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Abstract

Products derived from sugar cane (Saccharum officinarum L.) are produced by one of the rural agro-industries
with the longest tradition in Colombia. In order to establish the main indicators and protocols that allow the
bromatological, phytochemical, and antioxidant characterization of products derived from S. officinarum, a
literature search was carried out through the Icontec and Scopus documentary bases, in the period between
January 1990 and February 2021. The foregoing, under guidelines that would lead to establishing a global overview
of research and development trends, analysis of final products, and identification of the main standardized and
non-standardized protocols. Thus, it was possible to identify the main CTS (Colombian Technical Standards)
and the most used protocols for the quantification of physicochemical indicators and some metabolites of
interest, confirming and establishing their positive effects on animal and human health, as an immunological
enhancer, antitoxic, cytoprotective, anticarcinogenic and antioxidant. Additionally, it was possible to determine
that heavy metals (lead, mercury, cadmium, arsenic), furfural, 5-hydroxymethylfurfural, and acrylamide are
the main pollutants on which a mitigation strategy should be established. This work highlighted the need
to generate a national policy that enables the quantification of the required physicochemical indicators, the
content of bioactive compounds, and the presence of dangerous contaminants in products derived from sugar
cane, in order to comply with the legal regulations for the distribution and trading of sugary products in the
national and international market and, why not, start their diversification.
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Resumen

Los productos derivados de la cafia de aztcar (Saccharum officinarum L) conforman una de las agroindustrias
rurales de mayor tradicién en Colombia. Con el fin de establecer los principales indicadores y protocolos que
permitan la caracterizacion bromatoldgica, fitoquimica y antioxidante de productos derivados de S. officinarum,
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serealizé un rastreo bibliografico a través de la base documental del Icontec y Scopus, en el periodo comprendido
entre enero de 1990 y febrero de 2021. Lo anterior, bajo lineamientos que permitieran establecer un panorama
mundial sobre las tendencias de investigacion y desarrollo, analisis de productos finales e identificacién de los
principales protocolos normalizados y no normalizados. Fue asi como se lograron identificar las principales
NTC (Normas Técnicas Colombianas) y los protocolos mas empleados para la cuantificacion de los indicadores
fisicoquimicos y de algunos metabolitos de interés, confirmando y estableciendo sus efectos positivos para la
salud animal y humana, como potenciador inmunoldgico, antitdxico, citoprotector, anticaridgeno y antioxidante.
Adicionalmente, se logré determinar que los metales pesados (plomo, mercurio, cadmio, arsénico), furfural,
5-hidroximetilfurfural y acrilamida son los principales contaminantes sobre los cuales se debe establecer una
estrategia de mitigacion. Con esto, se hace evidente la necesidad de generar una politica nacional que posibilite
cuantificar los indicadores fisicoquimicos exigidos, el contenido de compuestos bioactivos y la presencia de
contaminantes peligrosos en los productos derivados de la cafia de aztcar, con el fin de dar cumplimiento a
la normativa legal para la distribucion y comercializacién de productos azucarados en el mercado nacional e
internacional y, por qué no, iniciar su diversificacion.

Palabras clave: acrilamida; anticancerigeno; antioxidante; metales pesados; panela; Saccharum officinarum L.

1. Introduction

In recent decades, the insertion in the international market of agro-industrial products of Colombian origin
has been one of the main objectives of the National Government and regional governments. The rural agro-
industrial chain of sugarcane products deserves attention, and wider possibilities for improvement, so that
small agricultural production units can keep, optimize, or increase their participation in the markets in a more
dynamic, sustainable, and profitable way, through activities of transformation and adding of value to the
agricultural raw materials generated.

Different types of products are made from sugar cane, the most representative is raw cane honey,
refined cane honey, molasses, honey for alcoholic fermentation, block panela, pulverized panela, panela cubes,
unrefined sugar, refined sugar, smoothies, inter alia (Jaffé, 2012). Each of them has different characteristics of
elaboration, packaging, and processing, but there is no clarity about the requirements for its legal and safe
trading, thus, each company imposes its requirements and price.

The Colombian Technical Standards (NTC, after its acronym in Spanish) can shed some light on some
minimum verification parameters to achieve a safe circulation of products, but they have not been widely
disclosed among producers, they are outdated, and are comprised of basicand rudimentary analytical techniques,
among other disadvantages; but they are required by regulatory entities, such as the National Institute of
Medication and Food Surveillance (Invima), or by the purchasers. Moreover, these NTCs have failed to explore
groups of molecules of increasing interest, such as phenols, antioxidant metabolites, free amino acids, inter alia;
furthermore, they fail to contemplate, for example, the quantification of furfural, 5-hydroxymethylfurfural or
acrylamide, toxic molecules that have been detected in some products derived from S. officinarum, especially
in products wherein, through their manufacturing process, such molecules increase considerably due to poor
control in the processing time (Mesias; Delgado-Andrade; Gomez-Narvaez; Contreras-Calderon; Morales,
2020).

Besides, it is known that the productive sector in our country does not yet have a culture of process
quality, and therefore, poor regulatory systems to ensure the safety of food and comply with quality standards
through the analysis of its products are usually implemented. According to the Development and Technological
Innovation Survey, EDIT (National Administrative Department of Statistics [DANE], 2013), which was carried
out by the National Administrative Department of Statistics (DANE), during the period 2005-2012, the number
of companies that reported to obtain quality certification, either regarding process or product, remained
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below 25 % of the total companies surveyed. One of the shortcomings that lead to this situation is the low
level of service development for the determination of quality, such as laboratory tests, equipment calibration,
standardization, accreditation, and others. Deficiencies in the technical capacity of the laboratories have resulted
in alow supply of accredited tests and geographical concentration in capital cities, far from the “trapiches” (local
mills) and production centers, which increases the costs for entrepreneurs who want to guarantee the quality
of their products to trade in the national or foreign markets (Castro; Grove; Balcazar; Estupifian, 2013; National
Council for Economic and Social Policy [Conpes], 2016). Similarly, the EDIT (DANE, 2020) of the period 2018-
2019 showed that there are obstacles associated with the environment, the low offer of inspection, testing,
certification, and verification services reported by more than 50 % of the companies surveyed.

The foregoing highlights the need to generate a national strategic program that enables the quantification of the
indicators required in the different NTCs, as well as other physicochemical parameters, such as the content of
bioactive compounds and the presence of dangerous contaminants in products derived from sugar cane, which
are produced in different regions of Colombia, in order to comply with the legal regulations for the distribution
and trading of sugary products in the international and international market, and to initiate the diversification
of their uses. Next, a review of the current NTCs will be made, together with the protocols of bromatological,
nutritional, phytochemical, and antioxidant capacity characterization of products derived from S. officinarum,
in order to verify its effectiveness and the possibility of renewal or modification.

2. Methodology

The NTC review was carried out on the website of the Colombian Institute of Technical Standards and
Certification, Icontec (2021), using the following tracking keywords: cane honey, sugar cane, and panela. On
the other hand, the research reports were tracked using primary sources contained in the Scopus database
platform. The keywords of each aspect explored are reported in Table 1. The observation period was between
January 1990 and February 2021. The selection criteria applied for the research articles consisted of a series of
requirements where at least three citations were necessary, as well as a description of the specified technique
and methodology, and the use of quantitative results, supported by statistical analysis. For articles and
book chapters, the criteria established was that the sources of theoretical foundations should not exceed the
established time range.

Table 1. Keywords of each of the general lines of search in the aspects explored in cane honey and panela derivatives on
the Scopus platform

General lines Keywords

Panela

Muscovado
Determination of global research and development
trends, with emphasis on bromatology, nutrition,
phytochemicals, and antioxidant capacity

Raw sugar

Brown sugar
Sugarcane
Sugarcane extracts

Sugarcane products
Analysis of possible final products, with emphasis
on bromatology, nutritional, phytochemicals, and
antioxidant capacity

Sugarcane extract
Crude sugarcane bagasse
Sugarcane Straw

Evaluated within the general lines,
Identification of national capacities exploring the reports generated in
Colombia

Source: own elaboration.
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3. Results

The results of the search performed on the Icontec and Scopus data platforms are shown below.

3.1. Colombian Technical Standards

The exclusive search of the NTC yielded the list of current standards for the different products derived from S.
officinarum, which are found in Tables 2 and 3. These standards can be classified into two groups, one related to
the characterization of physicochemical parameters and the other one that seeks to establish and measure the
microbial safety of the product.

Within the first kind (Table 2) NTC 1779:2017 (Colombian Institute of Technical Standards and
Certification [Icontec], 2017a) stands out. This standard presents the Method of Lane and Eynon as a way to
determine monosaccharides (reducing sugars). It is based on the ability of monosaccharides to reduce a copper
solution under basic and heating conditions and is based on the provisions of The International Commission for
Uniform Methods of Sugar Analysis-ICUMSA GS 4/3-7:2011 (International Commission for Uniform Methods
of Sugar Analysis [I[CUMSA], 2011a). Likewise, NTC 570:2012 (Icontec, 2012a), provides information on how
to determine the percentage or content of ash in sugar, honey, syrups, and cane extracts by the sulfated ash
methodology and by the conductimetric method. It is based on ICUMSA-GS3/4/7/8-11:2000 (ICUMSA, 2000),
ICUMSA-GS 2/3/9-17:2011 (ICUMSA, 2011b) and ICUMSA-GS 1/3/4/7/8-13:1994 (ICUMSA, 1994).

On the other hand, NTC 1856:2010 (Icontec, 2010) describes two ways of determining sulfur dioxide,
qualitatively and quantitatively. The qualitative test is performed with iodized starch paper, it is prepared by
moistening filter paper with a 1 % starch solution, with a drop of the solution of interest, if the product contains
sulfurous acid, the paper impregnated with solution takes on a more or less intense brown color by the action of
sulfuric acid released. This reaction is very sensitive. The quantitative determination is based on the treatment
of an acidulated sugar solution that drags the Sulphur dioxide by distillation, collecting it in an iodine solution.
Excess iodine is assessed, and sulfur dioxide is calculated from quantified iodine. On the other hand, for the
same parameter, there is the NTC 5970:2012 (Icontec, 2012b), which uses as a reference ICUMSA GS 2/1/7-
33:2009 (ICUMSA, 2009a). In a spectrophotometric method, after a reaction with formaldehyde, the formed
sulfite/rosaniline complex is spectrophotometrically quantified at a wavelength of 560 nm.

NTC 6385:2020 (Icontec, 2020a) establishes SPRI's rapid starch spectrophotometric method for
determining sugar-soluble starch and other process materials (extracts and honey). Potassium iodide (KI) and
potassium iodate (KIO3) is added to the sample. Whereas starch is comprised of amylose and amylopectin,
iodine reacts with amylose to form a blue/purple complex. The spectrophotometric reading is performed at 600
nm. On the other hand, NTC 1846:2020 (Icontec, 2020b) establishes the requirements and the tests applicable to
sugarcane honey (S. officinarum). NTC 440:2015 (Icontec, 2015) is a reference for food products. Test methods:
NTC 573:2013 (Icontec, 2013), Sugar. Terminology: NTC 587:1994 (Icontec, 1994a), Food and beverage industries.
Cane molasses: NTC 1779:2017 (Icontec, 2017a), meladura and cane honey. Method to determine total reducing
sugars in molasses and cane honey, after hydrolysis by the Lane and Eynon procedure at constant volume: NTC
1856:2010 (Icontec, 2010), Alcoholic beverages, Cane honey, and Determination of sulfur dioxide. And finally,
the NTC 1311:2009 (Icontec, 2009) is the one that provides the requirements and methods that must be met by
panela intended for human consumption. It includes the protocols for the qualitative identification of dyes, the
determination of a foreign matter, moisture content, ash, total sugars, reducers, and phosphorus, as well as the
identification of calcium metals, sodium, potassium, and iron, and heavy metals such as lead and arsenic.
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Table 2. Colombian Technical Standards in force for the different products derived from S. officinarum related to physico-

chemical parameters
NTC

NTC 1779:2017 (Icontec, 2017a)

NTC 570:2012 (Icontec, 2012a)

NTC 1856:2010 (Icontec, 2010)

NTC 6385:2020 (Icontec, 2020a)

NTC 1846:2020 (Icontec, 2020b)

NTC 5970:2012 (Icontec, 2012b)

NTC 3442:2011 (Icontec, 2011)

NTC 410:1999 (Icontec, 1999)

188

Title

Meladura and cane honey. Method
for determining total reducing sugars
in molasses and cane honey, after
hydrolysis by the Lane and Eynon
procedure at constant volume.

Sugar, honey,
extracts,  test
determining ashes.

syrups and cane
methods  for

Alcoholic beverages, cane honey,
determination of sulfur dioxide.

Sugar. Determination of soluble
starch in sugar and process materials
using SPRI's rapid starch method.

Virgin sugarcane honey.

Sugar, extracts, and cane syrups,
determination of sulfite with the
colorimetric method of rosaniline.

Alcoholic beverages, cane taffias.

Alcoholic beverages, cane liquor,
cane, cachaca or gill.

Object
This standard establishes the method
for determining the total sugars
expressed as a reducer in cane
honey by the Lane-Eynon method
(modified).

This standard establishes the test
methods to determine ash by
gravimetry and conductimetry, in
any type of sugar, extracts, syrups,
and cane honey.

This standard sets forth the methods
for qualitatively and quantitatively
determining the Sulphur dioxide
content in cane honey.

This standard establishes the SPRI fast
starch method, to determine sugar-
soluble starch and other process
materials (extracts and honey).

This  standard establishes the
requirements to be met and the tests
applicable to virgin sugarcane honey
(Saccharum officinarum L.), used as a
raw material for industry.

This standard establishes the
test method for the colorimetric
determination of SO, and it is
applicable to extracts and syrups and
to white, special white, refined and
raw sugar.

This standard determines the
requirements and test methods to
be met by cane taffias used in the
production of rums and certain
alcoholic beverages which, due to
their characteristics, require this raw
material.

This standard establishes the
requirements and tests that must be
met by the alcoholic beverages made
from cane, cachaca or gill.
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NTC

NTC 440:2015 (Icontec, 2015)

NTC 573:2013 (Icontec, 2013)

NTC 587:1994

NTC 2369:1994 (Icontec, 1994b)

NTC 1311:2009 (Icontec 2009)

Source: own elaboration.

Title

Foodstuffs, test methods.

Sugar, terminology.

Food industries and beverage
industries, cane molasses.

Food industries, acrylamide-derived
flocculants used in the clarification
of drinking water and sugarcane
extracts and syrups.

Agricultural products, panela.

Object
This standard determines the
test methods for determining the
physical and chemical characteristics
of foodstuffs.

This standard establishes the
definitions of the most commonly
used termsin the cane sugar industry.

This standard establishes the
requirements that must be met by
cane molasses used in animal feed
and the production of alcohols,
yeasts, and related industries.

This standard establishes definitions
and classification, general conditions,
requirements, tests, packaging,
labeling and handling precautions.
Establishes the requirements
and tests that must comply with
the panela intended for human
consumption.

The safety of products derived from S. officinarum is established by the rules provided in Table 3. They
describe how to count coliforms, Escherichia coli, molds, yeasts, and mesophilic bacteria.

Table 3. Current Colombian Technical Standards for the different products derived from S. officinarum in matters of safety

parameters

NTC

NTC 3953:2017 (Icontec, 2017b)

NTC 3954:2017 (Icontec, 2017c¢)

Title

Sugar, extracts, molasses, and cane
honey, determination of coliforms
and Escherichia coli, technique of the
most probable number (MPN).

Sugar, extracts, syrups, and cane
honey, determination of molds and
yeasts, plate counting method.

Object

This standard provides general
guidelines for counting coliforms
and Escherichia coli in granulated
sugar, liquid sugar, powdered sugar,
extracts, molasses, and cane honey
by calculating the most likely number
(MPN).

This standard establishes the method
for determining the count of molds
and yeasts in granulated sugar,
liquid sugar, extracts, molasses, and
cane honey by the plate counting
technique.
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NTC Title Object

Establishes the test method for
Sugar, extracts, molasses, and cane detecting and counting coliforms,
honey, detection and count of Escherichia coli or both in granulated
coliforms or Escherichia coli or both, sugar, lichen sugar, extracts,
plate counting method. molasses, and cane honey by the
plate counting technique.

Establishes the test method to
determine the count of aerobic
mesophilic bacteria in granulated
sugar, liquid sugar, extract, molasses,
and cane honey by the plate counting
technique.

NTC 6086:2017 (Icontec, 2017d)

Sugar, extracts, molasses, and cane
NTC 3908:2017 (Icontec, 2017¢e) honey, aerobic mesophilic bacteria
count, plate count method.

Establishes the requirements
and tests that must comply with
the panela intended for human
consumption.

NTC 1311:2009 (Icontec 2009) Agricultural products, panela.

Source: own elaboration.

Sampling or other sampling plans may be governed by the following standards:

J NTC-ISO 2859 (Icontec, 2002) parts 1, 2, 3 or 4: sampling procedures for attribute inspection. Part 1:
Sampling plans determined by the acceptable quality level (NAC) for batch-to-batch inspection.

. NTC-ISO 3951-1, 2, 3, 4 and 5 (Icontec, 2009): sampling procedures for variable inspection. Part 1:
Specification for simple sampling plans classified by acceptable quality level (NAC) for batch-to-batch inspection
for a single quality characteristic and a single NAC.

3.2. Tracking sources on the Scopus platform

During the years 1990 to 2021 (February), in the Scopus database platform, the following results were found for
the keywords of each of the general lines in the aspects explored in cane honey and its derivatives.

« Identification of global research and development trends

- Panela: this keyword yielded 485 primary documents, 228 secondary documents and 300 patents. Within the
primary documents, since 2017, more than 40 entries have been submitted per year, in 2020 the largest number
was registered, with 55 entries. At an international level, Brazil and Colombia have the highest number of
entries, with 87 and 76, respectively. As for the kind of documents, the majority of figure is presented in the
article 375-type, moreover, the most referenced area of study are agricultural and biological sciences with 241,
followed by the social sciences, with 80 entries. The summary of the information is reported in Figure 1.
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Figure 1. Analysis of the primary documents found for the keyword "panela” in the Scopus database platform, arran-
ged by a) year, b) country, ) type of document, d) area of knowledge
Source: own elaboration.

- Muscovado: 21 primary documents, 4 secondary documents and 5216 patents. In the set of primary documents,
the year with the highest number of entries is 2021, with 4, in the same way, it is evident that after 2019 this
number of entries has been increasing. The countries that have reported the most documents are the Philippines
and China, with 5 and 3, respectively. Colombia submits one report. The type of most referenced documents
were the articles, with 14. Within the areas covered by the documents, the subareas of agricultural and biological

sciences stand out with 11, and the area of biochemical genetics and molecular biology, with 4 entries. The
summary of the information is reported in Figure 2.
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Figure 2. Analysis of the primary documents found for the keyword "muscovado" in the Scopus database platform,
arranged by a) year, b) country, ¢), d) area of knowledge
Source: own elaboration.

- Raw sugar: This keyword yielded 5,5,133 primary documents, 385 secondary documents and 277,163 patents.
As of 2011, more than 2,000 documents have been reported per year, with 2020 presenting the highest number,
with 6,283. So far in 2021, there are 3,924. At an international level, China has 8,782 and the United States has
6,980. In Colombia there are 468, and it is surpassed in Latin America by Mexico with 1,039, and by Argentina
with 473. In the types of documents, the articles present 40,789, revisions add up to 6,935 and book chapters
resulted in 3,778. Of particular interest are the areas in which these documents are located, the subareas of
agricultural and biological sciences with 21,205 and the area of biochemical genetics and molecular biology
with 12,517, microbiology and immunology with 5,794, medicine 3,824, and in pharmacology, toxicology, and
pharmacy with 2,702. The summary of the information is reported in Figure 3.
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Figure 3. Analysis of the primary documents found for the keyword "Raw sugar" in the Scopus database platform,
arranged by a) year, b) country, ) type of document, d) area of knowledge
Source: own elaboration.

- Brown sugar: yielded 186,850 primary documents, 263 secondary documents and 220,484 patents. After 2014,
more than 10,000 entries have been submitted per year, where 2020 is the one that registers the most entries, with
15,312, and 9,438 so far in 2021. The countries that report the highest number are the United States, China, the
United Kingdom and Germany with 60,824, 20,159, 17,425 and 13,503, respectively. Colombia is 595 documents.
Articles are the most recurrent way to report information, with 129,918, followed by reviews, with 33,565. The
area of biochemical genetics and molecular biology with 61,236 articles, agricultural and biological sciences
with 53,063, and medicine with 42,101. The summary of the information is reported in Figure 4.
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Figure 4. Analysis of the primary documents found for the keyword "Brown sugar" in the Scopus database platform,
arranged by a) year, b) country, ) type of document, d) area of knowledge

Source: own elaboration.

- Sugar cane: 61,663 primary documents, 6,039 secondary documents and 54,379 patents. As of 2012, more than
3,000 entries are registered per year, 2020 registers, the highest number with 5,074 entries, in the current year
there are 3,043. The countries that report the most documents are Brazil and the United States with 11,838 and
9,259, respectively. Colombia has 885 records. Articles are the most published type of paper on this topic with
47,910, representing around 78 %. The areas of publication are focused on agricultural and biological sciences
with 24,990, environmental sciences with 13,323, and biochemical genetics and molecular biology with 10,818.
The summary of the information is reported in Figure 5.
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Figure 5. Analysis of the primary documents found for the keywords "Sugar cane" in the Scopus database platform,
arranged by a) year, b) country, ¢) type of document, d) area of knowledge
Source: own elaboration.

- Sugar cane extracts: This keyword yielded 7,470 primary documents, 12 secondary documents and 27,466
patents. Within the years, there is an increase in the number of publications, from 2013, as there have been more
than 400 per year. The year 2020 has the highest number with 751, in the current year, 517 have been made.
Brazil leads the publications on this subject with 18 % with 1,367 entries, followed by the United States with 12
% represented in 906 documents. Colombia registers 64 entries. The most generalized type of documents are the
articles with 5,594, and those related to agricultural and biological sciences have the largest number with 3216.
The summary of the information is reported in Figure 6.
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Figure 6. Analysis of the primary documents found for the words "Sugar cane extracts" in the Scopus database plat-
form, arranged by a) year, b) country, ) type of document, d) area of knowledge
Source: own elaboration.

« Analysis of possible final products

- Sugar cane products: this keyword yielded 28,152 primary documents, 135 secondary documents, and
49,899 patents. Since 2016, more than 2,000 entries have been submitted per year, 2020 is the one in which
more documents have been generated with 2,864. So far in 2021, there are 1,813 entries. The countries with the
highest number of documents generated are Brazil with 4,873, the United States with 4,119, and China with
3,518. Colombia registers 432 documents. Articles are the most generated kind of document with 20,833. The
summary of the information is reported in Figure 7.
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Figure 7. Analysis of the primary documents found for the words "Sugar cane products" in the Scopus database
platform, arranged by a) year, b) country, c) type of document, d) area of knowledge
Source: own elaboration.

- Sugar cane extracts: this keyword yielded 7,474 primary documents, 251 secondary documents, and 10,775
patents. Publications in this line have increased in recent years, so much so, that from 2017 more than 500
are registered per year and in 2020 666 were reported. India registers 16.6 % of publications with 1,237 and
Colombia has published 2 % with 147 documents. Articles constitute 75 % of the type of documents generated,
represented in a total of 5,595. The most explored subarea is agricultural and biological sciences, which have the
highest number with 3,735. The summary of the information is reported in Figure 8
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Figure 8. Analysis of the primary documents found for the word "Sugar cane extract” in the Scopus database platform,
arranged by a) year, b) country c), type of document, d) area of knowledge
Source: own elaboration.

- Crude sugarcane bagasse: this keyword yielded 19,382 primary documents, 5 secondary documents, and
2,289 patents. Since 2017, more than 1,500 entries have been registered per year, and 2020 is the year that shows
the most documents. The country with the most entries is Brazil with 3,961, followed by China with 3,157 and
Colombia with 308 entries. Articles remain the most widely used way to report findings with 15,096. The sub-
areas with the highest volume of entries, there is chemical engineering with 6,032, environmental sciences with
5,668, and energy with 5,468. The summary of the information is reported in Figure 9.
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Figure 9. Analysis of the primary documents found for the word "Sugarcane bagasse" in the Scopus database
platform, arranged by a) year, b) country c), type of document, d) area of knowledge
Source: own elaboration.

* Sugarcane straw: this keyword yielded 27,833 primary documents, 120 secondary documents, and 6,891
patents. Since 2013 more than 1,000 entries are presented per year for this keyword. The year with the highest
number of entries was 2020 with 4,613, in 2021, to date, the figure adds up to 2,989. The country with the
most entries is China with 7,008, followed by Brazil, India, and the United States with 3,858, 3,788, and 2,883,
respectively. Colombia reports 289 documents. Articles are the most recurrent form of entry with 21,948,
followed by reviews with 3209 and book chapters with 1,347. In the subareas of these documents, environmental
sciences show 9,995, energy 7,696, and chemical engineering 7,747. The summary of the information is reported

in Figure 10.
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Figure 10. Analysis of the primary documents found for the word Sugarcane straw in the Scopus database platform

arranged by a) year, b) country c), type of document, d) area of knowledge
Source: own elaboration.

3.3. Other characterization protocols

The protocols described by the different NTCs are limited in scope. Therefore, the protocols not contained in
the NTCs listed in Tables 2 and 3, or that are not used as references thereto, are described below, which can be
explored to measure other indicators of quality, the content of biomolecules or contaminants relevant to the
industry of products derived from the use of sugar cane. These protocols can be divided into two: normalized
and non-standardized.
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« Standardized protocols

This group of standards and protocols correspond to determinations referred to in Codex Alimentarius (Food
and Agriculture Organization [FAO], 2019), for sugary products and honey:

- Moisture Content: this determination presents several methodological options for the sugar matrix or similar
products such as honey. There is ISO 1741:1980 (International Organization for Standardization [ISO], 1980a)
and ISO 1742:1980 (ISO, 1989b), which determine the content of water by heating using a vacuum furnace for
sugars.

- pH: this measurement is performed potentiometrically by the ICUMSA GS 1/2/3/4/7/8-23 method (ICUMSA,
2009b).

- HpLC sugars: ISO 10504:2013 (ISO, 2013a) refers to the methodology for determining reducing sugars, glucose,
and fructose, by HPLC with a refractive index detector. It can also be used to measure disaccharides, such as
sucrose or other ingredients. It is a technique that allows for measuring monosaccharides, disaccharides, and
other polysaccharides, that enables the measurement of total and reducing sugars, in less time and in a more
accurate, repeatable, and reproducible way.

- Color: ICUMSA GS9/1/2/3-8 (ICUMSA, 2011c) shows a methodology to determine the color of sugars or
mixtures thereof. It is important to determine this parameter, since the addition of dyes is common in products
such as panela or smoothies, with the aim of deceiving the consumer by simulating the color of the product.

« Non-standard protocols

Next, the possible protocols that can be adapted for the measurement of other parameters in sugarcane products
are presented:

- HPLC Sugars (Glyad, 2002): 100 g of product is weighed and poured into an Erlenmeyer flask with 250 mL
glass stopper, dissolved with 200 mL of distilled water. Then, they are poured into a 500 mL volumetric flask
and reinforced with distilled water. The sample solution is then filtered through 0.22um membranes before
injection. The chromatographic separation of sugars (sucrose, fructose, and glucose) is achieved with an HPLC
system in isocratic mode. Samples are analyzed in a carbohydrate column (250 x 4.6 mm L.D., 5um) equipped
with a protective column (12.5 x 4.6 mm D.I.). The temperatures of the column and the refractive index detector
(RID) are set at 30 and 35 °C, respectively. The mobile phase is comprised of acetonitrile and water (75:25,
v/v), with a flow of 1.0 mL/min. The injection volume is 10 uL. Maltose is used as an internal standard for
quantification. The content is reported as mg sugar/100 g fresh product.

- Determination of total phenolic content (TPC) and total flavonoid content (TFC): TPC and TFC are measured
using the method established by Wang, Melnyk, Tsao, and Marcone (2011). The TPC of each sample is calculated
by the regression equation of the gallic acid-AG calibration curve. The results are expressed in milligrams of
gallic acid equivalents per 100 mg dry weight of fresh product (mg AG/100 mg). The TFC of each sample
is calculated using the regression equation of the catechin calibration. The results are expressed as catechin
milligrams equivalents/100 mg of fresh product (mg CE/100 mg).

- Measurement of antioxidant activity by oxygen radical absorption (ORAC): the antioxidant activity of
sugarcane products is determined by ORAC assay, as described by Wootton-Beard, Moran, and Ryan (2011)
and Thaipong, Boonprakoba, Crosby, Cisneros-Zevallos, and Hawkins (2006). In the ORAC assay, all reagents
are prepared freshly and dissolved in phosphate buffer (75 mM, pH 7.4). Trolox (used as standard) and samples
are diluted to serial concentrations with tampon phosphate and 20 uL is transferred to a 96-well black wall
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plate (Corning Scientific, Corning, NY, USA). Followed by the addition of 200 uL of fluorescein sodium salt
(0.96 uM). After incubation of 20 min at 37 °C, 20 uL of 119 mM Acid2,2'-azino-bis-(3-ethylbenzothiazoline)-
6-sulfonic-ABAP are added to each well. Fluorescence intensity is measured every 5 min for 35 cycles at an
excitation wavelength of 485 nm and at an emission wavelength of 535 nm. Results are expressed as pmol
equivalents of Trolox per milligram of fresh produce (umol TE/mg).

- Measurement of antioxidant activity by peroxyl radical scavenging capacity (PSC): in the PSC essay (Shahidi;
Zhong, 2015), 100 pL of fresh produce or its extract is added to a lack microplate of 96 wells. Then, 100 pL of
33.15 pM Dichloro-dihydro-fluorescein diacetate-DCFH and 50 uL of 2,2'-azino-bis-(3-ethylbenzothiazoline)-6-
sulfonic-ABAP 200 mM acid are added. The microplate is incubated at 37 °C for 40 min in darkness. Fluorescence
is measured at the excitation wavelength of 485 nm and the emission wavelength of 535 nm. The EC50 of the
sample and the PSC value are expressed as umol equivalents of vitamin C-VC per mg of fresh product (umol
VC/mg).

- Determination of reduction potential by ferric reducing antioxidant power (FRAP): the FRAP test is
evaluated according to the method of Benzie and Strain (1996). The FRAP reagent is prepared on the same day
of measurement, 200 uL of FRAP reagent and 200 pL of the sample are used. The mixture is incubated at 37 °C
for 10 min in darkness. Absorbance is measured at 593 nm relative to a target of reagents also incubated at 37 °C.
FRAP data are determined for samples against a known FRAP value standard, ferrous sulfate-FeSO, is usually
used. The results are expressed as mg FeSO,/100 g fresh weight.

- Lipid peroxidation assay: lipid peroxidation assays are performed according to the protocol proposed by
Jiang, Hunt, and Wolfe (1992). Fe® generated by oxidation of Fe?+ by hydroperoxides can be determined using
ferric ion-sensitive dyes as an indirect measure of hydroperoxide concentration. The results are expressed as
mg Fe® +/100 g fresh weight.

- Bacterial growth: bacterial growth, according to the method established by Zhao, Chen, Zhao, and Yu (2015)
is used to evaluate the antimicrobial activity of an extract. It is suggested to test the bacteria Staphylococcus
aureus, Listeria monocytogenes, Escherichia coli, and Salmonella typhimurium. In small Petri dishes or bacterial
growth plates, bacteria are grown to a concentration of 106-107 CFU/mL in agar supplemented with 200 uL of
extract. Sterile water is used as a negative control and a broad-spectrum antibiotic as a positive control. Dishes
are stored in the refrigerator for 6 h at 4 °C and then incubated at 37 °C for 20 h. The antibacterial effect of the
extract is evaluated by measuring and comparing the diameters of the inhibition zones, all tests should be
performed at least in triplicate.

- Minimum bacterial inhibitory concentration: it is determined using standard inocula of 105 CFU/mL of the
following suggested bacteria or with any other bacteria of interest: S. aureus, L. monocytogenes, E. coli and S.
typhimurium. The dilution method is used in series of Nedorostova, Kloucek, Kokoska, Stolcova, and Pulkrabek
(2009) and Andrews (2001). The culture means is supplemented with the following final concentrations of
extract 0; 0,1562; 0,315; 0,625; 1,25; 2,5; 5.0 and 10.0 mg/mL. Then incubated for 18-24 h at 37 °C with stirring at
150 rpm, the lowest concentration of the extract, necessary to visibly inhibit growth, is determined by counting
bacteria by Neubauer chamber. Sterilized distilled water is used as a negative control and a broad-spectrum
antibiotic with positive control.

- Phenolic diversity and derivatives: the method was reported by Zheng et al. (2017), who employed high-
resolution mass spectrophotometry-HRMS and proton nuclear magnetic resonance hydrogen-deuterium-
HDNMR. The authors report that free phenolic compounds are extracted from powdered or liquid products
according to a method previously reported by Wen et al. (2015). The sample (100 g) is extracted twice with 1,5 L
from a 1:1:1 mixture of acetone 40 %, methanol 40 %, and hydrochloric acid 5 % in water, under dark conditions
for 12 h at ambient temperature. The suspension is then combined and centrifuged at 3,500 rpm for 20 min at
4 °C. The supernatant is then collected and concentrated at less than 5 mL by a rotavaporator at a maximum
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of 40 °C under a vacuum. The extract is taken to a final volume of 25 mL with the addition of a 20 % methanol
solution and stored at -40 °C until further analysis.

The semi-solid residue is collected for the extraction of bound phenolic compounds, which are extracted
from the residues after the extraction of free phenols according to a method previously reported by Adom
and Liu (2002) and Wang, Chen, Xie, Ju, and Liu (2013). The waste is digested in a 50 mL bottle containing 20
mL of 2 M sodium hydroxide with a stirring speed of 60 rpm at room temperature for 1.5 h under a nitrogen
atmosphere. Subsequently, the mixture is neutralized with 1 M hydrochloric acid and extracted with hexane
to remove lipids from the mixture. It is then extracted with 20 mL of linden acetate five times. The extracted
fractions are gathered and put into the rotavaporator at a maximum of 40 °C under vacuum. The bound phenols
are reconstituted at 10 mL with the addition of 20 % methanol. Extracts are stored at -40 °C until further analysis.
The run is done in a ZORBAX RRHD SB-C18 column (50 x 2.1 mm D.I., 1.8 um), Agilent Corporation, USA). The
column is kept at 20 °C and at a flow rate of 0.2 mL/min.

- The diversity of phytosterol-type derivatives by HPLC: the analysis is carried out according to Novak et al.
(2017). A sample of 100 g of product is deposited in a volumetric flask with 200 mL of anhydrous ethanol. Then,
it is placed in an ultrasonic bath at 40 kHz for 1 h at 50 °C. Then it is filtered. Ethanol is added until the final
volume of the extract is reached at 250 mL. The identification and quantification of phytosterols are carried out
according to the method proposed by Indyk, Lawrence, and Broda (1993). Separation is performed on a Moon
51 Column C-18 (250 x 4.6 mm D.I., Phenomenex Ltd.) using mobile phases: methanol and water in a 100:4 ratio
(in volume). The injection volume is 20 uL, the flow rate is 1.2 mL/min and the wavelength used for detection
should be 205 nm. All analyses are carried out at a temperature of 30 °C. Quantification is based on external
calibration and final concentrations are expressed as mg/100 g sample.

- Determination of acrylamide by high-performance liquid chromatography (HPLC): the samples are
collected at different stages of the panela production process (extraction, pre-cleaning, clarification and liming,
evaporation, and concentration, plotting and sweeping), to later be analyzed by HPLC according to the method
established by Vargas, Talero, Trujillo, and Caballero (2014), for which the following procedure is performed:
for liquid samples, 10.00 mL of cane extract are taken and dissolved in 100 mL of deionized and filtered water.
As for the solid samples, 10.00 g are weighed in the stages of evaporation and concentration (honey) and in
the plotting and sweeping (panela), to later be pulverized in a mill with extra-fine blades; consecutively the
product is dissolved in 100 mL of HPLC-type water and centrifuged at 4,000 rpm for 30 min, to remove most
of the solids present; each sample is injected into the equipment in triplicate, subsequently, the data reported
by the equipment is extracted from the areas under the curve, and it is therefore interpolated into the equation
of the line, and the concentration of analyte present in each of the samples is determined. A C18 column (150
x 4.6 mm, ID) is used with a particle size of 5 um, at a temperature of 23 °C and a flow of 0.5 mL/min, with a
UV-Vis detector at 210 nm. The injection volume is 20uL, an isocratic elution is performed with acetonitrile:
water, 1:24 (v /v). To perform the chromatographic run, each of the acrylamide standards and samples of panela
or cane products were injected. The running time is 6 min for acrylamide standards because after this time no
more signals appeared; and 30 min for the samples, to observe if new signals appeared during this running
time. A stock solution of acrylamide, 100 mg/kg is prepared using an analytical grade reagent, acrylamide
electrophoresis 99.9 % Merck. This solution is prepared using a class A volumetric balloon. Subsequently,
solutions are made at different concentrations of 0; 4; 1; 2; 5; and 10 mg/kg respectively to obtain the calibration
curve for the quantification of acrylamide in the samples. Final concentrations are expressed as mg/100 g of the
sample.

4, Discussion of results

After the information tracking, it could be established that four other species of the genus Saccharum have been
used to produce cane or sugar honey: S. barberi, known as "Indian cane" or "fine" cane; S. robustum; S. sinense,

203



Moreno-Chacén, Suarez- Peharand. Main NTCs and characterization protocols in

products derived from sugarcane

known as "Chinese cane"; and S. spontaneum, which is known as "wild cane" and is used for hybridization
purposes (FAO, 2014; Jaffé, 2012). Focused on the production chain of S. officinarum, some technological and
market problems were identified (FAO, 2014). The main problems pertain to the low competitiveness of small
mills, the poor quality of derived products, lack of homogeneity, environmental damage due to the consumption
of firewood and rubber on stoves, restrictions on expanding the market due to the requirements given by the
legal regulations for the marketing of sugary products (FAO, 2014), and the need to verify phenolic diversity,
antioxidant metabolites and the presence of toxic trace elements, such as heavy metal or acrylamide.

The NTC establishes a valid and current starting point for the start of the product characterization
process for the products derived from S. officinarum, but it is not enough due to the limited set of parameters
thereby evaluated. Considering the tracking made by Icontec (Tables 2 and 3), for cane honey products, the
set of NTCs can be divided into two groups, one pertains to the characterization of some physicochemical
parameters (Table 2), and the other aims to determine the microbial safety of the product (Table 3). The first
group of NTC enables the quantification of some physicochemical parameters and contents of follow-up
molecules, mostly sugar and ethanol, which include the NTC 1779:2017 (Icontec, 2017a), NTC 570:2012 (Icontec,
2012a), NTC 1856:2010 (Icontec, 2010) and NTC 6385:2020 (Icontec, 2020a) (Table 2). The tests and parameters to
be quantified and reported to establish the physical and chemical characteristics of sugar cane products, such
as extracts, syrups, alcoholic fermented and the various types of white sugar, special white sugar, refined and
raw sugar are recorded under NTC 1846:2020 (Icontec, 2020b), NTC 3442:2011 (Icontec, 2011) and NTC 440:2015
(Icontec, 2015) (Table 2). The requirements or terminology are set out in NTC 587:1994 (Icontec, 1994a) and
NTC 573:2013 (Icontec, 2013). The determination of additives is set forth in NTC 5970:2012 (Icontec, 2012b) and
NTC 2369:1994 (Icontec, 1994b) (Table 2). Finally, as for Panela, there is NTC 1311:2009 (Icontec, 2009), which
establishes the requirements and tests that panela intended for human consumption must meet (Table 2).

When delving into the content of some NTCs, for example, NTC 1779:2017 (Icontec, 2017a), whereby
the content of reducing sugars is determined, it can be noted that it shows a methodological sequence that can
lead to several sources of error, which results in the technique being followed by a wide range of associated
uncertainty. Some sources of uncertainty are the preparation of the Fehling solution A and B, titration of a boiling
solution, the diverse volumetric material, and the endpoint of the titration. HPLC liquid chromatography with
a refractive index detector is a reliable, robust alternative with a lower degree of associated uncertainty, as
described in ISO 10504:2013 (ISO, 2013a), which also offers less analysis time, produces less residue, and allows
quantification in a single run.

On the other hand, the NTC 1856:2010 (Icontec, 2010) shows two ways of determining sulfur dioxide,
the two methodologies constantly used, not only in the sugar industry but in other foods. Its adaptation is
very complex in laboratories, due to its requirements in terms of equipment, preparation of solutions, false
positives, and interferences. The standardized alternatives presented are equally wasteful: ISO 5379:2013 (ISO,
2013b) presents the determination by acidimetry and nephelometry; the ICUMSA GS 2/3-35 (ICUMSA, 2011e)
and Nordic Committee on Food Analysis (1990), in their NMKL 135, present a determination by an enzymatic
method that is difficult to use, although less wasteful than ISO 5379:2013 (ISO, 2013b); the AOAC Official
Method 990.28 presents the determination by the Monier-Williams method, which is also complex to adapt
and obtain reproducible measurements. There are other non-standardized methods such as Ho-so et al. (2014),
where HPLC is used, but these methodologies are still in the process of validation and adaptation to complex
food matrices. This determination continues to be a challenge for analytical chemistry.

Finally, NTC 1311:2009 (Icontec, 2009), besides having the issue related to the foregoing determinations,
shows a qualitative criterion: it uses color by means of the wool staining test. To determine the color, there are
standardized protocols that must be adopted, because, in the panela industry, this is instrumental to determine
the ill-intentioned inclusion of dyes to deceive the consumer by simulating an optimal color of the product.
This can and must be implemented under NTC 1311:2009 (Icontec, 2009) the ICUMSA GS9/1/2/3-8 (ICUMSA,
2011d), which shows how to determine the color of sugars or mixtures thereof. Regarding the second group,
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there are the NTCs that aim to determine some microorganisms which are harmful to human health, including
Escherichia coli, molds, yeasts, and aerobic mesophilic bacteria, included in the NTC 3953:2017 (Icontec, 2017b),
NTC 3954:2017 (Icontec, 2017c), NTC 6086:2017 (Icontec, 2017d) and NTC 3908:2017 (Icontec, 2017¢) (Table 3).

Consequently, the limitations of the NTC are clear, regarding the fact that, although they respond to
generate basic standards for the trading of products derived from S. officinarum, they also fail to contemplate
the quantification of vitamins, antioxidants, phenols, anthocyanins or phytosterols, or a contaminant such as
acrylamide. However, why is it relevant to measure these groups of molecules? Let's review some scientific
evidence that can help us answer this question.

Cane honey and the products made therefrom, such as panela, have great potential in nutritional and
commercial terms. In nutritional terms, its share of daily consumption of caloric sweeteners (g/person/day)
for 2007 was 46 % in Myanmar, 20 % in Bangladesh, 19 % in Colombia, 10 % in India, and 10 % in Pakistan
(Jaffé, 2012). Sucrose is the most important component of cane extract derivatives, between 76.55 and 89.48 %,
followed by reducing sugars (3.69 to 10.5 %) and water (1.5 to 15.8 %). The relatively large range of moisture
content is due to differences in the conditions of the manufacturing process of this mainly artisanal product.
The mineral (ash) content is relatively high (0.3-3.6 %). The protein content ranges from 0.37 to 1.7 % and fat
content from 0 to 0.1 %.

The basic difference between cane extract derivatives and refined sugar is the presence in the former of
reducing sugars and significant amounts of minerals and other minor constituents, such as phenols, as reported
by Semwal, Jai Singh, Kumar, and Malik (2021). The nutritional and functional difference will depend mainly
on the determination of this group of minor components (Shaheen et al., 2013; Nimrouzi et al., 2014). At least
two rare or complex sugars with functional potential have been identified in cane extract derivatives. D-Psicose,
a C-3 epimer of D-Fructose, is one of them, present in small amounts in commercial carbohydrate foods or
agricultural products. It has 70 % the sweetness of sucrose, but no calories (Cheung et al., 2012). It has been
found that in the derivatives of cane extract there are relatively high amounts of this sugar. In animal models, it
has been claimed that D-Psicose has antihyperglycemic properties and antiatherosclerosis effects (Cheung; Oh;
Lee, 2012).

An early study in 1949 with anemic rats indicated that the iron in panela is easily absorbed and produces
high hemoglobin levels within 18 days (Jaffé; Ochoa, 1949). Two studies support these findings in humans.
Olivares, Pizarro, Hertrampf, Fuenmayor, and Estévez (2007) found that the iron adsorption of wheat noodle
soup was significantly higher when consumed with panela-sweetened lemonade (11 %), compared to the same
meal without lemonade. The analysis was performed with 13 women and was measured by a double isotopic
method. Arcanjo, Pinto, Arcanjo, and Amancio (2009) recorded a statistically significant increase in hemoglobin
in pre-school children, associated with the consumption of a panela drink with ascorbic acid. Current strategies
focus on improving diets and dietary patterns, as well as food fortification with iron and direct supplementation
of iron intake (World Health Organization [WHO)], 2001); and, more recently, the so-called biofortification,
which seeks to increase the iron content in staple crops, by genetic means or by fertilization (Sautter; Gruissem,
2010). The development of consumer products based on cane honey, or any of the cane derivatives, maybe y be
a relatively inexpensive and market-friendly strategy, which could be industrially and commercially attractive.
A similar idea is reported by Watanabe, Nakabaru, Taira, Ueno, Kawamitsu (2016) and Scheid et al. (2020), but
in a culture of basidiomycetes.

The cariostatic effect of cane honey and cane derivatives is presumably due to their phosphate content.
But a synergistic effect of the addition of phosphates to a diet of brown sugar on the inhibition of dental caries
in hamsters suggested the presence of additional bioactive substances (Stralfors, 1966). This has also been found
in the collaboration between Ryukyus University and Japan's Taiyo Kagaku Co., which reported the isolation
of two phenolic bioactive compounds from sugarcane molasses, which have inhibitory properties against the
cariogenic bacteria Streptococcus mutans and Streptococcus sobrinus comparable to commercial antibacterial
agents (Takara; Otsuka; Wada; Iwasaki; Yamashita, 2007) because of glucosyltransferase inhibition.
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Antioxidant and cytoprotective activities are also found in brown sugar produced from panela,
suggesting that the bioactive compounds behind these properties are transferred from cane honey (Segui;
Calabuig-Jimenez; Betoret; Fito, 2015). Researchers from the Central Institute of Food Technology Research
and the University of Mysore, India, found that a brown sugar concentration of 4 mg/mL provided 97 %
protection in a research model of NIH 3T3 cell oxidation (Harish Nayaka; Sathisha; Manohar; Chandrashekar;
Dharmesh, 2009). On the other hand, a group from the Ehine Graduate School of Medicine and the Foundation
of International Oriental Medicine Research showed that topical application for 19 weeks of the unsweetened
fraction of brown sugar prevented chronic skin aging induced by UVB rays in an in vivo model with hairless
mice with melanin (Sumiyoshi; Hayashi; Kimura, 2009). It is suggested that this may be due to the inhibition of
increased expression of matrix metalloproteinase-2 and vascular endothelial growth factor (Harish Nayaka et
al., 2009). Similar results are reported by Zhao et al. (2018) and, Uchenna, Adaeze, and Steve (2015). Researchers
from Japanese, Egyptian, Finnish, South Korean, Thai Universities and one Japanese sugar company have
shown that brown sugar produced from panela has functionally and morphologically restorative effects in
chicken intestines, with significant consequences for body weight gain, indicating a possible role in animal
nutrition (El-Abasy et al., 2004; Amer et al., 2004).

Anticancer effects of sugarcane derivatives have been reported. Yoshimoto, Kurata, Fujii, and Hou
(2008) found, through in vitro and in vivo experiments, that sugarcane vinegar depressed an induced mutation
in Salmonella typhimurium TA98. The bioactive component, 3, 5'-di-O-methyltricetin is 3', 5'-di-O-methyl
or tricin, extracted by chromatography, estimated as phenolic, effectively depressed the proliferation of a
promyelocytic leukemia cell line. Its administration to mice on a 5 % diet significantly stimulated the activity
of killer cells and showed a tendency to depress tumor cell proliferation. The phenolic extract containing the
glycosides tricin (5,7,4-trihydroxy-3,5-dimethoxyflavone), apigenin (4,5,7-trihydroxy-flavone), and luteolin (3,
4, 5,7-tetradihydroxy-flavone), extracted from sugarcane extract by a Brazilian group, showed antiproliferative
in vitro activity against several human breast cancer cell lines, with greater selectivity towards resistant NIC/
ADR line cells (Duarte-Almeida; Novoa; Linares; Lajolo; Genovese, 2006).

Sucrose is the most important component of cane extract derivatives, between 76.55 and 89.48 %,
followed by reducing sugars (3.69 to 10.50 %) and water (1.50 to 15.80 %). The relatively large range of moisture
content is due to differences in the conditions of the manufacturing process of this mainly artisanal product.
The mineral (ash) content is relatively high (0.3-3.6 %). The protein content ranges from 0.37 to 1.7 % and fat
content from 0 to 0.1 %. No dietary fiber has been reported. The basic difference between cane extract derivatives
and refined sugar is the presence in the former of reducing sugars and significant amounts of minerals and
other minor constituents. The nutritional and functional difference will then depend on the determination of
this group of minor components (Guerra; Mujica, 2010; Colombian Institute of Family Welfare [ICBF], 2014;
Rodriguez; Segura, 2004; Waheed; Ahmad, 2008).

For minerals in cane extract derivatives, there are ranges for calcium, chloride, and potassium around
100 mg/100 g, followed by phosphorus, sodium, and magnesium around 10 mg/100 g, copper and iron around
1 mg/100 g, manganese and zinc around 0.1 mg/100 g and chromium and cobalt around 0.01 to 0.001 mg /100 g
(Guerra; Mujica, 2010; ICBF, 2014; Rodriguez; Segura, 2004; Waheed; Ahmad, 2008).

As for the content of vitamins present in cane extract derivatives, vitamin A is reported in a range of
1.90 mg/100 g, carotenes 80.75 ng/100 g, vitamin B1 0.03 mg/100 g, vitamin B2 0.07 mg/100 g, vitamin B3 2.14
mg/100 g, vitamin B5 0.70 mg/100 g, vitamin B6 0.25 mg/100 g, vitamin B9 3.33 pg/100 g, vitamin C 4.23 mg/100
g, vitamin D2 2.17 mg/100 g and vitamin E 55.65 mg/100 g (ICBF, 2014; Shaheen et al., 2013; Singh et al., 2015;
Waheed; Ahmad, 2008).

The antioxidant activity of cane extract derivatives has been quantified by free radical scavenging

assays, these measures are difficult to compare due to different methodologies and units of measurement,
but it has important antioxidant capabilities. The study published by Payet, Shum-Cheong-Sing, and Smadja
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(2005) showed that the DPPH method obtains 22.1 % and the ABTS method between 47.1-51.3 % inhibition.
Harish Nayaka et al. (2009), using the DPPH method, report 7.81ug/ml EC50. Okabe et al. (2008), using the
DPPH method, show 935.67 mmol Trolox equivalent/100 g. Phillips, Carlsen, and Blomhoff, (2009), using the
RAP method, report 0.204 mmol/100 g. The relative importance of this antioxidant capacity has been partially
addressed by Phillips et al. (2009), who calculated that the increase in antioxidant content that would result from
the substitution of refined sugar with raw cane sugar would be 0.1 to 0.2 mmol per day. Intake of antioxidants
from cane extract derivatives would be similar to the contribution of tea or fruits, which are considered high
in antioxidants (Phillips et al., 2009). Replacing refined sugar with cane extract derivatives can contribute
significantly to the cumulative antioxidant content of the diet.

Since 2006, at least eight reports have been published on antioxidant activity in sugarcane leaves, other
parts of the plant, sugarcane extract, and molasses (Abbas et al., 2013). This activity has been quantified by assays
of radical-capturing activity and others, such as DPPH, plasma ferric reducing capacity (FRAP), [3-carotene/
linoleic acid, and phosphomolybdenum reduction. All these studies agree on the relatively high antioxidant
activity of sugarcane, sugarcane extract, and molasses, and on their potential functional importance. Antioxidant
activity correlates significantly with the total phenolic content measured by the Folin-Ciocalteu enzyme (Harish
Nayaka ef al., 2009; Payet et al., 2005). Other studies identify individual phenolic antioxidant compounds in the
sugarcane and sugarcane extract plant (Abbas et al., 2013, 2014; Vila; Colombo; of Lira; Yariwake, 2008).

As for the contents of other bioactive molecules, Payet et al. (2005) report 25.96 mg gallic acid
equivalent/100 g, and Harish Nayaka et al. (2009) 3873 mg gallic acid equivalent/100 g. Likewise, the presence
of at least 15 phenolic aglycones (Galvez; Kwon; Genovese; Lajolo; and Shetty, 2008; Harish Nayaka et al., 2009;
Payet et al., 2005) was identified and quantified through HPLC or NMR. The phenolic compounds in sugarcane
have traditionally been of interest to sugar technologists as one of the causes of color in sugarcane products.
A wide variety of plant pigments and natural dyes have been identified in the leaves and extract of sugarcane
(Paton; Doung, 1992). The cane plant itself mainly supplies low molecular weight plant pigments: flavonoids,
chlorophylls, carotenes, xanthophylls, and phenolic compounds, which provide approximately 30 % of the
entire color of raw sugar. The rest is provided by high molecular weight dyes, many of them the product of
chemical transformations during the processing of the cane (Paton; Doung, 1992).

More than twenty amino acids have been identified in cane extract derivatives, 70-80 % including
Aspartic Acid-Asp, Asparagine-Asn, Glutamic Acid-Glu, and Glutamine-GIn (Nakasone; Ikema; Kobayashi,
1990). It is suggested that amino acids play an important role in the aroma formation of panela. The presence
of amino acids was confirmed directly when acrylamide was detected in cane extract derivatives (Hoenicke;
Gatermann, 2005). This substance is suspected to be carcinogenic, and it forms when carbohydrates and the
amino acid asparagine are subjected to high temperatures, such as baking, frying, and roasting (Dybing et al.,
2005).

Thirty volatile compounds have been identified in cane extract derivatives by gas chromatography
coupled to a mass spectrometer (GC-MS), most are furans, furanone, 2-acetylpyrrole, or 5-(hydroxymethyl)
furfural, a product of thermal degradation of carbohydrates via caramelization or Maillard reactions during the
manufacturing process (Payet et al., 2005). Maillard glucose-amino acid reactions also produce different aromas
depending on the amino acid (Wong; Aziz; Mohamed, 2008).

Jaffé (2012), in a review, identified 27 reports of a wide range of health effects of cane extract derivatives
or extracts thereof, in in vitro or animal research models. Within that, only two articles report human trials. The
bioactive compounds proposed as possible causes are minerals: Fe, Cr, and P in the form of phosphates and
phenolic compounds. In two cases, specific bioactive polyphenols have been identified, such as tricin, apigenin,
and luteolin. The strongest evidence of an effect on health is the increase in the formation of hemoglobin and
red blood cells caused by their iron content, reported in humans by at least two articles (Jaffé, 2012). The cause-
and-effect relation between iron consumption and increased hemoglobin and red blood cells has been accepted
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by the European Agency for Food Safety and therefore claims to this effect are permitted in Europe (European
Food Safety Agency [EFSA], 2014). The statistically significant increase in hemoglobin in preschool children
after the consumption of a beverage fortified with cane extract derivatives or its extracts has been demonstrated
(Arcanjo et al., 2009), which has led experts to consider it as a food fortifier (Nishad; Selvan; Mir; Bosco, 2017;
Arcanjo; Amancio; Braga, 2013). Antiatherogenic effects have also been reported (Penson; Banach, 2021).

In Pakistan, toxic trace elements such as arsenic, bromine, mercury, antimony, and selenium have been
detected by means of high-performance anion-exchange chromatography with conductivity detector (HPAEC-
CD) in cane extract derivatives or extract thereof (Waheed; Ahmad, 2008), but its content is within the levels of
human tolerance. Acrylamide (Hoenicke; Gatermann, 2005), a product of the manufacturing process, and its
formation can be reduced or avoided by controlling some process parameters (Dybing et al., 2005). In a recent
study, Mesias et al. (2020) showed specific evidence of the evolution in the formation of acrylamide, such as
the °Brix, pH, reducing sugars, furfural, browning, and phenols increase; and the humidity and asparagine
content decrease. Thus, it was determined that the sample of freshly squeezed fresh extract and clarified extract
and processed at temperatures below 100 °C did not contain levels of acrylamide; in contrast, the samples of
concentrated extract at more than 100 °C to 60-65 °Brix, and in the sample of block panela produced at more
than 120 °C, levels of 298+31 ug acrylamide/kg and 890+15 pg acrylamide/kg were found, respectively. This
corroborates the previously reported evidence on the effect of heat treatments on acrylamide production, for
example, in the study by Vargas et al. (2014) 800 pg acrylamide/kg panela product are reported; in unrefined sugar
140 pg acrylamide/kg product is reported (Hoenicke; Gatermann, 2005); in block panela, 540 pg acrylamide/kg
product are reported (Gomez-Narvaez et al., 2019).

5. Conclusions

The foregoing is an overview of the different metabolites of products derived from S. officinarum. The positive
health effects of cane honey and its derivatives are clear. It is evident the need to reformulate the NTC that
determines the minimum parameters in the products derived from sugar cane, the above, not with the aim of
generating another impediment to the productive chain, but quite the opposite, in order to generate an added
value to the products, in terms of integral use of biological, nutraceutical and biofunctional properties of the
metabolite set. These quantifications will generate added value to the products and give them enough nutritional
relevance to negotiate better prices, as well as the option to think about new products for the market. This effort
must be accompanied by a national and agreed characterization with the productive sector, which makes it
possible to study the potential of the subregions of cultivation, for example, in the Hoya del Rio Suarez that
includes sectors of the Departments of Santander, Boyaca, and Cundinamarca or in the areas of Valle del Cauca
or Antioquia. It is suggested, at a minimum, that the parameters of total phenol content, antioxidant capacity,
and acrylamide, be added to the NTC 1311:2009 (Icontec, 2009), and the study of the possible incorporation into
the other group of standards of characterization of products derived from S. officinarum as described in Table
2 and 3 is initiated, or to create a new group of NTCs that standardize their measurement using the standards
available for sugars or similar products, derived from entities such as ISO, ICUMSA or the International Sugar
Organization.
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