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Abstract This paper reports the development of technology for the processing of a renewable natural resource for the
sustenance of small farmers in the south of Brazil. The technology was applied to the processing of maté leaves, neem
leaves and coffeeleaves. The processing of maté leaves, lineage “Cambona 4”, was carried out in a laboratory prototype for
singeing, where the enzymatic inactivation was accomplished. The initial moisture of the maté leaves was 61.9% (wet
basis). At the end of four minutes of singeing, under the action of combustion gases at the average temperature of 181°C,
the moisture was reduced to 14.6% (wb). The leaves were then dried in a vibrating bed drier operating at the frequency of
60 Hz and amplitude of 0.5 mm, with air flowing at the temperature of 66°C. The convective coefficients of heat transfer
were measured in singeing and drying operations, and the average values were 5.3x10-3 to 10.1x10-3 and 1.62x10-3
kJ/m2.s.°C, respectively.Further information about processing of sheets is included.
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1. Introduction

Tea, maté, coffee and neem are important crop in several
tropical and sub-tropical regions of the world.Many
products from leaves are marketed as "tea," although the
term to be closely associated with the beverage from the
leaves of Camellia sinensis.

Tea and maté can be processed in various ways, see
Figure 1[20],[24]. To demonstrate the quantities of water to
be removed and wood to be burnt, the Figure 2 illustrates
thatfor every ton oftea leaving the factory, approximately 9
ton of material enter the factory[20].

On arrival at the tea factory, the shoots are spread out in
layers, so the air can be blown through the leaf mass to stop
the temperature rising from respiratory heating and to
reduce the moisture content[20].

1.1. The Sustainable Use of a Natural Resource

In small rural properties in the south of Brazil, the
production system of largest ecological and socio-
economicimportance is the one formed by native species,
where the maté tree takes part. This activity constitutes a
source of employment and continuous annual income for the
small rural producers,[4],[8],[9],[14].

The city of Machadinho, located in the north of the Rio
Grande do Sul State-Brazil, has, according to[15], more than
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90% of the rural properties with area s maller than 50 hectares,
which represents 0.13% of'the area of the Rio Grande do Sul
State. In this area, 17.8 thousand t/year of maté leaves are
produced, participating with 3.2% of the state’s production.
This production represents on the average 23% of the total
income of the small producers.
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depends fundamentally on the increase of the internal and
foreign markets for the maté (dried and triturated), and the
addition of value to the final product marketed (new
products). Especially for the foreign market of foodstuffs,
the quality demands and the guarantee of uniformity of
composition and flavor of maté products require
standardized handling conditions of the culture and genetic
material.

In this sense, the raw material used in this research was
organic and genetically homogeneous, consisting ofa variety
of'the species Ilex paraguariensis St. Hil, which received the
denomination lineage “Cambona 47, by the group of the
Agro forestal Systems, Project “Floresta”, of the Brazilian
Agricultural and Livestock Research Institute - EMBRAPA
(Colombo, Parana State). Figure 3 is a picture of the tree that
originated lineage “Cambona 4”. This original tree,
exuberant, got the attention of the maté leaf producers of the
city. It was found that the drink coming fromaqueous extract
of leaves matéhad aroma and flavor smooth. The tree,
although having developedin adverse conditions and under
thermal stress from solar radiation, showed significant
resistance, sparing special cultural treatments, because it
developed ratheraway from the group of trees ofwhich
llexparaguariensis is one of the components.

The Environmental Impact Report of the Machadinho
Dam in Rio Grande do Sul State showed that 1.5 million
trees should be planted to compensate for the amount
flooded by the dam. The Environment Secretary of the State,
which inspects the re-planting, authorized the planting of the
maté tree fromthe variety lineage “Cambona 4” in an area of
105 hectares[2],[21]. In the bordering lake, 376,000 trees of
the 74 native species found in the area had been planted
(from which 30 are fruiting trees). The reforestation with
279,930 maté trees in an area adjacent to the above
mentioned bordering lake, correspond to 74% of the number
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of trees in that area, which is quite expressive.

Maté tree plantations of organic “Cambona 4” already
exist in rural properties close to the lake of the Hydroelectric
Power Plant of Machadinho - Rio Grande do Sul State,
which were used in the processing tests in this work.

2. Drying Techniques

Several products such as pharmaceutical, biological and
food products are submitted to drying by convection with the
objective of preserving its properties. The vibrating beds
have been widely used for conductive or convective drying
of granular products, pastes and powders[7],[17]. In
vibrating dryers the forces acting on the particles are weak,
making them appropriate for processing friable materials.
Figure 4 illustrates the principle of operation of vibrating bed
dryers[3],[23].

In this work the processing of maté leaves was carried
out in a singeing equipment and in a vibrating dryer of
perforated tray, which allows the gentle transport of the
leaves during the drying process. The device is compact,
and doesn't need a return mechanism. In this study, the heat
transfer coefficients during the singeing and the drying of
maté leaves were measured. The singeing consists of a stage
preliminary to the drying in which the enzymatic
inactivation of the leaves happens, avoiding their darkening
[19].

The singeing operation was done using a singeing
prototype comprised by a perforated cylinder with diameter
of 0.35 m and length of 0.50 m. The maté leaves were
placed inside the perforated chamber and the operation
carried out in batch. Figure 5 consists of a view of the
singeing equipment.
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Figure 3. View of the original tree lineage “Cambona 4”
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Figure 4. Principle of operation ofa vibrating bed dryer

The control parameter to measure the efficiency of the
singeing operation was the final color of the leaf, which
should be close to the natural one, olive green and
presenting brittle aspect, even though with some flexibility.
These characteristics, desired for the product of the singeing,
are based on observations in the industrial processing of the
maté leaves, such as those verified at “ErvateiraBardo” and
“ErvateiraCamol”, processing plants respectively in Bardo
de Cotegipe and Machadinho, both in Rio Grande do Sul
State-Brazil. These characteristics should produce the
typical aroma indicative of good acceptability of the
product. After each singeing operation, samples were
placed in a stove at the temperature of 105°C until the
constant mass, which was also done in the drying.

The vibrating bed dryer used in this work consists of a
horizontal chamber with dimensions of 1.61 m by 0.70 m
by 0.987 m, provided with a perforated tray of stainless
steel to supply air through the material that moves on the
tray (see Figures 6 and 7). This tray has dimensions of 1.6
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m by 0.25 m, with holes 0f 0.0015m of diameter disposed in
a triangular arrangement and with distance between two
holes of 0.0022 m. It has an inclination of 25° in relation to
the horizontal to facilitate the flow of the material. The tray
is connected to a structure supported on springs. In the
structure two electric vibrators of 0.33 hp of unbalanced
masses are connected, arranged symmetrically on the two
sides of the structure but inclined 45° in relation to the
hor-izontal. The unbalanced condition provides the
vibration of the structure. The amplitude and frequency of
the vibration operation was of 0.5x10” m and 183 rd/s. The
dimensionless Aw’/g was of 1.7, which represents the
number of times that the vibrational force is greater than the
gravitational one, where: A is the vibration amplitude; o is
the velocity angular and g is the gravity acceleration. The
drying air is admitted by the blower of 2 hp placed in the
left extremity of the drier (see Figure 6).
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Figure 5. View of the singeing equipment

At the top of the cyclone, shown in Figures 6 and 7, an
exhauster of 1.5 hp drags small particles and conduct the
drying air to the outlet. To the right, in the central part of
the body of the dryer, there is an inspection window, which
was used to get samples to measure the temperature of the
leaves during the drying process. Through the inspection
window a calorimeter was inserted and maté leaves were
put inside it to measure the temperature.

2.1. Singeing

Preliminary experiments using the singeing equipment
showed with during the processing the internal temperature
at the top of the singeing equipment was of 120°C, which
was measured with a copper-constantan-thermocouple. The
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temperature at the bottom of the singeing equipment
(242°C), in an area oxidized by the heat, was determined
with the use of a laser temperature meter (Raytek-Raynger
ST). To determine the convective coefficient of heat
transfer, the temperature o fthe gases, 181°C, was evaluated
as being the arithmetic average between the indicated
temperatures. After about 5 minutes of processing, the

singed maté leaves had the desired qualitative
characteristics, even though some presented charred
borders.
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Figure 6. Outline of the vibrating bed dryer
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Figure 7. View of the vibrating bed dryer

Singeing experiments were made at the rotation of 80 rpm
and using around 100 g maté leaves in each test. The average
moisture content of the processed maté leaves was 61.9%
(wb). From the global mass of 500 leaves (642.83 g), the
average mass of a leaf was determined to be 1.29 g. Thus, 77
leaves were added in the singeing equipment for each
singeing batch. In each experiment a new sample of maté
leaves was used, and the singeing time was varied from 0.5
to 5 minutes. Three maté leaves were removed from each
experiment to quantify the loss moisture in the singeing
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process. The results are shown in Figure 8, and the Equation
(1) consists of the result of a polynomial adjustment [21]
using the software Statistica 7-StatSoft®with confidence
level of 95% (as well as in the other correlations of this
work). Technical details about singeing using the indicated
methodology can be obtained in[23] and[24].

During the singeing the stomata open or the
aqueousvessels of the leaves break up by dilation under the
action ofheat[6], and this process has vital importance on the
quality of the product. Concerning Figure 8, it can be seen
that during the first minute of processing the singeing rate
increases (which is the angular coefficient of the curve). The
maximumrate remains constant untilnear the third minute of
singeing. After the third minute of operation the rate
gradually decreases.

The Equation (1) was derived as a function of time, and
the values multiplied by the mass of dry maté leaves
(S=38.1g) for specific times, which gave the rates of water
evaporation. The surface area of the leaves was determined
as a function of their moisture content, using Equation (5)
and their initial specific area, was equal to 52.63 cm2/g (to
see the section on heat transfer). The water evaporation rates
were divided by the area ofthe leaves, providing the water
flux (effective transpiration of the leaves during the
singeing). The results are shown in the Table 1.

X =1,624-0,124-1-0,149 1% —0,025 7>

(D
+0,02-t*-0,002-£
Table 1. Water flow duringthe singeing
Time (-dX/dt)S A F F/T*
(min) (g /min) (m?) (g/m’ min)

0 0.124 0536 8.98 04.9
05 0282 0523 20.54 09.5
10 0427 0520 30.86 16.8
15 0.520 0517 38.33 20.9
2.0 0.540 0515 39.94 21.8
25 0478 0509 3578 19.5
30 0343 0507 25.79 14.0
35 0.156 0.501 11.86 06.5

*T is the maximum transpiration of leaves from shady woody species
(average of1.84 g/mz.min); X is the moisture content ofinaté leaves; S is the
mass of dry maté; A is the area of maté leaves; F is the water flux

The maximum transpiration of shady woody species (with
stomata totally open), which are part of the mixed rain forest
(forest with pine trees), where the Ilex paraguariensis is part
of the under forest, varies from 1.30 to 2.38 g/m’.min, with
average of 1.84 g /. min[ 10].

Several singeing experiments were carried out (trip licate)
for 4 minutes, at the same operational conditions, to avoid
the charring that happened when operating during 5 minutes.
These operational conditions allow the maté leaves to attain
color and homogeneity characteristics of high standard,
when compared with industrial products[22].

The stomata of vegetable leaves, with abundance of water,
under moderate action of heat, they open allowing
transpiration. In a stress situation had to the heating, for
separate leaves of the plant, the stomata of the same ones if
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close. This consists of a physiological defense. However,
under action of the temperature increase, still moderate (with
leves in a stove), probably occurs rupture of cellular
membranes and enzyme activation, which will go to act on
the chemical constituent of the solution, causing irreversible
darkening. Sensorial tests with this material evidence the
occurrence of disagreeable flavor and aroma. When
submitting the leaves to the intense action of heat, in contact
with combustion gases, occur tissues rupture (what it can be
evidenced by crackling occurrence)[13]. As a consequence,
the moisture loss ofthe tissues is intense. It is probable that
enzymes inactivation occurs due to high temperature,
associated to the little water availability.
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X, kg water/kg dry mat?leaves
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Figure 8. Singeing curve; operation conditions: average gas temperature,
181°C; liquefied petroleum gas rate, 0.24 g/s; cylinder rotation, 80 rpm;
deviation from the average lowerthan 5%

The singed leaves were numbered from 1 to 500 (so that
they could be identified in the drying operation) and the
individual masses were measured to be used in the drying in
the vibrating bed. The residual average moisture of the 500
leaves was calculated after the singeing to be 14.6% (wb).
Comparing with the moisture content ofthe maté leaves after
4 minutes of singeing (see the Figure 8), which is around
10%, one can suggest that the difference is due to the
heterogeneity of the raw material. Therefore, carried out
experiments at these operational conditions, singed maté
leaves will be obtained with moisture content in the range
from 10 to 15% (wb). To obtain the moisture content needed
for commercialization, smaller than 5%, the maté leaves
should undergo drying after the singeing.

To measure the temperature of the leaves during the
singeing, experimentswere carried out using 100 g of maté
leaves in each one, which on average corresponds to 77
leaves. In each batch new maté leaves were used. A total
singeing time of 4 minutes was selected, which consisted of
the best visual conditions that produced singed maté leaves
homogeneous and with green-olive coloration.

In each experiment (in trip licate), samples of maté leaves
were removed at a pre-established time and placed in a
calorimeter made of Styrofoam, of cubic geometry with edge
of 0.15 m, with a copper-constantan thermocouple
(resolution of 0.1°C) inserted in one side, 0.05 m from the
bottom. The results of the temperature measurements of the
leaves are shown in Figure 9 and they are represented by
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Equation (2). The temperature of the leaves varies from25C,
at the beginning of the process, up to 90°C for a total
singeing time of 4 minutes.

T=91,9995-4,261- X —163,867- X2
+203,867- X°> —72,031- x*

(2

2.2. Heat Transfer

During the singeing and the drying, which consist of two
sequential thermal treatments, the maté leaves lose moisture.
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Figure 9. Temperature of the maté leaves in the singeing, standard
deviation lowerthan 3°C

The flow of heat received by the leaves can be quantified

by Equation (3).
(s 3
q 1) @ )

where: S is the mass of dry maté leaves; A is the water
vaporization enthalpy at the temperature of the surface of the
leaf; A is the area of the heat exchange surface of the leaves;
(-dX/dt) is the drying rate.

During the process, the heat is supplied in the singeing by
the direct flame fromburning liquefied petroleum gas and in
the drying by the heated air. Equation (4) correlates the heat
input with the convective coefficient of heat transfer, h.

qg=h(T, ~Ts) @

where: T, is the temperature of the gas and Ts the
temperature of the surface of the maté leaves.

During the process the cellular tissue of the leaves shrink
along with the loss of moisture. To measure the shrinking of
the leaves, an experiment was made (in triplicate) using
twenty leaves removed randomly fromthe tree, put inside an
oven and kept at the temperature of 60°C. The leaves were
previously marked, to be identified during the process and its
mass was measured.

Before putting the leaves in the oven, each one had the
contour of its surface drawn on sheets of paper with 624 cm’
of area and mass of 4.8228 g per sheet. The leaves were
periodically removed from the interior of the stove and the
procedure repeated. Each leaf had, then, two representations
on the paper surface. They were then cut out with scissors
and their areas were quantified by the proportionality
between the individual mass and the paper sheet. The results
are shown in Figure 10 and correlated by Equation (5). A is
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the area of the surface of the leaves and Ao the initial area.
The initial average moisture of the leaves was 61,9% (wb)
and after the dehydration in the stove the moisture of the last
sample was of 6.18% (wb). Analyzing the results of Figure
11, it can be seen that when they reached the moisture
content of 6.18%, there had been a 14% surface contraction
of the leaves. The initial average area of a maté leaf (two
faces) was 83 cm’. The specific average area of the maté
leaves was 52.63 cm’/g.

1.02

1.00
£ 098
<
o 096
m
- 094
w
2 082
2 nap — adjustment. Equation (3)
cC 2
5 g R=0970
& ® experimental points

0.86

084

0.0 0.2 0.4 0.6 0s 1.0 1.2 1.4
X, kg water/kg of dry maté leaves

Figure 10. Dimensionlessrate ofthe areas, standard deviation lower than
0,05

A 0,7741,643- X =5,419- X> 18,564 X

4 (3)
-6,39-X*+1,812- X7

The thicknesses of the leaves were measured at the

beginning and during the drying process in stove and the
results are shown in Figure 11.
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Figure 11. Variation ofthe thickness ofthe maté leaves as function ofthe

humidity content, standard deviation lower than 0,02 mm

Analyzing the curve that shows the variation of the
thickness, it can be seen that it varied from 0.44 mm to 0.25
mm, meaning a thickness decrease of 43%. This shows that
during the drying process the maté leaves shrink with greater
intensity in the normal direction to the faces of the leaf. This
happens, biologically, due to the physiology of the leaf,
which has small-specialized organs responsible for the
breathing metabolismand photosynthesis[10]. Therefore, the
moisture loss occurs preferentially on these surfaces, which
corresponds to a response from the biological tissue to the
thermal stress. The global percent shrink rate between the
thickness and the faces was of R=43.18/14.0, or R=3.0,
which shows that the percent contraction of the thickness of
the leaves is 3.0 times greater than the contraction of the
faces.

From the equivalence of Equations (3) and (4), Equation
(6) is obtained, which determines the convective coefficient

of heat transfer.
_S-A (_ d)%lt)

4 (Tg—TS)

(6)

Table 2. Parameters and values of the convective coefficient of heat transfer forthe singeing process

Tmin  Xkgkg TsC S10%kg AkJ/kg A/Ao A10m’ (-)dX/dmin* h*10°kJm’s'C

0 1.624 25.0 38.1 2442 1.00 5263 0.533 10.1

1 1345 50.0 38.1 2382 1.00 5263 0499 11.0

2 0.827 58.0 38.1 2363 097 5.105 0381 9.1

3 0348 78.2 38.1 2312 096 5.052 0234 6.6

4 0.104 90.0 38.1 2282 0.89 4.684 0.155 53

Table 3. Parameters and values of the convective coefficient of heat transfer for drying process
Tmin Xkg/kg TsC S10%kg AkJ/kg A/Ao A10m’ —dX *10°min’ h'10°%kJm’sC

0 0.171 25 245 2442 093 3.146 1.68 129
2 0.156 39 245 2411 092 3.126 141 1.62
4 0.130 48 245 2389 091 3.092 1.17 201
6 0.109 50 245 2384 090 3.058 0981 1.90
8 0.091 51 245 2380 0.88 3014 0819 1.72
10 0.076 52 245 2380 0.87 2967 0.684 156
12 0.064 53 245 2375 0.86 2906 0571 142
13 0.058 54 245 2372 0.85 2876 0.522 142
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Where: S is the mass of dry maté leaves; A is the water
vaporization enthalpy at the temperature of the surface of the
leaf; (-dX/dt) is the drying rate; A is the surface area of heat
transfer; T, is the temperature of the singeing gases and T is
the temperature of the surface of the leaf.

The data shown in Table 2 were obtained using Equations
(1), (2), (5) and (6). The latent heat of vaporization of the
water was obtained in[1].

The variation of convective coefficients of heat transfer
are, 5.3x10° to 10.1x10° kJ/m’s.°C for the singeing
operation, for the operation conditions used in the
experiments. These results show that the convective
coefficient of heat transfer it is presents more appreciable
variation after the second minute of singeing.

2.3. Drying Operation in Vibrating Bed Dryer

Maté leaves processed in the singeing equipment, coming
of several batches of 4 minutes each, according to the
operational conditions previously mentioned, were used for
processing in the vibrating bed dryer.

The singed material, 500 leaves making up a global mass
0f286.854 g, was used in the drying. Therefore, the average
mass of a leaf is 0.574 g and the average moisture is 14.6%
(X =0.171 kg water/ kg of dry maté leaves). Using Equation
(5), the dimensionless A/Ao was determined to be 0.93. The
initial area of the surface of the 500 leaves was: 52.63 cm’/g
x 642.832¢g (specific average area multiplied by the initial
global mass), giving the area of 33,832 cm2 (3.3832n1).
Using this parameter in the above relation, the area of the
singed leaves in the beginning of the drying operation is
calculated to be 0.93 x 3.3832 = 3.1464 m’.

In the drying (in triplicate) of the maté leaves, the
previously singed leaves were fed into the distributor of the
vibrating bed dryer, (see Figure 6). The leaves were then
dried in a vibrating bed drier operating at the frequency of 60
Hz and amplitude of 0.5 mm, with air flowing at the
temperature of 66°C and superficial velocity of 0.64 my/s.
During the process the maté leaves were recycled (re-fed) to
the distributor (see the Figure 6). The recycling criterion was
the following: when half of the mass ofthe leaves had exited
the dryer outlet they were fed back. After 1.08 min the first
maté leaf left the dryer. After 10.72 min half of the leaves
had left. Thus, the average residence time of them in the
drying chamber was of (1.08+10.72)/2 = 5.9 min. Before
being recycled, the temperature of this material was
measured with of the same calorimeter used in the singeing
process and the individual masses of the leaves were
measured to determine the average moisture content. This
was possible because numbers previously identified the
leaves and their masses were measured. The elapsed time for
the second halfofthe leaves to exit the dryer was 15 minutes.
The average drying time for this second half of leaves was:
(10.72 + 15)/2 = 13 min. The average drying time of the
leaves for a complete cycle was assumed to be the arithmetic
average between the two halves, or: (5.9 + 13)/2 = 9.4 min.
The same procedure was used in a second drying cycle. The
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results are shown in Figures 12 and 13, which refer to the
drying curve for maté leaves previously submitted to 4
minutes of singeing. The final moisture of the leaves after 13
minutes of drying in vibrating bed was X =0.045 (4.3% wb).
Equation (7) represents the curve of drying and Equation (8)
represents the temperature of the maté leaves. In Figure 13 it
can be seen that the temperature of the leaves increased
gradually with the decrease of the moisture content of the
solids.

X =0,187-exp(—0,09-¢) (7)
T =54,267+473,157- X —15114,99- X2 ®
+148200- X> —478300- X*

— adjustment, Equation {7)
RI=0.343
& experimental points

¥, kg of waterfkg of dry maté leaves

0 2 4 i] 8 10 12 14
Drying time, min

Figure 12. Drying curve of maté leaves previously submitted singeing,
deviation from the average lowerthan 5%

The data shown in Table 3 were obtained using Equations
(5), (6), (7) and (8).

These results show that the convective coefficient of heat
transfer, concerning the drying of the leaves in vibrating bed,
is about five times smaller than the convective coefficient of
heat transfer in the singeing operation.

50
55
50
45
40

35 — adjustment, Equation (8)
10 2=1.000

® experimental points
25

20
0.04

Temperature ofthe leaves, "C

006 008 010 012 014
X, kg of water/kg of dry maté leaves

016 018

Figure 13. Temperature of the maté leaves during drying in vibrating bed,
standard deviation lower than 3°C

These results show that the convective coefficient of heat
transfer, concerning the drying of the leaves in vibrating bed,
is about five times smaller than the convective coefficient of
heat transfer in the singeing operation.

The average convective coefficient of heat transfer is
1.62x10° kJ/m’s.C for the drying operation in vibrating
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bed, for the operation conditions used in the experiments.

Inthe drying ofthe singed leaves the water flux eliminated
for leaves is of 60% of the foliar transpiration of shady
woody vegetable species.

Considering the drying curve for the leaves previously

submitted to singeing (see the Figure 12) the angular
coefficient of the curve was calculated for the time zero
(0.0143 kg water/kg dry maté.min), what it corresponds to
the curve derivative in point zero. The evaporation rate was
calculated to be 0.0185 g water/m’.s. Comparing with the
previously indicated perspiration of the maté leaves in nature,
1.30 to 2.38 g/m>.min[10], it can be seen that in the drying
process the flux is inferior to the one in the natural
perspiration, chiefly due to the low moisture content in the
processed leaf which was previously singed.
There are few records of phenomenological parameters of
heat transfer concerning leaves. In Figure 14, for “gmelina”
leaves of several sizes in horizontal position, the behavior of
the Nusselt number (h.L/k) is shown, where h is the
coefficient of heat transfer, L the characteristic size of the
leaf and k the thermal conductivity of the air, as a function of
the Reynolds number (p.v.L/p), where p, p and v are the
density, viscosity and velocity ofthe air[5]. Theresults ofthe
beginning of the singeing and drying processes, obtained in
the current work (Lieayes av.= 0.086m), are shown in the same
figure. The Reynolds number was smaller for the singeing
process when compared to the drying in vibrating bed. The
behavior of the maté leaves is similar to the one for the
“gmelina”, meaning that the Nusselt number increases with
the increase of the Reynolds number according to an angular
coefficient of the same order. But the two curves are shifted,
thatis, for a same Reynolds number there are larger values of
the Nusselt number for maté leaves.

Representations as shown in Figure 14 are useful to
estimate the coefficient of convective heat transfer (h)
included in the Nusselt number. Knowing the value ofh, the
heat transfer to the leaves can be measured with Equation (4)
Newton's law of cooling.
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Figure 14. Relationship of Nu and Re for “gmelina” and maté leaves in
horizontal position
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2.4. Equilibrium Isother mals

Isotherms of yerba maté are fundamental to relate the
equilibrium moisture content of leaves with water activity
(RH in Figure 15), the experimental data were correlated by
Equation (9),[16]. Equation 9 is the correlation of
experimental data. At T = 25°C and water activities of 0.4
and 0.6, one obtains the equilibrium moisture content: 8.8%
(db)and 13.7% (BU), respectively. This shows the need for a
barrier transfer of moisture in the packaging of dry maté to
keep the quality.
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Figure 15. Mat¢ isotherms
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Referring to Figure 2, for the processing of maté, for 5
tons of Ilex paraguariensis processed, the moisture after 4
min of singeing, Equation (1), is 17.8% and after 13 min of
drying (Table 3) is 5.5 (wb) or 0.058 kg water / kg dry maté.
These datashow that after the singeing has 2.3 t of material,
after drying has 2.0 t. The production of dry maté is double
black tea due to the fact to select young leaves with higher
humidity in the processing of Camellia sinensis.

/
H4C

Figura 16.

Reference: ChemSpider
The free chemical database

Sructure of the azadirachtin molecule[12]
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Figure 17. Histogramsofnotes percentages of hedonic scale for flavor, in sensory testing for drink prepared with: (1) coffee leaves processed, (2) black tea

and (3) of yerba maté tea toast

2.5.Processing Leaves Neem

The Neem, Azadirachtaindica A. Jussieu, originates in
Buma, India. Neem products have valuable medicinal
properties and a multitude of traditional uses as medicine,
pesticide, insect repellent, fertilizer, food for diabetics and
the production of toothpaste.

The Azadirachtin, fromthe neem, is soluble in water, and
important active principle[ 12].The structure of the molecule
Azadirachtin is shown in Figure 16.

The purpose of the present section was the report of
process development to obtaindry neemleaves using
anenzymatic inactivator and a tray dryer with heating air.

The best operational condition consisted on singeingfor 5
min running the device in 200.1 rpm. The final product
resulted in olive green coloration, brittle aspect and absence
of peroxidase enzyme. The initial moisture of leaves was
reduced from 88.33% (wet base) to 24.81% (wb). Using a
drier with hot air stream (60°C) at 0.55 nv/s; after 120 min of
drying process the leaves moisture content, in wet base, was
5% approximately, that is an appropriate value for
storage[18].

Again, referring to Figure 2, nowprocessingneemto 5tof
sheets processed, the data show that after the singeing has
0.78 tand 0.61 t after drying. The production of dry neem is
quite lower than that of black tea and mate, due to higher
moisture neem leaves at harvest.

2.6. Enzymatic Browning and Enzymatic Inactivation by
Singeing

Certain fruits and vegetables intended for processing,
apples,bananas, potatoes, lettuce and other vegetables, when
injured, the plant tissues are broken and the enzymes are
placed in contact with the phenolic substrates, developing
dark areas in food that identify the phenomenon of
enzy matic browning. In intact plant tissues, the substrates are
not in contact with the oxidizing enzy mes and not darkening

occurs.

Peroxidase, a redox enzyme, participates in numerous
physiological processes in plants, including, loss of color,
taste, texture and nutrient of fruit[11]. The peroxidase
enzyme is considered a more heat resistant so that when
inactivated, certainly other enzymes are also inactivated.

To perform the test that detects the presence ofperoxidase,
were homogenized with water using a knife mill type, a
portion of the inactivated sample, and then filtering the
material.

Transferred to 2 mL of the filtrate to a test tube containing
20 mL of water was added 1 mL of 0.5% guaiacol. Then
there was added 5 drops of 0.3% hydrogen peroxide. It was
observed after three minutes, for changes in color, being
defined as (P) positive for brown and reddish (N) as negative
ifthe original colour had been maintained.

Whereas as control parameters of the operation
characteristics of the leaves after singeing and the test results
for peroxidase, it was found that processing of the mass of
200 g of neem leaves shows best results with the inactivator
operating at 200.1 rpm for five minutes, allowing green leaf
and partially brittle, which facilitates further processing,
especially for grinding.

2.7.New Products - Tea of Leaf Coffee

Referring again to Figure 2, now processing coffee leaves
similarly to the maté process. The initial moisture content is
69% after 4 min of singeing, the moisture is 30% (wb)
followed by drying with air heated up to 8% (wb). These data
show that the process 5 t leaves after the singeing has 2.2 t
and 1.7 t drying. The yield of dried leaves studied ranged
from 1to 2t foreach 5 t of leaves.

The processed leaves and used for sensory analysis to
verify the acceptability regarding the aroma and flavor, were
obtained in the Two Bridges Farm in the city of
Araguari-M G, Brazil. The coffee at this site is produced in
small quantities for consumption of selected customers. Are
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notused pesticides orchemical fertilizers, namely, having no
contaminants. The production is considered organic because
it meets the requirements for certification of this product.

For the flavor, surprisingly, the drink of coffee leaves was
very well appreciated (see Figure 17). This shows a potential
for expansion of new products using by-product of coffee is
the most consumed beverage in the world of which Brazil is
areference in quality and quantity.

3. Conclusions

Singed maté leaves were obtained with moisture content
in the range from 10 to 15% (wb). To obtain the moisture
content needed for commercialization, s maller than 5%, the
mate leaves should undergo drying after the singeing.The
temperature of the leaves varies from 25C, at the beginning
of the process, up to 90°C for a total singeing time of 4
minutes.On maté processing the contraction of the thickness
of the leaves is 3.0 times greater than the contraction of the
faces.The convective coefficient of heat transfer, concerning
the drying of the leaves in vibrated bed, is about five times
smaller than the convective coefficient of heat transfer in the
singeing operation.
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