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ABSTRACT: This paper discusses the extraction of an antioxidant compound, which is 
ascorbic acid or vitamin C, from a banana peel using an ultrasound-assisted extraction 
(UAE) method. The type of banana used was Musa acuminata also known as 
“PisangKepok” in Malaysia. The investigation includes the effect of solvent/solid ratio 
(4.5, 5 g and 10  ml/g), sonication time (15, 30 and 45 mins) and temperature variation (30 
, 45  and 60oC ) on the extraction of ascorbic acid compounds from the banana peel to 
determine the best or optimum condition of the operation. Out of all extract samples 
analyzed by redox titration method using iodine solution, it was found that the highest 
yield was 0.04939 ± 0.00080 mg that resulted from an extraction at 30oC for 15 mins with 
5 ml/g solvent-to-solute ratio.  

ABSTRAK: Kertas kajian ini membincangkan kaedah mengekstrak antioksida khususnya 
asid askorbik atau vitamin C daripada kulit pisang melalui teknik ultrasonik (UAE). Jenis 
pisang yang dipilih sebagai bahan kajian ialah Musa acuminata, sejenis pisang yang 
digunakan dalam masakan. Ia juga dikenali sebagai pisang kepok di Malaysia. Kajian kali 
ini mengetengahkan tindakbalas nisbah pelarut/pepejal (4.5, 5 g dan 10 ml/g), masa proses 
ultrasonik (15, 30 and 45 min) dan perubahan suhu (30, 45  and 60oC) ke atas kadar ekstrak 
asid askorbik daripada kulit pisang bagi menentukan tindakbalas optimum didalam proses 
ini. Selepas analisis dibuat melalui kaedah titrasiredoks, didapati bahawa hasil yang 
tertinggi dari segi kadar ekstrak asid askorbik adalah 0.04939 ± 0.00080 mg pada catatan 
suhu 30oC untuk 15 minit dengan pelarut/  bahan larut 5 ml/g. 

KEYWORDS: Musa acuminata; Ultrasound-assisted extraction; Vitamin C; Redox 
titration  

1. INTRODUCTION  
Banana is one of the main crops in the world that has significance to humans for its 

nutrition and mineral contents. It must have been one of the first known tropical crops since 
there are records of it being in cultivation 4000 years ago [1]. According to [2], edible 
bananas originated from Melesia, a biogeographical region consisting of the primary centre 
including Malaysia, Indonesia, Philippines and New Guinea as well as the secondary centre 
which is India.  

As far as banana is concerned, there are two type of wild banana originally from South 
East Asia: Musa acuminata Colla (AA) and Musa balbisiana Colla (BB) where the 
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difference between both types is mainly the cultivation method [3]. Musa acuminata is 
categorized as highly polymorphous where the growth is in clumps while Musa balbisiana 
Colla (BB) usually grows as a plant with a massive trunk [4]. Bananas are divided into three 
categories; desert banana, plantain and cooking banana [4]. Desert banana is usually 
associated with Musa acuminata from triploid character for example AAA whereas plantain 
and cooking banana originated from a hybrid of Musa acuminata and Musa balbisiana. 
Hybrid banana also has triploid character from AA x BB which brings plantain character to 
Musa AAB while cooking banana is known as Musa ABB [5]. The main difference between 
dessert banana and plantain or cooking banana is pulp/flesh. Plantain/cooking banana 
requires cooking before consumption and its pulp has more starch and less sugar. The only 
similarity between them is that plantain and cooking banana look very similar to unripe 
desert banana although it (plantain/cooking banana) usually has larger size [6]. 

Every part of a banana plant has its own usage from a good source of nutrients to 
religious ceremonies. In Africa and Asia, banana fruit is a source of starch staple food and 
dessert bananas are also a main cash crop in many developed and developing countries [7]. 
Their contribution to human health is due to its great medicinal value. Banana fruit is 
claimed to prevent anemia, regulate blood pressure, prevent constipation, cure heartburns 
and prevent stroke [8]. Even the leaves are used as food wrappings and plates for their 
pleasant smell [9]. 

Several studies have found that banana pulp and peel contain various high value 
nutritional use in pharmaceutical industries for instances vitamins (A, B, C and E), ߚ-
carotene and phenolic compounds such as gallocatechin [10], dopamine [11], lignin and 
tannins [12] and phytosterols and triterpenes such as cycloeucalenol and cycloartenol [13]. 
Ascorbic acid also known as vitamin C is an organic compound with physical appearance 
of white solid while sometime has yellowish color for impure samples. Ascorbic acid is 
important to living beings where animals are able to self-synthesise it from glucose while 
human beings fulfill ascorbic acid needs from nutritional supplement or fruit [14]. Several 
methods have been developed and utilized to quantify ascorbic acid. Among them is the 
classic method known as volumetric method which required titration of an oxidant solution 
to ascorbic acid [15]. There are a variety of oxidant solution such as potassium iodate [16] 
and bromate [17]. Another method is by utilizing spectrophotometer to determine oxidation 
of ascorbic acid to dehydroascorbic acid where the absorbance spectrum is set at 450 nm. 
This method requires a reducing agent such as Cu(II)-neocuproine complex which later is 
reduced to Cu(I)-bis(neocuproine) when mixed with ascorbic acid [18]. Apart of using 
Cu(II)-neocuproine complex, there are other methods that utilize the spectrophotometrical 
determination but use different compounds,  for instance iodine [19] and 
chemiluminescence [20]. 

Due to the consumer demand for products from natural sources, the economic impact 
of plant-based extracts especially for food, nutraceuticals, cosmetics, flavors or fragrances, 
and pharmaceutical industry has developed in the last few years. Extraction technology like 
ultrasonic-assisted extraction and many other methods are usually used to fulfill the 
demands. Conventional method such as boiling or hot water extraction has been utilized 
before any other extraction methods exist in order to extract antioxidants, unfortunately hot 
water extraction method has several disadvantages mainly antioxidant degradation due to 
high temperature and oxidation as well as the long extraction period [21]. In recent years, 
the emergence of new extraction processes for instance microwave assisted extraction [22–
24], ultrasonic assisted extraction [21,25–27] and supercritical fluid extraction [28–30] has 
helped to reduce the extraction period and at the same time reduce degradation rate of 
antioxidant. Among these, ultrasonic assisted extraction has three qualities that other 
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methods lack which are easier procedure, inexpensive and this process can also be 
conducted with no external heat i.e. at troom temperature [31]. Ultrasound can be defined 
as a sound wave with frequency higher than 18 kHz. A lot of studies have been done on the 
application of both high and low power ultrasound [32]. The different intensity of powers 
has different usage in various fields. Low power ultrasound are mainly applied in medical 
ultrasonography while high power ultrasound have numerous uses such as ultrasonic 
welding, degassing of solutions, defect detection and sonochemistry [32]. An important 
phenomenon associated with power ultrasound is called cavitation bubbles. When liquids 
are sonicated at high ultrasound intensities, the sound waves that propagate into the liquid 
media causes alternating high-pressure (compression) and low pressure (rarefaction) cycles, 
where rates are dependent on the frequency [33]. The bubbles are produced during 
rarefaction cycle of the wave when the liquid structure are broken resulting in the formation 
of tiny voids which collapse in the compression cycle [34]. In early application of ultrasonic 
techniques, ultrasonic cleaning bath has been introduced into metallurgy and chemical 
laboratories in the 1960’s and considering how soiled glassware was being cleaned and 
immiscible organic solvents dispersed in aqueous detergent, it was not  surprising that it is 
being used by chemists to enhance chemical reactivity [34]. Until today, sonochemistry has 
been an ongoing investigation for over 50 years [35]. 

Some of the reports on the extraction of banana products using hot water extraction 
methods have been published. These state that the optimum condition for hot water 
extraction methods for extracting banana juice were 95oC for 120 mins [36] while others 
also choose to proceed with this methods for a duration of 120 mins [37]. Ascorbic acid is 
a highly sensitive material subjected to a number of processing conditions and is also a 
thermolabile substance [38]. Furthermore, in order to understand ascorbic acid degradation; 
it follows two mechanism pathways aerobic or anaerobic which are related closely to 
processing conditions [38,39]. In this study, a temperature range from 30oC until 60oC are 
chosen for extraction in order to reduce ascorbic acid degradation resulting from heat. 
Subsequent, solid to solvent ratio is also an important parameter related to extraction and 
by knowing the optimized ratio could help reduce wastage of solvent and reduced bulk 
process. For instances, ratio of 1:10 in extraction of piperine from Piper longum was 
considered the optimum because at a higher ratio, only small increment of yield was 
observed [40]. With this knowledge, solid to solvent ratio of (4.5, 5 g and 10 ml/g) have 
been used. Finally, extraction time is usually based on the process cost. The best process 
must be operated with minimal energy and shorter time at each extraction cycle. Based on 
several studies, it can be concluded that acceptable time for extraction of antioxidant ranges 
from 3 to 45 minutes where optimum time usually falls within 30 to 40 minutes [40–44]. 
With this in mind, extraction times of (15, 30 and 45 mins) have been used. 

Therefore, considering the promising application of this method to extract ascorbic 
acid, there is a great potential for using ultrasonic assisted extraction method to extract 
ascorbic acid from banana pulp. The aim of this study is to test feasibility of extracting 
ascorbic acid using ultrasonic cleaning bath, to investigate effects of different parameters 
towards extraction of ascorbic acid and finally to determine optimum extraction conditions 
using ultrasonic cleaning bath. 

2.   METHODOLOGY 
2.1   Materials  

Banana from species Musa acuminata ‘Kepok’ were obtained from the Kota Samarahan 
market in the state of Sarawak, Malaysia. The maturity of bananas was observed visually 
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which can be described as follows; the bananas were fully ripe and have yellow skin. 
Besides, methanol 99.8% (Sigma-Aldrich), iodine 99.9% anhydrous (Sigma-Aldrich), 
potassium iodide anhydrous (ACS reagent) used was of analytical grade while vitamin C 
was obtained from Abbot Laboratories, USA. 

2.2   Sample Preparation 
Initially, all bananas were washed with municipal tap water to remove soil or dust.  

Then cleaned bananas were peeled and the peels were collected for sampling. The peels 
were freeze-dried using FreeZone® 4.5 Liter Freeze Dry Systems (Labconco, USA) which 
was set to run automatically at a pressure and temperature of 7 bar and -30oC respectively 
before sliced into smaller pieces using IKA A11 Basic Analytical mill (Sigma-Aldrich) to a 
fine powder form. 

2.3   Extraction of Antioxidant 
The ultrasonic-assisted extraction of ascorbic acid from dried banana peels were 

executed in an ultrasonic bath (S900H, Elmasonic Elma Schmidbauer GmbH, Germany) at 
a constant power of 2000 W and ultrasonic frequency of 37 kHz.  The extraction was 
conducted with different solvent-to-solute ratio, temperature and sonication time. The 
solvent used was 60% methanol. It must be noted that single electron transfer and hydrogen 
atom transfer are affected by the type and polarity of the solvent used to extract ascorbic 
acid from the banana peel [45]. 

Fine banana powders (110 g) were used for these experiments. The experiments were 
conducted with a solvent/solid ratio of 4.5 ml/g, 5 ml/g and 10 ml/g. The samples in the 
beaker were then transferred to a 250 ml sample bottles and were placed in the ultrasonic 
bath to be extracted at different experimental conditions. Sonication time of extraction was 
varied at 15, 30 and 45 mins while the temperature at 30oC, 45oC and 60oC. Extraction 
temperature was controlled by a built-in function of ultrasonic bath. After that, the crude 
extracts were filtered using Whatman filter papers before the extracts were heated until a 
significant amount of methanol solvent evaporated which was collected to estimate the oil 
yield. The extracts were then titrated with Iodine to determine the ascorbic acid or vitamin 
C content. 

2.4  Quantification of Ascorbic Acid 
A 500 mg vitamin C tablet was used for the construction of the standard curve. The 

single tablet was dissolved in 200 ml distilled water where 1 ml aliquot was taken using a 
pipette out of the sample solution and transferred into a 250 ml conical flask. One milliliter 
of starch indicator solution was added and the flask was filled to 200 ml with distilled water.  

The sample was titrated with 0.005 mol/l iodine solution. The endpoint of the titration 
was identified as the first permanent trace of a dark blue-black colour due to the starch-
iodine complex. It was repeated with further aliquots of sample solution until concordant 
results were obtained. Titration was repeated three times and the average value was taken. 

Sample (1 ml) was diluted in a 250 ml conical flask with distilled water filling to 200 
ml. Then, 50 ml aliquot of the solution was taken for titration and mixed with 1 ml starch 
solution and diluted again with distilled water to 200 ml. The sample was again titrated with 
0.005 mol/l iodine solution. The end point of the titration was identified as the first 
permanent trace of a dark blue-black colour due to the starch-iodine complex. The titration 
was repeated three times with the same amount of aliquots of sample solution until 
concordant results were obtained and the average volume of iodine used was calculated.   
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3.   RESULTS AND DISCUSSION  
3.1  Effect of Sonication Time on Vitamin C Yield 

Figure 1 shows the effect of sonication time; 15, 30 and 45 mins, solvent/solid ratio; 
4.5 ml/g, 5 ml/g, 10 ml/g, and extraction temperature: 30°C on the extraction yield of 
Vitamin C from banana peel. The methanol concentration: used throughout this experiment 
is kept at a constant concentration which is 60%. At 30°C, the yield decreases as the time is 
extended from 15 to 30 mins. This may happen because longer sonication time can affect 
the extraction results since the extra sonication can degrade the quality of extracts [31]. The 
increase of yield occurred as the time increased to 45 mins. At 15 mins, 0.04939 ± 0.00080 
mg of yield were obtained from extracts which is the highest yield throughout the 
experiment whereas at 30 mins and 45 mins, 0.03046 ± 0.00138 mg and 0.03416 ± 0.00080 
mg were obtained respectively. Both are lower than the yield at 15 mins by 61.68% and 
69.16% correspondingly. In conjunction with sudden rise of extraction yield at 15 mins for 
4.5 ml/g solvent-solid ratio, there are few other researchers experience of the same 
occurrence when utilizing ultrasonic method. All agree that optimum extraction time falls 
between 15 to 20 mins and further period of ultrasonication will result with a decrease of 
extraction yield [46–48]. There are two phases of extraction process which can also be 
indicated by extraction time: the first phase involve dissolution of soluble on the surface of 
sample followed by the second phases that focus on mass transfer from within the sample 
either through osmosis or diffusion [49]. Based on this two phases, it is believed that 4.5 
ml/g solvent-solid ratio has lowest saturation of ascorbic acid which enable two phases of 
extraction whereas other configuration suffer from high saturation of ascorbic acid which 
prevents high mass transfer rate and after 20 mins has passed, apparent ascorbic acid 
degradation has started to occur which in the end results in a decrease of extraction yield. 

 

Fig. 1: Effect of ultrasonication time; 15, 30 and 45 mins, solvent/solid ratio; 4.5 ml/g,  
5 ml/g, 10 ml/g, and extraction temperature: 30°C on the extraction yield of  

vitamin C from banana peel. Methanol concentration: 60%. 

At 30°C (Fig. 1) and solvent/solid ratio of 4.5 ml/g and 5 ml/g both indicate that the 
yield levitates as the time is extended from 15 to 30 mins. However, the increase is 
immediately diminished when sonication time is extended to 45 mins. This is also true for 
the yield obtained at 45°C (Fig. 2) and solvent/solid ratio of 10 ml/g. At 60°C (Fig. 3), all 
three ratios shows the same pattern with the same temperature changes. In the view of time 
usage, it is not recommended to exceed 30 mins. 

Sonication time plays an important part in this extraction too. As discussed earlier, 
longer sonication time causes less ascorbic acid yield because the cavitation depletes as the 
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sonication time increases. The optimum time found in this study indicates the lowest time 
experimented. Lesser time for extraction is feasible and practical for this extraction to be 
done at an industrial scale. 

Figure 2 shows the yield of ascorbic acid trend for extraction temperature 45oC and 
solvent to solid ratio of 4.5 to 10 ml/g, in general the results show an increment of all 
parameter setting until 30 minute which show sudden drop for 10 ml/g solvent-solid ratio 
from 0.042 mg to 0.026 mg whereas other configuration experience equilibrium trend. 
Rapid decrease of extraction yield for 10ml/g solvent-solid ratio was caused by saturation 
of ascorbic acid [47,50]. The same occurrence has been observed with ultrasonic assisted 
extraction of phenolic compound from sugarcane where the extraction yield diminishes after 
30 mins and increasing for a period of 10 mins within time frame of 20 to 30 mins [51]. 
Another possibility that might cause yield losses at 10 ml/g was oxidation of ascorbic acid. 
It was believed that longer extraction period has exposed more oxygen to the extract and 
therefore incite oxidation process [52]. 

In a different occasion, extraction of piperine from Piper longum show equilibrium 
yield after 18 mins of extraction with yield fluctuating within 4 to 5 mg/g [40]. This findings 
was found to agree with the current yield in Fig. 2 for 4.5 and 5 ml/g solvent-solid ratio 
which show small increase of yield in span of 15 to 45 mins of extraction. At 5 ml/g solvent-
solid ratio, the lowest point was 0.044 for 15 mins and peak at 0.045 ml/g at the end of the 
extraction process. Otherwise, 4.5 ml/g solvent-solid ratio show 0.009 mg increase between 
15 to 30 mins of extraction time and settle at 0.031 at 45 mins of extraction. Each point of 
yield for 4.5 ml/g solvent-solid ratio are 0.019, 0.028 and 0.031 mg corresponding to 15, 30 
and 45 mins of extraction. 

 

 

Fig. 2: Effect of ultrasonication time; 15, 30 and 45 mins, solvent/solid ratio; 4.5 ml/g,  
5 ml/g, 10 ml/g, and extraction temperature: 45°C on the extraction yield of  

vitamin C from banana peel. Methanol concentration: 60%. 
 

Figure 3 shows the effect of extraction period against ascorbic acid yield at 4.5, 5 and 
10 ml/g solvent-solid ratio and 60oC. At this configuration, solvent-solid ratio of 10 ml/g 
reach equilibrium in term of ascorbic acid yield after 30 mins of extraction where the yield 
fluctuates within interval of 0.043 to 0.045 mg. Otherwise, 5 ml/g solvent-solid ratio has 
reached a constant yield at 0.027 mg after 15 mins of extraction while 4.5 ml/g experiences 
a sudden drop of ascorbic acid yield after 30 mins from 0.026 mg to 0.020 mg. Solute 
equilibrium in this work was a constant yield of ascorbic acid can only be achieved by 
principles of saturation. According to the literature [53], saturation was achieved when 
amount of solvent has restricted any further process to extract the remaining solute from 
samples. According to mass transfer principles, higher diffusion can be achieved when there 
was high driving force which solely relate to concentration gradient. Higher concentration 
gradient can only be achieved when quantity of solvent is higher than sample weight [53,54]. 
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As far as the 10 ml/g solvent-solid ratio is concerned, this configuration has the highest 
solvent volume per gram of samples and its yield was consistent to mass transfer principles 
that state the increase of yield with the increase of solvent quantity. 

 

 

Fig. 3: Effect of ultrasonication time; 15, 30 and 45 mins, solvent/solid ratio; 4.5 ml/g, 5 
ml/g, 10 ml/g, and extraction temperature: 60°C on the extraction yield of vitamin C from 

banana peel. Methanol concentration: 60%. 

3.2 Effect of Temperature on Vitamin C yield 
Figure 4 shows the effect of temperature on the extraction yield of vitamin C from 

banana peel. Using solvent/solid ratio of 4.5 ml/g and sonication time of 15 mins, the 
extraction yield of Vitamin C decreases as temperature was increased from 30°C to 60°C. 
The temperature was manually changed by the built-in functions of the ultrasonic bath.The 
basis of choosing 4.5 ml/g solvent-solid ratio over other parameter was based on amount of 
yield where the highest yield recorded was 0.049 mg at 4.5 ml/g, 30oC and 15 mins of 
extraction.  

 

Fig. 4: Effect of temperature on Vitamic C yield at 4.5 ml/g of solvent/solid ratio. 

The highest yield was obtained at 30°C with the value of 0.04939 ± 0.00080 mg which 
was 60.7% higher than yield at 45°C. At 30°C, the mass transfer has improved due to the 
increasing solubility of Vitamin C and the decreasing viscosity of the solvent.  

The yield at 45°C is 60.75% less than the yield at 30oC while at 60°C, it is lower by 
64.49%. This may be caused by the degradation of vitamin C at elevated temperature where 
the ultrasonic probe causes an increase in the bulk temperature [55].  
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When the amplitude is higher, the temperature increases faster and it can go beyond the 
desired temperature in a short period of time. The most apparent effects that can occur are 
the degradation of compounds tested, and the volatilization of low volatile analytes. In 
addition, the increase of temperature changes the physical characteristics of the liquid media 
in such a way that it affects the ultrasonic transmission with no cavitation achieved, which 
is a phenomenon known as decoupling [56,57].  

As temperature is a very important parameter, it must be controlled but it is not easy to 
achieve the desired value. This has also been observed for ultrasonic assisted extraction of 
Salvia officinalis where the result obtained show that it is crucial to accurately control the 
extraction temperature when ultrasound is used for it constantly generates heat [58]. On the 
other hand, lower heat supply in addition to the heat generated by ultrasound calls for a 
lesser energy use in the industry which could attract more interest on its investment [58]. 

3.3   Effect of Solvent-to-Solid Ratio on Vitamin C Yield 
Figure 5 displays the effect of solvent/solid ratio on the extraction yield of Vitamin C 

from banana peel. The experiment was carried out with a constant methanol concentration 
of 60%, extraction temperature of 30°C and sonication time of 30 mins. The yield shows an 
increasing trend as the solvent/solid ratio increases. At 4.5 ml/g of solvent/solid ratio, the 
extraction yielded 0.03046 ± 0.00138 mg of vitamin C and a slight increase to 0.03093 ± 
0.00524 mg can be seen as the ratio was increased to 5 ml/g. It increased further to 0.03185 
± 0.00635 mg at 10 ml/g of solvent/solid ratio.  

A larger solvent volume can dissolve targeted components more efficiently and 
therefore resulted in an enhancement of the extraction yield. The observation therefore 
obeys the mass transfer principle, where the driving force during the mass transfer was the 
concentration gradient between the solid and bulk liquid in which was escalated with a 
higher solvent/solid ratio usage [59,60].  

At 60°C, the vitamin C yields also exhibited increasing value when the solvent/solid 
ratio was increased. From Fig. 5, it can be seen that extracts obtained by using 4.5 ml/g 
contained 0.02677 ± 0.00212 mg vitamin C and had10.76% more that was 0.03000 
±0.00890 mg at 5 ml/g ratio. The highest yield obtained was when 10 ml/g solvent was used 
that resulted with 0.04477 ± 0.01525 mg vitamin C. This shows that the extraction yields 
more compounds with more solvent used.  

Ultrasound-extraction at 30°C yielded higher ascorbic acid at any solvent/solid ratio in 
comparison to the extraction at 60°C. For instance at 4.5 ml/g solvent, the difference 
between the yield values of ascorbic acid at 30°C and 60°C were 12.12% and 2.99% at 5 
ml/g.  

This substantiated the findings discussed in section 3.2 that the decrease in vitamin C 
was caused by thermal effects as it is a sensitive molecule that is altered at temperature 
above 60°C. The presence of ultrasound had caused the temperature to increase beyond the 
targeted temperature, so lower heating supply is needed for a particular extraction 
temperature. The phenomenon where decreasing acoustic cavitation bubbles created by the 
ultrasound had also caused the yield to decrease at 60°C. Therefore, even though the yield 
increased with increasing solvent-to-solid ratio, the yield had a slight decrease when the 
temperature was increased. 
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Fig. 5: Comparison between yields at 30°C and 60°C, solvent to solid ratio  
of 4.5, 5 and 10 ml/g and sonication time of 30 mins. 

4.   CONCLUSION 
The results obtained from this study indicate the feasibility of extraction of Vitamin C 

from banana peel using ultrasonic assisted extraction method. Based on all extract samples 
analyzed by redox titration method, it was found that the highest yield was 0.04939 ± 
0.00080 mg obtained at the temperature 30°C, sonication time of 15 mins and solvent/solid 
ratio of 5 ml/g amongst other conditions. Of the three parameters chosen, it was found that 
temperature and sonication period have significant effect on the extraction yield of ascorbic 
acid from banana peel. The main idea of utilizing ultrasonic assisted extraction is to provide 
mechanical disruption to the cell structure without effect of heat. Ultrasonic extraction is 
providing cavitation effect towards the banana peel samples causing it to release the extract 
or contents. 

Long extraction period followed by temperature more than 30oC will increase the 
possibility of oxidation of ascorbic acid and degradation of ascorbic acid due to heat. 
Therefore, it is important to choose efficient extraction condition i.e. extraction temperature, 
time period and ratio of solvent to solid in order to maintain and preserve extraction yield.  
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