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ABSTRACT 

Background and objectives: A field experiment using two quinoa varieties (Regalona Baer and 
CICA) was performed to determine the effects of goat manure fertilization on saponin and protein 
grain content was performed.  A trial was conducted in a valley at 2,000 m a.s.l (Tucumán, Argentina) 
and at different levels of goat manure addition equivalent to 0, 32, 64, 128, 192 kg N/ha.  

Findings: Saponin and protein content increased almost linearly as goat manure fertilization 
increased. However, there was a varietal difference, R. Baer synthesized more saponin than CICA at 
the same nitrogen level. Conclusions: The study indicated that the quinoa saponin content, in absence 
of water stress and salinity, but under the same agronomical managements, increased linearly with 
goat manure addition. Probably the differences in response to fertilization of both varieties were 
related to the genotypes origin, one from high mountain (CICA) and the other from lowland (R. Baer).  

Significance and novelty: Goat manure fertilization on quinoa produced more proteins but the 
saponin synthesis increased in the same way. Additionally, quinoa varieties showed variability for the 
saponin content. Thus, it is necessary to found an equilibrium point to produce a grain for human 
consumption with high protein and low saponin content or a grain with high protein and high saponin 
content for a later industrial separation of both compounds. 
 
Keywords: Quinoa, fertilization, nitrogen, saponin, protein.  

 
Introduction 

Quinoa (Chenopodium quinoa Willd.), that is originated from the Andes, is today considered 
one of the world´s healthiest and has a relatively new introduction to our daily diet. At least 110 
countries are evaluating quinoa as a complementary crop (Bazile and Baudron 2015). Quinoa has 
been selected due to its high nutritional values, which are essential amino acids, minerals, vitamins 
and other compounds like polyphenols, phytosterols and phenols (González, Roldán, Gallardo, 
Escudero & Prado, 1989) González, Eisa, Hussin & Prado, 2015). These all means that quinoa should 
be considered as a nutraceutical or functional food (Graf et al., 2015). Furthermore, quinoa can grow 
at high and low elevation, within marginal soils and also extremely stressful weather conditions 
(González et al., 2015). However, beyond the aforementioned advantages quinoa contains saponins 
with bitter taste (Kuljanabhagavad and Wink, 2009). In plants, saponins acts as a chemical barrier or 
shield in the plant defense system to counter pathogens and herbivores (Augustin, Kuzina, Anderson 
& Bak, 2011).  However, if the quinoa grain is used for human food saponins should be removed 
before consumption. This bitter water-soluble compound is accumulated in the external layers of the 
grain (pericarp) (Prado, Gallardo & González, 1996). Due to saponin is located in the pericarp and for 
its water solubility this compound can be easily removed by using a rubbing method or water 
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dissolution. Saponins, from a chemical point of view, are a non-volatile secondary metabolite 
distributed mainly in plants. They are glycosidic triterpenoids, steroids, and to a lesser extent alkaloid. 
Triterpenoid saponins are mainly abundant in dicotyledons while steroidal saponins are abundant in 
monocotyledons (Netala, Ghosh, Bobbu, Anitha & Tartte, 2014). The aglycone portion of saponins is 
known as sapogenin and the glucidic part are generally oligosaccharides. The sugar associates are 
glucose, arabinose and galactose. The number or position of sugar units attached to the triterpene, or 
steroidal skeleton, originate several structures present in more than 100 plant families (Güçlü-
Ustündağ and Mazza, 2007).  Saponins in quinoa are basically triterpenoids with glucose constitution 
about 80% of the weight and they are a complex mixture of glycosides triterpenic and has been report 
for this complex: oleanolic acid, hederagine, phytoacagenic acid, serjanic acid, 3β-Hydroxi-23-oxo-
olean-12-en-28-oic acid, 3β-Hydroxi-27-oxo-olean-12-en-28-oic acid and 3β,23α,30β-Trihydroxi-
olean-12-en-28-oic acid.  

The variation of the quinoa saponin content depends on the genotype’s origin. In general, some 
Ecuatorian, Peruvian and Bolivian quinoa cultivars (between 3,000 to 4,200 m asl) had low levels of 
grain saponin (Reichter, Tatarynovich &Tyler, 1986). However, those from lowland site (near sea 
level) in Chile presented  much higher saponin content (Miranda et al., 2012). In general, saponin 
content depends on the growth, biotic inducers such as pathogens (fungi or bacteria), herbivores 
(Szakiel, Paczkowski & Henry, 2010), abiotic factors such as light, temperature, humidity (Szakiel, 
Paczkowski & Henry, 2011), soil salinity (Gómez-Caravaca, Segura-Carretero, Fernández-Gutierrez 
& Caboni, 2012) and agronomic conditions and post-harvest treatments (Fenwick, Price, Tsukamoto 
& Okubo, 1991). For example, water stress during quinoa development, reduced saponins content 
nearly 45 % (Gómez-Caravaca, Segura-Carretero, Fernández-Gutiérrez & Caboni, 2011), while 
salinity conditions increased it (Pulvento et al., 2012). As a crop management, irrigation and 
fertilizers addition are regular agronomic practices used to increase grain production and to obtain 
higher protein content. Unfortunately, these practices produce high saponin contents (Miranda et al., 
2012; Bilalis et al., 2012). However, little information is available related to the response varieties and 
agronomic practices. Therefore, the aim of this work was to study the relationship between goat 
manure fertilization, protein content and saponin accumulation on quinoa grains of two contrasting 
quinoa varieties (one from sea level and other from mountain place) without water stress and similar 
crop managements. 
 
Materials and Methods 
 
Plant material and experiment 
 

Two quinoa varieties, CICA from the Perú high valleys and Regalona Baer from the Chile 
lowland, were used. CICA is cultivated in Argentinean Northwest since the FAO Project American 
and European Quinoa Test (1996-1998) (Mujica, Jacobsen, Izquierdo & Marathee, 2001) and since 
then it is the most commonly used variety. CICA has been used at Encalilla (Amaicha, Tucumán, 
Argentina) since 2000. In the last 5 five years, R. Baer variety was incorporated in experimental 
fields. 

During the growing seasons of 2014- 2015 and 2015-2016 a field experiment was performed in 
an arid valley of the Argentinean Northwest (Encalilla, Amaicha del Valle, 22º 31´S, 65º 59´W, 1,995 
m a.s.l., Tucumán, Argentina). The soil of Encalilla is classified as Xeric Torriorthent type (USDA, 
2010) with sandy clay loam texture (0–50 cm soil depth), pH 8.4, electrical conductivity (EC) 2.0 dS 
m−1, exchangeable sodium (ES) 38.6% and cation exchange capacity (CEC) 12.3 cmol kg−1 (equal to 
meq/100 g), organic matter 0.6 % and total nitrogen content 0.055 % (González, Konishi, Bruno, 
Valoy & Prado, 2011). A randomized complete block design experiment with three replications for 
each variety was performed.  The treatments were: CC: CICA (C) Control (without N), C2, C4, C8 
and C12 (CICA with 2, 4, 8 and 12 t manure/ha respectively) and RC: Regalona Baer (R) Control 
(without N), R2, R4, R8 and R12 (Regalona Baer with 2, 4, 8 and 12 tn manure/ha respectively). In all 
the case 2, 4, 8 and 12 tn manure/ha were equivalent to 32, 64, 128 and 192 kgN/ha respectively. The 
goat manure was applied twice: one just before sowing and other at the beginning of reproductive 
phase. Quinoa was sown by hand at a depth of 2-3 cm. five rows (5-m long) per plot, 10 cm interplant 
spacing and 50 cm between rows was the spatial arrange. When the first two leaves emerged, a hand-
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thinning was carried out to give a seedling rate of 100,000 plants ha-1. Drip irrigation was applied 
twice a week during the first month and then weekly during the following months. At 150 days after 
sowing, 10 plants from the three central rows were hand-harvested and then the grains were analyzed 
for their saponin and protein content. 
 
Goat manure fertilization 
  

Fertilization was based on organic goat manure obtained from local farmers located of the same 
location were quinoa grown. Manure analysis was performed and results were summarized in Table 1. 
The analysis of the goat manure revealed a high EC, and a low content of P, K Ca and Mg (Table 1). 
 

Table 1: Goat manure analysis 
pH 7.8 
Humidity (%) 44.5 
Electrical conductivity (dS m-1) 10.4 
Organic matter (%) 28.8 
Total nitrogen (%) 1.6 
K (%) 0.1 
Ca (%) 1.01 
K (%) 0.1 
Mg (%) 0.23 
P (%) 0.31 

 
Saponin and protein contents determinations 
 

The total saponin content was determined according to slightly modified method proposed by 
Helaly, Soliman, Soheir & Ahmed (2001). The foundation of this spectrophotometric method is the 
reaction of oxidized triterpene saponins with vanillin (Li et al., 2010). Sulfuric acid was employed as 
oxidant and the purple colour is a general characteristic of this reaction. Saponin was extracted from 
20 g of quinoa grains (control and treatments) by exhaustive mechanical maceration with 80 % and 
50% ethanol during 24 h respectively. Both extracts were gathered and concentrated at low pressure 
obtaining a gummy residue. All extracts were stored at -4 ºC until used. The extracts of each sample 
were solubilized with 50% aqueous ethanol at 5 mg/mL and an extract aliquot (0.125 mL) was added 
at the same volume of 8% vainillin in absolute ethanol (prepared freshly). Then the tubes were set in a 
bath at 5 ºC and 1.25 mL of 72% sulfuric acid aqueous was added and mixed for 20 seconds. For the 
blank tube, 0.125 mL of absolute ethanol was mixed with the same volumes of 8% vainillin and 72% 
sulfuric acid cited above. The tubes were then set in a thermostat at 60 ºC for 20 min and them at 0 
ºC for 5 min.  Measurements were performed at 538 nm in a Specord S600 spectrophotometer. Total 
saponin was expressed as mg oleanolic acid equivalents (mg OAE) per grams of extract and grains. 
All total saponin values are presented as means of triplicate analyses. Calibration curves, using 
oleanolic acid, were made by diluting stock standards in absolute ethanol to yield 0.005- 0.01 mg/mL. 
Five calibration points were used and analyses were replicated three times for each calibration point 
(n = 3).  Linear regression of data followed the correlation coefficient was R2= 0.9944. The crude 
protein content was determined using the Kjeldahl method with a conversion factor of 6.25. All 
methodologies followed the recommendations of AOAC (1990). All measurements were done for 
triplicate. 

 
Statistical analyses 
 

Data were expressed as the mean values ± standard deviation.  The data were also analyzed by 
one-way analysis of variance using one-way ANOVA using InfoStat® (Infostat, 2008) statistical 
software. Duncan’s multiple range test was employed to compare the significant differences among 
mean of the treatments at 95 % level of confidence. 
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Results 
 
Grain nitrogen and protein content 
 

As we increased goat manure fertilization, percentage of nitrogen in the grain also increased, 
reaching the maximum at 12 tn manure/ha dose (equal to 192 kgN/ha). The maximum grain nitrogen 
content for the two quinoa varieties in comparison with control was 43 %. A linear pattern was found 
in both varieties (Fig. 1). Concerning protein content, CICA increased from 15.5 % in CC to 22.1 % 
in C192 treatment, while in Regalona Baer it raised from 15.0 % to 21.4 % for CC and C12 
treatments, respectively. 

 

 
Fig. 1: Grain nitrogen content of two quinoa varieties growing under different nitrogen fertilization. 

Bars show mean values ±SE (n=4). Different letters represent significant difference among 
treatments at P ≤ 0.05.  

 
Grain saponin content 
 

Differences in saponin content were detected between quinoa varieties under different goat 
manure fertilizations. At any treatment, R. Baer showed the highest saponin content in relation to 
CICA (Fig. 2). Maximum saponin content recorded at 12 tn manure/ha (equal to 192 kgN/ha) was 
8.61 % and 6.93 % for Regalona Baer and CICA respectively. Thus, comparing maximum dose to 
control treatments, saponin content was 2.0 and 1.7 times higher for CICA and Regalona Baer, 
respectively. Both varieties showed a linear increase in saponins synthesis as fertilization increased 
(Fig. 2). 
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Fig. 2: Grain saponin content of two quinoa varieties growing under different nitrogen fertilization. 

Bars show mean values ±SE (n=4). Different letters represent significant difference among 
treatments at P ≤ 0.05.  

 
Discussion  

Among others elements goat manure has higher nitrogen that is an essential mineral nutrient 
required by plants for its development. In general, the effect of nitrogen fertilization on plant 
morphology and physiology is well documented (Gastal and Lemaire 2002). Particularly in quinoa as 
it is known that yield and metabolism respond strongly to nitrogen fertilization (Almadini, Badran and 
Algosaibi, 2019; Bascuñan-Godoy et al., 2018; Kakabouki et al., 2014; Bilalis et al., 2012; Schulte 
auf’m Erley, Kaul, Kruse & Aufhammer, 2005; Basra, Iqbal and Afzal, 2014; Berti et al., 2000). 
However, little attention has been placed on the relationship between quinoa nitrogen fertilization and 
the production of saponins. Bilalis et al. (2012) found a positive correlation between both parameters 
and our study showed similar result. However, it is necessary to take into account that saponin content 
may be affected by tillage system and fertilization (Bilalis et al., 2012) and other environmental and 
agronomic factors associated with plant growth (Fenwick et al., 1991). Considering the Bilalis et al. 
(2012) study we performed our experiment maintaining the same tillage and watering control. The last 
was controlled because water stress has an effect on saponin content (Pulvento et al., 2012; Martinez, 
Veas, Jorquera, San Martín & Jara, 2009). Thus, the probable effect of water stress on saponin 
synthesis in our experiment would have been negligible due to drip irrigation during the entire plant 
cycle. In the same way, there was no influence of salinity on saponin synthesis due to the low salinity 
content (electrical conductivity of 2.0 dS m−1) in the soil where the quinoa crop was grown (Prado, 
Fernández-Turiel, Tsarouchi, Psaras & González, 2014). Other factors that can influence the synthesis 
of saponins are attacks by fungi and bacteria, herbivory; or even the effect of light, temperature and 
humidity (Faizal and Geelen, 2013; Szakiel, Paczkowski & Henry, 2011). In our study we did not 
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detected fungi or bacteria and the two varieties used were under the same light, temperature and 
humidity regime. 

 It is worth noting that the saponin increments under different nitrogen fertilization levels 
obtained in Encalilla site were independent of the geographical quinoa origin because the same linear 
increment pattern was obtained for CICA, originated in the high mountain of Perú, and for Regalona 
Baer from Chile lowland.  Thus, the increase in the content of saponins under different nitrogen 
treatments should be taken into account by farmers in general and in particular by those who are 
cropping CICA and Regalona Baer in the Argentinean northwest. 

According to some references the expected quinoa grain saponin content in different quinoa 
varieties ranges from 2 to 5 % (Medina-Meza, Aluwi, Saunders & Ganjyal, 2016; Vega-Gálvez et al., 
2010). We obtained values from 2.3 to 6.9 % in CICA and 3.2 to 8.6 % in R. Baer. Quinoa was 
classified in a semi-quantitative scale as “sweet”, “semi-sweet” or “bitter” according to its saponin 
content (Fenwick, Price, Tsukamoto & Okubo, 1991). As reported by Koziol (1991) a quantitative 
scale is possible considering a “sweet” grain if the saponin content is less than 0.11 % in a fresh 
weight basis.  According to Mastebroek, Limburg, Gilles & Marvin (2000) the saponin content in 
grain of sweet genotypes varied from 0.2 – 0.4 g/kg dry weight (0.02 % to 0.04 %) and “bitter” if the 
saponin content is > 4.7 g/kg dry weight (> 0.47 %).  Some sensory tests determined that the 
maximum tolerance for saponin content in the cooked grain was below 0.1 % (Nieto and Soria, 1991). 
According to these results the maximum acceptable level of saponin in quinoa for human 
consumption varies from 0.06% to 0.12% (Bacigalupo and Tapia, 1990; Vega-Gálvez et al., 2010). 
Our results showed that CICA and R. Baer should be classified as “bitter” under any fertilization 
treatments used. According to bibliography, there is little previous information about saponin content 
in these varieties. The only references are related to Regalona, grown in south Chile, with saponin 
content from 2.2 to 3.2 % (Miranda et al., 2012). According to Medina-Meza et al. (2016) the 
bitterness was due to the presence of phytolaccagenic acid. The bitterness is undesirable for quinoa 
consumption but interesting from the pharmaceutical point of view due to clinical applications or 
agricultural one like antifungal or commercial applications (Güçlü-Ustündağ and Mazza, 2007). For 
example, there are also precedents that saponins have beneficial effects for health, acting as 
strengthening of the immune system (Verza et al. 2012), anti-carcinogenic, hypocholesterolemic (Shi 
et al. 2004) and even anti-inflammatory properties (Yao, Xiushi, Zhenxing & Guixing, 2014; Norato 
et al. 2014; Norato, Murphy & Chew 2019). Some agronomic applications, as antifungal, would also 
be possible (Martin, Ndjoko & Hostettmann, 2008; Stuardo and San Martin 2008). From the human 
nutrition point of view, the ideal situation would be to obtain a “sweet quinoa” with a low saponin and 
high protein content. These can be obtained through the aid of biotechnology and undoubtedly 
requires knowledge of the genes involved in the synthesis of saponins. Data from Fiallos-Jurado et al. 
(2016) could be the beginning, although is necessary to point out that saponins are necessary for the 
plant defense against pathogens. Thus, the complex interrelation among genotypes origin, gentoypes x 
environment interaction, agricultural practices, cost/benefit calculus and saponin and protein synthesis 
will be necessary to be evaluated in a near future.  Undoubtedly, the screening of varieties or quinoa 
populations from different origins will be the starting point for these future investigations.  
 
Conclusions 

The study indicated that the quinoa saponin content, in absence of water stress and salinity, but 
under the same agronomical conditions, increased linearly with goat manure fertilization. This result 
is independent of the variety origin (lowland or high mountain) but more saponin is synthetized in a 
lowland genotype. Although quinoa is a multipurpose species, at present all crops are aimed to 
produce grains for human consumption. However, until a quinoa with a high protein value, low in 
saponin content is obtained, without implying a lower resistance to pests, saponins should be 
considered as a byproduct of high biological value. 
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