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Abstract

Automated solvent extractor is a modified design of soxhlet for solvent
extraction of oil where extraction and miscella collection takes place in
the same chamber unlike soxhlet. Fresh solvent continuously percolates
through the solid matrix thus increasing the rate of extraction. The
present study has been carried out to evaluate the effect of process
parameters for rice bran oil extraction in automated solvent extractor
using hexane as the solvent. Effect of three different parameters viz.
solvent to bran ratio, extraction time, and heater temperature on the rice
bran oil yield and free fatty acid (FFA) content has been evaluated.
Response surface methodology with rotatable central composite design
has been used to optimize the process parameters at five different
levels: solvent to bran ratio (1.2, 1.5, 2, 2.5 and 2.8 g solvent/g bran),
extraction time (2, 5, 10, 15 and 18 minutes), and heater temperature
(60°C, 90°C, 135°C, 180° and 210°C). The extraction efficiency was
determined on the basis of percentage oil yield. All the parameters
significantly influenced the oil yield (p value < 0.001).

No significant effect of any of the
parameters was found on the FFA
content of oil. Well-fitting model was
successfully established for oil yield
from rice bran (Adjusted R? = 0.97)
through  multiple  regression  with
backward elimination.
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Introduction

Rice bran oil (RBO) is one of the most nutritious oil among all the edible oils due to its balanced fatty acid profile and
presence of bioactive and antioxidants compounds such as y-oryzanol, tocopherol, tocotrienol and phytosterols [1]. In
addition, it also contains a good amount of wax esters that are reported to be the source of policosanols [2].

Rice bran is a cuticle between rice husk and grain. Depending upon the variety of rice and degree of milling, it
contains around 12-25 % oil [3] which is generally extracted using solvents, commonly hexane [4]. It is an underused
co-product of rice milling [5]. Its value is partially captured through extraction and refining of RBO. Still, there exists
wide gap between the production and utilization of rice bran. The annual RBO production potential in world is around
3.5 MT out of which only 1.5 MT is produced presently [6]. Abundant paddy production and bran being cheap source
of oil (12-25% oil) are the main reasons behind utilisation of rice bran for oil extraction. Also, de-oiled bran being a
good source of protein and fiber has a good commercial value. As per the current situation, RBO is extracted using
food grade hexane by keeping bran in contact with excess amount of hexane for long time (2-2.5 hours)[7].

The paddy processing capacity of most of the rice mills in developing nations are 2-4 tonnes/hour. Considering on
an average 5% degree of polishing and 16 hours of processing per day, the bran produced in these mills ranges from
1.6-3.2 tonnes/day. However, currently available RBO extraction plants have the bran processing capacity between 5-
500 tonnes/day. This means that for full utilization of the plant capacity, bran needs to be collected and stored for 2-3
days. This requires storage space and bran stabilization which adds to the cost of production. Also, rise in FFA during
storage causes heavy loss in refining. Rice bran crude oil with less than 5% FFA is desirable for refining [8]. If FFA is
more than 5%, the oil is used for soap manufacture or other industrial purposes. On top of that, it is uneconomical and
unaffordable for the small rice millers to install large scale solvent extraction unit for rice bran oil production. Hence,
bran from these mills is wasted. It is to note that the transportation of bran from mills to the extraction unit causes
rapid rise in its FFA content which renders it unfit for extraction of edible grade oil.

Solvent extraction of solid samples commonly known as solid-liquid extraction or leaching is one of the oldest
methods of oil extraction. Among all the techniques, soxhlet is the mostly used since long time [9]. In this, sample is
placed in thimble holder which is gradually filled with condensed fresh solvent from distillation flask. Once liquid
reaches the overflow level, miscella from the thimble holder is siphoned back to distillation flask through siphon arm.
This is called one cycle and like this around 72 cycles are run to achieve complete extraction. This kind of operation
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makes soxhlet hybrid continuous-discontinuous technique [10]. Along with some attractive advantages of soxhlet
extraction such as complete extraction of the analyte and low cost of the basic equipment, it suffers from some serious
drawbacks such as long extraction time and thermal decomposition of thermo labile species. Automated solvent
extractor is an improved design of soxhlet which provides substantial savings in extraction time and solvent (B811
Extractor, BUCHI). In this apparatus, both extraction and boiling takes place simultaneously in the same chamber
thus eliminating the concept of cycles (as in Soxhlet) where 7-10 minutes is consumed per cycle. Therefore, if the
design of automated solvent extractor is up-scaled, it would be possible to process bran from small rice mills in place
thus adding value to the bran that otherwise is wasted. Investment of setting up this kind of extraction equipment will
also be many times lesser than the continuous counter current extraction unit whose processing capacity is in the order
of many tonnes.

There is no report on the optimized process parameters for RBO extraction in automated solvent extractor.
Identifying this gap, this work has been done to determine minimum solvent to bran (STB) ratio, extraction time (ET)
and heater temperature (HT) for RBO extraction in automated solvent extractor to get maximum RBO yield. Model
equation has been determined that can be used to predict the oil yield by varying the process parameters. Further
optimization will be required for pilot scale or large scale units but results of this study would be useful in giving
initial estimates.

EXPERIMENTAL
Rice Bran Preparation

Paddy cv. Lal Swarna was procured from local farmer in Kharagpur, West Bengal. The bran was collected by milling
in bench top modern rice mill (Satake), milled at 4% degree of polish. The collected bran was sieved through 30 mesh
sieve and was stored (moisture content 10+£1%) in zipper pouches at -20°C to prevent mould growth and FFA rise.
The bran samples were used for oil extraction on the same day.

Solvent Extraction

Rice bran oil was extracted with hexane in automated solvent extraction apparatus (SOCS PLUS, Pelican), the
schematic diagram of which is shown in Figure 1. Samples of 15 g of rice bran were weighed in cellulose thimbles
and were inserted into pre-weighed glass vessels. Solvent was then added into the thimble seeping into the extraction
vessel and was kept immediately for extraction on pre-heated heater at set temperature. The temperature of the
cooling water being circulated in condenser was maintained at 25+2°C. The image of the setup used for extraction is
given in Figure 1. Thimbles were removed from the extraction vessel after stipulated time and the solvent was
recovered. The concentrated miscella was then kept in vacuum oven for 1 hour to remove residual hexane. The
extraction vessel was kept in desiccator for cooling and weighed to calculate the oil yield using following formula:

(W, — W,
% Oil yield = M7 =W 100

We eq.(1)

| —~Condenser

-«

—Extraction
vessel

Microcontraller for
heater temperature
and run time

Figure 1 Schematic diagram of automated solvent extractor [6]
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Where, Wi = Initial weight of extraction vessel (g); W = Final weight of extraction vessel (g); Ws = Weight of rice
bran (g). The total amount of oil in bran samples was determined by taking 5 grams of sample and extracting with 200
ml of hexane for 8 hours in soxhlet apparatus. This was done to check lot to lot variation in oil content of bran. The
total oil content in bran samples was found to be 21+0.6%.

Free Fatty Acid (FFA) Determination

Rice bran and its oil quality is generally determined by its FFA content. It is expressed as oleic acid percentage (by
weight) of the oil. The typical percentage of FFA on crude RBO lies in the range of 2 — 6 % [11]. Free fatty acid was
determined by AOCS Method Ca 5a-40 using 0.1 N NaOH and was expressed as free oleic acid percentage. All the
experiments were done in triplicate.

Experimental Design

Response Surface Methodology (RSM) with central composite design (CCD) was used to optimize the parameters of
oil extraction from rice bran obtained from cv. Lal Swarna. Three independent parameters viz. solvent to bran ratio,
extraction time, and heater temperature, each at five different levels were selected to evaluate their effect on responses
i.e. oil yield and FFA. The parameters and their levels were selected based on preliminary trials in lab. The
experiments were designed and analysed with the help of Design Expert version 7.0 (Stat-Ease Inc., Minneapolis)
software. In this study, a total of 20 experiments were carried out in triplicate and were repeated twice. The
experimental design consisted of eight factorial points (2%), six star points to form a rotatable CCD and six replicates
of the centre point. Optimization was done using alpha value of £1.68 for three factors. The experimental runs were
executed in random order to minimize the variability in responses due to extraneous factors. The ranges of selected
levels of three different variables are listed in Table 1.

Table 1 Range of selected parameters for RSM
Independent Variables Levels
-a -1 0 1 +a
Solvent to Bran ratio [r] (w/w) 1.2 15 2 25 238
Extraction time [t] (min) 2 5 10 15 18
Heater temperature [T] (°C) 60 90 135 180 210

Results and Discussion
RBO optimum extraction conditions

The highest oil yield was observed for the process parameters in the range 2.2-2.5 (r), 10-15 minutes (t) and 135-
180°C (T) giving more than 95% of the total oil yield. No correlation was found between FFA % and model
parameters. The FFA content of oil samples was found to be in the range of 1.5-5% with a mean value of 3+0.7%. It
was observed that the experimental conditions giving low oil yield resulted in higher FFA content. It is possibly due
to higher rate of extraction of FFA at initial time of extraction [12]. Table 2 lists the experimental conditions and their
respective observed and predicted responses.

Model Fitting

A third-order polynomial equation is proposed for predicting the oil yield from rice bran in lab-scale automated
solvent extractor. It is a function of three variables as follows:

y = 18.56 + 5.28r + 341t + 2.91T + 1.16tT — 2.60r% — 2.30t% — 1.94T% — 1.3%tT — 1.04r%t — 1.31rt°

The model was validated by random selection of parameter levels within the selected range. Five experiments
were performed for validation, the observed and predicted oil yields of whom are listed in Table 3.

The response surface model obtained from the experimental design was evaluated using ANOVA and analysis of
residuals. The results of statistical analyses including f-value and p-value are listed in Table 4.

The model was found to conform to the data at 99% confidence level. Accuracy of the model was evaluated by
the value of adjusted R2. It indicates how well the data fits to the statistical model. Greater is the value of adjusted R?,
lesser is the chance of variability in outcome due to variables not selected. The adjusted R? value of the proposed
model was 0.9684, implying that 97% of the variability in oil yield is due to selected parameters (r, t, and T) and there
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is good fit between the observed and predicted values as shown in Figure 2. The analysis of variance (ANOVA)
results (Table 4) also indicate that the proposed model is statistically good with a significance level of P < 0.0001 and
insignificant lack of fit (P > 0.05).

Table 2 Observed and predicted responses for different experimental runs

Runs Solvent to Extraction  Heater Observed Predicted
bran ratio [r] time [t] temperature [T]  %0il yield? % FFAP %0il Yield?
(wiw) (min) (°C) (wiw) (w/iw) (w/iw)
1 1.5 5 90 5.73 2.79 5.02
2 2.5 5 90 10.37 2.8 10.18
3 1.5 15 90 5.21 4.02 4.66
4 2.5 15 90 15.7 3.01 15.38
5 1.5 5 180 6.00 3.92 5.74
6 2.5 5 180 16.93 2.50 16.46
7 1.5 15 180 8.67 2.73 15.58
8 2.5 15 180 21.34 2.98 20.74
9 1.2 10 135 1.76 3.78 2.33
10 2.8 10 135 19.52 3.38 20.09
11 2 2 135 5.79 3.12 6.32
12 2 18 135 20.24 3.24 17.79
13 2 10 60 7.51 4.70 8.18
14 2 10 210 17.54 1.83 17.97
15 2 10 135 18.63 2.22 18.56
16 2 10 135 18.31 2.97 18.56
17 2 10 135 19.01 2.7 18.56
18 2 10 135 18.37 2.43 18.56
19 2 10 135 18.95 2.22 18.56
20 2 10 135 18.22 2.43 18.56

aMean value with standard deviation between replicates at £0.5%
®Mean value with standard deviation between replicates at +0.2%

Table 3 Model validation data
Input Parameters (r, t, T) Predicted oil yield (%) Experimental oil yield (%)

2.0, 12, 166 20.96 £+ 0.23 20.66 £ 0.34

2.2,10, 135 20.26 £ 0.12 19.87 £ 0.08

2.5,5,90 10.18 + 0.40 10.43+0.34

1.5, 15, 150 13.65 + 0.28 13.29+0.44

Table 4 ANOVA results for oil yield
Source Sumof Degree of Mean Fvalue P value
Squares freedom square

Model 1299.99 10 130.00 102.23 <0.0001
A —Solvent to branratio 31524 1 315.24 24791 <0.0001
B — Extraction time 13122 1 131.22 103.19 <0.0001
C — Heater temperature 23194 1 231.94 182.40 <0.0001
BC 21.58 1 2158  16.97 0.0004
A? 15298 1 152,98 120.30 <0.0001
B? 11880 1 118.80 93.42 <0.0001
c? 84.71 1 84.71  66.62 <0.0001
ABC 30.80 1 30.80 24.22 <0.0001
AB 7.21 1 7.21 5.67 0.0259
AB? 11.39 1 11.39 8.96 0.0065
Residual 29.25 23 1.27
Lack of fit 6.90 4 1.73 1.47 0.2512
Pure error 22.34 19 1.18
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Figure 2 Predicted vs observed oil yield

Variables affecting RBO yield

There are many factors which could affect the RBO vyield extracted by the method of solvent extraction. These
include solvent to bran ratio, extraction time, pelletization, moisture content of the bran, solvent temperature, heater
temperature etc. Since, this optimization study has been carried out keeping in mind the development of industrial
scale mini solvent extraction unit; only few parameters which will be important in designing have been selected. The
extraction will be carried out at atmospheric pressure; therefore solvent temperature has not been selected as the
independent variable. In a mini scale extraction, the problem of channelling in bran could be avoided; therefore
pelletization will not be required. It has been found that all the three selected variables (r, t, and T) significantly affect
the RBO vyield.

Effect of solvent to bran ratio

The trend in oil yield with varying solvent to bran (STB) ratio and extraction time (t) has been shown in Figure 3. It
can be interpreted that there is steady increase in oil yield with increase in STB ratio. Similar effect of STB ratio has
been reported in the findings of [13] who have compared RBO extraction yield in two different solvents viz. hexane
and isopropanol. Among all the factors, the individual effect of STB ratio is maximum on the oil yield (F value =
247.91), as evident from the ANOVA results (Table 4). Keeping STB ratio between 2 to 2.5 gives the maximum oil
yield (>20%). At lower solvent to bran ratio (1.5), even if heater temperature and extraction time is kept maximum,
the oil yield doesn’t go beyond 14% (Figure 3a). This is due to lesser solvent available to extract given amount of oil.
Around 40-60% of solvent gets trapped inside the bran and some amount is trapped in cellulose thimble. Therefore, at
1.5 STB ratio, very less solvent is left to extract oil and recirculate after condensation. Increasing the STB ratio from
1.5 to 1.8 leads to rapid rise in oil yield from 14% to 18.5%. The oil yield becomes constant (20.5+0.1%) after STB
ratio of 2.2 (Figure 4 (b) and (c)). However, maximum oil can be extracted in lesser time as the STB ratio increases
from 2.2 to 2.5 (Figure 4 (c)). There is no significant change in the required heater temeprature to get maximum oil
yield at higher STB ratio (2.2 to 2.5) as shown in Figure 4 (b) and (c). The quadratic terms of the STB ratio showed
significant interaction with the extraction time and vice versa. These observations reveal that overall there is a
positive effect of STB ratio on oil yield and its interaction with extraction time significantly influence the oil yield.

Effect of extraction time

Increase in oil yield was observed with increase in extraction time from 5 to 12 minutes after which it became almost
constant (Figure 5). This is possibly due to diffusion process coming into picture after 12 minutes which is extremely
slow process compared to washing. Since, it is desirable to get maximum oil yield in lesser time, it is suggested that
keeping the extraction time between 10-12 minutes is sufficient to get maximum oil yield (~20%) from rice bran. The
extraction time showed significant interaction with STB ratio and heater temperature. It decreases with increase in
both. Increasing heater temperature beyond 150°C doesn’t cause much reduction in extraction time to get maximum
oil yield (Figure 6). High STB ratio (1.8 - 2.5) and heater temperature between 160-170°C causes significant
reduction in extraction time (Figure 4 (b) and (c)). Overall, there exists positive effect of extraction time on RBO
yield and its interaction with heater temperature and STB ratio significantly influences the oil yield.
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Effect of heater temperature

The individual effect of heater temperature on RBO vyield is positive i.e. increasing the heater temperature increases
the oil yield, maximum yield observed between 160-170°C (Figure 6). Boiling point of hexane lies between 67-69°C
at atmospheric pressure. At higher heater temperature the rate of vaporization of hexane increases. This causes more
amount of pure solvent condensing in the extraction vessel in a given time. However, if heater temperature is very
high (170-210°C), the rate of vaporization of hexane is so fast that it remains for lesser time in liquid state to extract
oil from bran. Therefore, a slight reduction in oil yield was observed when heater temperature was raised beyond
170°C (Figure 5¢). From ANOVA results, it has been found that there is no significant two factor interaction (rT)
between STB ratio and heater temperature (p value = 0.527>0.05). However, in contour plot (Figure 6a and 6b) it has
been observed that increasing the heater temperature significantly reduces both the STB ratio and extraction time
required to get maximum oil yield. This is possibly due to significant three factor interaction (rtT) between all the
three factors or due to indirect effect of interaction between STB ratio and extraction time (rt).

Conclusion

In automated solvent extraction, the rate of oil extraction increases significantly as compared to soxhlet extractor. It
depends on the solvent to bran ratio, extraction time and rate of fresh solvent percolating through the solid matrix.
Therefore, maintaining higher heater temperature causes rapid rate of solvent evaporation and hence condensation. It
requires reduced solvent and extraction time. In this study, higher heater temperature has shown positive effect on rice
bran oil yield, extraction time and solvent to bran ratio. Effect of individual parameters and their interaction have been
studied so as to utilise the results in up scaling this type of solvent extraction unit. This will cause significant
reduction in processing time and solvent consumption. In lab scale study, it has been found that maintaining heater
temperature of 160 - 170°C and solvent to bran ratio of 2.2 (g/g), around 20% rice bran oil yield can be obtained in 12
minutes.
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