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T8 MATERIALES Y METODOS

En esta seccion se describe como se realizo el
trabajo de tal manera que otros puedan reproducirlo
(REPRODUCIBILIDAD).

Especificar los MATERIALES en cuanto a:
origen/procedencia, caracteristicas generales, grado
de pureza, numero de lote, fabricante, etc.

Especificar los METODOS con la referencia
adecuada o detallar la metodologia desarrollada.
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Antioxidant Capacity of Binary and Ternary Mixtures of Orange, Grape,
and Starfruit Juices

2.MATERIALS AND METHODS
2.1. Raw Material

Orange (var. Washington navel), red grape (var. Alfonso
Lavallet), and starfruit (var. Golden Star) samples were ob-
tained from the cities of Huaral (Lima, Peru), Gran Chimu
(La Libertad, Peru) and Viru (La Libertad, Peru), respec-
tively, and immediately were subjected to juice preparation.

2.2. Process for Obtaining Juices

The raw materials were selected based on their state of
maturity and macroscopic high quality. Selected fruits were
washed to remove foreign material. Juices were extracted by
cold compression or crushing (for oranges) (Pulper DFV 19-
40 I/C, Vulcano, Peru). Subsequently, in order to remove
fraces oI bark, sceds and excess of pulp in the juice, raw
quices were filtered under vacuum (through a 110 mm diame-
ter Buchner funnel using Whatman No. 4U). Finally, glass
bottles were filled with the juices, covered with aluminum
foil fo prevent oxidation and stored in domestic refrigerator

(7%1 °C) yntil further analysis.

2.5. In vitro Antioxidant Capacity of Mixtures

Pure samples and mixtures in study were subjected to
analysis in order to measure the in vitro antioxidant capacity
by a method developed by Brand-Williams er al. [20],
by the Department of Pharmacognosy and Pharma-
cobotany of National University of Trujillo, that 1s based on
the reduction of absorbance at 517 nm of 0.1 mM DPPH
radical. The reactions were performed using 5 mL of DPPH
ethanol solution at 0.1 mM as volume, and 50 pL of sample.
The mixture was homogenized carefully; it was left to stand
at room temperature protected from light over 30 minutes
betore absorbance at 517 nm reading. A spectrophotometer
(SpectroQuest 4802 UV-Vis, UNICO, USA) was used and
methanol and 0.1 mM DPPH solutions were used as negative
and positive control. The percentage of DPPH radical scav-
enging (% DPPHgagical scavenging) OF the tested sample was cal-
culated by the Equation 1:

% DPPHRgadgical scavenging = (Abs control — Abs sample)*100 /
(Abs control) (Eq. 1)
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b} Biocapaaty calcula non. Reserve a percentage of 14_2% from the total biocapaaty aiming to cover other species needs. In
resource [28]. Since the real wealth can be measured by the work previously done to produce something, Emergy is consid- this present work, that percentage corresponds to Peru's area with natural vegetation envisioning biodiversity pres-
ered a scientific measure of real wealth in terms of the energy previously required o make something [29] ervation | 17]. Venetoulis and Talberth [ 55] took the first step towands making formal accommodation for other spedes
Emergy analysis (EA) allows the accounting for additional flows that influence sustainability, such as waste, soil loss, hu- reserving 13.4% of the biocapacity. Existing gap studies suggest that if i ly 13.4% of the termestrial land on

Earth were protected, 55% of all species that are signifi with inction would meet targets for sur-
vival |37] In regions with high levels of spedes richness and endemism, large percentages of their territory would
reguire protection

Footprint calculation Include two important categories: soil loss and water consumption Those categories are not

man-labor, water use, among others. Besides that, all previous available energy used to make something is considered in the
calculation procedure, presenting the energy memory of the product or process in the final indicators. On the other hand, EA
presents some deficiencies, mainly those related to criteria and accuracy. Below, there is a brief description of the deficien- ¢

&)

cies on the emergy methodology that we consider important for the purpose of the present paper: accounted for in the EF-GAEZ method, neither in Zhao's approach. Water and soil are essential factors to agricultural
production In fact, wau‘r is 50 important to human activities that Hoekstra and Hung | 14| stated that it should be con-

(a) EA does not define which isits sustainability indicator. Possible indicators are renewability (%R, [3]) or emergy sus- sidered an good. with water are related to its scarcity, excess and deterioration of its
tainability index (ESL [49]). Some published papers consider ESI as the sustainability indicator, but others consider quality. Another major factor endangermg the long term food supply is the loss of soil fertility [ 11]). High technology

the %R, or even all emergy indices assessed at the same time. agricultural systems cause the loss of top soil at an impressive rate: corn production in lowa, USA, implies the loss of

{b) bility and emergy tainability index do not have standards. For example, some authors indicate that in a about 20-30tons of top soil per year per hectare; a sustainable system would tolerate 2 loss of only 1 ton ha™' year™!
long time perspective systems with hngh “l,_,es of renewability emergy index are acceptable [3], but what is the min- |35]. Similar situation is found in populated developing countries: 30tonha~' year~! in India and 40 tonha~' year—" in
imum value of bility to be consi tainable? For processes and products, the use of ES| index is more China. Considering that 500y ears are needed to restore 2.5 cm of top soil [35), soil loss is a serious form of biophy sical

capital depletion.
(d) Biocopacity and footprint colculation. The use of global empower density (GED) is different than the use of loal
empower density (LED) as proposed by Zhaoet al [61]. LED {in se] ha~', where ha is equivalent to local hectares) cor-

enlightening. Brown and Uligiari [3] indicate that for values of ESI below 1, products and processes are not sustainable
at along time period, while they are rather sustainable if ESI equals 1, and clearly sustainable for ESI higher than 5.

(€) Assuming a country's emergy assessment only the biggest natural renewable flow is considered to avoid double responds to obiain a footprint in local hectares. Using GED (in se] ha~', where ha is equivalent to global hectares) cor-
accounting [29]. That procedure occurs, because all of the natural emergy flows come from the same emergy baseline. responds to obtain results in global hectares. Zhao et al |61] have used LED for footprint and GED for biocapacity, but
That approach may be a temporary solution, but the methodology does not consider the flows from internal natural in this present paper, GED was used for both indicators, making it possible to compare therm.
capital storages that produce several environmental services and antribute to the health of human-dominated sys- (€} Biocopacity and footprint coluletion. Consider the total area of evaluated systems. As previously discussed, EF-GAEZ
tems. As well as non-renewable internal storages such as soil, minerals, natural gas, coal, and so on are considered exdudes areas where resources donotappear tobe directly utilized for the purpose of human consumption and waste
in the analysis, we believe that natural capital should be accounted for as a natural renewable resource. assimilation This exdusion, however, disregards the role that these areas provide in generating global biocapacity or

supporting critical ecosystem services that sustain both human and non-human life onthe planet. From our perspec
‘ive, however, the entire surface of the Earth is relevant since most of the surface participates in the carbon cyde. This
change also acknowledges the interconnectedness of the biosphere.

(d) The lack of available emergy intensity® factors with good quality is a deficiency of the emergy methodology. We consider
that the International Society for the Advancement of Emergy Research (ISAER, hitp:| 'wwwemergysociety.org) could
elaborate a handbook with several emergy intensity factors with controlled quality, taking into account different criteria
for that purpose as numeraire (energy, exergy or mass), emergy baseline, technology and calaulation year. 2.1, Biocapacity calculation
By far, strong points overcome weakness on both ecological footprint and emergy analysis methods Knowing their lim-

itations and advantages allows an attempt for their mutual improvement. The objective of this work is to discuss a potential

convergent approach between EF-CAEZ and EA, and apply it to a case study.

Biocapacity should be clculated as function of available renewable resources. The quantity of natural renewable -
sources for countries varies, but the main sources are solar radiation, tidal energy, deep Earth heat and internal storge of
natural capi@l. All those natural renewable flows in energy and/or mass units are accounted for in the biocapadty calcul-
tion. The accounting for natural capital isa novelty in this work compared toZhao's et al |61] approach that have considered
the baseline emergy flows as biocapacity. Natural capital is an internal storage of acountry that was filled up during several
decades {or even centuries) by external natural energy flows. Nowadays, mainly the under development countries are
dependent of that storage. For that reason, we have considered natural capital as a supplier of renewable mesources, ie. it
'was accounted for in the total biocapacity.

The conversion of energy andjor mass flows to emergy flows is made using the emergy intensity factors: emergy (se-
J)= energy or mass flow (] or kg)* emergy intensity factor (se] |~ or sef kg~'). After that, emergy per capit is calculated
through the division of each emergy flow by the population of the country under study, resulting in se] person™' units.
In order to obtain the biocpacdity per apita (BCp in gha person™'") in units of area, the emergy of biocapadty per pita
(EMBCp in sef person~} of each flow are divided by global empower density {GED, 3.1 x 10" seJgha~" from [61]): BCp
(gha person') « EMBCp (se] person~'}/GED (sef gha™').

Finally, all the flaws in glohal hectares per capita are summed up and the percentage of 14 7% is subtracted, aiming the
preservation of other species. The final value obtined represents the total biocapacity available in global hectares per apita
of the evaluated system.

2. Proposed method for EF caleulation based on emergy: emergetic ecological footprint (EEF)

Anew approach based on EF-GAEZ and EA was originally proposed by Zhao et al. [61], slightly modified and used by Chen
and Chen [6,7] to investigate the resource consumption of the Chinese sod ety from 1981 to 2001 and by Siche et al. [41] to
make a diagnosis of Peruusing 2004 data. Zhao's approach consists incalculating biocapacity as natural renewable resources
and the footprint as the system consumption, both in emergy units. The calculation procedure is basically to obtain those
resources and consumption data in energy andfor mass flows, and convert them in solar emjoules (sef) using the respective
emergy intensity factors. After that, biocapacity and footprint can be estimated using the empower density® (se] ha=' - global
empower density in the biocapacity calculation, and local for footprint calculation).

Zhao et al. [61] introduced EA's concepts into the EF framework, but that approach did not remove main weaknesses
found in the original methodologies. For example, the three main natural external flows that drive the biosphere (solar radi-
ation, deep Earth heat and ridal energy) are considered to calculate the biocapadty. We consider that procedure correct in
order to calculate the amount of natural external renewable resources that the systems consume, but not to calculate the
biocapacity. In other words, Zhao et al. [61] considers a biocapacity based on natural renewable external flows, not account-
ing for the energy and mass flows supplied by available internal storages of natural capital.

22, Footprint colcule tion

Usando textos

‘We suggest four changes in this present paper aiming to improve Zhao's ap proach: Consumption was divided in seven @tegories: agriculture (induding food and soil loss), pasture, fishing areas, wood and
firewood, energy tricity, and patable water for human use. Those categories are very sim-

{a) Biocapacity calculation. Calcul ate biocapacity as function of natural renewable resources in emergy units, considering ilar to Zhao's et al [61] approach, but hl‘"-‘W'-‘ have considered two new categories: soil loss and potable water for human
the sum of solar radiation, deep Earth heat, tidal energy and internal natural capital storage. The novelty presented use. Consumption of each ctegory, except soil loss and water use, was calculated through the following expression:

Consumption = Production + Importation — Exportation.
Soil lass category (SL) in energy units was obtained using the following equation: SL (Jyr')= current soil loss
(54 m™ ytar"] *area urcmp(rrr‘] percentage of 0rganic matter * energy content in organic mam:rug"]. where percentage

here is the inclusion of the item internal natural capital (storage) responsible for producing several ecosystem services
(flows). At this time, we assumed that flows could be represented by the net primary productvity (NPP) of preserved

namural forest systems. So, we "-?msmemd the forest biomass accumulated in a year period as the amount of energy of organic matter is estimated as 3% | 2], energy content in dry organic matter is 22,604 Jg~'[2]. In this work, soil loss cat-
flow available from natural capital storage Jezory considers only the ozanic matter last in erosion processes.
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