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1. INTRODUCCION

Los carbohidratos son macronutrientes que proporcionan del 40 al 60% de la
ingesta total de energia de la dieta humana. En los alimentos, los carbohidratos se pueden
encontrar como azucares libres y no libres; los azlcares no libres estan naturalmente
presentes dentro de la estructura celular, por ejemplo, azucar en frutas y verduras,
carbohidratos con almidon en granos, lactosa en productos lacteos, etc. Por el contrario,
los azucares libres no se presentan de forma natural, sino que a menudo se afiaden a los
alimentos, como los monosacéaridos (glucosa, fructosa) y los disacaridos. Sin embargo, el
consumo excesivo de energia esta asociado con la acumulacion de grasa corporal
(Onaolapo et al., 2020). Mas especificamente, el consumo excesivo de azUcares libres no
solo da como resultado la acumulacion de grasa, sino que también compromete la
densidad de micronutrientes y aumenta el riesgo de otras condiciones de salud adversas,

como diabetes y enfermedades cardiovasculares (Hagger et al., 2017).

La sacarosa (aztcar comun), compuesta por fructosa y glucosa a partes iguales, es
fundamental en nuestra dieta ya que el metabolismo de la glucosa es necesario para
producir adenosin trifosfato (ATP), la sintesis de diferentes biomoléculas y, lo que es méas
importante, para la funcién de respiracion celular (Archer, 2018). Desafortunadamente,
la fructosa provoca una desregulacion del metabolismo de los carbohidratos y de los
lipidos. Esto se debe a que el metabolismo de la fructosa no esta regulado por los
requerimientos de energia hepatica, lo que resulta en una absorcion excesiva de fructosa
por parte del higado y un aumento en la lipogénesis de novo (DNL) (Stanhope, 2016). En
consecuencia, aunque el azlcar es una fuente de energia importante en la dieta humana,

también puede promover condiciones dismetabdlicas (Lee et al., 2018).

La principal desventaja del azicar comun elaborado con jugo de cafia de azUcar,
es que el producto refinado carece de compuestos beneficiosos adicionales (por ejemplo,
moléculas bioactivas), que podrian mejorar su valor nutricional. En el proceso de
refinacion del jugo de cafia de azlcar se obtienen como subproductos azlcares de cafia
no centrifugos, aztcar moreno y melaza. Se demostr6 que estos subproductos contienen
varias moléculas bioactivas, incluidos los glucésidos flavonoides y los acidos fendlicos

(Singh et al., 2015), lo que luego llevo a varios otros autores a recomendar los azucares
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no centrifugos para sustituir los azucares refinados debido a los efectos dietéticos
favorables de los fenoles y flavonoides (Cervera-Chiner, et al., 2021). Por la misma razon,
las alternativas de edulcorantes naturales son cada vez mas atractivas para los

consumidores.

Cabe sefialar que los edulcorantes son todas aquellas sustancias o aditivos,
distintos de los monosacaridos, disacaridos, oligosacaridos o azlcares, que pueden dar un
sabor dulce caracteristico a los productos de diferentes industrias, especialmente en la
industria alimentaria (Wakida-Kuzunoki, 2017). Lo anterior permite generar una
sensacion agradable en el paladar del consumidor y despertar la preferencia por estos
productos industrializados, haciéndolos los mas consumidos desde las primeras etapas de
lavida (Gil-Campos et al., 2015; Manzur-Jattin et al., 2020; Padron-Martinez et al., 2013;
Wakida-Kuzunoki, 2017). En cuanto a su clasificacion, si bien no estd estrictamente
regulada, en la mayoria de los casos se consideran dos factores: el contenido calérico
(caldrico y no caldrico) y el origen del edulcorante (natural y artificial), como se muestra
en la Tabla 1.



Edulcorantes Naturales en Alimentos y Bebidas, Una Alternativa a la Sacarosa

Tabla 1. Clasificacion de edulcorantes (Adaptado de Briones-Avila et al., 2021;
Garcia-Almeida et al., 2013).

Edulcorantes caloricos

Azlcares Sacarosa, glucosa, fructosa,

galactosa, trehalosa, tagatosa
Natural

de coco, jarabe de sorgo

dextrosa, lactosa, maltosa,

Miel, sirope de arce, sirope de
Edulcorantes caldricos agave, azucar de palma, azucar

Artificial invertido

lactitol, glicerol

AzUcares modificados Jarabe de maiz con alta
fructuosa, caramelo, azlcar

Sorbitol,  xilitol*,  manitol,
Alcoholes de azlcar eritritol, maltitol, isomaltulosa,

Edulcorantes no caloricos

Estevia, taumatina, pentadina,
Natural No caléricos monelina, brazzeina

neotamo

Aspartamo, sucralosa, sacarina,
Artificial No caléricos acesulfamo K, ciclamato,

* El xilitol también se clasifica a veces como un edulcorante natural; sin embargo,
se clasifica aqui como edulcorante artificial debido a como se obtiene para su uso como
edulcorante.

Aunque la demanda mundial de azucar ha disminuido en general debido a las
crecientes preocupaciones sobre los posibles efectos en la salud causados por el consumo
elevado de azucar, los datos de la Organizacion para la Agricultura y la Alimentacién
(FAO) sugieren que el crecimiento del consumo de azlcar seguira siendo fuerte en los
paises en desarrollo. Para el 2028, se estima que aumente en 32 Mt, en comparacion con
el valor aproximado de 203 Mt en 2008 (OCDE/FAOQ, 2019).

Actualmente, los alimentos procesados juegan un papel importante en el consumo
excesivo de azlcar. Steele et al. (2016) informaron que ~ 90 % de la ingesta promedio
total de azucar proviene de alimentos ultraprocesados (p. €j., jugos de frutas), jarabes
concentrados, refrescos y bebidas deportivas, productos de panaderia, entre otros, que a

menudo consisten en indices de sacarosa elevados que oscilan entre 50 a 1000 g/L
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(Raganati et al., 2015). Ademas, las bebidas méas populares (por ejemplo, bebidas
energeéticas, gaseosas, jugos de frutas), segun el tipo de bebida, poseen contenidos de
azucar entre 100 y 135 g/L (Health, 2014). Estudios anteriores han sefialado que una
mayor ingesta de bebidas azucaradas (SSB, por sus siglas en inglés) esta relacionada con
un aumento del 30 % en el desarrollo de diabetes tipo 2 (Wang et al., 2015), y un consumo
de unos 250 ml/dia de SSB, aumenta la incidencia de diabetes tipo 2 en un 18% (Imamura
etal., 2015).

La creciente demanda ha llevado a los investigadores a explorar nuevos
edulcorantes naturales y sintéticos como alternativas a la sacarosa (Castro-Mufioz et al.,
2022; Saraiva et al., 2020). Cuando se extraen con los compuestos beneficiosos de sus
fuentes, los edulcorantes naturales (glucosa, fructosa y sacarosa) se clasifican como
opciones nutricionales. Se han propuesto y estudiado nuevas posibilidades para atender
la demanda, incluyendo miel, xilitol, eritritol, maltosa, maltodextrina, estevia, melaza,

sirope de arce, azlcar de coco, sirope de agave y azUcar de datiles (Valle et al., 2020).

En cuanto a los edulcorantes artificiales, en general, tienen un contenido caldrico
muy bajo y un dulzor intenso, lo que los hace atractivos tanto para los consumidores como
para los fabricantes de alimentos. Sin embargo, estos edulcorantes no caléricos tienen un
valor nutricional minimo. También pueden dar como resultado una activacion incompleta
de las vias de recompensa de los alimentos, lo que lleva a antojos de dulces y busqueda
de alimentos, lo que puede causar una ingesta caldrica excesiva y un aumento de peso
(Mooradian et al., 2017). Ademas, algunos experimentos en animales han demostrado
que estos edulcorantes artificiales influyen en sindromes metabdlicos especificos. Por
ejemplo, la tolerancia a la glucosa puede reducirse en respuesta a los cambios en el
microbioma después de un consumo moderadamente prolongado de edulcorantes
artificiales (Green 'y Syn, 2019). Aunque las principales autoridades relacionadas con esta
materia, incluidas la Food and Drug Administration (FDA) y la European Food Safety
Authority (EFSA), han aprobado algunos edulcorantes artificiales, la evidencia disponible
para respaldar su uso y consumo industrial atin no es concluyente. Ademas, se informaron
muchos hallazgos contradictorios sobre las implicaciones para la seguridad y la salud, lo

que hace que su uso sea controvertido.
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Actualmente, tanto la sacarosa como los edulcorantes artificiales pueden ser
reemplazados por edulcorantes naturales. Las tendencias predominantes en el mercado
sugieren que los productos alimenticios naturales son mas atractivos para los
consumidores, quienes identifican los productos naturales como opciones mas saludables.
La tendencia actual indica que los consumidores estan dispuestos a probar alternativas
naturales a la sacarosa (Mora y Dando, 2021). Por ejemplo, las bebidas endulzadas con
estevia tienen percepciones de los consumidores méas positivas que las SSB comunes
(Olivo, 2019). Por lo tanto, el uso de edulcorantes naturales puede representar una
oportunidad comercial nueva y sustancial para muchas empresas. Los edulcorantes
naturales también presentan efectos positivos de consumo, como mejorar la salud
metabdlica, prevenir el aumento de peso y disminuir la glucosa en sangre. Otras ventajas
son; (1) la baja potencia glucémica, como se presenta en la miel y el sirope de agave,
podria ser ventajosa para las personas con dietas de bajo indice glucémico, (2) el bajo
contenido de fructosa, como se encuentra en el sirope de arce (Edwards et al., 2016), y
(3) que contienen biomoléculas con beneficios nutricionales y para la salud (por ejemplo,
vitaminas, fitohormonas y minerales) (Valle et al., 2020). Se informé que la composicion
general de lamiel, el arce y el sirope de agave consta de al menos un 3 % de fibra dietética,
un 1,4 % de proteinas, <2 % de minerales (potasio, calcio y magnesio) y polifenoles con
potencial actividad antioxidante (Edwards et al., 2016). De manera similar, la melaza
oscura y la melaza negra contienen actividades antioxidantes altas, a 4,89 y 4,56
mmol/100 g, respectivamente. La sustitucién de 130 g de azlcar refinada por 337 g de
melaza negra en productos viables aumentaria su contenido de antioxidantes en ~ 10,7

mmol (Eggleston, 2019).

En el siglo XX, los paises desarrollados resolvieron la falta de seguridad
alimentaria con un importante aporte de la industrializacion agroalimentaria (Asioli et al.,
2017; Lusk, 2016; Meneses et al., 2014). El procesado de los alimentos ha jugado un
papel vital en la prolongacién de la vida dtil de los productos alimenticios, la mitigacion
de las pérdidas de alimentos y la reduccion del desperdicio y en la mejora de la produccién
de nutrientes y su disponibilidad (Augustin et al., 2016; Weaver et al., 2014). Sin
embargo, las percepciones diarias de los consumidores dependen de otros factores ademas
de estos logros. En las sociedades modernas, los mercados mas globalizados y los que se
esfuerzan mas en la fabricacién de alimentos han dado lugar a brechas de conocimiento

y una separacion percibida entre los fabricantes locales y los ciudadanos (por ejemplo,
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como se producen los alimentos, donde se producen, etc.) (Princen, 1997; Weis, 2007).
Los consumidores se estan volviendo cada vez mas conscientes de los ingredientes
naturales, mientras que la creciente importancia de la naturalidad entre los consumidores
ha tenido implicaciones clave para la industria alimentaria (Roman et al., 2017). Esto bien
podria tener implicaciones no solo para el desarrollo y la venta de alimentos, sino también
para el aumento de las tecnologias alimentarias emergentes. Es posible que aquellos
alimentos que no se perciben como naturales no sean aceptados por muchos consumidores

en la mayoria de los paises.

La demanda de edulcorantes sin calorias y de origen natural ha crecido
drasticamente en la Gltima década porque los consumidores son mas conscientes de su
salud (Philippe et al., 2014). Durante décadas, los edulcorantes se han utilizado para hacer
que los alimentos tengan mas sabor y atraer a los consumidores. Fueron adoptados por
primera vez debido a la alta proporcion de azucar en calorias en la dieta, y esto favorecio
la obesidad en la poblacion general, que se generaliz6 en bebés y nifios (Mooradian et al.,
2017). Debido a ello, un edulcorante bajo en calorias, la sacarina, se lanzé al mercado en
la década de 1980. A la popularidad de este edulcorante le siguieron otros como los
ciclamatos, el aspartamo y el acesulfamo K, que son los mas habitualmente empleados.
Los edulcorantes han sido durante mucho tiempo objeto de controversias y conflictos a
lo largo de los afios, que han incluido acusaciones de toxicidad en el higado y la vejiga,
carcinogenicidad, malformaciones del feto, junto con otros riesgos (Carocho et al., 2015).
Si bien se investigaron todos estos puntos, los edulcorantes se consideraron seguros
(Anwar et al., 2023; Kumar et al., 2021; Serra-Majem et al., 2018), aunque persiste cierta
pérdida de confianza del consumidor, ya que algunos no estan permitidos en los Estados
Unidos pero si lo estan en la Unidn Europea (por ejemplo, ciclamato y acido ciclamico).

Por lo tanto, la necesidad de sustitutos naturales es crucial (Carocho et al., 2014).

Sirope de Agave

El sirope de agave, también conocido como néctar de agave, es un producto
alimenticio desarrollado recientemente (posterior a 1990) elaborado a partir de la savia
de la planta de agave, en particular Agave salmiana y Agave tequilana, es decir, salmiana

y agave azul, respectivamente. Dado su bajo indice glicémico y su condicién de vegano,
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este producto se ha vuelto popular como sustituto de los edulcorantes tradicionales como
el azUcar de mesa (sacarosa) y la miel (Wolever, 2012; Foster-Powell et al., 2002;
Thalheimer, 2015).

La hidrdlisis de fructanos produce este edulcorante natural. ElI néctar, que
proviene de los corazones de agave (pifias) en forma de fructanos, es una de las
principales reservas de carbohidratos de las plantas de agave. Cultivado en ambientes
aridos y semiaridos, el género Agave aplica la adaptacion fotosintética y un metabolismo
acido de las crasulaceas al suministro periodico de agua. Estas plantas son comunes en
América Central y del Norte, pero una gran proporcion de las especies (alrededor del 55
%) se encuentran en México, que se cree que es el centro de la diversidad y el origen del
agave (Castro-Mufioz et al.,, 2022). Tanto el consumo como los impactos
socioecondmicos del agave se remontan a la época precolombina, dado su alto contenido

de azUcar (Pérez-Lopez y Simpson, 2020).

Sirope de Arce

El sirope de arce es un manjar que se prepara hirviendo la savia de diferentes
especies de Acer, principalmente arboles de arce de aztcar (Acer saccharum Marsh.)
(Nimalaratne et al., 2020). Agriculture and Agri-Food Canada (2017) informa que
Canada es el mayor productor mundial de productos de arce y es responsable de casi el
71% de la produccion de sirope de arce en el mundo. En 2017, Quebec produjo
aproximadamente el 92 % de todo el jarabe de arce en Canada y alberga a mas de 13 300
productores de sirope de arce (RMSPSCNUSA, 2022).

Entre la variedad de edulcorantes naturales existentes, el sirope de arce es
reconocido como una alternativa muy superior a la del azlcar refinado no solo por su
contenido mineral, sino también por su alta concentracion de compuestos fendlicos con
propiedades bioactivas, es decir, antimutagénico, antiradicalario, antioxidante, y
anticancerigeno (Mellado-Mojica et al., 2016; Gonzalez-Sarrias et al., 2012; Phillips et
al., 2009). En comparacién con la dextrosa, el sirope de maiz y el sirope de arroz integral,

el sirope de arce genera respuestas mas bajas de glucosa e insulina, lo que lo convierte en
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un sustituto mas saludable de los azlcares refinados en nuestra dieta (Mellado-Mojica et
al., 2016; St-Pierre et al., 2014).

La extraccion de arce a menudo comienza a fines del invierno o principios de la
primavera. Solo dura unas pocas semanas debido al clima. Para hacer sirope de arce, se
recolecta y concentra la savia de xilema dulce y acuosa. Como resultado de la
acumulacion de presion causada por el ciclo de congelacion y descongelacion, esta savia
sale de los troncos de los arboles de arce. Para hacer un litro de sirope de arce, se requieren
alrededor de 40 litros de savia (que contiene 2-3% de azUcar) (66% de azlcar). Aparte de
la sacarosa, que es el azucar principal del sirope de arce, su sabor es el resultado de una
mezcla compleja no solo de minerales, aminoacidos, oligosacéridos, &cidos organicos y
compuestos aromaticos volatiles y fendlicos, sino también de microorganismos presentes
en lasavia de arce (Ball, 2007; Filteau et al., 2009). Segun Filteau et al. (2009). Asi como
su microbiota asociada, el contenido de savia puede cambiar durante las estaciones y el

color del sirope generalmente se oscurece a medida que avanza la temporada.

Como se indicé anteriormente, la composicion quimica de la savia y el sirope
puede diferir significativamente segun el origen geografico (Stuckel y Low, 1996; Perkins
y van den Berg, 2009). Los pueblos indigenas de América del Norte introdujeron el sirope
de arce a los europeos colonizadores. Desde entonces, el sirope de arce y los productos
de arce se han vendido comercialmente (Koelling et al., 1996). Se ha mostrado mas
interés en estudiar la composicion elemental del sirope de arce a medida que se expanden
los mercados comerciales y mejoran las tecnologias analiticas. Como resultado, se han
realizado varios trabajos de investigacion cientifica en el Gltimo siglo para determinar los
componentes quimicos y la constitucion mineral del sirope de arce (Mohammed et al.,
2022).

Sirope/Azucar de Coco

En la cocina del sur/sureste de Asia, el azicar de coco es un edulcorante popular
(Levang, 1988) y estd hecho de la savia del floema de las flores de la palmera de coco
(Cocos nucifera L.) (BAFPS 76:2010, 2022). Los trabajadores recolectan savia escalando

palmeras y usan hoces para cortar las inflorescencias sin abrir. Durante 8 a 12 h, la savia

8
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que rezuma se recolecta con bambu o recipientes de plastico. Ocasionalmente se agrega
cal a la savia para evitar que fermente (Hebbar et al., 2015; Dalibard, 1999). A
continuacidn, la savia se calienta sobre llamas abiertas y se agita regularmente para que
se espese Yy cristalice (Levang, 1988). Durante el método de produccién, el color del
azucar puede variar de marrén claro a marron oscuro. Finalmente, el azucar se selecciona

a mano y se tamiza para producir productos de grano fino (PCA, 2015).

Cada palmera de coco produce tipicamente una inflorescencia una vez al mes. Se
recolectan aproximadamente 1,5 L de savia dos veces al dia (mafiana y tarde) de todas las
inflorescencias. Basado en aproximadamente 15 g de aztcar por cada 100 g de contenido
de azlcar de savia de coco fresca, la savia hirviendo permite que se produzcan

diariamente 200 g de azUcar por inflorescencia (Hebbar et al., 2015; Dalibard, 1999).

Incluso en edades tempranas, las palmeras de coco se pueden utilizar para
recolectar savia. Cada vez que se extrae y extrae la savia del floema, se deben cortar 1-2
mm de espadice. El espadice se puede reducir a un mufidn repitiendo esta técnica.
Siguiendo este procedimiento, se puede tocar un solo espadice durante 40 a 45 dias. Las
palmeras de coco se pueden explotar durante un periodo de 20 afios (Levang, 1988;
Hebbar et al., 2015).

Debido al creciente interés que muestra el publico en una dieta saludable y la
percepcién negativa del publico sobre el uso excesivo de azUcar, los consumidores
frecuentemente intentan sustituir los azlcares refinados por edulcorantes alternativos
como el azlcar de coco (Wrage et al., 2019). Los comerciantes destacan los pequefios
productores tradicionales de azucar de coco, el crecimiento organico de la palmera en la
agricultura mixta con otros cultivos, el indice glicémico (IG) més bajo y el bajo contenido
de fructosa que el azucar de remolacha refinada normal o la caiia (EPSE, 2016). El azucar
de coco tiene un precio superior que los consumidores estan dispuestos a pagar. Un
kilogramo (kg) puede costar entre 15y 46 €. Por el contrario, el precio de un kg de azlcar
tradicionalmente refinado fue de solo 0,88 € en 2021 (Meliany et al., 2022).
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2. OBJETIVOS

Los edulcorantes naturales tradicionales discutidos en esta tesis, los siropes de
arce y de agave, y el azlcar/sirope de coco, son las alternativas nutritivas comunes y
poseen potenciales comerciales prometedores. La mayoria de estos edulcorantes se
introducen facilmente en varios productos comerciales, frecuentemente comercializados
como opciones mas saludables y aceptados por los consumidores en general por sus
atributos positivos. Esta Tesis Doctoral también recopila la informacion sobre las
principales vias de extraccion, sostenibilidad en el medio ambiente donde son producidos,
produccién y purificacion de los edulcorantes naturales. lgualmente importante, se
presentan sus propiedades fisicoquimicas, donde se plantean los métodos méas adecuados
para su andlisis, como se lleva a cabo el control de calidad y seguridad alimentaria, y
préacticas de sostenibilidad. Finalmente, se proporciona una descripcion general de los
usos y aplicaciones actuales en la industria alimentaria, bien como sus beneficios

nutricionales e impactos en la salud del consumidor.

Partiendo de estas premisas, esta Tesis Doctoral tiene como objetivo estudiar el
perfil nutricional y los impactos en la salud del consumo de sirope de agave, de sirope de
arce y de sirope/azlcar de coco, sus posibles aplicaciones en la industria alimentaria y
cuestiones de sostenibilidad, asi como sus parametros centrales de seguridad y calidad,

incluido el analisis quimico de sus principales componentes.
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Abstract: Agave syrup (AS), a food product made from agave plant sap, is a vegan sweetener that
has become popular for replacing conventional sweeteners such as sucrose. As the demand for
naturally derived sweeteners has grown in the last decade, this review paper addresses and discusses,
in detail, the most relevant aspects of the chemical AS analysis, applications in the food industry,
sustainability issues, safety and quality control and, finally, nutritional profile and health impacts.
According to our main research outcome, we can assume that the mid-infrared-principal components
analysis, high-performance anion exchange chromatography equipped with a pulsed amperometric
detector, and thin-layer chromatography can be used to identify and distinguish syrups from natural
sources. The main agave-derived products are juice, leaves, bagasse, and fiber. In sustainability
terms, it can be stated that certified organic and free trade agave products are the most sustainable
options available on the market because they guarantee products being created without pesticides
and according to specific labor standards. The Mexican government and AS producers have also
established Mexican guidelines which prohibit using any ingredient, sugar or food additive that
derives from sources, apart from agave plants, to produce any commercial AS. Due to its nutritional
value, AS is a good source of minerals, vitamins and polyphenols compared to other traditional
sweeteners. However, further research into the effects of AS on human metabolism is necessary to

back its health claims as a natural sugar substitute.

Keywords: agave syrup; chemical analysis; food industry; health impacts; nutrition

1. Introduction

Agave syrup (AS), also referred to as agave nectar, is a recently developed (post-1990)
food product made from agave plant sap, particularly Agawve saliniana and Agave tequilana,
that is, salmiana and blue agave, respectively. Given its low glycemic index and vegan
status, this product has become popular as a substitute for traditional sweeteners such as
table sugar (sucrose) and honey [1-3].

Fructan hydrolysis produces this natural sweetener. Nectatr, which comes as fructans
from agave cores (pifias in Spanish), is a principal carbohydrate reserve of agave plants.
Grown in arid and semi-arid environments, the Agave genus applies photosynthetic
adaptation and a crassulacean acid metabolism to periedic water supply. Such plants
prevail in Central and Northern America, but a large proportion of the species (about 55%)
are located in Mexico, believed to be the centre of agave’s diversity and origin [4]. Both the
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consumption and socic-economic impacts of agave originate from pre-Columbian times,
given its high sugar content [5].

Nowadays, consumers are increasingly becoming familiar with natural ingredients,
and the growing prominence of naturalness for consumers has had significant repercussions
for the food industry [6,7]. It is feasible that consumers in most countries may reject food
products that are not perceived as natural. In recent decades, demand for naturally derived
sweeteners has exploded [8].

Based on these premises, this review aims to study the nutritional profile and health
impacts of AS consumption, its possible applications in the food industry and sustainability
issues, as well as its central safety and quality parameters, including the chemical analysis
of its main components.

2. Chemical Analysis

Fructose is a sugar present in high contents (approximately 80%) in AS sugars (ASs).
The food industry frequently employs it as a sweetener. However, extracting fructose from
agave involves fractionation methods, mainly chromatographic techniques, followed by
qualitative and quantitative analysis methods [9] NMR (Nuclear Magnetic Resonance),
HPLC (High-Performance Liquid Chromatography) and GC-MS (Gas Chromatography
Coupled with Mass Spectrometry) are the most widespread analytical methods [9]. Table 1
summarizes the most widespread analytical techniques to characterize ASs, where HPLC is
the most followed method. However, these methods are expensive and time-consuming [9].

Several authors have developed analytical methods for sugar analysis that are faster,
cheaper, and easier than those previously referred to.

Ja et al. (2018) [9] successfully developed a polarimetric method for the fructose-
glucose ratio analysis. The obtained results were evaluated and validated by HPLC using
fructose and glucose standards. HPLC and the polarimetric method are statistically equiv-
alents in accuracy and reproducibility terms and prove the technical feasibility of the
polarimetric method. This method reduces the equipment required for the fructose-glucose
ratio analysis and makes fructose-glucose ratio quantification easier and faster [9]. Ther-
mally untreated and treated Agave salininna syrups have been analyzed by HPLC associated
with a refractive index detector, and later by Liquid Chromatography Coupled with Elec-
trospray lonisation Mass Spectrometry (LC-ESI-MS). The chromatogram profile obtained
by HPLC shows the presence of glucose, sucrose, fructose and kestose in the two samples.
However, sucrose concentration significantly rises in the thermally treated sample. In
both the treated and untreated samples analyzed by LC-ESI-MS, the presence of sucrose,
kestose and oligomeric fructans is confirmed. However, fructose and glucose are not de-
tected under the tested conditions. Therefore, authors conclude that, compared to GC-MS,
this technique reduces sample preparation times and allows for the analysis of tri- and
tetra-saccharides [10].

In an attempt to discriminate ASs from other natural sugars, Agave tequilana, Agave
salmigna, honey, corn and cane syrups have been analyzed by methods of the vibrational
spectroscopic type, namely MIR (mid-infrared) and NIR (near-infrared) combined with
chemometrics (for example, multivariate data analyses) [11]. Oligosaccharide content and
monosaccharide ratios have been evaluated by HPAEC-PAD (High-Performance Anion
Exchange Chromatography with a Pulsed Amperometric Detector). This technique is used
for sugar analysis thanks to its low detection limits, as is Thin Layer Chromatography (TLC).
All the samples show high glucose, fructose and sucrose contents. However, the fructose-
glucose ratio can be used to discriminate ASs. The AS analysis by HPAEC-PAD and TLC
shows specific sugar profiles, mainly composed of fructose and fructo-oligosaccharides
(FOS) compared to other tested syrups. Agave salnigna has high sucrose content and Agave
tequilana exhibits a large quantity of fructose. Hence these techniques can confirm the
authenticity of ASs. As vibrational methods, NIR is unable to distinguish the assayed
syrups. The combination of MIR spectroscopy and a PCA (Principal Components Analysis)
shows significant differences between 1185 and 950 cm ! in the sugar region. Given its high
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fructose content, in the fructose region Agave tequilana syrups display a marked absorption,
from 1061 to 1063 cm !, and Agave salmiana syrups present high sucrose contents with
marked absorption from 997 to 1054 cm . The other tested syrups also show specific
characteristic absorption bands in the carbohydrate’s region. Therefore, MIR-PCA, HPAEC-
PAD and TLC can be used to identify and discriminate syrups from natural sources. These
methods are fast, nondestructive, simple and economic compared to other techniques (for
example, HPLC, GC-MS and NMR) [11].

As a tool to prevent adulteration in ASs and to control their authenticity, Portaluri
et al., (2021) [12] developed an approach to detect C4 plants called the 13C site-specific
natural isotopic fractionation (SNIF)-NMR approach. After obtaining ethanol from the
sugar fermentation of several ASs, it is analyzed via the optimization of a method based on
an insensitive nucleus enhanced by a polarization transfer (INEPT) pulse sequence for 13C
SNIF-NMR to reduce the acquisition time; it produces reproducible and reliable results.
Of 11 commercial ASs, only 1 is authentic. The results also show that maize and cane
are converted into sugar syrups, masked by the glucose-fructose ratio. This suggests the

probability of using ASs for adulteration [12].

Table 1. Analytical methods for the characterization of agave syrup sugars.

Analytical Analysis
Plant Method Detector Standards Conditions Results References
Stationary phase: Sugars were well
- separated with good
Fructose, column ion .
: ) resolution.
arabinose, exchange; mobile Sucrose, glucose and
glucose, lactose,  phase: HPLC grade CrOSE, §IUCOSE 3
. fructose were
maltose, ribose,  water (flow rate of . L
N identified and
galactose, 0.6 mL/min) o [13]
mannose Column quantificd
! o (85.6 £+ 2.52%,
xylose sucrose  temperature: 75 °C o
‘and chicory Run time: 20 min 467 +0.22% and
inuli; ’ ln'e'tionﬂvolume‘ 399 £ 0.14%
Refractive- Jec - (6.36 + 0.54%, dry
Agave HPLC ! 50 uL tter) tively)
almiana index matter), respectively).
Stationary phase:
Zorbax column Identified sugars:
specific for xylose, fructose,
Arabinose, carbohydrates from glucose, sucrose,
fructose, the Agilent Mobile maltose.
galactose, phase: 75:25 Use of plants in the
glucose, lactose,  acctonitrile:water  quiotilla maturity state, [14]
maltose, at a flow rate of including the stem up
mannose, 1.4 mL/min to its neck, whose
ribose, sucrose, Column fructose concentration
and xylose temperature: 30 °C  was even higher than

Run time: 15 min
Injection volume:
20 ul

that presented at its
base
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Table 1. Conut.
Analytical Analysis
f
Plant Method Detector Standards Conditions Results References
Fructose, glucose,
sucrose and kestose
were identified in
o thermally untreated
Stationary phase: o
N agave syrups
Prevail The sucrose
Carbohydrate ES suero
congentration
column increased in the
Mnb}le.pha@e: thermally treated
acetonitrile:water agave :;yrupﬁ
(70:30) . The quantity of o
(L0 mL/min J
fructose, glucose and
flow rate) 3
) . kestose in the agave
Run time: 18 min X S
Injection volume: syrup was similar
Fructose, ! 20 ul before/after heat
glucose, - treatment (1.2 and 0.7,
sucrose, fructo- 15.21 and 16.12 and1
oligosaccharides 10.89 and 12-71 gb
standards respectively)
I-nystose, 1-B- MS analyses were
fructofuranosyl performed in the
and nystose [M-H] ! negative
1-kestose mode Tor the thermally
The nebulizing gas untreated/ treated
was nitrogen and syrups, under the
the damping gas employed conditions
was helium. 3.0 kV the masses that
spray voltage, corresponded to
90.0 V capillary glucose and fructose
LC ESI-MS voltage were not identified.
Temperature was The kestose, sucrose
250°C, and oligomeric
10 pL/min flow fructans were
rate confirmed
Run time: 7 min unambiguously in the
Tnjection volume: untreated / treated
20 ul agave syrups
m/z range
acquisition spectra:
50-2000
" }:i:’] 4.4 kg of a fresh head
quequ(TgS) Fructose corn of A. tequilana were
Agave sugars | syrup, fructose needed to obtain 1 kg -
o and direct - ’ - . . o [15]
tequilana reducin and glucose of syrup with 70% TRS
sugusg standards. and a fructose content
(DRS) of 87.92 £ 1.28%
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Table 1. Cont.
Plant A;\;laff:zll Detector Standards Cﬁ::lli{iirs’ls Results References
Monosaccharides
analysis:
stationary phase: a
Dicnex CarboPac
PA1 column in
series was used
with a CarboPac
PAT guard column.
The mobile phase:
isocratic of 80 mM
NaOH
(1.0 mL/min
flow rate)
Oligosaccharide
analysis: stationary
HPAE PAD Fructose, phase: a Dionex The main identified
glucose, inositol CarboPac PA100 monosaccharide was
and mannitol. column in series fructose (71.86-92.13%
Fructo- was used with a concentration range),
oligosaccharide CarboPac PA100 followed by glucose
standard guard column. (4.73-15.06%
Mobile phase: concentration range)
solvent Fructose-glucose ratio
A =160 mM 10:1 [16]
Agnave NaQH; solvent Two polyols were
tequilana e A. B =160 mM detected: one was
salmiana NaOH/1.0M mannitol
NaQAc. solvent (concentration in the
C =1.0MNaOH ASs went from 0.02%
(0.0 mL/min to 2.54%). The other
flow rate) was inositol
- 20,
Oligosaccharide (5}'3179'43 o .
analysis: stationary CTU nccnl:ranon range)
y L nulobiose was the
phase: an Agilent main identified
J&W DB-5 oligosaccharide
(30 m x 0.25 mm,
0.25 um film
thickness; 95%
dimethyl-5%
diphenyl
polysiloxane) open
tubular fused-silica
coc FID capillary column

Carrier gas:
ultrapure hydrogen
(flow rate =
1.2 mL/min)
Makeup gas:
ultrapure nitrogen
(flow rate =
30 mL/min)
Injection port
temp.: 250 °C
Detector temp.:
300°C
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Table 1. Cont.
Plant A;\;laff:;al Detector Standards Cﬁ::lli{iiis Results References
NMR spectra of
syrup samples
Qflq;:l;&;,iby\:li‘: The A. salnitiana syrup
600 MH. j’ AR had an identical profile
Premium and another signal at
COMi’ACTTM 5.4 ppm, which
spectrophotometer. corre:;pcir::i:d to
H-NMR spectra o
wore meastred at The A. tequilana syrups
300 I;‘and b showed a greater
1H-NMR frequency intensity signal emitted
spectroscopy- - - 599.77 MHz with bé iﬁgﬁ: thdo igrﬁl J;Ulr [17]
PCA D50 as the solvent, - and p

plus an internal
reference.
The residual HOD
signal was

3.8 and 3.7 ppm for
SucCrose.
This method allowed
agave syrups to be
identified and

Cn;pgl(:?ﬂciat classified, and was able
The usé d}'f/zApulse to differentiate for

other natural

was 8.7 ps. The
sweeteners

relaxation time was
15 s. There were
16 repetitions.

3. Food Industry Applications and Sustainability Issues

Juice, leaves, bagasse, and fibers are the main products that are derived from agave.
The agave industry produces other residue types, such as stalks cuticles and spines with
relevant cellulose and bioactive compounds. This section contemplates the utilization and
sustainability of ASs as a main product in the food industry.

Tndustrial (nonalcoholic) AS production is similar to that of the tequila procedure
(40-50% alcohol or 80-100 US proof). The exceptions are additional fermentation processes
and distillation/ purification steps. Variability of production methods, type of agave, agave-
growing region and the plant part employed in production processes (leaves, pine, sap)
produce wide-ranging products sold as ASs.

Since the 17th century, ASs have been used to produce distilled alcohol drinks in
Mexico, such as tequila, mezcal, sotol, pulque and henequen, of which Mezcal and tequila
are the 2 most popular. The global tequila market is projected to reach $6.36 billion by
the end of 2025 [18]. According to the Consejo Regulador del Mezcal, global shipments of
mezcal rose by 26% in 2019 [19] (Pattillo, 2021). AS, or nectar, fetched 156 million US$ in
2021 and is projected to fetch 272 million US$ by 2026 [18].

The commonest agave species used for AS production are A. tequilana, A. americana,
A. potatorum, A. salmiana and A. atrovirens [20,21]. Several products can be obtained from
agave plants (see Figure 1), and these by-products are important sources of income that
drive this crop’s cultivation. The agave plant is also utilized in foods such as sugars and
syrups, and in Mexican stews [22]. Non-food and non-beverage by-products, such as
biofuel and other biomaterials, are presently being questioned in environmental sustain-
ability terms.
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Figure 1. Produce acquired from agave plants [22] (Reprinted with permission from Ref. [22].
Copyright 2021 Elsevier).

The process followed to generate ASs begins by harvesting mature 5-7-year-old blue
agave plants. From them, the high carbohydrate contents in plant pifias (pine) can be stored.
A pifia looks similar to a pineapple once leaves have been removed. A high-quality pifia
(weighing up to 68 kg) contains approximately 25-30% w/w sugars [4]. The next phase
consists in milling and crushing pifas for juicy fibers to be obtained. Juice is obtained by
hot water washing in a diffuser and discarding fibers, followed by filtration to eliminate
solid particle residue from raw agave juices. Filtered juice is thermally hydrolyzed by
heating (80 °C) for 8-12 h before refiltering. A second filtration lowers water content. Then,
juice is vacuum-evaporated (90 °C) for glycosidic activity denaturation. This results in the
end syrup product [23].

Natural aguamiel (juices obtained from fresh or cooked agave “pifias” or cores) can
be employed for obtaining high fructose syrup, agave fructans, polysaccharides, biofuel
and Maillard compounds [24]. Recent research into the extraction and generation of novel
bioactive compounds (for example, saponins and antioxidants) indicates more opportu-
nities for the agave value chain industry [22]. More and more attention has been paid to
fructose-rich syrups in recent times, which have become the most demanded sweeteners by
the global pharmaceutical and food industries thanks to their technological and functional
advantages over sucrose, and their beneficial health effects [11,25] in relation to the bioac-
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tive compounds present (fructanes amino and acids) [26]. All of this confers antibacterial
properties and antioxidant capacity.

Traditional processing to exploit agave as a source of bioactive compounds and
carbohydrate-rich syrups can be performed for direct use or as substrates to yield spirits
and hydrolyzed fermented products [21,26].

Tn recent times, the food industry has paid attention to extract fructopolysaccharides
from agave species, which are known as agave fructans (or agavins), because agavins
promote human health [27]. ASs can be generated by acid hydrolysis, thermal hydrolysis
or glycosidic enzymes from agave fructans [23]. Fructans are the main water-soluble
carbohydrate in agave species; they represent > 60% of total soluble carbohydrates [28].
Fructan content in the heads of some agave species falls within the 35-70% dry matter
range [29].

The demand for agave fructans in the food industry is increasing because of the tech-
nological and prebiotic effects proven by native agave fructans and a considerable degree
of polymerization fractions. Agave fructans comprise simple sugars, a complex fructo-
oligosaccharides (FOS) and fructans mixture, and linkages p-(2-1) and 3-(2-6), including an
external (graminans fructans) and internal (neoseries fructans) glucose unit, which varies
depending on plant age [30]. Agave fructans are classified as FOS according to the degree of
polymerization (DP) (DPs range between 2 and 10} or high DPs (DPs between 2 and 60) [11].
The extraction of agave fructans gives a frequently discarded insoluble dietary fiber-rich
by-product [31]. The discarded by-product can be used for developing food ingredients, for
example, adding agave ingredients modifies short-chain fatty acid preduction in granola
bars [30].

The use of agave fructans as healthy additives continue to gain interest in the food
industry due to their nutritional and technological characteristics, their prebiotic benefits
such as soluble dietary fiber, as well as stabilizers and sweeteners, among other applica-
tions [32]. The presence of these low molecular carbohydrates makes it possible to obtain
prebiotics, fermented products and/or syrups [32].

ASs can be regarded as vegan. As such, manufacturers use them to achieve the same
sweet results in their vegan recipes. ASs can also be utilized as a natural sweetener in a
wide variety of end products, including prepared beverages, pharmaceuticals, sport drinks,
pastry, confection, energy bars, dairy products, sauces, and dressings [33].

The percentage of sucrose replacement with ASs affects both the microstructural
rheological and properties of batters, and the physical parameters of baked products. The
sensory evaluation of muffins substituted for AS and partially hydrolyzed AS (PHAS) can
serve as excellent alternatives for as much as 75% sucrose replacement. Cohesiveness also
significantly increases as sucrose substitution levels escalate [34]. Muffin formulations with
PHAS present better flavor, color, and texture in particular, and acceptability in general,
compared to those formulated with ASs when substituting 100% sucrose [34].

ASs have a different carbchydrate profile with a higher phytochemical potential
compared to other sweeteners because more natural compounds are present that display
antioxidant activity [35]. A difference in chemical composition is also noted in the same
A. teguilang syrup samples. This difference lies in the distinct times applied to agave
cooking. The color of sweeteners is associated with the content of pigments that possess
antioxidant activity. Those with greater antioxidant activity, a higher phenols content and
containing pro-anthocyanidins tend to be darker sweeteners [35].

Agave leaves contain non-structural sugars at much lower levels. These levels dimin-
ish from the base up to the tip. In A. fequilana leaves (fresh weight), the total reducing
sugars range lies between 9.4% at the base and 3.3% at the tip. Conventionally, neither plant
leaves nor bagasse have been utilized [29], which make them candidates to be employed
as fuel. It is possible to use the fibrous waste from agave as several sources, such as straw,
paper-making fiber, fertilizers, and baskets [24].

Sustainability issues need to be considered against this backdrop on agave plant
versatility, In the food industry, the functional-technical properties of certain food products
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can be improved by adding bagasse extracts and leaves. By way of example, A, americana
leaves are employed as powder in steamed yoghurt formulations because a product’s
color, texture and viscosity can significantly improve [36]. Calorie and fat content are
significantly lower and soluble fiber increases when employing fructans isolated from
A. angustifolia to replace fat in cookies [37]. Oil- and water-holding capacity are enhanced,
which helps to control cockies and can avoid having to add fructans, which means higher
yields, meaning larger cookies. Cooky sensory-texture properties also increase, for example,
their hardness and color. A sensory analysis shows no differences in the general preference
of the formulations that include 10% and 20% fructans as fat substitutes in yoghurts [37].

Bagasse, fibers, and leaves (from stems and leaves) are the principal by-products/residue
that the agave industry generates. However, stalks, cuticles and spines are being studied
for their high cellulose contents and some bioactive compounds. For the textile industry,
although spines and stalks are less commonly employed, they are a relevant source of
biocolorants, fibers and bioactive compounds, which can serve as substrates for saccharifica-
tion. Traditionally, cuticles have been utilized to wrap meat preparations of lots of Mexican
dishes and to manufacture paper [38]. Varieties such as Agave salmiana, Agave sisalana (sisal)
and Agave mapisage yield hard fibers, which are highly appreciated because they can be
employed to make string and ethnic clothing, and their durability stands out [39].

Bagasse is obtained as fibrous waste after employing stems to produce tequila and
mescal, or for agave sap extraction. Bagasse represents approximately 40% of the original
stem weight. It comprises both lignin and cellulose. Stems are scrapped to yield fibers
and sap (bagasse). They are extracted, considered to be waste and discarded. Some
7,710,520 tons of residual bagasse were produced between 1995 and 2019 [40]. Otherwise,
bagasse is an excellent source of bioactive compounds (phenolic compounds, fructans and
saponins), sugars, fibers, and other valuable biomolecules [38].

It is noteworthy that the boeming agave product market imposes grave environmental
consequences. For example, those making mezcal respond to this drink’s meteoric rise
from ramping up their wild agave collection. This alarms some environmentalists because
they fear that slow-growing populations might not recover. Nevertheless, this issue does
not apply to tequila or most commercial agave nectars. This is because only cultivated blue
agaves are employed, and growers have to keep up with the increased chemical use on
farms [41].

Agave plants’ economic sustainability can extend if expended biomass is converted
into useful produce and applied for forage, food, agriculture, ensilage, energy, medicine,
environment, cosmetic, aesthetic and textile purposes. The demand for the three principal
agave industries (bioethanol, tequila, and fructose syrup) is growing. Moreover, a non-
quantified blue agave inventory is expected to result in newly established relationships
between agave producers and industry. For example, it is possible to mechanically harvest
and employ the whole blue agave plant for biofuel production purposes by employing
lignocellulosic materials and sugars without separation [42].

Similarly to plenty of other industrially employed crops, agave is internationally
associated with global markets. Agave tequilana can deteriorate local agro-ecosystems for
being mono-cropped and requiring huge investments being made in agricultural inputs
to obtain high yields. It has been estimated that emissions in the order of 700,000 tons of
COreq were emitted in 2014 by the agave tequila chain. Of these greenhouse gas emissions,
44% were directly emitted in agricultural and industrial phases, and the remaining 56%
while producing inputs, and transporting and distributing the product. In the agricultural
phase, the largest contribution stemmed from using nitrogen fertilizers [43].

It can be argued that the most sustainable agave market options are certified as being
free-trade organic products. This guarantees that products are manufactured without
pesticides and some occupational standards are followed.
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4. Quality and Safety Control

Agave tequilana Weber var. azul is the blue AS. Tt is a natural sweet substance obtained
through the hydrolysis of the fructans stored in agave plants [44], whose use had led
to its wide consumption on the world market, which has also increased the fraudulent
use of other syrups. Agave has become a popular sweetener thanks to its low glycemic
index and prebiotic effect compared to other honeys and natural syrups [44]. Nevertheless,
Agave tequilana plants are more popular because they are the sugar source employed to
produce tequila. The genus Agave includes more than 210 species, and 159 of the species
are ubiquitous in Mexico [40]. Maximum AS production is reached when plants are at least
6 years old, which is the agave plant’s maturity age [44].

The carbohydrate content of ASs is high, They comprise mostly fructose (>60%
total soluble solids), followed by glucose and sucrose traces [11]. Such a carbohydrate
composition provides ASs with a low glycemic index. This means that they are sweeter
than other syrups with quite high glucose and/or sucrose levels such as sugarcane and
maize [4]. Apart from glucose and fructose, some FOS are present in certain ASs in smaller
amounts because agavin hydrolysis is incomplete [45]. They are decisive for calculating
carbohydrate composition to avoid adulterations from other sugars being added.

Regarding identification, a very useful molecular marker of the adulterant detection,
authenticity, origin, and quality of natural sweeteners is carbohydrate fingerprinting. Both
the determination of glucose-fructose-sucrose contents and oligosaccharide profiles are
methods that establish quality in syrup and honey [46-48]. During ASs production, the
main agronomic species are the Agave salmiana and Agave tequilana Weber Blue varieties,
with differences in their composition and carbohydrate content [44,49]. The Government of
Mexico and agave manufacturers have set Mexican standard rules that do not allow any
food additives, ingredients or sugars from other sources that are not agave plants to be
used to manufacture commercial ASs [50] and other derivative products, such as tequila
and mezcal. The specifications and test methods for products made with the blue AS
(Agave tequilana Weber var. azul and Agave Salmiana spp.) are mentioned in this document,
which include the definition of fructans (inulina and FOS), and FOS from 2 to 11 degrees of
polymerization, hydrolysis type (chemical, thermal or enzymatic, or their combination). It
only accepts a unique degree of quality for AS and it is compulsory to produce AS wholly
from agave. The microbiological parameters are the usual ones for this food type: fungi
and yeasts (<10 CFU/g), coliforms and E. coli (negative), total count bacteria (<100 CFU/g)
and Safmonella spp. (negative at 25 g).

A different compound in AS is agavins, which are reserve carbohydrates in the agave
plant, are formed by fructose polymers and one unique glucose. Nowadays, they are
considered to be prebiotic substances and offer several applications (wall material and
encapsulating bioactive compounds) [51]. As a result of of their special phytochemical and
chemical composition, agavins do not undergo degradation by oral microbiome in either
the oral cavity or the small intestine by digestive enzymes. Nonetheless, agavins arrive
at the large intestine and are fermented by intestinal microbiota to promote the growth
of Bifidobacterium sp., Lactobacillus sp. and Saccharomiyces Boulardii, considered the main
probiotics [52].

Some authors [52] have explored how agavins affect mice. They have observed
that their consumption accelerates body weight loss by microbiota modification and the
presence of short-chain fatty acids (SCFA) as determining factors [52]. It is known that
agavins favor the host’s health by bringing about certain changes in the activity and/or
composition of the intestinal microbiome, considered to be prebiotics [53].

Their structural complexity lies behind this action on the microbiome. Agavins cannot
be degraded by endogenous gastrointestinal enzymes when they pass through the stomach
and small intestine. They arrive at the caecum and colon. Here, the saccharolytic micro-
biotas present at these sites ferment them to produce SCFA, mainly propionate, acetate
and butyrate. SCFA are extremely relevant for reducing body weight gain by G-protein-
coupled receptors (GPRs). This impacts the secretion of the hormones that are implicated
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in controlling appetite [54]. Figure 2 shows the mechanism by which agavine consumption
can pose beneficial health effects through agave fermentation in the colon. A change in the
intestinal microbiome can be brought about by agavins fermentation (SCFA) in the caecum
and gut due to a lower pH [15,55].

Agavins consumplion
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Figure 2. Mechanism by which agavine consumption can generate beneficial effects on health
(adapted from [56]).

Gut microbiome growth is not the same for all bacteria [12]. There are three Firmicutes,
Proteobacteria and Bacteroidetes phyla, along with five other minor phyla (Tenericutes,
Actinobacteria, Cyanobacteria, Defferribacteres, Verrucomicrobia) that dominate the caecal
microbiota of mice.

Agavins or oligofructose supplementation is related to distinct communities: with
the agavins group, it enhances two genera (Kiebsiella, Citrobacter) and diminishes four
(Ruminococcus, Coprococcus, Lactobacillus, Prevotella). Oligofructose enhances three (Fae-
calibacterium, Allobaculum, Prevotella) and diminishes six (Ruminococcus, Enterococcus,
Odoribacter, Lactobacillus, Desulfovibrio, Adlercreutzia) [52].

Diet supplementation modifies both microbiota activity and caecal microbiota compo-
sition. However, the concentration of butyric, acetic, and propionic acids significantly rise
by supplementation with oligofructose or agavins, and the pH of caecal content consider-
ably lowers in relation to non-supplemented controls [52].
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In short, the agave sweetener can be used in lots of food applications as an alternative
to sucrose; for instance: muffins [34], cheese [57], cookies [58,59], gummy bear [20,60], ice
cream [61], yoghurt [22,62].

5. Nutritional Profile and Health Impacts

ASs typically have high soluble solids (>70° Brix) and are primarily made up of
fructose and glucose, with small nystose, kestose and sucrose contents [10,63]. The prebiotic
action of nystose and kestose in ASs increases its functional value [10,44]. Distinct from
other traditional sweeteners, ASs are a source of polyphenols, vitamins and minerals, as
shown in Table 2 [64].

Table 2. The typical total phenolic and nutrient composition of traditional common sweeteners
(adapted with permission from Edwards et al., 2016, Elsevier) [64] 1

Component Agave Honey Molasses Maple Carob HFCS Sucrose
Syrup Syrup Sytup
Energy (kecal /100 g) 310 304 290 260 248° 281 387
Water (g/100 g) 23 17 22 32 352 24 0
Protein (g/100 g) 0.1 0.3 0.0 0.0 142 0.0 0.0
Total lipids (g/100 g) 0.5 0.0 0.1 0.1 0.0 0.0 0.0
Carbohydrate per difference (g/100 g) 76.4 824 74.7 67.0 - 76.0 100.0
Total dietary fibre (g/100 g) 02 02 0.0 0.0 332 0.0 0.0
Total sugars (g/100 g) 68.0 821 74.7 60.5 63.92 75.7 99.8
Minerals (mg/100 g)
Calcium (Ca) 1 6 205 102 86t 0 1
Tron (Fe) 0.09 0.42 4.72 011 1.10° 0.03 0.05
Magnesium (Mg) 1 2 242 21 5440 0 0
Phosphorus (P) 1 4 31 2 2392 0 0
Potassium (K) 4 52 1464 212 1608 2 0 2
Sodium (Na) 4 4 37 12 1132 2 1
Zinc (Zn) 0.01 022 0.29 1.47 - 0.02 0.01
Vitamins
Vitamin C (ascorbic acid; mg/100 g) 17 0.5 0 0 - 0 0
Vitamin By (thiamin; mg/100 g) 0.122 0 0.041 0.066 - 0 0
Vitamin By ¢riboflavin; mg/100 g) 0.165 0.038 0.002 127 - 0.019 0.019
Vitamin B; (niacin, mg/100 g) 0.689 0.121 0.93 0.081 - 0 0
Vitamin By (pyridoxine, mg/100 g) 0.234 0.024 0.67 0.002 - 0 0
Folate (ug/100 g) 30 2 0 0 - 0 0
Vitamin A (RAFE pg/100 g) 8 0 0 0 - 0
Vitamin E ‘e-Tocopherol” (mg /100 g) 0.98 0 0 0 - 0 0
Vitamin K (phylloquinone, pg/100 g) 225 0 0 0 - 0 0
Total polyphenolics (mg GAE/100 mL) 1.2020 19350 9.195b 1.494 b - 0.268"°

1 Unless otherwise specified, data were taken from the USDA database (2019) [65]. # Data came from Ozcanetal.,
2007 [66] and ? St-Pierre et al., 2014 [67]. The enzymatic gravimetric methods 985.29 or 991.43 of the AOAC were
applied to determine total dictary fibre content. Abbreviations: HFCS; RAE; retinol activity equivalents, high
fructose corn syrup and GAE; gallic acid equivalents.

In some areas, AS is popular for its low glycemic index (1027}, which is much lower
than honey and sucrose [2,16,68], and partially for its carbohydrate pool that contains up
to 90% fructose [69]. As AS has a high fructose concentration, it can be used as a sweeter
which is better than other many commercially available syrups mostly made up of glucose
or sucrose [16]. As a result, not as much AS is required to reach a comparable level of
sweetness. This promotes it as a calorie-reduced sweetener. However, such an approach is
not without criticism [70].

AS can be controversial if we wish to know if it is a healthier option to sweeteners and
table sugar. Syrup proponents argue that it is a better sweetener for diabetics than honey or
table sugar thanks to its low glycemic index, and because it creates a smaller blood sugar
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spike [34,71]. There are, however, additional aspects to bear in mind. According to Jones
(2012) [72], the types and content of sugars, macronutrients and ingredients that differ
in food products lead to vastly varied glycemic index values. Furthermore, the glycemic
index does not correctly reflect food processing and/or cooking methods, individuals’ diet
or quantities consumed [1,72]. Nor should the glycemic index be employed as the only
criterion to establish a given food or diet’s health effects [1], but cught to be combined with
different nutritional factors. Consumers can be misled and end up believing that a low
glycemic index allows them to consume more than with conventional sweeteners.

Recent research reports that fructose overconsumption is connected to the liver accu-
mulating fat. This is associated with cardiovascular disease, insulin resistance [73], among
other harmful problems [74]. Stanhope et al. (2011) [75] report that those who eat 25% of
their daily calories in the form of high-fructose corn syrup (55% fructose, 45% glucose)
can present higher triglyceride and cholesterol levels than those who eat pure fructose.
However, this is more than what most people eat on a daily basis. It is also noteworthy that
fructose is not ingested alone in a typical diet but is often combined with glucose [76].

The way that AS is advertised and how much is consumed may be the most important
concerns. There is very little knowledge about the long-term effects of ingesting fructose-
high foods or beverages on human health [77]. Given these uncertainties, consumers ought
to endeavor to consume energy-dense foods in moderation, including AS. Regardless of
the source of sugar, one calorie is one calorie for body fatness alterations [78] The sugars in
ASs apparently have the same effect on human weight loss as other sugars do [78]. This
means that AS is no more natural than either fruit juice concentrate or high-fructose maize
syrup. While enterprises are entitled to sell AS as a sweetener, they ought not to claim that
this alternative is more natural or healthier than other widely used sweeteners or sucrose.
Making strong claims that favor AS intake should be avoided simply because additional
research into fructose and its effects on human nutrition and metabolism is necessary.

6. Conclusions

This review explores the potentials of AS as a natural sweetener for human consump-
tion. As consumers show considerable interest in demanding a more natural ingredient
in their food, it critically examines the quality characteristics, and nutritional and health
impacts of AS. We herein examine the analytical methods that are currently available to
characterize sugars in agave to help to confirm its quality and to avoeid adulteration. Lucra-
tive industrial agave production raises concerns about ethical considerations that hinder
sustainability, especially the environment. Finally, we expect more research to be conducted
into AG intake on human metabolism to justify its health claims as a natural alternative
to other sugars. In addition, research to improve the industrial process for obtaining AS
from agave juice via enzymatic or acid hydrelysis, with the goal of preserving beneficial
components (for example, polyphenols, saponins, dietary fiber), while lowering the content
of potentially harmful components (for example, fructose), is crucial.
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Abstract: Maple syrup is a delicacy prepared by boiling the sap taken from numerous Acer species,
primarily sugar maple trees. Compared to other natural sweeteners, maple syrup is believed to be
preferable to refined sugar for its high concentration of phenolic compounds and mineral content.
The presence of organic acids (malic acid), amino acids and relevant amounts of minerals, such as
potassium, calcium, zinc and manganese, make maple syrup unique. Given the growing demand for
naturally derived sweeteners over the past decade, this review paper deals with and discusses in
detail the most important aspects of chemical maple syrup analyses, with a particular emphasis on
the advantages and disadvantages of the different analytical approaches. A successful utilization on
the application of maple syrup in the food industry, will rely on a better understanding of its safety,
quality control, nutritional profile, and health impacts, including its sustainability issues.

Keywords: maple syrup; food industry; nutrition; chemical analysis; health impacts

1. Introduction

Maple syrup is a delicacy prepared by boiling the sap taken from different Acer
species, mainly sugar maple (Acer saccharum Marsh.) trees [1]. Agriculture and Agri-Food
Canada [2] reports Canada as the world’s largest producer of maple products and it is
responsible for nearly 71% of the maple syrup production in the world. In 2017, Quebec
produced approximately 92% of all the maple syrup in Canada and is home to more than
13,300 maple syrup producers [3].

Of the many natural sweeteners, maple syrup is recognized as a much superior alter-
native to refined sugar for not only its mineral content, but also for its high concentration
of phenolic compounds with bioactivity properties, i.¢., anti-mutagenic, anti-radical, an-
tioxidant, and anti-cancer [4-6]. Compared to dextrose, corn syrup and brown rice syrup,
maple syrup brings about lower glucose and insulin responses, which make it a healthier
substitute for refined sugars in our diet [4,7].

Maple tapping often begins late in winter or early in spring. It only lasts a few weeks
because of the weather. To make maple syrup, sweet watery xylem sap is collected and
concentrated. As a result of the pressure build-up caused by the freeze-thaw eycle, this
sap pours out of maple tree trunks. To make one liter of maple syrup, around 40 liters
of sap (containing 2-3% sugar) are required (66% sugar). Other than sucrose, which is
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maple syrup’s principal sugar, its flavor is a complex mix of not only minerals, amino acids,
oligosaccharides, organic acids, and phenolic and volatile aromatic compounds, but also
microbial contaminants from maple sap [8,9]. According to Filteau et al. [9], as well as
its associated microflora, sap content can change during seasons and syrup color usually
darkens as the season progresses.

As previously stated, the chemical composition of sap and syrup can significantly
differ depending on geographical origin [10,11]. Indigenous peoples in North America
introduced maple syrup to colonizing Europeans. Since then, maple syrup and maple
products have been commercially sold [12]. More interest has been shown in studying
the elemental composition of maple syrup as commercial markets expand and analytical
technologies improve. As a result, several scientific research works have been conducted in
the last century to determine the chemical components and mineral constitution of maple
syrup [13].

According to these premises, the present review intends to examine the nutritional
profile and health impacts of maple syrup consumption, some of its possible food industry
applications and its sustainability issues, along with its main safety and quality parameters,
and the chemical analysis of its principal components.

2. Chemical Analysis—Advantages and Disadvantages of the Different
Analytical Methods

Maple syrup has a long-standing history of consumption, particularly in North Amer-
ica, where it is very much appreciated. More recently, interest in this product has spread
to other areas of the globe like Europe and Japan, owing to the demand for natural sweet-
eners [14,15]. Maple syrup is regarded as a high-value product for its unique flavor [16].
Accordingly, diverse tools have been proposed to assess its quality and authenticity, protect
consumers, and ensure fair competition among producers [17].

Maple syrup quality is assessed according to classification schedules in the USA
and Canada, with typical standards applied to judge this product’s price, including the
product’s color intensity (light-colored products tend to be more expensive). This means
that syrup darkening can be used as an indicator of the irregularities that might arise during
processing or microbial contamination [18]. Lighter maple syrups tend to be typically sweet
and contain no further prominent flavors, while darker ones possess burned caramel flavors
and are apt to be blended with light syrups for a more classic “maple flavor” [11]. Past
consumer studies report a preference for darker maple syrups over lighter ones [19]. These
darker syrups contain more beneficial bioactive compounds, such as polyphenols [20,21].
That being said, the Canadian Food Inspection Agency (CFIA) monitors Canadian maple
syrup safety and quality [22] so that producers meet high federal standards. The CFIA is
also responsible for the federal classification of Canadian maple syrup color descriptors and
grades by ensuring that they align with standard international grading systems. Canadian
regulation defines two grades (Grade A and Processing Grade) and four color classes (Gold,
Amber, Dark, Very dark) for maple syrup.

Grade A Maple Syrup: according to the definitions dictated by the product specifica-
tion, maple syrup can be classified as grade A, but only if it meets these requirements:
With no undesired uniform fermentation color;

Sediment-free. No turbidity;
Characteristic natural maple flavor for all four color classes;
No uncharacteristic odors or flavors.

Processing Grade Maple syrup: the maple syrup called processing grade is also
obtained from maple sap concentration, but does not respect at least one of the quality
parameters defined for Grade A or more.

To ensure its stability, maple sugar must not contain more than 10% moisture.

Grade A maple syrup can differ in the four color classes, defined by either a transmit-
tance value or the ratio between the intensity of the light passing through samples and that
of the light emerging from them [23]. The higher the transmittance value, the clearer and
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more transparent maple syrup is. The lower the transmittance value, the darker and denser
maple syrup is.

Tt is nature itself that characterizes maple syrup nuances. When harvest begins, syrup
tends to be clear, and its sweetness is slight. As the season progresses, syrup becomes darker
in color and displays distinct aromatic connotations. Indeed, this natural sweetener presents
a range of differing aromatic components, including flavors such as vanilla, hazelnut, floral,
coffee and spicy aromas.

All the color classes are characterized by a denomination and accompanied by a note
about taste [23]:

Gold (delicate taste);

Amber (rich taste);

Dark (strong taste);

Very dark (robust taste).

All in all, maple syrup quality is driven mainly by its physico-chemical and microbial
features. Thus, in order to verify that maple syrup has the appropriate characteristics,
namely in terms of color, density and flavor, simple physico-chemical tests are routinely
performed. For instance, maple syrup color has been set by measuring the percentage of
light transmittance at 560 nm, while sucrose content is determined using a refractome-
ter [24]. These methods are convenient because they provide immediate results [24]. Yet
analyses involving more complex techniques that lead to more data, and greater sensitivity,
accuracy, and precision in the results are essential to develop processes that allow maple
syrup’s functional profile to improve and adulterations and contaminants to be detected.
Several studies were conducted to deal with the analysis of the physico-chemical and
microbiological parameters of maple syrup. Table 1 presents an overview of the followed
analytical techniques and the obtained results.

Maple syrup xylem sap contains naturally occurring molecules and process-derived
compounds that are generated during sap evaporation [20]. This means that it contains
more than 250 compounds other than sucrose, which is the major maple syrup compo-
nent [13]. Its minor components include minerals and trace elements, amino acids, other
carbohydrates, organic acids, phenolic compounds, sulfur compounds, and pyrazines.
Table 2 summarizes the research works carried out as part of a study of maple syrup’s
inorganic and organic constituents. Regarding its mineral profile, maple syrup contains
considerable amounts of Ca, K and Mg, along with other minerals and trace elements
like Zn, P, Mn, Na and Fe [10,25-28]. Several techniques have been used to determine
minerals in maple syrup, including flame and furnace atomic absorption spectroscopy
(AAS), inductively coupled plasma-mass spectrometry (ICP-MS) and inductively coupled
plasma-atomic emission spectroscopy (ICP-AES). Regarding amino acids, maple syrup is
remarkably rich and particular emphasis is placed on D-alanine and other D-amino acids,
which have been shown to be generated during the Maillard reaction [29]. By means of a
sap samples analysis by metabolomics, the noteworthy work by Garcia et al. [30] reports
that amino acid composition varies with season, which is the case of glutamic acid and
histidine, whose content is liable to lower as the season progresses, while that of methio-
nine and asparagine tends to grow. The last two have been reported as precursors of the
compounds responsible for off-flavors developing in syrup [30]. High-performance liquid
chromatography (HPLC) is the gold standard for determining many types of compounds
present in maple syrup, namely non-volatile ones, because HPLC allows swift, sensitive,
specific, and accurate measurements to be taken, but other equally sound techniques can
be used. For example, Pitzold and Briickner [29] employed gas chromatography (GC)
coupled with mass detection (MS) to study the amino acids profile of maple syrup. In this
case, the polar nature of amino acids required a derivatization step prior to the analysis to
make them more volatile and to improve their chromatographic performance. Applying
MS is advantageous for its sensitivity and ability to provide structural data [31].

Concerning carbohydrates, in addition to sucrose, monosaccharides fructose, and
glucose, different oligosaccharides and polysaccharides are found. For instance, Sato
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et al. [32] developed a method based on hydrophilic interaction chromatography coupled
with charged aerosol detection (HILIC-CAD). It allows analyses of up to hepta-saccharides
in only 30 min. It enabled the separation and quantification of fructosyl oligosaccharides in
maple syrup for the first time. Refractive index (RI) and pulsed amperometric detectors
(PAD) are widely used in sugar analyses, and although the RI type is often utilized to
analyze known substances, it does not exhibit high sensitivity [32]. PAD yields a high-
resolution analysis of multiple sugars [32], but this entails employing an anion exchange
column and sodium hydroxide solution as the mobile phase (e.g., [10,33]). Desalting is
necessary, which makes identifying new compounds more difficult. So CAD has become
increasingly popular [32]. An alternative to chromatographic methods to separate sugars
is capillary electrophoresis (CE), which requires a derivatization step to make them elec-
trically charged. This was shown by Taga and Kodama [34]. CE is an appealing option
as it incurs moderate operating costs compared to HPLC, employs less solvent and is
easily automatable. However, its robustness still raises doubts [35]. To determine organic
acids, phenolics and vitamins in maple syrup, HPLC coupled with UV-Vis or diode-array
detection (DAD) are some analytical approaches of choice. Compared to UV-Vis detectors,
the speed, sensitivity and resolution of DAD are superior despite it being more susceptible
to noise interferences [31]. Phenolics are one of the maple syrup constituents to which the
most attention has been paid for their numerous health benefits [36,37]. To date, more than
100 phenolics have been identified [13,20,38,39] thanks to the application of techniques
such as nuclear magnetic resonance (NMR}, which enables the swift analysis of complex
mixtures without having to perform separation and/or purification steps, which makes it
ideal to analyze maple syrup (e.g., [20]).

One aspect that deserves our attention is that, as the frequency of fraud resulting
from admixing inexpensive sugars in maple syrup increases, the development of detection
methods is more pressing [40]. Table 3 summarizes the studies performed in this field.
Some tools, such as infrared (IR) spectroscopy, are noteworthy. It requires minimal sample
pretreatment, is non-destructive [40] and provides reliable results, as shown in the work
by Paradkar et al. [41] which successfully reported the addition of beet and cane sugars
to maple syrup. Isotope ratio mass spectrometry (IRMS) is another technique with a
huge potential for detecting the same type of adulteration, as proved by Tremblay and
Paquin [16]. This technique exhibits high precision and the required sample is smaller than
that in NMR [40].

As a final remark, along with developing analytical tools, the possibility of employing
elemental maple syrup content as a strong marker for fingerprinting maple syrup against
other syrups must be actively investigated. A literature analysis backs the possibility of
identifying percentages by allowing the detection of adulterations to maple syrup with
inexpensive syrups employing contents of element. Nevertheless, wide fluctuations in
metal contents are reported, which hinders making consistent comparisons, while the
possible release of metals from instruments can interfere with acquiring accurate data.
These techniques has been used in other foods, such as honey and coffee [42,43]

Jointly, the progress made with new analytical techniques can help with the detection
of elemental maple syrup content as a solid marker for fingerprinting this appreciated
product, unlike other syrups with lower quality compositions, which should be more
exhaustively studied.
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Studies
Inerganic Constifucnts Samples
- Technique Analysis Details Main Resulis Refs.
No. Origin
Semple prepusatio: The preluminant sincrols wese
ot each sample were mixed with mitric acid Ca (212784 ) 21 K (75012835
N Conads (Qutbe) Inductively coupled plasma-mass Fiat [ and digested in a micromeave oen. g 101 5], Mp, (412451 m /10 ) and Zn -
- anacls (et spectometry (1CT M&) Subsuuently, the d solutivns wen: (23§ 9098 my 100 g3, Determint, 5 e
trifuged, and an aliquot (206 uL) was further of the 4 86 m iz, 100 g, Mn {5 45
diluted {te W ml) with water 2nd analyzed. g 10 gy and ke AT mg 100 g \s\u
he Ca, K and Mg evels respectively anged
z ‘anaca ((uebec, Onlaria) Inductively od p Sample preparation: bebwaen 266 and 1702 , W05 and 2990 ma/l,
80 mont, M e ALS, 025 g of samnply were dilited wish water (25 mLy 10 une 350 mg/L O s i ot 11
\kw Tlampshi @ ©PY . and dirvetly aspirated into the spectrometer, nowledgu of maple syrup's mineral profile might
[ A
Macrpminerals and
trace dlomts Somple prepavation The tote] mineral cantent varied beew
= 295, 296=1101f.729 mg /1. I'he Mg, \A". P [ Ca
o 10 ml ol nitric acid were added 105 ml.al map e
3 Coneda (Ontario] Inductively coupled plasma-mass wings Thenthe sohution was flberd. acel pls and K levels ranged botween 193.32-3 16l
e N spectimetry ICT-MS) o e 5 ol mg/L, 3107 4640 my /L, 2504 "”.,1 nL./L -
|nm.|”~‘;‘:y::.m:(‘ﬂ:$( ). The fina) relume 3 L e AT 135 7
2157.499-2327 860 mg/ L, respeclively.
Sampla prepaniion: I'he Ca, Feand /n levels detectsd in maple syrup
a1 Canada [Newea Seatia, New Brunswick, Flame and lumace alomic absorplion ‘smrp ;“mwh; trcom diluted (150, fitered, and samiples ranged bensoen G2 g,/ mi

Quibec)

spectouphotummetzy (AAS)

Frther analy

041 4401 ug/mL and 251 12903 g/ mL.
respectively.

Canadla (state not specificd) and the

The Co, Cu, Mn and Zn lev

s varied between

Suaples were diluted (1:25),

Elucose (LE7ODEND 3 /T3, lruciose
85 0255 /L or in the total suducing.
5 LKTI-0.878 £41.)

United States (Vermant, Massachusetrs, 9070 eIl Smpled plesmanmase T Pl ol mimromee heating, =08 #2798 5, 16101 g and 241
Maine, Nese Vork) A B '3 B & R2-11.2 g7, respectvely.
Organic canstitusnta
Non-volatiles
vt with water (L. 1T s Longeamuunt.of D acds v Al
adjusted t 2.3, lon exchange solid-phase sxiaction rine scounting for #-4t. Devaline
was applied, lollweed by drving, redissolving, and v,
- e o et Tk 20 (-0 1L3%), D s ie bisutiont
Aming acids 2 Canedla (state not specifive) Gar chrvanatiography s redrplig Patatluoroproplondc ackd by Gelde W [y ariae and Deasparagin (34 805, 124
spectrometry used'\nt\'\sdem.mnn age o e
phenyalanine i6.4-7 7%, 1+
. . . combination of D-glulamie acid and Dglulamine
f, - r“"‘} sl capllury column with (0 1L8% and Deisoloucine {127 168%), were
(Chirasil-Val; 25 m I,Z"\mm,‘l Zumj : Alon demerted.
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Table 2. Cont.
Studies
Invrganic Constitucnts Samples
N o Technique Analysis Details Main Resulls Rels.
No. rigin
Sample preparation:
For the sucrose analysis, 01153 g of maple syrup was diluted o 1
acta {(uebec, Onarial, The USA  High-perfamiance aninn exchange— For the Iruciose aned glucase analysis, 1675 5 ol sample were diluled oo s
o s, Mussachusetts, chromatogzaply coupled with tw 25 ol 100 3954, dhuscose 000 959 and e
k mmmn New | lampshire, pulsedd ampenmetric detection Colum: s 15 Fhny “ .
Michiga [HPARC-PALY A Dienex Carboltae 1547 analytical coluan (251 4 mm) Aucrase 1517 g
Mubile phse
8 mM sodinm hydroside
Palpsaccucides uxtrastiony
Pertarmed by cthans] precipitation and dialysis
Falysaccharides purilication
Columu:
o N T AIDFILPO*LPI“L{»»L anien exchanyge colurmn (GE Healtheare Lifs
Uigh penformancs animuschange Sl S
chrmatagmphy coupled with Mabil ihase:
pudsesl ampreromelric deleslion Tder fuﬂ(mum“ o Iselation of a prebioliv carbuldra
1 Conada {state nok speefiod) (HPALC TAD)}. Elipeay] compothion analysis T ucidie polyssccharides wore idenified as 23]
D:;:: ;rihga\np‘r:ph‘ mass G arahingalacians were isalated
o . Metroho Humilten REX-30 colunu {250 5 48 i
< resumance (NM !
Nackear magnctc momance (NMRY iU
Sodium hydroxide
Clyeosyl linkage aualysis
ol
Carbohydles n 51231 czpillary column (Sigma-Aldrich Supelo: 3« 123 mm)
Semple preparation.
Maple syrup vias dried, dissolved in water and centrifuged. 1 et ot nle sberon
Hyuraphi raction liquid Lhe supernala e and soelanitile s adde 10 amusuhv .I vt .
& USAMNew lampehive gty ol i e Sacctonts Fractoligormcchariden ke -estose, 12
charged aetarol detection Column it s S ———
(HITIC-CAD) Showea Nenka Asahipak NH2P- [ % 250 mm. 5 gun) e T e i
Mo shoser Gther wiivkentifive succburides
Water_zeceanitile
& monossecaridus and 3 dssecharides were
Sample preparztion dutected. Glucose was the major reducing
Sarnples vere prelveated by enzymalic digestion iollowed hy sugar. Mannase was deteted at quite high
P — precohunnderivatisation with 1 plenyl 3 metie] 5 prracolone, s sompard 1o otlier sugars,
1 Conada {Quebeer Capillory electiophorets compled Columm: Arabinost, gal: Noacet ] ghessamme, 4]
- 5 g Siriences Fised silica capillary (62 cm; 50 pum) bese and aylose were alsn [ound. W
Rackground clectialyle detected when samples were
200 oM borate affer at pIT 103 wish invurtase, which suggosts e prosency
al valiinase in maple sy,
s all #he grade syrup samples, no
Sample preparation: signilicant dillerences were nhearved in
35 Canada (Onlaric) Enzyinatic melled e pIeparatio 126
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Table 2. Cout.
Studics
Inurganic Constitucnts Samples
— Technique Analysis Details Main Reaulls Refs.
No. Origin
Baapleprpino
Vermont, Massarhusells, ph-perio ‘ B . I 17} was i organi
D e P o st P Reces o ack] i i maple syrups, Trace levels of cieie, fumarie.— [11]
i, pshire, detections (1 IPIEC- LY 00 ¢ 7.8 ) and suiccinie acids were abio detucted
Crganic acids ez el phase:
0,005 N sulfuic acidl
. i Column - e
X ) High-perfarmance liquid st A g i el (150 4 v Malic acid and fumaric acid lovels ranged i
2 Conuda {Quebet Cheomatozaphy couplued with Thomh e % wen 1251
dlivsde-amay deteciom {11PLC-DADY ISR EE i drogen phosphare 15,42 mig 1110 g, vespectivel y.
Experiment pruced The darker syrups. exlibited higher total
20wl eFILTE: bast U\UF I3 salt "»F\ﬁ added 10 200 pl of sample. he phenalic contents than [he lighter ones; that is,
B Canada (Ontario] Modified Fast Rlue BB sall metnad — minesvas homogenized and 200 1 ~sodium hydroxide wen: E72147 g, fml L 634780 g, mdand 1281
added b ach microplate well. rmu heorbance v memsared 15,111 pig an fus he very durk, dark and
At420mm amber ames, respectively
Sample mmpn sration:
IRUIRATE djusted ta ph1 7.1
anweith ellwl acelsie were perloemed. The nrganic phs i e .
Phenalics St plienotcs s e s ol D s b Ak the beginning of the wason (0%), e tutal
: Shenolics content in maple syrup was (031 ¢ of
e . nixed with 101 L of wate 0 remove residusl arzanic ¢ T A
iigh-perfamancs liquid The gallic acid equivalent (GAK] per 1011 of
; : s s 29 i s s oo suloks e W, el
- _ chiomatogaphy with UV FVis ' extrict (g GAR/I00 ], & significant des line 5
5 Conutha(Quebeet e entract s evaporied, dissol ed in methn and 124
spectrophotometric dutcction e eadrct v occurred swith 1 value of 1751 g GAL/ 100 g up
CHIPLEAUY Vs Column: gen. to 75% of the seasom. At the end of the season
8 s 6], tuariced Inresse ook place wilh
ariau analélie caluann Crg 78 300 ma § ) i
Mobile pho A5 CEA/ LN g,
Water acelonitile ffarmic acid (93571
vieihavater/acelon e acid (59430 1, /27
The fellowing phenslics were detecied and
entilied Irom o medinmn-grad maphs sveup
Pl el (1) Beron: aid
sample peparaton 4 < (3} gelic scid; (1)
Maple <y ples (141 m . 1 d by linuid-liquid \umum\ [-I3-plursse; (e} protocatechuic
\.K(nl\.hull wang vl cctaie 3 e Tl“. combined \.dnld: WO asital; () guattamiv wciels (o) sy sigic uid,
igh-perfommance liquid evaporated. The residue was dissolved n meshanal fwater (515 vanillic acid: () y-resorey ic 2cid): 12)
I Conada Onanie) chromalcg sy coupled with And illened herars (he HPLC anaiyeie. namic acid darivalives: (31 puroumaric B
divde arcny detection [HFLC DAD)  Colusuu 1) 4 ety dinsumic avids ] caffeic ids [d)
Agilent Technology Telipse Plus Cig (4.6 # 150 mny; 5 um) chlomagenic acid; ) e s (1 inapic s
Nohile phase 2] Flavenids: ¢2) catechin and ¢t epicateching;
Methael, 95:5) 0.05% aquvons f xeid <) kavnplerol and its 3O B D gluc
SO Do (s
B0 giucoside () ()
2-0-B-1 -thamnaside; (i) 3-O-hamnag luceside.
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Table 2. Cout.
Studics
Inurganic Constitucnts Samples
- Analysis Details Main Resulis Refs.
No. Origin

Sample fexiracl preparation:
Maple syrup was subjected 1o liquid-liquid

partition with ethyl acetate. It was followed by
v-hutanal n obtain ethyl acetate and n-butanal
extrcts, ively, abior sulvent wvapusation
The btimol extroct s Aasthes extracied v

methamol to sield soluble and insoluble
methanol frctions,

1) THOA extract

Analptical [IPLC:

High-performanes

liquid <hromalography . 0 e
quid chromalography Cry colunn (250 # 46 mun

Canada {Quebec) ucous Lilluoracetic acid-methanol
42) BuI] uxtract;

Analytical 11P1

¥l
Lipnidl chzomabography
coupled with mass
apeciramelry (|- VS]

Nuclear magowtic Colunn;
e (MR Thenumenes LunaCy colurn (230 % 46 m
fm——— Prues

Mokile phosc:
% ngueons brifluuroicetic acd mtianul

1) MO shilale fraction:

alytical HPI C:

Colur

Weaters Sumfine O, colamn (2310 % 10 mm; 5 um}
Mok
I Aetnanl 7015 3ueous
triflugrsacetic acid systems

phasa:

The fullowiny phenolics wure detected and identified from a very darkegrade maple
syrup.

11 Lignans: (a) voniresingl *; (b secaisolariciresinal * (¢) dehvrmcanileryl alcahal %
15" methony deludroconifery Lalalil * (] oy guaissslglyeend B O coniferyl
aleshol suiacy 1 alechol *; (5)

aleshol ®: (h)

4’
(- 2-hydroxy-2-(1-hydro-3-
methesyphenl-1-yd roxymetyljethasye] 3 S-dime hosyphenyl |- 1,23 prapaneteial U
s eptinec) 112 bydroxy 2 (4 hydeony 3 methosp el 1

123 1 i
[ eyt [ [y 5 ohy vy Ao metheserph V\'\ wdrescymethy
«I\'\m‘v]xi mmm s-prapametrial B2 (k3 (v, thre) -

[Nex e lhowyphongt)-ihvd

mﬁ\h\\\pme\]-v-me\lmx\phﬁn\\] 12, % propanelriol U il)

vyl L bdroy-Smcthey phenyd)-2- 4 G- hydrosrpropy 1326

domathuseplissy bl Spropandal ()
2,2

Fn‘]u*‘\flhnﬂphﬁum

1 -propaneaiol % (1] acernikel % o) eplolepizal DV ) butclionsl ¥

115,30 R AS63R-Le ealwd ioed-

vnHJ]-[mm[ 4 clfuran 1 sllpherons |
1

24
(RH-Faranane ¥; {s]
08 by crony3 macthonybergy -4

(mﬂ b

2 dibydrony 143 4-dil mdm.pmmn 1 pmmmm*

(e} 23-dihy 1-4-hy drany-b 5 b,

idy thydrosy hydh wlprapan b lep v
aleshal *

i3] Couma soopolelin “; (hy [ raxelin *; (¢ isalaxidin

) Stilbene: 21 (F)-3,3 - dimethosy-£4" dibvdrosystilbene
(31 Simpla phenalics: | w2 hydromy 5 :.||hv:.|nmv1wt4~phvmmv i)
1-(2,3:- mhydrmy i )24, T

E U PREY -2 ’,
caledd

“rid)

]
Ak ) wanis (1) el o ) gl it ) s sl
sl ety ester % (K protocsteduic acd B () syringic acid % {o syzingenin (o)
(Cheoniferol © uu,lvm‘ul‘ .,\L ummu,,l\-mlm.p mk\lwl’ ()4 auetyleatechol B
] 4 hydroyeatechaon b 8 4
(6] Sesquiterpene: (2] phaei aed
i7) Nom natural phenalic compound: 2,3 3-tri-(3-methoxy:
3l present i maple sap).

hydroxyphenyl}-1propanal
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Table 2. Cout.
Studics
Inurganic Constitucnts Samples
N i Technique Analysis Details Main Reaulls Refs.
No. rigin
h-performance liquid O w3 X A S The riboflavin and miacin levels fell within the
vitaming 2 Canada (Quebecy chrmategTaphy coupled with Nabieph it Afmm: S um) 2NLATATI26 o 1O 5 range and [
odc-array delecti AT ile phase: ) ! 101 @ mspeclively,
diode-array delection (HPLC-24TH 0/1% ugquuous triffaersacetic ned wetoniterle FAF-953 mp 100 g rangg speclively
Volaliles
Ssunple preparation
A was weiphed inside 1 3 Al .
4 {Free Headspace solid-phase I L P =T Ty e vl sulfu v paunds wn:
Sulphur campounds CEED 1 Canada (Quaisec aervcatanetion combind with s o, ooled eing a serew cap conaining 2 seprvm dutoctid: dizacthyl disfil and duscthy] 511
3 fwith chromatcygrap hy-mass spectmmerry e A1t URing 2 e trisulfide I'he first malecule was related o an
) [HS-GPMF-GE-ME) Cotun Braphic sy wnpleagant [asic in imaple serps.
A agilent INNOWas capsllary calusn (30 0:25 mm; 0.25 pen)
bttt vene ittt st 100 L) L was st
0 pl s el i (100 ), o s st -
e e s A et i e ooy et e conentndifrent maple
N Mavhec - " o Ty (CLE) extracted \th diethyl elher. This w s subsequently followed by . . =
3 Consda (Quaic) A e e e Lo e
dichloremethane. Finally, the extract was concentrated. ri 1" N Iovels (145
dichlore v shosved he lovest level i
Supclcowax 1™ fused silica (30 m o 032 mm; 0.1 pum)
Sample preparalion:
A1 mapl sarmpls was w cidea d
't R el ch 15 v
leadspace solid-phs Va1 m ot sl chioride & w1 &ran acded. he il sean sealed pyrecines were identified. of which 15 were
solidphaes o Teported as Hlavor companents, A1l e
. . microeNiraction cambined wilh gas  using a screnw {4 -
1 Canadh (Quait) e ractior s mclaculks s alkylpFa s (St 1511
ey y St 2mushun-311-muths leshy ) pymainy and
T e tetramethylpyrazinel
30z

BF—DBuddy off-lavo
taction af the BuOl | extract.

"—Compounds detected in the BuQH exiract; *—Addidonal compounds detected in the EtO:A¢ extract; “—Additional compound detected in the MeOH saluble
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Table 3. Detection of adulterants in maple syrups.
Studies
Adulterants Samples ] .
o, Origi iyt Analysis Details Main Resulls Refs.
“The {12/ H)y value of the exogenius sugars-adulterated
Sample preparation: samples considerably differed from that of the pure
Maple syrup samples were diluted with maple syrups. Mure specifically, the (/11 parameter
_ _ Sitespecific deterinm nucler 9T end undersent afermentation process.  decreased when adding beat sugar 10 moplasrup ot
Boot and canc sugar 1(A) - Caada (Quebec) The 1 0Tl CH0 Ethanol was distilled and its extractive yield 1 mg/g for every 10% added sugar. It grew whencane |
1H{NA)Y LSA (Vermont) MR was caleulated sugar was added, specifically at 1y per 10% added
g Analysis: sugar. One disadvantage of this method is that when it
“The ethanul amalysis was performed by a is applied to specific sugar beet, cane or corn mixtres,
high-field NMR spectrometer, its sensitivity decreases, but this may be useful for
combining it with the "*C ratio measurement.
Fourier transform infrared
(ITIR] andl near-infrared (N1R)
speclroscopy conjugated with a
Boct and cane inverl discriminant analysis, i..,a Sample preparation )
o 1A Cannda state not canunical variatc analysis Fure maple syrup was adulterated with all,itis possible e detect adulterants like pure
Bect d canc sugar + wosifieds (CVAL a linear discriminant varying amounts of cane and beet invert beel and cane sugar solutions by both NIR and FTIR,  [41]
Tutions £ 4(NAY T analysis {LDA) and a syrups, and also with 60% beet and cane but FTIR vutpertorms NIR in detecting invert syrups.
selutions quontitative analysic, ic, partial  sugar solutions.
least squares (PLS) and
principal component regression
analysis (PCRA)
Malic acid, an organic acid that is naturally  The mean §C of the maple syrup sample sugars was
present in maple syrups, was suggested to 2407 %, while that of malic acid was 26,71 %,
act as an internal sutopic standard to which agree with the stable carbon isotopic ratios
improve the adulteration Lobs charauteristic of C planty. The correlation betwsen
Sample preparation/malic acid isolation: sugars and malic acid was good, i.a. r - 0.34. This
y Orgganic acids were iselated fram maple proves that malic acid is an appropriate internal
l‘:‘\“;‘\‘\ﬁ“*‘fi“?‘?hﬁ Stable carbon sotone ratio mass sy rup by load precipitation. Malic e was Cendand A nevs calcultion method ws developed
Beet and cone sugar 1\’I‘L-'w Ha'mp <hire " ‘;pm"[mmv (o1 Cf RMS) ; separated by means of preparative and applied to improve the decision limit of maple 1]
New Yoy a reversed-phase liquid chromatography: syrup adulteration according to the correlation

Column:
Phenumenes Mascil €. analytical colamn
{250 % 21.21 mm; 3 um);

Mobile phase:

Potassium dihydrogen phosphate adjusted
o pEI2.4

between the 0‘3
5

rarledly loseomd wehen this techn ..1\..~\«.Mpp|w
compared o the usual lwa standard deviation (SD)
imethod, particularly for the beet sugaradulteratect
maple syrup (24 + 12% ve. 45 + 20%)
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Table 3. Cont.
Studics
Adulterants Samples
Analysis Details Main Resulls Refs.
N, Origin
Viscosity analysis: The dynamic rheological method applied
A stepped ramp equilibrium Aow test detected, with adequale sensitivity, changes in
WA e LA (4 L s
The USA (Vermaont, was perfurmer viscusity coused by the addition of polymers a1

Cellulose gum + " Rhcology
& iy New Hampshire) Y

Studying the impact of cellulose gum on
syrup thealogical behavior:
An oscillatory frequency sweep fest was run

sich as callulose gum, wherelore this echnique
can be suceessfully employed to detect this type
of adulteration

A Authentic; NA- Non-authentic (Traudulent or adulierated); Lal> - Limicof detection.
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3. Nutritional Profile and Health Impacts

Boiling maple sap concentrates carbohydrates and other elements, which is how maple
syrup is made. The timing of collection affects the amounts of micronutrients, macronutri-
ents and phenolics in maple sap, which result in variations in maple syrup [56]. Maple syrup
is high in phytochemicals, macronutrients (sucrose) and micronutrients [7,11,57], and su-
crose is its main component (96%), with a small amount of hexoses. Much lower concentra-
tions of minerals, trace elements, organic acids, phytochemicals (lignan, stilbene, coumarin,
phenolic compounds) and vitamins are found than in sugars [8,11,18,20,38,39,51,58]. St
Pierre et al. [7] compared chemical maple syrup components to those of other natural
sweeteners, including honey, molasses, blue agave syrup, brown rice syrup and golden
corn syrup (abscisic acid [ABA], carbohydrates and phenolics). This research concluded
that when compared to brown rice syrup, corn syrup, and pure dextrose, maple syrup
significantly reduced the peak and total responses of glucose, insulin, amylin, and gastric
inhibitory polypeptide (GIP). Molasses and agave syrup both had similar metabolic effects
to maple syrup, however, honey increased the peak responses of insulin, amylin, and GIP.
The elemental composition of maple syrup and the metabolic reactions to it in rats suggest
that it is a healthy natural substitute for refined sugar.

Multiple bivactive compounds appear to be involved in the distinct flavor of maple
syrup, such as carbonyl compounds [59,60], phenolics [61-63], pyrazines, alcohols, acids,
and furan derivatives [53,54,59,60,64-66].

Apart from process-generated components, maple syrup often contains phytonutrients
obtained from sap [8,11,20]. Maple syrup has been found to include vanillin, coniferyl
alcohol, protocatechuic acid and syringic aldehyde [1]. Syrup extracts contain coniferalde-
hyde, vanillin, syringaldehyde, benzoic acid derivatives, cinnamic acid and flavonoids
(flavonols) [63].

Thériault et al. [21], Legault et al. [67], Kamei et al. [65], Maisuria et al. [69] and Liu
et al. [70] have found that maple sap and the phenolic-rich extracts of maple syrup per-
form antiproliferative, antiradical, antimicrobial, antimutagenic and antioxidant activities.
From maple sap and syrup, Thériault et al. [21] identified aglycone phenolic and glyco-
sylated molecules. Glycosylated sap/syrup components have stronger antioxidant and
antiradical properties than aglycones. SOS induction suppression in Salmonella typhimurivm
TA1535/pSK1002 that contained fusion gene umuC-lacZ was used to investigate each
chemical’s antimutagenic activity. Glycosylated phenolic compounds’ antimutagenic prop-
erties are optimal for 25% of the season for syrup and for 75% of the season for sap at
different times of the year. Aglycones in sap present the greatest antimutagenic feature for
75% of the season, whereas aglycones in syrup do so for 25-100% of the season.

Li and Seeram [20] applied the DPPH (2,2-diphenyl-1-picrylhydrazyl) experiment to
separate phenolics from MS-BuOH and to compare their antioxidant activities to a positive
antioxidant control (butylated hydroxytoluene). Coumarins have stronger antioxidant
capacity than stilbenes and lignans among isolated phenolics. Zhang et al. [25] investi-
gated the biological activity and safety characteristics of maple syrup extract. In vitro,
the extract demonstrated anti-inflammatory and antioxidant (DPPH test) properties, and
inhibited glucose intake {by HepG2 cells). The study by Liu et al. [70] found that phenolics-
enriched maple syrup extract (61.7 g/mL) scavenged ~50% DPPH and decreased free
radical production by 20% throughout the glycation process.

The biological effects of an organic phenolics-rich, sugar-reduced maple syrup ex-
tract employed as a new dietary component high in phenolics were studied by Nahar
et al. [58]. With a lipopolysaccharide-stimulated RAW 264.7 murine macrophage cell
model, anti-inflammatory MS-EtOAc activity and its purified isolates were investigated.
MS-EtOAc reduced nitric oxide (NO) and prostaglandin E2 (PGE2) generation by lowering
NO synthase (iNOS) levels, while upregulating the protein expression of cyclooxygenase 2
(COX-2) mRNA. The most effective inhibitor of PGE2 and NO was (E)-3,3"- Dimethoxy-
4,4'- dihydroxystilbene. Tn a mouse model of Alzheimer’s disease, a phenolics-enriched
maple syrup extract presented anti-neuroinflammatory actions [71]. The expression of
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several inflammatory proteins, including Alzheimer's disease risk-associated proteins, was
reduced by maple syrup extract. The impact that maple syrup extract had on hepatic
gene expression in mice on a high-fat diet has been reported by Kamei et al. [68] and
Kamei et al. [72]. According to changes in the expression of the genes associated with
lipid metabolism and immune response, maple syrup extract can help to attenuate hepatic
inflammation in mice.

The antiproliferative effects of botj MS-EtOAc (Grades C and D) extracts and purified
phenolics against non-tumorigenic (CCD-18Co) and human tumorigenic (HCT-116, HT-
29, CaCo-2) colon cells have been investigated by Gonzalez-Sarrias et al. [5]. Extracts
MS-EtOAc, MS-BuOH and MS-MeOH proved more effective against tumorigenic colon
cells than non-tumorigenic colon cells. The most active compounds were gallic acid,
syringaldehyde, catechaldehyde and catechol, whose presence in Grade D MS-BuOH
extract could explain its anticancer properties. Cancer apoptosis was not caused by extracts,
but they did cause cell cycle arrest. The synergistic action of various phenolics might
explain the high activity of MS-BuOH extract. Gonzalez-Sarrias et al. [73] studied the
anti-proliferative effects of ginnalins A-C on tumorigenic and non-tumorigenic colon (HCT-
116) and breast (MCF-7) cells. Ginnalins A-C were twice as active against tumorigenic
vs. non tumorigenic cells. This finding indicates that their selectivity for cancer cells
is stronger. Ginnalin A was more active than ginnalins B and C. Maple phenolics may
have a cancer chemopreventive effect via cell cycle arrest, as well as their direct cytotoxic
effect. Yamamoto et al. [74] investigated the effects of dark-colored maple as a drug for
gastrointestinal cancer therapy. It suppressed protein kinase B phosphorylation and further
decreased cell proliferation by limiting protein kinase B activation. According to Yamamoto
et al. [75], MS-EtOAc reduced cell proliferation, migration, and invasion in pancreatic
cancer cells.

St-Pierre et al. [7] found several maple syrup components with health-promoting
effects on glucose homeostasis. x-glucosidase inhibitory activity has been found in maple
syrup phenolics [7,20,76]. ABA is a phytohormone in maple with promising anti-diabetic
properties [7,77-80]. Furthermore, ABA has been shown to protect against Type-2 dia-
betes [78,80,81]. The impact of MS-EtOAc and MS-BuOH extracts on inhibiting carbo-
hydrates by hydrolyzing enzymes (i.e., a-glucosidase) has been studied by Apostolidis
et al. [82], where MS-BuOH exhibited more marked inhibitory action than EtOAc and was
posed as a potential adjuvant with antihyperglycemics for Type-2 diabetes management.
How phenolics-rich maple syrup extract affects Type-2 diabetes model mice has been eval-
uated by Toyoda et al. [81]. In Type-2 diabetic mice livers, treating rats with maple syrup
extract inhibited fat accumulation by down and upregulating lipolysis hepatic enzymes
and lipogenesis. The same research group [83] revealed how maple syrup extract can help
with some dyslipidemia symptoms by another experiment.

In healthy rats, St-Pierre et al. [7] examined maple syrup metabolic reactions against
other sweeteners. Dextrose corn syrup and brown rice syrup resulted in lower peak
responses insulin, glucose, amylin, and gastric inhibitory polypeptide than maple syrup.
Maple syrup’s unique properties, plus metabolic reactions to its consumption in animals,
indicate that it might be a healthy alternative to other sugars.

Dupuy and Tremblay [84] examined the effects that maple-sweetened beverages (sap
or syrup) have on cognitive flexibility while practicing high-intensity exercise using a
commercial sports drink, water, and glucose. The glycemic index of maple products was
lower than the glycemic index of glucose alone.

Antimicrobial potential and a significant synergistic effect with various antibiotics
were found in a phenolics-rich maple syrup extract against Gram-negative microorganisms
(Escherichia coli, Proteus wirabilis and Pseudomonas aeruginosa). Catechol was effectively
combined with antibiotics and other phenolics in a phenolics-rich maple syrup extract to
inhibit microbial growth [70].

In summary, we would like to remark that, in addition to the main constituent sucrose,
maple products also include phenolics, pyrazines, vitamins, minerals, organic acids, and
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phytohormones. These bioactive substances have the potential to be valuable due to their
positive impacts on health, such as their antioxidant, antiproliferative, and antimutagenic
properties. It is proposed that quebecol, lariciresinol, and secoisolariciresinol serve as
distinctive markers for maple products and are uncommon in syrups made from other
plants [56].

4. Safety and Quality Control
4.1, Food Safety

Food safety is a key determinant in the quality of maple syrup, wherefore aspects
related to it should be seriously considered. In particular, the risk of contamination with
metals and toxic microorganisms, namely fungi [49,85] given the potential for occurrence of
mycotoxins even at low water activity levels (aw) [86], which still needs to be investigated.
Table 4 summarizes the main findings in terms of the occurrence of contaminants in

maple syrup.

Table 4. Detection of contaminants in maple syrups.

Studies

Contaminants Samples

Main Resulis Refs.

Technique Analysis Details

No. Origin

Furnace atomic
absorption
spectrophotometry
(FAAS)

The P'b levels detected in the
maple syrup samples ranged 1271
between .33 and 2,68 wg/mL.

Canada (Nova
81 Scotia, New
Brunswick, Quebec)

Sample preparation:
Syrup samples were diluted (1:50)
and filtered prior to the analysis.

Sample preparation:
10 myg of each sample were mixed
with nitric acid, and digested in a
microwave oven. Subsequently,

Inductively coupled
Toxic metals 2 Canada (Quebec) plasma-mass Allevels were between 0,32 and

[25]

spectromelry the digesled solutions were 0.46 mg /100 g.
(ICP-MS) centrituged. A 200 pl. aliquot was
further diluted to 10 mL with
deionized waler and analyzed.
C]{m?{?d("t?rtf “”TE,' A Inductively coupled 5 le pre . As, Cd, Pb and V levels varied
specified). The US/ plasma-mass Sample preparation: between 1.3-7.1ng/g, 1.5-49 .
8 (Vermont, " 3 Digestion by closed-vessel " ~ e [28]
> spectrometry ¥ cas ng /g, 18-367 ng/g and <1.1
Massachusetts, (CP-MS) microwave heating o T e
Maine, New York) -MS 87 ng/g, respectively.
Plate count ATP bioluminescence: The maple syrups produced from
Aj N Anassay based on exposing the sap with higher ATP
101 Canada (Quebec) o emi hfm (aTp)  Taple samples o the luciferase biolumi e values were [28]
h]rlmjlumf;w-: ence enzyme and its substrate luciferin darker and had
cene was performed. unpleasant flavors
Microbiological analysis: Eurotium herbariorum was the
Microorganisms Syrup samples were inoculated in most prevalent fungus found in
h gansms two media: Yeast Extract Sucrose the maple syrup samples. It was
(YES) agar and Dichloran Clycerol  followed by Peaicillium
Dlate count (DG lﬁ)éja ar. Distinct colonies chrysogenun, three Aspergillus
183 Canada {Ontario} Polymerase chain 3 Bar. L e - ATYsOgE ’ Spergie [85]

reaction (PCR}

were placed on 2% Malt Extract
(ME) agar for further DNA
extraclion, and on ME and

Czapek Yeast Extract (CYE) agars
for identification purposes

species (A, penicilliofdes, A
restrictis, A. versicolor) and two
Wallemia s
sebi). Cladosporivan cladosporioides
was also isolated

s (W, muriae and W,

4—LoD for V = 1.1 ng/g, LoD—Limit of detection.

4.2, Quality Control

As in other natural sweeteners obtained from vegetables, maple syrup is collected
from maple sap trees in some regions of eastern Canada and northwestern USA (Figure 1).
It being a seasonal product with given harvest dates means that it can be collected in about
35 days. Its characteristics depend on the production region where it is harvested, and it
is affected by both the weather and its extraction process (boiling), performed to obtain
the final syrup. For these reasons, Canadian and US maple syrup production can fluctuate
yearly due to changes in the weather. The principal Canadian maple syrup production
concentrates in the eastern province of Quebec. Therefore, Quebec is the leading maple
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syrup producer in Canada, and has by far the most maple farms, taps and, as a result, the
most maple syrup [87].

Quebec is the province with the highest maple syrup production levels in Canada,
which leaves the second highest producing province, New Brunswick, far behind (Table 5).
New Brunswick’s production levels are the same as that of Vermont in the USA, which is
by far the nation’s biggest maple syrup producer, followed by New York (Table 5).

Although there are only four species of maple trees used to collect maple sap and
to obtain maple syrup, there are actually over 150 maple tree species worldwide [88].
The more important producing species are Acer saccharum (70%) and Acer rubrum (29%).
Nevertheless, other silver species, such as silver maple Acer saccharinum and black maple
Acer nigrim (1%), can be considered as maple sap-producing species.

We briefly summarize the maple sap-producing description. Maple sap is normally
collected in February-March when weather conditions make it easy to collect sap. This
is done by boring holes in maple tree trunks. The encrusted tap permits sap to flow by
pipelines to buckets. Sap is then concentrated by boiling it down into maple syrup [89].
For Canada, maple sup products (sugar and maple butter, maple syrup and taffy) are
very interesting in economic and cultural terms because maple product exports have
constantly increased and exported maple products now amount to more than 385 million
Canadian dollars.

On the other hand, factors such as processing procedures, geographical and seasonal
fluctuations, and microbiological contamination can impact maple syrup composition. The
seasonal compositional changes in Nova Scotia syrup minerals are reported by Nimalaratne
et al. [1], with K (2431-2547 mg /L), Ca (568-900 mg/L) and Mg (120-158 mg /L) being the
main minerals, followed by Mn (15-20 mg/L), P’ (7-13.5 mg/L) and Zn (2.8-3.8 mg/L}).
Brix (61.6-70.2°) pH, color, and mineral content (2.6-4.8 g/L) vary depending on origin,
but pH, sugars and Brix do not alter across seasons.

4.2.1. The Maple Syrup Quality Standard

Maple trees accumulate starch as they grow, which is converted into sugar during
spring thaws and mixes with water absorbed by tree roots to create maple sap, which gener-
ally flows between February and April every year [90]. Producers employ tubing systems,
RO, and high-performance evaporators to collect sap before boiling it down to obtain maple
syrup. Canadian maple syrup products range from traditional maple syrup to maple butter,
maple candy and maple sugar, plus a wide range of maple syrup-containing products.

Canadian maple syrup takes two grade names: “Canada Grade A” (further graded
into four color classes— “Golden, Delicate Taste”, “Amber, Rich Taste”, “Dark, Robust
Taste” and “Very Dark, Strong Taste”—that typically reach consumers and commercial
markets); and “Canada Processing Grade”, which has no color classes and is frequently
applied to large-scale commercial applications [22]. In 2020, they harvested 13.2 million
gallons. Thanks to favorable spring weather and more taps, higher yields account for more
production. Prices in other maple-producing provinces are set by producers. As a result,
they can substantially vary. Prices in Quebec are controlled by the Régie des Marchés
Agricoles et Agroalimentaires du Québec. This organization helps to stabilize prices from
year to year. In 2020, the price in Quebec remained at $38.55/gallon, and the total maple
products value was $509.2 million [90]. Maintaining final product quality is most important.
Thus, for economic performance to improve, the increase in maple farmers and maple taps
denotes the profitability of such activities [68]. There are several quality guidelines for the
production and commercialization of maple syrup from Canada and the US [91,92], but
they are all generic guidelines for food safety without a focus on specific hazards.

4.2.2. Factors That Can Influence Final Maple Syrup Composition

Unlike other sugar sources, maple syrup has a unique characteristic flavor that de-
pends on its composition, e.g., organic compounds (sugars, alcohols, ketones, aldehydes),
micronutrients and phytochemicals, of which more than 200 compounds appeat in maple
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syrup that are either natural or are transformed during processing [13]. Hence this unique
composition can be used for either detecting possible fraud and adulteration with other
syrups of lesser quality, such as cane sugar, beet, and corn [13], or for confirming those
classified according to strict Canadian and US regulations.

Thus, many essential and non-essential metals are present in maple sap, and their
numbers may rise during maple sap concentration done by boiling [13]. Several studies
have shown the utility of determining some essential elements, such as salt content, to be
used in maple syrup characterization and for differentiating it from other syrups depending
on the relation of these compounds.

Several authors, such as Lagacé et al. [49], have studied maple sap during different
harvest periods to show variations in its organic composition: sugar (sucrose, fructose,
and glucose), organics acid, and phenolic compounds. This means having to change some
intrinsic factors, such as maple tree sap flowing in trunks. Moreover, other changes could
modify its composition given the microbial maple sap population (fungi and total aerobics),
which progressively increase during the season [9,93]. After maple sap is collected, it is
contaminated by microorganisms, which are responsible for sucrose hydrolysis and the
final presence of fructose and glucose in maple syrup [50].

Figure 1. Regions of maple syrup production in Canada and the USA according to the Maple Syrup
Producers’ Association of Ontario [94].

Table 5. Maple syrup production [95] per province (in thousands of gallons).

Maple Sap Production

Country 2015 2016 2017 2018 2019 2020 2021 2022
Canada 8908 12,160 12,512 9796 13,204 14,294 11,311

Quebec 8090 11,185 11,493 8914 12,033 13,210 10,027 15,949
New Brunswick 430 528 551 361 598 561 786

Ontario 369 398 425 465 502 467 462

USA 3204 4207 4271 4159 4240 4111 3721 5028
Vermont 1410 1990 1980 1940 2070 1950 1750 2550
New York 601 707 760 806 820 804 647 845

(1) Conversion factors: 1 gallon of syrup equals 10.0 pounds of maple sugar. One gallon of syrup weighs 13.24760
pounds. (2) 1 gallon US: 3.785 L.
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5. Applications in the Food Industry and Sustainability Issues

Maple syrup comprises sugar, trace amounts of organic acids, free amino acids, protein,
minerals, and phenolic compounds [11]. These trace components allow maple syrup’s taste
profile to be distinguished from that of sucrose. They are what contributes to its potential
health benefits when compared to sucrose [96]. Maple syrup can be manufactured from
a combination of corn syrup, maple coloring and flavoring. However, maple syrup in its
natural state contains minerals like calcium and potassium, which may not be at the same
levels when it is manufactured [97]. Pure maple syrup possesses specific standards for
clarity, density, flavor, and color properties, along with descriptors that typically include
woody, vanilla, caramel, floral, fruit and herbaceous [11,19].

When considering maple syrup applications as an ingredient in the food industry,
the chemical analysis and nutritional profile of maple syrup are essential, as discussed
in the previous Sections 2 and 3. A better understanding of the physico-chemical and
microbiological analyses, organic and inorganic constituents, adulterants, and contaminants
of maple syrup will help to ensure its uniformity and quality standards in the food industry.

According to the International Maple Syrup Institute, pure maple syrup has a small
market share in the USA, Canada and elsewhere overseas. For example, in the USA,
maple syrup, along with honey, represents 1% of all the sweeteners delivered for food and
beverage uses [98]. Maple syrup is not only employed as a pancake topping, but its unique
characteristics are mediated by bioactive compounds, which makes its suitable for several
culinary and industrial applications.

Several other maple syrup applications are found in the food and beverages industry
and have been paid some attention as part of the culinary education guide compiled by
Kimball [99]. They include the following:

- Maple butter: It is thick, but spreadable, and is also called maple cream or spread. It is
a whipped version of pure maple syrup;

- Clear maple: 1t begins as maple syrup. It is then altered by adding a processing aid,
which is removed later to create higher invert sugar content. The resulting product is
a product with a honey-like consistency made from pure maple syrup;

- Pure maple syrup concentrate: It is produced after removing almost 50% of the sucrose
content in pure maple syrup;

- (Medium or coarse) maple flakes: They are made with pure maple syrup that has been
dehydrated by means of a unique exclusive process;

- Maple jelly: It is made from pure maple syrup with a jelly-like structure and can be
used for culinary purposes.

- Maple sugar: It is made from pure maple syrup by dehydration into granulated sugar
crystals. It can be replaced at 1:1 with regular granulated sugar in the majority of
formulae and recipes;

- Maple vinegar: It is produced from pure maple syrup by alcoholic fermentation and
acetic fermentation processes. Adding maple vinegar creates a signature salad dressing.

Maple syrup can be employed in diverse menu items to sweeten tea, lemonade, regular
coffee, and café lattes. Acorn squash or sweet potatoes can be glazed with maple syrup.
Maple can be used to create a sweet and savory barbecue sauce, and drizzled on pears,
walnuts, and gorgonzola pizzas. Baked maple-kissed goods, ice-cream and desserts can
be prepared to gain a better taste. For a wider application, there is a need to utilize maple
syrup on an industrial scale that will ensure that more consumers gain from its naturalness
and health benefits.

Maple syrup processing mainly involves water removal to increase its viscosity. The
main industrial processing techniques are based on conventional evaporation and reverse
osmosis (RO), as described by Ramadan et al. [56].

The two processing methods shown in Figure 2 will have impacts on the quality char-
acteristics of the obtained maple syrup. When comparing the two processes, evaporation
can result in varying sensory attributes, such as color and flavor, while RO performed at
room temperature does not change maple syrup’s chemical properties [56]. The heating and
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evaporation steps of maple sap are critical maple syrup processing stages. Flavor and color
are essential factors that affect the maple syrup grade, which range from very dark-colored
strong-flavored syrup to very light-colored delicate-flavored syrup [11]. Maple syrup flavor
is also influenced by the regions where sugar maple trees grow. The amount of nitrogen
compounds, phenolic compounds, flavonoids, and organic acids in maple sap may vary
throughout the maple syrup season, and also from one season to the next, according to the
region, and even from one maple tree to the next [99].

—
Conventional E ;|  Reverse osmosis
evaporation OO0 (RO) technology
—_— | —

1-Requires a high energy 1-Requires a low energy

Maple syrup processi
g — ple syrup processing

R

\\

2-A simple process 2- A multi-stepped process
3-A high impact on the 3-A slight impact on the
color, flavor and trace color, flavor and trace

compounds compounds

\

Figure 2. A comparison of the two processing methods to produce maple syrup (Adapted from
Ramadan et al. [56]).

When comparing RO to conventional evaporation, which requires high energy use,
RO can be used to concentrate maple sap to cut energy costs [100]. In industry, most
RO techniques are extensive processes involving many steps [101]. To obtain 1 kg of
maple syrup (68% sugar), 34 kg of maple sap (2% sugar) are required, plus conventional
evaporation. Conversely, when RO concentrates maple saps up to 20%, only 3.5 kg of sap
are necessary to obtain 1 kg of maple syrup [102].

It is crucially important to note that quality standards of the obtained maple syrup
products are affected by the processing parameters; the phytochemical profile of these
products will also influence flavor and color when they are considered for applications
in the food industry. Recently, it was suggested that quebecol, lariciresinol, and secoiso-
lariciresinol are distinct markers for maple products since they are not common in other
plant-derived syrups [56]. Another significant limitation in the quest for further industrial
application of maple syrup is microbial contamination of the maple sap which will affect
maple product quality. The application of a continuous heat treatment on buddy syrups for
2hat 104.5 °C was able to remove the buddy off-flavor by reducing the volatile dimethyl
disulfide content in maple syrup which is responsible for this off flavor [52]. Henceforth, it
is important to conduct further research on how processing techniques and environmental
conditions affect the phytochemicals profile and biological effects of industrially produced
maple food products.

With increasing climate change awareness, there is contention about evidence for a
climate optimum for syrup production based on a standardized protocol for collecting sap
from individual trees under natural conditions. There are indications that there will be
shorter sap flow with warming winter temperatures if traditional tapping schedules are
maintained [103]. Modeling the relations among climate, sap flow and sugar concentration
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is necessary to gain an understanding of the basic eco-physiological responses underlying
climate effects on syrup production [104]. As Duchesne and Houle [105], Collins et al. [106],
and Bal et al. [107] misrepresented this, further research is necessary [104]. In Canada,
producers must adhere to the strict standards and guidelines set by Canadian Law and
the Federation throughout the maple syrup production process. It is important that the
maple syrup value chain is sustainable. The role of maple syrup as a non-timber forest
product, an alternative to extractive forest timber activities within the community will
contribute to subsistence needs and help diversify and supplement rural incomes [108].
Generally, harvesting is carried out in such a way that sugar maple trees are tapped in a
different area from that of the year before to preserve tree health. For instance, the Canadian
“Preservation of Agricultural Land and Agriculture Activities Act” forbids felling a whole
maple tree in an agricultural area [57]. While maple syrup demand as a natural and healthy
sweetener alternative in the food industry increases, the entire value chain’s sustainability
is an important criterion from production to consumption.

6. Conclusions

This review explores the potential of maple syrup as a natural sweetener to be used in
human diet. As consumers are showing considerable interest in demanding more natural
ingredients in their foed items, it critically examines maple syrup, along with its quality
characteristics, and nutritional and health impacts. In fact, current scientific evidence
indicates that phenolic compounds play a key role in the body’s defense, protecting it from
damage caused by reactive oxygen species known to be involved in the genesis of various
pathologies, cardiovascular, oncological, autoimmune, degenerative, etc. That said, the
potential of maple syrup, derived from Acer saccharum Marsh., as a source of nutrients and
bioactive compounds is immense and deserves to be highlighted.

Therefore, the objective of this paper was to perform a global review on maple syrup
as an interesting sweetener with application in the food sector. Furthermeore, this review
also aims to contribute to the improvement of food availability in a sustainable way and to
provide also economic welfare. Finally, this sweetener can offer an important contribution
for the development of new food products in the future and can contribute to decisive
improvements in public health.
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Abstract: Consumers often wish to substitute refined sugar with alternative sweeteners, such as
coconut sugar, given growing interest in healthy eating and the public’s negative perception of excess
sugar intake. Coconut sugar is a healthier, sweetener option than the majority of other sugars that are
commercially available. Sap is collected from trees to be transported, stored, and evaporated during
processing, which are labor- and resource-intensive operations. Consequently, the cost of production
is higher than it is for cane sugar. Given its high nutritional value and low glycemic index, people
are willing to pay higher prices for it. However, one barrier is ignorance of its health benefits. This
review examines and deals in-depth with the most significant features of coconut sugar chemical
analyses to focus on several analytical methodologies given the increasing demand for naturally
derived sweeteners in the last 10 years. A deeper understanding of the quality control, safety, health
effects, nutritional profile, and sustainability issues corresponding to coconut sugar is necessary to
effectively implement them in the food industry.

Keywords: alternative sweeteners; coconut sugar; chemical analysis; health impacts; nutrition;
food industry

1. Introduction

In south/south-eastern Asian cuisine, coconut sugar is a popular sweetener [1] and
is made of phloem sap from coconut palm tree (Cocos nucifera L.) blossoms [2]. Workers
collect sap by scaling palm trees and use sickles to chop off unopened inflorescences. For
8-12 h, oozing sap is collected with bamboo or plastic containers. Lime is occasionally
added to the sap to stop it from fermenting [3,4]. Next, the sap is heated on open flames
and regularly shaken for it to thicken and crystallize [1]. During the production method,
sugar color can range from light to dark brown. Finally, sugar is hand-selected and sieved
to produce fine-grained produce [5].

One inflorescence is typically produced by each coconut palm tree once a month.
Approximately 1.5 L of sap is harvested twice a day (morning and evening) from all the
inflorescences. Based on the approximate 15 g of sugar per 100 g sugar content of fresh
coconut sap, boiling sap allows 200 g of sugar per inflorescence to be produced daily [3,4].

Even at early ages, coconut palm trees can be utilized for sap collection purposes.
Every time phloem sap is tapped and harvested, 1-2 mm of spadix must be cut away.
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Spadix can be diminished to a stump by repeating this technique, Following this procedure,
a single spadix can be tapped for 4045 days. Coconut palm trees can be tapped for a
20-year period [1,3].

Due to the growing interest that the public is showing in healthy diet and the negative
public perception of excess sugar use, consumers frequently attempt to substitute refined
sugars for alternative sweeteners like coconut sugar [6]. Traders highlight coconut sugar’s
traditional small-farmer producers, organic palm tree growth in mixed farming with other
crops, lower glycemic index (GI), and low fructose content than regular refined beet sugar
or cane [7]. Coconut sugar has a premium price that consumers are willing to pay. One
kilogram (kg) might cost something between €15 and €46. In contrast, the price of a kg of
traditionally refined sugar was only €0.88 in 2021 [8].

Customers today are increasingly more aware of natural ingredients. Consumers’
growing emphasis on naturalness has had a significant impact on the food industry [9,10].
Consumers in most nations often reject the food products that they do not perceive as
natural. The demand for sweeteners made from natural sources has skyrocketed in recent
decades [11].

Tn light of the above, the present review investigates the health effects and nutritional
profile linked with consuming coconut sugar, its potential food industry applications and
sustainability issues, and its primary safety—quality parameters, plus a chemical analysis of
its major components.

2. Chemical Analysis

Food attributes like color, consistency, texture, flavor, and smell are extremely rele-
vant for consumers and, consequently, for industry. In coconut sugar and syrup, these
characteristics derive from the quality of the sap from which they are produced and the
chemical reactions that occur during the heating process, namely non-enzymatic browning
via caramelization and Maillard reactions (MR) [12]. The latter involves a highly complex
reaction between reducing sugars and amino acids, and has major effects on coconut sugar
and syrup properties, including their nutritional and functional value, color, aroma, and fla-
vor [12-15]. Regarding flavor, the characteristics of MR products may vary from a pleasant
flowery aroma to a burnt aroma in accordance with the sugar and amino acid compositions
of the food matrix and the involved reaction pathways [13-16]. MR products, such as acry-
lamide and 5-hydroxymethylfurfural, have been directly linked with the degree of coconut
sugar browning, and high levels of these products can lead to toxic health effects [13-17].
In this context, it is worth noting the study by Phaenon et al. [18] in which the level of acry-
lamide was determined in both coconut sap and coconut syrup, and, while in the first case
this compound was not detected, the reported levels in the latter were of 867 ng/kg. Many
MR products exhibit beneficial biological functions, such as potent antioxidant activity [13].
As a matter of fact, the coconut sugar and syrup production process generates hundreds of
distinct MR products that are more or less desirable [19]. Bearing this in mind, it is easy to
understand that coconut sugar and syrup are much more than merely a concentrated sugar
solution, and the study of their chemical composition, which is fundamental to improve
their nutritional and functional properties and to guarantee consumer safety, is a complex
and demanding task.

Several research works have been conducted to evaluate the physico-chemical, mi-
crobiclogical, and antioxidant characteristics of coconut sap, sugar, and syrup. Some of
the most important ones are presented in Table 1 and focus on the analytical techniques
used and the main outcomes. Color determination, pH, and total soluble solids are some
of the analyses routinely performed in coconut sap, sugar, and syrup. However, despite
being fundamental for the quality control of these products, they provide limited means for
more specific quality profile analyses and, hence, the need for more advanced analytical
techniques arises.

Coconut sugar and syrup contain well over 100 different types of compounds, includ-
ing carbohydrates, free amino acids, proteins, minerals, vitamins, aromatic compounds,
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and phenolics. Table 2 provides an overview of some of the most recent studies carried
out to assess the inorganic and organic compositions of coconut sap, sugar, and syrup.
Atomic absorption spectroscopy {AAS) is the most commonly followed technique reported
for mineral analyses. The main issue in determining mineral composition is the accurate
quantification of these elements in a complex matrix, like that of coconut sugar or syrup,
which has other components and at much higher levels (e.g., sugars), while dealing with
the problem of interferences from mineral elements other than that being measured [20].
AAS is a technique with good detection limits. It is relatively simple to perform and incurs
low to moderate acquisition and operation costs. It allows only a limited number of ele-
ments to be analyzed [19]. Other techniques like ICP-MS (inductively coupled plasma mass
spectrometry) require costlier equipment and greater proficiency to operate, but stand out
for having better detection limits and allow the quantification of many elements at ultra-
trace concentrations in large numbers of samples. Therefore, they should be increasingly
used [20]. For studying organic constituents, the non-volatile ones are analyzed mainly
by high-performance and ultrahigh liquid chromatography (HPLC /UHPLC) coupled to
different detectors (e.g., refractive index (RI), mass spectrometry (MS), UV-Vis), while
volatile ones are determined mostly by GC-MS (gas chromatography coupled to mass spec-
troscopy) (e.g., [21-23]). Indeed, coupling a chromatography system (e.g., UHPLC/HPLC
or GC) to a mass spectrometer is one of the most powerful ways to identify and quantify
compounds because this analytical strategy provides two different types of data per run
analysis: (i) retention time and (ii) mass spectral pattern (molecular ion and fragmentation),
for each separated compound. This information can be used to make comparisons to
appropriate reference standards or literature data [24].

As part of quality control, another critical aspect is the need to develop swift and
accurate analytical methods for fraud detection. Like honey, agave syrup, and maple
syrup, coconut sugar and syrup are prone to adulteration via the addition of less expensive
exogenous sugars, such as cane sugar, beet sugar and corn sugar. In fact, the addition of a
minor quantity of cane sugar, i.e., less than 5% w/v, to coconut sugar for “seed” purposes
and to accelerate its crystallization is common and well-accepted in the industry [25].
The risk of fraud is a major issue given the important economic advantage of adding
an extra amount of cane sugar or another inexpensive sugar [25]. Some of the most
relevant analytical approaches recently proposed to combat this problem are presented
in Table 3. Technologies like NMR (nuclear magnetic resonance) and IRMS (isotope ratio
mass spectrometry) are noteworthy, as shown by the results obtained with the studies of
Bachmann et al. [26] or Rogers et al. [25], respectively. NMR is a non-destructive technique
that provides fast results and requires easy sample preparation. However, it implies using
a large amount of sample to obtain an adequate signal [27]. IRMS, however, requires a
considerably smaller amount of sample than in NMR analyses and displays 0.2%. precision
on the d-scale [28]. One important limitation of TRMS is the fact that it only provides
the global §1*C values of the analyte [28]. Specifically, in the coconut sugar and syrup
adulteration context, applying the IRMS tool involves a significant disadvantage because,
although it is highly successful for detecting the addition of cane and corn sugar to coconut
sugar and syrup, it does not allow the detection of beet sugar addition [18,29]. This is
because coconut is a C3 plant-like beet, while cane and corn are C4 plants. The Bey12c
ratio of C3 plants is lower than that of C4 plants, and it is on this difference that the
IRMS technique is based because it is impossible to detect admixtures of beet sugar with
coconut sugar [29] Notwithstanding, both IRMS and NMR have a high potential, and
their combined approach could shed considerable light on the food fraud and adulteration
issue. Energy-dispersive X-Ray fluorescence (ED-XRF) is an alternative tool with a very
high potential for detecting coconut sugar adulterations with both cane and beet sugars,
as evidenced by Zdiniakova and Calle [29]. ED-XRF offers the excellent advantage of
requiring almost no sample preparation and can be performed with portable devices, but
has relatively high quantification limits [29,30]. That said, from an analytical point of
view and despite important advances, there is still a lot of work to be done to gain fast
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and eco-friendly methods that can be performed with portable devices and used by both
consumers and producers quickly to easily detect adulterations.

In addition to food fraud, another aspect that cannot be neglected is food safety.
Coconut sugar and syrup undoubtedly provide consumers with important nutritional
and functional benefits when produced from high-quality sap that is properly collected,
preserved, and processed, i.e., following good manufacturing practices (GMP). However,
employing sap of inferior quality and its processing under unhygienic conditions are real
problems that deserve our utmost attention because they pose the risk of contamination
by insects and microorganisms (see Table 4). In this context, the dire need to carry out
studies to determine the risk of other contaminants occurring is noteworthy. Research
work on contaminants from food processing (acrylamide), agrochemicals (e.g., pesticide
residues), heavy metals (e.g., mercury, lead, arsenic, cadmium, etc.), microorganism tox-
ins (e.g., mycotoxins), and cleaning agents {(e.g., detergents) or disinfectants (quaternary
ammonium, detergents) has been increasingly performed in other natural sweeteners and
sugar products, but is still almost nonexistent for coconut sugar and syrup.
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Table 1. Physico-chemical, microbiological. and antioxidant characteristies of coconut sap, sugar, and syrup.
Studies
Samples
- — Analytical Details Principal Quicomes Ref.
No. Kind Origin
Physico-
Chemical
Parameters
The authors assessed the color attributes of the
sap collocted by (1) the traditional approach
using a lime-coated clay pot; (2) a novel
. Coconut sap \mdia A panel of 50 cvaluators sed | <e0nusap chiller method. Teseas designed to .
2 (collected by bwo (Kasaragod) Sensory analysis ot oo colluct fresh non-fermented sap free of foreign [21]
different methods) ST TP s matter. The coconut sap collected by the
traditional method was found to be oyster white,
while that collected by the new method was
golden brown.
Qutcomes were included in The authors investigated processing coconut sap
Coconut syeup Malaysia the CICLAB systen: L* In svrup by alternative processes compared Lo the
ol 3% (produced by three (Iel« i : Colorimetry {lightness / darkness); a* conventional open heat evaporation technlque. 22]
Color different methods) “ (reduness/ greenness); b* The L* parameler ranged [rom 23.84 (o 35.61, 2
(vellowness/blucncss). from 2.31 to 3.746, and b* from 17.71 to 23 30.
A descriptive lest was carried
out according to the official
Tndonesia, - - . f
- German methodologg. For this The mosl expensive coconut .
107 Coconut sugar Philippines, and Sensory mmalysis ¥ . [
- ’ purpose, a panel made up of sugars were light brown
unknown origin N ~
18 trained cvaluators
was selocted.
The color ol bolh coconul sugar and coconul
Outcomes were included in+ syrup was evaluated for 6 months. For coconut
. I the CIELAB system: 1. sugar, the | * parameter ranged from 53.34 to
6" C"f‘l‘j“"j“f"; and m(‘lcll'if:t“fg Colorimetry (lightness /darkness); a* #3510, 2% From 750 b 9.08, and b* from 24.02 to [31]
coconut syrup Akt (redness/ greenness); b 2828, For cocomut sytup, L7 ranged from 17.87 to
(yellowness /blueness) 19.96, a" from 7.72 to 8.26, and b*
from 144 to 1.67.
It f. Eupiron. Res. Patiic Health 2023, 20, 3671 fol 33
Table 1. Cont.
Studies
Samples
- — Methodelogy Analytical Details Principal Outcomes Ref.
Na. Kind Origin
Physico-
Chemical
Paramcters
A descriptive lesl was carried
. oul according Lo the ollicial The more expensive producls, i.c., those thal
Indonesia, N : "
Consisteney Py - L . CGerman methodology: To do wiere light brown, were characterized as fine
> 107 Covonut sugar Philippines, and  Sensory analysis 16]
and texture a ¥ anab s, pancel madeup of 18 powders, while the cheaper ones were described
unknown orlgin " *
& trained evaluators as being coarse-graimed.
was selected
The sap collected by the traditienal method had a
fetid smell, which was not detected in the sap
collected by a novel “coconut-sap chiller method”
. that the authors put forward. Tt is noteworthy in
Coconul sap . A panel made up of i : H
. India . . - the traditional method that the collection system
2z {collected by bwo Sensory analysis 30 evaluaters used a 3-point . N - : N (21
: (Kasaragod) - 7 is open. This allows the emission of volatile
different methods) hedonic seale. . s
molecules by sap to attract isects like bees,
which leads to sap confamination. As the method
Smell developed by the authors is a closed sysiem, this
conlaminalion does nol oceur.
A descriptive test was applied
in accordance with the official In cheaper cocenut sugars, ie., those with a
Indonesia, . ;
- - Cerman melhodology: For this — darker colar, lhe sweel aroma predominaled,
107 * Coconut sugar Philippines, and Sensory analysis 3 [6]

unknown origin

purpose, a pancl made up of
18 trained cvaluators
was selected

while the caramel aroma was particularly
dominant in the expensive products.
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Table 1. Cont.
Studies
Samples
N - Methodelogy Analytical Details Principal Outcomes Ref,
Na. Kind Origin
Physico-
Chemical
Parameters
-~ : The flavor of the sap oblained by a nevel
Coconut sap . A panel was made up of » - 7
e e ) India A . ! : coconul-sap chiller melhod” was sweel and \
2 {collected by two Sensory analysis 50 evaluators who used a N [21]
o {Kasaragod) - - . delicious, but that traditionally collected had a
different methods) 5-point hedonic scale. N ;
foul astringent aftertaste.
Hlavor
' A descriptive fest was carried The coconut sugar flavor was described as
Indonesia, oul according Lo the olficial . = . .
T | malnly sweet. Tor the expensive products, Le.,
107 Coconut sugar Philippines, and Sensory analysis German methodology: A e _ [6]
N N - i - those lighter in color, malty and caramel
unknown origin pancl made up of 18 trained A Lolor, Aty
attributes were added.
evaluators was sclected
The pH of the caconut sap collected by the
traditional method was <6, whereas the sap
Coconut sap . collected by a new “roconut-sap chiller method
India T a
2 (collected by two Kasnagod) pH meter NR = had apH 0f 78, The sap collected by the novel [21]
different methods) Asaragod method was fresh and non-fermented, but the
traditionally collected sap was
partially fermented.
Coconut sap (with
pIT and without Kemloko The pITlevels of the fresh coconut sap, both with
2* preservative, Le., KR* NR* and without added preservative/s, were 126 and [32]
{Indonesia) .
limestons 4,68, respectively,
solution)
The pT1 levels in coconut sugar and coconut
syrup were evaluated over 6 months and ranged
Covamut sugar and Fhilippines from 5.1 te 5.79 for the former, and from 4.28 to
6 H mete NR : 31
? coconut syrup (Makati) pH meter 45 for the latter. It should be noted that pH @1
levels lowered in both products over time, which
may be related to microblological contamination.
[ : Health 2023, 21), 3671 Bof33
Table 1. Cont.
Studies
Samples
) . Methodology Analytical Details Principal Outcomes Ref.
No. Kind Origin
Physico-
Chemical
Parameters
The soluble solids content was higher in the sap
collected by @ new “coconut-sap chiller method”
proposed by the authors (15,518 *) compared to
thal delermined in the sap collecled by the
Coconut sap India A refractometer measured conventional procedure (1314 ). This might be
2= (collecled by Relractomelry bolh lolal soluble solids and owing lo lthe melabolizalion of sugars insap by [21]
o ¥ (Kasaragod) 3 ¢ - sugas 4
two different methods) N Brix values the microorganisms found in it, which were
Deensity detected in mach larger numbers in the
conventienally collected sap.
" Values expressed as "Brix
Coconut sugar and Philippines A refractometer measured Brix was cvaluated over 6 months for coconut
6 ot fﬂ_u m[ﬁfﬂ iy Refractometry both tolal saluble solids and  sugar and syrup, and ranged from 97.6 ta 98.9 for [31]
yeup s Brix values the former and fram 79.6 to 803 for the latter.
The analysis of the microbiome of the fresh and
fermented coconul sap revealed thal the former
A culture-independent plc_m\lcd aconsicderably larger numbcer of baclerial
- spodics than the latter: In contrast, te fresh sap showed
metagenomic methodology N P
. ; ~ lower fungi and yeast diversity than the fermented sap.
suitable for bacterial and o 0
e fresh coconut sap displayed an abundance of
Caconut sap (fresh fungal microbiome Eenannstoc sipp, followeed by akin propartions of
Microbiological ., , 3 T LTes India Metagenomic determinations with 165 rRNA ot } PR .
) 2 and 12-h (Kasaragod) B et TS s >N Acetobrcter sp., Fructobacilhes sp, and Gluonolcter sp. []
parameters formented) AsArago anaysts L2 AMPUCON SEQUERCIIR: T formented coconut sap exhibitedd a substantial

respechively, was used to
perform the analysis of the
fresh and fermented
coconut sap.

ncrease in Gliwonobacter sp. with a marked reduction
In Lencouostoc spp. Regarding flogd and yeast
occurrence, the fresh sap showed a predominance of
sppecies af the Saccharoniyees genera and of
Hmseiaspora. The fermented sap showed abundance
fo Cortivariies safites and Hansertispora guillienmondi.

58



it ). ¢

ron. Res. Miitilic

Edulcorantes Naturales en Alimentos y Bebidas,

1 2023, 20, 3671

Una Alternativa a la Sacarosa

Thysico-
Chemical
Paramelers

Antioxidant
potential

Table 2. Chemical analyses of the onganic and inorgamic constituents of coconut sap, sugar, and syrip

90k 33
Table 1. Cont.
Studies
Samples
Methodology Analytical Details Principal Outcomes Ref.
No. Kind Origin
According to the TRAD assay, the values of the
conventionally collected coconut sap, the coconut
Coconut sap sap obtained by a novel "coconut-sap chiller
e {collected by lwo India Colurimety FRAP (ferric-reducing, method” and the coconul sugar generated from 1]
different methods) (Kasaragod) lanmetry antioxidant pawer) assay. the Iatter were respectively 8.34%, 1487, and 22.9°
and coconul sugar
. Values are expressed as mg of AEAC (ascarbic
acid equivalent antioxdant capacity)
The DPPH free radical inhibition percentage and
The DPPH (2,2-Diphenyl-1- ORAC walues ranged belween 25.7-87.37 ¢ and
Thailand (Samut picrylhwdrazyl) radical 740.7-3815.6 °, respectively.
2= Coconut sugar Songkhram and Calorimetry scavenging activity assay. [34]
Phetchaburi) The ORAC {oxygen radical *Values shown as %;
antioxidant capacity) assay. b values shown as mg of trolox equivalents
(IPH 100 .
= Total number of samples analyzed in the study; ™ NR—Not reported,
rn. Res. Midlic: Healeh 2023, 20, 3671 0ok 33

Tnorganic
constituents

Irganic
constituents
Non
volatiles

Studies
Samples
N Kind Buial Methodel Analylical Details Principal Oulcomes Ref.
o. in rigin
. i The mineral levels in coconul sugar samples fall wilhin
Sa le preparation:
P e praparation: the ranges of 101.77-128,05 = (K), §3.32-54.66 * (CT),
Cooonut sugar was incincrated : N
- until ash was oblained 796-16.28" (Mg), 12.63-15.87 ° (S1), BA3-14.37 " (P, -
N Coconut sugar Tvory Coast Spectrometry e 53513177 (8], B05-11,657 (N, 1.03-2.19° (€, and 11
: T a0 o 1048
v cocomit sigar e sualsis 175 209 % (Fe). Traces 1.04 % (B) and 0,17 (Zn).
was performed by (SEM] b Vales expressed s mg/ 100 g
The predominant minerals were K (96087 ),
- alomi Sample preparation: Na (18321 ") and My (2291 *). The levels of Fe (L3
., FAAS fflame alomic Coconut sap was first diluted Ca {042 ), Zn (0338 1], Mn (0105 ) and Cu (0.0 36
1 Coconut s3p absorptinn = ; 12l
spoctrophotomets) {103¢), then filtered and were also determined,
£ i further analyzed
vl expressed as mg/1.
The mineral composition of both coconut sugar and
cncomut syrup was evaluated for & months, For cocanat
sugar, the K, Na, and be ranges were 934-1075
A b #9-112 % andd (L5406 *, respectively. The Caand Zn
. S Atomic absorption Jevels remained constant aver time and wore B and
Coconul sugar and Philippines - cveds remained constant over fime and wer
E Tconat cprup Mot spectopholomety NR (11 %, respectively. [T covomut syrup, the levels of ranl

{AAS)

K varied between 609632 4, Na between 110-126 4,
Cabetween 1-2 7, and Zn between 0.1-0.27, The Fe
levels were (.4 2 al the (hree different measurement Limes,

*—Values expressed as mg/100 g
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Table 2. Cont.

110033

Rel,

&

Studies.
Samples Methodol Analytical Detail Principal Oul
ethodology alytical Details cipal Qutcomes
N, Kind Origin By ¥ p
The total free armino adels content of the sap attained
cumentionally the sap obfainesd from a “new cocoutsap chilker
method”, and the sugr procuced frum the lotter was,
respestively 0413 %, 1T, ancd 305" The folkovings amino acicls
swere quantified in the cocunutsap obtaine by the trossitoral
ethioct i V) iy asprartic acid (837 4
) (i) serine (15 7 hronin (15
Amino acids profile: ) ol (131 % ) amgivine (1L3 Y, (v lysine (751
Sample preparation: (ja) veline (648 (<) citrulln (6,36 ) b1 mettionine (90° )
Samples were hydrolvzed ina (<l phenylalavire 21 7 ) aspanagine (086 °) i) leucine
) ot using hydrochloric acid, (064 v} histidine (042 ) povd) tyresine (0201,
Ninhydrin method 6 yirolysates were (i) tryptoyshan (001 7). For the sep acquired by the novel
{far fiee amine acids dried falso in 1 vocaum) after metod, cumirus i and respective levels wene as follows:
-Eum't‘fw;muﬂl neutralication. They were () i acidl (626 () aspartic acid (118, G serine (561 4);
! C-TQn- dissolved in a known volume of fiu)angginine (1732 () alarine (151 L (46) profine (146
Coconult sap MS/MS fultrahigh the mobile phase, fltered (02 W), (1) hascrrine (122 ); (v methionine (528, (i) valine (610 V]
Amine acids 2 (collected by two India performance liquid and fnally injected into the ) citruline (607 5 4] hysine (593 (i) phesylalaring (256 )
different methods) (Kasaragod) }I‘I‘L‘f‘dﬂ“’ml”h}' (i) asparagire (241, (xiv] bisticine (065 ] (v} beucine (156);
and eoepnul sugar “mp “’I“"" em v o II‘\E\I"GE . o) yrosme (46, v tryptuphan {001 41 In o, suggr
quadrupole mass Waters column, i ki
spectrometry) for the (21 50 mm: 17 am), prolecied comtaned ) ghitamic acid (¥4 % () apartic acid (131 ;
aminoacids profile by a Walers Vanguard BEH C-18 i) e (112 ;) alanine G454 (v} sine B0
analwsis guard colummn (1.7 pm). (i) bysine (45 ) (i) threoaine (5911 Y, (v} arginine (337 9
Mabile phase o valin (309 ;1) phesmydalanin (07 43 () trosin (260 7
0.1% formic acid in il bewcine 215 8 i) methicaine (196 8 (av) histidine:
water-methanol: water (1:1) with (583 o) citrulline (579 1 i) asparaggine (425
{vil) Giclbyclry-phenylalarine §176 )
(i) iryphophan 10,15 ),
A values appear as g/ 100 ML
P\ appar o 2/ 100
—Vahas appear e g 100 ml
Nihes appear s mi/ 100
il J. Eawiron. Res. Paddic Health 2023, 20, 3671 120033
Table 2. Cont.
Studies
Samples Methodol Analytical Detail Principal Oul Ref.
No. Kind Origin ethodology alytical Details cipal Outcomes
The authors investigated the processing of cocanut sap fn
Sample prepara syrup by altermative process techniques compared to the
Coconut syrup samplos were cumvintional pen heat gvapuration techique. The
1PLCRID diluted (10, lillered (245 um), Fructise, ghicose. and sucrose levels mlzeu ely ranged
Coconut syrup elmerformance amd further analysed. ettwccn 1 2723507 9, 21 3423713, and 7352567 2. The
. > : Malaysia Colurmn: covumut syrup ubfained by the rutary exaporation o
: ‘l‘h:‘e‘:‘e‘j“;“{m}ﬁ“j: (lelai) i PR  Merck LiChuoCART® Singlebond  technique displayed larger quankities of ghicose and 12
e diection) _ NI columm fructose, buta smaller quantity of sucrose, than that
(250 < 16 mm; 3 pm). produrc by the other tochniques. The otal sugar content
Mbil: phas . for all the analyzed samples was betveen 64,8965 66 .
Acelonitrile-waler (80:20, /7).
1 Values expressed as ¥
Sample preparation:
IIPLC-RI Coconut sap was diluted, (10%),
(high-performance filkered (0. ;‘2;{"‘; ancfrther Tres sugars (sucrose, fructose, glucase) were detected
Carbohydrates. Malaysia liquid B in cocormt sap, Their respective values were 6,917,
. c aysla d o a 39 5
1 Caconut sap {lelas) chwomalography —y g thmCA.RT Single bond 348, and 253 18l
coupled with . "
reftactive indes (250 i ) —valucs expressed as Y.
etection) Mobile phase:
Acetoniteile-water (5021, 1/7
Thetotal Fthesap traditionally, the
Phenolsulphuric sap dbiainead followwing a e “erennutsap chillor method”,
acid metivod ffor fofal and the sugar produced from the alier wos 9207, 1627, and
Coconut sap sugars content 918Y, respectively. For the nducing sugars content, the:
3 (cullected by two Indlia determination)

different methods)
and coconut sugar

{Kasaragod) Nelson-Somagyi's
method {for reducing
sugars conlenl

quantification)

NR#

reprrtie values wen 1,244 for the sap obtained

conwentinnalky; 165 @ far the sap eollocted by the nevel 171
approach, aned 465 for sugar.

*—Values shown as g,/ 100 ml;

b

Valugs shown as g/ 100 g.
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Table 2. Cont.

Studies
Samples i ) . Rel.
. -~ Methodology Analytical Details Principal Outcomes el.
N Kind o & ! P
0. in rigin
‘The sugar composition of both coconut sugar and
cocunut syTup was evaluated for 6 months. For coconut
. sugar, the sucrose, ghucose, fructose, and mannose
GU-MS (gas g 5
" . levels ranged between 83.18-90050¢ 0 411454
. sgar and Philippines atography- . 3 . 3 ;
3 (“(‘;‘g:]‘:Lrl‘Lﬂ‘,;:l;“ [‘Llj‘ﬁ‘::; chr "'”‘I‘L'E;’ aphy NR* 2K9-3.604, and 0.51-380%, respuctively. For coconut [28]
; spectometry) syrup, they varied betsoen 3555 38.96 3, 1074 14032,
- 153915577, and 3915354, respectively.
" Values expressed fn mg/ 100 &
For the fresh sap to which no preservative was added,
Lovwer sucrose content (176 %) and higher ructose
(5.76%) and ghucose (446 *} contents were found
compared tu the sap with the preservative whose
5 . P P B
Sample prepazation: sucrose, fructase and glucose levels were 5.76%, 3,237,
Cocanut sap (with HPLC-RID For T’:“ ’f‘"‘l“f‘- 1 B \:!'?hid’ and 225, ruspectively. For coconut sugar, the sucrose
and without (high-performance  ond then dissolved in 100 mi o content of that prepared with frosh coconut sap, but
preserative, i.c., Kemloko ligicd ditilled water, The ixture was— scithout acling a preservative, was lawor (.41 9] than
4 limestone: {Indonesia) chromatogeaphy et inth the HIPLC - oyetern,  [hat of coronul sugar produced with the fresh caconut [2
solution} and cocunue coupled willy i HPLC 5 sap to which a preservative was added
sugar (with and refractive index Amines | IPXA7C (49.41 vs. 3705 "), Their glucose (15.90 %) and fructose
without preservative) detection) Mobile phase: {14157 levels were higher than those of the coconut
watcr sugar prepared from the fresh coconut sap to whicha
preservative was added; that is, ghicose 697 * and
fructose 345
© Values exprossed in %.
il f. Eaoivon. Res. Piclic Health 2023, 24, 3671 14033

Table 2. Cont.

Studies
Samples
No. Kind Origin Methodology Analytical Details Principal Outcomes Ref.
The total phenlics content of the sap acquired raditionally,
e sap ubtined by a novel “cocont-sap cliller method”,
and the stz produced from the latter was 148, 217
and 472, respectively. The fullowing phenolic compounds
were (uemiified in the st s obtained by fhe
sraditional method: (i) vanillic acid (292 ¥ (i) syringic aci
(180 i) avavs-einannic acid ({1836 4); (iv) fehy oy
benzoi acid €035 ) (v} ferulic acid (1302°);
{vi) protocatechuic acid (00182 ) {vii) 2 4dihydrsy benvoic
aidd (011264); fviii) gertisicacid (U104 5): [in) gallic acid
(73 M) () erconmmaric acidl {0,064 ); (i) matin (0,043 )
i) cabfenc acid {0,012 7 {xii) salicylic acid (0040 );
Fhenolic profile: (xive) unbellifersme (00207 ); fxv) p-coumaric acic (0008,
Felin's Ciocalten Sample preparation: Regarding the sap collceted by the ness melhed, the
method flor oto] The extraction of the individual — identified phenalics were as follows: {i) vanillic acid (354 °J;
phenalic content phenalics was performed with i} trans-cinuamic acd (2.407); (i) phydrosy beneoic add
determination 50% agueous methanol (v/3).  (Q963°), (iv) syringie acid 0707 ) 1v) salicylic acid (0477 °J;
purposest Thereafter, fillering the extracted i) ferulic acid (0246 % fvif) catechin (0,157 1) .
Cocarnat sap Ultrahigh ;}a\;}lplu vas pmfcrfm:‘d iu‘a t:hf\h)ﬂ (Ym](gllwar;f]\.\z(l 0 \1;;: IL\)(:\[L[‘;{'CR:{‘E};IW{(“ 116 h\“ (17:1[?7\;{351\.!"
“ted by b i serformance liguicd 4 sample was injected into 105 ©); x enlfeic adid (0,103 7); (i) rutin (0075 °);
Phenolics 3% oA Keraramod) D rommtogapht analytical system. i) prosneatichuic acid (1065 <) (i¥) p<oumaric 121]
and coconul susar coupled with UHPLE B ulumn: (0062 <3; o] urnbellifoenne 1056 ©); Gevip gallic acid (4 5y
# TODMS/MS Waters UPLC BELL-CI8 column (vl pcoumaric acid (0050 acid (01026 6);

. ; (21 % 30 mm; 1.7 um) prolecled — (xix) 24y iy benznic acid (1013 %). In sugar: () vanillic
(fondemn qeodmBOl b a Walors Vanguard BEHC-15 108 1128 i) baresisatia 01 0 il irm-cinmamic acid
guard column (1.7 jum) (4254 v catechin (237 41; (v] prhyclroy syringic acid
Mobile phase: i~ 0 &
0119 formic acid in water {196 ) fvi) p-cournaric acied (127 4); (477 ferulic acid
0.2% formic acid in methancl {0,908 1); (viii) ¢-conumaric acid (0706 ); fix) salicylic acid
(0,653 1); (<) myricetin (0,390 ); (i) hesperetin (0227 9);
(i) quiercetin (0313 % (il apigenin 10230 *);
{xiv] protocatechuic acid (0224 %3 doch gallic acid 0205 %5
(vt rutin 0192 U iavi) gentisic acid (0.111 O (aviii) eaflcic
acid 1109 y; gxixd umbelliferone (0074 3y
[xs) 2a-dibydrosy benspic add (0037 4),

mass spectrometry)
for the phenolic
profile analysis

- Values are mg of gallic acid equivalents (GAE)/100 mL;
* Yalues are mg ol GAE/ 100 g
- Values an: mg/ 100 mLs
Avialucs ans wig 100
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Table 2. Cont.

Edulcorantes Naturales en Alimentos y Bebidas, Una Alternativa a la Sacarosa

1500 33

Samples
Ne, Kind
1 Coconut sap

Vitamuns

Caoconut sap
(collected by two
different methods)
and coconul sugar

Origin

Malaysia
(lelai)

India
(Kasaragod)

Methodology

TIPLC/UV-Vis (highe
performance liquid

chrommatography
couplid with

ultraviol

detection)

§-Dichlaraphenol

indophenol {DCFIP)
method for vitamin C
ool memsuroments

(ultrahigh
performance liguid
chromatography

coupled to tandem

isilale

quadrapole mass

spectmomelry) for the

quantification of
other vitamins

Studies
Analytical Details

Sample preparation:
Coconut sap was diluted (10s},
filtered, and further analy e

Column:

Agilent Poroshell 120 FC column
(100 % 6 mam; & pm).
Mobile phase:
Potassium dihydrogen phosphate
buffer fpl 134, 50 mM).

Sample preparation:
Water-solhuble vitamins:
Samples yyere extracted with
10 mM ammaonium
acetate:methanul 503 (;
conrained 0.1%,
butylhydroxytoluene and
centrifuged. Next, the supematant
was (0.2 pm} filtered and injected
into the analytical system.
Fat-sohible vitamines:
The residue from the previously
described exaction (please refer
o “water-sohible vitaming”) was
re-extracted with ethy] acelafe that
contained 0.1%
bulylhydroxyloluene, centrifuged
and fillered {0.2 wm) before being
injected into um unh lical system,

] that

Walers UPLL EEH C18 column
(21 % 30mm; 1.7 wm) pmmnu
by a Waters Vanguard BH
guard column (1.7 pm)
Mobile phasc:
Water-soluble vilamins:
(L17% foemic acid in waler
aceturitrile.
Fat-soluble vitamins:
Acetonitrile—0.2% formic acid
in methanol.

Principal Outcomes

Vitaming C, B1, B2, B3, B, and Bl were all doweeted in
cocomit mp Hleu\ =4 0.0%4
2,053 %, and .33 9, respectivel

" Values expressed as pg/mL.

The ialloswing vilamins were detecied and quant fied in
the caconul sap oblained by the Uraditional methad:
(iyvitaein C 163 % [y Bl 0021 %) B3 114

(v BE—1.64 % (v} Bb—1.92 & (vi) BF—LA95
[vif] BO—0031 % Tvitiy D2—0.028 1 fis) DO—0.062 ¢

() E—2.94 % i) K1—01601 (i) K2 0035 For the
sap callecteel by a new “eoconut-sap chiller method”,

the vitamins and their respective levels were as ollows
i) vitamin C—19.6 7 [u; 510 1) B3 14.9°;

(i) HS—3.99°; (v} H6  vi) BP—073
{vif] BO—0.036 % {viii) nzwow (i) 12— \Jiu
(x) E—7.20° (xii) K2—D771 <.
cantained (i) vilamin C awv“ (iiy B1
(iiiy B2—0.248 9 vy B3—34 74, (v) B5—2 53 a
(vi) BB—101 ‘.{\H]H,—Z.SI J.[\HUH?#J.ZI‘:U‘:
(%) D2—0.171 4 () D3—0.236 ¥ ixi) E—19.6
(i) K1 7,359 (xii) K2 5579

i KI—173

" —Values are given as mg/ 100 mL:
P—Values are given as mg/ 100 g;
‘—Values are given as wg/ 100 mL;
4 —Values are given as pg/ 100 g,

Rel.

136

211
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Table 2. Cont.

ool 33

Samples
No. Kind
P Coconut sugar and

cocanuL syrup

Volatiles
Cocomt sap (fresh,
Aliphaticfaromatic 3* clarified, and
hydrocar- Fermented)
bons, ketones,
aldehydes,
alcohols,

esters, fally
acids, furans,
pyraz
pyrans and
sullur-
containing
compounds.

5,

Origin

Philippines
Makali)

Inglia
(Mandakalli}

Methodology

26-
Dichlaroindophenol
titrumelric method

COC-MS (s
"

Studies

Analytical Details

NR

Isulated volatiles
Volatile compounds were isolated
by the SDE (simultaneons
distillation-extraction) method
with a Likens-Nikerson apparalus
The C}Lll‘n‘dn G[)}\ ent was

imass
spectrometry)

¥

B 037 mem;0.5
with polvdime
L carrier:
Heliu,

Principal Outcomes

Vitamin C levels in both coconut sugar and coconut
syrup were evaluated over 6 months and ranged from
16 to 444 for the tormer, and from 19 to 30 for the
latter.

*—Values expressed as mg/ 100 g.

The following 21 componnds were identified in the
fresh coconut sap: (i) palmitic aciel (2024 4y (i)
palmitoleic acid (1042 (iiiy cthy] lactate (360 ) (ivy

357 -pmu:monc

phenyl allyl alcohol (357 ) (v)
1236 ™); (vi) tetradecanc (16,

3-muthyl tetrahyd rofuran (105 9): {ix]
tetradeconone (104,54 (] tetradecancic ac \d (1.0
(<) momenic acid (84,823 (i) duclecane (743 ): (1)
: {xiv) hexanoic aci (m A%

-

(xv) pentadecans {43 i
45,675 xvii) nerolidal (44,9 4); \X.i iii) hexad
4 i) 1-hexanol (273 4); (xx) hexadecanone (2394
(i) tridecanone (24.5 7). For the clarified cocomt sep,
13 compounds were identified, which were as follows:
(i) palmitic acid (342 °); (i) ethyl lactate (300 *); (i)
phenyl iyl aloohol (19 c\\;pk.\mme.l.mu(w-v
roxy-2-pentancns: (73.9 1 hesannic acid
[54.7%); (i) tetradecanc (46,94 (viii) 2. mmh\,l
tetrahgdrofuran {45.4 5); (%) dodecane (315 ); (x)
T-hexanol rz 5 (x.) pentadecane (21 w) i)
lanone (140
?). In the mmmmd cu(lmul sap, 11 compounds were
identified, namely as follows: (1) palmitoleic acid
(14,603 7); { mylalcohol (7467 *; (i) ethyl lactate
(1636 °); (ivlphen_\i ethy] alcohal (1189 7); (v) palmitic
acid {2421 "); (vi) dodecanoic acid (1084 *); {vii) ethyl
caprate (797 2); [vith) etheldodecanoate (709 9); (ix)
tetradecancic acid (597 *; (x] ethyl caprylate (503 *); (si)
farnesol (224 7).

# Values exprossed as wg/L.

Rel.

[12]
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Table 2. Cont.
Studies
Samples Methodol Analytical Detail: Principal Ou Rel.
ethodology alytical Details cipal Qutcomes .
Ne, Kind Origin Y Y ip
Five volatiles were isolated in te fresh coconut sap:
37 *; fii) acetic acid
clohexane (0 66-6307);
i) cyclohesyloctane (181123
Isolaled volatiles; 11,4 dimethyl-6,1-butyl acetate (0.91-1, u *}, For
Valatile compounds wers isolated lowing occtred: {i) 2-butanol
by a simullancous (i o 02" dt(Eejhf ;qufl)( N I:
distillation-extraction (SDE) lodecanoic aci - uran
Gz methnel using a Lilens—Nilerson (l 7673 1) () cpcloheane (156241 °%
. CDCD!;‘:‘[[&‘:P;;‘SCD“‘H Indonesia chromalography- et ¢|p;punlhll\ , hy 16,1 -buly] acelate (040 10,26 1)
3 i a5s speciromalry e extractive solvent was
<coconul sugar (Blitar) R v eflylether. 3 dimethylpirazine (0-0.77 "), Finally for
GC MS: “cocomut sugar, the folloving compounds wers
. _Column identified: (i) acetic acid (21,54-35.05 7); (i) 2-butanol
CBP-5 colamn (50 m). (2998 21237 Lbutyl scctate
as carrier: oy
Heliun. 2-(dipher o mlwhmm« 931 1326,
(v) eyclohexyloctane (0.0-17.01 °; (vil dodecancic acdd
(0051241 7); (i) methy lpyrasine [146-181 7).
*—Values expressed as .
tsolated volatiles
Volatile compounds were The following volatile compounds were identified in
ecteacted three fimes with diethyl  coconut sugar: (1) acetic acid % (i) 2 3-pentanedione;
ether. The combined extract wars {iii) acetoin; (iv) 2 3~dimethy] pyracine;
left to concenfate ina Vigreux {) Z3-butanedione; {vi} methionals {vii) furfuss
column. Then, the concentrated {vili) 5-methyl furfural; {ix) 2-furanmethanc
extract was subjectad lohigh (x) d-methyl-51-furan-2-one; (i) S-methyl-2-furan
vacuum distillation and then metlanol; (xii) benzylalcohol; {xiif) maltol
GC-MS (gas concentrated, first in a Vigreux 31 lyddrony-2-methy |- 41 -pyran-4-one];
chromatography- column “ﬂdﬂ'ﬁaﬂ,“ inanihogen (xiv) Furaneol’ | 2,5-dimethy -4
“Thailand mass spechiometry) | Bow hydroxy-3021 [-furanone]; (xv) vanillin (41 yeroxy-3- -
I Cooonut sugar ¥ vy yelroxy-2 o 7 u yedroxy-3 3
Qoanut sugar {Samutsengkhramy GUO (g (l;ﬁ‘-”w methoxybenaa klehyde] [38]
chromatugraphy- Rest St colmn The sweet, ronsted, burnt, nutty, smaky, and carmel
alfactametry) (30 m x 0.25m 5 wm) and an notes of coronut sugar wen: altribuled mosily to
Agilent BT o pyrazine, furan, and pyran derivalives being present
430t % 1,23 min: 0.25 un) Benzyl alcohol and vanillin also mniroduce sweet notes,
Gas carrien In addition, acetoin, 2.3-pentaedione and
eliun, 23 were found ko be ible fur the
Deseriptive sensory analysie: buttery, cheesy, and creamy aromas,
The sensory evaluation pancl ! ; d
included nine properly A _Major componant identified; values not rported
trained evaluators
il J. Eaxviron. Res, Puliic Health 2023, 200, 5671 ol 3
Table 2. Cont.
Studies
Samples Methodol Analytical Detail Principal Ou Ref.
t r tical Detai inci e -
No. Kind Origin ethodology alytical Details cipa omes
Isolated volatiles:
Volatile compounds were
extracted by SPME (solid-phase The identified volatile compounds were as follows:
GC MS (gos ‘microextraction), {i) 23-diethy|-3>-methyl pyTarine; (i) 2. 3-dimethy]
- Cocomut susar “Thailand chromatography GC-MS: pyraine; i) 2.5- dimethyl pyrasine; 12
2 '8 {Ampawa) mase Column: imethyl pyrazine; (v) 2-methyl
spectrometry) An Agilent DB-625 capillary pyrazine; (vi) ethyl pyrazing (vii) 5-methyl furfural;
column {3 m x .25 mn) i) furfural
as carrier:
Helium.
The dedeeted velatile ¢ nmpm\m\\s comprised the llowing:
{ip ethanel (245-52.21 *); i1} &methanel (19.53-27.857);
(i) acetaldehy Nk 33 9); (iv) Turanmithanal
{ll 5 (TN
Lsolated volatiles prupanne
Volatile compounds were isolated i) et (L3998 )
by means of headspace gas {vil) 2-ethyl-36-dirnetiy] pyrazine (<0.01-6.46 "
il GC MS (gas chromatoptaphy (%) 2-propanal (229137 " (nhexammdnd((ﬂﬁl )
. ‘ ) 1 hailand L'M"”'{* p U-‘ MS: (i) Fmethyl hesanal 5 ); (i) 2-hamaldiehycle -
2 aconul sugar t Glamn {00118 2 iy h‘w runy-2utarone (010-1.10); 04

an
Phetchaburih spechimetry)

An Agilent DB warefused silica
capillary column
{6l m = 0.23 mim; 0.25 wm).
Gas carrier:
Halium.

o 2ermethy] propanal
0191 = {xwd) -methy ik propanial (<001 7}
(x\‘u)zklmmmhmw\qml 4): Gevii) 2-methylkbutene 2l

) (k) 2ol 1-pmpanal (<01 2
) 2ethrpl-s-methyd pyrazine ibifl ;0
3 mrlh‘l butanol (<111 )5 focxi} 2 mrl\,l[urw [EUTRY)

"—Values expressed as %

* Total mumber of samples analyzed in the study; * NR—Not reported.
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Table 3. Detecting adulterants in coconut sap, sugar, and symap.

1906 33

Works

Samples

No.

Kind

Origin

Analylical Details

Principal Qulcomes

Refs

21"

Cane and
eot sugar

Coconut sugar

Cocorut sugar

THNMR (prolon
nuclear magnelic
resonance
ULPC-Q TORMS
(ultraperfurmance
NR ™ licquied chromatography
quadrupule
sime-nf-light mass
specliomelry).
MRA (multivariate
P rEion analysis).

Energy-dispersive
Xeray fuorescence
Soft independent
modeling of elass
amalugies (SIMCA)

Indunesia and
wikiown origin

HNMR:
Sample proparation:
To identify polar minor metabolites, 500 nyg
+ sugar sample ware dissalved in
1 mL of deulerium oxicle (o be vorlexed,
“Then, a 600 pl aliguot was placed inside an
NMR tube 1o be analyzed. To siidy the
non-polar exteacts, 1 ml of chlarofarm-d was
added to 500 mg of all the coconul sugars
Then, suspensions were vortexed and
centrifuged, Finally, a 600-iL aliquot af the
supernatant was placed inside an NMR tube.
Analysis
Spectra were recorded at 300 K.
LC-Q-TOF-MS:
Sanvpl: proparation:
Of cach sample, L g was dissalved in 20 mL
of waler and the solution was
CL280 wm). A 2-plaliguot of this filtrate was
diluted (10x) to be: then injocted intn the
analytical system.
Column:
Waters H3S 1 calumn.
Mobile phase:
15 mM acetic acid, 10 mM tributylamine, 5%
{v2/7) methanul-2-propanal

Sample preparation:
First, samples were ground, and pellets were
o dir 50, 3 g of sugar necded i be
mixed with 1g of wax
persive X-ray (luorescence:
The irradialion Gime (<) was 200 [or Ca, C1,
Cu, Fe, K, B, and 5, and 500 for Br, Rb, and Sr.
Analytical parameters:
1OQ = {mgz/ Kgg: 1.7 Br; T18.4 Ca; 78 Cly
1.2 Cu; 4.6 Lie; 566 K; 171 P; 4.2 Rh: 119
TR

Frecision ( 5 Caz2 Cl
65 Fe; 3K; 6F; 5 Ry 851

Prroglutanic acid has been identiticd a3 a unique
matker for coconut sugar, Additionally, cocanut
sugars exhibited substantially higher levels of acetic,
formic, lactic, and succinic acids than both cane and

nitie acid was shown to be a
as was betaine for beel sugar.

markar for cane suga

This research work established the mass froctions of
Br, Ca, CL, Cu, Fe, K, F. Rb, S, and St in the coconut,
cane, and beet sugar samples. On average, all the
aforementioned clements had sigaificanily bigger
rmass fractions in coconut sugars than in cane and
beet sugars

[261
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o, Kes. Pidblic Health 2023,

Table 3. Cont.

20 0f 33

Works

Adulterants

Samples

No.

Kind

Origin

Analytical Details

Principal Outcomes

Refs.

Came andd 1o+
com sugar

Cocornat sugar

S IRMS (stable
carbem isotope ratio
mags specttumetry).

Induresia
(Central Java}

Sample preparation:
First, 300 mg of all the coconul sugar samyples
were dissolved in 5 mL of deienized water in
centrifuge tubes, Tubes were then immersed
in warm waler inside an ulirasonic bath
(13 min). Then, solutions were ((145 um)
filtered and a 10-uL aliquot was transferred
tutin capsules, which were dried at 40 °C.
Finally, capsules were crimped ard subjected
o double encapsulation prior o the an
~ Carbon isntope analysis
sutupe ratio muss spectrometer
d with an clemental analyzer
the continuous flow mode for
¢ measured isobopos.

The genuine coconut sugar exhibited an average 3¢
walug of 236%. | (4% More positive £C values
[ 2484} indicate the addition of C4 suger, e,
cane or corn sugar/ syrup. Mone negative 25C values
{—26.4%.) shauld be related (0 the use of additives.
O the whole, the authors propose a maximum
acceptable 330 walue of 241 % for authentic
coconut sugars,

(251

al mumber of samples analyzed in the study; ** NR—Not repurted; *“ TLOQ—Limit of quantificatiun
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Table 4. Detecting contaminants in coconut sap, sugar, and syrup.
Works
G Samples Methodology Analytical Details Principal Outcomes Refs,
No. Kind Origin
The Uniled Kingdom food safety aulhorilics have
Insects NR = Cocomut sugar NR* NR* NR* 1eported he pecurtence of insect fragments (500-800) [39]
in coconut sugar commercialized in the counry.
Microbial analysis:
The employed culture media wers Nutrient
agar, Martin Rose Bengal agar, Sabouraud
Dextrose agar, and KenKnight & Munaiers  The conventionally collected coconut sap exhibited
. agar, respectively, for bacteria, fungi, yeasts,  an extremely large rumber of bacteria and yeasts. In
2 by (Ravmened) the spread dilutions ven plated in the mspestive chiller method” hud o significently lawer level of [
Bl AL plating method medium and incubaled al 28 °C. Barleria  microorganisms. The predominant populations were
! and yeast colonies were scored as bacteria, namely those of the genus Bacilias. Ne
calomy-forming units (CFL)/ml of sapafter actinemyeetes growth was ebserved in either sample.
a 24-h incubation perind, fungi /yeasts after
48 72h, and these of aclinomyeetes afler
1 weeek.
. Coconut sap ]
Micraor- (with and without Microbial analysis: The microbial counts of sep withand withouta
ganisme preservalive, i.c., The procedure was perlornied In accordance  Preservative sere, respectively, “not conntable/ g
4 limeslone Kemlokn Jotal platecoune %ith (he “Tndonesian Nalional Standard for —and 1.2 3 11 colng-forming units [C1L)/g. The -
solution} anc (Indanesia) Al prlate e Mictole Contamination Test (Mothod microbial caunts of cocanut sugar hoth with and
cutonut sugar 01-2897-19921". The employed culture withoula preservalive were, respectively,
[ px;:\:j i medium was Nutrient agar. 12 3% 10° CFU/g and 3.6 x 102 CFL/5,
Coconut sugar exceeded the allowable limits for
Microlsial ar Submonetia sp. (/23 i microonganism should nok be
Gounts of. An uerolsic plate count was perfurmed based detected) and califurm counts (shuuld be
Cocamt sugar Aenobie lates. on FIDA-BAM-Y, the coliform countwas <10 colony-forming wnits {CFU} gh. The values of the
n o & Fhilippines ol conducted based an ITA-BAM-4; the mould  aerobic plate count, and the fungal and yeast counts, e
! ane coamy (Makati) Moulds Fronsts. and yeast count was performed in .

syrup

Selmonéilr sp.

accardance with FDA-BAM-LS; the
Sabimomclla sp. counl was carricd oul
following the FOA-BAM5 procedure.

complied with legislation, ie., they were below
10CFL /. With coconut syrup, the Sulnioielis sp.
and coliform count values were in accordance with

the stipulated criteria. The aerobic plate count

exceeded the defined limit 10— 250 CFU/ gl

* Total number of samples analyzed in the study; * NR—Not reported.
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3. Food Industry Applications and Sustainability Issues

For the application of coconut sugar in food and beverage industries, it is important
to gain an understanding of the sap from which the sugar is processed. Coconut sap is a
nutritious fluid enriched with sugars, calcium, phosphorous, iron minerals, and vitamins
such as B complex and C [39,40]. It contains important phenolic compounds such as antiox-
idants and can be categorized as a low glycemic index (GI 35) food [40]. The nutritional
composition of coconut sap is further described in Section 5.

Coconut sugar is made from the watery coconut sap found inside palm trees. Tt is
prepared by concentrating inflorescence sap, which is popularly known as ‘neera’ in Kerala,
India [23], and it is obtained by tapping the unopened coconut spadix. Coconut sugar is
brown and contains 2-3% moisture. As this sugar is plant-based, natural, and minimally
processed, it can be readily applied in many vegan diets as a healthier option [14,41].

The variation in coconut sugar manufacturing processes is extremely varied according
to local, traditional, and indigenous knowledge [4]. These factors account for the vast
variations in the appearance, taste, and flavor of the different coconut sugar types that can
be found on the market [42].

Coconut sap is preduced from palm trees all year-round and there is no specific season
for tapping the spathe, however, the amount of sap produced from the trees changes with
the season [40]. In the traditional method, the sap trickling from the cut surface is collected
in an open earthen pot or bamboo sac, which is placed at the top of the palm for at least
8-12 h. Lime is then coated on the inner surface of the pot to prevent fermentation [43].
The sap collected by this method is oyster white in colour and emanates a strong odour
with contamination from insects, ants, pollen, and dust particles [3]. The coco-sap chiller
developed by Central Plantation Crops Research Institute (CPCRI) in India has helped to
improve the quality of unfermented coconut sap, reduced the processing time, eliminated
contaminants like ants, other insects, pollen, and dust particles, and enabled better product
diversification and market perspectives [3]. A comparison of total sugars, reducing sugar,
free amino acid, total flavonoids, and ferric reducing antioxidant power from coconut sap
collected traditionally and those from coco-sap chillers are presented in Section 5. Similarly,
a comparison of the water-soluble vitamins and fat-soluble vitamins is presented in table
for the employed processing methods.

The Asian and Pacific Coconut Community describes how local operations are per-
formed by small-scale cottage industries with coconut sap to yield molded coconut sugar.
The traditional operation starts by collecting coconut sap from palms, which this is normally
carried out twice a day, morning and evening [44]. The obtained coconut sap is then filtered
through muslin cloth to remove ants, insects, and any other polluting elements. The filtered
sap is placed inside cooking vessels. Sap concentrates by evaporating water to increase
the sap concentration. This is achieved by boiling the filtered sap in cooking vessels for
3 hat 100-110 °C [44]. The resulting material then turns into a thick liquid. Upon boiling,
foam forms that should be eliminated from vessels [44]. The usual procedure is to add a
few drops of cooking oil or grated coconut to the resulting mash to prevent foam from
excessively forming.

This mash is heated for another hour and is occasionally stirred. To prevent sugars
from caramelizing, the must be heated slowly [7]. When the mash is very thick and suitable
for molding, cooking vessels are lifted from stoves and cooled to 60 °C. The cooled mash is
poured inside clean half coconut shells or bamboo vessels to be cooled and to set [45].

The processing technique influences nutritional and health benefits, as described in
the previous section. To ensure product quality, the collected sap is tested for its acidity.
This is crucial because, if sap is fermented, it is not suitable for brown coconut sugar
manufacturing purposes.

Given its high sucrose content, during its storage, coconut sugar displays caking
properties. So, it is essential to add an anticaking agent like tricalcium phosphate (TCP) for
it to remain stable during food applications. TCP covers the coconut sugar powder surface
and its hygroscopicity significantly diminishes, which improves its flowability [45].
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Processing coconut sap into sugar syrup has been investigated following several
alternative processing techniques. The coconut sugar syrup obtained from the rotary
evaporation method has a better nutritional value than the microwave heating and open
heating methods [22]. The non-enzymatic browning that results from Maillard reactions
(MR) is enhanced when cooking sap at higher temperatures for a long period, which
gives the preferred dark-colored coconut sugar as an ingredient, but only for traditional
dishes [46]. Rotary evaporation is fast and gentle and performed at a lower temperature. All
this results in evaporation with less thermal decomposition [47—49]. The rotary evaporation
method is the alternative processing method that the sugar processing industry applies to
produce coconut sugar. It operates in a 250-mbar vacuum at 60°C. It results in improved
physico-chemical qualities, minimum input energy, and shorter processing times [43].

The employed processing method influences the antioxidant properties and vitamin
contents of coconut sugar syrup. It allows coconut sugar production in a minimum time
period, but with high vitamin and antioxidant contents [50]. The coconut sugar syrup
produced by at 60 °C rotary evaporator (RE-60) shows significantly lower antioxidant
activities (DPPPH, ABTS, FRAT, and TPC) values (p < 0.05) than that generated by other
techniques {open-heat evaporation, microwave, etc.). What this suggests is that the coconut
sugar syrup that is produced at a lower temperature (60 °C} in vacuum exhibits significantly
different and lesser antioxidant activities than all the other samples generated by distinct
evaporation techniques [11,45].

Employing coconut sugar syrup with vast amounts of antioxidants is a promising
food production ingredient. Former research works have observed how coconut sugar with
larger quantities of vitamins and minerals and that perform more antioxidant activities can
be used as an alternative natural sugar with improved chemical properties [3,51].

The work by Saputro [52] reveals the use of low-glycaemic-index (GI) sugar, such as
(coconut sugar), to produce plain chocolate. They demonstrated that it was more nutritious
as a sugar containing more anti-carcinogenic compounds, antioxidants, and minerals than
commercial chocolates made with sugarcane sugar or sugar palm. Moreover, if coconut
sugar can be employed as an ingredient, it is able to generate more antioxidant activity if
food is processed at high temperatures. Very important compounds such as pyroglutamic
acid or hydroxymethylfurfural (HMF) form when heated [53].

Coconut blossom sugar is organic with a caramel aroma and has been the target of
adulteration and fraud [6,26]. A recent study identified minor metabolites, such as chemical
markers for coconut blossom sugar, by profiling these metabolites, which helped to detect
adulterations in products. Bachmann et al. [26] were unable to detect HMF in all the samples.
However, pyroglutamic acid was employed at a comparatively high concentration, which
exceeded other unambiguous metabolites in coconut sugar like inositol or shikimic acid
in coconut sugar [26]. Henceforth, HMF is an apparently suitable marker metabolite for
coconut sugar. The distinct metabolic profiles of coconut blossom sugar can be better
investigated and identified by combining LC-MS and NMR [54].

Coconut sap as a natural non-alcoholic beverage has high demand as an instant thirst
quencher. In India, tapping coconut sap has improved the income of farmers and generated
employment. Export of the sap is extensively carried out to countries like Canada, South
Korea, USA, Norway, France, Japan, Australia, and the Middle East [55]. Coconut water
and juice from coconut sap are commercially canned as beverages in Thailand and exported
as ‘functional food’ with health benefits (see Figure 1). These beverages are flavoured with
tropical fruits such as watermelon and pineapple. Globally, the beverages industry was
forecasted to reach $1.9 trillion in 2021 and continue to grow at a compounded annual
growth rate (CAGR) of 3% [56].
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Figure 1. Coconut sap as beverages, bought from a local ethnic shop in Rovaniemi, Finland. (Photo
credit: ©Dele Raheem, July 2022).

Numerous organic food and drink firms increasingly employ natural alternative sweet-
eners such as coconut sugar to substitute refined sugars. Coconut sugar is employed thanks
to its ecological credentials and nutritional properties. It has many widespread applica-
tions in food and beverage industries to prepare bakery products like chocolate (plain
chocolate and drinking chocolate), cake, cookies, and brownies. It can be added to juice,
tea, or any beverage as a sweetener, and can be employed as a seasoning agent. Adding
coconut sugar to several food applications as a healthy option is well justified because it
contains important nutrients like vitamins E and C, minerals like zinc, iron, potassium,
and phosphorus, and phytonutrients like anthocyanidins, flavonoids, polyphenols, and
antioxidants [3,20,35]. This kind of sugar also contains a significant amount of inulin
(4.7 g100 g ), required for generating short-chain fatty acids like acetate, butyrate, and
propionate [15].

The sugar obtained from the sap of palm trees, which includes coconut sap, is utilized
mainly in desserts, sweet soy sauce, and beverages, and also in many other traditional
foods. This is especially due to its appreciated and accepted taste, color, and flavor when
producing drinks and foods [57-60]. Apriyantono [61] indicated that using palm sugar
as a soybean sauce sweetener strongly impacts soy sauce flavor because over 70 volatile
compounds are present. Employing palm sugar as a potential natural sweetener also
impacts cookies’ color, textural properties, and flavor [62], which lends this sugar to being
a potential natural sweetener.

Pure sucrose is the most widely used sugar as food sweetener. However, coconut sugar
is reported to offer health benefits thanks to its lower GI value. The GI values previously
obtained from coconut sugar [63,64] are below the GI values for pure sucrose, i.e., refined
cane sugar [65]. Pure sucrose is the most commonly employed sugar as food sweetener.
During baking operations, and as another research work reveals, palm sap sugar-sweetened
bread has a lower GI value than cane sugar-sweetened bread [66]. Moreover, Ref. [66]
report that the palm sugars—corn starch mixture brings about a slow digestion rate and,
consequently, lower GI values than those made with refined cane sugars. Coconut sugar
displays good quality and possesses a high nutritive value if it is processed from hygienic
non-fermented sap; however, if poor-quality neera is employed, its crystallization involves
having to add several additives and chemicals (e.g., starch and gluten, and adding sugars
from C4 plants, palm, or coconut oil). During the manufacturing process, coconut quarters
are added to avoid overboiling sap [1].

Regarding sustainability and traceability issues, organic certification comes over as a
quality standard that helps to increase coconut sugar’s credibility in the European market.
In most cases, coconut sugar exporters are from developing countries. They should consider
not only certification, but also natural and organic trends [7]. Consumers will also show
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an interest in the story behind sustainable production. Export traders can advertise that
small farmers traditionally produce coconut blossom sugar, palm trees organically grow
mixed with other crops, and sugar has very low fructose contents and lower GI values than
traditional refined beet or cane sugar [7].

As the interest in climate change is growing, individual and planetary healthy coconut-
based ecosystems offer excellent possibilities to enhance carbon sequestration with crop
combinations that involve a range of plants, which include vine, food crops, tubers, and
tree crops. For climate-change adaptation intentions, annual intercrops planted under
coconuts can be managed to achieve optimum benefits for the whole system. A holistic
approach that focuses on the whole system’s overall productivity and sustainability, and
not on palms alone, is necessary to make coconut-based agroecosystems resilient to cli-
mate change [67]. The demand for natural products is expected to grow, and employing
alternative sweeteners, such as coconut syrup and sugar, will increase.

4. Safety and Quality Conditions for Control of Palm Sap Sugar Products

Both palm sap sugar (PSS) and sweet sap are alternative sweeteners prepared from the
sap and nectar tapped from the flowers of several palm tree species. For example, palmyra
palm (Borassus flabellifer), nipa palm (Nypa fruticans Wurmb), sugar palm (Arenga pinnata)
and coconut palm (Cocos nucifera). They have the potential to be incorporated into food
products as substitutes for sucrose [67]. This sweet sap can be consumed fresh, processed
as sugar or syrup, or be fermented as vinegar or an alcohol beverage [68]. This sugar is
commonly used in many traditional foods in southeast and southern Asia, and plays a
vital role in the color-flavor development of distinct food products [57-59]. One major
palm sugar exporting country is Indonesia. Based on the most recent data, the exports
of products made with palm sugar or caconut sap came to 36.5 thousand tons, valued at
US$49.3 million in 2019 [69]. These products destined for export must comply with the
food legislation of the country of destination, such as, the European countries (EFSA) or
United States (FDA).

The world’s PSS business is expected to reach a total of 1.7 billion dollars in 2027,
and is currently 630 million dollars [70]. This increase might be due to its potential to
be incorporated into food products as a substitute for sucrose [71]. This product is often
employed in many traditional foods in Asia, where it plays an important role in the color—
flavor development of different food products [57-59]. Unlike other natural sweeteners,
its production is located in a limited number of countries or in a certain geographical area;
for example, agave is produced mainly in Mexico and maple syrup in Canada and the
USA. However, PSS is produced in southeast and southern Asia, and the mainly producing
countries are the Philippines, Thailand, and Indonesia.

Around the world, there are more than 3000 different types of palm trees, but only
five are economically important. They offer good sugar palm production vields for any of
its different products. They are as follows: date palm (Pheenix dactylifera), betel nut palm
(Areca catechu), African oil palm (Elaeis guineensis), coconut (Cocos niucifera), and pejibaye
(Bactris gasipaes) [72]. Other authors include more palm species [73], such as the following:

e Coconut palm sugar (Cocos nucifera). It grows in coastal tropical regions of the Indian
and Pacific oceans. This sugar is generated from blossoms and is often known as
coconut blossom sugar.

e Date palm has two varieties (Phoenix sylvestris and Phoenix dactylifera). They can be
found in Asia and the Middle East, respectively. Date palms are grown mostly for
their fruit: dates.

e Palmyra palm (Borassus genus). It grows in the African continent and in Asia and
New Guinea. It is used for making hats, hatching, writing materials, and some food
products. Obviously, its wood is employed. Palm sugar is generated from the sap
(called “toddy") of tree flowers.

e Nipa palm (Nypa fruticans). It is found in tropical and coastal regions of the Pacific
and Indian Oceans. It lies particularity in its favored biome: mangroves. It is the only
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palm tree that partially grows underwater. Its tap is rich in sugar, and it is employed
to produce palm sugar.

e Sugar palm (Arenga pinnata) is native to tropical and coastal regions in Asia. It is grown
mostly in Indonesia and China. The sap used to generate palm sugar is called ‘gur’
and ‘gula aren’ in India and Indonesia, respectively.

Nevertheless, other authors acknowledge 40 palm species, the tapping of which is
either destructive or non-destructive. Non-destructive exploitation with, for instance,
Phoenix canariensis on the Canary Islands (Spain) results in sustainable harvests during
palms’ lifetime [68].

Special attention is paid to harvest the sap tapping of Phoenix canariensis for its sugary
sap on the La Gomera Isle (Canary Islands). It is one of the most relevant cases of sustainable
native flora use. It supplies one of the best-known ethnobotany examples on the Canary
Islands and is not only a major tourist attraction for visitors, but also an important local
farming activity [68].

PSS is produced with the sap/nectar that is tapped from the flowers of several palm
tree species. Knowledge about the physico-chemical properties of this sugar should be
known if a high-quality product is to be obtained. PSS’ physico-chemical characteristics are
affected by its raw materials (sap/nectar) and processing techniques [37,52,73]. Further,
the form that sugars come in (syrup, coarse/powder, solid) also determines its properties.
Coconut sap, the natural and sweet exudate from tapped unopened coconut spathes or
inflorescences (Cocos #ucifera Lin.), is one of the major primary coconut pro- ducts used
for many food uses. Tt can be processed as natural and nutritious food products, such
as coconut granulated brown sugar, concentrate, juice, and vinegar. Processes involve
easy-to-follow procedures that require a few simple tools and equipment.

Coconut sap juice is a healthy pasteurized beverage, and coconut sap concentrate is a
thick, free-flowing syrup. Both can be considered functional foods for consumers and the
food industry.

The inflorescence in good stands of coconut trees can produce an average of 2 L of sap
per tree a day [74]. An average yield of 1 kg of sugar can be obtained from four coconut
trees every day.

Under adequate production conditions, coconut trees” inflorescence can produce a
mean yield of 2 L of sap per tree every day. So, the yield of four coconut trees per day can
produce 1 kg of sugar. However, as both the sugar content and production of sap depend
on trees’ location and their variety, nutrition, the season, tapping time, and the system,
these conditioning factors also can impact organoleptic and microbiological characteristics.

Some authors have followed different preservation techniques for bottling palm sap;
although all probes failed, these authors consider it crucial to understand the biochemical
composition, fermentation chemistry, and existing preservation methods [75].

Transforming coconut sap into sugar granules is simple and requires basic equipment,
hence, it is appropriate for and best adapted to farms or medium-sized enterprises. Itis a
good source of immediate income for coconut farmers, and demand is growing on both
local and international markets [76].

Engineering the palm sugar production process poses several problems if sap is not
immediately cooked after it is removed from palm trees, which results in a lower pH.
A drop in pH impacts the produced palm sugar’s quality. To obtain a higher product
conversion factor value, engineering the production process by adding plant extracts to
prevent “gait” is feasible [74], and the palm sugar packaging design is more appealing and
varied, Packaging is designed by prioritizing practical, economical, and hygienic aspects,
without burdening producers in production terms and consumers in price terms. One
alternative for PSS with a high quality (soluble solids content 16 degrees brix and pH 4.7)
has been presented with the addition of some preservatives such as citric acid (0.09%) and
nisin (10 ppm) [76]. The quality standard in the Philippines includes quality norms to not
only produce PSS, but also to obtain a product of standardized quality and well-defined
organoleptic and microbiological parameters.
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Coconut Sap Sugar Production in the Philippines

General considerations: farm-level technology to produce a high-value production
product from coconut inflorescence sap (see Table 5). It is simple, farm-level technology
that involves a natural heat evaporation process that converts liquid sap into a solid
form of sugar granules without having to resort to complicated and costly machinery or
equipment (Figure 2).

Table 5. Reference values for palm sap sugar products. Adapted from Ref. [74].

Physico-Chemical Properties Reference Values
Color light yellow to dark brown
QOdor free of burnt odor
Taste free of burnt taste
Moisture Content (%) <4.0
Glucose Content 2.8-3
Fructose Content 1.0-4.0
Sucrose 78.0-89.0
Ash <24
Microbiological properties
Salmonella Negative
E. coli Negative
Coliform count <10 ufe/g
Total Plate Count <10 ufe/g
Molds and Yeasts <10 ufc/g

Step 1: Selecting trees and mature inflorescence for tapping

peirg
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Step 3: Hoat evaporation

« 2ol the collected sap 12 115 in a sric
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ertied of zrake.
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Step 6: Weighing and packaging

« Flogn the sugar in @ larga contaimar ardl srore avarmight.
+ Vieigh and pack the sugar ins e commercial transparent pojyetiylens plastic bags.

Figure 2. Recommendations for coconut sap sugar production in the Philippines. Adapted from
Refs. [17,70,74,77].
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5. Nutritional Profile and Health Impacts

Despite its expensive price, coconut sugar is considered by several authors to be one of
the greatest natural sweeteners as it offers a number of health advantages [14]. Tables 6-8
list the biochemical properties, vitamins, and other nutritional components of the sugar
obtained from coconut inflorescence sap.

Vitamins C and E, minerals including zing, iron, potassium, and phosphorus, and
phytonutrients like antioxidants, flavonoids, anthocyanidins, and polyphenols, are all
present in coconut sugar [21]. Additionally, inulin comes in a substantial quantity (4.7 g,
100 g~1) in coconut sap sugar. It is necessary for the synthesis of short-chain fatty acids
acetate, butyrate, and propionate [31]. Coconut sugar and syrup (the latter contains dietary
fiber and fermentable inulin) are truly promising functional foods and are converted into
short-chain fatty acids [31]. As coconut sugar has a sweetening potential that is comparable
to saccharose, it is utilized as an alternative sweetener for making confections, drinks,
pastries, and other gastronomic delicacies [78]. According to Trinidad et al. [63], coconut
sugar has a low Gl that falls within the 35-54 range per serving. Low GI diets lower the
likelihood of developing certain chronic diseases like type II diabetes. Compared to other
sugars, coconut sugar has nutritional superiority. When cane, palm, and coconut sugars,
sorbitol, and other sweeteners are blended with wheat flour, sorbitol possesses the best
starch digestibility—with an almost identical digestibility for palm or coconut sugars [66]

Compared to the majority of other commercially available sugars, coconut sugar
is certainly a healthy sweetener. It is processed by evaporating sap—which requires
considerable labor and resources when collected from trees—that is then transported,
stored, and processed. Therefore, the manufacture cost is higher than for cane sugar. People
are willing to pay high prices for it given its nutritional value and low GI. However, one
bottleneck is the lack of knowledge about its health advantages. Natural coconut sugar and
other biproducts are produced hygienically as a result of scientific developments in sap
collecting and processing, which have occurred in some major producing nations, including
India, in the last few years [14].

Table 6. Coconut inflorescence sap obtained with a Cocosap chiller (conventional method) and coconut
sugar were studied for their biochemical components and ferric-reducing antioxidant power [14].

Coconut
Biochemical Inflorescence Sap Traditionally Coconut
Characteristics Obtained by the Collected Sap Inflorescence Sap
Cocosap Chiller {100 mL) Sugar (100 g)
Method (100 mL)

Total sugars (g) 16.20 £+ 0.33 9.20 £ 0.97 91.8+1.01
Reducing sugars (g) 0.68 £ 0.01 124 + 087 469 + 4.60
Free amino acids (g) 1.03 1 0.10 0413 1 0.09 3.05 1 0.07

Total phenolic content
(mg gallic acid 21.7 £ 0.48 14.841.03 3.05 + 0.07
equivalent)
Total flavonoids (mg 0.817 £ 0.19 0.177 % 0.02 476+ 121
catechin equivalent)

Ferric-reducing

antioxidant power 14.8 + 0.21 834+ 083 294412
(mg of ascorbic acid
equivalent)

72



Edulcorantes Naturales en Alimentos y Bebidas, Una Alternativa a la Sacarosa

Int. |. Environ. Res. Public Health 2023, 20, 3671 29 0f 33

Table 7. Vitamin composition of coconut inflorescence sap obtained with a Cocosap chiller (conven-
tional method) and coconut sugar [14].

Coconut
Biochemical Inflorescence Sap Traditionally Coconut
Characteristics Obtained by the Collected Sap Inflorescence Sap
Cocosap Chiller (100 mL) Sugar (100 g)
Method {100 mL)
Water-soluble vitamins
Vitamin C (mg) 19.6 £ 095 163+ 0.76 398+ 112
Thiamine (ug) 0.07 + 0.02 0.02 4+ 0.00 143+116
Niacin (ng) 149 £2.80 114+ 07 347 +21
Pyridoxine (ug) 2.35 £ 0.01 1.32£0.12 101 = 0.3
Pantothenic acid (ug) 3.99 + 0.08 164 £011 253402
Biotin (ug) 0.07 + 0.01 0.09 &+ 0.01 251407
Folic acid (ug) 0.036 £ 0.01 0.031 £ 0.00 0.26 £ 0.07
Riboflavin (pg) - - 0.25 £ 0.02
Fat-soluble vitamins
Cholecalciferol (ug) 0.056 £ 0.00 0.062 £ 0.00 0.256 4 0.02
Ergocalciferol (ug) 0.074 &+ 0.01 0.028 + 0.00 0.171 +0.02
Tocopherol (jug) 7.20 £ 093 294 £ 046 1964+ 35
Vitamin K1 (ug) 1.73 £0.19 0.601 £ 0.09 7.354+ 095
Vitamin K2 (ug) 0771+ 0.12 0428 +0.12 5.57 4+ 0.61

Table 8. Nutritional profile of coconut sugar made from inflorescence sap on a double-jacketed cooker
and a modified conventional processing technique. (The results should be interpreted in light of the
biochemical characteristics of coconut sugar, as listed in Tables ¢ and 7).

Biochemical Components Content
Protein (g/100 g} 2.6
Dietary fiber (g/100 g) 31
Electrolytes (mg/100 g)
Sodium 568
Potassium 1002

Microminerals (mg /100 g)

Iren 22
Zinc 21
Essential amino acids (mg/100 g)

Valine 40,68
Threonine 45.81
Leucine 16.01
Lysine 136.5
Methionine 54,55
Histidine 3.48
Phenylalanine 57.66
Tyrosine 5.68

73



Edulcorantes Naturales en Alimentos y Bebidas, Una Alternativa a la Sacarosa

Int. |. Environ. Res. Public Health 2023, 20, 3671 300f33

6. Conclusions

The global drive toward better individual and environmental health warrants the need
for better knowledge about what we produce and consume. Sweeteners are important
food ingredients to formulate edible food products, and for health and sustainability.
This review summarizes the micro- and macrocomponents isolated from coconut sugar,
sap, and syrup, the chemical components of these natural sugars, and their physico-
chemical, microbiological, and antioxidant characteristics. A better understanding of these
components reveals the health-giving properties of coconut as a plant-based sugar, despite
the associated costs of taking coconut-based foods to consumers. Hence, it is important that
food industries respond to the demand of health-conscious consumers by incorporating
coconut sugar, sap, and syrup into food products. Some shortcomings in this review, which
can be addressed in the future, are the need to consider personal dietary preference of
coconut sugar in food products, sustainability issues by more rigorous studies, and to study
the role of coconut trees and carbon sinks, including life cycle assessments (LCAs).
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4. CONCLUSIONES

La sociedad es cada vez mas consciente de la enorme importancia de llevar una
dieta equilibrada para mantener y promover la salud. El consumo excesivo de azlcar es
ahora una preocupacion transversal, pero este habito no es facil de romper, por lo que los
alimentos y bebidas sin azucar o bajos en azucar tienen una gran demanda y los agentes
edulcorantes que los hacen factibles son ingredientes de alto valor. Hoy en dia, la industria
alimentaria utiliza edulcorantes intensos y polioles, principalmente de origen sintético, en
sustitucion del azicar (sacarosa). Los consumidores desean cada vez mas incorporar a su
dieta diaria productos con ingredientes naturales y respetuosos con el medio ambiente y
a su vez sostenibles, también tienen preferencias por consumir alimentos con propiedades
funcionales y que no comprometan el sabor. Para satisfacer estas demandas, actualmente
la industria alimentaria tiene a su disposicion edulcorantes naturales alternativos. La
produccion de estos productos naturales dinamiza las microeconomias de origen y ayudan
a un comercio mas justo y solidario, asi en el caso del Agave se produce en las regiones
Jalisco, Guanajuato, Michoacan, Nayarit o Tamaulipas. Algo similar ocurre con el sirope
de coco, el cual es producido principalmente en el Sureste Asiatico (Filipinas, Indonesia,
etc.) y el Subcontinente Indio, su extraccion se realiza tal y como lo hacian las poblaciones
indigenas desde tiempos inmemoriales, por esta razon su produccion a nivel de
microcentros de extraccion como se realiza actualmente, ayuda a generar una economia

de supervivencia de estas zonas subdesarrolladas econémicamente.

Cuando hablamos del sirope de arce, producido Unicamente en el sureste de
Canada (Ontario principalmente) y en el noreste de Estados Unidos, son regiones en
paises desarrollados, que no van a depender de esta produccion para mejorar su economia
estatal, pero si favorece la economia rural y permite el aprovechamiento de un recurso
que ya utilizaban las tribus indigenas antes de la colonizacion europea y que de otra forma

no se podrian explotar los bosques de “maple”.

La naturaleza es una fuente increible de compuestos valiosos, incluidos aquellos
con sabor dulce, muchos de los cuales ain no se han explorado. Sin embargo, hay que
recalcar que el hecho de ser un alimento natural no asegura su éxito en el mercado.

También se debe tener en cuenta que un uso tradicional prolongado en algunas sociedades
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restringidas y areas alrededor del mundo, y esto, a pesar de brindar cierta tranquilidad, no
puede descartar la necesidad de realizar estudios cientificos detallados para demostrar la
seguridad de los compuestos naturales que se utilizardn como alimento, aditivos y, por
ejemplo, como edulcorantes. La industria alimentaria necesita afrontar el reto de
desarrollar nuevos productos con edulcorantes funcionales naturales para seguir

innovando Yy satisfaciendo a los consumidores.

Con relacién al sirope de agave, esperamos que se realicen mas investigaciones
sobre la ingesta de jarabe de agave en el metabolismo humano para justificar sus
declaraciones de propiedades saludables, como una alternativa natural a otros azucares.
Ademas, la investigacion para mejorar el proceso industrial para la obtencion del sirope
de agave a partir del jugo de agave por hidrolisis enzimatica o acida, con el objetivo de
preservar los componentes beneficiosos (por ejemplo, polifenoles, saponinas, fibra
dietética), mientras se reduce el contenido de componentes potencialmente dafiinos (por
ejemplo, fructosa), es crucial.

En cuanto al sirope de arce, de hecho, la evidencia cientifica actual indica que los
compuestos fendlicos juegan un papel clave en la defensa del organismo, protegiéndolo
del dafio causado por las especies reactivas del oxigeno que se sabe que estan
involucradas en la génesis de diversas patologias, cardiovasculares, oncoldgicas,
autoinmunes, degenerativas, etc. Dicho esto, el potencial del sirope de arce, derivado de
Acer saccharum Marsh., como fuente de nutrientes y compuestos bioactivos es muy
elevado y merece ser destacado. Este edulcorante puede ofrecer una contribucién
importante para el desarrollo de nuevos productos alimenticios en el futuro y puede

contribuir a mejoras decisivas en la salud publica.

Finalmente, se han resumido los micro y macrocomponentes aislados del azucar,
la savia y el sirope de coco, los componentes quimicos de estos azucares naturales y sus
caracteristicas fisicoquimicas, microbioldgicas y antioxidantes. Una mejor comprension
de estos componentes revela las propiedades saludables del coco como azUcar de origen
vegetal, a pesar de los costes asociados de llevar los alimentos a base de coco a los
consumidores. Por lo tanto, es importante que la industria alimentaria responda a la
demanda de los consumidores conscientes de la salud mediante la incorporacion de

azUcar, savia y sirope de coco en los productos alimenticios. Algunas limitaciones de esta
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revision, que se pueden abordar en el futuro, son la necesidad de considerar la preferencia
dietética personal de azlcar de coco en los productos alimenticios, los problemas de
sostenibilidad mediante estudios mas rigurosos y estudiar el papel de los cocoteros y los

sumideros de carbono, incluidas evaluaciones de ciclo de vida.
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5. RESUMEN

En un momento en el que la poblacion es cada vez més consciente e implicada en
lo que come, tanto los consumidores como el sector alimentario estdn mostrando un
mayor interés por los alimentos naturales. Esta Tesis Doctoral aborda, detalla y discute,
los aspectos méas importantes relacionados con el analisis quimico y el perfil nutricional,
las aplicaciones en la industria alimentaria y los impactos en la salud del sirope de agave,
el sirope de arce y el azucar/sirope de coco.

El sirope de agave (AS), un producto alimenticio elaborado a partir de la savia de
la planta de agave, es un edulcorante vegano que se ha vuelto popular para reemplazar a
los edulcorantes convencionales como la sacarosa. Dado que la demanda de edulcorantes
de origen natural ha crecido en la Ultima década, esta Tesis Doctoral aborda y analiza en
detalle los aspectos mas relevantes del andlisis quimico del AS, aplicaciones en la
industria alimentaria, cuestiones de sostenibilidad, seguridad y control de calidad v,
finalmente, perfil nutricional e impactos en la salud. De acuerdo con el principal resultado
de nuestra investigacion, podemos suponer que el analisis de los componentes principales
del infrarrojo medio, la cromatografia de intercambio aniénico de alto rendimiento
equipada con un detector amperométrico pulsado y la cromatografia de capa fina se
pueden utilizar para identificar y distinguir los siropes de fuentes naturales. Los
principales productos derivados del agave son jugo, hojas, bagazo y fibra. En términos de
sostenibilidad, se puede afirmar que los productos de agave organicos certificados y de
libre comercio son las opciones mas sostenibles disponibles en el mercado porque
garantizan que los productos se elaboran sin pesticidas y de acuerdo con normas laborales
especificas. El gobierno mexicano y los productores de AS también han establecido
pautas mexicanas que prohiben el uso de cualquier ingrediente, azlcar o aditivo
alimentario que se derive de otras fuentes, ademas de las plantas de agave, para producir
cualquier AS comercial. Debido a su valor nutricional, AS es una buena fuente de
minerales, vitaminas y polifenoles en comparacién con otros edulcorantes tradicionales.
Sin embargo, se necesita mas investigacion sobre los efectos de AS en el metabolismo
humano para respaldar sus declaraciones de propiedades saludables como sustituto

natural del azucar.
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El sirope de arce es un manjar que se prepara hirviendo la savia de numerosas
especies de Acer, principalmente arces azucareros. En comparacion con otros
edulcorantes naturales, se cree que el sirope de arce es preferible al aztcar refinado por
su alta concentracion de compuestos fenolicos y contenido mineral. La presencia de
acidos organicos (acido malico), aminoacidos y cantidades relevantes de minerales, como
potasio, calcio, zinc y manganeso, hacen que el sirope de arce sea Unico. Dada la creciente
demanda de edulcorantes de origen natural durante la Gltima década, este documento de
revision trata y analiza en detalle los aspectos mas importantes de los analisis quimicos
del jarabe de arce, con especial énfasis en las ventajas y desventajas de los diferentes
enfoques analiticos. Una utilizacién exitosa de la aplicacion del jarabe de arce en la
industria alimentaria dependera de una mejor comprension de su seguridad, control de
calidad, perfil nutricional e impactos en la salud, incluidos los problemas de

sostenibilidad.

El azlcar de coco es una opcion edulcorante més saludable que la mayoria de los
otros azucares disponibles comercialmente. La savia se recolecta de los arboles para ser
transportada, almacenada y evaporada durante el procesamiento, que son operaciones que
requieren mucha mano de obra y recursos. En consecuencia, el costo de produccién es
mas alto que el del azucar de cafia. Dado su alto valor nutricional y su bajo indice
glicémico, la gente esta dispuesta a pagar precios mas altos por él. Sin embargo, una
barrera es la ignorancia de sus beneficios para la salud. Esta Tesis Doctoral examina y
trata en profundidad las caracteristicas mas significativas de los anélisis quimicos del
azucar de coco para centrarse en varias metodologias analiticas dada la creciente demanda
de edulcorantes de origen natural en los Gltimos 10 afios. ES necesaria una comprension
méas profunda del control de calidad, la seguridad, los efectos en la salud, el perfil
nutricional y los problemas de sostenibilidad correspondientes al azucar de coco para

implementarlos de manera efectiva en la industria alimentaria.
PALABRAS-CLAVE: analisis quimico; control de calidad; edulcorantes

naturales; impactos en la salud; industria alimentaria; nutricion; seguridad alimentaria;

sirope de agave; sirope de arce; sirope/azlcar de coco; sostenibilidad alimentaria.
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