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CHARACTERIZATION OF NUTRIENTS IN CAROTENOID-ENRICHED FULL FAT SOY
FLOUR AND RICE BRAN PRODUCED BY RED YEAST FERMENTATION

ab Ananda K. Nanjundaswamy, 2Praveen V. Vadlani
a Bioprocessing and Renewable Energy Laboratory, Bioprocessing and Industrial Value Added Program (BIVAP), 1980
Kimball Ave., Department of Grain Science and Industry, Kansas State University, Manhattan, K.S., 66506 USA.
b Department of Agriculture, School of Agriculture, Research, Extension and Applied Sciences (AREAS), Alcorn State
University, 1000 ASU Dr., Lorman, MS, 39096 USA.

ABSTRACT

Carotenoids are used as feed additives for improved animal health and to produce quality animal products.
Fermentation of corn whole stillage, rice bran, soybean flour etc by carotenogenic or red yeasts can result in
carotenoid-enriched animal feed. Usually, the prescribed dietary dosage of carotenoids like astaxanthin and -
carotene is 1-120ug/g feed. In a previous study, Phaffia rhodozyma-fermented full fat rice bran and Sporobolomyces
roseus-fermented full fat soy flour resulted in highest astaxanthin yield of 80ug/g feed and (-carotene of 836ug/g
feed respectively. The aim of this study was to qualitatively and/or quantitatively evaluate the nutrition profiles of
these two fermented products. In both products, there was reduction in crude fiber, crude protein and amino acids
whereas the crude fat content was enhanced in rice bran and reduced in soy flour respectively; the levels of some
amino acids like hydroxyproline, hydroxylysine and ornithine were enhanced; oleic acid increased by 83% in S.
rosues-fermented soy flour whereas stearic acid was enhanced by 389% in P. rhodozyma-fermented rice bran; and
trypsin inhibitor was reduced to undetectable levels in carotenoid-enriched soy flour. Both fermented substrates
contained 1 to 3% glucans and, 2.4 to 5.7% mannans, and glucosamine ranging from 0.13 to 4.6%. In addition to
high levels of carotenoids, red yeast fermentation of both soy flour and rice bran yielded a suite of nutrients and the
final product could be used to make ‘feed blends’ to provide adequate nutrients based on the dietary requirements
of the animals.

Keywords: Glucan, glucosamine, mannan, Phaffia rhodozyma, Sporobolomyces roseus.

Abbreviations: ADF Acid Detergent Fiber. ATCC American Type Culture Collection. DDGS. distillers dried grain with
soluble. K Potassium. MOS Mannan Oligosaccharide. NDF Neutral Detergent Fiber. N Nitrogen. P Phosphorous. S
sulfur. TI Trypsin inhibitor.

INTRODUCTION

Yeast and yeast-based products that are typically rich in
proteins, vitamins and minerals have been used as animal
feed additives and are known to promote animal health
resulting in improved quality of animal products.
Supplementation of active dried brewer’s yeast
Saccharomyces cerevisiae in various animal feeds is known
to improve immune response, confer disease resistance
and offer protection from pathogens (Bontempo et al,
2006; Burgents et al, 2004; Li and Galtin 111 2005), improve
milk yield in dairy cattle (Desnoyers et al, 2009; Robinson

* Corresponding Author:
Email ID: ananda@alcorn.edu
© 2015 ESci Journals Publishing. All rights reserved.

and Erasmus 2009; Wang et al, 2009) and enhance animal
growth and feed conversion (Dominguez-vara et al, 2009;
Olivia-Teles and Goncalves 2001; Holtshausen and
Beauchemin 2010; Moallem et al, 2009; Mohamed et al,
2009; Tripathi and Karim 2010). Several other yeasts like
Rhodosporidium paludigenum (Yang et al, 2010), Candida
sp (Mahnken et al, 1980; Sajeevan et al, 2006; Sarlin and
Philip 2011), Phaffia rhodozyma (Akiba et al, 2001;
Bjerkeng et al, 2007; Johnson et al, 1980; Sanderson and
Jolly 1994), Debaryomyces hansenii (Sarlin and Philip 2011)
and Yarrowia lipolytica (Hatlen et al, 2012) are also
beneficial to animal growth and performance when
supplemented into animal feeds. Organic forms of minerals
like selenium, chromium, iron or zinc for animal nutrition
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can be provided by S. cerevisiae (Dominguez-vara et al,
2009; Fokkink et al, 2009; Schrauzer 2006; Wang et al,
2009), Candida sp., Kluyveromyces or Pichia sp. (Pas$ et al,
2007; Roepcke et al, 2011). Finally, yeast cell wall
polysaccharides like [B-D glucans and o-D-mannans
(Mannan Oligosaccharide MOS) are also beneficial to
animal health.

Carotenoids producing P. rhodozyma yeast cells are
additives in poultry and aquaculture feeds (Jacobson et al,
2003; Johnson et al, 2010) and are beneficial to animal
health (Amar et al, 2004; Bjerkeng et al,, 2007; Sanderson
and Jolly 1994; Takimoto et al, 2007). According to the
U.S. Food and Drug Administration, the dried and killed P.
rhodozyma cells are permitted as a salmonid feed colorant
to provide up to 80mg/kg of astaxanthin in the finished
feed (USFDA; 21 CFR Section 73.355; Barrows et al,
2003). To provide natural carotenoids in animal feeds,
Ananda and Vadlani (2010a) developed the carotenoid
fermentation of corn whole stillage, a coproduct of corn
ethanol predominantly used as animal feed. Monoculture
and mixed culture fermentation of red yeasts P.
rhodozyma and Sporobolomyces roseus of corn whole
stillage not only provided carotenoids but also enriched
crude fat and polyunsaturated fatty acid by up to 81% and
contained 77%-less fiber (Ananda and Vadlani 2010b).
Similar carotenoid enrichment of several animal feeds like
soybean products, rice bran and wheat bran, resulted in
highest astaxanthin and (-carotene concentrations of 80
ug/gand 836 pg/g in P. Rhodozyma-fermented full fat rice
bran and S. roseus-fermented full fat soy flour respectively
(Ananda and Vadlani 2011). The aim of this study was to
qualitatively and quantitatively characterize nutrients in
the highest [3-carotene producing S. roseus-fermented full
fat soy flour and highest astaxanthin producing P.
rhodozyma-fermented full fat rice bran. The effect of red
yeast fermentation on anti-nutritional factor namely
trypsin inhibitor (TI) in soybean flour and levels of yeast
cell wall polysaccharides in the resultant animal feed
were also evaluated.

MATERIALS AND METHODS

The samples generated for Ananda and Vadlani (2011)
were nutritionally profiled in this study. The details of
sample preparation, media preparation and fermentation
conditions are outlined in Ananda and Vadlani (20103,
2011).

Nutrition Analysis: Nutrition composition analyses of the
fermented samples and controls were conducted to include
total amino acid profile, total fatty acid profile, crude fat and
protein, NDF and ADF and P, S and K. Further, samples

were also profiled for glucosamine, glucose and mannose
and the latter two were used to calculate yeast cell wall
polysaccharides—glucans, mannans respectively according
to Friemund et al. (2005) and soy flour samples were
sampled for anti-nutritional factor, trypsin inhibitor.
Samples from two replicates were pooled before analysis.
Statistical analyses is not provided since the main objective
of this study was to quantitatively and qualitatively
estimate the nutrients in the highest astaxanthin yielding P.
rhodozyma-fermented full fat rice bran and highest (-
carotene yielding S. roseus-fermented full fat soy flour.
Nutrient estimates from other treatments are provided
only as a reference. About 5 g of each representative
sample from each treatment was analyzed at Agricultural
Experiment Station Chemical Laboratories, University of
Missouri (Columbia, MO) for %NDF (JAOAC 56, 1352-
1356, 1973), %ADF (AOAC Official Method 973.18 (A-D),
2006), total amino acid profile (AOAC Official Method
982.30E (a, b, c), chapter 45.3.05 (17)), total fatty acid
profile (AOAC Official Method 996.06, AOCS Official
Method Ce2-66, AOAC Official Method 965.49, AOAC
Official Method 969.33 (17)), crude fat (acid hydrolysis,
AOAC Official Method 954.02 (17)) and crude protein
(Kjeldahl method, AOAC Official Method 984.13 (A-D)
(17)). Estimation of % P, K and S was conducted at the
Analytical Laboratory, Department of Animal Science and
Industry, Kansas State University (Manhattan, KS).
RESULTS

The nutrition profiles of maximum carotenoid yielding S.
roseus-fermented soy flour and P. rhodozyma-fermented
rice bran were of interest. Overall, yeast fermentations
resulted in reduction of protein and fiber in soy flour and
rice bran, and enhancement of fat in rice bran (Tables 1 and
2) and reduction in crude fat in fermented soy flour
samples (Table 1). In fact, S. roseus-fermented soy flour
exhibited the least reduction in crude protein, fat, and its
fiber reduction was three times lesser than that of P.
rhodozyma-fermented soy flour (Table 1). P. rhodozyma-
fermented rice bran exhibited the highest reduction in
crude protein and crude fiber, and the least increase in
crude fat (Table 2). Trypsin-inhibitor in the control
(unfermented and unautoclaved ie, raw) soy flour was
49,500 TIU/g and was reduced by 85% to 7,550 TIU/g by
autoclaving alone (without any fermentation), and to
indeterminate levels in both S. roseus and P. rhodozyma
treatments (Table 1). Yeast polysaccharides like mannans
and glucans absent in control soy flour were detected in the
fermented samples with around 2.5% mannan and glucan
each in S. roseus fermentation.
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Table 1. Nutrition profile of S. roseus-fermented full fat soy flour (FFSF) which produced maximum (3-carotene*.

Components ¢ Control Mixed culture P.rhodozyma S. roseus
%Crude Protein » 35.81 30.98 22.87 30.95
(413.5%) (136%) (413.5%)
%Crude Fat ¢ 16.26 14.2 9.67 14.1
({12%) ({41%) (12%)
%Crude fiber 5.23 4.87 3.34 4.59
({12%) ({36%) (7%)
%NDF 9.72 10.49 7.3 10.34
(18%) ({25%) (T6%)
%ADF 5.79 7.44 2.64 5.18
(128.5%) (154%) (410.5%)
%N 5.7 5.0 3.7 5.0
({12%) ({35%) (12%)
%P 0.45 0.56 0.4 0.56
(124%) ({11%) (T24%)
%K 1.64 1.55 1.19 1.54
(15.5%) {27%) {6%)
%Mannan - 3.23 1.01 2.38
% Glucann - 3.52 2.43 2.48
%Glucosamine - 0.3 1.96 4.61
Trypsin Inhibitor (TIU/g) ¢ 49,500 ¢ 1,456 n.d n.d
7,550 (181%)f

*836.55ug/g as detailed in Ananda and Vadlani (2011).

aNumbers in parentheses indicate the % increase (1) or decrease (1) compared to the control; Maximum increase or
decrease is boldfaced; n.d not-detected; ?Kjeldahl; cAcid hydrolysis; ¢Trypsin inhibitor in unautoclaved control sample
of full fat soy flour; ¢Trypsin inhibitor in autoclaved control sample of full fat soy flour reduced by 85% compared to
unautoclaved control; /% reduction compared to autoclaved control sample ¢ 9TIU/g converted to mg/g according to
Stauffer (1990).

Table 2. Nutrition profile of P. rhodozyma-fermented full fat rice bran (FFRB) which produced maximum astaxanthin*.

Components ¢ Control Mixed culture P. rhodozyma S. roseus
%Crude Protein ¢ 13.46 12.32 12.1 12.78
(18%) (110%) (15%)
%~ Crude Fat¢ 15.91 25.94 20.64 24.78
(T63%) (730%) (T56%)
%Crude fiber 7.71 6.31 5.81 5.97
(118%) (125%) (123%)
%NDF 18.35 13.48 13.53 12.85
(126.5%) (126%) (130%)
%ADF 9.59 6.49 6.31 5.8
(132%) (134%) (140%)
%N 2.2 2.0 1.9 2.0
(19%) (114%) (19%)
%P 1.95 1.68 1.74 1.71
(114%) (111%) (12%)
%K 1.34 1.53 1.26 1.27
(114%) (16%) (15%)
%Mannan - 2.75 1.1 2.5
% Glucann - 5.65 4.77 493
%Glucosamine - 0.13 0.37 0.42

*80.42 pg/g in Ananda and Vadlani (2011).
aNumbers in parentheses indicate the % increase (1) or decrease (1) compared to the control; Maximum increase or
decrease is boldfaced; ?Kjeldahl; ¢Acid hydrolysis.
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The amino sugar, glucosamine found lacking in the
control was found to be the highest in S. roseus
treatment at 4.6% (Table 1). Among all three treatments,
least amount of mannan (1.1%), and glucan (4.7%) were
found in P. rhodozyma-fermented rice bran with 0.37%
glucosamine (Table 2).

The least amino acid reduction of 19% was seen in S.
roseus-fermented soy flour and (Table 3) whereas a
maximum reduction of 17% in amino acid content was
seen in P. rhodozyma fermented rice bran (Table 4). In
both substrates, the highest reduction in total amino
acids was seen in P. rhodozyma fermentation.

Table 3. Amino acid profile of profile of S. roseus-fermented full fat soy flour (FFSF) which produced maximum B-carotene*,

Amino acids ¢ w/w
Control Mixed culture P. rhodozyma S. roseus
Taurine 0.05 0.06 0.05 0.06
Hydroxyproline 0.06 0.25 0.44 0.23
Aspartic Acid 3.73 2.87 1.9 2.92
Threonine 1.28 1.18 1.12 1.17
Serine 1.33 1.21 1.14 1.18
Glutamic Acid 5.86 491 1.39 4.68
Proline 1.64 1.29 0.77 1.34
Lanthionine 0.17 0.15 0.78 0.16
Glycine 1.5 1.52 0.99 1.58
Alanine 1.53 1.45 0.91 1.46
Cysteine 0.53 0.6 0.29 0.61
Valine 1.83 1.41 1.52 1.41
Methionine 0.47 0.37 0.26 0.37
Isoleucine 1.66 1.08 1.29 1.09
Leucine 2.68 1.82 1.7 1.82
Tyrosine 1.23 0.86 0.7 0.88
Phenylalanine 1.74 1.06 1.08 1.07
Hydroxylysine 0.01 0.13 0 0.22
Ornithine 0.03 0.23 0.06 0.24
Lysine 2.29 1.63 1.4 1.64
Histidine 0.98 0.76 0.72 0.79
Arginine 2.48 1.91 1.5 2.01
Tryptophan 0.43 0.33 0.27 0.35
Total 33.51 27.08 20.28 27.28
(119%) (139%) (119%)

*836.55ug/g as detailed in Ananda and Vadlani (2011). sNumbers in parentheses indicate the % decrease ()
compared to the control and the maximum decrease is boldfaced.
Table 4. Amino acid profile of P. rhodozyma-fermented full fat rice bran (FFRB) which produced maximum astaxanthin*.

Amino acids w/w%
Control Mixed culture P.rhodozyma S. roseus

Taurine 0.01 0.03 0.02 0.02
Hydroxyproline 0.05 0.18 0.17 0.2

Aspartic Acid 1.09 1.03 0.92 1.07
Threonine 0.46 0.55 0.52 0.54
Serine 0.46 0.55 0.49 0.56
Glutamic Acid 1.63 1.25 1.02 1.38
Proline 0.52 0.52 0.47 0.57
Lanthionine 0.06 0.06 0.08 0.07
Glycine 0.72 0.74 0.65 0.83
Alanine 0.81 0.74 0.67 0.75
Cysteine 0.27 0.25 0.2 0.29
Valine 0.75 0.68 0.66 0.67
Methionine 0.24 0.19 0.19 0.19

Continue...
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Isoleucine 0.48 0.44 0.44 0.43
Leucine 0.9 0.84 0.79 0.83
Tyrosine 0.38 0.34 0.3 0.35
Phenylalanine 0.54 0.46 0.42 0.46
Hydroxylysine 0.03 0.08 0.03 0.06
Ornithine 0.01 0.02 0.01 0.02
Lysine 0.67 0.66 0.62 0.65
Histidine 0.41 0.3 0.31 0.3
Arginine 1.11 0.66 0.63 0.67
Tryptophan 0.1 0.1 0.07 0.11
Total 11.7 10.67 9.68 11.02 (16%)
{19%) (117%)

*80.42 pg/g in Ananda and Vadlani (2011). “Numbers in parentheses indicate the % decrease (!) compared to the

control and the maximum decrease is boldfaced.
Tables 5 and 6 outline the fatty acid profiles in

carotenoid-enriched full fat soy flour and rice bran
respectively. Even though percent crude fat was
reduced in the fermented soy flour samples compared
to the control there was enhancement of several fatty
acids (Table 5). The most abundant fatty acids

accounting to more than 2% of total fat in full fat soy
flour were linoleic acid, oleic acid, palmitic acid,
linolenic and stearic acid in that order and the order
remained unchanged even in the fermented treatments
albeit changes in concentrations of fatty acids
compared to the control (Table 5).

Table 5. Fatty acid profile of profile of S. roseus-fermented full fat soy flour (FFSF) which produced maximum B-carotene*,

Fatty Acid a

(% of total fat) Control Mixed culture P.rhodozyma S. roseus
Myristic (14:0) 0.16 0.63 0.13 0.74
Myristoleic (14:1) 0 0 0 0
(C15:0) 0.03 0.16 0.07 0.14
Palmitic (16:0) 10.78 14.0 12.33 13.94
Palmitoleic (16:1) 0.1 0.9 0.11 0.98
(17:0) 0.12 0.11 0.17 0.1
(17:1) 0.07 0.11 0.08 0.11
Stearic (18:0) 4.68 2.48 6.29 2.15
Elaidic (18:1t9) 0.04 0.12 0.06 0.12
Oleic (18:1n9) 17.99 33.17 22.28 33.09
Vaccenic (18:1n7) 1.3 0 0.93 0
Linoleic (18:2) 53.3 38.41 48.18 38.51
Linolenic (w18:3) 9.46 5.78 6.98 6.12
(018:4) 0.03 0 0.03 0
Arachidic (20:0) 0.42 0.34 0.51 0.29
(20:1n9) 0.15 0.4 0.12 0.36
(20:3 w3) 0 0 0 0
Arachidonic (20:4n6) 0 0 0 0
Arachidonic (20:4 w3) 0 0 0 0
(20:5 w3; EPA) 0 0 0 0
Docosanoic (22:0) 0 0 0.01 0
Erucic (22:1n9) 0 0.07 0.01 0.07
(22:5 w3; DPA) 0 0 0 0
(22:6 w3; DHA) 0 0.08 0.02 0.08
Lignoceric (24:0) 0.16 0.56 0.27 0.62
Nervonic (24:1n9) 0 0.04 0 0.04
Crude Fat 16.26 14.2 9.67 14.1
(by acid hydrolysis) ' (112%) (141%) (112%)

*836.55ug/g as detailed in Ananda and Vadlani (2011). @ in parentheses indicate the % decrease (1) compared to the

control and the maximum reduction is boldfaced.
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Among the abundant fatty acids, palmitic acid and
oleic acid levels were enhanced in all yeast treatments
with maximum enhancement of 31% palmitic acid and
84% oleic acid in S. roseus-fermented soy flour (and
mixed fermentation) compared to  control.
Interestingly, S. roseus-fermented soy flour (and
mixed culture fermentation) showed spectacular
enhancement of fatty acids accounting less than 1% of
total fat: 880% yield enhancement for palmitoleic
acid, 363% of myristic acid, 200% eladic acid and
288% lignoceric acid (Table 5). In the case of rice
bran, three fatty acids namely oleic, linoleic and

palmitic in that order accounted for 92% of total fat in
full fat rice bran (Table 6). The abundant fatty acids in
control rice bran were oleic acid>linoleic
acid>palmitic acid>stearic acid>linolenic acid which
was similar to that in mixed culture and S. roseus
fermentation. However, in P. rhodozyma fermentation
the order remained the same except that linoleic acid
was greater than oleic acid (Table 6). Although P.
rhodozyma-fermented rice bran exhibited 63%
enhancement of crude fat, only a few of the major
fatty acids like stearic acid and linoleic acid were

enhanced by 389% and 9% respectively.

Table 6. Fatty acid profile of P. rhodozyma-fermented full fat rice bran (FFRB) which produced maximum astaxanthin*,

[OZ a(;[;}t,oAt;C}:t) Control Mixed culture P. rhodozyma S. roseus
Myristic (14:0) 0.49 0.6 0.18 0.58
Myristoleic (14:1) 0 0 0 0
(C15:0) 0.04 0.07 0.07 0.07
Palmitic (16:0) 16.35 15.62 16.42 14.96
Palmitoleic (16:1) 0.21 0.78 0.18 0.8
(17:0) 0.06 0.09 0.22 0.08
(17:1) 0.05 0.11 0.07 0.13
Stearic (18:0) 1.75 2.93 8.56 2.12
Elaidic (18:1t9) 0.05 0.13 0.08 0.13
Oleic (18:1n9) 40.68 44.58 31.03 46.82
Vaccenic (18:1n7) 0 0 0 0
Linoleic (18:2) 34.86 28.76 38.09 27.68
Linolenic (w18:3) 1.42 2.29 1.15 2.46
(w018:4) 0.04 0 0 0
Arachidic (20:0) 0.76 0.57 0.87 0.54
(20:1n9) 0.54 0.51 0.33 0.56
(20:3 w3) 0 0 0 0
Arachidonic (20:4n6) 0 0 0 0
Arachidonic (20:4 w3) 0 0 0 0
(20:5 w3; EPA) 0 0 0 0
Docosanoic (22:0) 0 0 0 0
Erucic (22:1n9) 0.04 0 0.03 0
(22:5 w3; DPA) 0 0 0 0
(22:6 w3; DHA) 0.16 0.11 0.1 0.11
Lignoceric (24:0) 0.85 0.87 0.76 0.89
Nervonic (24:1n9) 0.03 0.03 0 0.05
Crude Fat 1591 25.94 20.64 24.78
(by acid hydrolysis) ' (163 %) (130%) (156%)

*80.42 pg/g in Ananda and Vadlani (2011). e®Numbers in parentheses indicate the % increase (1) compared to the

control and the maximum increase is boldfaced.
DISCUSSION

Direct incorporation of carotenoid feed supplements
like astaxanthin and [-carotene by red yeast
fermentation of corn whole stillage was demonstrated
by Ananda and Vadlani (2010a). Similar fermentation

of nine agricultural products used as animal feed found
that S. roseus-fermented full fat soy flour and P.
rhodozyma-fermented full fat rice bran respectively
yielded the highest [-carotene and astaxanthin

(Ananda and Vadlani 2011). Overall, carotenoid-
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fermented corn whole stillage (98 to 279 ng/g; Ananda
and Vadlani (2010a)), S. roseus-fermented full fat soy
flour (837pg/g) or P. rhodozyma-fermented full fat rice
bran (80ug/g) contained carotenoids well over the
prescribed dietary dosage of 1 to 120ug/g feed (An et
al, 2006; Hayek 2000) which can be used to make feed
blends to provide the appropriate quantity of
carotenoids. Carotenoid production in fermented-corn
whole stillage, S. roseus-fermented full fat soy flour or
P. rhodozyma-fermented full fat rice bran was
accompanied by reduction in crude fiber and crude
protein with varying levels of reduction. Contrastingly,
yeast fermented rice bran enhanced crude fat similar to
that observed in corn whole stillage (Ananda and
Vadlani, 2010b), but was decreased in full fat soy flour.
So, to provide adequate amount of carotenoids and
other nutrients, S. roseus-fermented full fat soy flour or
P. rhodozyma-fermented full fat rice bran can be used
in ‘feed blends’ based on the dietary requirements of
the animals (Ananda and Vadlani 2010a, 2011).
Irrespective of the effect of yeast fermentation on crude
fat, the relative abundance of fatty acid composition of
P. rhodozyma remained similar: the most abundant
fatty acids were linoleic acid> oleic acid> palmitic
acid>stearic acid>linolenic acid in soy flour, rice bran
and whole stillage (Ananda and Vadlani 2010b). This
was similar to that observed in commercial P.
rhodozyma cells described in Sanderson and Jolly
(1994). The abundance of fatty acids in S. roseus, unlike
P. rhodozyma was variable: for example, in soy flour
fermentation the order of fatty acid abundance was
linoleic acid>oleic acid>palmitic acid>stearic acid
whereas in rice bran the order was oleic acid>linoleic
acid>palmitic acid> linolenic acid>stearic acid and in
corn whole stillage (Ananda and Vadlani 2010b) it was
vaccenic acid>linoleic acid>palmitic acid. Libkind et al
(2008) found that linoleic acid>oleic acid>palmitic acid
were the major fatty acids in Sporobolomyces
patagonicus and concluded that growth media
influenced the fatty acid composition and abundance of
red yeasts which is confirmed from the present study
and that of Ananda and Vadlani (2010b). Nutrition
profiling of mixed culture fermentation closely
resembled that of S. roseus in all three substrates
including whole stillage carotenoid fermentation
outlined in Ananda and Vadlani (2010b). Fermentation
media composition seems to influence S. roseus fatty
acid composition more than that in P. rhodozyma.

Effect of red yeast fermentation on anti-nutrition
factor like trypsin inhibitor: According to the soybean
meal specifications mandated by the U.S. National
Oilseed Processors Association (NOPA), the permissible
limit of trypsin inhibitor (TI) is less than 4mg/g of
soybean meal. Typically, raw soybean contains 20.9 to
31.1mg/g of TI, and in low-TI soybean varieties it could
be as low as 9.9 mg/g (Herkelman et al, 1992;
Vandergrift et al, 1983). Typically, TI interferes with the
action of enzymes trypsin and chymotrypsin and impairs
protein digestion especially in swine, poultry and fish
(Liener 1994; Olli et al, 1994; Palliyeguru et al, 2011;
van den Ingh et al, 1991). So, heating soybean especially
with moist heat like steaming or autoclaving (Combs et
al, 1967, Herkelman et al, 1992; Khattab and Arntfield
2009; Mateos et al, 2002; Reddy and Pierson 199;
Vandergrift et al, 1983), microbial fermentations
(Barapama and Simard 1994, Hoffman et al, 2003,
Khattab and Arntfield 2009; Meijer et al, 1995; Osman
2004) and combination of heating and microbial
fermentation (Reddy and Pierson1994) can reduce TI
levels: the red yeast fermentation of soybean flour for
animal feed not only enriched the feed with carotenoids
required for animal health, but also eliminated the
antinutritional factor trypsin-inhibitor that can interfere
with animal nutrition.

Yeast cell wall components: In this study, carotenoid-
enriched soy flour and rice bran animal feed contained
1.01 to 3.23% and 1.1 to 2.75% mannan respectively,
and 243 to 3.52% and 4.77 to 5.65% glucans
respectively. The routinely used dosage for both
polysaccharides is 0.1 to 0.25% ie, 1.0 to 2.5kg/ton
animal feed in poultry, swine, cattle feed or aquaculture
feed based on the animal growth phase (Center for Food
and Nutrition Policy TAP Review 2002; Cook et al,
2002). Yeast cell wall polysaccharides like -D glucans
and o-D-mannans promote animal health by
immunomodulation, blocking bacterial adhesion in the
gut thereby preventing bacterial infections and by
adsorbing mycotoxins in animal feed and also by
inhibiting their toxic effects, enhance weight gain,
improve quality of milk in cattle and enhance feed
conversion efficiency (Hayen and Pollmann 2001; Kogan
and Kochar 2007; Noeck et al, 2011, Zekovi¢ et al,
2005). Since red yeast fermentations of full fat soy flour
and rice bran yield 10- to 20-times the recommended
dosage of glucans and mannans, the carotenoid-enriched
feed can be used to make feed blends to provide
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adequate concentration of yeast cell wall nutrients in
animal nutrition.
Glucosamine is a structural component of cartilage.
Glucosamine is often used as a nutraceutical for horses,
pet animals and humans to relieve osteoarthritic
conditions although the health benefits largely remain
inconclusive (McFarlan et al, 2004; Igarashi et al,
2011; Pearson and Lindinger 2009). Since fungal cell
wall chitin is made up of glucosamine, fungal or yeast
fermentations of wild or genetically modified strains
can yield glucosamine and have the potential to
overcome the disadvantages associated with present
production methods from crustacean shells (Deng et
al, 2012; Hsieh et al, 2007; McFarlan et al, 2004;
Zhang et al, 2012). In the present study, the red yeast
fermented, carotenoid-enriched soy flour and rice bran
contained 0.3 to 4.6% and 0.13 to 0.42% glucosamine
respectively, and in both substrates S. roseus yielded
the highest glucosamine levels.
CONCLUSIONS
High levels of carotenoids in S. roseus-fermented soy
flour and P. rhodozyma-fermented rice bran are
accompanied by reduced fiber, protein and amino acids,
and respective enhancement or reduction of crude fat;
almost complete elimination of antinutritional factor
trypsin inhibitor in soy flour; and enrichment of health
promoting yeast cell wall polysaccharides. Levels of
carotenoids and yeast cell wall polysaccharides
produced in excess of the daily dietary needs of animals
by red yeast fermentation easily allows production of
feed blends to provide adequate nutrients based on
animal dietary requirements. P. rhodozyma and S. roseus
fermentations of commonly used animal feeds are
valuable in providing a suite of nutrients that are proven
to improve animal health.
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ABSTRACT

This study evaluated the quality of oil extracted from catfish and mackerel in comparison with what obtains in
commercial cod liver oil. Oil were extracted from two common fishes in Africa (Catfish and Meckerel) and
analyzed for Proximate, Physical, Chemical and Mineral contents using standard methods. The fatty acid profiles
were also determined with the use of Gas chromatography, while the sensory properties were determined
through the use of a 10 man panel. Results revealed from the analysis conducted that there was no significant
difference at P< 0.05 between the values of the oil extracted from Catfish, Meckerel and the commercial available
Codliver oil in majority of the parameters determined. The rate of poverty in most part of Africa makes the diet
taken inadequate in terms of nutrition, there is need to take in supplements in order to cater for the deficiencies
in the diet. Since Codliver oil which is taken as a food supplements can still not be affordable by some, it is
imperative to seek out alternatives. Therefore the oil from Catfish and Meckerel can be used as alternative to

Codliver oil.

Keywords: Codliver oil, mackerel oil, catfish oil, fatty acid profile.

INTRODUCTION

Fish farming is the fastest-growing animal based food
production sector, particularly in the developing
countries - mainly from China and other Asian countries
(Green facts, 2004). Africa produces only 1% of world
aquaculture fish with Nigeria being the major producer,
followed by Egypt, Uganda and Kenya (FAO, 2007).
Every year a considerable amount of total fish catch is
discarded as processing leftovers and that include
trimmings, fins, frames, head, skin and viscera. Some of
the by products are utilized, but the main bulk is
dumped as waste, creating both disposal and pollution
problems. These wastes have high content of nutritive
compounds
unsaturated

like protein of high biological value,
fatty acids,
antioxidants, minerals or trace metals and physiological
beneficial amino acids and peptides which is substrate of
the fish meal production.

In Nigeria, the consumption of fish has been found to
increase due to the nutritional values that can be

essential vitamins and
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obtained. Yearly, considerable amount of fish are
consumed based on the fact that it is a good source of
protein, vitamins and minerals (USDA, 2011).

Fish oil is derived from the tissues of oily fish, which
contain the omega-3 fatty acids eicosapentaenoic acid
(EPA), and docosahexaenoic acid (DHA), precursors of
certain eicosanoids that are known to reduce
inflammation throughout the body, (Moghadasian,
2008; Cleland et al, 2006) and have other health
benefits. Marine and freshwater fish oil varies in
contents of arachidonic acid, EPA and DHA. L(Innis
,1995) The various species range from lean to fatty and
their oil content in the tissues has been shown to vary
from 0.7-15.5% (Innis, 1995). They also differ in their
effects on organ lipids. Studies have revealed that there
is no relation between total fish intake and estimated
omega-3 fatty acid intake from all fish and serum
omega-3 fatty acid concentrations. (Gruger et al,
1964) Only fatty fish intake, particularly salmonid, and
estimated EPA + DHA intake from fatty fish has been
observed to be significantly associated with increase in
serum EPA + DHA. (Gruger et al, 1964). Fish oil
supplements are available as liquids, capsules, and
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tablets. Research has shown that most of this fish
contains oil which often have been used for conditions
related to the heart and the blood system (Butcher et
al, 2002), it has been found to lower blood pressure or
triglycerides level (Glavas, 2002). Fish oil has also
been used for preventing heart disease and stroke
when taken in the recommended amount (Hooper et
al, 2004).

While fish oil can be obtained from eating fish, it can also
be gotten by taking fish supplements which are rich in
omega-3 fatty acids and provide about 1 gram of omega-
3 fatty acids which is about 3.5 ounces of fish (USDA,
2011). Presently, many Americans have turned to
omega-3 fish oil supplements (Minis et al, 2006).
Dietary fish and fish oil supplements have benefits for
healthy people and also those with heart disease.
Omega-3 fish oil contains both docosahexaenoic acid
(DHA) and eicosapentaenoic acid (EPA) (Inga-Britt et al.,
2004). Omega-3 fatty acids are very important in
preventing and managing heart disease. (AHA, 2008;
Turkmen et al., 2003; Nordov et al,, 2001).

In Nigeria, fish supplements are sold in stores for those
who can afford them but based on the poverty level of
most Nigerians leaving in the rural settlement makes it
impossible for them to afford the high cost of this oil
supplements. It is important to find an alternative source
of this nutrient at an affordable cost to low income
earners. Therefore it is important to determine the
physiochemical, minerals and fatty acid profile of two
fishes which are regularly consumed and to compare the
quality of the oil from this fishes with commercially sold
fish oil. This will ascertain if oil consumed from the fish
is adequate enough to maintain a good health.
MATERIALS AND METHODS

Different samples of the Cat fish ( specie) and mackerel
fish (specie) were bought from Oja Oba market in
Osogbo, Osun State market. Commercial fish oil capsules
were also purchased from pharmatical stores in Osogbo.
The fish were identified by Dr. Adeleke of the
department of biological science, Osun State University.
All chemicals and reagents used were of HPLC grade
(highest purity) and purchased from Darmstadt,
Germany (Merck). The standard of fatty acids methyl
esters were obtained from Sigma Chemical Co (St. Louis,
MO, USA).

Material Preparation: The fishes were washed, drained
and kept in the refrigerator at a temperature of 49C until
needed.
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0il Extraction: According to standard method ISO
659 (1998), finely ground fish (about 5g) (particle
size =2 mm), were used to obtain o0il by Soxhlet
extraction using n-hexane for 6 h. The rotary
evaporator was used to remove solvent at 40 °C. The oil
was dried by nitrogen streaming and stored at 20°C for
further analysis.

Determination of Moisture Content: Moisture content
of fish was determined by the method of (AOCS, 1993).
Five grams of test portion was taken in dish container
and dried in an oven at 130°C for 2h. Heated portion was
allowed to cool in a desiccator to room temperature and
loss of weight determined.

Determination of Protein Content: Kjeldahl digestion
method (acid digestion and distillation) was used to
determine total protein from seed residues as the
nitrogen content of the sample multiplied by nitrogen
factor. For the protein calculation nitrogen conversion
factor (6.25) was used according to the official
standard method (AOCS, 1993).

Determination of Crude Fiber: According to the AOCS
official standard method (1993), fiber content was
determined using 2.5g defatted fish. The meal residue
for digestion was boiled with sulfuric acid solution (0.26
mol/L), followed by washing and separation of
insoluble residue, after digestion the residue +
sodium hydroxide (0.31mol/L), was boiled followed
by washing and separation, with distilled water, and
drying. The residue was dried, ashed at 600 °C in a
muffle furnace and loss in mass was calculated.
Determination of Ash Content: Powdered fish samples
about 0.5 g wasignited and incinerates at 550°C for about
12 h in muffle furnace, and then ash content determined
according to standard method of (AOCS, 1993).
Determination of Carbohydrate Content:By the
difference of mean values the content of
carbohydrate was estimated, i.e. Carbohydrate content
= 100 - [%Lipids + %Proteins + %Ash + %Moisture].
Physical evaluation of oil: Refractive index as well as
Specific gravity was determined by the method of (AOCS,
1993.

Determination of Peroxide Value: Peroxide value
defined as the milliequivlents of active oxygen per
kilogram of oil (meq of 02 kg-1) expressed in the
unit of milliequivalents, was determined, when
potassium iodide reacted with a mixture of oil and
chloroform/acetic acid in dark according to the method
of (AOCS, 1993).
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Determination of Saponification Value: It is the
number of KOH required to saponify 1 gram of oil.
Saponification value through hydrolysis of ester
under alkaline condition was determined according to
the method of (AOCS, 1993).

Determination of Iodine Value: The iodine value of oil
was determined according to the method of (AOAC,
1997). In which the dissolved oil sample (CCls used
as solvent) was mixed with 25ml of Wijis (0.1mol/L)
solution and reacted with freshly prepared (10%)
potassium iodide solution. The standard potassium
thiosulphate (0.1M) was used for titration with
liberated iodine from solution. Starch was used as an
indicator in this procedure.

Determination of Acid Value: Acid value used to
measure the free acids (total amount) found in a
given quantity of fat. Number of milligrams of KOH
(potassium hydroxide) utilized to neutralizing the
free acids found in one gram of the oil sample were
determined by the method of (AOCS, 1993).
Determination of Fatty Acid Composition: Standard
IUPAC method (Paquot, 1997) was used for the
preparation of fatty acid methyl esters and analyze
by gas chromatograph (model 8700) Perkin Elmer,
fitted with a capillary column SP-2340 polar (60 m x
0.25 mm), and FID (flame ionization detector). As a
carrier gas nitrogen (oxygen free) was used at a
flow rate of 3.5 mL/min. Injector temperature:
260°C; detector temperature: 270°C, initial oven
temperature: 130°C; and final temperature: 220°C
with ramp rate: 4°C/min. A sample volume of 2.0 1 L
was injected. Fatty acid methyl esters quantification
and identification was carried out by comparing the
retention time of peak area with those of pure
standards purchased from Sigma Chemical Co (St
Louis, MO, USA), under the same conditions. In lipid
fraction the results were expressed as a percentage of
individual fatty acids.

Table 1. Proximate analysis composition.

Determination of Metal Content: The sample solutions
(diluted digest) were subsequently analyzed using
Atomic Absorption Spectrophotometer (AAS) (Perkin-
Ether model 3030).

Sensory Evaluation: A taste panel evaluation of oil
samples was conducted using Cod liver oil as control and
a trained panel of 10 members.

Samples were coded with 3-figure random number and
presented in random order to each panellist at ambient
room condition (25-30°C).The judges were asked to
score for colour, taste, flavour and acceptability using a
5-point hedonic scale, where 1 and 5 represent dislike
extremely, respectively.

Data Analysis: The mean values (means *SD) were
calculated from replicates of each
Significant differences among means were determined
by the analysis of variance (ANOVA) and comparison
between means (P<0.05) was carried out by
statistical package Statistica 7.1 (StatSoft, Inc., Tulsa,
OK, USA) software.

RESULT AND DISCUSSION

Table 1 shows the result of the proximate analysis
carried out on the samples of mackerel and catfish, the
fat content of mackerel (16.44%) was observed to be
higher than of catfish (15.26%), there was no significant
difference at (p<0.05) between the protein content of
catfish (20.00%) with the protein content of the
mackerel (19.19%). The data compares favourably in
general with the data of Thurston et al, 1959.

The ash content observed in catfish (2.13%) was higher
than that observed in mackerel (1.44%) this difference
which may be due to volume of minerals retained by the
catfish. The value of moisture content of mackerel was
57.46% while that of catfish was (55.26%) this values
are not significant difference. Catfish contain a higher
proportion of carbohydrate than mackerel fish and this
ranged from 7.27% for catfish to 5.47% for mackerel.
Similar result was reported by Stansby, 1954.

experiment.

Parametres Fat Protein Ash Moisture Carbohydrate
Fish type (%) (%) (%) (%) (%)

Cat fish 15.26+0.0132 20.00+0.013= 2.13+0.0132 55.26+0.012a 7.27+0.0162
Mackerel 16.44+0.0062 19.19+0.008= 1.44+0.013b 57.46+0.0052 5.47+0.013b

Values are means of for determinations + S.D.

The values for the physical properties of each sample are
recorded in Table 2. There was no significant difference in
the values of the specific gravity of the three oil samples.
The value of the refractive index of the three oil samples
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where significant not difference, this values ranges
between 1.441 for Cod liver oil to 1.457 for Catfish oil. The
Colour of the three oil samples were different, Cod liver oil
was light yellow in colour, Catfish oil was Golden yellow
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while that of Mackerel was dark brown. Same was
reported by Ramakrishnan et al. (2013). The difference
may be due to the fact that Cod liver was refined and
mackerel fish was exposed to temperature above 40°C or
due to the formation of brown pigments from the reaction
of carbonyls produced from oxidation of polyunsaturated
fatty acids with amino acids and proteins. The
saponification value of mackerel oil was the highest
Table 2. Physical properties.

(233.93 mg/g) followed by cod liver oil (233.58 mg/g)
while catfish oil has the least value (233.21 mg/g) (Table
3) the values are not significantly different at P< 0.05.
Saponification value is the number of milligrams of
potassium hydroxide required to neutralize the fatty acid
resulting from the complete hydrolysis of 1g of the
samples. Catfish oil having the least saponification value is
less prone to rancidity.

Samples Specific gravity@20°c Refractive index @20°c Colour
Codliver oil 0.851+0.0062 1.441+0.0012 Light yellow
Catfish oil 0.854+0.0012 1.457+0.0012 Golden yellow
Mackerel oil 0.853+0.001> 1.451+0.0012 Dark brown
Values are means of for determinations #* S.D.
Table 3. Chemical properties of the oil.
Samples Saponification Value lIodine value Peroxide Value Free Fatty Acid Value
(mg/g) (g/100g) (meq) (mg/g)
Codliver oil 233.58+0.013 85.95+0.0062 20.59+0.024 1.0096+0.002
Catfish oil 233.21£00.13 84.33+0.0082 20.18+0.0132 1.063+0.002
Mackerel oil 233.93+0.0072 85.80+0.032 20.58+0.01a 1.122+0.002

Values are means of for determinations * S.D.

On the other hand, the iodine value of cod liver oil (85.95
g/100g) was the highest followed by mackerel oil (85.80
g/100g) while Cat fish oil has the least value (Table 3).
The values are not significantly different at P< 0.05. The
iodine value shows the number of iodine absorbed by
100g of the oil. The higher the iodine value, the higher
the degree of un-saturation and the better the oil.

The peroxide value obtained from the oil samples
ranged from 20.18meq/kg for the -catfish oil to
20.5meg/kg for the cod liver oil. Cod liver oil has the
highest value of peroxide (20.59meq/kg) followed by
mackerel oil (20.58meq/kg) and catfish oil
(20.18meq/kg), the lower the peroxide value, the lower
the ability of the oil to go rancid. The free fatty acid
(FFA) obtained from the analysis ranged from 1.0096 %
Table 4. Mineral Profile (mg/g) of the oil sample.

for the Cod liver oil 1.122 % catfish oil (1.063%) and cod
liver oil (1.0096%). FFA measures the extent the
decomposition of lipase action and decomposition is
accelerated by heat and light. The lower the FFA value,
the better the oil as the lipase content of the oil is low.
The FFA values for the three different oils were
significantly not different at P< 0.05.

The mineral profile of fish oil samples are shown in table
4. Mackerel fish oil had the highest content of calcium
(5.60 mg/100g) followed by Cod liver oil (5.50
mg/100g) while Catfish oil has a value of 3.79mg/100g.
The calcium content may be useful in the formation of
bone and teeth. The result revealed that, Cod liver oil as
well as Mackerel fish is more suitable for people who
have deficiencies in calcium.

Catfish oil Codliver oil Mackerel oil
Calcium (mg/g) 3.97+0.01b 5.60+0.402 5.50+0.302
Potassium (mg/g) 269.91+0.242 212.04+2.282 265+0.222
Iron (mg/g) 1.80+0.002 1.20+0.01b 1.85+0.012
Copper (mg/g) 1.09+0.042 0.80+0.62 0.83+0.052
Phosphorus (mg/g) 220.00+2.602 232.00+6.162 235+6.202
Zinc (mg/g) 0.80+0.002 0.40+0.022 0.91+0.01a

The potassium content of catfish (269.9 mg/100g) was
the highest and the value was not significantly different
from that of cod liver oil (265mg/100g) but significantly
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different from that of Mackerel fish (212.04mg/100g) at
P< 0.05. Potassium is responsible for regulating of pH,
osmolality and in cell membrane transfer.
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The copper, Iron and Phosphorus content of the three oils
were not significantly different at P< 0.05 (Table 4).
Copper is found in all body tissue, larger amount in liver,
brain, heart and the kidney while Iron is a component of
haemoglobin and myoglobin this is important in oxygen
transfer while phosphorus plays an important role in the
energy changes of the body. The value of Zinc content of
cod liver oil (0.91mg/100g) was significantly not different
from that of Catfish oil (0.80mg/100g) but significantly
different from that of Mackerel fish oil (0.40mg/100g).
Zinc is present in most tissues with higher amount in
liver, voluntary muscles and bone. It may be of
importance in nucleic acid metabolism (Lyon, 1972).
From table 5, the total value of saturated fatty acid was
significantly not different, but Catfish oil had the lowest
value of 24.30%. Saturated fatty acid has little use in the
Table 5. Fatty acid profile (%).

body; the value obtained revealed the suitability of the
oils from the two fishes when compared to value
obtained for Cod liver oil.

There was no difference in the concentration of the total
unsaturated fatty acid of the three different oils. Since
unsaturated fatty acid are useful for the body,
particularly in the ability to lower the level of undesired
lipid component on the blood streams. The result
revealed the suitability of the oil extracted from the two
fishes in the lowering of undesired lipid component.
Significant differences were observed in the values of
Linoleic acid in Cod liver oil and oil extracted from the
two fishes. Linoleic acids are designed essential fatty
acids because their absence in human diet has been
associate with health problem such as skin and stunted
growth.

Codliver oil Catfish oil Mackerel oil

Myristic 14:0 4.23 1.30 3.78
Palmitic 16:0 9.17 18.90 15.94
Stearic 18:0 11.16 4.10 7.30
Oleic 18:1 34.98 52.90 53.20
Linoleic 18:2 30.28 17.10 13.78
Linolenic 18:3 2.80 0.80 1.99
Total saturated 24.56 24.30 27.02
Total Unsaturated 68.06 70.8 68.97
Table 6 show the Sensory score for analysis carried CONCLUSION

out on taste, colour, flavour and general acceptability.
The scores obtained for cod liver oil were colour (7.4),
taste (7.1), flavour (5.7), acceptability (7.4), the scores
obtained for catfish were colour (7.2), taste (7.6),
flavour (6.5), acceptability (6.3) while those for
mackerel oil sample were colour (6.5)taste
(5.1),flavour (6.3),acceptability (6.1).This result
showed a little significant compared with the standard
sample A. Catfish was preferred for its taste and
flavour but cod liver was preferred in terms of colour
and this may be due to the refining of the oil.

Table 6. Sensory evaluation.

Quality A B C Order of pref
Taste 7.1b 7.6a 5.1d BAC
Colour 74a 7.2b 6.4c ABC
Flavour 57b 6.5a 6.9a CBA

Acceptability 7.4a 6.3b 6.1b ABC
The oil samples were coded as follow.
Cod liver oil - A (Standard) Catfish oil -B Mackerel
oil -C.
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In conclusion, results obtained have shown that there
was significant difference in the values obtained from
the Cod liver oil and those of Catfish oil and mackerel
oil in most of the parameters determined which shows
that the oil from Catfish and mackerel because of its
availability to the low income earners in Africa, it is
easily affordable and can as well perform the roles of
the oil of Cod liver oil in man and so can be used as a
substitute to imported Cod liver oil.
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ABSTRACT

One hundred and seventy samples of North Carolina (NC) red wines at the State Fair Wine Competition in Oct 2012
were collected to assess the phenolic composition of NC wines. At least 75% of the grapes used for vinification were
grown in NC to be included. Wines were from cultivars of Vitis vinifera L., French American hybrid and Vitis rotundifolia
Mich. All wines were analyzed using the Adams-Harbertson Assay. Descriptive statistics were generated for cultivars
19years for V. vinifera wines that had eleven or more samples. Chambourcin and Noble wines had higher mean
anthocyanin concentrations than the mean for all V. vinifera wines. Small polymeric pigment (SPP) concentration was
lowest in Sangiovese and highest in Chambourcin and Cabernet Franc wines. Cabernet Franc wines had the highest and
Noble wines the lowest large polymeric (LPP) pigment concentrations. Almost a four-fold difference in anthocyanin
concentration was found due to vintage between the lowest and highest concentrations. Our data support the
observation that NC V. vinifera wines are likely to be perceived as less astringent than wines from Washington and
California based on tannin concentration and are low in anthocyanin concentration, hence relatively low in red color.

Keywords: Vitis vinifera L., Vitis rotundifolia Mich., French-American hybrids, anthocyanins, tannins, cultivar.

INTRODUCTION

North Carolina’s wine industry has experienced a revival
during the past twenty years. Prior to the Prohibition era
North Carolina (NC) was one of the United States of
America’s largest wine-producing states with most of the
wines made from native muscadine (Vitis rotundifolia
Mich.) grapes. While muscadines are still a large portion
of the 21st century NC wine industry, cultivars of “bunch”
grapes (Vitis vinifera L., American hybrids and French-
American hybrids) constitute roughly half of the acreage
in the state. Little information is available on the
composition of NC grapes and wines (Goldy et al, 1989;
Carroll et al, 1991). Commercial winemakers have
observed that wines prepared from NC wines are lighter
in color and seem to be lower in astringency than
commercial wines from other regions. Phenolic and
tannin concentration vary with species, cultivars, and
growing regions (Harbertson et al.,, 2002; Harbertson et
al, 2008; Liang et al, 2012; Zhu et al, 2012a; Zhu et al,
2012b). Malvidin 3-glucoside is the dominant
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anthocyanin in V. vinifera grapes and young wines. V.
labruscana and French- American hybrids contain
mixtures of mono- and di-glucoside anthocyanins.
Muscadine grape berry phenolics are characterized by
the presence of delphinidin 3,5-diglucoside and
pelargonidin-3,5-diglucosides (Goldy et al, 1989; Zhu et
al, 2012b). Additionally, when compared with other
grape species muscadines contain ellagic acid and high
contents of flavan-3-ols and flavonols (Zhu et al, 2012b).
Phenolic compounds contribute to the texture and color
of wines, particularly red wines. Type of phenolic
compound plays an important role in their sensorial
impact. Increased chain length and galloylation increase
the interaction of skin tannins with salivary proteins,
though lower molecular weight seed tannins were
equally astringent (Brossaud et al, 2001). Sensory
evaluation is expensive and time consuming. Chemical
methods for measuring phenols in wine have been
evaluated with regard to their relationship to sensory
properties. Using the adapted (Harbertson et al, 2002)
protein precipitation assay of Hagerman and Butler
(1978), wine tannin highly correlated with sensory
perception of astringency (Kennedy et al, 2006;
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Mercurio and Smith 2008). Additionally, protein
precipitable tannin was positively correlated with
astringency, large polymeric pigments, gallic acid and a
catechin derivative (Boselli et al, 2004).

The purpose of this study was to determine
concentrations of phenolic components in NC wines in
order to provide a comparative baseline for NC
winemakers and broaden the base of knowledge of
phenolic constituents in wines made from grapes of V.
vinifera, V. rotundifolia and grape hybrids.

MATERIALS AND METHODS

One hundred and seventy commercial red wine samples
were collected in 50 mL polypropylene disposable screw
cap centrifuge tubes (Cat. No. 14-375-150; Fisher Scientific,

Waltham, MA) on 4 Oct 2012 during the NC State Fair Wine
Competition, Raleigh, NC (Table 1). The tubes were filled to
the brim to minimize headspace and the caps were securely
fastened. Distribution of cultivars within vintages varied.
Forty-seven (37%) wines were non-vintage. Known
vintage dates across cultivars ranged from 2001 to 2011.
The largest proportion (77%) of vintage dated wines was
from the 2008 through 2010 vintages. After collection
samples were stored at about 2°C until FedEx First
Overnight® shipment to the Irrigated Agriculture Research
and Extension Center, Prosser, WA. Wines were shipped
overnight in an insulated container that included Blue Ice®
blocks (Rubbermaid®, Atlanta, GA). The time between
sampling and final analysis was ~2 months.

Table 1. Vintage distribution of cultivars and species distribution of red wines made from NC grapes sampled at the

NC State Fair Wine Competition, 4 Oct 2012.

Cultivar Vintage

Non- 2001 2005 2006 2007 2008 2009 2010 2011 Total

French-American hybridsa
Chambourcin 5 - - 1 - 1 2 1 1 11
Foch 1 - - - - - - - 1 2
Vitis rotundifolia Mich.
Noble 11 - - - - - - - 1 12
Ison 1 - - - - - - - 1 2
Vitis vinifera L.
Barbera 1 - - - - - 1 1 - 3
Cabernet Franc 7 - - - 1 1 1 4 - 14
Cabernet Sauvignon 4 - - 2 1 2 5 7 1 22
Lemberger - - - - 1 - - - - 1
Malbec 1 - - - - 1 - - - 2
Merlot 4 - 1 1 - 4 9 8 - 27
Montepulciano 1 - - - - - - - - 1
Mourvedra 1 - - - - - - - - 1
Nebbiolo - - - - - - - 1 - 1
Norton 1 - - - 1 - - 1 - 3
Petit Verdot 1 - - - 1 - - - - 2
Pinot noir 1 - - - - - - - - 1
Sangiovese 3 1 - - - - 1 1 - 6
Syrah 2 - 1 - - 2 3 4 - 12
Tannat 2 - - - - - - - - 2
Tempranillo - - - - - - - - 1 1
Speciesb

French American hybrids 6 - - 1 - 1 2 1 2 13
Vitis rotundifolia 20 - - - - - - - 2 22
Vitis vinifera 52 1 2 3 5 15 22 32 3 135

aAll wines within a cultivar/species were prepared from no less than 75% of grapes from that cultivar and 100% of

that species.

bIncludes wines that were < 75% of a specified cultivar, but all wines are 100% of the indicated species.
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Wines were analyzed in duplicate for total anthocyanins,
total tannins, total phenolics, small polymeric pigments
(SPP), and large (LPP) polymeric pigments using the
Adams-Harbertson assay which protein
precipitation, bisulfite bleaching, pH shift and ferric
chloride to measure the various phenolic classes (Adams
and Harbertson 1999, Harbertson et al, 2002). The
guidelines for dilution set forward by Jensen et al,
(2008) were used for the protein precipitation analysis.
At the time of entry, wineries submitted information
regarding source of grapes (NC or not) and cultivar
composition. Of those wines only wines produced from
at least 75% NC fruit, 100% of a species and 75% of a
single cultivar were included in calculation of
descriptive statistics using the mean of the laboratory
duplicates for a cultivar. Wines that were not captured in
cultivar or yearly data were included in species as long
as they contained 75% or more of the species.
Descriptive statistics were generated for -cultivars
(Cabernet Sauvignon, Cabernet Franc, Chambourcin,
Merlot, Noble, and Syrah) and species that had six or
more samples. Although sample numbers are low, the
wines sampled represent a large proportion of those
commercially available at the time of collection. An
insufficient number of samples of V. labruscana wines
were received to be included in the present survey.
Descriptive statistics including n, mean, median, range,
and 95% confidence interval were generated using
SAS® (Cary, NC) PROC MEANS.

RESULTS AND DISCUSSION

Cultivars: French-American hybrid cv. Chambourcin
and V. rotundifolia cv. Noble wines contained the
highest mean anthocyanin concentration of the eight
cultivars in the present study (Table 2). However, the
median anthocyanin concentration of Noble wines was
much lower in anthocyanin concentration than the
mean concentration of Chambourcin

combines

wines.
Anthocyanin concentration of wines from these two
cultivars was more than double that of wines from the
six V. vinifera cultivars. Of the wines from V. vinifera,
Sangiovese wines had the lowest anthocyanin
concentration. Auw et al, (1996) reported increasing
anthocyanin concentration from Chambourcin to Noble
to Cabernet Sauvignon. Lee and Talcott (2004) found
that Noble juice had the highest anthocyanin
concentration of five red muscadine cultivars evaluated
in their study. Mean NC Cabernet Sauvignon and Syrah
wine anthocyanin concentrations were about 45%

21

lower than their Barossa
(Skogerson et al., 2007).

With regard to polymeric pigments,
concentration was lowest in Sangiovese, Merlot and
Noble wines, while mean LPP concentrations were
lowest in Noble and highest in Cabernet Franc wines
(Table 2). SPP concentrations of Barossa Valley
Cabernet Sauvignon wines had slightly higher SPP and
about 50% lower LPP (Skogerson et al, 2007) than
Cabernet Sauvignon wines from NC. NC Merlot wines
had the highest and Noble wines had the lowest mean
LPP:SPP ratio of the cultivars in the present study. Of the
V. vinifera cultivars in the present study, Syrah had the
lowest mean LPP:SPP. Auw et al, (1996), using bisulfite
bleaching to determine the chemical age of wines
(Somers and Evans 1977), found that Noble wines had a
lower degree of anthocyanin polymerization than
Cabernet Sauvignon and Chambourcin wines. In the
Harbertson-Adams assay, the pigments in the
supernatant of BSA precipitation are bleached by
bisulfite (Adams et al, 2004). In the present study, lower
concentrations of LPP and a lower SPP:LPP ratio parallel
the differences in chemical age between Noble and
Cabernet Sauvignon and Chambourcin wines reported
by Auw et al, (1996).

Although no sensory evaluation was performed in this
work, we speculate that NC V. vinifera wines would be less
astringent that wines from Washington and California
based on the strong correlation between protein
precipitable tannins from the Harbertson-Adams assay
and sensory perception of astringency (Landon et al,
2008). SPP and LPP concentrations were positively
correlated with perceived sensorial
astringency. In their study, Washington Merlot wines with
SPP = 1.17 and LPP = 1.13 AU were considered lower in
perceived bitterness and astringency than Washington
Merlot wines with SPP = 1.72 and LPP = 2.21 AU. In the
present study, NC Merlot wines mean SPP and LPP
contents were 1.35 and 1.15 AU, respectively (Table 2).
Total tannins also differed between wines from different
cultivars (Table 2). Chambourcin wines had at least 50%
lower mean total tannin concentrations than wines from
V. vinifera cultivars. Noble wines were intermediate in
mean total tannin concentration to Chambourcin and V.
vinifera cultivars. Mean tannin concentration in NC
Cabernet Sauvignon wines was 240 and 281 mg/L lower
than WA and CA Cabernet Sauvignon wines, respectively,
as reported by Harbertson et al, 2008.

Valley counterparts

mean SPP

bitterness and
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Table 2. Descriptive statistics for phenolic compounds as determined by the Adams-Harbertson assay in red cultivars
of Vitis vinifera L., French-American and Vitis rotundifolia Mich. wines produced from North Carolina grapes.

Cultivara Descriptive statistics

Mean Standard error Median Minimum Maximum

Total anthocyanins (mg/L malvidin 3-O-glucoside equivalents)

Chambourcin (11)b 239 51 217 47 592
Cabernet Franc (14) 85 17 79 2 237
Cabernet Sauvignon (20) 106 18 86 0 281
Merlot (27) 86 12 73 0 220
Noble (12) 218 50 146 53 607
Sangiovese (6) 51 8 50 23 78
Syrah (12) 99 13 97 7 167
Small polymeric pigments (Absorbance units)
Chambourcin 1.86 0.20 1.86 0.45 2.82
Cabernet Franc 1.79 0.20 1.56 1.19 3.77
Cabernet Sauvignon 1.62 0.11 1.67 0.56 2.51
Merlot 1.35 0.10 1.43 0.21 2.39
Noble 1.36 0.16 1.28 0.63 2.29
Sangiovese 0.91 0.09 1.02 0.61 1.09
Syrah 1.79 0.08 1.77 1.27 2.27
Large polymeric pigments (Absorbance units)
Chambourcin 0.84 0.25 0.72 0.05 2.73
Cabernet Franc 1.30 0.22 1.09 0.52 3.70
Cabernet Sauvignon 1.02 0.13 0.92 0.09 2.78
Merlot 1.15 0.10 1.07 0.28 2.62
Noble 0.50 0.15 0.32 0.00 1.62
Sangiovese 0.171 0.09 0.66 0.44 1.02
Syrah 0.76 0.09 0.84 0.00 1.08
LPP:SPP
Chambourcin 0.89 0.53 0.36 0.02 6.07
Cabernet Franc 0.80 0.16 0.64 0.18 2.68
Cabernet Sauvignon 0.72 0.13 0.55 0.07 2.21
Merlot 1.32 0.44 0.82 0.17 12.5
Noble 0.35 0.09 0.36 0.00 0.89
Sangiovese 0.81 0.09 0.90 0.42 1.02
Syrah 0.43 0.06 0.48 0.00 0.67
Total tannin (mg/L catechin equivalents)
Chambourcin 113 23 91 0 233
Cabernet Franc 432 64 390 133 1,081
Cabernet Sauvignon 387 50 368 0 872
Merlot 397 36 399 1 780
Noble 209 68 129 0 732
Sangiovese 313 55 262 191 497
Syrah 294 41 290 87 522
Total phenolics (mg/L catechin equivalents)
Chambourcin 964 79 931 699 1,401
Cabernet Franc 1,383 94 1,452 691 1,892
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Cabernet Sauvignon 1,481 84 1,488 748 2,256
Merlot 1,363 99 1,522 1 2,251
Noble 1,408 176 1,304 175 2,645
Sangiovese 1,158 73 1,218 834 1,344
Syrah 1,200 95 1,204 615 1,675
"Non-tannin phenolics (mg/L catechin equivalents)
Chambourcin 851 63 858 578 1,167
Cabernet Franc 951 66 944 539 1,372
Cabernet Sauvignon 1,094 72 1,060 485 1,784
Merlot 967 72 1,042 0 1,552
Noble 1,200 152 1,059 108 1,913
Sangiovese 846 58 864 622 1,054
Syrah 906 69 900 529 1,274

aAll wines within a cultivar were prepared from no less than 75% of grapes from that cultivar. Data were pooled

across all years sampled.

bNumber of estimates of the mean.

Concentrations of tannin in Syrah wines from California,
Washington and Australia were also greater than tannin
concentrations in the present study (Harbertson et al,
2008). In Washington Cabernet Sauvignon wines were
grouped by tannin into low medium and high
concentrations, 250, 631, 1071 mg/L CE, respectively
(Landon et al, 2008). Sensory attributes of astringency
and bitterness correlated with tannins, SPP and LPP
concentrations in wine. In the present study, V. vinifera
wines averaged tannin concentrations intermediate to the
low and medium concentrations based on the Landon et
al, study (2008). Of the NC wines sampled, tannin
concentrations of 72% of V. vinifera wines were < 450
mg/L CE; 71% of the French-American hybrid wines were
< 300 mg/L CE; and, only one muscadine wine had a
concentration > 250 mg/L CE (data not shown). A possible
explanation for lower concentrations of anthocyanins and
tannins in NC wines is berry weight. Typically Cabernet
Sauvignon berries in NC weighed from 1.25 to 2 g/berry
(S. Spayd, unpublished data, 2014) compared with the 0.8
to 1.0 g/berry reported for Washington (Keller et al,
2005). Differences in berry weight are probably due to
higher precipitation resulting in higher available moisture
content in NC vineyard soils compared with the lower
precipitation, deficit irrigated vineyard soils of eastern WA
(Keller et al,, 2005). North Carolina typically has not only
warm to hot days during much of the growing season, but
also warm night temperatures. Elevated temperatures also
probably played a role in lower anthocyanin concentration
since temperatures are detrimental to anthocyanin
accumulation in grapes (Spayd et al,, 2002).

Wine total and non-tannin phenolic concentrations also
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differed by cultivar (Table 2). Cabernet Sauvignon and
Noble wines had the highest and Chambourcin wines had
the lowest mean concentrations of the six cultivars
evaluated. Auw et al, (1996) reported that Noble wines
were highest and Cabernet Sauvignon wines were the
lowest in total phenols with Chambourcin wines
intermediate in total phenol concentration. Mean total
phenolic concentration of NC Noble wines were similar to
concentrations of wines made from Florida Noble grapes
(Auw et al, 1996) that were fermented on the skins for
three days. Mean total phenolic concentration of NC
Chambourcin wines were intermediate in total phenolic
concentration to wines from Georgia Chambourcin grapes
(Auw et al, 1996) that were fermented on the skins for
seven days and wine made by hot pressing the fruit prior
to fermentation. Total phenols in Auw’s study (1996)
were determined by the Folin-Ciocalteau method
(Singleton and Rossi 1965). The Folin-Ciocalteu assay is
useful for determining approximate total phenolic
concentration, but it may not be related to sensorial
astringency (De Beer et al, 2004). In the case of Cabernet
Sauvignon, wines were 50% higher in total phenolics than
those made from Cabernet Sauvignon grapes from
Georgia (Auw et al, 1996) using any skin contact/juice
extraction method. Of the 214 samples analyzed, a NC
Noble wine tied with a Zinfandel wine, made from fruit
sourced in California, for the highest concentration of
both total and non-tannin phenols (data not shown).
Species: When pooled across all cultivars, French-
American hybrid wines had the highest and V. vinifera
wines had the lowest mean anthocyanin concentration
of the three species (Table 3).
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Table 3. Descriptive statistics for phenolic compounds as

determined by the Adams-Harbertson assay in red Vitis

vinifera L., French-American and Vitis rotundifolia Mich. wines produced from North Carolina grapes.

Species?

Descriptive statistics

Mean Standard error Median Minimum Maximum
Anthocyanins (mg/L malvidin 3-O-glucoside equivalents)
Vitis vinifera (135)? 93 5 83 0 281
French-American hybrid (13) 219 49 200 47 592
Vitis rotundifolia (22) 174 31 108 42 607
Small polymeric pigments (Absorbance units)
Vitis vinifera 1.52 0.05 1.46 0.21 3.77
French-American hybrid 1.93 0.22 1.86 0.45 3.50
Vitis rotundifolia 1.22 0.10 1.20 0.61 2.29
Large polymeric pigments (Absorbance units)
Vitis vinifera 1.04 0.05 0.94 0.00 3.70
French-American hybrid 0.82 0.22 0.72 0.05 2.73
Vitis rotundifolia 0.48 0.10 0.45 0.00 1.62
LPP:SPP
Vitis vinifera 0.83 0.10 0.63 0.00 12.5
French-American hybrid 0.84 0.45 0.36 0.02 6.07
Vitis rotundifolia 0.43 0.08 0.37 0.00 1.14
Total tannin (mg/L catechin equivalents)
Vitis vinifera 399 21 358 0 1,187
French-American hybrid 134 37 91 0 500
Vitis rotundifolia 259 57 177 0 833
Total phenolics (mg/L catechin equivalents)
Vitis vinifera 1384 36 1383 1 2,465
French-American hybrid 1016 79 1078 699 1,520
Vitis rotundifolia 1260 123 1214 175 2,645
Non-tannin phenolics (mg/L catechin equivalents)
Vitis vinifera 986 24 1,019 0 1,784
French-American hybrid 886 58 946 578 1,167
Vitis rotundifolia 1,004 112 970 77 1,913

aAll wines within a species were prepared from no less than
across all years and all cultivars within the species sampled.
bNumber of estimates of the mean.

The inclusion of two Foch wines with very high

anthocyanin concentrations (434 and 711 mg malvidin
3-glucoside equivalents/L) was the reason that the
French-American hybrid wines as a group were so much
higher in mean anthocyanin concentration than the V.
rotundifolia wines despite the similarity in Chambourcin
and Noble anthocyanin V.
rotundifolia wines had the lowest polymeric pigment
concentrations of the three species. Large polymeric
pigment concentration of V. rotundifolia averaged
roughly half that of the concentration in French-
American hybrid wines. Though concentrations of SPP

wine concentrations.
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100% of grapes from that species. Means were pooled

and LPP differed between V. vinifera and French
American wines, mean proportion of the polymeric
pigments (LPP:SPP ratio) were similar between the two
groups of wines. V. vinifera wines contained almost
thrice and V. rotundifolia wines contained almost twice
the concentration of total tannin as French-American
hybrid wines. Mean total phenols and non-tannin
phenols were relatively similar between wines from the
V. vinifera and V. rotundifolia and lowest in French
American hybrid wines. The range in total tannin and
non-tannin phenolic concentration for the three species
was widest for V. vinifera wines.
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CONCLUSION
North Carolina Noble and Chambourcin wines had
higher total anthocyanin concentration than all NC wines
made from V. vinifera cultivars. Noble wines were low in
SPP and LPP concentration. Merlot and Cabernet Franc
wines were also low in SPP and LPP concentration,
respectively. Our data support the observation that NC V.
vinifera wines are likely to be perceived as less
astringent than wines from Washington and California
based on tannin concentration and are low in
anthocyanin concentration, hence relatively low in red
color.
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ABSTRACT

Proximate composition and mineral content analysis of 10 traditional Qatari dishes revealed that protein contents
ranged from 1.7 to 12.4%, while the fat content ranged from 0.13 to 1.0 %. The meat dishes contained higher levels of
sodium ranging from 1276 to 1989 mg/100g while iron and zinc content varied from 0.3 to 7.4 and 0.03 to 4.5
mg/100g respectively. The level of potassium and calcium was found to be highest in Aseeda (sweet dish) with 375.7
and 403.6 mg/100g respectively. There is considerable difference in the nutrient composition of the Qatari dishes from
that of the similar dishes from the Gulf States possibly due to variations in the raw materials and preparation
processes. Data from this study will be helpful in calculating nutrient content of traditional dishes of Qatar for planning

diet charts and also for developing a Qatar Food Database in the future.

Keywords: Food composition, Proximate analysis, Qatar; Traditional dishes; Mineral content.

INTRODUCTION

In Qatar, the nutrition and lifestyle changes have
played a major role in the occurrence of diet-related
chronic non-communicable diseases. It was reported
that non-communicable diseases are predicted to
account for 69% of all deaths in Qatar (WHO, 2011).
Recent statistics show that diet related diseases like
Type 2 diabetes and hypertension are on the rise. The
prevalence of type 2 diabetes among Qatari population
will escalate by 130% in the next three decades
(Mushlin et al., 2012; WHO, 2011). The results from the
Qatar STEP wise report for 2012 showed that 70.1% of
the respondents were overweight, the prevalence of
high blood sugar among the respondents was 16.7%;
(Supreme Council of Health, 2013).

The nutritional paradox of the Arab countries is
reflected in the two types of nutritional challenges that is
currently being faced by these countries; problems
related to deficiency in nutrients such as anemia and
growth retardation and, problems that have resulted due
to rapid changes in lifestyle and diet such as type 2
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diabetes and hypertension (Musaiger, 2012). According
to WHO (2013), ‘Qatar is among the GCC countries in
advanced nutritional transition stage, with large number
of overweight and obese population as well as some
population sub-group suffering from under-nutrition
and micronutrient deficiencies. Nutrition transition is
malnutrition, not from a need for food, but the need for
high quality nourishment’. Qatar imports 90% of its
food; the total food import is expected to rise 153% in
the coming decade due to population growth (QNFSP,
2013). Both raw and processed food are imported in the
country. Despite the rising popularity of fast food,
traditional dishes that are either cooked at home or
bought from restaurants and stores still form a large of
the diet among the Qatari population.

In order to understand the effect of food on health, food
composition chart is necessary. Food composition tables
have been established in many countries around the
world. The information provided in them is used by
health professionals in creating diets for individuals with
specific dietary requirements such as for those with
diabetes, obesity, high blood pressure and high
cholesterol. The key principle for food composition table
is the description of foods and their components. Food
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composition table can also assist in the formulation of
nutrition interventions to meet regulatory standards as
well as in accurate food labeling, product formulation,
studying food consumption pattern and in research
related to diet and health (Dashti et al., 2001; Lewis &
Lupien, 1996).

There is minimum data on the composition of traditional
dishes that are consumed in Qatar. Most of the data is
compiled from published articles on the Gulf Region with
minimum reference to change of ingredients and recipes
that are specific to the Qatari dishes. The framework of
the food composition data should initially be data
generation. In Qatar, this data is the compilation of all
the foods that are consumed in the country which
includes traditional composite dishes, adapted
composite dishes and newly introduced foods. Raw
materials and processed food may be extracted from
existing data as most of these foods are imported to the
country. The next steps would be analytical data
generation, data compilation (in food composition
database) and data dissemination (to users through
internet or printed material).

Analysis of traditional dishes of Qatar is not well
established. Only one study has been conducted so far. Al
Table 1. Ingredients of traditional Qatari dishes.

Nagdy et al. (1994) analyzed the chemical composition
of 17 Qatari dishes. Qatar has more than 50 traditional
dishes therefore the nutrient composition of a large
number of Qatari dishes still need to be carried out.
Although these dishes share same names in all the Gulf
countries, there are variation in the nutrient
composition due to differences in recipes. In this study,
10 traditional Qatari dishes were analyzed for their
proximate composition and mineral content.
MATERIALS AND METHODS

Selection of Qatari Traditional Foods: Ten food
(dishes) were carefully chosen from a list of 50 regularly
consumed foods in Qatar. These composite dishes
represent different food groups prepared from different
vegetables, meats, fish, cereals and sweets. The recipes
of these composite dishes were evaluated and revised
by three different Qatari women to validate the accuracy
of the ingredients and recipes. The selected dishes
includes; ThareedLaham - Bedouin recipe, HareesDagag,
MakboosDagag- Hamsa method, MashkoolRubian,
MadrobatDagag, MargoogLaham, Barinoish,
KobozRugag, Sago and Asseda. For each composite food
three analytical samples were drawn. The ingredients of
the 10 composite foods are illustrated in Table 1.

Dishes Ingredients (W/W %)

Sago Sago 50, sugar 33, hot water 10, rose water with saffron 2, powdered cardamom 2, Margarine
1, and Nuts 2.

Asseda Wheat flour 70, sugar 10, hot water 10, powdered cardamom 2, oil 2, powdered cinnamon 2,
saffron with rose water 2, margarine 2

HareesDagag Harees (crushed wheat) 30, chicken 27, hot water 39, salt 2, margarine 2

MakboosDagag Hot water 25, onions 3, rice 36, chicken 15, tomato 3, garlic 1, ginger 1, cinnamon 1, salt 2,
turmeric 1, cardamom 1, black pepper 1, spicy green pepper 1, sunflower oil 3, margarinel.

MadrobatDagag Chicken 10, rice 30, water, 38, parsley 5, dill 5, coriander 4, onions 2, garlic 2, tomatoes 2,
tomato paste 2, turmeric 1, powder cardamom 1, cinnamon 1, salt 2, sunflower oil 2.

Barinoish Rice 60, sugar 20, water 20

KobozRugag Wheat flour 69, water 20, salt 1, dates with water (supernatant only) 10

MashkoolRubian Shrimp 47, rice 20, water 21, onions 2, garlic 1, tomatoes 1, turmeric 1, powdered cardamom
1, cinnamon 1, salt 2, sunflower oil 2, capsicum 1

ThareedLaham Meat with bone and fat (lamb) 20, water 35, squash 5, carrots 5, onions 3, potato 5, spicy
green pepper 3, garlic 5, tomatoes 3, tomato paste 3, turmeric 2, cardamom 2, salt 3, capsicum
2, KobozRugag 10

MargoogLahem Meat with bone and fat (lamb) 25, water 35, potato 4, onions 3, capsicum 3, squash 3, parsley

3, coriander 2, tomato paste 2, Iranian bread 14, salt 2, spice 1

Preparation of the composite dishes for nutrient
analysis: All the raw materials used in the preparation
of the samples were purchased on the same day of
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preparation from the retail stores. Fresh produce was
stored in the refrigerator for a few hours prior to
cooking. Dishes were then cooked according to the
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recipes provided and reviewed by three Qatari women.
Final dishes were then stored at a temperature of 2°C for
12 hours prior to analysis and raw ingredients for
recipes with their amounts were recorded (Table 1).
Proximate composition: Cooked samples were
prepared and homogenized, the samples were then
coded, and stored in zip-lock plastic bags at - 20°C.
Analyses commenced within two days after every
sampling for the proximate composition. For the mineral
analysis, samples were analysed after 1 week during
which they were stored at - 20°C. The analysis was
carried out at the Central Laboratory Unit at Qatar
University. All analyses for macro-nutrients (moisture,
crude protein, crude fat, ash) and micro-nutrients were
performed in triplicates. Fat, ash and moisture content
were determined at the Human Nutrition Program at the
College of Arts and Sciences, Qatar University. Moisture
content of all the foods, was determined in triplicates
within two days of food preparation according to the
AOAC Official Method 931.15 (2011). Crude fat was
determined in duplicate by extracting 5 g samples in a
Soxhlet apparatus using petroleum ether with a boiling
point range of 40-60 °C. Protein analysis was performed
in triplicate by the Kjeldahl method AOAC Official
Method 960.52 (2011) and a conversion factor of 6.25
was used.

Mineral Analysis: Inductively coupled plasma mass
spectrometer (Agilent, 7500Ce) was used for trace
element measurements. Clean Nickel cones were used
for sample analysis to avoid memory effects. A
microconcentric  nebulizer with a desolvation
introduction system (ARDIUS, CETAC, USA) was used in
the measurements. The instrument was first optimized

for a maximum ion intensity with a 10 pg mL-! standard
solution of 8%Y. After optimization of all the instrumental
conditions, a multielement standard solution composed
of W, Bi, Pb, Sr, La, Ce, and Ba was aspirated as a blank to
estimate the background. Detection limit was then
calculated from the calibration curve using multi-
element standard solution.

RESULTS AND DISCUSSION

Proximate compositions: Proximate compositions of
all dishes analysed are given in Table 2. The table also
compares the moisture content of the same dishes
reported in other gulf countries. Moisture content was
moderately high (63.6 £ 0.3 to 83.6 + 0.5%) in all the
meat dishes analyzed in this study. Highest moisture
content was found in MadrobatDagag (83.6 *0.5%).
Similar high moisture values in meat dishes have been
reported by earlier studies (Table3). KobozRugag, the
traditional bread from the Arabian gulf region had the
lowest moisture content (29.1 * 0.9%). However,
moisture content of KobozRugag from Bahrain was
reported to be lower (6.5%; Musaiger, 2011). For Sago
the moisture content was 39.8 *+ 0.4%. Previous studies
reported higher levels of moisture content in sago
(59.4% and 70.7% moisture content; Al-Nagdy et al,
1994 and Musaiger, 2011 respectively). The moisture
is directly related to the water content in the dish and
the cooking time.= therefore, the recipe and cooking
method may have resulted in such differences. For
Asseda, the moisture content was 69.44 + 0.1%. This
value is higher than that reported by Al-Nagdy et al.
(1994); Musaiger et al. (1998) and Musaiger (2011),
who found that the moisture content of Asseda was
50.1, 65.3 and 29.7% respectively.

Table 2. Moisture content (%) of ten traditional Qatari dishes analyzed in this study along with the result from other

studies done in the Gulf region.

Result of Musaiger, Habib

Musaiger & Musaiger et

Dishes present 2011 etal, 2011 etAclz-IArzn(l)l;)l9 D'Souza, 2008 al, 1998 Alc;}\]alg(;ig’ 4“
study (Bahrain) (UAE) ” (Arabian gulf) (Oman) ”

HareesDagag 82.2+0.1 81 79.91+2.05 NA NA 80.2 NA
MakboosDagag 68.9+0.9 72.6 65.91+4.8 NA NA 72.6 64.4
MadrobatDagag  83.6+0.5 NA NA NA NA NA NA
ThareedLaham 82.2+0.2 75 NA NA NA NA NA
MargoogLaham 81.9+0.8 65.6 NA NA NA NA 72

MashkoolRubian 63.6 +0.3 NA NA NA 62.7 NA NA
Barinoish 61+0.2 42.9 NA NA NA 59.7 50.7
KobozRugag 29.1+0.9 6.5 8.63+4.68 NA NA NA NA
Sago 39.8+0.4 70.7 NA NA NA NA 59.4
Asseda 69.4+0.1 29.7 NA 52.80+0.36 NA 65.3 50.1

NA= Not analyzed.

29



J. Food Chem. Nutr. 03 (01) 2015. 27-34

Protein content varied from 1.7 + 0.06 % in Asseda to
12.5 + 0.04 % in MashkoolRubian (Table 3). Protein
content is generally high in shrimp. Musaiger and
D’Souza (2008) reported higher protein content in tiger
shrimp cooked in rice (29.2%) over curried variety
(24.6%) due to loss of water. Shrimps are a good
source of protein, beneficial minerals and vitamins. Due
their nutritional value and taste, they are in high
demand and are cooked in a variety of ways. In Qatar,
the shrimps are often cooked with rice. In our study the
protein content of KobozRugag was 5.3 * 0.07%.
However, protein content in KobozRugag from Bahrain
was reported to be 12.5% (Musaiger, 2011).
Additionally, Habib et al. (2011) reported that protein
content in Ragag from UAE was 10.89 * 1.18%. Asseda,
a sweet dish also made of wheat flour, contained the
least protein content (1.7 + 0.06%). However Al-Nagdy
et al. (1994) found that the protein content of Asseda
was much higher (3.1%). Similarly it was reported to
be 3.9% in Oman (Musaiger et al,1998) and 3.5% in
Bahrain (Musaiger, 2011). The difference in protein
content may be due to the difference in the wheat flour
used. Whole grain wheat flour contains more protein
than processed wheat flour. Fat content in the dishes
analyzed in this study ranged from 0.08 * 0.004% in
Asseda to 0.96 £ 0.02 % in MakbousDagag (Table 4).
The fat content in our study was lower than those

reported by earlier studies. Al-Nagdy et al. (1994) and
Musaiger (2011) reported 14.4 and 6.0 % of fat content
in MakbousDagag respectively. Very high fat content
was reported in Barinoish (33.1%) by Al-Nagdy et al.
(1994) whereas  Musaiger (2011) reported
comparatively lower fat content (4.0 %). Barinoish is a
sweet rice also known as Muhammer. Oil was not used
in our recipe, whereas in the study conducted by Al-
Nagdy et al. (1994), corn oil was used for making the
sweet rice. The presence of oil and the quantity used
may have changed the fat content of the dish. Al-Nagdy
et al. (1994) who reported ghee as one of the
ingredients used for making Asseda showed very high
fat content (29.2%). Ghee contains around 60%
saturated fat and is commonly used in many Asian and
Arab traditional food. It is now a known fact that high
consumption of saturated fat increases the risk of
cardiovascular  disease, obesity and diabetes.
Manickavasagan and Al-Sabahi (2013) studied possible
differences in textural and sensorial attributes in halwa
made with ghee and vegetable oils. They reported that
the majority of their panelists accepted the non-ghee
halwa over halwa made with ghee. They also reported
that the modified halwa had acceptable sensory
qualities. Substitution of ghee with vegetable oil would
be a healthy choice for prevention of diet related
diseases in the long run.

Table 3. Protein content (%) of ten traditional Qatari dishes analyzed in this study along with the result from other

studies done in the Gulf region.

Result of =~ Musaiger, Habib Al-Amiri Musaiger & Musaiger Al-Nagdy et
Dishes present 2011 etal,2011 etal, D’Souza., 2008 etal.,, 1998 al. 1994
study (Bahrain) (UAE) 2009 (Arabian gulf) (Oman) ”
HareesDagag 4.8 +0.05 5.1 3.33+0.15 NA NA 5.4 NA
MakboosDagag 41+0.1 5.0 6.14+1.28 NA NA 4.8 11
MadrobatDagag 2.8+0.7 NA NA NA NA NA NA
ThareedLaham 1.8+ 0.05 6.8 NA NA NA NA NA
MargoogLaham 4.9 +0.92 5.6 NA NA NA NA 2.7
MashkoolRubian 12.5 + 0.04 NA NA NA 29.2 NA NA
Barinoish 2+0.28 2.9 NA NA NA 5.2 1.8
KobozRugag 5.3+0.07 12.5 10.89+1.18 NA NA NA NA
Sago 1.9 £0.06 1.0 NA NA NA Na 0.1
Asseda 1.7+0.06 3.5 NA 1.39+0.21 NA 3.9 3.1

NA= Not analyzed.

Mineral content: Analysis of selected dishes for twenty
five mineral contents revealed that there was marked
variation in the overall composition of minerals (Table
5). Highest amount of total mineral content was found in
MashkoolRubian (2626.45 mg/100g) and the lowest
total mineral content was found in Sago (50.08
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mg/100g). HareesDagag, a chicken and rice dish, had the
highest sodium content (1989 mg/100 g) while the
lowest sodium content was found in Asseda (1.24
mg/100g). Asseda is a sweet dish in which no salt is
added. The sodium content of Sago, also a sweet dish,
was 6.07 mg/100g. Although Sago contains no added
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salt, the sodium content of sago starch itself is around 7
mg/100 g. The results of this study were not in
agreement with Al-Nagdy et al. (1994) who reported the
sodium content of Aseeda, MargoogDagag, Mashkool,
MakboosDagag, Barinoish, and Sago to be 13, 300, 155,
16 and 28 mg/100g respectively. Musaiger et al. (2008)
also reported lower sodium content in MakboosDagag,
(190 mg/100 g) and higher sodium content in Barinoish
and Aseeda (381, 324 mg/100g respectively).
Additionally in Bahrain, Musaiger (2011) showed that
the sodium content of Aseeda, MargoogDagag,
Mashkool,MakboosDagag, Harees, Barinoish, Thareed
and Sago were 170, 231, 672, 285, 390, 17, 422, and 5
mg/100g respectively. According to USDA (2013), the
estimated daily dietary intake for sodium should be less
than 2300 mg (for males and females between the age of

14-50). One of the side effects of high sodium diet is the
risk of developing cardiovascular diseases. Sodium
increases blood pressure since it retains excess fluid in
the body, creating an added burden on the heart. Too
much sodium in the diet may also have other harmful
health effects, including increased risk for stroke, heart
failure, osteoporosis, stomach cancer and kidney disease
(American Heart Association, 2013). The prevalence of
cardiovascular diseases is increasing in the Middle east.
According to the 2006 Qatar World Health Survey, 28%
of individuals in the Qatari population were found to be
hypertensive (Chanpong, 2008). In our study, most of
the meat dishes contained very high levels of sodium
and it is necessary that steps should be taken to reduce
the sodium intake in diets to prevent the risk of
developing hypertension and related complications.

Table 4. Fat content (%) of ten traditional Qatari dishes analyzed in this study along with the result from other studies

done in the Gulf region.

Result of Musaiger, Habib

Al-Amiri Musaiger & Musaiger

Dishes present 2011 etal, 2011 etal, D'Souza, 2008 et al., 1998 Agfalggdg’ 4‘”
study (Bahrain) (UAE) 2009 (Arabian gulf) (Oman) v
HareesDagag 0.26 £ 0.05 1.5 143 +1.6 NA NA 14 NA
MakboosDagag 0.96 £ 0.02 6.0 2.64 +0.54 NA NA 2.0 14.4
MadrobatDagag 0.13+£0.001 NA NA NA NA NA NA
ThareedLaham 0.32+0.01 3.5 NA NA NA NA NA
MargoogLaham 0.08 £ 0.006 4.1 NA NA NA NA 6.2
MashkoolRubian 0.34 £ 0.009 NA NA NA 5.6 NA NA
Barinoish 0.09 + 0.002 4.0 NA NA NA NA 33.1
KobozRugag 0.03 +0.001 0.4 1.19 0.8 NA NA NA NA
Sago 0.17 £ 0.006 2.2 NA NA NA NA 4.8
Asseda 0.08 £ 0.004 6.3 NA 3.44 £0.38 NA 4.7 29.2

NA= Not analyzed.

The deficiency of iron is another major health problem
in the middle east. According to Musaiger (2002) the
prevalence of iron deficiency (anemia) among preschool
children of the Arab gulf countries ranged from 20% to
67%, while that among school children ranged from
12.6% to 50%. The percentage of pregnant women who
suffered from anemia ranged from 22.7% to 54%. The
result from our study showed that the highest iron
content was found in KobozRugag (7.36 mg/100g) and
the lowest in Barinoish (0.30 mg/100g). This is probably
due to date extracts used in the production of
KobozRugag and the fortified wheat flour. The high
content of iron in KobozRugag is therefore beneficial to
health if incorporated as part of a daily diet. The result
of the calcium content analysis showed that the highest
calcium content was found in Asseda (375.7 mg/100g)
and the lowest in Barinoish (13. 6 mg/100g). The high
level of calcium in Asseda may be due to the wheat flour

31

which contains 40 mg of calcium per cup. Numerous
studies have clearly revealed the association between a
decreased risk of osteoporosis and adequate intakes of
calcium and vitamin D (Musaiger et al., 2011). Food high
in calcium like Asseda would be beneficial especially to
children and women. Zinc is also an important
micronutrient for health, the deficiency of which causes
developmental abnormalities. From our results, the
highest Zinc content was found in MargoogLaham ( 4.52
mg/100g) and the lowest in Sago (0.03 mg/100g). The
highest magnesium content was found in Asseda (71.67
mg per 100g) and the lowest magnesium content found
in Sago (2.42 mg/100g). Al-Nagdy (1994), found that the
magnesium content in Asseda was 44 mg/100 g
whereas, Musaiger (2011) found that the magnesium
content of Asseda was 32 mg/100 g. However, in Oman,
Musaiger et al. (1998) found that the magnesium content
of Asseda was only 5.9 mg/100g.



Table. 5. Means for the total mineral content of selected traditional Qatari dishes (mg/100g).
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Element Reference material Aseeda Margoog  Mashkool Koboz Makboos Harees Barinoish Madrobat  Thareed Sago
(Tomato leaves) Laham Rubian Rugag Dagag Dagag Dagag Laham

B (Boron) 3.33 0.66 0.33 0.25 0.21 0.21 0.11 0.05 0.15 0.21
Na (Sodium) 13.63 1.28 1751.00 1929.00 707.40 1810.00 1989 412 1276 1602 6.07
Mg (Magnesium) 1196.00 71.67 55.40 69.16 57.08 31.60 59.63 7.23 3251 57.97 242
Al (Aluminum) 59.64 6.95 337 3.30 414 2.18 453 0.26 416 2.00 2.63
K (Potassium) 2697.00 403.60 662.20 454.80 287.90 363.40 265.60 27.40 370.90 652.30 18.03
Ca (Calcium) 5054 375.70 80.10 160.30 52.77 37.97 52.85 13.58 59.21 54.87 1391
Ti (Titanium) 1.67 0.25 0.63 1.01 0.57 0.39 0.51 0.07 0.01 0.18 ND
Cr (Chromium) 0.21 ND 0.0005 0.01 0.01 ND ND ND ND ND ND
Mn (Manganese) 24.56 1.26 0.71 0.77 1.74 0.63 1.67 0.27 0.50 0.87 0.04
Fe (Iron) 36.85 1.67 6.57 2.62 7.36 1.65 2.49 0.30 3.02 497 6.54
Ni (Nickel) 0.16 0.003 0.008 0.003 0.015 0.004 ND ND ND ND ND
Cu (Copper) 0.47 0.12 041 0.58 0.32 0.20 0.36 0.09 0.03 0.14 ND
Zn (Zinc) 3.08 0.43 452 2.80 1.83 1.14 1.82 0.77 1.21 1.71 0.03
Rb (Rubidium) 1.49 0.23 0.34 0.15 0.50 0.38 0.29 0.02 0.22 0.49 ND
Sr (Strontium) 849 0.62 043 1.52 0.35 0.23 0.40 0.02 0.34 0.29 ND
Mo (Molybdenum) 0.04 ND 0.02 0.02 0.01 0.06 0.01 0.04 ND ND ND
Sn (Tin) 0.00 ND 0.01 0.01 0.01 0.02 ND ND ND ND ND
Ba (Barium) 6.29 131 0.16 0.06 0.21 0.07 0.11 0.01 ND 0.05 ND
Hf (Hafnium) 0.002 0.002 0.0015 0.0014 0.001 0.0012 0.0013 0.0012 0.01 0.01 0.01
Ta (Tantalum) 0.01 0.01 0.01 0.01 0.01 0.005 0.01 0.01 0.05 0.06 0.05
W(Tungsten) 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.05 0.05 0.04
Au (Gold) 0.05 0.04 0.06 0.06 0.06 0.05 0.06 0.04 0.42 0.39 0.30
Hg (Mercury) 0.004 0.001 0.01 0.01 0.003 0.003 0.003 0.001 0.03 0.02 ND
Tl (Thallium) 0.01 0.004 0.003 0.0027 0.003 0.002 0.002 0.002 0.03 0.02 0.02
Pb (Lead) 0.012 0.0101 0.0083 0.013 0.0063 0.0052 0.0040 0.003 0.0026 ND

ND = Not detected.

The differences maybe because of different recipes
(in Oman they do not add sugar) or the quality of
wheat flour in each country. Copper content was
found to be the highest found in MashkoolRubian
(0.58 mg/100g) and the lowest in MadrobatDagag
(0.03 mg/100 g). In the study done by Musaiger
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and D’Souza (2008), it was found that the copper
content in shrimp cooked in rice was 0.6 mg/100g.
Musaiger and D’Souza (2008) also found higher
content of magnesium and calcium in shrimp
cooked in rice and attributed it to the high content
of these minerals found in shrimps with marginal

contribution from the rice itself.

CONCLUSION

In recent years, due to changes in socio-economic
conditions and subsequent changes in the diet
habit of the people, health problems related to
excessive consumption of calories and deficiency
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of vital minerals are emerging as major problems.
Preparation of traditional foods has also changed with
an increased addition of fats, salt and white flour. The
different methods of food preparation employed in Qatar
have a marked influence on the nutrient and mineral
composition of traditional dishes. A natural consequence
of rise in food consumption and increase in the caloric
density of Qatari foods has led to the increase of non-
communicable diseases in Qatar and these include
obesity, cardiovascular diseases, diabetes and
micronutrient deficiencies. Data on the nutrient content
of Qatar foods provided to health care workers,
nutritionists and dietitians will assist them in addressing
the major nutritional problems that are all associated
with the diet of the community.
With reference to the food composition data in the Gulf,
comprehensive analysis of foods is needed since most of
the data compiled is based on calculations and not from
direct analysis of foods. Most countries allow the use of
compositional data taken from a regulatory compilation
databases, such as a national food composition database
as a substitute for direct analysis. This has added a
quasi-regulatory role to food composition databases and
strengthens the need for maintenance of data quality in
terms of both the representativeness of the samples and
the quality of the analytical data.
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