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ABSTRACT 
 

The current investigation was carried out to study the possibility of using black rice and red sorghum hull 
to improve the oxidative stability of mackerel fish fingers. In the control fish finger the wheat flour was 
separately substituted with black rice and red sorghum hull at 1, 2 and 3 % levels. The fish finger samples were 
stored for three months under freezing at -18°C.The antioxidant assay, total phenolic compounds and total 
flavonoids content were determined in the ethanol extracts of black rice and red sorghum hull. Physical, 
chemical and sensory characteristics of the tasted formulas were determined. It was observed that the black rice 
had higher amounts of total phenolic and flavonoids compounds than red sorghum hull. It was, also, indicated 
that the black rice and red sorghum hull fish finger formulas improved the water holding capacity, the plasticity 
values and cooking loss compared to the control sample. On the other hand, the chemical and physical analysis 
changes were decreased in fish fingers formulas, in relative to the control sample, during storage period (up to 
three months at – 18oC).  
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Introduction 
 

In recent years, the increase in the world’s population as well as various socioeconomic changes has 
caused an increase in the consumer’s preference for ready-to-eat foods. Cakes, crackers, burgers, fish fingers, 
marinated products made from fish or other seafood products are of the most preferred ready-to-eat foods by 
consumers around the world, and many studies have been conducted on the production, quality, and stability of 
these foods (Çakli et al., 2005 and Çakli et al., 2008). 
            In the last decade, there has been increasing interest in antioxidants and functional foods. Several 
epidemiological studies have shown that dietary intake of foods rich in natural antioxidants correlates with a 
reduced risk of coronary heart disease, cancer, inflammatory and aging-related disorders (Garewal, 1997). The 
demand for natural antioxidants is widespread and the healthy food product market has expanded. 
Consequently, new sources of natural antioxidants are desirable for customers and the food industry. 

Fish fingers, produced from minced fish flesh as a battered and breaded product, are commonly stored 
and marketed in their frozen state. However, fish and fish products can undergo undesirable changes during 
frozen storage, and deterioration may limit their storage time. These undesirable changes result from protein 
denaturation and lipid oxidation (Benjakul et al., 2005 and Tokur et al., 2006). 

Oxidation of lipids in fish and fish products can be prevented by storage at low temperatures or with 
the addition of antioxidants to the recipe. Various chemical antioxidants have been used in order to prevent 
oxidation of lipids in fish subjected to long-term storage. In recent years there has been increasing concern 
shown for the safety of synthetic food additives, including the possible toxicity of those synthetic chemicals that 
are used as antioxidants (Çoban and Patır, 2010 and Emir et al., 2012).  

Chemical composition of mackerel fish meat was 77.46 % moisture, 17.84 % protein, 3.25 % fat and 
1.45 % ash (Bud et al., 2008). Also, nutritional value per 100 g of raw Atlantic mackerel recorded 63.55 g 
water, 18.60 g protein, 13.89 g fat, 12 mg calcium, 1.63 mg iron, 76 mg magnesium, 217 mg phosphorus, 314 
mg potassium, 90 mg sodium and 0.63 mg zinc (Itou et al., 2006). 

      Most of marine fish contain a non-protein nitrogenous substance called trimethylamine oxide (TMAO). 
Certain bacteria that occur naturally on the skin of fish and in sea water can break down TMAO to 
trimethylamine TMA (Brettar et al., 2002). The amount of TMA produced is a measure of the activity of 
spoilage bacteria in the flesh and so is an indicator of spoilage (Dalgaard et al., 2006). TMA is responsible for 
the fishy odor in fish and its reduction by spoilage bacteria further leads to ammonical odor. The total amounts 
of ammonia, dimethylamine and trimethylamine are called the total volatile base (TVB) nitrogen, commonly 
used to estimate fish spoilage (Ghaly et al., 2010). 
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          Several studies had been carried out and indicated that phytochemicals are bioactive compounds that 
include phenylpropanoids, tannins, lignins, ץ-oryzanol, tocotrienols, tocopherols, phenolics compounds and 
flavonoids. Most common groups of phenolic compounds are flavonoids which are water-soluble plant pigments 
with many colors (Hansakul et al., 2011).  

Rice is a major cereal crop in the developing world. It is consumed as a staple food by over one-half of 
the world’s population with approximately 95% of production in Asia (Bhattacharjee et al., 2002). Although it 
widely consumed as white rice, there are many special cultivars of rice that contained color pigments, such as 
black rice, red rice and brown rice. Their name refer to the kernel color (black, red or purple) which is formed 
by deposits of anthocyanins in different layers of the pericarp, seed coat and aleurone (Chaudhary, 2003). 

Black rice has a number of nutritional advantages over common rice, such as a higher content of 
protein, vitamins and minerals, although the latter varies with cultivar and production location (Suzuki et al., 
2004).  

Phenolic compounds and flavonoid contents are potential antioxidative phytochemicals that can act as 
metal ion chelators, free radical scavengers and reducing agents, thus offer human health benefits, which also 
can be found in pigmented rice (Srisawat et al., 2010 and Lum and Chong, 2012). According to previous 
studies, antioxidant activity and phenolic content of black rice is greater than that of white rice due to existance 
of such bioactive compounds (Higashi-Okai et al., 2008; Muntana and Prasong, 2010; Yodmanee et al., 2011 
and Sutharut and Sudarat, (2012) and the lower phenolic content and antioxidant activities in the white rice. 

Sorghum is a good source of phenolic compounds with a variety of genetically dependent types and 
levels including phenolic acids, flavonoids and condensed tannins and other compounds of use in human foods 
to prevent deterioration of health (Dykes and Rooney, 2006). 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 and Awika et al., 2004). These phenolic 
compounds, which are concentrated in the outer layers of the sorghum grain (pericarp and testa) (Beta et al., 
2000), possess structural features favorable for radical scavenging and/or metal chelation, which would enable 
them to be effective antioxidants. The pericarp and testa are often removed and disposed of as bran during 
utilization of sorghum flour. 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. 
(Dykes and Rooney, 2007). 
            Among the cereals, Sorghum has the highest content of phenolic compounds comprising of 
approximately 6% (w/w) that includes all classes of phenolic compounds such as, phenolic acids, flavonoids, 
antioxidants, carotenoids and condensed tannins (seeds with pigmented testa). (Sharmila and Sarada, 2014). 

It is important to quantify polyphenolic contents and to assess their contribution for human nutrition. 
Moreover, studies on sorghum shown that it has antioxidant activity (Choi et al., 2007), anti-carcinogenic 
effects (Ha et al., 1998), DPPH radical scavenging activity and anti-mutagenic affects (Kwak et al., 2004) and 
can reduce the risk of cardio-vascular disease (Cho et al., 2000). Importance of phenolics in sorghum were 
confirmed by the protecting effects against stress which was, also, reported by (Dicko et al., 2006). 
 The aim of this investigation was to utilize black rice and Red sorghum hull, as a natural antioxidant, 
black rice and red sorghum hull through addition to mackerel fish in order to estimate their roles in increasing 
the shelf life of finger fish.   
 

Materials and Methods 

Materials: 
Imported frozen mackerel fish was purchased from a local market at Giza, Egypt. The purchased fish 

were kept in ice with fish/ice ratio 1:3 (w/w) and transferred to the laboratory of Meat and Fish Technology 
Research Department, Food Technology Research Institute, Agriculture Research Center, Giza, Egypt. 

Black rice (Oryza sativa L) cultivar October 2008 and red sorghum (Sorghum bicolor L.) cultivar 
Assuit 14 were obtained from Filed Crops Research Institute, Agriculture Research Center, Giza, Egypt. 
Sorghum grains were finely ground and passed through 40 mesh sieve to separate the hull. Black rice and red 
sorghum hull were milled through a Willy mill (1mm mesh) before extraction and utilization. 

Butylated hydroxyl toluene (BHT) was purchased from Noarden International Company Holland. 
 

Methods: 
Extraction of natural antioxidant compounds from black rice and red sorghum hull:  
 Air dried black rice and red sorghum hull were finely powdered as previously described and extracted 
with petroleum ether (40-60oC) to remove fats and resinous materials. The residues were exhaustively separately 
extracted with 500 ml of ethanol (70%). The extract was filtrated through Whatman no., 1 filter papers and the 
filtrates were evaporated to dryness under reduced pressure on a rotary evaporator (RE 300/MS) at 40oC. 
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Determination of antioxidant scavenging free radical using the 2, 2-diphenyl-picrylhydrazyl (DPPH) radical 
scavenging method:  

The ability of the ethanol extract to scavenge free radicals was determined against a very stable free 
radical DPPH (1,1-diphenyl-2-picrylhydrazyl) spectrometrically according to the method of Larrauri et al., 
(1998) with some modifications by Suganya Devi et al., (2012).  Briefly, 0.1 mL of various concentrations from 
extracts of black rice and red sorghum hull polyphenols (10, 50, 100 μg/mL) were separately mixed with 2.9 mL 
of 0.1 mM DPPH-ethanol solution. Mixed solutions were incubated for 30 min at 25◦C in dark; the decrease in 
the absorbance at 517 nm was measured. Ethanol was used as control instead of antioxidant solution, while 
blanks contained ethanol instead of DPPH solution. In the experiment, butylated hydroxyl toluene (BHT) was 
used as a standard at level 100 μg/mL. The inhibition of DPPH radicals by the samples was calculated according 
to the following equation: 
DPPH scavenging activity (%) = (Absorbance of control − Absorbance of sample) × 100 / Absorbance of 
control.  
 
Determination of phenolic compounds:  
            Phenolic compounds were determined by HPLC according to the method of Goupy et al., (1999) as 
follow: 5 g of sample were mixed with ethanol and centrifuged at 10000 rpm for 10 min and the supernatant was 
filtered through a 0.2 µm Millipore membrane filter then 1-3 ml was collected in a vial for injection into HPLC 
Agilant (series 1200) equipped with auto-sampling injector, solvent degasser, ultraviolet (UV) detector set at 
280 nm and quaternary HP pump (series 1100). The column temperature was maintained at 350C. Gradient 
separation was carried out with ethanol and acetonitrile as a mobile phase at flow rate of 1 ml/min. phenolic acid 
standard from sigma Co, were dissolved in a mobile phase and injected into HPLC. Retention time and peak 
area were used to calculate the phenolic compounds concentration by the data analysis of HEWLLET Packared 
software.  
 
Determination of flavonoid compounds:  
            Flavonoid compounds were determined by HPLC according to the method of Mattila et al., (2000) as 
follows: 5 g of sample were mixed with ethanol and centrifuged at 10000 rpm for 10 min and the supernatant 
was filtered through a 0.2 µm Millipore membrane filter then 1 - 3 ml was collected in a vial for injection into 
HPLC Hewllet Packared (series 1050) equipped with auto-sampling injector, solvent degasser, ultraviolet (UV) 
detector set at 330 nm and quarter HP pump (series 1050). The column temperature was maintained at 350C. 
Gradient separation was carried out with methanol and acetonitrile as a mobile phase at a flow rate of 1 ml/min. 
Flavonoids acid standard from sigma Co. were dissolved in a mobile phase and injected into HPLC. Retention 
time and peak area were used to calculation of phenolic compounds concentration by the data analysis of 
HEWLLT Packared software. 
  
Mackerel fillets preparation: 

Upon arrival, fishes were washed, de-headed, gutted (internal guts were removed), re-washed and 
filleted by hand. The prepared fillet skinned and then fish meat minced by a kitchen meat blender using 4 mm 
diameter holes plate. The minced meat were mixed and divided to seven groups. One group used to produce the 
control fish finger and the other groups were used to produce fish fingers which contained black rice and red 
sorghum hull powder at different levels. The other tested groups were prepared as the control sample but the 
wheat flour was substituted separately with black rice and red sorghum hull at level 1, 2 and 3 %, respectively to 
give six fish fingers (three with black rice and three with red sorghum hull). The other part of fingers samples 
were packed in polyethylene bags and stored frozen at – 18˚C for three months, this period is average of shelf 
life for product made from frozen fish (Egyptian standard, 2009). 

 
Processing of fish fingers: 

The control mackerel finger was prepared according to Tokur et al., (2006). The ingredients were 
mixed and homogenized with a kitchen blender. The mixture was then shaped into fingers (9x2x1 cm) and 
coated using batter (prepared from equal quantity of corn and wheat flours 94%, with different ingredients such 
as 2% dried egg yolk, 2% skim milk and 2 % salt. The ratio of solid and water in the batter was (2: 3). The 
coated fingers (by soaking in batter and covering with powdered rusk) were kept in a refrigerator for 24 hr 
(Whereas, the zero time of samples is considered after kept in a refrigerator for 24 hr). For sensory analysis, part 
of frozen samples was deep fried in corn oil at 1800C until they were cooked. 

 
Physical and chemical analyses of fish finger:  
          Water Holding Capacity (WHC) and plasticity at the fish fingers and their formulae were measured during 
storage period according to the filter press method of Soloviev (1966). The cooking loss of fish fingers and their 
formulae during storage period were determined as the method described by AMSA (1995).  
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Thiobarbituric acid (TBA) value was determined as described by Egan et al., (1981) and total volatile 
nitrogen (TVN) and trim-ethylamine-nitrogen (TMA-N) were determined according to the method published by 
Winton and Winton (1958). 
 
Table 1: Ingredients (%) used for the preparation of different fish finger formulae. 
Recipes Control Formula1 Formula2 Formula3 Formula4 Formula5 Formula6 
Mackerel mince 93.5 93.5 93.5 93.5 93.5 93.5 93.5 
Salt 1.5 1.5 1.5 1.5 1.5 1.5 1.5 
Sugar 1 1 1 1 1 1 1 
Wheat flour 3 2 1 - 2 1 - 
Black rice - 1 2 3 - - - 
Red sorghum hull - - - - 1 2 3 
Cumin 0.24 0.24 0.24 0.24 0.24 0.24 0.24 
Powder onion 0.24 0.24 0.24 0.24 0.24 0.24 0.24 
Powder garlic 0.24 0.24 0.24 0.24 0.24 0.24 0.24 
Black pepper 0.24 0.24 0.24 0.24 0.24 0.24 0.24 

Thyme 0.04 0.04 0.04 0.04 0.04 0.04 0.04 

Formulae 1, 2 and 3 made from black rice.  Formulae 4, 5 and 6 made from sorghum hull. 
 

Organoleptic evaluation:  
 Organoleptic evaluation of beef sausage was carried out according to Watts et al. (1989) by aid of ten 

members of the Meat and Fish Res. Dep., Food Technology Research Institute. Judging scale for each factor 
was as follows: excellent (8-9), Very good (7-<8), Good (6-<7), Fair (5-< 6), Poor (4-<5) and Rejected (<4). 

 
 Statistical analysis: 

 Conventional statistical methods of sensory properties were used to calculate means and LSD. 
Statistical analysis (ANOVA) was applied to determine significant differences (P < 0.05) according to Snedecor 
and Cochran (1980). 

 

Results and Discussion 

 
Antioxidant activity, phenolic composition, flavonoids content of black rice and red sorghum hull in 
ethanol extract: 

Free radical scavenging is one of the known mechanisms by which antioxidants inhibit lipid 
peroxidation (Blokhina et al., 2003).  DPPH radical scavenging activities of black rice and red sorghum bran as 
compared with BHT are shown in Table (2). DPPH assay of the ethanol extract was 86.3, 88.7 and 90.5% in the 
10μg, 50μg and 100 μg black rice extracts while it was in the BHT, 95.8 %. Whereas, the same Table showed 
that the DPPH assay of the red sorghum hull were 82.8, 85.4 and 89.7%, respectively. From these results it was 
observed that the black rice ethanol extract had higher amounts of total phenolic compounds (525.40 mg/100g) 
than the red sorghum hull contained (514.90 mg/100g). Whereas, total flavonoids contents of the black rice and 
red sorghum hull from ethanol extracts were 796.08 and 719.16 mg/100g, respectively. It could be noticed, also, 
that the black rice is a good source of total phenolic compounds, total flavonoids content and antioxidant 
activity than red sorghum hull. 

The hydroxyl radical is an extremely reactive free radical formed in biological system and has been 
implicated as a highly damaging species in free radical pathology capable of damaging almost every molecule 
found in living cells. This species is considered to be one of the quick initiators of the lipid peroxidation process, 
abstracting hydrogen atoms from unsaturated fatty acids (Kappus, 1991). 

   
Table 2: Antioxidant activity and bioactive compounds content of the black rice and red sorghum hull in ethanol extract 

Items  
 

Standard BHT  Black rice from ethanol extract 
10 µg 50 µg 100µg 

DPPH radical scavenging  95.8 86.3 88.7 90.5 
Total phenolic  * - 525.40  
Total flavonoids **  - 796.08  

Red sorghum hull from ethanol extract 
DPPH radical scavenging  95.8 82.8 85.4 89.7 
Total phenolic * - 514.09  
Total flavonoids ** - 719.16  

*   As  mg  gallic acid equivalent/100g. **        As mg queractin equivalent/100g. 
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Polyphenolic fractions of black rice and red sorghum hull extracts: 
Polyphenolic compounds in black rice and red sorghum hull extracts were fractionated using HPLC 

apparatus and the results are reported in Table (3). From the results it can be noticed that the black rice 
contained a higher value of the polyphenolic compounds than red sorghum hull.  

Total phenolic compounds were fractionated using HPLC and the results illustrated that the salycilic, 
E-vanillic and pyrogallol and catechein acids were the highest amounts (177.99, 100.60 and 87.61 mg/100g in 
black rice extract, respectively). The red sorghum hulls extract contained the highest phenolic compounds (E-
vanillic protocatchuric, catechein, 3-oH-tyrosol and chlorogenic which reached (140.39, 55.92, 51.85, 45.94 and 
40.28 mg/100g, respectively). Meanwhile, the catechein, alpha-coumaric, catechol, chlorogenic, protocatchuric, 
vanillic, ferullic and 3-oH-tyrosol acids fall in a medium amount in black rice (22.82, 13.96, 13.75, 13.57, 
12.74, 11.66, 11.40 and 10.28 mg/100g, respectively). A medium amount was found in the red sorghum hull 
(salycilic, P-OH-benzoic, catechol, Alpha-coumaric and pyrogallol which was (38.69, 27.96, 20.59, 19.41 and 
15.44 mg/100g, respectively). Moreover, the phenolic compounds remaining were less than 10 mg/100g in 
black rice and red sorghum hull. 

 
Table 3: Phenolic and Flavonoids compounds (mg/100g) of black rice and red  sorghum hull.         
Phenolic compounds Black Rice Red sorghum hull 
Gallic 2.82 5.28 
Pyrogallol 87.61 15.44 
4- Amino-benzoic 2.10 3.18 
3-OH- Tyrosol 10.28 45.94 
Protocatchuic 12.74 55.92 
Chlorogenic 13.57 40.28 
Catechol 13.75 20.59 
Catechein 22.82 51.85 
Caffeine 5.51 6.08 
P-OH-benzoic 1.85 27.96 
Caffeic 5.00 8.16 
Vanillic 11.66 8.10 
P-coumaric 5.24 1.79 
Ferulic 11.40 3.97 
Iso- ferulic 1.52 2.33 
Reversetrol 1.64 4.77 
Ellagic 8.21 7.17 
E-vanillic 100.60 140.39 
Alpha-coumaric 13.96 19.41 
3,4,5- methoxy- cinnamic 8.31 4.19 
Coumarin 2.99 1.48 
Salycilic 177.99 38.69 
Cinnamic 3.83 1.12 
Flavonoid compounds   
Luteolin 59.52 22.53 
Narengin 92.31 126.89 
Rutin 87.35 96.25 
Hisperidin 45.76 86.12 
Rosmarinic 99.88 70.29 
Quercetrin 76.83 54.34 
Quercetin 22.04 18.89 
Hispertin 107.16 79.47 
Kampferol 100.45 89.02 
Apegnin 104.78 75.36 

 
The results observed that the black rice extract had a higher flavonoids content such as hispertin, 

apigenin, kampferol, rosmarinic, narengin, rutin and quercetrin (107.16, 104.78, 100.45, 99.88, 92.31, 87.35, 
and 76.83 mg/100g, respectively). The red sorghum hull contained narengin, rutin, kampferol, hisperidin, 
hispertin, apigenin and rosmarinic (126.89, 96.25, 89.02, 86.12, 79.47, 75.36 and 70.29 mg/100g, respectively). 
Luteolin, and quercetin were the lowest amounted of flavonoids compound in black rice and red sorghum hull. 

Flavonoids are a class of secondary plant phenolics having potential beneficial effects on human health 
with significant antioxidant amounts and chelating properties in the human diet. Over the years, they have been 
found to be an important part of the human diet and are considered to be active principles in some medicinal 
plants. The antioxidant activity of flavonoids is efficient in trapping superoxide anion (O2·-), hydroxyl (OH·), 
peroxyl (ROO·) and alcohoxyl (RO·) radicals (Wang et al., 2003). 

Rice is rich in phytochemicals that are present in lipophilic, hydrophilic and insoluble forms. In the 
reference of Cicero and Gaddi (2001), it was indicated that tocopherols, tocotrienols and ץ-oryzanol, are major 
lipophilic fractions of whole grain rice and are beneficial to human health. It also contains tricin, ferulic acid, 



Middle East J. Agric. Res., 4(3): 509-518, 2015 
ISSN 2077-4605 

514 

caffeic acid and methoxycinnamic acid which are hydrophilic phenolic compounds and were reported to have 
cancer protective potential (Quinde et al., 2004). 

Sorghum phenolic acids include hydroxybenzoic (mainly protocatechuic and p-hydroxybenzoic acid) 
and hydroxycinnamic acids (mainly ferulic and p-coumaric acid), both free and bound as esters (Callemien and 
Collin, 2010).  
 

Physical properties of fish fingers: 
Changes in physical properties of mackerel fish finger samples containing different ratios of black rice 

and red sorghum hull at different ratios (1, 2, 3 % as substitutes for wheat flour) during frozen storage at -18ºC 
for three months are presented in Table (4). From these results, it was observed that the water holding capacity 
(WHC) was increased with increasing the black rice and red sorghum  hull amounts in mackerel fish fingers at 
zero time compared with control. This increase in WHC of fish fingers contained black rice and red sorghum 
hull may due to that the fibers leading to bind the water and increase of WHC. After 3 months frozen storage, 
the WHC were decreased for all samples compared with control ranged from 5.21 to 4.82, from 5.53 to 5.13 and 
6.54 cm2/0.3g, respectively.  
 
Table 4: Changes in physical properties of fish fingers.  

Formulae Storage periods 
(months) 

WHC  (cm2/0.3g) Plasticity 
(cm2/0.3g) 

Cooking loss (%) Cooking yield  
(%) 

Control 

0 2.98 4.65 19.54 80.46 

1 4.10 4.14 22.40 77.60 
2 5.51 3.55 28.84 71.16 
3 6.54 2.98 37.96 62.04 

Black rice powder 

Formula 1 

0 2.52 4.98 17.08 82.92 
1 3.35 4.36 19.13 80.87 
2 4.23 3.83 25.27 74.73 
3 5.21 3.21 32.56 67.44 

Formula 2 

0 2.18 5.48 15.97 84.03 
1 3.02 4.89 17.72 82.28 
2 4.20 4.30 23.06 76.94 
3 5.08 3.65 30.10 69.90 

Formula 3 

0 1.85 5.88 14.94 85.06 
1 2.73 5.33 16.82 83.18 
2 3.69 4.61 22.05 77.95 
3 4.82 3.93 27.15 72.85 

Sorghum hull 

Formula 4 

0 2.60 4.82 18.23 81.77 
1 3.65 4.27 21.56 78.44 
2 4.39 3.66 27.71 72.29 
3 5.53 3.10 35.15 64.85 

Formula 5 

0 2.21 5.12 17.20 82.80 
1 3.13 4.52 20.82 79.18 
2 4.28 3.99 25.91 74.09 
3 5.24 3.36 33.01 66.99 

Formula 6 

0 2.01 5.42 16.65 83.35 
1 3.02 4.87 18.60 81.40 
2 4.12 4.22 24.18 75.82 
3 5.13 3.59 31.06 68.94 

Formulae 1, 2 and 3 made from black rice.  Formulae 4, 5 and 6 made from sorghum hull. 
WHC: Water holding capacity.  

 
It was observed that the plasticity was increased with increasing the black rice and red sorghum hull 

amounts in mackerel fish fingers at zero time compared with the control sample, ranged from 4.98 to 5.88, from 
4.82 to 5.42 and 4.65 cm2/0.3g, respectively. During frozen storage, the plasticity decreased in all samples. It 
was noticed that at the end of storage period,  the plasticity values were higher in the black rice formulae sample 
than in the for samples contained the  red sorghum hull compared with the control samples ranged from 3.21 to 
3.93, from 3.10 to 3.57 and 2.98 cm2/0.3g.  

During frozen storage, the water holding capacity (WHC) and plasticity were decreased (i.e., separated 
free water were increased) with advancement of storage time for all samples. The loss of WHC and plasticity 
during storage may be attributed to increase the protein denaturation and loss of protein solubility. The rate of 
decrease in WHC and plasticity was lower in fish fingers prepared with different levels of black rice and red 
sorghum hull when compared with control sample. 
            From results in Table (4) it could be noticed, also, that the replacement of wheat flour by black rice and 
red sorghum hull in fish fingers led to decrease the cooking loss (frying loss) from the beginning of processing 
compared with the control sample, ranged from 17.08 to 14.94, from 18.23 to 16.65 and 19.54 %, respectively. 
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During frozen storage, the cooking loss increased in all the tested samples (Hanaa, 2012). Therefore, the black 
rice formula had the lowest values of cooking loss all over the stage period starting from processing point, 
during frozen storage and also at the end of the storage period compared with the control sample. While, the 
cooking yield increased with addition of black rice and red sorghum hull compared with control at zero time, 
ranged from 82.92 to 85.06, from 81.77 to 83.35 and 80.46%, respectively. It was noticed, also, that at the end 
of frozen storage the values were ranged from 67.44 to 72.85, from 64.85 to 68.94 and 62.04%. From the above 
results, it can be noticed that the cooking yield decreased with increasing frozen storage time. 
 
Chemical properties of fish fingers: 

Changes in chemical properties of fish fingers containing black rice and   red sorghum hull during 
frozen storage at-18ºC up to three months were presented in Table (5). Thiobarbituric acid (TBA) values, total 
volatile nitrogen (TVN) content and trimethylamine-nitrogen (TMA-N) contents have long been assessed and 
accredited as a reliable indexes for quality of fish, which is result from nature of fish changes, storage 
temperature, treatment conditions and length of storage period. From results of Table (5), it was observed that 
the TBA values decreased with addition of black rice and red sorghum hull compared with control at zero time, 
it  ranged from 0.92 to 0.83, from 0.94 to 0.86 and 0.96 mg malonaldhyde/kg, respectively, and until the end of 
frozen storage compared with control  sample, the values ranged from 2.13 to 1.51, from 2.26 to 1.64 and 2.44 
mg malonaldhyde/kg, respectively. Hanaa, (2012), may be due to antioxidant properties of phenolics and 
anthocyanins of black rice and red sorghum hull; Likewise, Duh and Yen (1997) cited that the addition of the 
antioxidants to food is effective in retarding fat oxidation. It is impressive that many substance have been 
identified which prevent lipid peroxidation. Some of these compounds are synthetic antioxidants and others 
occur as natural dietary constituents. This confirmed that replacement a part of wheat flour by black rice and red 
sorghum hull during fish fingers led to decrease the TBA values from zero time to the end of storage period. 
During frozen storage, the TBA values increased in the control sample. But the increase rate was less in the  
samples contained black rice than sorghum hull, but TBA values still under 4.5 mg malonaldehyde / kg sample 
which is the allowed upper limit of TBA as an index of lipid oxidation and quality of fish (Egyptian Standard, 
2009).  From the results in the same Table it was noticed that replacement the wheat flour by black rice and red 
sorghum hull led to decrease the TVN levels in fish fingers compared with control, the values were ranged from 
10.72 to 8.37, from 11.14 to 8.95 and 12.02 mg/100g, respectively, at zero time. While, the values were ranged 
from 19.21 to 12.98, from 20.35 to 15.10 and 26.10 mg/100g, respectively, until the end of frozen storage. Such 
results may be due to that the black rice and red sorghum hull has antimicrobial activity. During frozen storage, 
it was observed, also, that the TVN contents increased in all samples. But the rate of increase in the control 
sample was higher than in samples contained black rice and red sorghum hull during storage until the end of 
frozen storage, but the final level does not exceed than 30 mg/100 g sample which is the allowed upper limit of 
TVN as an index of storage history and quality of fish (Egyptian Standard, 2009).  

From the results in Table (5) it was found that the production of trimethylamine-nitrogen (TMA-N) 
followed a pattern similar to that of TVN. From the results, it could be noticed that the TMA-N levels were 
decreased with addition of black rice and red sorghum hull compared with control at zero time, the values were 
ranged from 3.63 to 2.86, from 3.82 to 3.07 and 4.13 mg /100g, respectively at zero time. It may be due to that 
the black rice and red sorghum hull contained polyphenol and flavonoids which possesses antimicrobial activity. 
During frozen storage the TMA-N levels increased for all samples and the control sample had higher TMA-N 
level than these samples. During storage until the end of frozen storage the values ranged from 7.08 to 4.79, 
from 7.52 to 5.32 and 9.02 mg /100g, respectively until the end of frozen storage, but this level does not exceed 
than 10 mg/100 g sample which is the allowed upper limit of TMA-N as an index of storage history and quality 
of fish (Egyptian Standard, 2009). 

 
 Sensory properties of fish finger made with black rice and sorghum hull: 

Data present in Table (6) shows the sensory properties (appearance, aroma, texture, taste and overall 
acceptability) of mackerel fish fingers containing black rice and red sorghum hull. From the results it was 
observed that the addition of black rice and red sorghum hull improved the sensory characteristics at levels 1, 2 
and 3%. From the results it could be observed that the best scores of sensory properties were in black rice 
formulae 1, 2 and 3 which recorded 8.38, 8.50 and 8.63 in overall acceptability and was closed to the control 
fish finger values ( 8.28), followed by fish finger of red sorghum formulae recorded  8.33, 8.03 and 7.85 in 
overall acceptability. This result showed that the black rice had contained high amounts of total phenolic 
compounds and total flavonoids which may improve the acceptability of fish finger followed by fish finger with 
red sorghum hull contained highly amount of total fiber. But the same data indicated that the addition of red 
sorghum hull at 4 & 5 levels affected the sensory properties of fish finger, while at 6 the overall acceptability 
improved, but not significantly.  
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Table 5: Changes in chemical properties of fish fingers.  
Formulae Storage periods 

(months) 
TBA 

 mg /kg  
TVN  

mg /100g   
TMA-N 

mg /100g 

Control 

0 0.96 12.02 4.13 
1 1.46 16.68 5.74 
2 1.97 21.37 7.36 
3 2.44 26.10 9.02 

Black rice powder 

Formulae 1 

0 0.92 10.72 3.63 
1 1.35 13.57 4.77 
2 1.70 16.35 5.90 
3 2.13 19.21 7.08 

Formula 2 

0 0.88 9.60 3.19 
1 1.16 11.81 4.04 
2 1.48 13.97 4.95 
3 1.75 16.19 5.87 

Formula 3 

0 0.83 8.37 2.86 
1 1.07 9.93 3.55 
2 1.30 11.40 4.17 
3 1.51 12.98 4.79 

Sorghum hull 

Formula 4 

0 0.94 11.14 3.82 
1 1.36 14.23 5.08 
2 1.80 17.25 6.31 
3 2.26 20.35 7.52 

Formula 5 

0 0.91 10.21 3.38 
1 1.25 12.80 4.31 
2 1.54 15.39 5.28 
3 1.87 18.03 6.27 

Formula 6 

0 0.86 8.95 3.07 
1 1.11 11.04 3.85 
2 1.36 13.09 4.52 
3 1.64 15.10 5.32 

 
Table 6: Sensory properties of fish finger made with sorghum hull and black rice. 

Sensory properties  
Fish fingers 

formulae 
Overall 

acceptability 
 

Taste 
 

 
Texture 

 

 
Aroma 

 

 
Appearance 

 
8.28ab 8.20bc  8.40a  7.90bc 8.60ab Control 
8.38ab 8.30bc 8.50 a 8.20b 8.50ab Formula 1 
8.50ab 8.50ab 8.60a 8.50a 8.40ab Formula 2 
8.63a 8.66a 8.80a 8.70a 8.30 b Formula 3 

8.33ab 8.10c 8.50a 8.10b 8.60ab Formula 4 
8.03bc 7.70d 7.70b 8.00bc 8.70ab Formula 5 
7.85c 7.50d 7.40b 7.70c 8.80a Formula 6 
0.367 0.277 0.305 0.293 0.296 LSD 

Mean values in the same column with the same letter are not significantly different at 0.05 levels. 

Formulae 1, 2 and 3 made from black rice.  Formulae 4, 5 and 6 made from sorghum hull.  

 
Conclusion 
 

From the presented results in this work, it could be the addition of black rice and red sorghum hull, as 
natural antioxidants led to improve the stability of fish fingers. This indicates that the utilization of black rice 
and red sorghum hull samples is able to slow down the oxidation rate, and the black rice fish finger gave the 
best results than red sorghum hull fish fingers with respect to the sensory properties attributes.  
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