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Abstract
Recent shifts in consumer behavior have heightened interest in healthier 
food products, pressuring the food industry to develop and research 
healthier products. Sacha inchi (SI) is an edible seed that is rich in healthy 
fats (ω-3, ω-6) and protein. Typically, the seeds are roasted prior to 
consumption. It has potential use in food for health. This study presents 
an alternative approach to utilizing SI as a fat replacer in meat products 
at 50% and 100% substitution levels, addressing a significant gap in 
the literature. While SI has been recognized for its nutritional value, its 
inherent bitterness and astringency necessitate processing modifications 
before application. The investigation examined different thermal 
processing methods (toasting at 120°C and 160°C, and roasting at 
180°C) for reducing SI sensory limitations and enhancing its applicability 
in food systems. The research employed a systematic comparison 
of these thermal processing methods, analyzing physicochemical 
properties, protein content, fatty acid composition, and total fat content. 
Results demonstrated that 100% SI replacement enhanced emulsion 
meat quality and nutritional properties, specifically through increased 
protein content and polyunsaturated fatty acids, while reducing total 
fat content. Although both toasting and roasting techniques effectively 
reduced astringency, a distinctive taste and odor persisted, presenting 
an additional challenge in food product development. Further research is 
needed to address the persistent sensory challenges, while the findings 
provide valuable processing parameters for industry application and 
contribute to meeting growing consumer demand for healthier meat 
alternatives.
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Abbreviations

SI		  Sacha inchi 
IHD		  ischaemic heart disease
GMP		  Good Manufacturing Practice
HACCP		  Hazard Analysis and Critical Control Points
AOAC		  Association of Official Analytical Chemists
FAMEs		  Fatty acid methyl esters
FID		  Flame ionization detector
WHC		  Water holding capacity
TFR		  Total fluid released

Introduction
Consumers are changing their behavior to adopt 
healthier eating habits, avoiding traditional products 
that have a negative impact on their health, and 
opting for new, healthier products for consumption. 
Sausages are processed meat that might 
affect noncommunicable diseases, for example 
cardiovascular disease,1-3 cancer, hypertension,3-4 
ischaemic heart disease (IHD), pneumonia, 
diverticular disease, colon polyps,5 diabetes,3-5 and 
obesity, mainly because of the negative nutritional 
properties of the sausages, which contain high 
levels of saturated fatty acids, cholesterol, sodium, 
and synthetic ingredients.6 Sausages are comprised 
of more than 20–30% fat, with 40–50% of these 
fats being saturated fatty acids.7,8 However, the 
fat in meat products is essential as it contributes 
to the soft texture, juiciness, flavor, yield, and 
palatability characteristics of meat products.7 Health 
organizations have promoted lowering the intake 
of total saturated fatty acids and cholesterol to 
prevent cardiovascular heart disease.9 The WHO 
has suggested fat provides 15–30% of the total 
calorie intake, with saturated fatty acids providing 
no more than 10% of these calories.10 The meat 
industry has been working on strategies to develop 
healthier products, including making healthier meat 
products with a reduced level of saturated fatty acids 
from animal fat that is substituted with unsaturated 
fatty acids from crops. Sacha inchi (SI; Plukenetia 
volubilis L.) leaves and seeds are commonly 
consumed as a traditional food in cooked form. 
The SI seeds are used for cooking the authentic 
dish of the native people in Peru. Currently, the SI 
seeds are growing interest because the SI seeds 
have a large lipid component (54%) that contains 
highly unsaturated fatty acids; it is also a rich 
source of omega-3 (alpha-linolenic acid), omega-6, 

and omega-9, and the ratio of omega-3:omega-6 
is well balanced.11 Generally, it is used to produce 
edible oil and oil-pressed cakes containing a high 
protein content. Thus, substitution using whole-seed 
SI might provide an improved, healthier product. 
Several studies using SI for fortifying various foods 
(yogurt,12-15 skim milk,13 cookie,16 baked goods,14 

snacks,17 and meat analogs)18 and it has been found 
that it can increase the nutritional value of protein 
and fat. The limitations of raw SI are its bitterness 
and astringency due to antinutritional components, 
such as saponins, tannins, and trypsin inhibitors.19 
The heating process can reduce some unpleasant 
characteristics. Thus, the objective of this study was 
to improve traditional processed meat products with 
high fat to solve health problems by studying and 
evaluating the effects of replacement with SI seeds 
as an alternative source of healthy fat and protein on 
the physicochemical properties of sausage products.

Materials and Methods
Raw Materials and Preparation
The SI was unshelled, vacuum packed, and stored 
at -20°C until it was used. Before processing, the 
SI was warmed to room temperature. Thermal 
processing was divided into 3 treatments: toasting 
at 120°C, toasting at 160°C, and roasting at 180°C, 
with varying times for each process. The SI was 
cooled to room temperature prior to grinding. On 
the day the sausage samples were produced, breast 
chicken samples were purchased from a qualified 
retailer that had GMP, HACCP, and global standards. 
Transportation to the laboratory was under controlled 
temperature and the chicken was checked for quality 
prior to use. The breast chicken samples were 
ground twice through a medium-sized die before 
being cooled to 0–2°C prior to sausage production.
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Sausage Formulations
Five chicken sausage formulations were tested 
(Table 1). Ground chicken meat was placed in 
the cooled chamber of a food processor to start 
processing, followed by ice, salt, the fat/oil portion, 
more ice, spices, and seasoning, using the same 
process for each formulation, until each batter was 

smooth and homogenous, before inserting the 
batter in collagen cases. During processing, the 
temperature of batters was kept below 7°C to avoid 
emulsion breakdown. The sausages were cooked at 
85–95°C for 20–30 min and then immediately cooled 
in an ice bath and kept at 4°C for analysis.

Table 1: Percentages of ingredients used in chicken sausage formulation

Sausage formulation	 Chicken (%)	 Fat/oil portion (%)	 SI (%)	 Seasoning (%)

Control formulation 	 76	 18	 0	 6
Toasted 50% SI 	 76	 9	 9	 6
Toasted 100% SI 	 76	 0	 18	 6
Roasted 50% SI 	 76	 9	 9	 6
Roasted 100% SI 	 76	 0	 18	 6

Physicochemical Properties
Proximate Composition
The proximate composition of the sausages was 
analyzed based on the moisture, ash, protein, fat, 
and carbohydrate contents, using the standard 
methods of AOAC,20 in triplicate. Briefly, the 
moisture content was determined using a hot-air 
oven at 105°C. The ash content was determined 
using a furnace at 550°C. The protein content was 
determined according to the Kjeldahl method, using 
a protein factor of 6.25. The total fat content was 
determined using a Soxhlet extractor at 60°C. The 
total carbohydrate content was determined and 
expressed as a percentage.

The fatty acid composition was determined following 
AOAC20 Official Methods 996.06 and 969.33, using 
gas chromatography (Agilent 7890B). In brief, 2 g 
of the sample was extracted using a chloroform/
methanol mixture (2:1, v/v). The extracted lipids 
were subsequently converted to fatty acid methyl 
esters (FAMEs) using boron trifluoride in methanol. 
FAMEs were separated and quantified using 
gas chromatography equipped with an Rt-2560 
capillary column (100 m × 0.25 mm i.d., 0.20 µm 
film thickness). Helium was used as the carrier gas 
at a constant linear velocity of 18 cm/s. The oven 
temperature was initially set at 100 °C and held for 4 
minutes, then increased to 240 °C at a rate of 3 °C/
min, and held at the final temperature for 15 minutes. 
Detection was performed with a flame ionization 
detector (FID) operated at 285 °C, with hydrogen 

flow at 32 mL/min, air at 200 mL/min, and nitrogen 
(make-up gas) at 24 mL/min.

Color was evaluated using a Datacolor Spectraflash 
SF600 plus instrument using a D65 illuminant, 
with specular exclusion and a small aperture. The 
colors were evaluated using the CIE (L*, a*, b*) 
color system.

The water-holding capacity (WHC) of the samples 
was evaluated following the method.21 Each sample 
was accurately weighed, placed between two layers 
of filter paper, and subjected to centrifugation at 
1,000 × g for 15 minutes at 15°C. The WHC was 
calculated and reported as a percentage relative to 
the initial sample weight.

Emulsion stability was assessed based on the 
procedure outlined.8 In brief, raw batter samples 
were weighed into centrifuge tubes and spun at 
2,500 × g for 5 minutes at 4°C. Subsequently, the 
tubes were heated at 80°C for 1 hour, then inverted 
and allowed to stand for 45 minutes to facilitate the 
release of exudates. The total fluid released (TFR) 
was quantified and expressed as a percentage of 
the original sample weight.

Cooking loss was investigated with minor 
modifications.22 Each batter was stuffed in a tube 
and cooked at 70°C for 30 min and then immediately 
cooled for 10 min. Cooking loss was determined as 
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the percentage difference between weights before 
and after cooking.

Texture profile analysis was investigated using 
a texture analyzer (TA-XT plus; Stable Micro 
Systems; UK) with slight modifications.23 Briefly, 
the sliced sausages (thickness 20 mm) were axially 
compressed to 50% of the original height using a 
SMS P/35 probe at 25°C. The texture analysis was 
determined based on a test speed of 5.0 mm/s, a 
time between two cycles of compression of 5 s, a 
distance of 25 mm, and a force of 1 g. The results 
were graphed as a curve based on force and time. 
The texture profile analysis values calculated were 
hardness, cohesiveness, gumminess, chewiness, 
and springiness.

Experimental Design and Statistical Analysis 
A randomized complete block design (RCBD) was 
employed for data collection. The results were 
analyzed using analysis of variance (ANOVA) 
within the general linear model framework, utilizing 
SPSS software. Mean comparisons were conducted 
using Duncan’s multiple range test, with statistical 
significance determined at p ≤ 0.05 for both factors: 
Sacha inchi (SI) quantity and thermal treatment. 
All experiments were performed in triplicate, and 
the results are presented as means ± standard 
deviations.

Results 
Effect of Heat Processing on Unpleasant 
characteristics
In the current study using dry heat processing, 
the samples retained their astringency and bitter 
taste. The toasted SI at 120°C with increasing time 
retained both of the unpleasant characteristics, 
while, toasted for 90 min produced a sample that 
was more bitter and burnt. Toasted SI at 160°C 
had a darker color with increasing time. Thus, 
toasting for 50 min was chosen as it reduced 
the astringency and bitter taste, whereas longer 
than 50 min produced rancidity because of the 
oxidization of polyunsaturated fats and the formation 
of undesirable and harmful compounds.24 Roasted 
SI for 14 min had an unevenly darker color and a 
more-reduced astringency and bitter taste than from 
toasting and contribute to reducing processing time. 
Roasting showed was more efficient than toasting. 
However, toasting is more suitable for scaling-up 
production and easier processing and management. 
Consequently, toasting at 160°C for 50 min and 
roasting for 14 min were selected to develop the 
SI sausages.

Physicochemical Properties
Proximate Composition of SI and SI Sausages
The compositions of heated SI and sausages are 
displayed in Table 2. The SI comprised 56–57% fat, 
25–27% protein, and 13–14% carbohydrate. The 
results showed that roasted SI was only significantly 
higher in the moisture content than toasted SI and 
that it could be roasted using a 2.5 times shorter 
heating period than toasting. The healthier SI 
sausage showed slightly different contents from the 
control. As expected, the sausages using 100% SI 
replacement presented significantly greater contents 
of protein (30.77%) and reduced fat (45.23%) 
than the control, while the sausages with 50% SI 
replacement were not significantly different from the 
control. The addition of SI significantly increased the 
protein content and reduced the fat content because 
heated SI comprised approximately 56.98% fat, 
26.34% protein, 13.64% carbohydrate, 2.66% ash, 
and 0.87% moisture. Therefore, replacement with 
the same portion of SI reduced approximately 40% 
of the fat and increased the protein by 25% and other 
components by 15%. Incorporating SI improved the 
nutritional content of the sausage. The composition 
of sausages using the different heated treatments 
was not significantly different between toasted SI and 
roasted SI. The only significant difference between 
toasted and roasted SI was in the moisture content. 
In the current study, the fatty acids profile with 
total fats of 100% replacement SI was reduced to 
8.72–8.95% from the control (14.16%) on a wet basis 
(data not shown), corresponding to the proximate 
analysis contents being reduced to 34.73–35.64% 
from the control (447.76%).

Color
Color is the first property customers notice in meat 
products and this influences purchase decisions. 
The colors of the different samples in the current 
study are shown in Figure 1B. Changing the color 
appearance of a sausage depended on the amount 
of SI included and the thermal processing conditions. 
Raw SI was a brown color that turned dark brown 
for both the toasted and roasted SI samples. 
Hence, increasing the added SI content significantly 
decreased the lightness and increased the redness 
and yellowness of sausages. The sausages with 
toasted SI were significantly darker and had more 
redness and yellowness than those with added 
roasted SI due to the color of the toasted SI being 
darker yellow-brown than the roasted SI.
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WHC
WHC is the ability to hold moisture through heat 
processing and is an important factor indicating 
product quality from the start of production to the 
final products, especially for sausages and meat 
products.25,26 The WHC results are shown in Figure 
1A. The WHC increased with the amount of SI 
used in the sausages, with 100% SI replacement 
having the highest WHC (73.44%). There were no 
significant differences in the WHC between toasted 
and roasted SI.

Emulsion Stability
Batter quality is an important factor affecting emulsion 
in meat products which influences the characteristics 
and quality of the final product; it should remain 
stable during changes in temperature, pressure, and 
extrinsic factors during processing. The emulsion 
stability results (based on TFR) are shown in Figure 
1A. These results showed that the ratio of SI and 
thermal processing affected the emulsion stability 
of the batters. Increasing the added amount of SI 
from 0% to 100% significantly reduced the TFR from 
27.88% to 16.09%, respectively. The sausages with 
toasted SI had a lower amount of TFR compared 
to the sausages with roasted SI and the control. 
The results showed that the batters using 100% SI 
and toasted SI were more stable and had a strong 
structure for holding fluid.

Cooking Loss
The cooking loss results for the current study 
are displayed in Figure 1A. As expected, the 
incorporated amount of SI and thermal processing 
significantly reduced the cooking loss compared to 
the control, with reductions by 73.67% and 66.95%, 
respectively.

Texture Profile Analysis
The texture parameters of sausages are displayed 
in Figure 2. Increasing the quantity of SI significantly 
increased all texture parameters except springiness. 
The sausages containing 100% SI replacement 
had the highest hardness. Sausages with roasted 
SI had significantly higher results for all texture 
parameters than the sausages with toasted SI, 
except for springiness because of the composition 
of SI (56.82–57.13% fat, 25.37–27.31% protein, and 
13.03–14.25% carbohydrate on a dry matter basis).
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Fig. 1: Physicochemical properties of sausages, where different letters indicate significant 
differences (p ≤ 0.05) between means, with lowercase letters showing effect of quantity and 
uppercase letters showing effect of heat treatment of SI and error bars indicate ± standard 

deviation

Discussion
Effect of Heat Processing on Unpleasant 
characteristics
The astringency and bitter taste of raw SI are 
limitations to its consumption and use in food 
applications. These adverse characteristics may 
be caused by secondary metabolites in the plant, 
such as saponin, tannin, phytic acids, alkaloids, 
and trypsin inhibitor activity.27 Such antinutrients are 
eliminated using thermal processing. For example, 
the previous researcher removed all tannins by 
heating at 80°C for 15 min and reduced the phytic 

acid content to 5.43 mg/g sample.19 The trypsin 
inhibitor was reduced to 1.93 µg/g of sample at 
160°C for 15 min. The roasted seeds at 120°C 
for 10 min, which reduced the remaining alkaloids 
and saponin to only 20 and 5 mg/kg (dry weight), 
respectively, and reduced the lectin content to only 
0.15 ng/g. (dry weight).28 The previous reported that 
autoclaving at 120°C for 30 min reduced tannins 
(7.40 mg/g) and trypsin inhibitor (1.76 mg/g).29 
In contrast, in the current study using the same 
conditions of dry heat processing the samples 
retained their astringency and bitter taste. Toasting 
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longer than 50 min produced rancidity due to the 
oxidization of polyunsaturated fats. Roasting was 

more efficient than toasting, but toasting is more 
suitable for scaling-up production.

Fig. 2: Texture parameters of sausages, where different letters indicate significant differences (p 
≤ 0.05) between means, with lowercase letters showing effect of quantity and uppercase letters 

showing effect of heat treatment of SI and error bars indicate ± standard deviation

Physicochemical Properties
Proximate Composition of SI and SI Sausages
The inclusion of Sacha inchi (SI) enhanced the 
sausage’s nutritional profile. This finding is consistent 
with previous research on walnut fortification, which 
demonstrated significant increases in protein and 

ash content attributable to the inherent nutrient 
composition of walnuts. In contrast, fat levels 
also rose in walnut-enriched products, likely due 
to the relatively higher proportions used in those 
formulations.30 In this study, SI supplementation 
led to a notable reduction in saturated fatty acids 
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(69%) and monounsaturated fatty acids (80%), 
while polyunsaturated fatty acids increased by 
approximately 39–43%. These shifts altered the 
predominant fatty acid profile by decreasing levels of 
palmitic and oleic acids and elevating linolenic acid 
(omega-3). As a result, linoleic and linolenic acids—
both essential fatty acids—became the primary 
fatty acids in the improved sausage formulation, 
supporting its potential as a healthy food. In 
comparison, the control product, which incorporated 
rice bran oil, comprised 42% oleic acid, 32% linoleic 
acid, and 20% palmitic acid.31 In SI oil, alpha-linolenic 
acid was the most abundant fatty acid, followed by 
linoleic and oleic acids.32

Color
This aspect was similar to other studies where 
adding walnut increased the redness and yellowness 
of cooked meat products30,33 or decreased the 
lightness in cooked, restructured steaks and 
frankfurters.34 The sausages with toasted SI were 
significantly darker and had more redness and 
yellowness than those with added roasted SI due to 
the color of the toasted SI being darker yellow-brown 
than the roasted SI. These results concurred with 
previous reported that increasing the toasting time 
in an oven or microwave decreased the brightness 
change resulting in a darker color due to the Maillard 
reaction with melanoidins.35,36

WHC
A large amount of water was trapped in the matrix of 
comminuted products with myofibrillar protein gels 
and variations in the pH, ionic strength, sarcomere 
length, fiber type, and many other factors.37 The 
increase in WHC might have been due to the 
increased protein content in the SI sausages because 
protein influences the WHC of sausages.35 Similarly, 
using a variety of proteins increases the WHC and 
emulsion stability, while reducing the cooking loss 
in meat emulsions.38 The fat content affected the 
WHC because low-fat emulsion products have 
more protein that can interact and hold more water 
in their structures than high-fat emulsion products.39 
However, these outcomes disagreed with previous 
reported40 that high-fat sausages had high WHC 
due to high-fat content in emulsion meat systems 
establishing a strong structure with high WHC.41 

The previously reported 5% fat beef sausage had 
lower values for WHC and emulsion stability than 
20% fat sausage.42 Conversely, the researcher 

who reported only the NaCl level affected the WHC 
in goat meat emulsion.43 Another factor could have 
been that increased carbohydrates entrapped water 
and improved the WHC.

Emulsion Stability
The results correlated with the improved WHC in 
100% SI, along with emulsion stability that resulted 
in low cooking loss. The proximate composition of 
SI had higher protein and total solid contents which 
might have resulted in higher emulsion stability. 
These results were contrary to previously reported 
lower emulsion stability when the fat in sausages 
was reduced from 30% to 20%.44

Cooking Loss
Cooking loss is one of the parameters determining 
the sausage quality after processing as it affects 
yield and the loss of the products, whereas the 
manufacturers expect a high yield. The cooking 
loss is associated with the efficiency of binding fat 
and water in the emulsion system following protein 
aggregation and denaturation.45 These results were 
correlated with emulsion stability, as increasing 
emulsion stability reduced cooking loss. The stability 
of the emulsion and the WHC affected cooking loss.30 

The current results showed the good quality of the 
batters for the 100% SI sausages due to the low 
TFR, the high WHC, and the lower cooking loss. 
The study examined no difference in cooking loss 
with incorporated walnut.30

Texture Profile Analysis
Replacement with SI substituted fat portions with half 
fat, one-quarter protein, and a little carbohydrate. 
Thus, using SI in sausages significantly increased the 
protein and carbohydrate contents to form stronger 
structures that increased texture parameters, 
which impacted consumer acceptability. The 
protein content of meat systems was reported to 
be related to gumminess and chewiness.46 Using 
SI in sausages resulted in a significantly reduced 
fat content which played a key role in making the 
texture of meat products desirable. This result was 
consistent with previously reported that reduced-
fat and low-fat sausages increased firmness and 
hardness.9 The study found that fresh pork sausages 
contained lower fat and higher protein contents 
with increased hardness.40 In addition, the reported 
increasing hardness following the incorporation of 
walnut in frankfurters.30 Fat quality and protein type 



992PONGPAEW, Curr. Res. Nutr Food Sci Jour., Vol. 13(2) 984-995 (2025)

are primary factors in obtaining desirable emulsion 
properties and product characteristics, such as 
TFR, water holding capacity, cooking loss, and 
texture parameters.47 The texture characteristics 
were influenced by fat replacement strategies due 
to compositional factors of the frankfurters, such as 
moisture, protein, and fat, especially, reducing fat 
with increasing protein, which produced a harder 
texture.48 Differences in the fat-to-moisture and 
protein-to-moisture ratios affect the concentration of 
available muscle protein to form a gel that is related 
to harder structures.49

Conclusion
The heating process reduced the bitterness and 
astringency of SI. Toasted SI at 160°C for 50 min 
were the most appropriate conditions compared to 
roasting for 14 min. Furthermore, this could be scaled-
up to the industrial scale due to the simple production 
process. The quantity of SI significantly affected all 
properties. Heated processing significantly affected 
the levels of flavor and odor. The physicochemical 
and composition analysis showed that incorporating 
toasted SI in sausages produced a healthier product 
with increased protein and reduced fat contents, 
and improved properties and fatty acids contents. 
Further research and development should study 
eliminating or using seasoning, spices, or herbs to 
mask the slightly beany aroma of the SI and should 
investigate optimizing the quantity of SI to use in the 
formulation, including the granule size for improved 
texture parameters. The current results supported 
using SI as an alternative to improve nutrition and 
produce a healthier meat emulsion that would be 
both healthy and exotic to customers. Thus, while 
challenging, the meat industry should continue to 
investigate modifying products for health purposes 
to respond to the increased consumer interest in 
general health and well-being.
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