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Abstract  
Whole grain condensed tannin sorghum, its bran and a crude phenolic extract (CPE) 

prepared from the bran were evaluated for total phenols (TP), condensed tannins (CT) 

and antioxidant activity (AA). Antioxidant effect of the CPE from the sorghum bran was 

evaluated in sunflower oil in the presence of ferric ions by measuring peroxide values 

(PVs) and anisidine values (AVs) during storage at 65 °C, in comparison with tertiary 

butyl hydroquinone (TBHQ). Sorghum bran contained three times more TP and AA, and 

seven times more CT than the whole grain. The CPE had highest levels of TP, CT and 

AA. Sunflower oil with CPE had lower PVs and AVs compared to control samples. Oil 

samples with TBHQ had PVs lower than, but AVs similar to samples containing CPE. In 

the presence of ferric ions, the CPE was less effective in reducing PVs, but was more 

effective than TBHQ in reducing AVs.  
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1. Introduction  
Oxidation is one of the major causes of deterioration of fats and oils leading to the 

development of rancid odours and taste (Moure et al., 2001), and causing a reduction in 

the shelf life of the fat or oil. Oxidation can also decrease the nutritional quality and 

safety of lipids through the formation of toxic products in foods after cooking and 

processing (Frankel, 1996, Madhavi et al., 1996 and Moure et al., 2001). Lipid oxidation 

occurs through a chain reaction that involves three stages: initiation, propagation and 

termination (Coultate, 2002, Gordon, 1990, Hamilton et al., 1997 and Madhavi et al., 

1996). Highly reactive free radicals are formed that react with oxygen or other fatty acids 

to form more free radicals and hydroperoxides in a chain reaction. During the termination 

stage, stable deterioration products, mainly carbonyl compounds are formed, which are 

responsible for the perception of rancidity in oxidized oils.  
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The presence of high amounts of polyunsaturated fats such as linoleic and linolenic acids 

in oils make them more susceptible to oxidation (Chu and Kung, 1998, Nawar, 1996 and 

Tan et al., 2002). The problem is further exacerbated if the oil is exposed to factors such 

as oxygen (Nawar, 1996 and Tan et al., 2002), light (Abdalla et al., 1999, Eskin and 

Przybylski, 2001 and Nawar, 1996), high temperatures (Nawar, 1996 and Suzuki et al., 

1996), or trace metals (mainly transition metals such as Fe and Cu) (Fomuso et al., 2002, 

Gordon and Weng, 1992, Luzia et al., 1998 and Satue-Gracia et al., 2000). The transition 

metals enhance the rate of oxidation of edible oils by increasing the rate of generation of 

free radicals from fatty acids or hydroperoxides (Nawar, 1996 and Paiva-Martins and 

Gordon, 2005), and presence of metals at concentrations as low as 0.1 ppm is known to 

increase the rate of oxidation (Nawar, 1996).  

Synthetic phenolic antioxidants such as butylated hydroxytoluene (BHT), butylated 

hydroxyanisole (BHA) and tertiary butyl hydroquinone (TBHQ) are commonly added to 

lipid foods to stabilize the lipids against oxidation (Chu and Hsu, 1999, Moure et al., 

2001 and Stauffer, 1996). Chelating agents such as citric acid may be used to remove 

metals and thereby prevent their catalytic effect on oxidation (O’Brien, 2004). However, 

there is concern about the use of these synthetic antioxidants due to their reported 

negative effects such as carcinogenicity (Whysner, Wang, Zang, Iatropoulos, & Williams, 

1994) and toxicity (Moure et al., 2001 and Wanasundara and Shahidi, 1998). This has led 

to an increasing interest in the search for naturally occurring antioxidants (Duve and 

White, 1991 and Malecka, 2002). Phenolic compounds from plant sources may act as 

antioxidants by scavenging lipid radicals, and in the presence of transition metal ions, 

phenols may act as both radical scavengers and metal chelators (Paiva-Martins & 

Gordon, 2005).  

Sorghum (Sorghum bicolor (L.) Moench) contains phenolic compounds in the form of 

phenolic acids, flavonoids and condensed tannins (Waniska, 2000), which have been 

shown to have antioxidant activity (Awika et al., 2003, Awika et al., 2004 and Hagerman 

et al., 1998). These phenolic compounds, which are concentrated in the outer layers of the 

sorghum grain (pericarp and testa) (Beta et al., 2000, Hahn et al., 1984, Rooney et al., 

1980 and Yousef, 1998), possess structural features favourable for radical scavenging 

and/or metal chelation, which would enable them to be effective antioxidants. The 
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pericarp and testa are often removed and disposed of as bran during utilization of 

sorghum. A potential therefore exists to use sorghum bran as a cheap source of natural 

antioxidants to prevent the development of oxidative rancidity in edible oils and other 

lipid food systems. The antioxidant effect of extracts from navy bean hulls (Onyeneho & 

Hettiarachchy, 1991) and durum wheat bran (Onyeneho & Hettiarachchy, 1992) in soy 

and sunflower oils have been investigated.  

The aim of this study was to evaluate the antioxidant effect of a crude phenolic extract 

from sorghum bran in sunflower oil in the presence of ferric ions in comparison with 

tertiary butyl hydroquinone (TBHQ), a commonly-used synthetic antioxidant. 

  

2. Materials and methods  
2.1. Samples and reagents  

A brown-coloured condensed tannin sorghum variety (Phatafuli) grown during the 

2002/2003 season on a local farm in Chikwawa district of Malawi was obtained through 

Kasinthula Research Station, Ministry of Agriculture and Irrigation, Malawi. Refined, 

bleached and deodorized (RBD) sunflower oil without added antioxidants was supplied 

by Continental Oil Mills (Johannesburg, South Africa). TBHQ was obtained from Merck 

(Germany). All other chemicals used were of analytical reagent grade.  

 

2.2. Preparation of milled sorghum whole grain and bran  

The sorghum grain was hand-cleaned and sorted to remove broken, diseased or insect-

infested grain, glumes and other foreign material. The grain was then decorticated (10% 

bran yield) using a sorghum dehuller (Rural Industries Innovation Centre, Kanye, 

Botswana). The whole grain and bran were separately ground to pass a 0.5 mm sieve 

using a Laboratory Mill 3100 (Falling Number, Huddinge, Sweden).  

 

2.3. Preparation of freeze-dried crude phenolic extract (CPE) from sorghum bran  

Sorghum bran (40 g) was extracted with a total of 450 ml 75% aqueous acetone (75% 

acetone and 25% water) as follows: 150 ml solvent was added to 40 g bran in a centrifuge 

tube and vortex mixed every 10 min for 2 h to improve extraction efficiency. The mixture 

was centrifuged at 3500 rpm for 10 min (25 °C) using a Medifriger centrifuge (J.P. 
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Selecta, s.a.) and decanted. The sample residue was re-extracted twice each with 150 ml 

solvent, centrifuged and decanted. The three supernatants were pooled and concentrated 

in a Buchi Rotavapor RE 120 rotary evaporator (Laboratoriums Technik AG, 

Switzerland) at 35 °C. The resulting mixture was freeze-dried and thoroughly mixed to 

obtain a fine powder. The freeze-dried crude phenolic extract (CPE) was stored at 

−20 °C. 

  

2.4. Preparation of ferric palmitate  

Ferric palmitate was prepared as described by Gordon and Weng (1992). Sodium 

hydroxide pellets (4.2 g) were dissolved in 100 ml distilled water and palmitic acid 

(25.6 g) was added. The mixture was stirred for 5 min, diluted to 400 ml with distilled 

water followed by heating with stirring to 90 °C. The resulting sodium palmitate solution 

was poured into a beaker containing ferric chloride hexahydrate (20 g), and the mixture 

was heated to 80 °C with stirring for 20 min. The brown precipitate formed was removed 

by filtration and washed three times with hot distilled water at 80 °C. The solid was dried 

in a vacuum oven for 8 h. When analyzed by atomic absorption spectrophotometry, the 

ferric palmitate prepared contained approximately 6.8% iron, the theoretical value of the 

iron content for ferric palmitate.  

 

2.5. Determination of total phenols  

The Folin-Ciocalteu method (Singleton & Rossi, 1965) as described by Waterman and 

Mole (1994) was used to determine total phenols in the milled sorghum whole grain, bran 

and CPE from sorghum bran. This method is based on the reducing power of the phenolic 

hydroxyl groups (Hahn et al., 1984), which react with the Folin-Ciocalteu phenol reagent 

to form chromogens that can be detected spectrophotometrically at 760 nm. Sorghum 

whole grain and bran samples (0.25 g) were extracted using 15 ml 75% aqueous acetone 

(Kaluza, McGrath, Roberts, & Schroeder, 1980) as follows: 5 ml of solvent was added to 

0.25 g sample in glass centrifuge tubes and the samples were vortex mixed every 10 min 

for 2 h to improve extraction efficiency. The samples were then centrifuged at 3500 rpm 

for 10 min (25 °C) using a Medifriger centrifuge (J.P. Selecta, s.a.) and decanted. Each 

sample residue was rinsed twice with 5 ml of solvent, vortex mixed for 5 min, centrifuged 
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as above and decanted. The three supernatants were then combined and used for analysis. 

CPE (0.02 g) was reconstituted in 15 ml 75% aqueous acetone, and 0.5 ml of the 

reconstituted sample was used to determine total phenols. Tannic acid was used as a 

standard and results were expressed as mg tannic acid equivalents/100 mg sample, dry 

weight basis.  

 

2.6. Determination of condensed tannins  

The vanillin–HCl method (Price, Van Scoyoc, & Butler, 1978) was used for the 

determination of condensed tannins in the milled sorghum whole grain, bran and CPE 

from sorghum bran. This method is based on the ability of the condensed tannin units to 

react with the vanillin reagent in the presence of mineral acids to produce a red colour 

that is measured spectrophotometrically at 500 nm. Whole grain and bran samples (0.2 g) 

were extracted with 10 ml 100% methanol (Price et al., 1978) step-wise as follows: 5 ml 

solvent was added to the sample in a centrifuge tube and vortex mixed every 5 min for 

20 min, followed by centrifuging at 3500 rpm for 10 min (25 °C) using a Medifriger 

centrifuge (J.P. Selecta, s.a.), and decanting. The sample residue was rinsed with 5 ml of 

solvent, vortex mixed and centrifuged as above and decanted. The two supernatants were 

combined and used for analysis. CPE (0.02 g) was reconstituted in 15 ml methanol and 

used for the condensed tannin assays. The extracts and reagents were maintained at 30 °C 

in a thermostat-controlled water bath before mixing the reactants. The methanolic extract 

(1 ml) was added to 5 ml vanillin reagent (4% HCl in methanol and 0.5% vanillin in 

methanol) and mixed. Sample blanks were done with 4% HCl in methanol replacing the 

vanillin reagent. The reactants were maintained at 30 °C and absorbance was read at 

500 nm after 20 min. Catechin was used as a standard and the results were expressed as 

mg catechin equivalents/100 mg sample, dry weight basis.  

 

2.7. Determination of antioxidant activity  

Antioxidant activity (by free radical scavenging) of the milled whole grain, bran and CPE 

was determined using the Trolox Equivalent Antioxidant Capacity (TEAC) assay as 

described by Awika et al. (2003). TEAC is a spectrophotometric technique that measures 

the relative ability of hydrogen-donating antioxidants to scavenge the ABTS + radical 
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cation chromogen in relation to that of Trolox, the water-soluble Vitamin E analogue, 

which is used as an antioxidant standard. The ABTS radical cations (ABTS +) were 

produced by mixing equal volumes of 8 mM ABTS with 3 mM potassium persulfate 

prepared in distilled water and allowed to react in the dark for at least 12 h at room 

temperature before use. The ABTS + solution was diluted with a phosphate buffer 

solution (pH 7.4) prepared by mixing 0.2 M of NaH2PO4, 0.2 M of Na2HPO4 and 

150 mM NaCl in 1 l of distilled water, with pH adjustment using NaOH where necessary. 

This solution was made fresh for each analysis. The ABTS + solution (2900 μl) was 

added to the 75% aqueous acetone sorghum bran and grain extracts (100 μl), CPE 

solution (100 μl) (0.02 g CPE redissolved in 15 ml 75% aqueous acetone and further 

diluted 1:20 with the same solvent) or Trolox (100 μl) in a test tube and mixed. 

Absorbance readings (at 734 nm) were taken 30 min (for the samples) and 15 min (for the 

standard) after mixing of the samples and standard, respectively, using a Lambda EZ150 

spectrophotometer (Perkin–Elmer, USA). The results were expressed as mM Trolox 

equivalents/g of sample, dry weight basis.  

 

2.8. Evaluation of the antioxidant effect of CPE in sunflower oil  

CPE from the condensed tannin sorghum bran was added to 80 g sunflower oil sample 

aliquots at concentrations of 1000, 1500 and 2000 ppm in screw-capped 100 ml Schott 

glass bottles and covered with aluminium foil to exclude light. The CPE was introduced 

into the oil with the aid of absolute methanol to facilitate dispersion. The synthetic 

antioxidant, TBHQ, was also added to an 80 g sunflower oil sample at the legal limit of 

200 ppm (Shahidi and Wanasundara, 1992 and Stauffer, 1996).  

To assess the effect of the CPE on the oxidative stability of the oil in the presence of 

ferric ions, a similar set of the above samples were prepared with the addition of 2.2 ppm 

ferric ions (32.35 mg ferric palmitate/kg oil) (Gordon and Weng, 1992 and Luzia et al., 

1998) or 4.4 ppm ferric ions (64.70 mg ferric palmitate/kg oil) to the oil. All samples 

were thoroughly mixed for 5 min and stored in the dark in a Labcon forced circulation 

oven Type FSOE 16 (Labcon Pty Limited, Roodeport, South Africa) at 65 °C. Oxidative 

stability of the oil was evaluated by determining the peroxide values (PVs) using the 

AOAC Official Method 965.33 (AOAC, 2000), and anisidine values (AVs) using the 
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International Union of Pure and Applied Chemistry (IUPAC) standard method 2.504 

(IUPAC, 1979), at 2-day intervals during 14 days of storage.  

 

2.9. Statistical analysis  

The experiments were replicated three times, and all measurements were done in 

duplicate. Data for total phenols, condensed tannins and antioxidant activity of the 

extracts was subjected to analysis of variance (ANOVA), and the Fisher’s LSD test was 

used to identify differences among the means at p < 0.05. Data for the evaluation of the 

oxidative stability of sunflower oil was subjected to ANOVA computed using the SAS 

Generalized Linear Model (GLM) (SAS Institute, 2000). F-tests were conducted to 

determine differences among means at p < 0.05.  

 

3. Results and discussion  
3.1. Phenolic content and antioxidant activity of sorghum whole grain, bran and 

CPE from sorghum bran  

Table 1 shows the total phenol content, condensed tannin content and antioxidant activity 

of the sorghum whole grain, bran and CPE from sorghum bran. Levels of total phenols of 

sorghum reported in the literature vary widely due to differences in extraction solvents, 

test methods and standards used. This makes it difficult to do direct comparisons. Though 

tannic acid has been used as a standard for sorghum in the past (Beta, Rooney, 

Marovatsanga, & Taylor, 1999), it must be stated that sorghum does not contain any 

tannic acid. Recent research indicates that for cereals such as sorghum, catechin (Towo, 

Svanberg, & Ndossi, 2003) or gallic acid (Awika et al., 2003 and Dicko et al., 2005) are 

normally used as standards during total phenol assays. However, some results obtained in 

our laboratory recently on a different sorghum variety indicate that though the absolute 

total phenol values may be different, the trends obtained between different samples are 

similar when either tannic acid or catechin is used as a standard. The level of condensed 

tannins obtained in the whole grain in this study (6.12% catechin equivalents) (Table 1), 

is comparable to levels reported for condensed tannin sorghums (type III) using the 

vanillin–HCl method. Beta et al. (1999) reported condensed tannin level of 5.48 mg 

catechin equivalents/100 mg sample for DC-75, a condensed tannin sorghum variety, 
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which they classified to be possibly, a type III sorghum. The antioxidant activities for 

bran (0.60 mM TE/g) and whole grain (0.19 mM TE/g) in Table 1, fall within the same 

range as reported by Awika et al. (2003) for bran (0.512–0.768 mM TE/g) and whole 

grain (0.108–0.226 mM TE/g) of the condensed tannin-containing sorghums, Hi-tannin 

and sumac respectively.  

Table 1.  

Total phenols, condensed tannins and antioxidant activity of whole grain sorghum, bran 

and freeze-dried crude phenolic extract from sorghum bran  

Sample 
Total phenols 

(mg TAE/100 mg) 

Condensed tannins 

(mg CE/100 mg) 

Antioxidant activity 

(mM TE/g) 

Whole 

grain 
3.09a ab (0.40)c 6.12 a (0.52) 0.19 a (0.01) 

Bran 10.12 b (0.59) 45.16 b (4.39) 0.60 a (0.05) 

CPE 58.35 c (3.24) 491.80 c (25.54) 4.60 b (0.50) 

TAE, tannic acid equivalents; CE, catechin equivalents; TE, trolox equivalents; CPE, 

freeze-dried crude phenolic extract from sorghum bran. 
a Results are means of six determinations expressed on a dry basis. 
b For each sample, means within each column followed by a different letter are 

significantly different (p < 0.05). 
c Standard deviations are given in parentheses.  

The bran contained approximately three times more total phenols and antioxidant 

activity, and seven times more condensed tannins than the whole grain, which shows that 

phenolic compounds in sorghum are highly concentrated in outer layers of the grain (Beta 

et al., 2000, Hahn et al., 1984, Hahn and Rooney, 1986 and Rooney et al., 1980). 

Sorghum bran, a waste product during sorghum milling, could be regarded as a potential 

source of antioxidants for use in lipid foods. The CPE had significantly higher levels of 

total phenols, condensed tannins and antioxidant activity than the bran. The freeze-drying 

process concentrates the phenolics further by removal of excess moisture. It may be more 
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appropriate to incorporate phenolic extracts from sorghum into lipid foods such as 

sunflower oil in their freeze-dried form for optimum antioxidative effects.  

 

3.2. Effect of CPE from condensed tannin sorghum bran on the oxidative stability of 

sunflower oil  

Fig. 1 shows the effect of the sorghum CPE and TBHQ on the peroxide value, PV (Fig. 

1a) and anisidine value, AV (Fig. 1b) of sunflower oil over a 14-day storage period. The 

initial PV and AV of the freshly refined oil were 1.29 meq/kg oil and 2.59, respectively. 

According to Rossell (1986), freshly refined oil should have a PV of less than 1 meq/kg, 

and oils that have been stored for some time after refining could have a PV of up to 

10 meq/kg, and that an AV of less than 10 indicates good oil. The PV and AV levels of 

the sunflower oil used in this study were therefore within acceptable limits for good 

quality oil.  
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Fig. 1. Effect of sorghum crude phenolic extract (CPE) and TBHQ on peroxide value, PV 

(a) and anisidine value, AV (b) of sunflower oil over a 14-day storage period. Each point 

on the graphs is the average value of six determinations obtained in three separate 

experiments. Bars represent standard error of the mean.  

At the three concentrations (1000, 1500 and 2000 ppm), the CPE reduced formation of 

primary oxidation products (hydroperoxides) as shown by lower PVs (Fig. 1a) compared 

to the control oil sample without any additive. In all the samples, PVs generally increased 

from the beginning of the storage period to the last day, showing the progression of 

oxidation. The lowest rate of increase of PVs was in the samples containing TBHQ. For 
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the control oil sample, the progressive increase in PV was significantly (p < 0.05) higher 

throughout the storage period compared to the samples containing the CPE or TBHQ. For 

most of the storage period, PVs of oil samples containing 1000 ppm CPE did not seem to 

be significantly (p < 0.05) different from the PVs of oil samples containing 1500 and 

2000 ppm CPE.  

The antioxidant effect of the sorghum CPE may be attributed to the presence of phenolic 

compounds, such as condensed tannins in the extract. Phenolic compounds are able to 

scavenge and stabilize lipid radicals by donating hydrogen atoms (Eskin and Przybylski, 

2001 and Frankel, 1996), hence reducing the rate of chain propagation of the oxidation 

process. The ability of plant extracts to inhibit lipid oxidation due to their phenolic 

content has been previously shown (Gordon and Weng, 1992, Onyeneho and 

Hettiarachchy, 1991, Onyeneho and Hettiarachchy, 1992 and Wanasundara and Shahidi, 

1998).  

From day 4 to the end of the storage period, AVs for the control oil sample were 

significantly (p < 0.05) higher than the oil samples containing CPE or TBHQ, which had 

similar AVs throughout the storage period (Fig. 1b). This indicates that the sorghum CPE 

had a similar ability to inhibit formation of secondary oxidation products in the oil as 

TBHQ.  

While the PVs for all samples showed a steady increase during the storage period (Fig. 

1a), AVs for oil samples containing CPE and TBHQ were almost constant with only the 

control oil sample showing a gradual increase (Fig. 1b).This indicates that a high rate of 

hydroperoxide formation did not necessarily lead to a high rate of generation of 

secondary oxidation products. This may be due to the ability of the CPE or TBHQ to 

scavenge free radicals (such as alkoxyl radicals) arising from the decomposition of the 

hydroperoxides, thus preventing the radicals from further reaction to form compounds 

such as aldehydes and ketones (Eskin & Przybylski, 2001). Similar results were obtained 

by Abdalla and Roozen (1999) who reported better inhibition of hexanal (secondary 

oxidation product) generation than formation of conjugated dienes (primary oxidation 

products) by thyme and lemon balm extracts in sunflower oil.  
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3.3. Effect of ferric ions on the oxidative stability of sunflower oil  

Promotion of lipid oxidation by transition metals is a well-known phenomenon (Fomuso 

et al., 2002, Gordon and Weng, 1992 and Satue-Gracia et al., 2000). Previous studies 

have reported higher PVs in oil containing ferric ions (Gordon and Weng, 1992 and Luzia 

et al., 1998). Results of this study however show significantly lower PVs for oil with 

added ferric ions compared to the control without added ferric ions (Fig. 2a). The lower 

PVs for oil with added ferric ions may however not be due to lower lipid oxidation rates. 

Iron has been shown to have the ability to decompose lipid peroxides and prevent their 

accumulation, which leads to lower PVs (Mancuso, McClements, & Decker, 1999). It 

may therefore be suggested that in this study, ferric ions accelerated the breakdown of 

hydroperoxides to secondary oxidation products (Satue-Gracia et al., 2000), and 

prevented their accumulation. Oil samples containing ferric ions would therefore be 

expected to have higher AVs compared to control samples due to an increase in 

secondary oxidation products, and this can be observed in Fig. 2b. Similar observations 

have been reported (Fomuso et al., 2002, Halliwell and Gutteridge, 1989 and Van der 

Merwe, 2003).  
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Fig. 2. Effect of ferric ions on peroxide value, PV (a) and anisidine value, AV (b) of 

sunflower oil. Each point on the graphs is an average of six determinations obtained from 

three separate experiments. Bars represent standard error of the mean.  

The higher PVs and AVs of oil containing 4.4 ppm ferric ions compared to that 

containing 2.2 ppm illustrates the dependence of the extent of oxidation on the 

concentration of ferric ions as shown by previous studies (Fomuso et al., 2002 and Satue-

Gracia et al., 2000).  
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3.4. Effect of CPE from condensed tannin sorghum bran on the oxidative stability of 

sunflower oil in the presence of ferric ions  

The PVs of sunflower oil samples containing CPE and ferric ions at various 

concentrations over the storage period are presented in Table 2. On the average, PVs of 

oil samples containing CPE at 1000 ppm and 2.2 ppm ferric ions, were similar to control 

oil samples, while oil samples containing CPE at 1000 ppm and 4.4 ppm ferric ions and 

CPE at 1500 and 2000 ppm generally had higher PVs compared to the control samples. 

This may be because the peroxides formed in the control samples did not accumulate but 

were decomposed by the ferric ions to secondary oxidation products (Fomuso et al., 2002 

and Mancuso et al., 1999), as demonstrated by the corresponding higher AVs for the 

control oil compared to the samples containing CPE and ferric ions (Table 3). For oil 

samples containing CPE, possible chelation of the ferric ions by phenolic compounds in 

the CPE (such as condensed tannins) may render the ions unavailable and catalytically 

inactive to decompose hydroperoxides to secondary oxidation products (Fernandez et al., 

2002, Shahidi and Wanasundara, 1992 and Sugihara et al., 1999). Condensed tannins 

have been shown to form metal complexes with ferric ions (Porter, 1992 and Slabbert, 

1992). Since secondary oxidation products (aldehydes in particular), are the source of the 

characteristic odour of rancid fats (Coultate, 2002), the CPE may be considered as 

potential agents in preventing development of rancidity in sunflower oil.  

Table 2.  

Effect of storage time on peroxide values of sunflower oil samples containing either 

freeze-dried crude phenolic extract from sorghum bran (at different concentrations) or 

TBHQ, both in the presence of ferric ions 
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Treatment  Storage time (days)  

 0 2 4 6 8 10 12 14 

Control (+2.2 ppm Fe) 1.79a ab 2.37 a 5.37 b 6.82 bc 10.69 bc 15.81 ab 23.94 bc 28.68 a

Control (+4.4 ppm Fe) 1.95 a 2.51 a 6.79 bc 12.08 de 15.03 cd 22.07 cd 29.07 cd 39.47 b

TBHQ + 2.2 ppm Fe 1.82 a 1.09 a 1.60 a 2.44 a 5.32 a 10.92 a 14.08 a 21.90 a

TBHQ + 4.4 ppm Fe 1.90 a 1.14 a 3.59 ab 4.77 ab 9.62 ab 13.17 a 19.57 ab 26.25 a

1000Ec + 2.2 ppm Fe 1.59 a 3.79 ab 5.66 b 7.57 bc 11.51 bc 15.98 abc 21.61 b 28.84 a

1000E + 4.4 ppm Fe 1.74 a 3.44 a 7.09 bc 10.68 cd 17.19 cd 24.60 de 28.37 cd 38.32 b

1500E + 2.2 ppm Fe 2.09 ab 3.06 a 6.85 bc 11.75 de 17.93 de 25.16 de 30.84 de 41.47 b

1500E + 4.4 ppm Fe 1.89 a 3.78 ab 9.54 d 14.82 ef 23.09 f 31.44 f 39.41 f 52.92 d

2000E + 2.2 ppm Fe 1.80 a 3.63 ab 6.06 bc 9.49 cd 15.18 cd 21.46 bcd 28.06 cd 39.38 b

2000E + 4.4 ppm Fe 1.96 a 4.31 b 9.89 d 15.15 f 22.24 ef 29.62 ef 36.52 ef 51.04 c

         

SEMd 0.22 0.24 0.8 1.09 1.68 2.07 1.92 1.92 
a Results are means of six determinations obtained in three independent experiments. 
b Means within each column followed by a different letter are significantly different (p < 0.05). 
c 1000E = 1000 ppm crude phenolic extract from sorghum bran in sunflower oil (similar interpretation for 1500E and 2000E). 
d Standard error of the mean.  

Table 3.  
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Effect of storage time on anisidine values of sunflower oil samples containing either freeze-dried crude phenolic extract from sorghum 

bran (at different concentrations) or TBHQ, both in the presence of ferric ions  

Treatment  Storage time (days)  

 0 2 4 6 8 10 12 14 

Control (+2.2 ppm Fe) 3.39a ab 14.46 c 16.67 c 17.03 c 20.61 c 23.06 b 22.99 b 25.75 cd

Control (+4.4 ppm Fe) 3.27 a 14.22 c 15.98 bc 18.59 d 21.63 d 24.31 bc 26.22 c 28.26 d 

TBHQ + 2.2 ppm Fe 2.62 a 11.46 b 14.73 b 18.26 cd 20.58 c 22.99 b 23.14 b 25.25 c 

TBHQ + 4.4 ppm Fe 2.96 a 11.76 b 15.44 bc 18.70 d 22.00 d 26.38 c 26.44 c 27.80 cd

1000Ec + 2.2ppm Fe 2.64 a 5.77 a 5.23 a 5.74 a 7.56 ab 7.75 a 7.40 a 6.29 ab 

1000E + 4.4 ppm Fe 2.37 a 6.53 a 6.64 a 7.66 b 8.01 b 8.67 a 8.54 a 6.50 ab 

1500E + 2.2ppm Fe 2.20 a 5.63 a 6.09 a 5.46 a 6.89 a 6.79 a 6.57 a 6.34 ab 

1500E + 4.4 ppm Fe 1.92 a 5.05 a 5.95 a 5.74 a 7.05 a 6.68 a 7.08 a 8.43 b 

2000E + 2.2 ppm Fe 1.85 a 5.45 a 5.56 a 6.53 ab 7.14 ab 6.70 a 6.45 a 5.69 a 

2000E + 4.4ppm Fe 2.05 a 6.70 a 6.10 a 7.13 b 6.84 a 7.70 a 7.77 a 7.33 ab 

SEMd 0.73 0.67 0.51 0.43 0.32 0.71 0.91 0.87 
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a Results are means of six determinations obtained in three independent experiments. 
b Means within each column followed by a different letter are significantly different 

(p < 0.05). 
c 1000E = 1000 ppm crude phenolic extract from sorghum bran in sunflower oil (similar 

interpretation for 1500E and 2000E). 
d Standard error of the mean.  

From day 2 to the end of the storage period, oil samples containing TBHQ and ferric ions 

had lower PVs (Table 2) but higher AVs (Table 3) than oil containing CPE (at all the 

three concentrations) and ferric ions. TBHQ does not chelate metal ions (Shahidi & 

Wanasundara, 1992). Therefore for samples containing TBHQ, ferric ions will be 

available to break down hydroperoxides to secondary oxidation products leading to lower 

PVs but higher AVs.  

The dependence of the extent of oxidation on ferric ion concentration as shown in Fig. 2 

is again shown by higher PVs (Table 2) and AVs (Table 3) in the oil samples with 

increasing ferric ion concentration.  

Though PVs are often used as an indicator of initial stages of oxidation (O’Brien, 2004), 

hydroperoxides decompose rapidly during storage, upon heating or in the presence of 

ferric ions; hence PV may not necessarily indicate the full extent of lipid oxidation. This 

study demonstrates that in the presence of ferric ions, PV measurements alone may not 

give a true representation of the rate of lipid oxidation. Decomposition of hydroperoxides 

into secondary oxidation products could be accelerated by the ferric ions, hence 

preventing their accumulation in the oil samples, resulting in low PVs, which could be 

wrongly interpreted as indicative of good quality oil.  

 

4. Conclusions  
Freeze-dried crude phenolic extract (CPE) from condensed tannin sorghum bran inhibits 

the formation of both primary and secondary oxidation products in sunflower oil due to 

the presence of phenolic compounds that possess antioxidant properties. Ferric ions have 

an influence on the effectiveness of the sorghum CPE as well as that of TBHQ as 

antioxidants. The CPE exhibits a lower ability to suppress formation of primary oxidation 

products compared to TBHQ both in the absence and presence of ferric ions. In the 
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absence of ferric ions, the CPE and TBHQ show a similar ability to inhibit formation of 

secondary oxidation products but the CPE is more effective in the presence of ferric ions, 

probably due to the ability of phenolic compounds in the CPE to chelate ferric ions, 

which prevents the ferric ions from decomposing hydroperoxides to secondary oxidation 

products. The CPE appears to exert an antioxidant effect by acting as both radical 

scavengers and metal chelators. Condensed tannin sorghum bran may be considered a 

cheap potential source of phenolic compounds for application as antioxidants in lipid 

foods.  
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