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ABSTRACT 

Peeling of crambe fruits, besides increasing the yield of mechanical oil extraction, can 
increase its apparent specific mass from about 330 to 700 kgm−3, reducing transport and 
storage operating costs, as well as increasing cake protein content. However, there is no 
information on the quality of the oil extracted from the stored unpeeled crambe. This 
study aimed to assess the possible effects of peeling fruits submitted to different storage 
systems. For nine months, peeled and unpeeled crambe fruits were stored in conventional 
(permeable) and hermetic packages and water content, fatty acid, and acidity and oil 
peroxide indices were monitored. The experimental design was a completely randomized 
design in a 2 x 2 x 3triple factorial, with three replications. After analysis of variance, the 
mean data were compared by the Tukey’s test, being considered significant when p<0.05. 
The results showed that peeled crambe had better conservation in relation to that 
unpeeled, mainly when submitted to the hermetic storage system. 

 
 
INTRODUCTION 

The Brazilian energy matrix is characterized by the 
high share of renewable energy sources in its composition, 
and the greater integration of biofuels in this model        
can significantly contribute to reducing dependence         
on non-renewable sources, such as diesel and gasoline,   
and also in relation to renewable sources, such as 
hydroelectric energy. 

In this context, crambe is a promising alternative   
for biodiesel production since its seed can contain more 
than 42% of oil (Atabani et al., 2013; Santos et al., 2017). 
Also, its oil is not edible, not competing directly in the 
food market, in which soybean is the main oilseed used as 
raw material for more than 70% of the biodiesel 
production (Brasil, 2016), competing for human and 
animal consumption. 

Crambe peel, which remains attached to seeds after 
harvesting, represents up to 30% of the total mass of fruits 
and its removal could circumvent one of the major 
bottlenecks in the establishment of this production chain, 
i.e., its low apparent specific mass, which generates high 
costs of transport and storage. Moreover, crambe peeling 
operation is an essential factor that optimizes mechanical 
oil extraction, reducing the amount lost by the peel. Santos 
(2016) studied the effects of the peeling process on crambe 

oil extraction and concluded that the total peel removal 
provided a positive and significant effect on the 
mechanical extraction in an expeller type press, reaching a 
maximum yield of oil extraction (37.38%) and maximum 
oil recovery (89.53%). 

On the other hand, the absence of peel, exposing 
the product to the adverse conditions of the storage 
environment, with possible impairment of its storage 
potential, should be considered. Silva et al. (2016a, 2016b) 
assessed seed quality and pigmentation in the peel and oil 
of crambe fruits and concluded that post-harvest 
procedures are essential in defining the final characteristics 
of seed and oil, which presented significant variations in 
their viability and final staining as a function of the used 
drying method. 

In this sense, crambe quality during storage, as well 
as the oil extracted from it, can be assessed from the 
monitoring of indices such as the levels of free fatty acids 
and peroxides, which can indicate the deteriorating process 
still in its initial stages (Silva et al., 2013). The assessment 
of the oil acidity index, in turn, is very important in 
deciding which route should be followed during the 
transesterification and deciding which reaction will be 
used (the basic or acid) or if it is necessary to subject the 
oil to a preliminary treatment to reduce oil acidity values 
(Santos & Fraga, 2014). 
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The storage of unpeeled crambe has been the main 
focus among researchers investigating different packages, 
environments, and storage times. Oliveira et al. (2016), 
studying the process of degradation of reserves during the 
germination of crambe seeds, found a linear decrease of 
lipids, which presented a higher quantity when compared 
to sugars and starch. However, there is no information on 
the quality of oil extracted from stored unpeeled grains. 

Similarly, Bezerra et al. (2015) observed that quality 
analyses carried out on the crude oil from stored unpeeled 
crambe indicate that the iodine and acidity indices presented 
significantly better mean values in a hermetic bag, 
demonstrating better efficiency in the maintenance of raw 
material for biodiesel production. The hermetic package was 
also able to withstand the influences of environmental 
conditions, providing higher hygroscopic stability to grains, 
while the conventional bag was more susceptible to 
environmental variations during storage, leading toa greater 
product exposure and reduction in oil quality. 

Bessa et al. (2015) comparedpackages and 
environments along with the storage, assessed water 
content and electrical conductivity, and concluded that 
unpeeled crambe seeds stored in hermetic packages in a 
natural environment presented low electrolyte leaching and 
better conservation, maintaining their physiological quality 
for up to six months of storage. 

Considering the limited information available on 
the storage potential of peeled crambe, this study aimed to 
assess the effects of the peeling process of fruits as a 
function of different types of packages and storage times. 
 
MATERIAL AND METHODS 

This study was developed at the São Paulo State 
University – UNESP, School of Agriculture– FCA, 
campus of Botucatu, located in Botucatu, SP, at the 
geographical coordinates 22°52′20″S and 48°26′37″ W, 
with a mean altitude of 770 meters, slope of 4.5%, and 
subtropical climate with warm and humid summers and 
cold and dry winters. 

Crambe fruits were harvested from a production 
field after drying in the plant and submitted to two 
treatments: manual peeling (0% peel), by fruit friction on a 
rough surface, and unpeeled (100% peel – control). 

Manual peeling was carried out using three sieves 
with different meshes. Initially, a sieve (a) with a 2 mm 
mesh was used, where fruit mass was placed and the 
exfoliation process was carried out by compression and 
friction, leading the peel to separate from the grain. Figure 
1 shows the crambe peeling sequence. Peel separation was 
performed shaking the sieves. 

 

 
FIGURE 1. Manual peeling process of crambe fruits. 
 

The second sieve (b), with a 1.5 mm mesh, received all the crambe parts and the whole crambe were separated from 
peels by a shaking process. The third sieve (c), with a 1 mm mesh, received the peels along with crambe pieces, and the broken 
grains were separated from peels. Figure 2 shows the unpeeled and peeled crambe and peels. 
 

 

FIGURE 2. Unpeeled (a) and peeled crambe fruits (b) and peels (c) obtained during processing. 
 

 
 
 
 

 
 
 

a b c 

a b c 
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Unpeeled (control) and peeled crambe fruits were 
stored for nine months and subjected to assessments of 
product and crude oil quality, performed at the beginning 
of the storage period (time zero), six months, and end of 
the storage period. 

In order to investigate the impacts of different 
storage conditions on the quality of crambe fruits and oil 
extracted from peeled and unpeeled samples, the product 
was stored in two types of packages: silo-bag (hermetic 
storage) and kraft paper bag (conventional storage), both 
with a 5.0 kgcapacity. 

Silo-bag consists of an impermeable package with 
total obstruction to the light passage (black face), avoiding 
fungus proliferation, and light reflection (white face), 
causing lower heating of the surface of the stored product. 

During the storage period, both silo and paper bags 
were kept in the natural environment of a laboratory,with 
daily temperature and relative humidity monitoring. In 
addition to water content, crambe quality was monitored 
based on fatty acid analyses performed according to Silva 
et al. (2016b). Tests of acidity and peroxide indices were 
performed in the crude oil extracted from crambe fruits, as 
described by Santos (2016). 

The experimental design was a completely 
randomized design with two types of packages, two 
peeling conditions, and three storage periods, consisting of 
a triple factorial (2 x 2 x 3) represented by the factors F1 –
peel (peeled and unpeeled), F2 –package (conventional 
and hermetic), and F3 –time (T0, T6, and T9), with three 
replications, totaling 12 treatments and 36 plots. 
 
RESULTS AND DISCUSSION 

Table 1 shows the mean values of water content 
(wb) of crambe recorded during the storage period in both 
tested packages. Throughout the monitored period and for 
all the packages, the peeled crambe remained with a lower 
water content when compared to the unpeeled crambe, 
with values varying from 4.76 to 7.22%, while peeled 
crambe showed values between 7.78 and 9.62%. This 
behavior can be explained by the higher content of a polar 
molecules (lipids) in the peeled crambe, conferring a lower 
water retention capacity than that of the unpeeled crambe 
since peels allow higher water retention capacity due to the 
higher content of polar molecules (carbohydrates). 

 
TABLE 1. Mean values of water content (wb) of peeled and unpeeled crambe stored for nine months in conventional and 
hermetic packages. 

Water content (wb) 

Peel Conventional Hermetic 

 T0 T6 T9 T0 T6 T9 

WITH 8.92 7.91 7.78 8.92 9.13 9.62 

WITHOUT 7.22 5.62 5.60 7.22 4.76 4.84 

 
Similar behavior was observed in peeled and 

unpeeled crambe fruits in both hermetic and conventional 
packages regarding the effect of time on water content 
from the sixth month of storage, which led to a low drying 
in the stored crambe. However, the treatment with 
unpeeled crambe stored in hermetic packages showed an 
increase in water content in the sixth and ninth month. 
Variations of humidity in conventional packages may be 
related to exchanges with the external environment, 
allowed by paper bags, with a mean reduction in the 
relative air humidity of 80.1% in the first six months to 
72.5% in the last three months. For hermetic packages, 
variations may have occurred due to a tendency of the 
water to be redistributed in the stored mass over time due 
to an unevenness in the product moisture at the beginning 
of storage. 

Masetto et al. (2013) also found a variation in water 
content (6.5 to 10.2%) of stored crambe, regardless of 

packages and environmental conditions. According to 
them, the package bag (hermetic) was able to withstand 
environmental influences until the sixth month of storage, 
recording a significant increase in water content of crambe 
fruits after 12 months. The conventional package allowed 
a significant rewetting in crambe fruits stored from the 
sixth month, showing unsafe levels for its conservation at 
the end of 12 months. The hermetic package also provided 
the maintenance of seed vigor, guaranteeing efficiency in 
the conservation for a period of up to 180 days of storage. 

Fatty acidity of crambe 

Tables 2 and 3 show the mean values of fatty acid 
(mL KOH 100g−1DM) and the slicing of the triple 
interaction (P≤0.01) between the factors presence of peels 
(F1), package type (F2), and storage time (F3). 
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TABLE 2. Mean values of fatty acidity (mL KOH 100g−1DM) of unpeeled crambe grains stored for nine months in 
conventional and hermetic packages. 

**Fatty acidity (mL KOH 100 g−1 DM) 

Peel Conventional Hermetic 

 T0 T6 T9 T0 T6 T9 

WITH 6.78 a 8.44 a 7.44 b 6.78 a 8.97 a 9.22 a 

WITHOUT 7.42 a 7.37 b 8.65 a 7.42 a 6.61 b 6.74 b 

**Significant at 1% probability level (p<0.01). Means followed by the same letter in the columns do not differ from each other by the 
Tukey’s test at 5% probability level. CV = 7.58%. 
 

An alternation was observed in the behavior of 
peeled and unpeeled crambe fruits regarding fatty acidity 
level over storage time and package type (Table 2). 

At the end of the storage time, the unpeeled crambe 
was better conserved when compared to that peeled when 
conventionally stored. On the other hand, peeled crambe 
presented the lowest free fatty acid level throughout the 
storage period under the hermetic environment. 

This performance can be explained by the 
protective role of the peel, which provides better 
protection to the product in a more exposed environment 
(conventional storage). In the hermetic environment, the 
lower metabolic activity of crambe fruits as a function of 
the limited gas exchanges with the external environment 
guaranteed the necessary protection to the peeled product. 
 

A differential behavior was observed between 
peeled and unpeeled crambe fruits regarding the storage 
time. There is a deterioration trend (significant increase of 
free fatty acids) of the unpeeled crambe from the sixth 
month of storage when packaged both conventionally and 
hermetically (Table 3). On the other hand, the peeled 
crambe showed deterioration effects only in the ninth 
month of storage in conventional packages, but these 
effects were not detected using hermetic packages. 

These results were similar to those found by 
Bezerra et al. (2015), who observed that bag packages 
(conventional) were inefficient at six months of storage of 
unpeeled crambe, as well as the worst result at 12 months 
of storage, with high contents of fatty acids. However, the 
hermetic bag presented means of fatty acidity statistically 
equal at the end of 12 months of storage. 

TABLE 3. Mean values of fatty acidity (mL KOH 100g−1DM) of peeled and unpeeled crambe as a function of storage period 
and type of package (conventional and hermetic). 

**Fatty acidity (mL KOH 100 g−1 DM) 

Peel Time (months) Conventional Hermetic 

WITH 

T0 6.78 Ab 6.78Ab 

T6 8.44 Aa 8.97Aa 

T9 7.44Bab 9.22Aa 

WITHOUT 

T0 7.42Ab 7.42Aa 

T6 7.37Ab 6.61Aa 

T9 8.65 Aa 6.74 Ba 

**Significant at 1% probability level (p<0.01). Means followed by the same uppercase letter in the rows and lowercase letter in the columns 
for each factor (peeled and unpeeled) do not differ from each other by the Tukey’s test at 5% probability level. CV = 7.58%. 
 
Oil acidity index 

Tables 4 and 5 show the mean values of the crude oil acidity index (mg KOH 100g−1) extracted from crambe grains 
and the slicing of the triple interaction between the factors presence of peel (F1), package type (F2), and storage time (F3). 
 
TABLE 4. Mean values of the crude oil acidity index (mg KOH 100g−1) extracted from peeled and unpeeled crambe grains 
stored for nine months in conventional and hermetic packages. 

** Oil Acidity Index (mg KOH g−1) 

Peel Conventional Hermetic 

 T0 T6 T9 T0 T6 T9 

WITH 0.25 a  1.21 a  1.30 a  0.25 a  1.30 a  1.22 a  

WITHOUT 0.19 a  1.15 a  1.22 a  0.19 a  0.92 b  1.18 a  

**Significant at 1% probability level (p<0.01). Means followed by the same letter in the columns do not differ from each other by the 
Tukey’s test at 5% probability level. CV = 5.93%. 
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Although a significant difference occurred only in 
the sixth month of storage in hermetic packages, there is a 
tendency of the peeled crambe to present lower oil acidity 
when compared to that unpeeled over the storage time and 
for any package (Table 4). 

Table 5 shows a similar behavior between peeled 
and unpeeled material, regardless of the type of package 
regarding the storage time. The effect of deterioration 
(significant increase of oil acidity) was verified from the 

sixth month of storage. At this point, the oil acidity index 
showed to be a more rigorous test than that fatty acidity, 
with a significant deterioration for all treatments from the 
sixth month of storage. 

These results are in accordance with the 
information obtained in the fatty acidity tests. The 
hermetic package provided the development of lower      
oil acidity indices and hence lower deterioration for the 
peeled crambe. 

 
TABLE 5. Mean values of the crude oil acidity index (mg KOH g−1) extracted from peeled and unpeeled crambe as a function 
of storage period and type of package (conventional and hermetic). 

**Oil acidity index (mg KOH g−1) 

  Package 

Peel Time (months) Conventional Hermetic 

WITH 

T0 0.25 Ab 0.25 Ab 

T6 1.21 Ba 1.30 Aa 

T9 1.30 Aa 1.22 Aa 

WITHOUT 

T0 0.19 Ab 0.19 Ac 

T6 1.15 Aa 0.92 Bb 

T9 1.22 Aa 1.18 Aa 

**Significant at 1% probability level (p<0.01). Means followed by the same uppercase letter in the rows and lowercase letter in the columns 
for each factor (peeled and unpeeled) do not differ from each other by the Tukey’s test at 5% probability level. CV = 5.93%. 
 

The mean values of oil acidity indices of crambe are close to those obtained by Silva et al. (2013), who studied the 
quality of crude oil of crambe at different drying types and found values of oil acidity index of 0.43 mg KOH g−1 of sample for 
the unpeeled crambe. 

Oil peroxide index 

Tables 6 and 7 show the mean values of the crude oil peroxide index (meq O2kg−1) extracted from crambe and the 
slicing of double interactions (P≤0.01) between the factors presence of peel (F1), package type (F2), and storage time (F3). 
 
TABLE 6. Mean values of the crude oil peroxide index (meqO2kg−1) extracted from peeled and unpeeled crambe stored for 
nine months and obtained from the slicing of the interaction between the factors F1 and F3. 

**Oil peroxide index (meqO2kg−1) 

Peel T0 T6 T9 

WITH 0.00 a C 3.49 a B 5.00 a A 

WITHOUT 0.00 a B 3.17 b A 3.14 b A 

**Significant at 1% probability level (p<0.01). Means followed by the same uppercase letter in the rows and lowercase letter 
in the columns do not differ from each other by the Tukey’s test at 5% probability level. CV = 7.26%. 
 

Table 6 shows that the double interaction was significant between F1 and F3 and that the peeled crambe stored had a 
trend to provide the lowest peroxide indices, suggesting that the best way to store crambe would be peeled. 
 
TABLE 7. Mean values of the crude oil peroxide index (meqO2kg−1) extracted from crambe stored for nine months in 
conventional and hermetic packages and obtained from the slicing of the interaction between the factors F2 and F3. 

**Crambe peroxide index (meq O2 kg−1) 

Package T0 T6 T9 

Conventional 0.00 aC 3.34aB 5.39 aA 

Hermetic 0.00 aB 3.32aA 2.74bB 

**Significant at 1% probability level (p<0.01). Means followed by the same uppercase letter in the rows and lowercase letter in the columns 
do not differ from each other by the Tukey’s test at 5% probability level. CV = 7.26%. 
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Table 7 shows that the double interaction was 
significant between F2 and F3 and that the product stored 
in a hermetic package had a trend to provide the lowest 
quality losses, with lower peroxide indices. Probably, the 
lower oxygen content in these packages contributed to 
reducing the oxidation reactions of lipids in crambe fruits. 
These values indicate low oxidative rancidity and good 
stability of crambe oil. 

Tables 6 and 7 also show the same trend for storage 
time, i.e., deteriorations are significant from the sixth 
month, with more pronounced effects over time in 
unpeeled products and conventional packages. According 
to Donadon et al. (2015), the peroxide index is influenced 
by environment and storage time, with a linear increase   
as a function of time, indicating degradation and oxidation 
of the oil. 

The unexplained decrease in the peroxide index of 
crambe hermetically packaged in the ninth month       
(Table 7), when compared to the sixth month of storage, 
may be due to the transitory character of peroxide 
production, which may have its rate of formation       
during oxidation exceeded by the speed of use in 
secondary reactions. 

The values of peroxide index found in this study are 
close to those obtained by Silva et al. (2013),who studied 
the quality of crude oil of crambe at different drying types 
and found mean values of peroxide index close to 2.74 
meq O2 kg−1for crambe dried in the plant. 
 
CONCLUSIONS 

The results obtained in this study allowed the 
following main conclusions: 

- The peroxide index pointed out to a better crambe 
preservation when stored without peeling and in a hermetic 
package. 

- Fatty acidity test and the oil acidity index were 
more sensitive and indicated a better peeled crambe 
preservation when stored hermetically, while the unpeeled 
product showed less deterioration in the conventional 
storage. 

- Significant quality losses of the stored crambe 
were detected from the sixth month of storage but delayed 
from the ninth month when in a hermetic package. 
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