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ABSTRACT 
 
 The goal of the present study was to improve the extraction yield of phenolic compounds from cottonseed 
meal. First the phenolic compounds (PC) were extracted with several solvents namely 80% acetone, ethanol, 
methanol and isopropanol from azeotropic extracted cottonseed meal (very low in gossypol). Acetone 80% 
extracted highest amount of phenolic compounds 2.19 mg /100g meal. This was followed by investigating the 
effect of different acetone concentrations on the yield of PC. 40% acetone proved to be our choice solvent 
extracting 3.51 mg /100g meal. An attempt was made to increase PC extractability by enzymatically 
hydrolyzing the meal prior to extraction with acetone. The enzymes used were Macerozyme (a mixture of 
cellulase, hemicellulase, and pectinase), Protease and a mixture of Macrozyme + Protease (1:1). The PC 
extracted with 40% acetone after treating meal with enzymes were 5.54, 5.28, 6.06 mg PC /100 g meal, 
respectively. The antioxidant activity (AOA) of all investigated acetone extracts was determined. The AOA was 
80.71% for conventional acetone extract, while AOA of acetone extracted meal which was hydrolyzed with 
macerozyme, protease and a mixture of macerozyme + protease reached to 73.18, 84.95, 88.67 % respectively. 
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Introduction 
 
 The importance of phenolic compounds arises from the fact that they possess many biological activities. 
Phenolic compounds exhibit a wide range of physiological properties, such as antioxidant, anti-allergenic, anti-
artherogenic, anti-inflammatory, anti-microbial, anti-thrombotic, cardioprotective and vasodilatory effects 
(Benavente-Garcia, 1997; Manach et al., 2005; Puupponen-Pimia et al., 2001; Samman et al.,1998 and Taha et 
al., 2011). Studies in vitro and in vivo which proved phenolic compounds to possess the previous physiological 
properties suggest that they can play an important role in the maintenance of human health. 
 Natural antioxidants from dietary sources include phenolic and polyphenolic compounds, among others. 
The mechanism by which these antioxidants exert their effects may vary depending on the compositional 
characteristics of the food, including its minor components. Furthermore, the beneficial health effects of 
consuming plant foods have been ascribed, in part, to the presence of phenolics, which are associated with 
counteracting the risk of cardiovascular diseases, cancer and cataract as well as a number of other degenerative 
diseases. This is achieved by preventing lipid oxidation, protein cross linking and DNA mutation and, at later 
stages, tissue damage.  
 The pharmacological actions of phenolic antioxidants stem mainly from their free radical scavenging and 
metal chelating properties as well as their effects on cell signaling pathways and on gene expression (Soobrattee 
et al., 2005). Phenolic antioxidants react with free lipidoxy or lipidperoxy free radicals, produced in course of 
lipid oxidation (Frankel, 2005), thus preventing their further autoxidation (Frankel, 2007). The inhibition of 
lipid autoxidation is important not only in foods during their storage or heating, but also to reduce the oxidation 
of lipids after ingestion and absorption through the intestinal wall. The antioxidant properties of these phenolic 
compounds are related to their abilities to donate electrons and to act as free radical scavengers by the formation 
of stable phenoxyl radicals (Tyurina, 1995). 
 Cotton was first cultivated in the Old World 7,000 years ago (5th millennium BC), by the inhabitants of the 
Indus Valley civilization. Although cotton has been mainly grown for its fiber, yet it is a very versatile crop. The 
linters or the short cellulose fibers left on the seed after the staple cotton is removed by ginning, are used to 
make coarse yarns and many cellulose products. The hulls, or outer seed coverings, are used in ruminant animal 
feed as roughage. The cottonseed kernel is then extracted for its oil. Cottonseed oil is used as cooking and frying 
oil, salad oil, for mayonnaise, salad dressing, and similar products because of its flavor stability. After the oil 
has been extracted the pressed cake is sometimes broken and sold as cottonseed cake, but most is ground and 
sold as meal. The principal use of both is as a high-protein and supplements in feed for cattle and swine. Poultry 
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can also eat it after processing to reduce the influence of gossypol, a toxic cotton plant pigment. Cottonseed 
meal is also used in making starch-free flour for human consumption.  
 Chemical analyses of the cottonseed meal showed the presence of lignin, cellulose, amino acids, proteins 
and polyphenolic compounds (Vollmann and Rajcan, 2009) which contain functional groups including carboxyl, 
hydroxyl and methyl groups as well as high amounts of fixed anionic and cationic moieties which may offer the 
rapeutic effects such as antimicrobial, anti-inflammatory, anticancer and antioxidant activities. In many oilseed 
protein sources, phenolic compounds are to be considered because they lead to the development of adverse 
flavors and colors in food products. The free phenolic acids are of particular concern because of enzymatic 
oxidation to o-quinones and subsequent binding to lysine and methionine in the proteins. Numerous free 
phenolic acids have been identified in oilseed flours with syringic, ferulic and vanillic being the major 
components in cottonseed, peanut and soybean flours. Gossypol in cottonseed, chlorogenic acid in sunflower, 
and sinapine in rapeseed are micro constituent phenolics which cause unique problems in the utilization of these 
defatted flours and their protein isolates in food applications. The roles of phenolics and functional properties 
must be taken into account (Sosulski, 1979). Dabrowski and Sosulski (1984) examining oilseed flours for free 
and hydrolysable phenolic acids reported that free phenolic acids were not present in 10 oilseed flours, soluble 
esters were the most important phenolic compounds, but most flour residues also contained small, hydrolysable 
quantities of the same phenolic compounds. P-Hydroxy-benzoic trans-p-coumaric, trans-ferulic and trans-
caffeic acids in the ester form occurred in all flours, with syringic acid frequently present. Coconut, cottonseed 
and sesame had low concentrations of total phenolic acid esters 9.5, 10.4, and 12.4 mg/100g flour, respectively. 
Soybean, flax, stafflower and groundnut had intermediate amounts of total phenolics, with principal acids after 
hydrolysis syringic, trans-ferulic, trans-sinapic, and trans-p-coumaric acids, respectively. The p-
Hydroxybenzoic acid occurred in high concentrations in mustard, trans-sinapic acid in rapeseed and mustard, 
and chlorogenic acid in sunflower flour. Oskoueian et al., (2011) reported that cottonseed meal to contain total 
phenolics 1.5 mg gallic acid equivalents g-1 DW and 1.2 mg rutin equivalents g-1 DW. Maga and Lorenz (1974) 
experimenting with cottonseed, peanut and soybean meal found they contain 233, 267 and 256 ppm of total free 
phenols. Whittern et al., (1984) reported that the methanolic extracts of cottonseeds were found to possess 
antioxidant activity. Separation of antioxidant components by chromatographic techniques indicated that the 
flavonoids quercetin and rutin were the major flavonoids present. However the data on polyphenols present in 
cotton are limited to a few studies pointing to phenolic acids, especially caffeic acid, p-coumaric acid, o- 
coumaric acid, vanillic acid, ferulic acid, and salicylic acid as being major phenolic compounds in different parts 
of cotton plant (Kouakou et al., 2007). 
 Degradation of plant wall polysaccharides is of major importance in the food and feed, beverage, edible oil, 
and paper and pulp industries as well as in several other industrial production processes. Plant cell wall 
polysaccharides make up 90% of the plant cell wall and can be divided into three groups: cellulose, 
hemicellulose, and pectin. Enzymatic degradation of the plant wall polysaccharides to improve release of 
compounds entangled between the cell wall components seems a very attractive alternative to conventional 
chemical and mechanical processes (De Vries and Visser 2001). Alberts et al., (2002) noticed that plant 
phenolics increase the rigidity of plant cell walls acting as molecular bridges between cell wall components. 
Plant phenolics have been successfully extracted with different organic solvents (Taha et al., 2012; 
Ghasemzadeh et al., 2011 and Koffi et al., 2010). If solvent extraction of phenolic compounds was preceeded by 
enzymatic treatment to degrade cell wall theoretically more phenolic compounds should be extracted. Several 
authors reported on the extraction of phenolic antioxidants from raspberry waste (Laroze et al., 2010), from 
vegetal matrixes (Pinelo and Meyer 2008) from flax hulls and whole seeds (Renouard et al., 2010) from borage 
seeds (Soto et al., 2008) and from unripe apples (Zheng et al., 2009). However, little work has been reported on 
the enzymatic release of phenolic compounds from oilseed meals. 
 Cottonseed will be always planted for its fiber, thus the seeds will be always available. Since the cottonseed 
meal contains phenolic compounds which might bind to proteins and fibers and cause off flavors and colors in 
food, then extraction of the phenolic compounds from cottonseed meal will result in an improved meal as well 
as a phenolic extract with possible biological activity. The aim of the present study is to examine several organic 
solvents for the extraction of total phenolic compounds from cottonseed meal. Comparison between enzymatic 
treatment prior to extraction and conventional extraction on the extractability of the total phenolic compounds 
will be studied. Also, the antioxidant activity of the phenolic extracts will be determined. 
 
Materials and Methods 
 
Materials: 
 
 Cottonseed Giza 80 (Gossypium barbadense), the crop of the year 2011 was supplied by El-Menya Ginning 
Company, Upper Egypt. The decorticated seeds were ground using a Wiley Mill. Two samples (100 g each), the 
first was extracted with n-hexane and the second was extracted using azeotrope (acetone: hexane: water, A : H : 
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W, 53:44:3, v/v). Extractions were carried out using a soxhlet apparatus until residual oil did not exceed 1%. 
The resulting meal from hexane extraction (HM) and from azeotropic extraction (AM) were dried and ground to 
pass 80 mesh screens. 
 
Enzymes:  
 
 Macerozyme R-10 which is a mixture of (cellulase, hemicellulase and pectinase) was obtained from 
Phytotechnology Laboratories. Protease from (Bacillus lichneformis, ≥ 2.4 U/g) a product of Novozyme.  
 
Extraction of phenolic compounds using organic solvents: 
 
 In this experiment, the effect of 80% methanol, 80% ethanol, 80% acetone and 80% iso-propanol on the 
extraction of total phenolic compounds (PC) from cottonseed meal (HM and AM) was tested. Experiments were 
carried out at room temperature, at meal: solvent ratios of 1:30 (w/v). Three consecutive extractions were 
carried out for 30 min. using an electric stirrer. The three extract were collected and filtered (the volume of 
filtrate, and weight of precipitate were recorded) and the filtrate was subjected to rotary evaporation (BUCHI- 
Germany) until almost dryness (5 ml), after which, Total phenolic compounds in the extracts were determined. 
The original weight of the meal was weighed accurately and recorded. Also the original volume of solvent and 
volume after extraction of phenolic compounds were recorded. In another set of experiments the effect of the 
concentration of acetone from 10% to 80% on the extractability of PC from (AM), and the antioxidant activity 
(AOA) of the extracts were determined. 
 
Enzymatic treatment prior to phenolic extraction: 
 
 Basic hydrolysis experiment: Ten grams of azeotropic extracted cottonseed meal (AM) were suspended in 
distilled water at a meal: water ratio of 1:10 (w/v), and were stirred on a magnetic stirrer with heating to the 
appropriate temperature of each of the enzyme used. The pH was then adjusted to the recommended optimum 
pH of each enzyme. The enzyme was then added at a concentration of 2% (w/w) of the meal weight. The 
mixture was then transferred to a shaking water bath at 100 x g for 8 hr., optimum pH was kept constant by 
adding 6 N HCl or 1 N NaOH and shaking was continued for 120 min. The enzyme was then stopped by raising 
the temperature and lowering pH value. The suspension was filtered, the filtrate discarded, and the residue dried 
then weighed. Extraction of the residue with 40% acetone was carried out as described above in conventional 
extraction, centrifuge at 3000xg for 30 min. and then, determine the PC in the filtrate and dried residue, the 
volume of acetone before and after extraction was recorded. 
 
Methods of Analysis: 
 
 Moisture, lipid, protein, ash and crude fiber were determined according to A.O.A.C (2005). Total phenolic 
compounds (PC) were determined by the Folin Ciocalteu method according to Hung et al. (2002) and measured 
as gallic acid equivalents. Antioxidant activity (AOA) was determined by the β-carotene/ linoleic acid method 
described by (Al-Shaikhan et al., 1995). Free gossypol was determined according to (Johnson and Lusas 1983). 
 
Statistical analysis: 
 
 The results are presented as mean values ± standard deviation (SD). All results were evaluated statistically 
using analysis of variance according to McClave & Benson (1991). 
 
Results and Discussion 
 
 Cottonseed contains among the several polyphenolic compounds a toxic yellow pigment known as 
gossypol. Cottonseed cake extracted with n-hexane yielded a defatted meal (HM), containing gossypol, while 
the cottonseed cake extracted with azeotrope (acetone: hexane: water, 53:44:3, v/v) yielded defatted cottonseed 
meal (AM) low in gossypol (Johnson and Lusas 1983). The total phenolic compounds measured as gallic acid 
equivalents were determined for both hexane extracted meal and azeotropic extracted meal. 
 Chemical composition of HM and AM represented in Table 1 show negligible differences between them 
except in their gossypol content. Calhoun (1989) in a survey completed by Texas A & M researchers reported 
values of free gossypol in the seed and meal of cottonseed varieties to range between 0.47-0.63 % in the seeds 
and between 0.079 – 0.298 % in the meals. Our values are within the reported range. 
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Table 1: Proximate composition of cottonseed meals. 
Composition 

(%) 
Whole cottonseed Hexane defatted cottonseed meal 

(HM) 
Azeotropic extracted cottonseed 

meal (AM) 
Oil 20.4 ± 0.09 2.2 ± 0.15 1.8 ± 0.07 

Protein 24.3 ± 0.08 47.2 ± 0.09 48.1 ± 0.14 
Ash 4.7 ± 0.11 7.4 ± 0.17 7.9 ± 0.16 

Crude Fiber 20.8 ±0.08 13.3 ± 0.11 14.2 ± 0.09 
Nitrogen Free Extract 29.8 ±0.14 29.9 ± 0.18 31.0 ± 0.12 

Free gossypol 0.63 ± 0.14 0.19 ± 0.21 0.11 ± 0.03 
Values are given on moisture free basis ± Standard Deviation. 
Values represent mean value of four replicates sample.  

 
Effect of different solvents on the extraction of cottonseed’s phenolic compounds: 
 
 Since the solubility of phenolics in general is governed by their chemical nature which may vary from 
simple to very highly polymerized substances. Polar organic solvents are most effective in solubilizing phenolic 
compounds from plant materials (Goli et al., 2005; Turkmen, 2006). Thus phenolic compounds (PC) were 
extracted from both (HM) and (AM) with 80% acetone, 80% ethanol, 80% methanol and 80% isopropanol, 
under the same conditions, in order to extraction of PC. Table 2 shows the effect of these solvents on the 
extractability of PC. 
 It is clear from the Table 2 that azeotropic extracted cottonseeds meal contained less PC than hexane 
extracted cottonseeds meal. This is probably due to the fact that azeotrope (acetone : hexane : water) was able to 
extract the gossypol from the meal (Johnson and Lusas, 1983). There is no significant difference between 
extractions of PC from (HM) with the four different solvents. On the other hand, the AM showed higher PC. No 
significant difference was noticed when extracting the PC with acetone (2.19 mg/100g) or methanol (2.16 
mg/100g), while there was a significant difference between ethanol and the other solvents. Ethanol and iso-
propanol extracted lower amount of PC to reach 1.91 and 1.48 mg/100g, respectively. Results of Table 2 show 
that acetone extracted more PC probably because acetone is more polar than the three other solvents. Kim et al., 
(2007) developed a method of designing solvents for the optimal extraction of bioactive ingredients from 
mulberry leaves using an alcohol-water binary solvent. From their study they reported that the extraction 
efficiency of the bioactive ingredients was correlated with the solvent polarity. This finding is in agreement with 
our results. Taha et al., (2011) studied the optimization of phenolic compounds and chlorogenic acid extraction 
from sunflower meal. They found that 80% acetone extracted maximum phenolics and chlorogenic acid when 
applying conventional, microwave-assisted, and ultrasound-assisted extractions. Sun et al., (2006) prepared oat 
groat phenolic extracts using acetone, methanol and hexane. The acetone extracted highest amount of phenolic 
compounds. Acetone extract exhibited highest radical scavenging activity and highest Trolox value. Taha et al. 
(2011) and Sun et al. (2006) findings are in agreement with our results. 
 
Table 2: Effect of different solvents on the extraction of total phenolic compounds from hexane defatted cottonseed meal and azeotropic 

defatted cottonseed meal. 
Sample Total phenolic compounds 

(mg/100g meal) 
Hexane defatted meal (HM) 

80% acetone 3.36 a ± 0.32 
80% ethanol 3.15 a ± 0.08 

80% methanol 3.26 a ± 0.17 
80% isopropanol 3.27 a ± 0.21 

Azeotropic defatted meal (AM) 
80% acetone 2.19 b± 0.06 
80% ethanol 1.91 c ± 0.03 

80% methanol 2.16 b ± 0.05 
80% isopropanol 1.48 d ± 0.09 
LSD at 5% level 0.1310 

- Results are average of three replicate samples ± standard deviation. 
- Different letters in column indicates significant differences between solvents at (P<0.05). 

 
  Thus acetone was chosen for further investigation. The effect of concentration of acetone on the extraction 
of PC from (AM) was then examined. It is worth mentioning that (AM) extracted meal was chosen to avoid any 
toxicity that might result from gossypol. 
 Results in Table 3 indicate that 40% acetone is our choice solvent for the optimum extraction of PC from 
AM extracting 3.51 mg / 100g meal. The Table shows a significant difference between 40% acetone and all 
other concentrations. Highest PC extracted was in the following order: 40% acetone > 50% acetone > 30% 
acetone > 20% acetone > 10% acetone > 60% acetone > 80% acetone > 70% acetone with PC values of 3.51 > 
3.13 > 3.07 > 2.92 > 2.61 > 2.47 > 2.19 > 2.17 mg /100g meal, respectively. Oskoueian et al., (2011) reported 
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cottonseed meal to contain total phenolics 1.5 mg gallic acid equivalents g-1 DW and 1.2 mg rutin equivalents g-

1 DW. 
 
Table 3: Effect of the concentration of acetone on the extraction of total phenolic compounds from azeotropic defatted cottonseed meal. 

Sample Total phenolic compounds 
(mg/100g meal) 

80% acetone 2.19 e ± 0.05 
70% acetone 2.17 e ± 0.05 
60% acetone 2.47 d ± 0.12 
50% acetone 3.13 b ± 0.13 
40% acetone 3.51 a ± 0.09 
30% acetone 3.07 bc ± 0.07 
20% acetone 2.92 c ± 0.05 
10% acetone 2.61 d ± 0.09 
LSD at 5% 0.1526 

- Results are average of three replicate samples ± standard deviation.  
- Different letters in column indicates significant differences between solvents at (P<0.05). 

 
Enzymatic hydrolysis prior to the extraction of phenolic compounds: 
 
 Because of the fact that PC might get bound to protein or fiber, enzymatic treatment was suggested. 
Enzymatic hydrolysis aimed at breaking bonds between phenolic compounds and protein and phenolic 
compounds and fiber. 
 Azeotropic extracted cottonseed meal was subjected to enzymatic hydrolysis which results in residue (A) 
and filtrate (discarded). Residue A was then extracted with 40% acetone. Phenolic compounds (PC) were 
determined in both acetone extract and in the residue (B). The sum of PC in the acetone extract and in residue 
(B) represents the PC originally supposed to be present in residue (A). 
 Enzymes used were: 1- Macerozyme (M) which is a macerating enzyme having cellulase, hemicellulase 
and pectinase activities, 2- Protease, used to break bonds between phenolic compounds and protein, and 3- a 
mixture of Macerozyme and Protease in a ratio of 1:1 (w/w). This experiment was carried out to elucidate the 
effect of enzymatic hydrolysis of AM cottonseed meal prior to the extraction of the PC, on their extractability. 
Then to compare the amount of extracted PC from conventional extraction with that resulting from enzymatic 
hydrolysis. 
 Results reveal that the conventional extraction of AM with 40% acetone extracted 3.51 mg PC/100g meal 
(Table 3). Results of enzymatic hydrolysis followed by extraction of the PC with 40% acetone (Tables 4 & 5) 
indicated an increase in the amount of extracted PC, which proves that the enzymatic treatments resulted in 
degradation of the cell walls, thus releasing the bound or trapped phenolic compounds. Macerozyme hydrolyzed 
AM increased the amount of PC to 5.54 mg/100g meal. Protease hydrolyzed meal resulted in an acetone extract 
containing 5.28 mg PC/ 100g meal. AM hydrolyzed with enzyme mixture (A & M) yielded the highest amount 
of extracted PC to reach 6.06 mg/100g meal (Table4). Table 5 gives values of PC remaining in residue (A) 
resulting after hydrolysis and residue (B) resulting after extraction of residue (A) with 40% acetone. Percent 
extracted phenolic compounds calculated on the basis that cottonseed meal contained 10.4 mg PC/100g meal 
according to Dabrowski and Sosulski (1984) as illustrated in Figure1. The Figure indicates that conventional 
extraction and pretreatments of macerozyme protease and enzyme mixture extracted 33.75, 53.36, 50.33 and 
58.22% phenolic compounds, respectively. Percent increase in extractability of PC is represented in Figure 2. 
Highest % increase in extractability was achieved by the treatment with the enzyme mixture (M & P) before 
40% acetone extraction, it reached 72.52% increase followed by treatment with Protease 58.12% increase and 
49.14% increase for Macerozyme treated meal, in comparison to conventional extraction. 
 
Table 4: Acetone extracts of enzymatically hydrolyzed cottonseeds meal (AM). 

Acetone extract* Total phenolic compounds 
(mg/100g meal) 

Macerozyme (M) 5.54 b ± 0.49 
Protease (P) 5.28 b ± 0.52 

Enzyme mixture (M & P) 6.06 a ± 0.68 
LSD at 5% level 0.8638 

* Acetone extracts are those resulting after extraction of the enzymatic treated cottonseed meal with 40% acetone. 
- Results are average of three replicate samples ± standard deviation.  
- Different letters in column indicates significant differences between enzyme treatments at (P<0.05). 

 
 
 
 
 
 



1539 
J. Appl. Sci. Res., 9(3): 1534-1542, 2013 

 

Table 5: Total phenolic compounds remaining in residue after enzymatic treatment of azeotropic extracted cottonseed meal. 
Residues Total phenolic compounds 

(mg/ 100g meal) 
Macerozyme A1 6.60 c ± 0.96 
Macerozyme B1 1.06 f ± 0.32 

Protease A2 8.98 a ± 0.3 
Protease B2 3.70 d ± 0.28 

Enzyme mixture (M:P,1:1) A3 7.98 b ± 0.35 
Enzyme mixture (M:P,1:1) B3 1.92 e ± 0.25 

LSD at 5% level 0.7428 
- A= residue resulting after enzymatic hydrolysis of azeotropic extracted cottonseed meal (PC calculated). 
- B= residue resulting after extraction of phenolic compounds from residue A, with 40% acetone. 
- Results are average of three replicate samples ± standard deviation  
- Different letters in column indicates significant differences between enzyme treatments at (P<0.05). 
 

 
 

Fig. 1: % extracted phenolic compounds from cottonseed meal using conventional extraction, and enzymatic 
pretreatment prior to extraction. 

 

 
 

Fig. 2: % increase in phenolic compounds extractability from cottonseed meal as a result of enzymatic 
treatment. 

 
 Summing up the results of this part Enzyme assisted extraction of phenolic compounds from cottonseed 
meal is highly suggested over conventional solvent extraction. 
  Our results are in agreement with the following research. Landbo and Meyer (2001), working with black 
currant juice reported that enzymatic aided process using mild conditions could improve polyphenol extraction 
and its antioxidant activity due to enzymatic degradation of polymers such as cellulose, hemicellulose and 
proto-pectin, which allows a better access to the extractive solvents to the phenolic compounds retained in the 
cell wall matrix. Pardo et al. (1999) stated that polyphenol content in red wine increased due to an enzyme-aided 
process production as compared to its nonenzyme counterparts. Zheng et al. (2009), enhancing polyphenol 
extraction from unripe apples by carbohydrate-hydrolyzing enzymes, found Viscozyme to increase total 
phenolic content three fold. Laroze et al (2010), using enzyme assisted extraction of raspberry wastes increased 
extracted phenolics up to 35%. Other authors also recommended the enzymatic–assisted extraction of phenolic 
compounds from plant tissue to increase yield (Renouard et al 2010; Pinelo and Meyer 2008; Landbo and Meyer 
2001; Li et al. 2006; Alrahmany and Tsopmo, 2012; Ribeiro et al. 2013). 
 
 
 



1540 
J. Appl. Sci. Res., 9(3): 1534-1542, 2013 

 

Antioxidant activity of phenolic extracts of cottonseed meal: 
 
 All plant phenolic classes have the structural requirements of free radical scavengers and have potential as 
food antioxidants (Jayathilankan et al., 2007). The antioxidant activity (AOA) of phenolic compounds may 
result from the neutralization of free radicals initiating oxidation processes or from the termination of radical 
chain reactions. Also the AOA of phenolic compounds is due to their high tendency to chelate metals. In this 
investigation the method used for the determination of the antioxidant activity of cottonseed meal acetone 
extracts was the β-carotene bleaching assay. In this method, oxidation of linoleic acid releases linoleic acid 
peroxides as free radicals that oxidizes β-carotene resulting in discoloration, thus decreasing the absorbance 
value (Talcott et al., 2000). 
 
Table 6: Antioxidant activity % of acetone extracts of azeotropic extracted cottonseed meal. 

Extract Antioxidant activity (%) 
80% acetone 70.15 e ± 0.07
70% acetone 72.39 c ± 0.24
60% acetone 72.68 c ± 0.18
50% acetone 77.48 b ± 0.13
40% acetone 80.71 a ± 0.18
30% acetone 77.35 b ± 0.25 
20% acetone 71.60 d ± 0.17
10% acetone 70.17 e ± 0.12

LSD at 5% level 0.2955
- Results are average of three replicate samples ± standard deviation  
- Different letters in column indicates significant differences between enzyme treatments at (P<0.05). 
 
 Acetone extracts of AM with different concentrations (Table 6), all exhibited different levels of AOA %. 
Naturally the 40% acetone extract possessed the highest AOA and indicated a significant difference at (P>0.05) 
with all other acetone extracts. The acetone extracts (50% and 30%); (80% and 10%) showed no significant 
difference between them but were significantly different with other concentrations. Highest achieved AOA was 
for 40% acetone reaching 80.71% this was followed by 50% and 30% acetone extracts with 77.48% and 77.35% 
AOA, respectively. Other concentrations of acetone extracts displayed between 70 - 72% AOA. 
 Antioxidant activity of enzyme assisted extraction of PC from AM reached 73.18%, 84.95% and 88.67 
AOA% for the 40% acetone extract resulting from hydrolysis with enzymes (M), (P), and (M&P), respectively 
(Table 7). The residues (B) remaining after acetone extraction of the enzymatically hydrolyzed (AM) exhibited 
less AOA than the acetone extracts (Table 8). The residues resulting from (M), (P), and (M&P) exhibited 62.60, 
79.21, and 67.11% AOA%, respectively. The AOA is directly correlated to the amount of PC in the residues and 
extracts. Looking at the meal residues (A) after the treatment with enzymes and before extraction of the PC with 
40% acetone it is clear from Tables 5 and 8 that residues (A) contained the highest released PC and as expected 
highest AOA%. Residues A resulting from (M), (P), and (M&P) demonstrated 93.97, 98.61, and 95.41 AOA%, 
respectively. This is due to the fact that all released PC are still in this residue, when it is extracted, certainly 
residues B will contain much less PC because a big portion has been extracted with acetone. Several authors 
reported on the antioxidant activity of the enzyme released phenolic compounds from plant tissue (Alrahmany 
and Tsopmo 2012; Li et al., 2006; Landbo and Meyer 2001; Pinelo and Meyer 2008).  
 
Table 7: Antioxidant activity of 40% acetone extract of enzymatically hydrolyzed isotropic extracted cottonseed meal. 

Acetone extract of hydrolyzate Antioxidant activity (%) 
Macerozyme (M) 73.18 c ± 0.16 

Protease (P) 84.95 b ± 0.3 
Enzyme mixture (M:P,1:1) 88.67 a ± 0.37 

LSD at 5% level 0.4689
- Results are average of three replicate samples ± standard deviation.  
- Different letters in column indicates significant differences between enzyme treatments at (P<0.05). 
 
Table 8: Antioxidant activity of 40% acetone extracts of residues resulting after enzymatic hydrolysis of isotropic extracted cottonseed 

meal. 
Acetone extract of residues Antioxidant activity (%) 

Macerozyme A1 93.97 c ± 0.41 
Macerozyme B1 62.60 e ± 0.43 

Protease A2 98.61 a ± 0.26 
Protease B2 79.21 d ± 0.28 

Enzyme mixture (M:P,1:1) A3 95.41 b ± 0.24 
Enzyme mixture (M:P,1:1) B3 67.11 e ± 0.08 

LSD at 5% level 0.456
A: residues resulting after enzymatic hydrolysis of isotropic extracted cottonseed meal. 
B: residues resulting after extraction of phenolic compounds from residues A. 
- Results are average of three replicate samples ± standard deviation.  
- Different letters in column indicates significant differences between enzyme treatments at (P<0.05). 
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Conclusion: 
 
 These results indicate that the enzyme treatment to degrade cell wall and break bonds between phenolics 
and other component prior to extraction of phenolic compounds (PC) is advisable. Enzyme mixture 
(Macerozyme and Protease) is recommended for the release of more PC from cottonseed meal followed by 
extraction with 40% acetone. More investigations to reach optimum extraction of PC from cottonseed meal are 
needed such as to study the parameters during enzymatic hydrolysis; also acetone extraction can be aided with 
ultrasound, microwave, or countercurrent extraction. 
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