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Abstract. Chaya (Cnidoscolus chayamansa) is an edible leafy vegetable consumed in the southeast region of
México and Central America; it is mainly appreciated for its protein content and bioactive compounds, such as
polyphenols. In this work, chaya leaves were nutritionally characterized and used for the production of protein
concentrates. The nutritional quality (amino acids, protein efficiency, and bioavailability) and structure by SDS-
PAGE, Fourier Transform Infrared Spectroscopy (FTIR), and Differential Scanning Calorimetry (DSC) of
protein were analyzed. Additionally, the amount of some polyphenolic compounds were identified by LC-
MS/MS. Electrophoretic bands from RuBisCO protein subunits at 10 kDa and 50 kDa were observed. FTIR
identified the typical protein footprint of secondary structure and DSC measurements showed a denaturation
temperature ~57 °C. Protein concentrates with a purity of 63.52 + 0.69 % showed higher bioavailability than the
control diet, and the essential amino acids met the FAO requirements without limiting amino acids. From the
total polyphenol content, 14.8 % corresponded to anthocyanidins, 61.0 % hydroxycinnamic acids, 6.9 %
hydroxybenzoic acids, and 17.2 % flavonols. Chaya leaves are a potential low-cost underutilized alternative
source for the production of nutritional compounds for functional food product development for human nutrition.
Keywords: Cnidoscolus chayamansa; plant protein; RuBisCO; polyphenols; human nutrition.

Resumen. La chaya (Cnidoscolus chayamansa), es una hoja comestible que se consume en las regiones del
sureste de México y Centroamérica, es apreciada principalmente por su contenido de proteinas y compuestos
bioactivos, tales como los polifenoles. En este trabajo, las hojas de chaya fueron caracterizadas nutricionalmente
y utilizadas para la produccion de concentrados proteicos. Se estudid la calidad nutrimental de la proteina
(aminoécidos, eficiencia proteica y biodisponibilidad) y algunas caracteristicas estructurales mediante técnicas
analiticas como SDS-gel electroforesis, espectroscopia de infrarrojo por la transformada de Fourier (FTIR) y
calorimetria diferencial de barrido (DSC). Asimismo, se determino la cantidad total de polifenoles y se identificé
el perfil de polifenoles mediante LC-MS/MS. Se observaron las bandas electroforéticas correspondientes a las
subunidades de la proteina RuBisCO a 10 kDa y 50 kDa. En el FTIR se identifico el espectro tipico de la
estructura secundaria de la proteina y DSC mostré una temperatura de desnaturalizacién ~57 °C. Los
concentrados de proteina con pureza ~63.52 + 0.69 % mostraron mayor biodisponibilidad que el control y la
cantidad de aminoacidos esenciales cumplieron con los requerimientos de la FAO sin aminoacidos limitantes.
Del total del contenido de polifenoles, 14.8 % correspondieron a las antocianidinas, 61.0 % a Aacidos
hidroxicinamicos, 6.9 % a &cidos hidroxibenzoicos y 17.2 % a flavonoles. Las hojas de chaya pueden ser una
fuente potencial alternativa para la produccion de compuestos nutrimentales para el desarrollo de productos
alimentarios funcionales para la nutricién humana.

Palabras clave: Cnidoscolus chayamansa; proteina vegetal; RuBisCO; polifenoles; nutricion humana.
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Introduction

The demand for food production, mainly due to the increasing world population, drives food science
and technology to find more sustainable food sources. During the last years, research on native and underutilized
crops as nutritional compounds for human nutrition has increased. One of the main challenges for assuring food
security includes producing highly available food without compromising its nutritional value. It is well known
that animal-derived ingredients are high in cost and less sustainable than plants, especially protein-rich products.
In low-income regions of developing countries, malnutrition and hunger are prevalent, despite its biodiversity.
Recently, plant-based proteins have been studied for partial or total substitution of animal proteins from both
nutritional and techno-functional point of view. [1] The use of green leaves for leaf protein concentrates (LPC)
has been suggested, not only because this protein is one of the most plentiful on earth but also because of its
high biological value. Currently, LPCs are produced for animal feed, commonly manufactured from by-
products from alfalfa, beet-root, and tobacco leaves. Some green proteins from moringa leaves are being
commercialized for human consumption due to its nutritional value. [1,2] RuBisCO enzyme (Ribulose 1,5-
Bisphosphate Carboxylase/Oxygenase) is one of the main proteins in leaves and has demonstrated to be a high
biological value protein for its content profile of essential amino acids. [3]

Food proteins are critical because they are responsible for different physiological processes such as
muscle and tissue development, hormone production, immune system improvement, among others. In
childhood, stunting is the most common manifestation of protein malnutrition. Low intake of essential amino
acids is associated with limited neurological and physical development and is highly frequent in children under
five years old in developing countries. On the other hand, in the elderly, proper protein intake is critical due to
the depletion of muscle tissue, which leads to a higher risk of injuries and lowers life quality. [4,5] In the
structure of food, proteins play an important role because of their functionality, such as solubility, emulsifying,
foaming, and gelling properties, which are necessary to achieve unique characteristics in food products. Both
functionality and nutritional value can be affected by protein structure loss. [6]

Chaya (Cnidoscolous chayamansa), also known as spinach three, is a common leafy vegetable
domesticated in pre-Columbian times; this crop has been used mainly for food and medicine purposes by Mayan
civilization and other Mesoamerican cultures. Its usage in southeastern México and Central America for the
preparation of food has been documented, especially in Yucatan, Chiapas, Belize, and Guatemala, where chaya
has been considered part of the daily diet. Among all regions where chaya is consumed, Yucatan has several
dishes and beverages, for instance, Brazos de la Reina (chaya leaves mixed with corn dough and served with
tomatoes and squash seeds), Dzotobulchay (chaya leaves mixed with nixtamalized corn dough), Pibxcatic
(peppers stuffed with chaya leaves) and Chayagra (pineapple juice with lemon and chaya leaves). [7] Chaya
leaves are appreciated for their nutritional properties, especially their protein content and bioactive compounds,
mainly polyphenols. Chaya polyphenols have a growing interest due to their antioxidant capacity and their
potential to prevent diseases due to bioactivities such as hepatoprotective, anti-inflammatory, and biological
activity against cancer and liver problems. [8-12] Although this crop has been studied for its biological activity
and toxicity, chaya LPC has been used mainly for animal feeding. [13,14] This work aimed to widen knowledge
acquirement in chaya leaves by exploring the potential applicability of protein and polyphenol nutritional
compounds to encourage the development of functional food products.

Experimental

Chaya leaves were acquired from a local market in Mérida city located in Yucatan state, México.
Reagents including HCI, NaOH, sodium borate, diethyl-ethoxymethylenmalonate, Folin-Ciocalteau, Na,Cos,
gallic acid, polyphenol standards (chlorogenic acid, cyanidin chloride, epicatechin, p-coumaric acid, and
vanillic acid), digestive enzymes and bile extracts were purchased from Sigma Aldrich (Missouri, USA).
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Leaf protein concentrates (LPC)

Leaves were ground and macerated in an alkaline solution at pH 13. The solution was separated by
filtration and acidified using HCI (0.1 N) until reaching a pH of 3.5. Once the protein was precipitated, it was
centrifuged at 6000 rpm and 4 °C for 20 min, neutralized, and dried in a vacuum oven at 60 °C until moisture
content was below 15 %. [15]

Proximate analysis

Proximate analyses of chaya leaves and LPC were determined according to the AOAC official methods
[16] for dry matter (925.09), protein (954.01), ash content (923.93), crude fat (920.39), and crude fiber (962.09).
Carbohydrates were calculated by difference [100 — (moisture + protein + ash content + crude fat + crude fiber)].
[17]

Nutritional quality
Amino acid composition

The amino acid composition was determined, according to Alaiz et al. [18] method. An amount of 15
mg of LPC was mixed with 1.5 mL of HCI 6 N at 110 °C for 24 hours. After this, HCI was evaporated and the
protein was mixed with BoNa 1 M to achieve a volume of 1.5 mL. An excess of diethyl-
ethoxymethylenmalonate was added to the sample. It was analyzed in an HPLC equipment (Agilent 1100 series,
Agilent Technologies Inc, California, USA) with a 300 mm x 3.9 mm Nova Pack C 18, 4 mm reversed-phase
column (Waters, Massachusetts, USA) at 0.9 mL/min for 40 minutes at 18 °C.

Amino acid score (AAS)

Limiting amino acids was used to determine the amino acid score. One mg of amino acid in a protein
is compared with one amino acid per gram of protein of FAO recommendations (Eqg. 1). Also, the proportion
of essential amino acids (EAA) related to total amino acid (TAA) was calculated with Eq. (2) and expressed
as % E/T. [19]

mg amino acid per g of protein

%AAS = 100 (1)

recommendation of mg amino acid per g of protein

E EAA

Protein efficiency ratio (PER)
The protein efficiency ratio (PER) was used for the prediction of protein quality, it was calculated by
Egs. (3)-(5). [20]

PER1 = —0.684 + 0.456(Leu) — 0.047(Pro) 3)
PER2 = —0.468 + 0.454(Lew) — 0.105(Tyr) (4)
PER3 = —1.816 + 0.435(Met) + 0.78(Lew) + 0.211(Hys) — 0.944(Tyr) (5)

Protein bioavailability
In vitro digestion of a control-diet constituted of protein, carbohydrates, and lipids using meat and
casein peptone, corn oil, flour, and sugar (~1000 kcal), and a supplemented diet with chaya LPC was carried
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out. In the stomach, the samples were acidified to pH 2 and kept in continuous stirring. Next, the pepsin enzyme
(porcine stomach) was added. Afterward, before adding pancreatic enzymes and bile salts, the pH was adjusted
to ~5.5-6. In the end, the final pH was re-adjusted (pH= ~7), and the protein content was determined by the
AOAC method 954.01. [16]

Protein structure
SDS-PAGE gel electrophoresis

The molecular weight of LPC was determined using SDS gel electrophoresis in reducing conditions.
A solution containing 0.04 g/mL of true protein (based on LPC protein content determined by AOAC method
954.01) was analyzed according to Laemmli protocol. [21] The sample was mixed with buffer (5 % glycerol,
20 % SDS, 0.1 % bromophenol blue, and 2 % mercaptoethanol) in a ratio of 1:1. The electrophoretic test was
carried out using a Bio-rad (Bio-rad, California, USA) mini- Protean N Tetra Cell 4-Gel System at 90 V for
100 min [22] and a molecular Dual Standard 250 — 10 kDa (Bio-rad, California, USA) as a marker. The gel was
stained for 45 min with a solution containing ethanol, water, and acetic acid in proportions of 70:20:5 and 0.1 %
Coomassie Blue. Afterward, the gel was discolored with ethanol, water, and acetic acid (70:20:5) solution until
no further color was released.

Fourier-Transform Infrared Spectroscopy (FTIR)

The FTIR measurements of LPC were recorded at 400-4000 cm™* wavelength with an Agilent Cary
630 spectrophotometer coupled with ATR ZNSe. The absorbance spectrums were analyzed using Microlab PC
software (Agilent Technologies Inc., California, USA). [23]

Differential Scanning Calorimetry (DSC)

For DSC analysis, an amount of 10 mg of protein quantified by the AOAC method 954.01 with 30 %
of water (w/v) was placed in hermetically sealed aluminum plate pans. Heat scan was from 20 °C to 90 °C at
10 °C/min using a Q200 calorimeter (TA Instruments, Delaware, USA). Universal Analysis 2000 software (TA
Instruments, Delaware, USA) was used to calculate enthalpies. [24]

Total polyphenols content and polyphenolic profile determination

Total phenolics content in three different extracts: chaya leaves, protein precipitation remnant, and
pellet from protein extraction (leaves after the whole protein extraction process) were quantified using the Folin
Ciocalteau method. Polyphenolic compounds were extracted twice from macerated leaves using methanol-
water (80:20) in a ratio of 1:4 (leaves: solvent). Leaves were kept under constant stirring at room temperature
for 2 h and centrifuged for 15 min at 4500 rpm and 4 °C; the polyphenol extracts were stored at -20 °C until
further use. Folin-Ciocalteau reagent (250 pL, 1 N) was added to 20 pL of polyphenol extract and let rest for 3
min in darkness. Afterward, 1250 pL of Na,CO3 20 % (w/v) and 480 uL of distilled water were added and left
in darkness for two h. The final absorbance was measured at 760 nm using a UV-Vis spectrophotometer
(Genesys 10S, Thermo Scientific, Massachusetts, USA). A gallic acid calibration curve (0.01 — 0.5 mg/mL)
was used as standard.

For polyphenolic profile determination, the samples were filtered through a 0.2 pm nylon syringe filter
before chromatographic analysis. A Waters (Massachusetts, USA) LC-MS/MS (liquid chromatography-mass
spectrometer) was used for the identification and quantification of polyphenols. An Acquity UPLC BEH C18
(2.1 x 100 mm, 1.7 um) column was used for compounds separation. Mobile phases were 0.1 % (v/v) formic
acid in water (A) and 0.1 % (v/v) formic acid in methanol (B). The column was maintained at 40 °C. A flow
rate of 0.45 mL/min and an injection volume of 5 pL. were used. Total run time of 14.5 min with 99 % A at 0.5
min, 20 % A at 13.5 min, and 99 % A at 14 min.

Quattro Premier XE triple quadrupole mass spectrometer fitted with electrospray ionization (ESI) was
used in positive mode for cyanidin and epicatechin. In contrast, the negative mode was used for chlorogenic
acid, p-coumaric acid, rutin, and vanillic acid. Mass spectrometer optimization was conducted by direct infusion
of 50 mg/L stock standard solutions to select the ionization mode and precursor and ions production. The
calibration curves of the above-mentioned polyphenols standards were used for quantification.
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Results and discussion

Proximate analysis

The proximal composition of chaya leaves and chaya LPC is shown in Table 1. Chaya leaves showed
higher protein content (32.09 + 0.48 %) compared with chaya (Cnidoscolus aconitifolius) leaves at different
ages of regrowth (~27 %), [25] and other leafy vegetables like lettuce, spinach, and moringa (19 %, 23 %, and
18 % respectively). [26, 27] Ash content, which represents mineral content, was slightly lower than Cnidoscolus
aconitifolius (~10 %). Both ash and fiber content were similar to the reported values for Eruca vesicaria leaves
(9.3 % of ash content and 6 % of fiber); however, the chemical composition is different in other leafy vegetables,
for example, amaranth (Amaranthus cruentus) and spinach (Spinacia oleracea) have approximately 16 — 18 %
of ash content and 14 — 16 % of fiber, considerably higher than the results found in chaya leaves. [28, 29, 30]
It is well known that several factors can influence the composition of crops, such as climate, age of growth, and
harvesting conditions, among others.

Table 1. Proximate analysis of chaya leaves and chaya leaf protein concentrate (LPC).

Chaya leaves Chaya LPC
Moisture (%) 81.96 + 0.51 9.41+0.36
Protein (%) 32.09 +£ 0.48 63.52 + 0.69
Ash (%) 7.88 £ 0.25 ND
Fiber (%) 9.33+0.47 ND
Fat (%) 520+ 0.14 ND
Carbohydrates (%) 43.33+1.26 ND

* Dry basis. ND: Not determined.

In the case of LPC, the content of protein compared to other LPCs obtained from leaves of different
crops was much higher (~62 %) in comparison to LPCs from Diplazium esculentum, Albizia lebbeck, and
Amaranthus hybridus (~34 %, 37 %, and 39 % respectively). [30, 32, 33] However, alfalfa (Medicago sativa)
and moringa (Moringa oleifera) LPCs showed similar content of protein (60 — 70 %) than in our study. [34, 35]

Nutritional quality

The amino acid profile, ET, and PER values for chaya leaves, and LPC are shown in Table 2. The
results for leaves were similar to previously reported values for C. chayamansa. [36] Chaya LPC showed a
lower amount of essential amino acids, such as Lys, Leu, and lle. Still, a higher quantity of Trp and Val in
comparison to LPCs produced with Amaranthus hybridus leaves [31], Amaranthus spp, eggplant [37],
Gliricidia sepium, Leucaena leucocephala [38], and Medicago sativa L. [34]; however, no limiting amino acids
were found. The LPC meets the required amounts for children above five years old, adolescents, and adults
recommended by FAQ [19] (Table 3). According to the PER value, Chaya leaves can be considered high-quality
because the value was higher than 2 (2.87); however, in LPC, these values slightly decreased (2.54). [39] It has
been reported that the extraction process of protein could negatively affect its quality due to some amino acids
may be partially degraded or destroyed by thermal or acid/alkali processing. [40] On the other hand, in vitro
digestibility studies showed that chaya LPC was more bioavailable at both the stomach (1.35 g/100 ml) and
small intestine (0.94 g/100 mL) in in vitro conditions compared to the protein present in the control diet (1.08
and 0.78 g/100 mL, respectively). These results suggest that chaya LPC could be considered as a good
alternative for animal protein substitution in human consumption. There is no information related to the
digestibility of leaf proteins in humans. Nevertheless, studies performed on meals using protein from different
sources showed higher digestibility for spirulina meal than pork, soybean, and chickpea meals. [41]
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Table 2. Amino acid composition of chaya leaves and chaya leaf protein concentrate (LPC) (mg/g protein)

E/T* (%) and PER".

Chaya leaves Chaya LPC
Asp 63.62 + 0.39 65.10 £ 0.35
Glu 129.60 + 0.64 100.40 £ 0.24
Ser 49.41+£0.21 29.00 £ 0.14
Hys 21.35+0.44 21.60 +£0.22
Gly 53.44 + 0.27 39.10 £ 0.06
Thr* 4947 +£0.11 32.40 £ 0.06
Arg 120.92 + 0.51 95.30 £ 0.26
Ala 29.32 £ 0.00 26.50 + 0.08
Pro 124.31 +0.58 228.70 +1.34
Tyr 36.54 + 0.07 42.90 + 0.09
Val* 63.47 £ 0.07 57.00 £ 0.02
Met* 10.44+0.11 16.50 £+ 0.06
Cys 9.51+0.15 10.70 £ 0.00
lle* 46.08 £ 0.13 40.80 + 0.08
Leu* 82.84 +0.20 76.20 £ 0.24
Phe* 51.51+0.07 53.30+0.16
Lys* 46.32 £ 0.08 49.10+0.21
Trp* 11.84 +£0.04 15.60 + 0.00
EAA 351.45 325.67
E/T 33.47% 3247 %
PER: 2.47 1.71
PER; 2.87 2.54
PER3 2.07 1.28

* E/T = essential / total amino acids. * PER = protein efficiency ratio.

Table 3. Amino acid score value in chaya leaves and chaya leaf protein concentrate (LPC) compared with FAO
standard guideline consumption [19].

Amino acid recommendations (mg/g protein) and amino acid score value (AAS) (%).
lle Leu Lys His | AAA* | SAA* Trh Trp Val
FAO standard | 30.00 | 61.00 | 48.00 | 16.00 | 41.00 | 23.00 | 25.00 | 6.60 | 40.00
Chaya leaves 46.08 | 82.84 | 46.32 | 21.35 | 99.75 | 19.95 | 49.47 | 11.84 | 63.47
AAS (leaves) 100.00 | 100.00 | 96.50 | 100.00 | 100.00 | 86.70 | 100.00 | 100.00 | 100.00
Chaya LPC 40.80 | 76.20 | 49.10 | 21.60 | 111.80 | 27.20 | 32.40 | 15.60 | 57.00
AASLI(%aya 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

*AAA: Aromatic amino acids. *SAA: Sulphur amino acids.

Protein structure

SDS-PAGE gel electrophoresis

Green leaves are constituted primarily by two sorts of protein fractions, the proteins complexed with
pigments (chlorophyll) present in the thylakoid membrane (known as green protein) and the soluble proteins
(white protein). This white protein is an enzyme known by its short name RuBisCO (Ribulose 1,5-Bisphosphate
Carboxylase/Oxygenase), this soluble protein and some chloroplastic proteins were observed in SDS-page gel
electrophoresis. The subunit bands (small and large) of the soluble protein (RuBisCO) were detected at
molecular weights of 50 kDa and 10 kDa (Fig. 1). Identical bands have been reported in alfalfa and spinach

LPCs. [42,43]
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Mw marker

: " Chaya LPC

Fig. 1. Gel electrophoresis of chaya leaf protein concentrate (LPC) for protein detection.

Thermal stability and secondary protein structure (DSC and FTIR)

The thermal stability and protein footprint of chaya LPC are shown in Fig. 2. The enthalpic peaks
during the heating ramp of LPC evinced the presence of protein (Fig. 2(A)). The denaturation temperature of
chaya LPC was ~57 °C. These concentrates showed slightly lower thermal stability than RuBisCO proteins
(63 °C — 75 °C) obtained from different vegetable sources such as alfalfa, spinach, and Diplazium esculentum.
[24,33,43]

In the FTIR spectra, the typical protein footprint represented mainly by the Amide A (3300 cm™Y),
Amide | (1600 — 1690 cm't), and Amide 11 (1480 — 1575 cm™) regions was observed (Fig. 2(B)), Amide | band
is related to C=0 stretching in the peptide bonds. This absorbance peak is often used to predict the content of
secondary structural elements such as o-helixes, B-sheets, and random coils. On the other side, Amide A
indicates the stretching of NH bonds, and Amide Il represents CN stretching and NH bending of the protein
molecule. Another region of interest is between 2800 — 2900 cm't, which measures the CH, and CH3; asymmetric
stretching of fatty acids; the low absorbance in the LPC might indicate a small proportion of lipids in the
samples. Moreover, the presence of peaks around 900 — 1200 cm is commonly related to the stretching of
hydroxyl groups of carbohydrate moieties; therefore, some soluble carbohydrates may be present in the LPC.
[44-47]
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Fig. 2. (A) Differential Scanning Calorimetry (LPC DSC) and (B) Fourier Transform Infrared Spectroscopy
(LPC FTIR) in chaya leaf protein concentrate (LPC).

Polyphenol content

The content of polyphenols in chaya leaves and the remnant solution from protein precipitation was
similar (3.0 and 3.5 mg GAE/qg, respectively) and significantly decreased in the pellet from protein extraction
(0.8 mg GAE/g). The values in the leaves and remnant were according to a previous study of C. chayamansa,
Ramos-Gomez et al. [48], who found a total polyphenol content of 3.35 mg GAE/g, respectively. Nevertheless,
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other studies with the same crop (C. chayamansa) have shown higher polyphenols content (6.34 — 71.3 mg
GAE/g), however, the extraction conditions were different to this study (distilled water at 90 °C). It is well
known that high temperatures increase the extraction rate of different compounds such as polyphenols. [9,49,50]
On the other side, the highest concentration (71.3 mg GAE/g) found by Loarca-Pifia et al. [9] was obtained
using an extensive extraction of 5 days at room temperature with hexane-acetone, and a second extraction with
methanol was also applied.The differences observed in the total polyphenols could be due to different reasons
such as the type of solvent used for extraction (acetone, ethanol, methanol, or water), total extraction time,
harvesting conditions, crop age state [9,49], and the type of standard used for the calibration curve. The fact
that similar amounts of polyphenols were present after protein extraction could indicate that protein-polyphenol
conjugates were not formed during protein precipitation. From an added value and nutritional point of view,
chaya leaves could be used as a source of these two nutritional compounds without compromising protein
quality caused often by non-proteinaceous elements which can cause off-flavors and a decrease in digestibility.

Polyphenol profile

The identified and quantified polyphenols in chaya leaves are presented in Table 4. The obtained
profile consisted of 14.8 % anthocyanidins (cyanidin), 61.0 % hydroxycinnamic acids (3-chlorogenic acid and
p-coumaric acid), 6.9 % hydroxybenzoic acids (vanillic acid), and 17.2 % flavonols (epicatechin and rutin). All
these polyphenols have been previously reported in chaya. [48,50] A quercetin concentration of 0.040-0.045
mg/g was reported in C. chayamansa raw leaves [50], which is similar to the rutin (quercetin-3-O-rutinoside)
content found in this work (0.043 mg/g). Chaya leaves extracts have been studied for their potential health
benefits, including antimutagenic, antidiabetic, and antioxidant activities [9, 48] showing promising nutritional
applications for this plant extract.

Table 4. Identification and quantification of polyphenolic compounds in chaya leaves
Compound lonization Parent ion Product Cone Concentration
Mode (m/z) ion (m/z) | voltage (mg/g)*
V)
Cyanidin + 287.00 137.11 50 0.115+0.01
Epicatechin + 291.00 138.98 55 0.431 +£0.01
3-Chlorogenic acid - 353.00 178.95 30 0.092 + 0.00
p-Coumaric acid - 163.00 119.00 28 0.044 + 0.00
Vanillic acid - 167.00 151.99 40 0.052 + 0.00
Rutin - 609.00 301.10 70 0.043 + 0.00

* Results expressed in mg/g of chaya leaves Data are presented as mean + SD (n=3).

Conclusion

Chaya leaves can be valorized for a sequential production of ingredients for developing high nutritional
quality food products for human consumption. The protein concentrates could be used for partial replacement
of animal-protein due to its amino acid composition (no limiting amino acids) and digestibility being a more
affordable source of protein for low incomes population regions.
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