiérrez et al. [16]. These differences may be due to the quantification 
methods for the sample analysis. The PUFAs named alpha-linolenic acid (ALA, C18:3, omega-3) and 
linoleic acid (LA, C18:2, omega-6) exert beneficial effects on human health by preventing diseases such 
as cancer, arthritis, heart disease, and diabetes [8]. 

No trans-fat was detected in any of the samples, and omega-6 (15401.58 to 20383.17 mg/100 g) was 
slightly higher than omega-3 (9874.20 to 18209.31 mg/100 g) in all the samples. The omega-6/omega-3 
ratio was 1.12 - 1.56. The ratio of omega-3 and 6 to omega-9 fatty acid was about 1.4 to 4.5. Sacha inchi 
has potential as a source to increase the intake of omega-3 and omega-6 fatty acids, although the omega-3 
and omega-6 content is relatively lower than the 1:4 ratio recommended by the World Health 
Organization (WHO) [9]. Intake of omega-3 and omega-6 essential fatty acids has been reported to help 
reduce the risk of heart diseases, arthritis, diabetes, hypertension, attention deficit disorder (ADD), 
hyperactivity, and inflammatory skin diseases [19]. 
 
Table 4 Fatty acid profiles of sacha inchi harvested at 3 maturity stages and 2 locations. 

Samples 
Content (g/100 g wb) 

SFA 
(g/100 g) 

MUFA 
(g/100 g) 

PUFA 
(g/100 g) 

UFA 
(g/100 g) PMS ratio Trans fat 

(g/100 g) 
Omega-3 

(mg/100 g) 
Omega-6 

(mg/100 g) 
Omega-9 

(mg/100 g) 
PHCT 3.18 4.57 33.06 37.63 10.40:1.44:1 ND 15860.14 17189.89 4397.46 
PH11 3.03 3.65 28.81 32.46 9.51:1.20:1 ND 13431.39 15370.80 3490.80 
PH12 2.99 4.23 28.66 32.89 9.59:1.41:1 ND 13248.29 15403.58 4075.72 
PH13 3.17 4.55 29.52 34.07 9.31:1.44:1 ND 13183.06 16329.85 4386.73 
CHCT 2.90 4.04 31.21 35.25 10.76:1.39:1 ND 15802.68 15401.16 3871.92 
CH11 3.03 3.51 32.18 35.69 10.62:1.16:1 ND 15933.75 16235.79 3337.47 
CH12 3.23 3.77 35.99 39.76 11.14:1.17:1 ND 18209.31 17766.76 3576.37 
CH13 3.02 3.83 30.59 34.42 10.13:1.27:1 ND 14934.22 15638.59 3664.51 
PH21 3.60 5.65 27.21 32.86 7.56:1.57:1 ND 10150.25 17056.22 5484.19 
PH22 3.43 5.37 26.13 31.50 7.62:1.57:1 ND 9874.20 16251.91 5216.85 
PH23 4.06 6.17 33.74 39.91 8.31:1.52:1 ND 13962.76 19766.16 5979.99 
CH21 4.09 5.88 34.46 40.34 8.43:1.44:1 ND 14070.75 20383.17 5688.45 
CH22 3.51 5.00 30.18 35.18 8.60:1.42:1 ND 12317.60 17861.22 4827.60 
CH22 3.66 4.62 30.99 35.62 8.47:1.26:1 ND 12927.71 18059.54 4450.38 

 
PH, CH Province code: PH: Phitsanulok, CH: Chiang Rai 
CT Control 
PH11, PH12, PH13 
CH11, CH12, CH13 
PH21, PH22, PH23 
CH21, CH22, CH23 

First number: Samples with different Harvest times (1st in April 2016 and 2nd in May 
2016) 
Second number: Sample with different Maturity stage (1: green, 2: greenish brown, and 3: 
brown and dried) 

 
 

Amino acid composition of sacha inchi 
Table 5 shows the amino acid composition of the 2 sacha inchi samples (PH13 and CH13) selected 

for their high oil content. The amino acid content of sacha inchi harvested from Phitsanulok tended to be 
higher compared to those harvested from Chiang Rai. The sacha inchi cultivated in both locations were 
rich in both essential and non-essential amino acids. The predominant essential amino acids found were 
lysine (4771 to 5384 mg/100 g), tyrosine (3780 to 3273 mg/100 g), leucine (3043 to 2959 mg/100 g), 
isoleucine (1387 to 1714 mg/100 g), histidine (1183 to 1427 mg/100 g), phenylalanine (1221 to 1550 
mg/100 g), and valine (1050 to 1284 mg/100 g). The predominant non-essential amino acids were 
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glutamic acid (1593 to 2027 mg/100 g), aspartic acid (1215 to 1495 mg/100 g), and glycine (967 to 1069 
mg/100 g). The samples had lesser amounts of threonine (325 to 362 mg/100 g), methionine (120 to 147 
mg/100 g), hydroxyproline (19 to 58 mg/100 g), and hydroxylysine (< 5.0 mg/100 g), followed by 
alanine, serine, and proline. 

Guillen et al. [4] reported that the Peru sacha inchi had protein content of 27 g/100 g and the 
predominant amino acids were cystine, tyrosine, threonine, and tryptophan, which were different from 
this study. This could be due to differences in variety, location, climate, farm management, harvest 
period, and analytical method [20]. 

In comparison with other protein rich seeds, sacha inchi has similar alanine content to camelina 
(4.61 %, equiv 0.462 mg/100 g), rape seeds (4.0 %), and soya seeds (4.8 %), and similar aspartic acid 
(12.7 and 12.4 %) and glutamic acid (19.0 and 26.4 %) content to soya and flax seeds, respectively. On 
the other hand, higher contents of lysine, leucine, tyrosine, cysteine, and valine were obtained from sacha 
inchi than from camelina, rape, soya, or flax seeds [21,22]. 
 
 
Table 5 Amino acid composition and vitamin E (α-Tocopherol) content of the selected samples. 

Amino acids Content (mg/100 g wb) 
PHCT PH13 CHCT CH13 

Alanine 458 482 407 397 
Aspartic acid 1495 1359 1215 1234 
Cystine 1378 1883 1555 1723 
Glutamic acid 2027 1838 1593 1630 
Glycine 1065 1069 967 1050 
Histidine 1427 1410 1183 1413 
Hydroxylysine < 5.00 < 5.00 < 5.00 < 5.00 
Hydroxyproline 19 58 43 20 
Isoleucine 1714 1671 1387 1391 
Leucine 2959 3043 2434 2479 
Lysine 5132 5180 4771 5384 
Methionine 147 140 120 123 
Phenylalanine 1550 1594 1221 1243 
Proline 688 640 554 569 
Serine 437 438 400 412 
Threonine 362 356 325 343 
Tryptophan 689 805 607 708 
Tyrosine 3458 3780 3273 3304 
Valine 1284 1211 1050 1085 
Vitamin E (α-Tocopherol) content 1.31 1.02 1.18 1.42 

 
PHCT: Control from Phitsanulok province 
PH13: Sample from Phitsanulok province, harvested 1, maturity stage 3 
CHCT: Control from Chiang Rai province    
CH13: Sample from Chiang Rai province, harvested 1, maturity stage 3 
 

Vitamin E content 
The vitamin E content (α-Tocopherol) of the sacha inchi samples is also displayed in Table 5. The 

sample cultivated in Chiang Rai (CH13) had slightly higher α-tocopherol (1.42 mg/100 g) than what was 
found in the sample PH13 cultivated in Phitsanulok (1.02 mg/100 g). A lower α-tocopherol of 0.99 ± 0.06 
mg/100 g was recorded from sacha inchi nut by Souza et al. [23]. However, the current results are in line 
with the report of Chirinos et al. [20], who obtained 1.13 - 1.27 mg/100 g from 16 different cultivars of 

https://en.wikipedia.org/wiki/Tryptophan
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sacha inchi from Peru. The total tocopherol content of sacha inchi was reported to be 225.9 mg/100 g, of 
which α-tocopherol was 142.99 mg/100 g [17]. The differences in vitamin E content of sacha inchi from 
the Chiang Rai and Phitsanulok provinces and from other studies could be due to differences in variety, 
location, climate, farm management, harvest period, and analytical method [20]. 
 
Conclusions 

The sacha inchi cultivated in both the Phitsanulok and Chiang Rai provinces was found to be 
characterised by excellent antioxidant activity and good fatty acids profiles. The high PUFA content of 
sacha inchi makes it a promising alternative to other plant-based sources. The current findings show that 
the highest quality sacha inchi, with the most health benefits, is found in fruits harvested when the shuck 
is brown and dry.  

 
Recommendations 

As nut foods usually contain a rich source of phosphorous lipids or P-containing lipids and 
beneficial minerals such as iron, the content of these chemical compositions in sacha inchi should be 
further analysed in order to provide data to industries. 
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