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A B S T R A C T 

 

Introduction 

In recent decades a large number of papers have demonstrated the 

importance of the consumption of fruit, due to the presence of functional 

compounds. However, a portion of industrialized fruit is discarded as 

solid residue, providing an excellent opportunity for the evaluation of 

processing residues. The seeds, peel and fruits with low added value for 

fresh consumption can represent approximately 50 % of the processed 

fruit and these can be transformed in new products. This potential use is 

dependent on the characterization of the material properties [1]. Of the 

great variety of fruits appreciated and exploited worldwide, guava (P 

sidium guajava) is one of the most complete and balanced due to its 

nutritional value, low-calorie content and high fiber, bioactive 

compounds and vitamin C contents [2, 3]. India, China, Thailand, 

Pakistan and Mexico are the world’s largest guava producers [4]. 

 

In guava fruit and its derivatives bioactive compounds such as tannins, 

flavonoids, essential oils and sesquiterpenoids can be found [2, 3, 5]. In 

the processing of guava for the production of sweets and pulps, the fruit 

pulp removal and refining are the main point of the generation of solid 

residue, which is made up of peels, seeds and residual pulp. In processing 

to produce pulp the residue constitutes 30% by weight and the seeds 

represent approximately 6% of this residue. Many studies have been 

carried out to determine the composition of the residue produced during 

the industrial processing of guava for application in various sectors [1, 

2, 6]. Guava solid residues contain approximately 90.81% of moisture, 

in a dry basis, around 75% of total carbohydrates, 10% of crude protein, 

11.71% of ether extract and 1.25% of ash. Fiber represents the principal 

component of guava processing solid residue [7]. 

 

There are few industrial food plants that carry out processing applying 

the concept of cleaner production, considering the whole fruit as raw 

material, looking for further applications for components which are 

generally considered as residues. This approach leads to the generation 

of a questionable residue from the microbiological aspect, due to the high 

moisture content and the low valorization of the 10% of total solids 

present in this residue. There are several articles focused on the 

properties of guava processing solid residues and effect of the drying on 

The solid residue from pulp production of guava (Psidium guajava) represents around 30% of the raw 

material. The drying of this residue on drier’ trays at 45, 50, 55, 60, 65 and 70 °C was investigated. After 

drying, the material was ground in one of two types of mills: a knife or a hammer mill. Guava flour samples 

were characterized according to their water absorption capacity (WAC), oil holding capacity (OHC), 

emulsifying and foaming properties, lycopene, total carotenoids and phenolic compounds. The drying 

curves show typical behaviour and five mathematical models (two-term exponential, Henderson and Pabis, 
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applied in the experiment, only the Henderson and Pabis model, when adjusted to the experimental data 

obtained at temperatures of 45 to 50 °C did not represent the drying kinetics of the guava processing solid 

residue, with coefficients of determination of 0.9376 and 0.6905, respectively. The type of mill and the 

drying temperature influenced the phenolic compounds, lycopene and total carotenoids. The WAC was 

higher than the OHC for all drying temperatures, due to the high content of dietary fiber in this residue. 
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guava [2, 5, 8]. However, there appears to be no reports available on the 

characteristics of the flour obtained from this solid residue as raw 

material. Therefore, the aim of this work was to study the kinetic of the 

drying at several temperatures and to evaluate the characteristics of flour 

obtained from a guava pulping residue after drying and grinding using 

knife mill and hammer mill. 

 

Materials and Methods 

 

The solid residues investigated in this study were obtained from the 

guava pulp production process carried out by companies located in the 

city of Petrolina (latitude 09o23'55" S and longitude 40°30'03" W, 

altitude 376 m above sea level), Pernambuco State, Brazil. After the 

collection of the solid residues from the guava pulp production machines 

they were homogenized, packed in polyethylene bags, in portions of 

approximately 100 g and then frozen at a temperature of -18 ± 1 °C until 

the experiments were carried out. 

 

The preparation of the drying curves, after determining the moisture 

content using the gravimetric method, was carried out in an oven with 

forced air circulation (New Ethics, model400/A, São Paulo, Brazil), set 

at six different temperatures (45, 50, 55, 60, 65 and 70 °C). The drying 

curves were constructed in triplicate using data on the point of evaluation 

(time) and temperature, with masses between 2.0000 and 3.0000 g 

placed in glass weighing crucibles and kept in an oven with forced air 

for periods of 10 min. After this time the crucibles were removed and 

weighed on an analytical balance on a plate protected by a circle of cork. 

After weighing, the crucibles were returned to the oven for another 10 

min and this procedure was performed until the change in weight was 

less than 1.0 mg for successive weightings, or until the sample reached 

the equilibrium moisture content. Drying curves for randomized 

experiments were constructed for the six temperatures studied. 

 

The samples dehydrated at the different temperatures were used to obtain 

flour by grinding in an IKA® hammer mill (A-11model) and Cadence® 

knife mill (model MDR301). The dry milled material, called flour, was 

packed in polyethylene bags which were stored in plastic pots, wrapped 

in aluminum foil together with a silica gel sachet. For the fitting of the 

mathematical model to the experimental drying data, a nonlinear 

regression analysis was performed applying the Gauss-Newton method, 

using the computational program STATISTICA 7.0®. The values for of 

the model parameters were estimated as a function of the independent 

variable time (in min) and the dependent variable relative humidity 

(RH). 

 

To assess the quality of the fit of different mathematical models with the 

experimental data the coefficient of determination (R2) and the mean 

square deviation (MSD) were used as criteria for setting the analysis, as 

described in Equation1. 

 

Where: RX pred = Moisture content predicted by the model; RX exp = 

experimentally determined moisture content. 

 

Flours obtained at different drying temperatures and ground in a knife 

and hammer mill were characterized by scanning electron microscopy 

(SEM). The samples were fixed with double-sided tape, on aluminum 

supports, metallized with a gold layer of 350 Å thick, with a metallizer 

model D2 Diode Sputtering System manufactured by ISI (International 

Scientific Instruments) and then submitted to analysis in the SEM (JEOL 

JSM-6390LV). The oil holding capacity (OHC) of the guava solid 

residue flour was evaluated according to the methodology proposed by 

Lin et al. with modifications [9]. A sample (0.5 g) of the flour residues 

was added to 3 mL of cooking corn oil in a pre-weighed Falcon tube. 

The contents were stirred for 1 min and allowed to stand for 30 min. 

After this time, they were centrifuged at 2000 x g (Hermle Z 200A, 

Labortechnik, Berlin, Germany) for 25min and the free oil was 

discarded. The tube with the residue was weighed and the oil retained 

after centrifugation was expressed as a percentage. 

 

The water absorption capacity (WAC) of the flours was determined 

according to the Glória and Regitano-D’arce method, where 5mL of 

distilled water and 1.0000 g of sample was placed in a previously 

weighed centrifuge tube [10]. The dispersion was stirred for 1 min on a 

vortex (Biomixer® QL-901, Brazil) and allowed to stand for 30 min. The 

supernatant was discarded and the tube with the residue was weighed. 

The water retained after spinning was considered as absorbed water, and 

the result was expressed relative to the amount of water absorbed (g 

water) per gram sample. The foaming properties were evaluated 

according to Siddiq et al. with modifications [11]. A sample (0.5000 g) 

of guava residue flour was dispersed in 50 mL of Mc Ilvaine buffer 

solutions (disodium phosphate –citric acid) with pH 2.5, 5.6 and 8.0. The 

dispersion was vigorously stirred in a blender (Walita® LiqFaz, Brazil) 

for 5 min and then transferred to a 50 mL graduated cylinder. The 

volume of foam formed was recorded as the foaming capacity (mL/100 

mL). 

 

The emulsifying properties of the guava residue flour were determined 

according to Kaur and Singh [12]. Samples (0.3500 g) of flour were 

homogenized for 30 sec with 5 mL of distilled water in a Vortex 

(Biomixer®). Corn oil (2.5 mL) was added and the mixture was 

homogenized again for 30 sec. Another 2.5 mL of corn oil was then 

added and the mixture was homogenized for a further 90 sec. The 

material was centrifuged at 500 x g for 5 min. The emulsifying activity 

was calculated by dividing the volume of the emulsified layer by the total 

volume before centrifugation. The stability of the emulsion was 

determined following the same procedure used to determine the 

emulsifying activity. However, before the centrifugation the samples 

were subjected to thermal treatment at 85 °C for 15 min. The emulsion 

stability was determined as the percent of emulsifying activity after the 

heating. 

 

The samples obtained were evaluated for the content of total carotenoids 

and lycopene by the spectrophotometric method, according to 

Rodriguez-Amaya [13]. To determine the total phenolic content of the 

flours in the dehydrated residue from the guava processing, 

hydroalcoholic extracts (methanol: water) were obtained according to 

Bloor [14]. The content of total phenolics (µg gallic acid g-1) was 

estimated using the Folin-Ciocalteu reagent [15]. All assays were carried 

out at least in triplicate. Data were presented as the average and the 

standard deviation. Averages were compared applying analysis of 

(1) 
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variance (ANOVA) and mean separations Tukey’s multiple range test (P 

≤ 0.05).  

 

Results and Discussion 

 

Guava pulp processing residue was dried at six different temperatures 

and the drying profile was obtained. Table 1 show the values for the 

equation parameters of the mathematical models tested: diffusion 

approximation, two-term exponential, Handerson and Pabis, logarithmic 

and Page, respectively, which were fitted to the experimental values for 

the drying kinetics of the guava solid residue. The diffusion 

approximation model provided the best fit with the data for the drying of 

the solid residue at a temperature of 60 °C, since at this temperature the 

coefficient of determination (R2= 0.9995) was closest to 1. The mean 

square deviation (MSD) (0.008) also corroborates the finding that the 

diffusion approximation model gave the best fit with the data for drying 

at 60o C (Table 1). 

 

Table 1: Parameters of the models: diffusion approximation, two term exponential, Henderson and Pabis, logarithmic and Page, coefficient of determination 

(R2) and mean square deviation (MSD) for the drying of guava pulp processing residue at 45, 50, 55, 60, 65 and 70 °C. 

Diffusion aproximation 

 a k B R2 (decimal) MSD 

45 0.00315 0.107893 0.134411 0.9991 0.011 

50 -0.02322 1.119691 0.012708 0.9955 0.026 

55 0.00272 0.248668 0.060365 0.9979 0.018 

60 0.08126 0.245399 0.061820 0.9995 0.008 

65 -130.875 0.023288 0.997606 0.9913 0.011 

70 -0.00492 0.768696 0.025576 0.9914 0.011 

Two-term exponential 

 a K R2 (decimal) MSD 

45 1.0000 0.014545 0.9991 0.011 

50 0.0048 2.872565 0.9952 0.027 

55 0.0077 1.927482 0.9979 0.018 

60 0.0835 0.181095 0.9949 0.008 

65 0.0052 3.356372 0.9986 0.014 

70 0.0034 5.672267 0.9969 0.023 

Henderson and Pabis 

 a K R2 MSD 

45 0.10928 -2.36567 0.9376 0.093 

50 0.17277 -45.1983 0.6905 0.298 

55 0.99855 0.015029 0.9985 0.018 

60 0.95865 0.015777 0.9987 0.013 

65 1.00798 0.017625 0.9987 0.014 

70 1.02696 0.01999 0.9974 0.021 

Logarithmic 

 a k c R2 (decimal) MSD 

45 1.006174 0.0138 -0.015438 0.9995 0.008 

50 1.017238 0.0136 -0.011265 0.9953 0.026 

55 1.001110 0.0137 -0.028462 0.9990 0.012 

60 0.960831 0.0154 -0.006084 0.9988 0.013 

65 1.015021 0.0166 -0.017076 0.9993 0.010 

70 1.056659 0.0175 -0.048354 0.9987 0.015 

Page 

 n k R2 MSD 

45 1.010566 0.013873 0.9917 0.010 

50 1.013976 0.01306 0.9953 0.026 

55 1.027929 0.013288 0.9980 0.017 

60 0.918992 0.023463 0.9978 0.017 

65 1.052065 0.013980 0.9990 0.012 

70 1.082752 0.013831 0.9979 0.019 

The two-term exponential model provided the best fit with the data for 

drying at 45 °C, since for this temperature the coefficient of 

determination (R2=0.9991) was closest to 1. The MSD (0.011), although 

higher than the result obtained for the drying temperature of 60 oC, is the 

second lowest for the samples evaluated, which corroborates the finding 

that the two-term exponential model gives the best fit with the data for 
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drying at 45 oC. The Henderson and Pabis model provided the best fit 

with the data for the drying of the solid residue at 60 oC, since at this 

temperature the coefficient of determination (R2= 0.9987) was closest to 

1, and the MSD (0.013) also corroborated this finding (Table 1). 

 

Previous studies on a model for the drying kinetics of guava processing 

residue could not be found in the literature. The logarithmic model as 

well as the two-term exponential model provided a good fit for data 

obtained for the guava residue drying at 45 °C, with R2= 0.9995 and an 

MSD value of 0.008 (Table 1). With regard to the Page Model (Table 1), 

the highest value for the determination coefficient (R2= 0.9990) was 

obtained for the drying temperature of 65 ºC, although the MSD value 

for this temperature was slightly higher than that obtained for the drying 

temperature of 45 oC, suggesting that the Page model best fits the data 

related to drying at 65 °C. 

 

Therefore, for temperatures applied in the experiment, of the models 

tested, only the Henderson and Pabis model fitted to the experimental 

data obtained at temperatures of 45 to 50 °C (with coefficients of 

determination of 0.9376 and 0.6905, respectively) did not represent the 

drying of the guava processing residue. However, all of the other models 

tested, for which the determination coefficients were > 0.99 and the 

mean square deviations were < 0.02, can be used to predict the drying 

kinetics of the solid residue produced during guava pulping, for the 

drying temperatures studied in this experiment. In relation to the best fit, 

the highest values for the determination coefficient (R2 = 0.9995) were 

obtained for the drying temperatures of 60 oC and 45 oC applying the 

diffusion approximation model and logarithmic models, respectively, the 

MSD being 0.008 for both models. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Kinetics of the drying of guava processing residues at six 

temperatures. 

 

The data points for the drying of the guava solid residue at temperatures 

of 45, 50, 60, 65 and 70 °C, expressed by dimensionless moisture 

content, on a dry basis (db), are shown (Figure 1) as a function of the 

drying time in min. The behaviour of the drying curves does not present 

a period of constant drying for the conditions tested, despite the high 

initial moisture content of this residue (1.5304 db). In a general sense, 

the behaviour of the guava solid residue was the same as that of other 

agricultural products [16, 17]. For lower drying temperatures (45 and 50 
oC), the stabilization of the moisture ratio occurred after 250 min and for 

a temperature of 70 oC (the highest temperature studied in our 

experiments), the stabilization occurred after 160 min. The drying at 55 
oC provided a dried product with the lowest moisture ratio (0.0038), but 

with a stabilization time of 280 min. In order to find an equation for the 

drying curves obtained for the guava processing residue fitting was 

carried out using polynomial equations (Table 2). All of these equations 

can be used to fit the drying curve model for the guava solid residue since 

they present R2 values higher than 95 %. But because they are empirical, 

these equations can be used to predict drying data for the same 

temperatures and conditions investigated in our study. 

 

Table 2: Equations for the kinetics of the guava solid residue drying at 

six temperatures. 

Temperature (°C) Equation R2 ( %) 

45 y = 5.0 x 10-6x2 – 0.0064x + 1.5958 0.9931 

50 y = 1.0x10-6x2 – 0.0056x + 1.5878 0.9947 

55 y = 7.0x10-6x2 – 0.008x + 1.6533 0.9791 

60 y = -1.0x 10-6x2 – 0.0054x + 1.5576 0.9978 

65 y = 1.0x10-5x2 – 0.0098x + 1.6605 0.9818 

70 y = -2.0x10-5x2 – 0.0054x + 1.5535 0.9961 

 

The oil holding capacity (OHC) and water-absorption capacity (WAC) 

are important properties of flour. In this regard, the effect of the kind of 

mill and the drying temperature were evaluated (Table 3). At general 

stand point there was a statistical difference (p≥0.05) between the OHC 

values for samples ground in a knife mill and dried at 50 and 70 oC, but 

does not a statistical difference between 45, 55, 60 and 65 oC. In this 

case, does not increase the OHC with the temperature to the knife mill. 

In the case of the samples ground in a hammer mill, the difference 

between the data obtained at 60 and 70 oC was significant. There was a 

general increase in the OHC with the temperature. Thus, the type of 

fracture can determine the characteristics of the particles. Although the 

solid residue studied had a crude protein content of around 10 %, no 

studies on the OHC of this material could be found in the literature. 

However, in one study of Fontanari et al., a guava seed protein isolate 

produced at pH values of 10.00 and 11.5, reached 1.75 and 2.25 mL of 

oil g-1 of protein [18]. 

Table 3: Oil holding capacity (OHC) (g of oil/g of flour) and water absorption capacity (WAC) (g of water/g of flour) of guava processing residue flour 

samples produced at different temperatures, ground in a knife or hammer mill. 

Temperature (oC) 
Knife mill(1)   Hammer Mill (1)  

OHC WAC  OHC WAC 

45 1.020±0.040ab 2.253±0.011ce  0.897±0.031ab 2.457±0.102a 

50 0.933±0.036b 1.947±0.024fe  1.020±0.033ab 2.400±0.053ªb 

55 0.947±0.018ab 2.200±0.013dbe  1.007±0.044ab 2.163±0.082ab 

60 0.957±0.004ab 2.073±0.016e  1.213±0.071a 2.313±0.204ab 

65 1.007±0.049ab 2.277±0.096b  1.020±0.127ab 2.000±0.067b 
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70 1.053±0.016a 2.437±0.031a  0.950±0.040b 2.360±0.127ab 
1Average of triplicate analyses ± standard deviation. 

Averages followed by the same letters in the same row do not different according to the Tukey test at a 5 % probability. 

 

The water absorption capacity is higher than the oil holding capacity for 

samples ground using the two milling techniques and also for all drying 

temperatures applied. This result is related to the fiber content of the 

residue, as well as the presence of lipids and carotenes, since these 

components do not have hydrophobic characteristics but instead have 

hydrophilic canals where water can be bound in this material. On the 

other hand, the variation in the water absorption capacity was greater for 

the flour samples obtained in the knife mill compared with those 

obtained in the hammer mill. This characteristic also varied at a low 

degree according to the drying temperature, the WAC values for samples 

produced at 60, 65 and 70 oC being statistically different and also those 

dried at 45, 50 and 55 oC showed statistically different values (p≥0.05). 

 

The results for WAC obtained in this study, considering all treatments, 

drying temperatures and milling methods, are higher than those 

registered for guava seed protein isolate produced at pH 10 and 11 by 

Fontanari et al., who reported levels of 1.0 to 1.75 mL of water g-1 of 

protein [18]. Also, these results are similar to the native and toasted soy 

flour” WAC [19]. On the other hand, for flours of other solid residues, 

such as pumpkin and papaya seeds, WAC values of between 4.468 and 

6.408g of water g-1 of flour, respectively, have been reported [20]. These 

authors considered that the high WAC was due to the high fiber contents 

of the pumpkin and papaya seed flours, which were higher than the fiber 

content of the guava flour obtained in the study reported herein.  

 

Dietary fiber can be used to enrich products and as an ingredient, due to 

its composition of polysaccharides, lignin, oligosaccharides and resistant 

starch, along with other compounds, which can confer different 

functional properties when applied in the food industry. Dietary fiber has 

important physiological effects and one option for increasing the fiber 

content of the human diet is the use of fruit processing residues by the 

food industry [21]. 

 

Table 4: Emulsifying activity (EA) of guava solid residue flour obtained 

using a knife or hammer mill and drying temperatures of 45, 50, 55, 60, 

65 and 70 °C. 

Temperature (oC) Knife mill(1) Hammer mill(1) 

45 0.477±0.022a 0.503±0.018ªb 

50 0.463±0.016a 0.453±0.011b 

55 0.447±0.009a 0.503±0.016b 

60 0.460±0.013a 0.507±0.011a 

65 0.457±0.011a 0.487±0.011ªb 

70 0.463±0.011a 0.503±0.018ªb 
1Average from triplicate analyses ± standard deviation. 

Averages followed by the same letter in the same row do not different 

according to the Tukey test at 5 % of probability. 

 

With regard to the emulsifying activity (Table 4), the values for the 

guava processing residue flours produced in the knife mill did not differ 

with a variation in the drying temperature. The emulsifying properties, 

which are an important aspect in the preparation of salad dressings and 

meat products, are related to the aqueous solubility of proteins, since 

they can reduce the interfacial tension between the hydrophobic and 

hydrophilic components in foods [21]. Guava residue flour does not 

present foaming activity, which suggests it is not suitable as an 

ingredient in foods where this property is required, such as ice cream, 

mousses, and others. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Scanning electronic micrography (700 X) of guava solid 

residue flour obtained using knife mill, dried at 45 (A), 50(B), 55(C), 

60(D), 65(E) and 70(F). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Scanning electronic micrography (700 X) of guava solid 

residue flour obtained using hammer mill, dried at 45 (G), 50(H), 55(I), 

60(J), 65(K) and 70(L). 
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The type of particle size reduction, by hammer or knife mill, can be 

investigated by verifying whether the expected effects according to each 

type of grinding are observed in the microscopic structure of the flour 

particles. Structural food research, with regard to the identification of 

components and their interaction, can be performed using scanning 

electron microscopy [22]. In the micrographs represented by (Figures 2 

& 3), the presence of spheroidal shapes on the material surface, both for 

grinding in a knife mill and as a hammer mill, whose diameters have 

little variation; so that these structures grow, in number, between drying 

temperatures of 45 to 55 °C. Regarding the structure, it is possible to 

observe that the material presents an irregular surface, with smooth parts, 

striated parts and the orifices of the vascular channels of the vegetable. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Scanning electronic micrography (55 X) of guava solid residue 

flour obtained using knife mill, dried at 45 (M), 50(N), 55(O), 60(P), 

65(Q) and 70(R). 

 

The micrographs obtained in this work indicate the presence of lignified 

bodies in plant tissues, such as seeds, leaves and pulp, including 

Myrtaceae family [23]. The stone cells are regular spheres that 

commonly occur in Myrtaceae. Regarding the distribution of the 

particles, in an increase of 55 times (Figures 4 & 5), it is observed that 

they do not have a defined shape, presenting a spongy surface aspect, 

typical of flours with high fiber content. Considering the importance of 

residues as a source of bioactive compounds, lycopene, total carotenoids 

and phenolic compounds, they were determined in the flours obtained at 

different drying temperatures ground in a knife and hammer mill (Table 

5). 

 

For flours obtained in a knife mill, it is observed that the highest levels 

of lycopene are relative to the dry material at 50 and 70 °C, with no 

statistical difference (p≤0.05) between these values. For the dry material 

at a temperature of 45 °C, the lowest lycopene content was obtained, 

with a statistically different value (p≥0.05) for temperatures of 50, 65 

and 70 °C. When these results are compared with the morphological 

evaluation based on electron micrographs, it is suggestive to say that the 

particle size has influenced the best extraction of lycopene (Figure 4). 

Another factor with the possibility of influencing the lycopene content 

is the lower exposure of the material during drying, because at higher 

temperatures, the exposure is lower and in this work the drying times for 

an initial mass of approximately 3.5 g decreased from five hours and 

twenty minutes, drying at 45 oC, for three hours drying at 70 °C. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Scanning electronic micrography (55 X) of guava solid residue 

flour obtained using hammer mill, dried at 45 (S), 50(T), 55(U), 60(V), 

65(X) and 70(Z). 

 

Table 5: Total carotenoids, lycopene and phenolic compounds of guava solid residue flour obtained using a knife or hammer mill, drying temperatures of 

45, 50, 55, 60, 65 and 70 °C. 

Temperature (oC) 

Total carotenoids1 Lycopene1 Phenolic compounds1 

(µg g-1) 

(1) (2) (1) (2) (1) (2) 

45 3.7±0.24d 5.9±0.03a 2.1±0.23c 4.4±0.03a 990±41.3b 987±8.6ª 

50 5.6±0.82a 4.7±0.04ab 3.5±0.39ab 3.5±0.03b 1,130±2.,3ª 876±42.8b 

55 4.2±0.51c 1.9±0.36c 2.6±0.32bc 1.4±0.27d 1,010±29.4b 966±4.21ab 

60 4.3±0.26b 2.9±0.16bc 2.5±0.23bc 2.2±0.12c 1,005±53.9b 914±74.7ab 

65 4.0±0.61d 3.1±0.26bc 2.9±0.16b 2.6±0.25c 969±51,2b 891±126.5ab 
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70 47±0.53a 4.3±0.38b 3.9±0.37a 3.3±0.28b 965±39.3b 883±48.6b 

(1) Knife mill; (2) hammer mill 
1Average from triplicate analyses ± standard deviation. Averages followed by the same letter in the same column do not different according to the Tukey 

test at 5 % of probability. 

 

Although not the same residue used in our study, Kong et al. investigated 

the drying of the residue from a guava pulp decanter, applying the 

response surface methodology for the optimization of the drying [24]. A 

temperature of 43.79 oC and a drying time of 6.41 h led to the lowest 

degree of degradation of the lycopene. The relation between time and 

temperature was significant in terms of the behaviour of the dependent 

variables. When comparing the averages for the lycopene content 

extracted from the material milled in knife and hammer mills, there is a 

significant difference (p≥0.05) between the lycopene content for 

material dried at 45 and 50 oC, milled in a knife and hammer mill, 

respectively. Regarding the lycopene content in solid residues from 

pulping guava, there are few studies in the literature, most of which are 

aimed at investigating total carotenoids, antioxidant activity and 

phenolic compounds. 

 

However, Kong and Ismail evaluated the lycopene content in the residue 

from the processing of guava to obtain puree, in various stages of the 

process (decanter, sieves and refiners), finding values of 71.2, 57.7 and 

39.4 µg g-1, respectively, values higher than those found in the present 

work, where residues are predominantly seeds and peels, at final of the 

process [25]. Another possible difference with the present work is in the 

drying process, the residues studied by Kong and Ismail, were 

lyophilized, promoting lower losses of lycopene. In addition to the 

analytical methodology used, which may have influenced these 

differences [25]. In fresh guava, the lycopene content can achieve the 

range of 43.80 to 69.99 µg g-1 [26 - 28]. According to Padula and 

Rodriguez-Amaya, lycopene accounts for 86% of the carotenoids 

present in the guava peel [29]. Regarding the daily recommendation of 

intake (ID) of lycopene, the Institute of Medicine of The National 

Academy of Sciences, recommends an intake between 5 and 10 mg [30]. 

Therefore, the residue of the processing of the guava, after drying and 

grinding, in an amount around of 5.0 g of elaborated product, would meet 

the daily needs for lycopene intake. 

 

The values for the carotenoid content for the material milled in a knife 

mill are higher for the temperature of 50 °C, however they do not differ 

statistically (p≤0.05) from those extracted from the dry material at 60 

and 70 °C and also milled in a knife mill; which demonstrates that the 

drying temperature, under the conditions carried out in the present work, 

did not interfere with the stability of the carotenoids, in order to degrade 

them. The lower content of carotenoids extracted from the sample dried 

at 45 °C, suggests water interference in the matrix, or even greater 

degradation of carotenoids due to a longer exposure time of the material 

during the drying step. Regarding the carotenoid content of the dry 

residue at the temperatures of the present work and ground in a hammer 

mill, the highest value corresponds to the drying temperature of 45 °C, 

the opposite behaviour to that observed for a knife mill, this fact suggests 

that there are differences in particle structure obtained by different 

milling processes. 

 

Regarding the content of carotenoids extracted from dry samples at other 

temperatures, it is observed (Table 5) that there were no significant 

differences (p≤0.05) for the content of carotenoids extracted from the 

dry material at 50 and 70 °C and at 60 and 65, and 65 and 70 °C, this fact 

shows that the drying of the residue from the processing of the guava 

carried out under the conditions of the present study, can affect the 

stability of the carotenoids present. 

 

Souza et al., carried out the nutritional characterization and evaluated the 

composition of bioactive substances in Brazilian tropical fruit residues 

although in this work the lycopene content was not evaluated, it was 

found for the guava residue 644.9 ± 10.02 μg 100g-1 in total carotenoids, 

which is equivalent to 6.45 ± 0.01µg g-1, these results being above that 

found in the present study [31]. The decreasing of carotenoids in this 

study can be related to the particle size and temperature. The main cause 

of loss or destruction of carotenoids during processing is oxidation [13]. 

The degradation of carotenoids by oxidation was also observed by Nunes 

et al. [8]. 

 

The content of phenolic compounds in the residue from the processing 

of guava (Table 5) is between 883 and 1,130 µg g-1, with statistical 

difference (p≥0.05) for the dry material at 50 °C and the other 

temperatures for knife mill and dry material at 45 and 50 and 70 °C for 

hammer mill, with no statistical difference (p≤0.05) for other drying 

temperatures. When confronted with the contents of phenolic 

compounds corresponding to the two milling processes, it appears that 

the two highest and lowest values correspond to the drying temperatures 

of 45 and 50 °C, however, in an inverted way, that is, for knife mills, the 

highest content of phenolic compounds corresponds to the material dried 

at 50 °C whereas for the hammer mill this content is relative to the dry 

material at 45 °C, these facts show that in addition to the drying 

temperature, the grinding process also interferes in the content phenolic 

compounds that can be extracted from the plant matrix under study. 

 

The behaviour for the content of phenolic compounds verified in the 

present work through electron micrographs, reinforce the thesis that the 

spherical forms, verified in the micrographs with a 700-fold 

magnification (Figures 2 & 3), can be due to lignin, which has an 

amorphous structure. Souza et al. found a content of phenolic 

compounds of 24.63 ± 0.29 mg 100 g-1 for the guava industrial residue, 

which is lower than that found in the present study [31]. Thaipong et al. 

determined the content of phenolic compounds in six genotypes of red 

and white guava produced in the states of Florida and Alabama in the 

United States of America, finding significant differences in the contents 

of phenolic compounds, expressed in mg of gallic acid per 100g of fresh 

pulp, with the lowest content corresponding to the Ruby Supreme variety 

(170.0 ± 5.6) of red pulp and the highest content corresponding to the 

Allahabad Safeda variety (344.90 ± 33.6) of white pulp [32]. These 

values are higher than those found in the present work. 

 

Castro-Vargas et al. in order to find other alternatives to strengthen the 

guava productive chain, a fruit of great importance for Colombia, tested 

the efficiency of several processes and solvents in the extraction of 

phenolic compounds from guava seeds [33]. The contents of phenolic 
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compounds, in mg of gallic acid per 100g of seed, varied according to 

the solvent and method, with the lowest content (50 ± 1 mg 100g-1) for 

extraction with supercritical CO2 and ethyl acetate as co-solvent and the 

highest content (176 ± 10 mg 100g-1) for conventional extraction in 

Soxhlet and using ethanol as solvent extractor, what can justifies the 

variations found between different researches. 

 

The comparison of the contents of phenolic compounds determined by 

Thaipong et al. and Castro-Vargas et al., suggests that the contribution 

of seeds to the content of phenolic compounds in the residue from the 

processing of guava is significant, since in the present work, the content 

of phenolic compounds varied, in µg of gallic acid per g of dry residue, 

between 876 ± 42.8 (drying at 50 °C and grinding in a hammer mill) and 

1,130 ± 24.3 (drying at 50 °C and grinding in a knife mill) [32, 33]. 

According to Hassimotto et al., the total phenolic content in red guava 

pulp (124.0 mg 100g-1) was lower than that found in the skin of this fruit 

(420 mg 100g-1) [34]. 

 

Fruit residues may represent a good alternative for use as functional 

foods, but the safety of these residues, regarding the presence of 

pesticides, toxins and other contaminants, must be considered. Thus, in 

the food industry, the whole fruit should be considered as a raw material, 

including the peels and seeds, and the same quality criteria currently 

applied to the commercialized fruit need to be applied to these 

components which are generally considered as residues.  

 

Conclusion 

 

The two-term exponential model and the Henderson and Pabis model 

provided the best fits with the data obtained for flour samples dried at 45 
oC. The diffusion approximation model gave a good fit with the data for 

the guava processing solid residue dried at a temperature of 60 °C, while 

the Page model provided the best fit with the data for the samples dried 

at 65 °C. Of the models tested applying the temperatures used in the 

experiment, only the fits for the Henderson and Pabis model with the 

experimental data for the samples dried at 45 to 50 °C did not represent 

the drying kinetics, with coefficients of determination of 0.9376 and 

0.6905, respectively. 

 

The WAC was higher than the OHC for the flours produced in knife and 

hammer mills, for all drying temperatures, which is attributed to the high 

dietary fiber content of this material. The emulsifying capacity of the 

guava processing residue flours produced in the knife mill did not vary 

according to the drying temperature. However, for the samples ground 

in the hammer mill, the values obtained for samples dried at 50 and 60 

ºC showed a statistical difference, but for the other drying temperatures 

no differences were observed. 

 

Total carotenoids, lycopene and phenolic compounds present in the 

residue from the guava processing, are influenced by the drying 

temperature and the type of grinding, with the phenolic compounds 

present in significant amounts in the studied residue. 

 

Considering the volume of this kind of residue produced globally, future 

studies should be carried out with the aim of providing a new source of 

dietary fiber for food formulations. 
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