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Seeds of karkade (Al-Rahad variety) were obtained from Western

Sudan, and investigated preliminary for their chemical composition such as

protein, oil, moisture, fiber, carbohydrates and mineral content. The oil of the

seed also investigated for the characteristics of the oil and fatty acid

composition.

The factors affecting protein extraciibility such as pi 1, salt type and

concentration and solvent to Hour ratio, were studied in the aim of obtaining

optimum prolcin extraction from karkade seeds.

Further, the seeds were processed into different products and the

chemical composition was determined.

The anitnulritional factors investigated were protease inhibitors,

gossypol, phytales and tannins. Although some of these antinutritional agents

were found in trace amounts such as gossypol and tannins, others such as

trypsin inhibitor and phytates are found in amounts which may affect the use

of the protein as food ingredient. Means of inactivation such as heat treatment

for trypsin ihibitor and differential solubility for phytates were proposed.

Nutritional properties investigated included /// vitro methods such as

amino acid profile, chemical score, in vitro digestiblitity and calculated

protein efficiency ratio (C-PER). The in vivo assay included net protein ratio

(NPR), nitrogen balance assay, true digestibility for individual amino acids,

available amino acid scores and biochemical assessment.

Protein Jractionation clue to solubility was carried out. Other

physicochemical properties included polyacrylamide gel electrophersis, ultra



voilet absorption spectrum and gel fiiteration pattern. The functional

properties investigated were bulk density, solubility, water and oil absorption,

enuilsilying activity and viscosity.

Karkade seed was found to be rich in protein, oil and mineral matter.

The fatly acid profile of the seed oil might indicate it suitability for human

consumption.

The amino acid profile of karkade seed protiens indicated the presence

of most of essential amino acids in adequate amounts, although the protein

was found to be limiting in threonine and tryplophan. The in vitro digestibility

and C-PER values for karkade seed protein resembled those of other plant

protein sources.

Rats fed karkade seed protein isolate showed a normal growth, inspite

of low food intake and weight gain. The relative net protein ratio (RNPR)

was found to be 0.75. Nitrogen balance assay for karkade seed protein isolate

showed a eompartively acceptable values for true protein digestibility,

biological value and net protein utilization. However, there were no

significant differences for these parameters (P< 0.05).

Protein digestibility-corrected amino acid score of karkade seed protein

was found to be 0.63. (compared io casien which is 1.0).

The biochemical parameters investigated included plasma total protein,

albumin and urea in the plasma of rats fed karkade protein isolate, together

with plasma free ammo acids and liver weight and liver arginase activity.

Feeding of karkade protein isolate did not lead to a major change in the value

of these parameters, although some (e.g urea level and total protein in the

plasma) were inferior !o those of casein-fed group.

M



The molecular weights of the protein fractions investigated by SDS-

PAGH were m the range of i 2-82 kDa. UV absorption spectra reflects

changes i'n the molecular structure (native proteins absorb at 280 nm and also

interactions with other components e.g. nucleic acids, poly phenols ... etc).

Gel filtertion pattern reflects changes in molecular size (association,

dissociatiii phenomenon). Functionality is associated with hydrophobic and

hydrophillic groups in the peptide chain and this leads to terms of solubility,

lipophilicity (oil absorption) and hydrophiiicity (water absorption and

viscosity).

All





I. Introduction

Hibiscus salukirijfa L. is the botanical name for this annual herb which

belongs to the family Malvaceae. While roselle is the most widely used name

. for this crop plant, in the Sudan it is commonly known as karkade.

Sudan has for many years been among the leading countries m

producing and exporting the calyx of karkade. The main production areas are

located in the western parts of the country (Appendix 1), where the crop is

produced under the traditional rainfcd system. The productive area of karkade

in the season 1996-1997 was more than hundred thousands hectares. The

calyx produced in the same year averaged nine thousands tons (Appendix 1).

Annual iluctualions in cultivated areas are mainly due to producers' response

towards crop price of the previous season. Crop yield may be affected by

environmental factors and husbandry parctices.

in developing countries there are shortages in food supply. The

demand, especiJly for protein and energy foods, is increasing while the

availabe resources are limited. New protein sources, especially from plants,

may be exploited to improve the nutritive status of the population. An

example of such sources is karkade. The potential use and quality of karkade

calyx and seed components were reviewed in chapter 2.

Karkade seeds are a promising source of oil and protein. While

karkade seed oil was investigated with respect to oil characterization and

food use, karkade seed protein received lesser attention. The present study

may be considered as a modest contribution to the evaluation of karkade seed

quality.



The use of proteins of plant origin is limited by the presence of

antinuirionai agents and deficiency in some essential ami no acids. These

factors (together vvitli other nutritional, processing and physico chemical

aspects) are of importance when considering utilization of plant protein in

human consumption. Oil containing seeds are potential source of food

proteins. They can be used in human food and animal feed. A better

understanding of karkade seed protein properties and their nutritional

evaluation may lead to a wider use of this plant.

The purpose of this study was therefore:

1. To study factors affecting protein extraction from Sudanese karkade

(Hibiscus sabtianjja) seed.

2. To process the seed into protein-derived products, and determine chemical

and ammo acid compositions oi these products.

3. To investigate the presence of antinutritional factors (protease inhibitors,

phytates, tannins and gossypol) in karkade seed protein products.

4. To evaluate the nutritional value of karkade seed protein isolate by

chemical and biological methods.

5. To study the functional and physicochemical properties of karkade seed

protein.





2. LITERATURE REVIEW

2.1. Present situation of protein nutrition

2.1.1. Protein sources

One of the goals of nutrition for both developing and industrialized

societies is to provide the population with adquate amounts of food proteins

to meet the physiological and or nutritional requirements of the population

(Volgarev and Waggle, 1992). The same workers classified protein sources

into three groups, the first group, they named conventional protein sources

which include products from plant growing, animal husbandry, poultry

farming, fishing and fish breeding and natural flora and fauna.

Nonconventional protein sources, the second group, includes extracted

isolates from seeds of different plants, waste from milling plants and hulling

mills, biomass from leaf mass protein and nonfat milk and whey, blood and

several tissues and organs of animals; noncommercial fish and sea products

not used in food. The third group, new protein sources, examples of which

are single and multicelled alga, mycelium of higher and lower fungi, yeasts,

nonpathogenic bacteria and protein from chemical synthesis (Volgarev and

Waggle, 1992).

2.1.2. Protein requirements

Young and Steinke ^1992) in discussing protein reuqirements in

relation to. dietary food protein needs, stated that the primary nutritional

function of dietary protein is to supply the indispensable (essential) amino



acids and a utilizable source of nitrogen required for synthesis of tissue and

organ proteins and other nitrogen containing compounds that are necessary

for the normal growth, maintenance and function of the organism. The safe

protein intakes for infants and young childern were arrived at by the

FAO/WHO/UNU group as outlined in their 1985 repoit. These estimates,

together with those for adults, and lactating and pregnant women, are

summerized in Appenix 2.

2.1.3. Protein deficiency

From time immemorial, war and famine have brought severe dietary

undernulrition (semi-starvation or starvation) to whole groups or

communities. The presenting sign of emaciation focused attention on the

calorie deficiency. But by modern standards of nutrition the quantitatively

deficient diet has almost invariably been deficient in quality; many essential

nutrients were supplied in less than present estimated minimum requirement.

Less obviuos, although probably more fundamental in its effects, was

deficiency of protein and/or essential amino acids (Brock, 1975). The same

worker described some causes of protein deficiency. These may be

summarized as natural disasters, unaccustomed famines, war, population

pressure and urabrization and industrilizalion particularly when populations

migrate from rural areas to city slums. Nvvokolo (1996a) commented that for

most people in the developing countries of Africa, Asia and Latin America,

the 1980s had been a very tumultuous period. Almost all African countries

were affected by the draught of the early 1980s, and many millions of African

people were left malnourished.



2.1.4. Economic considerations

World production and trade in protein foodstuffs, of both animal and

plant origins, have significantly increased during the last decade as a result of

a galloping demand due to an increased world population. ]n 1984, the total

world production of animal protein foodstuffs reached 1745.6 million metric

tons (184.7 million metric tons of animal protein) while that of plant protein

foodstuffs was estimated to amount to 2447.3 million metric tons which is

about 249.9 million metric tons of vegetable protein (FAO/WHO, 1991).

2.1.5. Need to explore new sources of protein

Although estimates of total world food protein availability seem to

indicate a significant excess over minimal nutritional requirements, the diets

of vulnerable groups in many developing countries continue to suffer from

both calorie and protein shortages. Food-deficient developing countries will

need to depend for their protein need on plant foods particular}' cereals,

legumes and oilseeds, since even some highly industrilized countries are

presently unable to satisfy the demands of their populations for animal foods

(Milner, 1974). Novel or unconventional protein sources are continually

developed. Linder and his colleagues (1997) investigated the nutritional value

of enzymatically produced veal bone hydrolysatc, for possible use as gelatin-

replacing ingredient for human consumption.

2.2. Plant proteins
2.2.1. As alternate protein sources
In many cultures animal proteins are the preferred forms of dietary

protein for esthetic and nutritional reasons. However, their expense make it



difficult to increase dietary protein supplies by producing more animal

products. Consideration of alternate protein sources therefore directs attention

to plant proteins together with microbial proteins. Alternate protein sources

should be available in large supply, have low cost, have good nutritional

value, safe to humans and have good functional properties (Wolf, 1992).

2.2.2. Limitation of utilization of plant proteins

Plant proteins, in general, are deficient in one or more amino acids,

specifically, cereals are mainly deficient in lysine while legumes and leaf

protein are deficient in methionine. The primary deficiency of an amino acid,

namely, lysine or methionine, in many instances is further intensified by a

secondary deficiency of amino acid(s), e. g., thrconine and\or tryptophan

(Kakade, 1974). Many plants have the capacity to synthesize a wide variety

of chemical substances that are known to exert a deleterious effect when

ingested by man or animals (Liener, 1980). Many plants contain substances

such as phytic acid, saponins, phenolic compounds, various sugars and metals

which may complex with proteins (Kakade, 1974). Substances that have the

ability to inhibit the proteolytic activity of certain enzymes are found

throughout the plant kingdom, particularly among the legumes (Liener and

Kakadc, 1980). Milner (1974) in discussing ways of improving plant proteins

in the world stated that there are problems facing food legumes with respect

to production, storage, processing and consumer acceptance.

2.2.3. Major potential plant protein sources

Of the plant proteins, soybeans are the clear choise of an alternative

source of proteins for use as food ingredients. The industry is well established



and a wide range of products, isolates, concentrates and (lour is available, the

industry also has considerable technical information on application of soy

proteins in a wide array of foods moulding baked goods, confections,

processed meat, meat analogs, coife whitencrs, infant formulas, milk

replacers and beverages. Wheat gluten and zein from corn occupy specialty

markets because of their unusual functional properties, but their lysine

contents make them unstiutable nutritionally for replacing animal porteins.

Other plant proteins used commercially-peanuts, cottonseed, sunflower seed,

peas, and lupines are produced on a much smaller scale. Of the remaining

plant protein sources, rapesced, leaf protein, coconut, wingedbcan and other

legumes are potential sources. However, near-term prospects are not very

encouraging (Wolf, 1992). In contrast to the low level of protein in most

cereal grains (6-14%), the oilseeds and legumes contain 20-25% protein, they

are adapted to grow under a wide variety of climatic conditions. Oilseeds and

legumes are relatively cheap and the fact that they are already a part of the

diet in many parts of the world greatly simplifies efforts to increase their

consumption in such courntries (Liener, 1980).

2.2.4. Nutritive value of oilseeds proteins

Most oilseeds are processed to recover their edible oil, and although

the residue remaining after oil extraction was previously of little value,

whithin the last 100 years this protein-containing material has become a major

resource for animal feeding arround the world. Oilseed proteins for direct

human consumption have the potential to improve the protein content and

quality of the diets of over half of the world's population. Research is needed

on these oilseeds to solve problems of flavor, functionality, color,

7



antinutritional factors, processing technology and economics (Cater et al.

1978). The nutritive value of the protein of four major oilseed crops namely,

soybean, cottonseed, groundnuts and sunflower is cited from the following

references. Soybean is an extremely rich source of nutritients, raw soybean

containing twice the protein content of cowpea and dry beans and about ten

times their oil content. In spite of its low carbohydrate content (35%), its food

energy is high due to an abundance of oil in the seed. Soybean has double the

protein and amino acids present in most dry beans, lentils, peas and cowpeas

used as human food. With the exception of the sulphur amino acids in which

soybean is deficient, there are sufficient other essential amino acids. The very

high lysine concentration is noteworthy because it places soybean protein in a

distinct class of vegetable proteins (Nwokolo, 1996b). Cottonseed, due to its

high protein content, has been the subject of many investigations as a

potential food source for human consumption. The principal determinants are

its good nutritional quality and functional propeties (Marshall, 1990). Amino

acid profile of raw peanut (groundnut) is in many respects inferior to the

profile of raw soybean. World wide, peanuts are utilized as snack foods. In

countries of Africa, Asia and Latin America increased production and use of

peanuts holds out the best prospect for meeting the nutritional needs

(Nwokolo, 1996c). Sunflower kernels contain 22-25% protein; sunflower

protein contains an excellent profile of amino acids, similar in many respects

to the profile of soyabean protein and only slightly inferior to casein. Animal

studies highlighted the very good nutritional potential of sunflower

concentrate when it was supplemented with lysine or blended with field peas

which contain a high level of lysine (Nwokolo, 1996d).



2.2.5. Synthesis and deposition of seed proteins

A seed is considered the propagative portion of plant. It cntains a

fertilized and ripen ovule comprising a miniature plant usually a- companied

by a supply of food as endosperm or perisperm. A protective coat is another

feature of a seed. Under suitable conditions, the seed will develop into a plant

similar to the one that produced it. The synthesis of proteins by seeds is

important because the utilization of seeds can depend largely upon the

quantity and kinds of protein produced. The nutritive value of opaque-2 com

is virtually equivalent to milk proteins whereas ordinary com proteins are

deficient in the essential amiiio acids, lysine and tryptophan (Inglett, 1972).

The molecular basis of seed protein synthesis and seed development was

given by Lumen (1996).

2.3. Karkade (Hibiscus sabdariffa L.)

2.3.1. Names, morphology and distribution

Hibiscus sabdriffa L. belongs to the family malvaceae. English names

for it are roselle, Indian sorrel and red sorrel. Other local names for it are

found in different African countries. In the Sudan its named karkade

(FAO,1988). The original hapitat of this plant was found to be in West

Africa. It has spread eastwards across Africa to India and westwards to West

Indies and Jamaica (Mclean, 1973). The plant is erect, branched, sub-woody

annual herb up to 5 m. Many different forms adapted to specific areas. Stem

red or green. There are two botanical varieties: var. Sabdariffa (up to 3 m

with edible calyces); var aliissima (almost unbranced, tall, up to 5 m, with



fibrous spiny, mediDJe calyces;, .Leaves: anemaie, uovver : axuiaiy, sj

Fruits: oval capsule, containing 22-34 seeds/capsule. Seeds: dark brown, 4-6

mm long. 1000 seeds = about 25 g (FAO, 1988). Figure 1 illustrates the

different parts of the friut ofkarkade.

2.3.2. Uses

, An early study (Crane, 1949) discussed the commercial possiblity of

roselle as a potential plant fiber specifically the bast unbranched varieties of

the crop. Wilson and Menzel (1964) comment on the versatile uses of the

plant. They stated that the seeds are eaten roasted or ground into meal, the

leaves and shoots are eaten raw or cooked (as a sour-flavoured vegetable or

condiment), the fleshy fruiting calyces are used like camberries in jellies and

confections or the juice is expressed and made into fresh or fermented drink.

Various parts of the plant are used as medicines for man and animals, and

fiber types have achieved importance in the world commerce as a jute

substitute. Mclean (1973) further gave informations about the seed uses. The

investigator stated the seeds have already been noted as prolific and were

reported early in the century among African food grains, as being consumed

in Northern Nigeria after grinding into a course meal. They are highly

regarded as a nourishing food. Among the Banyoro of Uganda they are

crushed and boiled in water to the consistency of a thin porridge, which

10



A

B

Figure 1 : the fruit of karkade, illustrating the edible part and the seed pod.

A: Calyx with two lobes removed to reveal the seed pod C.
B: The calyx, the edible part.
C and D: The. trash, consisting of (he seed pod and (he calyx base, D.
Source: Maclean (1973).
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is usually eaten as a sauce with staple foods. In the Sudnn Hibiscus

sabdariffa seeds are used as a seasoning as the same as Hibiscus cannibimis

seeds after fermentation, and in the South of Sudan the seeds are ground into

flour (Mclean, 1973). In Figure 2 the seeds of three varieties of Hibiscus

sabdariffa are shown.

2.3.3. Varieties and cultivation in the Sudan

The principal production area is in the Eastern Kordofan sands in an

area encompssing Al-Rahad and Umm Rauaba. Karkadi however, is grown

on smaller scale arround El-Obied, in Western Kordofan, near El-Fasher and

Nyala and in the Southern Fung. The crop was also grown in the Zande

district of Equatoria (Percy, 1971). The two varieties of the crop were named

Rahad and El-Fasher according to the regions where they are originally

cultivated (Ibrahim et al. 1971). In international trade the preffcrcd karkadi is

known as "ErRahad" quality. It has been found that there are at least three

varietal types within "ErRahad" quality. Each shows different characteristics

with regard to the size of calyx, strength of colour, shape of the bush,

adherence of calyx to the seed-pod and time of ripening (Percy, 1971).

2.3.4. Nutritive value and food uses of the calyx

The plant is cultivated mainly for the calyces. Locally in (he Sudan, it is

used as a beverage but in Europe it is being used for many purposes such as

making of sauces, jams, jelly as well as colouring material for foods

12



Figure 2: Seeds of three varieties (A,B,C) of Hibiscus sabdariffa.

(magnification x 9)

Source : Wilson and Menzel (1964).

13



(Ibrahim et al. 1971). The calyces contain significant quantities of vitamins A

and C, phosphorus and iron, and very rich in calcium (FAO, 1988). In their

comparative study, of the calyces from two varieties of karkadi, Ibrahim and

his colleagues (1971) found that thirteen amino acids were given by the

protein hydrolyzates of the whole and spent calyces, six amino acids of them

are essential. They also detected two free sugars (glucose and arabinose) in

the water extract. The concentration of ascorbic acid (vitamin C) was 7.12

mg/lOOg as reported by the same workers from water extract. They also

detected organic acids in the water extract, these were malic acid, citric acid,

oxalic acid and 3-indolyl-acetic acid. The water extract of karkade calyces

was used in the preparation of spray-dried karkade powder (El-Tinay and

Ismail, 1985). Changes in red pigments of squash and jams manufactured

from spray dried calyces juice were investigated by Nour (1979) when these

products were stored at elevated temperature.

2.3.5. Oil of karkade seed

The oil drived from the seeds of Hibiscus sabdariffa was characterized

by Salama (1979). lie comments that the oil can be of great economic use.

Ahmed and Nour (1993) stated that the oil of Hibiscus sabdariffa resembled

other vegetable oils in its saponification and iodine values and it was rich in

the essential fatty acid linoleic. Analysis of Hibiscus sabdariffa seed oil, from

different seed collections from Western Sudan, showed differences in the

fatty acid pattern, especially with respect to linoleic (30.1-37.45%) and

epoxyoleic (trace to 5.3%). The occurance of cyclopropenoid fatty acids was

indicated by the positive Halphen response of the oil (Ahmed and Hudson,

14



1982). The presence of unusual fatty acids, such as epoxyoieic and

cyclopropeniod, in karkade seed oil have been reported (Ahmed and Hudson,

1982). The nutritional value of Hibiscus sabdarijfa seed oil from an Indian

variety was investigated by Sarojini and his colleagues (1985). They

concluded that the seed oil may be considered an edible oil after suitable

methods of processing such as refining, bleaching, deodorization and heating.

Also the toxicity of epoxyoieic acid should be considered.

2.3.6. Protein of karkade seed

Chemical analyses of the whole mature seeds of roselle {Hibiscus

sabdarijfa) revealed that the seeds contain protein (25.2%) and lipids

(21.1%). Eighteen amino acids were detected. The most limiting amino acid

was found to be tryptophan, while lysine was among the most abundant

ammo acids (Al-Wandawi el al. 1984). Ahmed and Nour (1993) investigated

the nutritional characteristics of karkade seed protein. They found that the

protein was rich in sulphur-containing amino acids with threonine being the

first limiting amino acid. The authors explained that the low protein

digestibility and low protein efficiency ratio (C-PER) could be due to the

protein content of trypsin inhibitor activity. Farjou and Al-Wandawi (1983)

studied the effect of incorporating ground roselle seeds into the pellet diet of

mice and rats. They stated that animals fed for a period of 12 weeks on

pellets containing roselle seeds at 20% level showed normal growth with its

associated weight gain. The same investigators suggested that roselle seeds

are nutritive, safe, and may possibly have a useful anti-atlieroma effect when

inculded in diet.
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2.4. Factors affecting extractibility of seed proteins

Considereable diversity was found in solubility characteristics of

nitrogen and protein constituents of plant seeds (Smith et al,1959). Aqueous

extraction of the protein from legumes and oilseeds defatted flours was

discussed by many workers (Prakash, 1986; Shehata et al. 1981; El-Tinay et

al. 1980, 1988a; El-Nour, 1991). Effects of salt type and concentration, pH,

solvent to flour ratio, method of preparation of the defatted flour and time of

extraction were studied by El-Tinay et al. (1980, 1988a) for cotton seeds and

El-Nour (1991) for karkade seeds. The objectives ofthese studies were to

develop a procedure for optimum conditions of protein extraction and to

obtain an end product free from antinutritional agents. Morr and his

colleagues (1985) in comparing between the different methods for nitrogen

(or protein) analysis stated that for routine protein solubility evaluation the

conventional Kjeldahl procedure is the most reliable method.

2.5. Types of seed protein products

The major three products of seeds proteins are defatted flour, protein

concetrate and protein isolate. Protein concentrates are formed by leaching

out soluble materials e.g (sugars) usually with equeous alcohol (Cater, et al.

1978). Altschull (1958) stated that protein can be precipitated from liquid

extracts by heat, dialysis, electrodialysis, salts, acids, bases or organic

chemicals. A process developed by Tzeng et al (1990) consisting of alkaline

extraction, isoelectirc precipitation and ultrafilteration followed by

diafilteration resulted in an excellent protein recovery (= 100%) for rapeseed

and caiiola proteins.
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2.5.1. Oilseeds protein products

Oilseed proteins can make an important contribution to the human diet

(Aylward, 1975). Soy defatted flour, soy protein concentrate and soy protein

isolate contains 52.6%, 67.5% and 92% protein, respectively (Steinke, 1992).

The nutritional value is not the only factor enhancing its consumption. Many

clinical studies have demostrated the associated advantages of use of soya

products to prevent heart disease, obesity and blood cholesterol (Garcia ct al,

1997). Martinez and Hopkins (1975) pointed out that defatted cottonseed

flour, either glandless or deglanded by liquid cyclone process, if properly

processed may have protein efficiency ratio (PER) very near that• of casein.

Production of white coloured isolate and high-grade protein concentrate

(68.4% protein, 0.03% free gossypol) from cottonseed was reported by Maltz

(1981). Sunflower Hour and protein concentrates for the food manufacture

had been introduced. The presence of the chromophoric compounds

(chlorogenic and caifeic acids) pose problems to the production of white

protein isolate from sunflower (Nwokolo, 1996d). Food uses of peanut

(grounnut) include fresh cooking, roasting, peanut butter, flour, concentrates

and isolates (Nwokolo, 1996c).

2.5.2. Safety and consumer considerations

Novel sources of protein must be evaluated for both their safety and

their protein value. These evaluations should include toxicity tests using

animals, microbiological tests, animals feeding tests and amino acid content

and availability (Scrimshaw, 1978). Volgarev and Waggle (1992) also

commented on the substances which are introduced or formed during
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technological processing. Devadas (1975) summarized the factors which

determine the acceptability of novel foods by the consumer. These include

platability, cost, availability, ease of preparation, keeping quality and

packaging.

2.6. Protein fractaonation

Seed proteins can be separated into four different types by successive

solvent extractions: (1) water, albumin; (ii) salt solutions, globulins, (iii) 70%

ethanol, prolamins; and (iv) dilute alkali (or acid), glutelins (Kakade, 1974).

Dominance of a major protein fraction (in relation to other fractions)

was reported from different plant sources by some workers, such as globulins

as the major protein of soybean (Carcia, efal. 1997), Ablumins in apricot

kernels (Abed El-Aal and Hamza, 1986) and prolamins and glutelins in

cereals (Kakade, 1974). Proportions of different protein fractions in legumes

vary considerable (ldouraine, 1993). He stated that this variation was due to

bean species, type of solvent used to isolate the protein, conditions of

extraction and methods of analyses.

Characterization of seed storage globulins from different seed, have

been reported (Hirano el al, 1992; Melo el al. 1994; Marcone and Yada,

1995). ldouraine (1993) investigated the physicochemical, functional and

nutritional characteristics of protein fractions isolated from tepary bean

{Phaseolus accutifolius). Carcia el al. (1997) reported the molecular weight,

isoelectric point and ainino acid composition of the main soybean globulins.



2.7. Toxic and antinutritional factors

2.7.1. Protease inhibitors

The protease inhibitors that have been isolated from soybean fall into

two main catogories: those which have a molecular weight of 20,000-25,000

are reffered to as the kunitz inhibitors, and those which have a molecular

weight of 6,000-10,000 are known as Bowman-Birk inhibitors (Liener and

Kakade, 1980). Purificaiton and characterization of protease inhibitors from

plant sources have been reported (Valdes-Rodrigues et al. 1993). The same

investigators purified a proteinase inhibitor from armaranh ( Amaranthus

hypochondriacus) seeds and they determined the physico chemical properties

of the inhibitor together with its amino acid sequence.

Liener and Kakade (1980) reported that trypsin inhibitors have a

unique property of combining with trypsin to form an inactive complex. These

substances play a significant role in the nutrition of experimental animals such

as the rat and chick, their relevance to human nutrition remain uncertain

(Liener, 1975).

Liener and Kakade (1980) reported, in addition to tiypsin and

chemotrypsin inhibitors, several other protease inhibitors together with a

comperhensive review of the occurance of these inhibitors in plants. The list

included : Legumes (e.g , soybean, limabean, navybean, etc.); Creals (e.g;

wheat, rice, maize, rye) and oilseeds (e.g ; ground nut, rapeseed, sunflower).

Substantial evidence now indicates that the feeding of raw soybeans

and purified soy trypsin inhibitor to animals accelerates protein synthesis in

the pancreas and stimulates hypersecretion of pancreatic enzymes into the

intestinal tract. Contiiiious stimulation of the pancreas causes pancreatic



intestinal tract. Continious stimulation of the pancreas causes pancreatic

hypertrophy and an excessive faecal loss of the protein secreted by the

pancreas. Trypsin inhibitors from iimabeans, navybeans, eggplants, potatoes

and other foods elicit similar effects (Anderson el al, 1979).

Thermal stability of protease inhibitors was investigated by many

workers. Al-Kahtani (1995) discussed heat treatment effects on the stability

of trypsin inhibitors from seed extracts of Moringa peregrina and soybean

products. Other proposed means for inactivation of protease inhibitors

include: fermentation (Barampama and Siinard, 1994), solvent extraction, and

use of gamma irradiation to inactivate protease inhibitors in safflower oilcake

(JosephandDiksh.it, 1993).

2.7.2. Hcmugglutiiiims (JLcctins)

The toxic action of a phytohemagglutinin, or plant lectin, was due to a

protein which was capable of aggultinating red blood cells from human beings

and animals. Lectins come from different edible plants that include beans,

peas, soybean, potato, wheat and rice. The detoxication of lectins is usually

achieved by the traditional methods of household cooking (Jaffe, 1980).

2.7.3. Gossypol

The polyphenolic gossypol pigments are indigenous in the genus

Gossypium and in certain other members of the order Malvales. In the cotton

plant, they are contained almost exclusively within discrete bodies commonly

called pigment glands, which are found in the leaves, stems, roots and seeds.

The occurance of the gossypol pigments in cottonseed is of considerable

economic importance (Beradi and Goldblalt, 1980).
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Current analytical methods for cottonseed products distinguish between

gossypol in a free or readily extractable state and bound gossypo.1, extracted

only after hydrolysis.

Detoxification of gossypol is usually carried out by solvent extraction.

Development of glandless gossypol free cottonseed have been carried out by

plant breeders (Beradi and Goldblatt, 1980).

The protein advisory group of the United Nations had set limits of

0.06% free gossypol and 1.2% total gossypol for human consumption (Jones,

1979).

Examination of the malvaceous plant okra, velvelt leaf, prickly sida and

Venice mallow (which belong to the tribe Hibiscackac) confirmed the

existence of gossypol in them although they are outside the tribe Gossypieae

(Schmidt and Wells, 1990).

2.7.4. Tann ins

A tannin is any polyphenolic substance that has a molecular weight

greater than 500. The tannins may be classified as hydrolyzable, that is,

degradable by enzymes to yield a sugar residue and phenylcarboxylic acid,

and condensed tannins, which are polymeric flavoids. Among the cereals,

certain selected strains of sorghum contain high levels of condensed tannins

(Linear, 1980). The degree of inhibition of trypsin, a-amylase andlipase by

condensed carob tannins was determined by Tamir and Alumot (1969).

Van Buren and Robinson (1969) reported that tannins affect the growth

of animals in three main ways: they have a stringent taste, which affects

palatability and decreases feed consumption, they form complexes with

proteins and reduce iheir digestibilities and they act as anzyme inactivators.
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Moneam (1990) investigated the effect of presoaking prior to cooking

on tannins of eight varieties of Vicia faba, and stated that cooking after

soaking lowered tannin content significantly. Hassan and El-Tinay (1995)

stated that natural fermentation of sorghum dough caused a highly significant

improvement of its nutritive value by decreasing the tannin content and

improving in vitro protein digestibility.

2.7.5. Fhytates

Phytate, acyclic compound (inositol) containing six phosphate groups,

is a common constituent of plant tissue. Because its ability to chelate di- and

trivalent metal ions (such as calcium, magnesium, zinc, copper and iron) to

form insoluble complexes that are not readily absorbed from the intestinal

tract, it has been held responsible for the commonly observed interference

that many plant sources of protein have on the availability of dietary minerals

(Liener, 1980).

Prediction of mineral bioavai lability from phytate-containing foods is

complicated. The complex interactions between the minerals and phytic acid

contained in foods, intestinal and the meal phytase activities, previous food

processing conditions (especially pll) and digestibility of the foods are factors

which affect mineral bioavailability (Erdman, 1979).

The effect of phytate on in vilro digestibility of casein and bovine

serum albumin was confirmed by Knuckles, et al. (1985).

Hartman (1979) described a process for preparation of low phytate soy

protein. The process involved precipitation of phytate at high pH and

subsequent centrifugation or filteration.
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Ogum et al (1989) reported the phytate content for four Nigerian

cultivars of covvpeas. The mean values for the four cultivars were 1.2, 1.2, 1.1

and 1.1% for the raw, dehulled, cold water-soaked and hot water-soaked of

the cowpeas, respectively. Deshpande et al (1982) stated that the phytate

content in the whole mature dry beans (Phaseohis vulgaris L.) ranged from

1.16 to 2.93%.

2.7.6. Other antinutritional agents

Birk and Peri (1980) gave a comperhensive review on distribution,

biological activity and methods of identification of saponins from different

plant sources. Liener (1980b) discussed miscellaneous toxic factors in plants,

which include: Toxic amino acids; antivitamin factors; antienzymes (e.g

amylase inhibitor) and oxalate.

2.7.7. Anitnutritional and toxic factors in karkade seeds

Ahmed and Nour (1993) determined the trypsin inhibitor content of

kai"kade seed protein. They stated that the protein contained no

haemagglutmin activity. El-Nour (1991) determined gossypol content of

karkade seed, defatted flour, and protein isolates extracted under different

conditions of pH and salt concentrations.

2.8. Amino acids

Fowden (1990) had reported that several hunderds non-protein amino

acids have been identified within the plant kingdom. Only twenty different

monomers, 19 a-amino acids and the imino acid proline, are the fundamental



units of protein biopolymers (Bulter, 1971). The same author described

proteins as the most versatile of the biopolymers with respect to structure,

properties and function. This versatility is a consequence of the chemical

diversity of their amino acids monomers and the infinite number of ways in

which the ammo acid composition, linear sequence and the three-dimensional

folding may be varied (Bulter, 1971). Amino acids of plant origin can be

divided arbitrarily into families based on biosynthetic pathway (Lea, 1993).

Classification of amino acids according to essentiality was discussed by

Anderson and his colleaques (1982). They stated that amino acids that the

body cannot synthesize in adequate amounts are called essential or

indispensable because they must be supplied by the diet in proper proportions

and amounts to meet the requirements for maintenance and growth of tissue.

Nonessential or dispensable amino acids are those that the body can

synthesize in sufficient amounts to meet its needs if the total amount of

nitrogen supplied by protein is adequate (Anderson et al, 1982). Although

plant proteins in general are deficient in one or more essential amino acids,

certain plant proteins are characterized by the presence of some excessive

amino acids which could affect the protein utilization (Kakade, 1974). The

same worker classified the effects of excessive amino acids into : (i) amino

acid imbalance ; (ii) amino acid antagonism ; (iii) ammo acid toxicity.

2.8.1. Amino acid analysis

A joint FAO/WHO expert group on protein requirements emphasized

the need for more work on the quantities of amino acids in foods, their

availability, interrelationships and imbalance (FAO, 1970).

24



A major problem ol ammo acia analysis m loousium is me

of amino acids during acid hydrolysis. This problem can be greatest with

essential amino acids likely to be limiting in practical diets : "mcthionine +

cystine", lysine, threonine and tryptophan. Assessment of amino acid

composition has been recommended as being most accurate when derived

from five separate hydrolyses; three acid hydrolyses of different time duration

(usually 24, 48 and 72 hours), a special acid hydrolysis following performic

acid oxidation for cysteic acid and methionine sulphone, and an alkaline

hydrolysis for tryptophan determination (Pellet and Yourg, 1980).

Commercial equipment is available for quantitative analysis of amino

acids according to the classical ion-exchange chromatography (1EC)

procedure. Eluted amino acids are usually measured by reaction with

ninhydrin and spectrophotometric determination at 570 nm for alpha amino

acids and 440 nm for the imino acids proline and hydroxyproline. Faster and

better separations are possible when using gas-liquid (GLC) or high

perfonnance liquid chromatography (HPLC) for quantification of the amino

acids. The use of GLC in amino acid analysis requires conversion of the

amino acids to volatile derivatives. HPLC may be used to separate amino

acids on ion-exchange columns with post-column derivatization with

ninhydrin or o-phthaldialdehyde (OPA) or by pre-column derivatization

followed by separation on reversed phase octyi or octadecyl silica (FAO,

1991).

2.8.2. Amino acids requirements

Approaches used in the determination of requirements for individual

essential amino acids include metabolic N-balance measurement at eraded



intakes of the test ammo acid, measurement ot growth m young mlants and

determination of plasma free amino acid levels under defined experimental

dietary conditions (Young and Scrimshaw, 1978). Other estimates of protein

and amino acids requirements include predictions of obligatory amino acid

oxidation rates (factorial or obligatory N loss method), estimates based on

considerations of protein turnover (protein turnover method) and studies

involving the use of C-amino acid tracers (Young and Steinke, 1992).

• Protein and amino acids requirements depend on a variety of

environmental and host factors. Those host factors associated with inherent

genetic variation and with sex, growth, development, pregnancy and lactation

are generally recognized in the formulation of recommended allowances for

nutrients (Young and Scrimshaw, 1978). The requirement for the specific

indipensable (essential) amino acids were assessed by the FAO/WHO/UNU

expert group in the 1985 report. These estimates are shown on Appendix 3.

2.8.3. Aniino acid scoring pattern

The use of amino acid composition data for the evaluation of protein

values of foods and diets has been widely used since the amino acid

composition of egg was introduced as a standard by Block and Mitchell

(1946). The quantity of each essential amino acid contained in a protein or

mixture of proteins expressed individually in proportion of a corresponding

amino acid in a siutable refrence protein or amino acid pattern. The amino

acid that shows the lowest proportion is called the limiting amino acid, and

the ratio obtained is the score (Pellet and Young, 1980).

Various amino acid scoring systems have been recommeded previously

by various national and international groups for purposes of predicting the
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capacity of food protein sources to meet human physiologic neea lor nitrogen

and essential amino acids (Young and Steinke, 1992).

In the report of the joint FAO/WHO expert consultation (1991) the

following recommendations were given:

1- The amino acid composition of human milk should be the basis for the

scoring pattern to evaluate protein quality in foods for infants under 1 year

of age.

2- The amino acid scoring pattern proposed by FAO/WHO/UNU (1985) for

childem of preschool age should be used to evaluate protein quality for all

age groups, except infants (see Appendix 4).

2.8.4. Est imation of available amino acids

The chemical analysis of the constituent amino acids in a protein is best

viewed as an estimate of the potential nutritional value of the protein. Bio

availability can be defined as the extent to which a chemically present nutrient

can be utilized by animals (humans). When there is no restriction to utilization

of all amino acids (specially the limiting amino acids) the amino acids may be

termed available.

Bioavailability can be influenced directly or indirectly by many

physiological, pathological, chemical, nutritional and processing conditions.

Processing can increase amino acid availability often by increasing

digestibility or inactivating antinulritional factors or may also serve to

decrease ammo acid availability (Thompson and Erdman, 1981).

Pellet and Young (1980) reviewed comperhensively the methods for

estimation of available amino acids with special reference to lysine and

sulphur-comtaining amino acids. These methods are : In vitro enzymatic
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methods; microbiological assays; estimation or avauaoie rysme as

dinitrophenyl (DNP) and iluodinitrobenzenc (FDNB) derivatives; enzymatic

methods for determining available lysine; methods for measuring available

sulphur containing amino acids, dye-binding procedures and in vivo amino

acid availability (Pellet and Young, 1980).

Faeacal digessibiiity (Eggum, 1973) and illeal digestibility (Batterham,

1992) assays have been used to estimate available amino acids.

Ammo acid availability is calculated according to Eggum (1973) as follows:

., ,... amino acid intake - (feacal amino acid - metabolic fecal amino acid) _ ,nn
Availability - - : — -X 100

amino acid intake

2.9. Quality of dietary proteins

A satisfactory, quantitative assessment of protein nutritional status is a

prerequisite for rational and effective prevention of malnutrition (Young el al.

1990). There is considerable emphasis at present on the protein of foods, and

quality is an important aspect of protein value (Mclaughlan, 1972). Proteins

were divided into animal or vegetable proteins. Many vegetable proteins, like

those from rice and soybean, are little inferior to animals proteins. A suitable

mixture of vegetable proteins promotes growth in both laboratory rats and in

childern nearly as well as milk proteins, because a relative lack of a particular

amino acid in one protein can be compensated by excess of the same amino

acid in another protein (Davidson, et al. 1979).

Walker (1982) defined protein quality as the capacity of a protein to

meet animal or human nutritional requirement for non-essential and essential

amino-acids.
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2.9.1. Factors affecting protein quality

Some factors which can affect protein utilization and hence can

influence protein quality include :

1- Diet: total protein, total food energy, ammo acid composition,

digestibility, fiber and other dietary constituents.

2- Consumer : Age, sex, physiological status (growth, pregnancy,

lactation), activity, infection, injury and emotion.

3- External: Food frequency, social and economic factors, hygiene and

sanitation (Walker, 1982).

2,9.2. Measuring protein quality

Both biological and chemical procedures are necessary to fully assess

the potential value of a protein (Pellett, 1978).

2.9.2.1. In vitro methods

In vitro methods have the advantage over In vivo methods, as they are

quicker and more precise. However, their relationship to in vivo methods

must be clearly understood, and they should be applicable to a wider range of

proteins in food and food products (Walker, 1982).



2.9.2.1.1. Amino acids availability and scores

Chemical testing include amino acid analysis and determination of

amino acid availability using chemical means (Menden and Cremer, 1970).

Although there are some advantages of amino acid scoring which include

simplicity and identificaiton of the limiting amino acid, its weaknesses

include: ^dependence on amino acid analysis data, it does not consider

amino acid availability or presence of toxic materials (Pellett, 1978).

2.9.2.1.2. In vitro digestibility

Because of the time and expense involved, animal assays are not

siutable for routine monitoring of nutritional quality of protein foods. More

rapid and inexpensive in v/'/ra-assays have been developed. The in vitro-

methods for assaying digestibility all rely on the use of proteolytic enzymes to

correlate with the digestion of protein in vivo. One of the best known

multienzyme initial rate methods was developed by Satierlee and Co-warkers

in 1979. The rate was calculated from the pH drop following a 20-minute

incubation with four proteolytic enzymes (Swaisgood and Catignani, 1990).

2.9.2.1.3. Calculated protein efficiency ratio (C-PER)

The computed (or calculated) protein efficiency ratio (C-PER) is a

promising method among the rapid and siutable chemical and biological

mehtods for monitoring the protein quality of foods. It is based on essential

ammo acid content plus in vitro digestibility. A major problem associated
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with this and other m yjyo metnoas, wnicn use ammo acia proine is mat 01

obtaining reliable amino acid composition data (Sarvvar, et al. 1981).

2.9.2.2. In vivo methods

Bioassays used to measure the nutritive value of proteins may be

divided into assays based on weight changes and assays based on changes in

body nitrogen content (Allison, 1964).

Factors that influence the results obtained with various bioassays

include:

•• 1. Age, sex and weight of animal

2. Protein quantity and quality

3. Food intake

4. Other dietary components (minerals, fat, carbohydrates, moisture).

5. Husbandly and environmental conditions (temperature, humidity, light,

cage size) [Hackler, 1977].

2.9.2.2A. Weight changes assays

The rate of growth of an animal under defined conditions provides a

relatively simple way of measuring the value of dietary protein. Growth is

considered a sensitive index of the supply of amino acids and may be used to

evaluate the overall effect of dietary protein (Mclaughlan and Campbell,

1969). Rat growth assays are widely used for evaluating quality of protein in

foods. The protein efficiency ratio (PER) is the official method of evaluating

protein quality in Canada and the United States, but this test has been

criticized for not properly crediting protein used in maintenance, and for lack

of precision, poor reproducibility and higli cost. The most important
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disadvantage ol tlie .FbK test is mat i-\bK. values or proteins 01 cmrermg

quality are not proportional (Sarvvar, et ah 1984). The net protein ration

(NPR) bioassay is similar to a shortened PER test, except in the NPR

bioassay, one group of rats is fed a nonprotein diet. The weight loss of the

animals fed the nonprotein diet is assumed to be equivalent to the

requirements for maintaining rats. NPR values have a high correlation with

net protein utilization (NPU) [Happich, et ah 1984). Relative net protein ratio

(RNPR) is recommended as the most siutable rat growth method for

evaluating protein quality of foods (Sarwar, et ah 1984).

Multilevel assays evaluate growth at several protein levels and use the

slope of the response as a n indication of protein quality. Examples for these

methods are nitrogen growth index and slope-ratio method. Multilevels assays

are expensive and require large amounts of dietary materials (Mclaughlan and

Campbell, 1969). Relative protein value (RPV) is a multi-point assay relating

response (weight or body N) to protein intake. The response is expressed

relative to lactalbumin (Pellett, 1978).

2.9.2.2.2. Nitrogen balance assays

Biological value (BV) measure the efficiency of utilization of the

nitrogen absorbed.

B V = retained N y ]Q()

absorbed N

With some modification, this is the most used method in human studies.

When using this procedure, extreme care is necessary to affect complete

collection of urine and faeces and prevention of feed contamination with urine

and faeces. The assay requires the analysis of urine and faeces for nitrogen,
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determination ot metaDOJic laecal losses and measurement of endogenous

urinary losses. Protein level in the diet and age of the rat will influence the

results (Hackler, 1977).

Since BV does not take digestibility into account, net protein utilization

(NPU) has been developed as a methodology of broader nutrition

implications. NPU expresses nitrogen retained as a percentage of nitrogen

intake. The nitrogen retained is determined by the difference in carcass

nitrogen between rats fed the test diet and rats fed a nonprotein diet

(Schelling, 1975).

Allison (1964) specified two terms for the NPU. NPUstd. ie net protein

utilization (standard) is determined at a fixed level of protein intake below

maintenance. The NPUsu is the same as BV vlaue multiplied by digistibility.

Net protein utilization (operative) NPUop. is determined at levels of protein

intake above maintenance requirements and is designed to include

uncontrolled factors in the diet (Allison, 1964).

The difference between apparent and true protein digestibility was

shown by Hopkins (1981) by using the following equations :

. , , • ,- ,., .... Total N consumed - Total faecal N , , „ .
Apparent protein digestibility = X 100

vv * Total N consumed
„, . ,. ..... Total N consumed - (Total faecal N - metabolic faecal N) „ ,„„
True protein digestibility = X 100

Total N consumed

Amino acid scores collected for true digestibility of individual ammo

acids (as determined by rat balane method) were termed "available amino

acid scores" (Sarwar, 1984). The same worker proposed the following

calculations:

1) Available amino acid = total amino acid X true aniino acid digestibility
2) Available amino acid score =
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mg available amino acid in lgtest protein
. . . .

mg amino acid in Ig reference protein

The joint FAO/WKO expert consultation (1991) recommended the use

of the protein digestibility - corrected amino acid score method for routine

evaluation of protein quality for humans.

Protein digestibility - corrected ammo acid score of a test food is

calculated by multiplying the lowest amino acid ratio X true protein

digestibility (FAO/1991).

2.9.2.2.3. Biochemical tests

Various biochemical parameters may be useful indirect indices of the

nutritional value of dietary proteins. These parameters include : 1) Levels of

free amino acid in plasma, 2) Activity levels of enzymes iii the blood (serum

enzymes), liver (arginase, xanthine oxidase) or kidney (transmidinase),

3) Metabolites appearing in blood (plasm, urea) or urine (amino acids, urea

nitrogen, creatinine, allantion and sulphate) [Blodwell, 1975].

Young and his colleaques (1990) commented that biochemical

evaluation has the potential of being the most objective and quantitative.

Indicators that have been (or might be) used include plasma hormone

responses to reduced protein intake, plasma levels of specific proteins or

specific amino acids, urinary excretion of specific amino acids and other

introgen containing compounds, antliropometric and physical measurements

of body muscle mass, and functional tests of muscle strength. Several

measurements can be combined to produce nutritional indices of broader

potential value (Young, el a!. 1990).



2.9.2.3. Microbiological assays

The use of microbiological procedures ranges from the employment of

microorganisms for assay of individual amino acids in protein hydrolysates to

the use of microorganisms with their own proteolytic enzymes for the direct

assay of intact proteins. This later procedure can also be used as an index of

availability. The microorganism Teirahymena pyriformis was first used for

protein quality evaluation many years ago. Microbiological assays should be

used in conjunction with a rapid procedure for digestibility to give

satisfactory results (Pellett, 1978).

2.9.3. Protein supplementation

Fortification of diets with amino acids or proteins so that the

requirement for amino acids can be met is possible if the availability of single

ammo acids or proteins supplemented is known (Benevenga and Cieslak,

1978).

Although supplementation of deficient amino acid(s) to plant proteins

generally results in an increased protein utilizaiton, consideration must be

taken to factors such as social, political, economical, local eating habits and

availability of food materials (Kakade, 1974). The author commented on

understanding the basic biochemical factors affecting protein digestibility.

Ostrowski (1978) investigated dietary formulation and amino acid

supplementation to diets fed to pigs. He indicated that the quantities of amino

acids supplementation should be calculated from the quantities necessary to

cover animals' needs, as determined by the appropriate requirement tables

and from actual concentrations of amino acids in the dietary components.

This should take into consideration, the biological availability of amino acids
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in basic formulated diets and in the products used as sources of amino acid

supplement.

The beneficial effect of methionine supplementation to low sulphur

amino acid diets has been demonstrated in human newborns suffering from

protein malnurition. In animals, many studies have been made, mainly in the

rat, to test the effect of suppleming methionine to low protein diets.

Generally, methionine supplementation improves weight gain during growth-;

(Leclerc, 1990). Supplementation of an enteral product with cysteine,

cysteine + tryptophan, cysteine + threonine or cysteine + tryptophan +

threonine caused significant improvement in protein quality; suggesting that

the product was limiting in these three amino acids (Sarwar and Peace, 1994).

2.9.4. Estimating protein quality for humans from rat assay

The growing rat has been the most frequently utilized assay model, but

there is disagreement about the validity of data from this animal in estimating

human needs (Ritchey and Taper, 1981). Another author stated that the rat

balance method is the most suitable practical method for predicting protein

digestibility in humans. When human balance studies cannot be used, the

standarized rat faecal-balance method of Eggum (1973) is recommended

(FAO.1991).

2.10.Functional propeties

Functional properties were defined as: "that propeties of a food or food

ingredient except its nutritional ones that affect its utilization (Pour-El, 1981).

Kinsella (1982) stated that functional properties of proteins are those physical
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and chemical properties which affect the behaviour oi protein m tooci systems

during processing, storage, preparation and consumption. According to

Pomeranz (1985), functional properties of proteins include :

- Sensory and kinesthetic properties, e. g. flavour, odor, colour and texture.

- Hydration, dispersibility, solubility and swelling.

-Surface active properties, e. g., emulsification, foaming adsorption and fat

binding.

- Rheological properties e. g., gelation and texturation.

- Other properties, e. g., adhesive, cohesion, dough making and film making.

Some of the factors influencing the functional properties of proteins in

foods were catogorized by Kinsella (1982) into lliree groups:

i- Intrinsic, e. g., composition and conformation of proteins,

ii- Enviromental factors, e. g., pH, redox status, salts and ions, water,

carbohydrates, lipids, surfactants and flavours,

iii- Process treatments, e. g., heating, pH, ionic strength, reducing agents,

storage conditions, drying, physical modification and chemical-enzymatic

modification.

Describition of some functional properties of proteins was given by

Idouraine (1993). Solubility of proteins van' depending on their structure and

composition, type of solvent used and pH. The more soluble the protein, the

wider is its range of use.

The viscosity of a liquid is a measure of its resistance to flow caused

by its internal friction. Viscosity is a function of protein concentration, pH,

temperature and presence of ingredients.
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Emulsion capacity is a measure of the ability of a sample (protein) to

emulsify oil.

Foaming capacity measures the ability of a protein to forma foam while

foam stability indicates how long such a foam can last.

Water and oil capacities measure how much water or oil is held by a

known amount of protein in the presence of an excess of these solvents. The

measurements of these factors are infuenced by pH, temperature and

concentration (Idouraine, 1993).

Physical, chemical and biological means for modification of functional

properties were discussed by Pour-El (1981). To design seed proteins with

specific functional attributes without adversely affecting seed biology requires

knowledge of the molecular basis of functional properties (Lumen, 1996).

New proteins should have satisfactory intrinsic properties, i.e.,

nutritional value, and acceptable flavour, color and texture, but they must

possess also additional critical functional properties that make them

compatible with and if possible, enhance the food to which they are added

(Wang and Kinsella, 1976).

Functional propeties of seeds protein products were extensively

investigated by many workers. Examples of these studies are, soybean (Circle

and Smith, 1972), sunflower meal products (Lin and Humber, 1974), Okra

seed products (Bryant et al, 1991), Lupin protein isolates (King et a/., 1985),

cottonseed protein isolates (Lawhon and Cater, 1971), alfalfa leaf protein

(Wang and Kinsella, 1976) and vvingedbean flour (Narayana and Rao, 1982).
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2.11. Physicochcmical properties

Several analytical methods have been developed for analysis of

biological macromolecules such as food proteins. According to Carcia, at at.

(1997). These methods are based on different principles:

1- Molecular size of the protein: ulteracentrifugation, dialysis, and molecular

exclusion chromoatography.

2- Differences in protein solubility: isoelectric precipitation, addition of either

salts or organic solvents to increase protein solubility, and temperature

control.

3- Differences in molecular charge: electrophoretic methods and ion-

exchange chomatography.

4- Other methods: selective adsorption of proteins and affinity

chromatography.

Among these methods, high-performance liquid chromatography and

capillary electrophersis are the preeminent techniques used (Carcia, et al.

1997). In addition to the above methods, Mcpherson (1982) listed other

techniques utilized to identify the components of macromolecular

preparations. Which include: electron microscopy, spectrophotometric

measurements, enzyme assay, light scattering, nuclear magnetic resonance,

N-terminal analysis, immunological reactivity and isoelectric focusing.

A brief description of the three methods used in this study (UV

absorbtion, gel Alteration and electrophorcsis) will be given.

1- Ultraviolet absorbtion

The ultraviolet absorblion .spectrum of a protein can be considered as

the sum of the spectra of the amino acids of which it is composed. Proteins

are commonly recognized by their absorbtion near 280 nm, which is
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characteristics of the side-chain chromophores of the amino acid residue,

tyrosine, phenylalanine and tryptophan. The change in the absorbtion, usually

at a single wave-length, is taken as the measure of a change in the protein

which occurs with some variation in physical or chemical conditions

(Donovan, 1969). He outlined some other uses of UV absorbtion, which

include determination of : thermodynamic parameters for thermal

denaturation; specific interaction between enzymes and their substrates; and

association of protein subimits.

2- Gel fiheration

Also called molecular sieve chromatography and exclusion

chromatography (Winzor, 1969). Molecular sieves suitable for gel filtration

are high molecular weight polymers of cross-linked dextrans, polyacrylamide

resins, or agarose. The cross-linking creates a three-dimensional net work

with a pore size that limits the access of molecules into the interior. A given

pore size allows molecules falling within a limited range of size and shape to

pentrate the gel particles while ail molecules of greater size are excluded. The

larger molecules thai arc excluded from the interior of the gels appear in the

effluent fraction earlier than smaller molecules (Light, 1974).

3- Polyacrylamide gel electrophersis in the presence of a detergent

If a charged detergent is added to an electrophoresis buffer and a

protein is electrophoresed on a sieving support, a separation of proteins

occurs based on protein size but not charge. A detergent commanly used in

protein electrophorsis based on size is sodium dodecyle sulphate (SDS),

which act to denature the protein and form a charged micelle about the
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denatured molecule. A common gel for SDS electrophorcsis is corss-linked

polyacryiamide. In the migration toward the positive pole, polyacrylaide acis

a molecular sieve and the protein-micelle complexes are separated by size.

SDS dissociates quaternary structure into its constituent subunits and

molecular weights of covalent subunits can be determined (Schultz, 1986).

4- Estimation protein molecular weight

Represents the most common analytical application rclevent to protein

structure (Winzor, 1969). When using ullracentrifugation, equations have

been derived to relate the sedimentation coefficient (expressed in Svedberg

units (s) to the molecular weight of a protein (Schultz, 1986). Using gel

filteration and gel ectrophoresis as means of determination of molecular

weight of protein had been discussed by light (1974).
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3. MATERIALS AND METHODS

3.1. Materials

3.1.1. Seeds

Karkade seeds (AJL-Rahad variety) were obtained from AL-Nohoud

region in western Sudan. After cleaning from plant debris and dust, the seeds

were ground to pass 425 jum (U.S.A. standard sieve) mesh, the resultant

whole seed flour was kept m a refrigerator.

3.1.2. Chemicals

The chemicals used were from the following sources :

Chemicals \ Reagent

Trypsin, chemotrypsin, peptidase, protease,

N-benzoyl-DL-agrinine-P-nitroanilide

hydrochloride (BAPA), gossypol, phylic

acid, bicinchoninic acid protein assay kit.

Vitamin mixture, mineral mixture, casein,

DL-melhiouine, cellulose.

Exel gel-SDS polyacrylamide gradient 8-

18% precast gels, protein markers for

molecular weights determination.

Kits for ablumin and urea determination

All other reagents were of analytical grade.

Source

Sigma Chemical Co., U.S.A

U.S-Biochemicals , U.S.A.

Pharmacia, Sweden.

Randox Laboratories, LTD,

U.K.

B.D.H, U.K. E.MERK,

Germany. Winlab, U.S.A.
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3.2. Methods

3.2.S.Tin? proximate analysis

The chemical composition of karkadc seeds: moisture content; ether

extract; crude protein (N X 6.25); ash and crude fiber were determined using

AOAC (1990) methods. Total carbohydrate fraction was calculated by

difference.

3.2.2. Mineral composition

Wet ashing method (AOAC, 1990) was followed to prepare defatted

flour samples of karkade seed for mineral analysis, using an atomic

absorption Speetrophotometer (Perkin-Elmer 1100B). Mineral concentrations

were determined following the instructions manual of the instrument.

3.2.3. Oil and fatty acid analysis

The oil was extracted from the whole seed flour by shaking with two

valumes of n-hexane for two days at room temperature (Solvent to flour ratio

10:1); the solvent extract, containing the oil, was pooled then evaporated. The

oil was kept at 0-5 °C for further analysis. Physiochemical characteristics of

the crude oil such as specific gravity (25 °C), refractive index (27 °C),

peroxide, iodine and saporiiication values, were determined according to

AOAC standard methods (AOAC 1995). Fatty acid methyle esteres were

prepared according to Marrison el al. (1964). Fatty acid composition was

determined by gas-liquid chromatography using Hewlett Pakard (HP-5840 A)

instrument equipped with a flame ionization detector (FID) and 190 cm x 0.2

cm column packed with 5% diethyleneglycol succinate (DEGS) on 80-100

mesh chromosorb W, operated at a column temperature of 185 °C, injection
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port and FID temperatures of 250 °C, and with a nitrogen How rale of 60

ml/miii. The peak area and relative percentages of fatty acid methyl esters

were obtained with HP integrator. Peaks were identified by comparing to

those of authentic methyl ester standards.

3.2.4. Karkade seeds processing

3.2.4.1. Seed flours

To obtain full fat flour of karkade seeds, the whole seed Hour was

sieved to pass 300 jam mesh (U.S.A. Standard sieve) to remove the hull. The

oil was extracted from the seed flour by two methods used by EL-Tinay et al.

1988a). In the first; the hot extraction method, the oil was extracted from the

flour by Soxhlet apparatus using n-hexane for 16 hours. In the second: a cold

extraction method was used; the seed flour was shaken in n-hexane for two

days (Solvent to flour, ratio was 10:1). The resultant defatted flour in both

cases was desolvenlized in open air at room temperature, ground to pass 425

um mesh, and kept in a refrigerator until used.

3.2.4.2.Protein extraction and coagulation

For optimum time of extraction, salt type, salt concentration and

solvent to flour ratio the procedure of EL-Tiany el al. (1988a) was followed.

Nitrogen determination was carried out according to AOAC (1990) macro-

Kjeldah! procedure. Nitrogen solubility of the Hour was determined over a pi I

range of 2-12. Defatted flow (0.5g) was suspended in 25 ml distilled water

and the suspension shaken for 10 minutes. The desired pH was maintained by

adding 1 N HC1 or I N NaOH, and the sample was stirred for 30 minutes at



room temperature. After ccntrifugation for 15 minutes at 3000 r.p.m, sample

of the clear supernatant solution (2 ml) was taken for nitrogen analysis.

Protein coagulation, by the acid precipitation method was carried out

according to the procedure of EL-Tinay et al. (1988b). The following

equations were used to calculate protein isolate yield, protein solubility (%)

and coagulation (%):

. . , . , . , , , ftrt r , n v T x N x T V x l 4 x 6 . 2 5 x l O O
Protein isolate yield (g /100 g or the flour) =

a x b x 1 0 0 0

were T : Titre, N: normality of the acid, TV: Total volume of the extract, a :

weight of the sample in grams, b: volume (ml) taken for analysis.

Solubility (%) = Proteinyield X[QQ%
Crude protein of the sample

r- i r /o/\ Protein yield - whey protein
Coagulation (%) = : — X 100 %

protein yield

3.2.4.3. Protein concentration and isolation

The method of Mattil (1974) was followed to prepare karkade seed

protein concentrate. A defatted Hour sample (lOg) was blended with 100ml

ethanol (70%), and stirred for two hours at room temperature. After

centrifugation at 3000 r.p.m, the supernatant was discarded and the pellet was

collected and air dried. The protein isolate was prepared by alkaline

extraction of the defatted flour, followed by acid precipitation as explained

above. The pH of the coagulated protein was raised to pH 7.0 and the protein

slurry was then freeze-dried. Approximately 500 g of the protein isolate was

prepared.
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3.2.4.4. Protein recovery determine iioas

Yields were obtained by weighing the seed products after processing,

and the yields are based on lOOg whole seeds.

, . Yield of the product in <>
gramproicin -X protein %

100

•/i/i (<>) protein of a product
protein recovery (%) = —-?--- — X 100%

(g) protein oi the whole seed

3.2.5. Protein lractionation

Fractionation of total protein, on the basis of solubility, was done

according to Goodwin et al. (1983) based on Osborne (1924) calssiiication. A

sample of defatted Hour (5 g) was extracted twice with distilled water (100

ml), for one hour, at room temperature and shaken (Shaker modle 75, Burrell,

U.S.A). The extract was then centrifuged at 4000 r.p.rn for 20 minute. A

sample of 10 ml of the clear supernatant was used to determine total ablumin

percentage using semi-micro Kjeldahl procedure, following the standard

AOAC methods (1995). The residue was consequently extracted with 1.0 M

NaCl, 70% ethanol and 0.5 M NaOH as with water. The supernatant of each

extract was collected seperately and 10 ml of each was used to determine the

percentages of globulin, prolamin and glutelin, respectively. Alter these

successive extractions, the remaining residue was quantitatively transferred

into Kjeldahl flasks and digested with cone. II2SO4 to determine the



percentage of non-protein nitrogen and residual protein, me ionowmg

equation was used to calculate percentage of each protein fraction (e.g

albumin):

„, t , „ • T x N x 14 x 6.25 x TV
J otal albumin =

Wx 1000 x SV

Where T: titre reading, N: normality of the acid, TV: total volume of hte

extract, W: weight of the sample in g, SV: volume taken for analysis.

ATi • « / T o t a l a l b u m i n _. , „ „

Albumin % = —- X 100
Total protein

For albumin, globulin and glutelin extracts; protein coagulation was

done by acid precipitation. The coagulated protein was recovered by

centrigugation and was freeze-dried. For prolamin, the extract was kept at4

°C for 48 hours, the protein coagulated was recovered by centrifugation and

was then freeze dried.

3.2.6. The determination of toxic and antinutritional factors

3.2.6.1. Gossypol

Free gossypol was determined according to the AOCS (1969) method,

Ba 7-58. Total gossypol was determined by the same method after acid

hydrolysis using 0.1% oxalic acid.

3.2.6.2. Trypsin and chymotrypsin inhibitor activities

3.2.6.2.1- Preparation of the extracts

Sodium phosphate buffer (0.1 M, pH 7.6), 0.05 M sodium citrate

buffer (pH 4.6), 0.1 M tris (hydroxymethyl aminomethane) buffer (pH 9.0)

and double disitilled water were used for extraction of defatted flour and

47



protein isolate samples. Finely powdered defatted flour or protein isolate

were blended with the appropriate buffers and shaken for 2 hr at room

temperature (Shaker model 75, Burrell, U.S.A.) and then centrifuged at 4500

r.p.m for 20 min. (TIettich EBA35 Centrifuge, Germany). The supernatants

were filtered to obtain clear solutions. All the extracts were diluted 10 times

with distilled water, or with the appropriate buffer solution. Aliquots

containing 0.2, 0.4, 0.6, 0.8 and 1ml were assayed for trypsin inhibitor and ct-

chymotrypsin inhibitor activities.

3.2.6.2.2- Trypsin hihibitor.activity assay

Trypsin inhibitor activity was assayed following the method of Kakade

et a!. (1969) using BAPA (N-benzoyl-DL-arginme-P-nitroanilide hydro-

chloride (Sigma Chemical Co., St. Louis, MO) as substrate. Trypsin type III

from bovine pancreas (Sigma Chemical Co.) was used for the assay. One

trypsin unit (TU) was arbitraily defined as an increase of 0.01 absorbance unit

at 410 nm in 20 min for 10 ml of reaction mixture, under the conditions

described in this method, and the trypsin inhibitor activity as the number of

trypsin units inhibited (TUI).

3.2.6.2.3- a-chymotrypsin inhibitor activity assay

The method of Kakade et al. (1970) was employed for determining

chymotrypsin inhibitor activity using bovine pancreas, type 11 chymotrypsin

(Sigma Chemical Co.) and 1% casein (BDH Chemicals, Pools, England), as

substrate. One chymotrypsin unit (CU) was arbitarily defined as an increase

of 0.01 absorbance unit at 275 nm in 10 min for 10 ml of reaction mixture
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under the conditions described in this method and the chymotrypsm inluDitor

activity as the number of chymotrypsin units inhibited (CUi).

3.2.6.2.4- Protein analysis

The protein content of the extracted samples was carried out by the

method of Lowry et al (1951) using bovine serum albumin (Sigma Chemical

Co.) as standard.

3.2.6.2.5- Thermal stability of trypsin inhibitor activity

Citrate buffer extracts of defatted flour were heated to the bioling point

for 10, 20, 30 and 50 min. Trypsin inhibitor activity of the treated samples

were analyzed according to the method of Kakade et al. (1969).

3.2.6.3. Phytic acid determination

The chromophore method for phytic acid determination as proposed by

Mohammed et al. (1986) was followed. Phytic acid (Dodecasodium salt)

from com was supplied by Sigma Chemical Company and used as standard.

3.2.6.4.Tannins determination

The modified vanillin-HCl method of price et a! (1978) was followed

with minor modifications.

One gram of finely ground samples was extracted with 10 ml of 1%

Hcl in methanol for 24 hours at room temperature then centrifuged for 20

minutes at 5000 r.p.m. Vanillin-HCl reagent was prepared by mixing prior to



use, equal valumes of 8% Hcl in methanol with 2% vanillin (Sigma Chemical

Co.) in methanol.

1ml of the clear sample extract was mixed with 5 ml of vanillin-HCl

reagent. The colour developed after 20 minutes incubation at room

temperature was measured at 500 nm against ablank consisting of 8 Hcl in

methanol.

(+) Catechin (Sigma Chemical Company) was used to draw a standard

curve. Tannin content of the samples was obtained from (+) catechin standard

curve and expressed as catechin equivalent (CE).

Cx 10 x 100%
Tannin % (CE) =

Wt. of (he sample in ing.

Where C = Concentration of the sample corresponding to absorbance

10= Total volume of extract in mis.

3.2.7. Amino acid analysis

For determination of all amino acids, three hydrolysates were prepared

according to AOAC (1995) official methods. The three hydolysis steps were

(i) acid hydrolysis (6N HCl) of unoxidized protein for detennination of all

amino acid except tryptophan, methionine and cystine; (ii) acid hydrolysis of

oxidized protein (perfonnic acid oxidation) for determination of methionine

and cystine; (iii) alkaline hydrolysis (4.2 N NaOH) of unoxidized protein for

the detennination of tryptophan. Amino acid analysis was performed on

reverse phase-high pressure liquid chromatography (ShimadzuLC-10 AD,

Shimadzu Corporation, Kyoto, Japan). Samples were analyzed on Shimpack

amino-Na type column (10 cm x 6.0 mm) obtained from Shimadzu
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corporation. The Post column samples were derivatized with O-

phthaldialdehyde (OPA) and data were integretated using an integrator model

C-R7A (Shimadzu chromatopac data processor). Tryptophan was detemiined

spectrophotometrically according to the method of Davaries ct a/.(1980).

3.2.7.1.Amino acids scores calculation

The following formula as proposed by Pellet and Young (1980) was used :

irm of amino acid per u N in test protein
Ammo acid score = *= : : —.

mg of amino acid per g N in reference pattern

The amino acid scoring pattern proposed by FAO/WHO/UNU (1985)

for childem of preschool age was used as the reference pattern. This pattern

is recommended to be used to evaluate dietary protein quality for all age

groups, except infants (FAO/WHO, 1991).

3.2.8. /// vitro digestibility

To determine in vitro digestibility the procedure of Hsu el al. (1977) as

modified by Satterlee el al. (1979) was used. The drop of pHofcasien

(control) and the samples after 20 minutes hydrolysis by proteolytic anzymes

was measured using an Orion research digital ionalyser/501 (U.S.A.). The

enzymes used were trypsin type IX from porcine pancreas, chymotrypsin type

II from bovine pancreas, peptidase type III from porcine intestine and

protease type VI from Streptomyces griseus. All enzymes were supplied by

Sigma Chemical Company (ST. Louis, MO. U.S.A). Percent in vitro

digestibility was calculated from the pH drop using the following equation

(Satterlee et al, 1979):
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% In vitro digestibility = 234.84 - 22.56 (X)

where X = the pH after 20 rain, hydrolysis.

3.2.9. Calculated protein efficiency ratio (C. PER)

This was estimated following the procedure of Salterlee et al. (1982).

3.2.10. Rat Bioassays

Three separate experiments were carried out: I) Growth assay, to

determine net protein ratio (NPR); ii) N balance assay, to determine

biological value (BV), net protein utilization (NPU), and true digestibility

(TD) of protein and individual ammo acids; iii) Biochemical assessment, to

determine plasma variables.

Wistar strain male rats were used for the above assays after an

adaptation period during which they received casein (control) diet. Rats were

housed in a controlled environment of 22-23 °C and 60% relative humidity.

Lighting was controlled by alternating 12 h periods of light and darkness. For

diets preparations, ingredients (other than those obtained from U.S.

Biochemicals) are of food grade. Prepared diets were kept in plastic tight

containers at 4 °C. Table (3-1) summarizes the grouping of rats used and the

diets assinged to these groups.

52



Table 3
Expt. No.

(i)

(ii)

(iii)

.1. Rat bioassays: diets and rat grouping.
Assay

NPR

BV/raNPU

Biochemical

parameters

No. of rats

per group

8

6

5

Group

No.

1

2

3

4

5

6

7

8

9

Die! tested

casein (control)

prolcisi-frcc basal diet

karkadc isolate

casein

egg protein

karkadc isolate

Karkadc isolate + thrconinc

casein

karkade isolate

Adaption

period

2 days

3 days

2 days

3.2.10.1. NPR assay

This was assessed according to Happich el al. (1984). Rats weighing

45-50 g. 22 days of age were grouped (Table 3.1) by randomized block

design and housed in individual cages. Water and food were supplied for the

three groups of rats ad libitum. Casein and karkade protein isolate diets were

given at 10% level protein. Protein-free basal diet was given to the third

group of the rats to calculate NPR. Diet composition for this assay is given in

Table 3.2. The relative net protein ratio (RNPR) of the diets was calculated

from NPR data. The following equations were used to calculate NPR and

RNPR:

NPR
Gain in weight of test animal (g) + loss in weight of basal group (g)

Protein consumed by test animal (g)

RNPR =
NPR test

NPR control



3.2. Diet composition
Diet

Ingredient
Cellulose
Com oil
Mineral Mix.
Vitamin Mix.
Casein
DL-Methionine
Karkade protein
isolate
Com starch

(%) for NPR
Casein

(Standard)
5.0

10.0
3.5
1.0

11:7
0.1

68.7

assay
Karkade protein

isolate
5.0

10.0
3.5
1.0
-
-

12.16
68.35

Protein fiec
basal diet

5.0
10.0
3.5
1.0
-
-

80.5

3.2.10.2. Nitrogen balance assay

The procedure described by Eggum (! 973) was used to assess the net

protein utilization (NPU), the biological value (BV) and the true digestibility

(TD) of diets based on karkade protein isolate and karkade protein isolate

supplemented with 0.2% threonine. Two groups (No. 6 and 7 in Table 3.1) of

rats weighing 51-56 g were housed individually in stainless steel metabolic

cages. These rats were used with a preliminary feeding period of four days.

Collection of faeces and urine was earned out for a balance period of five

days. Each animal received approximately 150 mg of nitrogen (10 g dry'

matter). As an internal standard, casein fortified with 1% DL-methionine was

used with group number 4 (Table 3.1). The endogenous urinary and faecal

nitrogen was determined by feeding the 5th group a diet containing 4% ether

extracted egg protein. Table 3.3 shows the diet composition used for nitrogen

balance assay. The following equations were used to calcaulate NPU, TD and

BV of the diets,



NPU =
N retained I - (F-FJ- (U-Uk)

TD =

BV =

N intake
N absorbed

I
I-(F-FK)

N intake I
N retained I-(F-FK) - (U-UK)
N absorbed I-(F-FK)

Where, 1= Nitrogen intake; F= faecal nitrogen; FK = edogenous feacal

nitrogen (metabolic); U= urinary nitrogen; UK— endogenous urinary nitrogen.

To calculate true digestibility of individual ammo acids the equation

proposed by Sarwar et al (1989) was used.

AAI - (Feacal AA-endogenous (metabolic) fecal AA)X10l
Ainino acid (AA) true digestibility =

AAI
Where AAI= amino acid intake, the group of rats fed 4% egg protein was

used to calculate endogenous faecal ainino acids.

The mean values for NPU, TD, B V and amino acids digestibility data

were analysed statistically using Duncan's multiple range test.

Table 3.3. Composition (%) of diets used for NPU, BV, TD of the protein
and the amino acids.

Diet
Ingredient

Succrose
Cellulose
Soya bean oil
Mineral Mix.
Vitamin Mix.
Casein
DL-Methionine
Karkade
protein isolate
Threonine
egg protein
Corn starch

Casein
(standard)

y.o
5.2
5.2
3.5
1.0

11.7
0.1

-
-

64.3

Karkade
protein isolate

9.0
5 2
5.2
3.5
1.0
-
-

12.15

-
-

63.95

Karkade
proetin isolate
+0.2%tlireoninc

9.0
5.2
5.2
3.5
1.0
-
-

12.15

0.2
-

63.75

egg.
protein

9.0
5.2
5.2
3.5
1.0
-
-
-

-
4.2

71.9
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3.2.10.3. Calculation of available amino acid score and

protein digestibility-corrected amino acid score

Essential available amino acids scores were calculated, for the diets

tested, according to the procedure of Sarwar (1984). Using the following

equations:

Available ainino acid = Total amino acid x true amino acid digestibility

k ., , , . . , (mq available acid in 1 g test protein) _. ,„„
Available amino acid score - v b — - ! _L_ x 100

nig amino acid in 1 g reference protein)

The reference protein used was the amino acid scoring pattern

proposed by FAO/WHO/UNU (1985) for chiidem of preschool age.

The following equation as proposed by FAO/WHO (1991) was used to

calculate ammo acid score adjusted for digestibility.

Protein digestilibity-conected araino acid score = True protein digestibility X

ainino acid score.

Amino acid score is the lowest ainino acid ratio derived from amino

acids scoring pattern.

3.2.10.4. Biochenicial parameters

Plasmatic parameters (total protein, albumin, urea and free amino

acids) and liver arginase activity, were studied using two groups (No. 8 and 9

. in Table 3.1) of rats fed on diets based on karkade protein isolate and casein

fortified with 1% DL-methionine (diet composition is shown on Table 3.2).

The rats recieved food and water ad libitum for four weeks. Blood samples

were obtained by heart puncture with syringe needle, and centrifuged

immediately to collect the plasma. Liver samples were obtained from each

rat, weighed and kept in a deepfreezer (- 40 °C).
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Table 3.4. Composition of mineral mixture* (expressed as g/kg mixture).

Calcium phosphate, dibasic
Sodium chloride
Potassium citrate monohydrate
Potassium sulphate
Magnesium oxide
Manganous carbonate
Ferric citrate (16-18% Fe)
Zinc carbonate
Cupric carbonate
Potassium iodate
Sodium selenite (1.5 H2O)
Chromium potassium sulphate
Sucrose, finely powdered

g/kg
500.00
74.00

220.00
52.00
24.00
3.50
6.00
1.60
0.30
0.01
0.0075
0.55

118.00

* AIN (American Institute of Nutrition) mineral mixture 1976.
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Table 3.5. Composition of vitamin mixture* (quantities per kg mixture).

Thiainin hydrochloride
Riboflavin
Pyridoxinc hydrochloride
Nicotinic acid
D-calcium panto-thenate
Folic acid
D-biotin
Cyanocobalamin (vitamin Bi2)
Retinyl palmitate (vilmain A)
Dl-alpha-tocopheryl acetate (vitmin E)pre-mix
Cholecalciferol (vitamin D3)
Menaguionine (vitamin K)
Sucrose, finely powdered

600.0 mg
600.0 mg
700.0 mg

3.0 g
1.6g

200.0 mg
20.0 mg

1.0 mg
800.0 mg

20.0 g
2.5 mg
5.0 mg

972.9 g

AIN (American Institute of Nutrition) vitamin mixture 1976.



1) Total protein determination

Bicinchoninic acid protein assay (Sigma Chemical Co. U.S.A) was

used to determine total protein in plasma samples. Bicinchoninic acid solution

(Reagent A) contains bicinchoninic acid, sodium carbonate, sodium tartrate

and sodium biocarbonate in 0.1 NNaOH. Copper sulphate solution (Reagent

B) containing 4% (w/v) cupric sulphate 5M2O. Prior to use, protein

determination reagent was prepared by adding 1 part of reagent B to 50 parts

of reagent A. Serial dilutions of bovine serum albumin (1.0 mg/ml) were

prepared and adjusted by adding water to 0.1 ml of water, protein standard

and plasma samples were added in test tubes to 2.0 ml of the protein

determination reagent and mixed by a vortex. After incubation for 30 minutes

at 37°C the absorbances of all samples were determined spectro-

photometerically at 562 nm. The absorbance of the blank (water sample) was

substracted to obtain the net absorbance due to protein. A standard curve was

drawn using the standard protein solutions. Concentrations of total proteins of

plasma samples were obtained from this standard curve.

2) Determination of albumin in plasma samples

Plasma albumin binding to bromocreseoi green (BCG) procedure was

used with kits supplied from Randox Laboratories Ltd. BCG conentrate

consists of succinate buffer, bromocresol green, brij 35 and preservative.

Human serum albumin (45 g/1) was obtained from Randox Co. and used as

standard. BCG reagent (0.15 mmol/1) was diluted with 87 ml of water before

use. 0.1 ml of water (blank) standard or plasma samples were added to 3 ml

of BCG reagent. After incubation at 22 °C for 5 minutes the absorbance of the
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smaples were determined at 630 nm. The albumin concentration in the

samples was calculated using the following formula :

„ , . ., Absorbance of sample .
Albumin concentration (rn»/ml) = X Concentration oi standard

Absorbance of standard

3) Urea determination in plasma samples

The ammonia released due to hydrolysis of urea in the presence of

urease was measured photometrically by Berthelot's reaction. Reagents for

urea determination were supplied from Randox Laboratories Ltd., these are,

Reagent "A" containing urease (1 g/1) and sodium nilroprusside (6 mmol/1),

Reagent "B" consists of phenol (120 mmol/1), Reagent "C" containing

sodium hypochloride (27 mmol/l)and sodium hydroxide (0:14 N), urea

standard solution (13.3 mmol/1). 0.02 ml of water (blank) and standard and

plasma samples were mixed with 0.2 ml of reagent "A" and incubated at 37

°C for 10 minutes. After this incubation 5.0 ml of reagent "B" and 5.0 ml of

reagent "C" were added to the reaction mixture and incubated at 37 °C for 15

minutes. The absorbance of all samples was determined after the second

incubation at 546 nm.

Urea concentration in plasma samples was calculated using the

following formula :

rT • / i / is Absorbance of sample , , , „ „
Urea concentration ( / / m o l e / m l ) = — X 13.3

Absorbance of standard

4) Free aniino acid determination in plasma samples

The method for ainino acid analysis described earlier (section 3.2.7)

was followed omitting hydrolsis step.
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5) Deteniiimiiion of arginase activity in rat liver

The method described by Plummet' (1978) was followed with some

modificaiions.

A 0.7 g of the liver extracted with 10 ml cold phosphate buffer (0.05

M, pll 7.5) by grinding with mortar and pestle. 1 ml of the resultant liver

extract was diluted to 10 ml, with cold distilled water. The enzyme assay

mixture consisted of:

-1 ml of argiuine solution (0.5 mol/l) as substrate

- 0.5 ml manganese sulphate solution (4 mmol/1)

- 0.5 ml of diluted liver extract

This assay mixture was incubated at 37 °C for 10 minutes. After

incubation, 0.02 ml of the reaction mixutrc was taken for urea analysis using

tirease-Berlhelot's procedure as described above.

For calculation of enzyme activity the following equation was used :

. . , . , • , . . , Urea concentrationu mole/ ml) x TV x DF
Enzyme activity (micro mole urea / » / mm) = : : : ;

 :

time in minutes x wt. oi the sample (g)
Where, TV -= Total valume (10 ml), DF- dilution factor (10), time = 10
mintues, sample weight = 0.7 g.

Total arginase activity in the liver = enzyme activity / g / min. X wt. of the liver

3.2.11. Functional properties

3.2.11.1. Bulk density

Bulk density was determined by the method of Wang and Kinsella

(1976). A pre-weighed 50 ml graduated cylinder was filled to the 50 ml mark

with the sample. The sample was packed by gently tapping the cylinder on

the bench top 10 times from height of 5 cm. The volume and weight were
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recorded. The bulk density of the smaple was calculated using a ratio of

wieght (g) of sample to volume (ml).

3.2.11.2. Prulciij solubility

The analysis of protein solubility followed the method of Bryant at al.

(1988) with minor modificaitons; suspensions containing 1 % protein (w/v)

were prepared at pH values ranging from 2.0 to 10.0 using 0.1 M NaOH or

0.1N.HC1. The suspension was stirred for 30 minute at room temperature,

then centrifuged at 4500 r.p.rn for 20 minute. Protein of the supernatant was

determined using semi-micro Kjeldahl procedure (AOAC, 1995).

3.2.11.3. Water retention and oil absorption

The centrifugation mehtod of Topez at al. (1991) was followed with

minor modificaitons. Protein sample (0.5 g) and 5 ml of distilled water (or 5

ml corn oil) were stirred for 1 minute in a graduated centrifuge tube which

was allowed to stand for 30 minutes at room temperature (22 °C) then

centrifuged at 4000 r.p.m. for 25 minute. The volume of free liquid was

measured and the retaiiied liquid was expressed as ml of water or oil retained

per gram of protein.

3.2.11.4. Emulsifying activity

The method described by Wang and Kinsella (1976) for emulsifying

activity was followed. Protein (0.7g) was dispresed in 10 ml distilled water

(or 10 ml com oil) using a blender for 1 minute, at high speed. The emulsion

thus formed was devideu equally into two 12 ml centrifuge tube and

centrifuged at 3200 r.p.m. for 5 minutes. Emulsifying activity was as :



The hight of emulsified layer

The height of total content in the tube

3.2.11.5. Viscosity

Apparent viscosity values for the samples were measured using

Brookfield Rheometer Model DV-III and spindle No. SC4-18. The

temperature was maintained at 25 °C using a refrigerated water bath

(Brookfield TC 500). The samples were dissolved in IN NaOH at 5%

concentration (W/V). A range of different r.p.m from 6 (sheer rate 7.92 sec"1)

to 20 r.p.m (sheer rate 26.4 sec'1) was used to obtain values for sheer stress

and corresponding viscosity values. Linear regression computation was used

to determine viscosity values of the samples at a given r.p.m .

3.2.12. Physicochcmicai proper t ies

3.2.12.1. Sodium dociecyl sulphate - polyacrylarnide Gel

Elecirophoresis (SDS-FAGE)

SDS-PAGE was performed according to the procedures of phannacia

instruction No. 80-1310 (1996) using a pharmacia unit (pharmacia, fine

chemicals AB, Uppsala, Sweden). Excel gel SDS, polyacrylmide gradient 8-

18% (0.5mm thin) precast gel was used for the separation. Electrophoresis

was run at 10 °C for 90 min. at 600 v, current of 50 inA and the power was

30 Wt. Fixation of the gel was performed in solution contained ethanol:

acetic acid : water, 4:1:5 (v/v) for 30 min. SDS-PAGE-gels were stained with

0.25% (w/v) coomassie blue R250 for 10 inin, and then deslaincd in a

solution containing ethanol : Acetic acid: Water (25: 8:33 v/v). Molecular

weight were determined by comparing relative mobilities of protein bands to

standard proteins (Pahrmacia, Sweden). For water soluble and salt soluble
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protein fractions; molecular weights were determined by comparing retention

times of protein bands to (he standard proteins. Retention times were obtained

by using laser1 densilomeier, model 2202 Uhroscan (LKB, Sweden). The

standard proteins were phosphorylase (94 Kilodallon), ablumin (67 KD),

ovalbamin (43 KG), carbonic anhydrase (30 KD), trypsin iriliibitor (20.1 KD)

and a-laclalbumin (14.4 KD).

3.2.12.2. Ulira violet (UV) absorption spectra

The ultra violet (UV) absorption spectrum of defatted Hour and protein

isolate in 1M NaCl solution (0.1 %; w/v) was recorded at room temperature

according to the method of Abed El-Aal and Hamza (1986). A visible/UV

spcclrophotometer (Ultrospec 11 4050, LKB. Sweden) was used to obtain the

absorbtion values in the range of 250-320 nni.

3.2.12.3. Gel filteration
Proteins were extracted in 1 Molar NaCl solution for 12 hours and

centrifuged at 10000 r.p.m for 20 minutes. A 5 ml aliquot of the protein

solution (100 mg) was dialysed against distilled water and then fractionated

on a column (2.6 x 80 cm) of sephecryl 300 RR equilibrated with 1 Molar

NaCl solution (Total volume 400 ml). Fractions were eluted by an automatic

fraction collector at a How rate of 30 ml per hour. The absorbance at 280 mn

of a 5 ml fraction was plotted against the fraction number.

3.2.13. Statistics! Analysis
Data were statistically analysed using the analysis of variance (Steel

and Tome, 1980). The differences among the means were determined for
significance at 5% level using Duncan's new mutiple range test and SAS
computer programs (SAS, 1982).



4. RESULTS AND DISCUSSION

4.1. Proximate analysis ofkarkade seeds

The chemical composition of karkade seeds, in this study is shown in

Table 4.1 .

4.1.1. Moisture and lipid contents

The moisture content was 5.3% and lipid content was 21.5%. AI-

Wandawi et al. (1984) reported 5.6% for moisture and 21.1% for lipids of

karkade seeds. These figures are comparable to the values presented in this

study. El-Nour (1991) gave values for moisture and lipid contents of karkade

seeds as 4.7% and 21.1%, respectively.

4.1.2. Crude protein

The value given for prciein content in Table 4.1 (26.5%) is slightly

higher than that given by Al-Wandawi et al. (1984) who gave the value of

25.2%. Al-Nour (1991) reported a higher value of protein content for

karkade seeds (29.5%). As for other Malvaceae family plants (e.g. cotton and

okra), Al-Wandawi (1983) reported protein contents of okra (Hibiscus

esculentus) to be 21.8% for 'Emerald' variety and 17.7% for 'Ibtaria' variety.

Magboul and Yousif (1976) determined the chemical compositions of five

varieties of cotton-seed grown locally. They found the protein contents of

these varieties to be in the range of 16.8% to 21.2% . Waggle and Kolar

(1979) reported protein content of v/hole soybean to be 42%.
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Table 4.1. Proximate and mineral composition of karkasde seeds*.

Parameters

Moisture (%)

Lipids (%)

Protein [NX 6.25] (%)

Ash (%)

Crude fiber (%)

Minerals (mg/lOOg)

Potassium

Sodium

Calcium

Magnesium

Zinc

Iron

Copper

Mean ± Stadndard deviation

5.3 ± 0.042

21.5 ±0.274

26.5 ± 0.473

4.7 ±0.011

14.4 ±0.507

1196.6 ±4.808

457.8 ± 1.668

180.3 ± 7.424

23.9 ± 1.484

7.7 ±0.141

7.0 ±0.282

3.1 ±0.071

* Results are means of triplicate determinations.

Proximate composition is expressed on dry weight basis.

Minerals were determined using defatted karkade seed Hour.



4.1.3. AsSi and c rude fiber contents

The ash content in this study was 4.7% and crude fiber content was

14.4%. Al-Wandawi et al. (1994) reported higher values for ash (5.2%) and

crude fiber (16.3%). The ash content was also lower thanl thatgiven by El-

Nour (1991) which was 5.4%, while the crude fiber content he reported was

lower than the crude fiber content in this study .

4.2. Mineral composition of karkade seed

The values given in Table 4.1. for potassium, sodium, calcium and iron

contents were 1196.6, 457.8, 180.3 and 7.0 mg/lOOg, respectively. These

values were lower than the values given by Al-Wandawi at al. (1984) for the

same minerals, which were 1600, 740, 300 and 8.2 mg/lOOg for potassium,

sodium, calcium and iron, respectively. The value of 23.9 mg/lOOg given for

magnesium in this study is much lower than the figure given by Al-Wandawi

et al. (1984) which was 580 mg/lOOg. Zinc and copper contents (7.7 and 3.1

mg/lOOg respectively) are higher than the values of 6.8 given for zinc and <1

given for copper by Al-Wandawi et at. (1984). The mineral composition

estimates for okra seeds 'Emerald' variety were as follows: calcium : 375.5;

magnesium: 643.8; potassium: 1309.0 and sodium 647.2 mg/lOOg (Al-

Wandawi, 1983). Magboul and Yousif (1976) reported the calcium content of

five varieties of cotton seed to be in the range of 12-135 mg/lOOg. The same

workers estimated iron content for the same samples to be between 0.7 and

1.1. mg/lOOg. It is seen from the above discussion and as confirmed by
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Farjou and Al-Wandawi (1983) that karkade seeds are rich sources of

minerals. The differences reported in mineral concentrations compared to

other studies, could be due to varietal and locutional variations.

4.3. Karkade seed oil and fatty acids

The physicochemical characteristics of karkade seed crude oil are

presented in Table 4.2. values for refractive index, specific gravity and

saponification value were within the range of values reported by Ahmed and

Now (1993) and Salama (1979) for karkade seed oil. The oil was relatively

low in iodine value. Iodine value indicates the degreee of unsaturation while

saponiiication value reflects the average molecular weight. The peroxide

value (which is an indication of fat oxidation) was slightly high for crude oil,

and this might be due to the conditions of storage and handling. Firslsch et al.

(1997) investigated the changes in free fatty acids of sunflower kernels under

different storage conditions for extended periods. The fatty acid composition

of crude karkade seed oil is given in Table 4.2., and this work was confined

to studying the usual fatty acid only.

As Table 4.2. shows, palmitic acid was the major saturated fatty acid in

karkade seed oil, while oleic acid followed by linoleic acid were the major

imsaturated fatty acids. Al-Wandawi et al. (1984) found that Iragi karkade

cultivars contained high amounts of oleic (66.41-77.16%) followed by

palmitic acid (17.85-28.46%) and stearic (2.27-4.93%), but linoleic acid

represented only 1% of total recovered fatty acids.
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Table 4.2. Physicochemica! characteristics and fatty acid composition of crude

karkade seed oil.

Refractive index (27 °C)

Specific gravity (25 °C)

Saponification value (ing KOH/g oil)

Iodine value (Wijs')

Peroxide value (meqO2 / kg oil)

Fatty Acid (%)

Myristic(C14:0)

Palmitic (C16:0)

Stearic(C18:O)

Arachidic (C20:0)

Behenic (C22:0)

Legnoceric (C24:0)

Palmitoleic(C16:l)

Okie (C 18:0)

Lenoleic(C18:2)

Eicosatrienoic (C20:3)

Erueic (C22:2)

* Mean ± Standard deviation

1.47 ±0.00

0.92 ± 0.002

194.85 ±0.7919

81.45 ±0.3818

11.86 ±2.2839

0.10 ±0.00

19.98 ±0.305

5.80 ±0.489

0.83 ±0.131

0.29 ±0.068

0.51 ±0.170

0.26 ±0.071

36.77 ±2.26]

33.41 ±2.251

0.34 ±0.000

1.71 ±0.141
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Ahmed and Hudson (1982) reported that crude karkade seed oil 'Al-

Rahad' variety contained linoleic (37.4%), oleic (34.6%) and palmitic

(20.5%) These values are close to what is reported in this study. Okra seeds

contain 33.53, 29.29, and 31.48% palmitic, oleic and linoleic acids,

respectively (Karakoltisdis and Constantmides, 1975). The fatty acid profile

of karkade can indicate its importance for human consumption as well as its

suitability for vegetable oil processing.

4.4. Protein extraction from karkade seeds

4.4.1. Effect of time

The effect of lime on protein extraction is shown on Table 4.3.

Increasing extraction time from 30 to 60 minutes was not accompanied by a

significant increase in the extractable protein. This finding agrees with those

obtained by El-Tinay et al. (1988a) and Bello and Okezie (1989). Similarly

Beradi et al, (1967) indicated that extraction time above 30 minutes was not

necessary for optimum protein extraction if the extracting solvent contained

sufficient ions for maximum nitrogen solubility. Shehsta et a!. (1935) reported

that time of extraction did not have appreciable influence on the nitrogen

extractibility from legumes (e.g mungbean) and sunflower seed flour.
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Table 4.3. Effect of extraction time on ksrkade seed protein exiractibility*

Time (minutes)

30

45

60

30

45

60

Salt

NaCI (1.0 Molar)

CaCl2 (1.0 Molar)

(%) Extracted protein

(Mean ± SD)

61.37 ±0.014}

63.160 ± 1.400

65.34 ± 1.400

63.67 ±0.417

61.88±0.417

65.00 ± 0.283

* Defatted flour obtained by the cold extraction method was used for protein

extraction . Solvent to flour ratio was 10:1.
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4.4.2. Effect of pH

The protein percentage extracted at pH range (2-J2) is shown in Figure

3. Highest nitrogen extraction was obtained at alkaline pH values (10-

11), lowest protein extractibility was in the range of pH 3-5. This may be

attributed to the intermolecular attraction of protein molecules at the

isoelectric zone. The isoelectric point of karkade seed protein was found to

be at pH 4.0 . Betshart, et al. (1975) reported maximum extractibility for

sunflower, safflower and sesame seed proteins to be in the range of pH 9.0-

10.0, and lowest extractibility at pH 4.0-5.0. Hang et al. (1970) reported that

several bean proteins, namely; mungbean, pea bean and red kidney bean had

common point of minimum dispersion at pH 4.0.

From Figure 3, it is clear that extractibility of protein increased as the

pH increased from 7.0 to 11.0, at pH 12.0 the extractibility of protein dropped

significantly.

4.4.3. Effect of salt concentration and solvent to flour ratio

Tables 4.4 and 4.5 show the effects of sodium chloride and calcium

chloride concentrations, and solvent to flour ratio on percent protein

extractibility from hot and cold defatted karkade flour. Protein extraction

from cold defatted karkade seed flour was higher than that extracted from hot

defatted flour, this may be due to protein denaturation by heat. Protein

extractibility increased with increasing NaCl and CaCl2 concentrations from

0.2 to 0.6 M by the hot method, while protein extractibility by t he cold
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Figure 3: Karkade seed protein solubility at various pH values.
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Table 4.4. Effect of NaCl Concentrations, and solvent to flour ratio on (%) protein extracted from defatted

flour obtained by hot and cold extraction method.

Solvent to flour

ratio (ml solvent:

g/flour)

10.1

15:1

20:1

Molar

Concentration

of salt

0.2 M

0.4 M

0.6 M

0.8 M

1.0 M

0.2 M

0.4 M

0.6 M

0.8 M

1.0 M

0.2 M

0.4 M

0.6 M

0.8 M

1.0 M

Hot Method

pH

6.31

6.05

6.08

6.09

6.01

6.44

6.21

6.22

6.20

6.19

6.55

6.37

6.38

6.35

6.40

% protein extracted (Mean ± S.D.)

26.67 ±0.749

30.41 ±0.749 .

45.65 ±0.841

47.05 ± 0.297

46.75 ±0.240

25.50 ±0.00

31.92 ±0.297

52.77 ±0.339

52.45 ±0.841

54.82 ±0.318

29.84 ±0.367

35.25 ±0.636

51.91 ±0.155

54.23 ± 0.240

54.40 ±0.00

Cold Method

pH

6.57

6.51

6.45

6.42

6.33

6.72

6.62

6.74

6.54

6.53

6.72

6.62

6.59

6.54

6.53

% prolein extracted (Mean ± S.D.)

46.53 ±0.191

50.36 ±0.558

55.99±0.156

62.14 ± 1.082

69.30 ±0.566

33.50 ±0.200

50.10 ±0.250

55.45 ±0.123

66.35 ± 1.031

65.70 ±0.489

31.45 ±0.240

49.64 ±0.00

55.00 ±0.100

70.50 ± 1.273

66.98 ±0.481
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Table 4.5. Effect of CaCl* Concentrations, and solvent to flour ratio on (%) protein extracted from defatted

flour obtained by hot and cold extraction methods.

Solvent to flour

ratio (ml solvent:

g/flour)

10:1

15:1

20:1

Molar

Concentration

of salt

0.2 M

0.4 M

0.6 M

0.8 M

1.0M

0.2 M

0.4 M

0.6 M

0.8 M

1.0M

0.2 M

0.4 M

0.6 M

0.8 M

1.0M

Hot Method

pH

5.47

5.37

5.28

5.33

5.49

5.43

5.33

5.18

5.25

5.09

5.62

5.42

5.23

5.29

5.14

% protein extracted (Mean ± S.D.)

43.78 ±0.120

49.56 ±0.120

53.64 ±0.120

51.13 ±0.064

49.82 ±0.255

41.31 ±0.00

42.84 ±0.00

49.98 ±0.00

48.04 ±0.219

47.57 ±0.425

45.24 ±0.424

46.42 ±0.226

55.25 ±0.721

54.38 ±0.453

48.34 ±0.085

Cold Method

pH

5.47

5.48

5.69

5.71

5.97

5.92

5.72

5.70

5.69

5.77

5.77

5.73

5.73

5.74

5.77

% protein extracted (Mean ± S.D.)

49.43 ±0.778

67.65 ±0.014

70.97 ± 1.315

66.61 ±0.523

75.21 ±6.102

59.92 ± 1.124

67.24 + 0.481

68.00 ±0.581

69.06 ±0.431

73.08 ±0.275

51.85 ±0.240

55.81 ±0.210

66.17 ±0.269

73.94 ±0.254

69.34 ± 0,028
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method increased as NaCl concentration increased from 0.2 to O.STvl, and

CaCl2 concentration increased from 0.2 to 0.4 M. Bestchaf et al. (1975)

reported that at pH 7.0 the protein of sunflower seed was more efficiently

extracted by 1.0 M NaCl or 0.75 CaCl than by water. Anderson and his

colleagues (1973) investigated the extraction of soybean meal proteins with

salt solutions at pH 4.5. They stated that at pH 4.5 only 9% of the total

Kjeldahl nitrogen dissovles, while extractable Kjeldahl nitrogen increased

with increase in concentrations of sodium or calcium chloride to a maximum

of 65% nitrogen extraction. The effect of sodium cholride on the extractibility

of proteins from sesame seed was thoroughly studied by Prakash et al.

(1986). They concluded that as the concentration of NaCl increases above 0.9

M the binding sites are all saturated and all protein fractions are extracted. As

Tables 4.4. and 4.5. show there was no significant difference between the

protein extracted by the two salts at higher concentrations; at (0.6-1.0 M) in

the cold method and at (0.8-1.0 M) in the hot method. Using CaCl2 at lower

concentration (Table 3.4 and 3.5) showed a significant difference compared

to NaCl. Increasing the solvent to flour ratio from 10:1 to 20:1 did not result

in significant increase in protein extraction. These findings are in agreement

with those of Shehata et al. (1981) for mungbean flour and El-Tinay et al.

(1988a) for cottonseed flour.

4.4.4. Summary of protein extraction from karkade seeds

Heating of karkade seed flour caused a significant reduction in the
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protein extracted in the presence of either NaCl or CaC^. Protein extraction

obtained from cold defatted karkade seed flour was 70% at 0.8 M and 20:1

solvent to flour ratio; while that obtained for hot defatted seeds was 54.8%

for 0.8 M and 15:1 solvent to flour ratio using NaCl. It was 75% for cold

defatted seeds using CaCk (1.0 M) at 10:1 solvent to flour ratio and was

55.3% for the hot defatted seeds using the same salt at 0.6 molrity and 20:1

solvent to flour ratio. Alkaline extraction at pH 11.0 resulted in protein

extraction of 80.3% for the cold defatted flour.

4.5. Protein coagulation

Table 4.6 shows the protein isolate yield, solubility and protein

coagulation percents of karkade seed protein coagulation percents of karkade

seed proetin extracted, from cold defatted flour, with different solvents and

coagulated by acid isoelectric precipitation. The equations used to calculate

the three parameters (Table 4.6) were shown in section 3.2.4.2. The highest

protein yield was obtained when extracting protein at pH 10.0 and pH 11.0,

highest protein solubility and coagulation values were obtained also at pH

10.0 and pH 11.0 Alkaline extraction gave higher values compared to salt

extraction with either NaCl or CaCk . Extraction of the defatted flour with the

different solvents, shown in Table 4.6, gave significantly different values of

protein yield, protein solubility and protein coagulation, respectively.

The highest values reported by Ei-Nour (1991) for karkade seed

protein yield, percent isoelectric precipitation (coagulation) and percent
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Table 4.6. Karkade seed protein coagulation by acid precipitation, at the isoelectric point

Solvent

(10:1)

0.6 Molar NaCl

0.8 Molar NaCl

0.6 Molar CaCl2

0.8 Molar CaCl2

Distilled H2O adjusted to

pH 10.0

Distilled H2O adjusted to

pHll.O

Protein isolate yield

(g/lOOg of the flour)

(Mean ± S.D.)

18.770 b* ±1.01823

16.880 c ±2.40626

21.057 a ±3.201504

21.187 a ±1.950623

23.477 d ±0.56002

24.747 d ±0.875004

Protein solubility (%)

(Mean ± S.D.)

61.525 b ±2.29809

48.490 c ±6.90784

73.743 a ±9.40328

70.677 a ±5.59865

77.813 d± 1.76098

. 80.357 d± 2.515001

Protein coagulation (%)

(Mean ± S.D.)

81.330 a ±0.76367

72.520 c ±0.69935

80.820 a ±0.73184

77.363 b ±2.91524

82.063 a ±0.35795

86.453 d ±0.40134

Duncan's grouping, means not followed by the same letter are significantly different (p < 0.05).

Defatted flour, obtained by cold extraction method, was used.



protein extracted (solubility) were : 16.90 g/lOOg atpH 10.U, yb.bXVo at phi

10.0 and 73.0% at aH 10.0, respectively. El-Tinay et al (1988b) obtained

protein yield of 22.8 g/lOOg using 1 Molar CaCl and a yield of 27.81 g/100 g

when using 1 Molar NaCl when extracting protein from cold defatted

cottonseed flour. They concluded that for hot defatted cottonseed flour,

coagulation by dialysis was the best method. Protein recovery of 82.2% and

protein yield of 23.9 g/lOOg were obtained by this method.

4.6. Proximate composition of karkade seed products

The proximate compositions of karkade seed full fat flour, defatted

flour, protein concentrate and protein isolate are shown in Table 4.7. The full

fat flour contained protein (31.5%) and oil (24.0) more than karkade whole

seed flour (protein: 26.5%, oil : 21.5%) as shown in Table 4.1. Defatted flour

had a protein content of 50.6%, this figure is much higher than the value

reported by El-Nour (1991) for the protein content of karkade defatted flour

which was 35.0%. The protein isolate showed a higher protein content

(88.2%) than other karkade products (defatted flour 50.6% and protein

concentrate 62.2%). However, the protein content of karkade protein isolate

was less than that of soybean protein isolate (94%) reported by Al-Kahtani

and Abou-Arab (1993). They reported the values of 58.1% and 74.1% for

soybean defatted flour and soybean concentrate, respectively. Bryant et al

(1988) determined the protein contents for okra seed products as follows:

okra full fat flour (39.2%); defatted flour (54.1%); protein concentrate

(69.1%) and okra protein isolate (90.1%).
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Table 4.7. Proximate composition of karkade seed products

Product

Full fat flour

Defatted flour

Protein concentrate

Protein isolate

Moisture (%)

5.7*

6.0

6.7

6.4

±0.4373

±0.2053

±0.0S08

±0.0819

Protein (%)

31.5 ±0.4000

50.6 ±0.1629

62.2 ± 0.0520

88.2 ±0.0902

Crude

24.0 ±

2.2 ±

0.9 ±

1.2±

oil (%)

0.3350

0.2517

0.0265

0.0451

Ash(

5.4 ±0

5.7 ±0

6.4 ±0

4.1 ±0

;%)

.3000

.3340

.0252

.0641

Carbohydrates (%)

[by difference]

33.4=1.0659

35.6±0.6159

23.8^0.1510

0.2 ± 0.0252

Mean ± standard deviation.
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The crude oil content (Table 4.7) of the full fat flour was the highest

among the other products. The protein concentrate showed the lowest crude

oil value, this may be due to additional extraction of oil by alcohol during the

preparation of the concentrate.

The carbohydrates content (of the defatted Hour, protein concentrate

and protein isolate) was inversely related to the protein content of these

products.

4.7. Karkade seed processing

Protein recoveries of karkade defatted flour, karkade protein

concentrate and karkade protein isolate (when products were processed from

whole seed flour) are shown in Table 4.8.

The yield of karkade defatted flour averaged 43.0 g fi-om 100 g whole

seeds. The protein recovery in the defatted flour was 82.21%, which indicates

that 17.79% of the protein was lost during the defatting process.

Every 100 g defatted flour yielded an average of 72.60 g protein

concentrate. This yield was equivalent to 31.22 g protein concentrate from

lOOg whole seeds. The protein recovery in the protein concentrate was

73.88% (Table 4.8) which indicated that an additional 8.83% of the original

protein was lost when preparing the protein concentrate.

Every lOOg defatted flour yeilded an average of 45.Og of protein

isolate. This yield was equivalent to 19.35g protein isolate from lOOg whole

seeds. The protein recovery in the protein isolate was 64.41% (Table 4.8)
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Table 3.8. Protein recovery following the different steps of karkade

processing " .

Product

Whole seed flour

Defatted flour

Protein concentrate

Protein isolate

(8)

yield1

100.00

43.00

31.22

19.35

0/
/(J

Protein2

26.48

50.63

62.24

88.15

(g)

protein3

26.43

21.77

19.43

17.06

%

Protein

recovery4

100.00

82.21

73.38

64.41

1 Yields are based on lOOg of whole seed flour.
2 Protein content were taken from Table 4.1 for whole seed flour, and from Table

4.7 for defatted flour, protein concentrate and protein isolate.
3 Gram protein was obtained by multiplying yield in granis X %protein for each

product.

4 n < • / o / \ (g) p ro t e in o f a p r o d u c t , . , „ , „ ,Protein recovery (%) = — ^ J 1 x 100%
(g) protein of the whole seed
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which indicated that additional 17.8% of the original protein was lost when

preparing the protein isolate.

Bryant et al. (1988) calculated protein recover)' percentages of

processed okra so.ed products. Okra seed defatted flour, protein concentrate

and protein concentrate had protein recoveries of 60.4%, 44.02% and

36.63%, respectively.

4.S. Karkade seed protein fractions

The proportions of protein fractions of karkade seed are shown in table

4.9. Globulins (47.12%) represented nearly half of the total proteins, followed

by albumins (34%), glutelins (9.6%) and then protamins (2.4%). Globulins

and albumins constituted more than 80% of karkade seed proteins.

As reported by Kakade (1974), plant proteins may be divided into

storage proteins and functional (metabolic) proteins. According to this

classification, karkade seeds contain both storage (globulins) and metabolic

(enzymatic and structural) proteins almost in equal amounts.

Okra proteins are classified as follows: 43.11% globulins, 38.94%

albumins, 8.93% glutelins and 1.52% protamins (Bryant, et al. 1988). The

data in Table 4.9 may indicate that karkade proteins proportions are

comparable to those of okra proteins.

Non-protein compounds were composed of free amino acids, amines,

nucleic acids, purines and pyrimidine. The non-protein nitrogen of karkade

seed was 3.88% (Table 4.9). A variation in non-protein nitrogen in legumes,

according to the extraction method used, was observed by Periago et al.

(1996).
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Table 4.9. Protein fractions of karkade defatted flour a.

Protein fraction

Albumins

Globulins

Prolamins

Glutelins

Non-portein nitrogen

%

(Mean ± S.D.)

34.00 ±0.00

47.12 ±2.860

2.40 ±0.00

9.60 ± 1.357

3.88 ± 0.516
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4.9. Toxic and Antinutritional Factors
4.9.1. Trypsin and cc-chyniotrypsin inhibitor activities

4.9.1.1. Effect of type of extractant

Table 4.10 shows the variation of trypsin inhibitor activity (TIA) in

different buffers and in water. Extraction with citrate buffer (pH 4.6) gave the

highest value for TIA (40.5 units/mg protein). While extraction with

phosphate buffer (pH 7.6) and distilled water gave the same values (Table

4.10), extraction of trypsin inhibitor at pH 9.0 with tris buffer gave the lowest

value of TIA compared to other extractants (13.4 units/mg protein). The

results indicate variations in the extractibility of the proteins having trypsin

inhibitor activity.

These findings are in agreement with those of Roy and Bhat (1974)

who obsei'ved variation in TIA vlaues when using water and phosphate buffer

for extraction of trypsin inhibitor from the same soybean samples. Ikeda and

Jusana (1978) reported that extraction of soybean with acetate buffer (pH 4.5)

gave the highest specific activity of trypsin inhibitor when compared to the

other buffers used. Onyeike et al. (1991) investigated the efficiency of

extraction of trypsin inhibitor from African yambean using six different

solvents. Of those, sodium hydroxide extract gave a marginally higher

specific inhibitory activity than those of sodium chloride and distilled water.

Joseph and Dikshit (1993) stated that solvent extraction has been the widely

used method for protease inhibitor inactivation. From the results m Table

4.10., it was clear that citrate buffer was the suitable extractant to be used.
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Table 4.10 . The effect of type of buffers on the extraction of trypsin inhibitor

from karkade seed defatted four .

. Buffers

Citrate (pH 4.6)

Phosphate (pH 7.6)

Tris (pH 9.0)

Distilled water

Trypsin inhibitor activity

(unit/mg protein)

40.5 ±0.60

27.1 ±0.35

13.4 ±0.65

27.1 ±2.30

Values are means ± SD (n = 3).
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4.9.1.2. Effect of level of inhibitor concentration

Table 4.11 shows trypsin and a-chymotrypsin inhibitor activities and

percent inhibition, in relation to the volume of the extract used. Trypsin

inhibitor activity (TIA) increased as the volume of the extract increased from

0.2 ml to 1.0 ml. However, the increase in the inhibitors' activity was not

propotional to the increase in the volume of ihibitors' extract. Thus there was

a progressive decrease in ihibitor activity (per unit volume) when increasing

the volume of inhibitors' extract used . Kakade and Liener (1969) commented

that when TIA, determined by synthetic substrate method, was plotted as a

function of the inhibitor solution, a negative linear correlation was obtained.

The investigators stated that this negative relation might be due to competitive

inhibition.

a-chymotrypsin inhibitor activity (CIA) increased with the increase in

volume of the extract. CIA values were less than TIA value at all levels of the

extract (Table 4.11).

4.9.1.3. Trypsin and a-chymotrypsin inhibitor activities of

karkade seed products

TIA and CIA of karkade seed defatted flour and protein isolate are

shown in table 4.12. The TIA and CIA in protein isolate were 70 and 22.5%

of that of the defatted flour, respectively. However, the TIA and CIA in

karkade (defatted flour or protein isolate) were lower than in soybean

defatted flour (Table 4.12).
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Table 4.11 . The effect of volume of extracts on trypsin and a-chymotrypsin

inhibitor activities of karkade seed defatted flour a.

Volume of extract

(ml)

0.2

0.4

0.6

0.8

1.0

Trypsin inhibitor activity

(unit/mg protein)

19.4 ±0.65

29.3 ± 0.25

31.5 + 0.75

36.2+ 1.25

40.5 + 0.60

% inhibition

28.3

42.5

45.7

52.5

5S.8

a-Chymolrypsin inhibitor activity

(unit/nig protein)

2.3 ±0.20

4.3 ±0.30

11.3 ±0.45

21.0 ±0.25

21.8 ±0.65

% inhibition

5.0

9.1

23.7

43.3

45.6

Values are means ± SD ( n = 3).
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Table 4.12 . Trypsin and a-chymotrypsin inhibitor activities of defatted flour

and protein isolates of karkade seeds compared to soybean

defatted flour .

Samples'1

(1 ml)

Karkadc defatted flour

Soybean defatted flour

Karkadc protein isolate

Trypsin inhibitor activity

(TIA)

(unit/mg protein)

40.5±0.60b

76.1 ±1.10

28.3+0.30

a-chymotrypsin inhibitor activities

(CIA)

(unit/ing protein)

21.80 ±0.65

57.2 ±0.40

4.90+0.20

' values are means ± S.D. (n = 3).
b samples extracted by citrate buffer.
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Liener (1975) stated that many factors affect the TIA in legumes, such

as heat treatment, germination, fermentation and legume protein isolation.

Ahmed and Nour (1993) reported that TIA of karkade seed protein was 21.5

TlU/mg protein. El-Khatani (1995) determined TIA of soy defatted flour,

protein concentrate and soyprotein isolate. The values of TIA in these

products were 26.0, 39.0 and 10.0 unit/mg protein, respectively. Eighteen pea

varieties were analysed for TIA and CIA by Griffith (1984). Who stated that

considerable variation was found between pea varieties with regard to TIA

and CIA contents. Similarly, Singh and Jambunathan (1981) reported

considerable differences in the levels of trypsin and chymotrypsin inhibitors

between two chickpea cultivars. The levels of TIA were higher in seeds of

both chickpea cultivars than their CIA. The TIA in seeds of five dolichos

bean cultivars were studied by Deka and Sarkar (1990). Who found that all

cultivars tested contained moderately high levels of TIA (values ranged from

2400 to 3200 TlU/g on dry weight basis). Krott (1983) studied the seed

extracts of 27 varieties of'Psophocarpus telraqonolobus from six regions of

South East Asia. All varieties showed tTypsin and chymotrypsin inhibitor

activities ranging from 22.2 to 42.5 and from 30.1 to 47.6 mg enzyme

iiihibited/g of seed meal for typsin and chymotiypsin, respectively.

Barampama and Simard (1994) studied the effect of femientation on

TIA in dry beans. They stated that fermentation caused an increase in trypsin

inhibitor when beans were previously cooked (28%) or soaked-cooked

(112.31%).
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4.9.1.4. Thermal stability of trypsin inhibitor

The effect of bioling water on the inactivation of trypsin inhibitor is

presented in Table 4.13. Unheated karkade defatted flour showed 41 TlU/mg

prtoein. Trypsin inhibitor activity decreased during the first 10 min of heating

such that 66.1% was inactivated. Further loss of inhibitor activity was very

slight druing the next 30 min, and at the end of 50 min 30% of the original

TIA still remained. The inhibition of the enzyme activity in the sample and the

loss of antiproteolytic activity upon heating shows the heat labile nature of the

trypsin inhibitor.

Most trypsin inhibitors in legumes and seeds can be detstroyed or

inactivated by proper heat treatment, although few (like buck wheat) are

thermostable (Ikeda and Kusana, 1978). Much of the studies on trypsin

inhibitor thermal stability were carried out on soybeans. Collins and Beaty

(1980) reported that TIA of fresh green soybean was destroyed rapidly when

the beans were heated in boiling water for up to 9 min. Tan and Wong (1982)

stated that boiling the winged bean meal extracts for 5 min destroyed more

than 75% of the TIA in the extracts. On the other hand, Koeppe el al (1985)

indicated that purified trypsin inhibitor of amaranth was very thermostable. It

retained 20% of the original activity after 7 hours at 100 °C.
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Table 4.13 . Trypsin inhibitor activity of karkade seeds defatted flour

heated in bioling water a.

Time holding samples

in boiling water (min)

0.0

10

20

30

50

Trypsin inhibitor activity

(unit/mg protein)

41.010.20

13.9 ±0.60

13.6 ±0.50

13.03 ±0.35

12.40 ±0.30

Destruction of trypsin

inhibitor activity (°o)

0.0

66.1

66.8

68.2

69.8

'values are means ± S. D. (n = 3).
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Onyeike el al (1991) studied the heat inactivation of the African yambean

trypsin inhibitor through a kinetic approach. They reported that the African

yambean seed was best cooked at 140 °C for 80 min for optimum inactivation

of trypsin inhibitor. In a detailed study of the effect of varying degrees of heat

treatment to which soymilk was subjected, maxima] protein efficiency ratios

for rats were obtained when 90% of the trypsin inhibitor had been destroyed

(Liener and Kakade, 1980).

4.9.2. Gossypol

Table 4.14 shows gossypol content of karkade seeds, defatted flour

and protein isolates prepared by extraction with six solvents and precipitated

at the isoelectric point (pH 4.5). The whole karkade seed flour has higher free

and total gossypol contents than defatted flour and protein isolate. The lower

gossypol contents in protein isolates might be caused by coagulation of the

protein at its isoelectric point. Preparation of protein isolate by extraction at

pH 9.0 resulted in a significant increase in both free and total gossypol

compared to extraction, prior to coagulation, with NaCl, CaCl̂  and at pH

10.0. Extraction with 0.6 M NaCl resulted in a significant increase in both

free and total gossypol compared to 0.8 M NaCl. The free gossypol contents

of karkade defatted flour and protein isolates were below the toxic limit

(0.06%). Karkade protein isolate can be considered as an edible protein. AI-

Wandawi el al. (1984) reported that Iragi roselle cultivars seeds contained

only traces of free and bound gossypol. El-Nour (1991)
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Table 4.14. Free and total grossypol contents of karkade seed flour and

protein isolate.

Product

Whole seed flour

Defatted flour

PIi

PI2

Pl'3

PI4

Pis

Pic

Gossypol Content (%)

Free

Mean ± S.D.

0.068 ±0.002

0.055 ±0.004

0.008 b ±0.003

0.006 c ±0.003

0.0036 d± 0.004

0.0030 d± 0.0004

0.0300 a±0.0017

0.0077 b ±0.0006

Total

Mean ± S.D.

0.0S2 ±0.003

0.065 ± 0.002

0.009Sb± 0.002

0.0069 d ± 0.002

0.0040 c ±0.0004

0.0035 c ± 0.0002

0.0150 a ±0.0035

0.00S3 b ± 0.0085

Pli-PIe are protein isolates prepared by extraction with 0.6 M NaCl, 0.8 M NaCl, 0.6 M CaCl;,

0.8 M CaCl:, at pH 9.0 and at pH 10.0, respectively and precipitated at the isoelecrric point.

Means not followed by the same letters are significantly different (p < 0.05).
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stated th;:i free gossypol contents of whole karkade seeds and defatted flour

were 0.076 and 0.06% respectively and the total gossypol contents of whole

seed and defatted Hour were 0.084 and 0.065%, respectively. Solvent

extraction as a means of gossypol detoxification and factors affecting

gossypol extractibility were discussed by El-Tinay ei al (1980, 1988b) for

cotton seed protein, and by El-Nour (1991) for karkade seed protein.

Glanded cotton seed contained 2500 jag gossypol/g as found by

. Schmidt and Wells (1990). The same authors determined gossypol content of

malvaceous plants, other than cotton, namely, okra, prickly sida, venice

mallow and velvet leaf. The gossypol contents of these plants were 70, 60, 8

and 6 jag/g, respectively.

4.93. Hiytatcs-

Phyiic acid contents in karkade and soybean arc shown in Table 4.15.

Karkade seed defatted flour has a higher phytic acid content than soybean

defatted Liour, and than karkade protein isolate. The low content of phytic

acid in karkade protein isolate might be a result of the differential solubilities

of phytate and karkade protein during the preparation of protein isolate from

the defatted Hour by salt or alkaline extraction.

Erdman (1979) showed that oilseeds are high in phyiic acid and contain

fiber and perhaps oilier binding agents which reduce mineral bioavailability.

The author reported phytic acid concentrations of soybean defatted flour,

peanut meal, rapesecd protein concentrate and gianded
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Table 4.15 . Tannin and Phytic acid content of karkade seed's defatted flour,

karkade seed isolate and soybean defatted flour.

Product

Karkade defatted flour

Soyabean defatted flour

Karkade protein isolate

Tannin (%)

(as catechin equivalent)

0.030 + 0.0014

N D "

0.036 ±0.0028

Phytic acid content (%)

(Dry weight basis)

2.37* ±0.0850

1.69 ±0.060

0.17 ±0.0152

* Mean ± S.D.

** ND : not determined.



cottonseed flour as 1.6, 1.7, 5.3-7.5 and 2.9%, respectively. Saeed and

Cheryan (1988) staled that sunflower whole seed contained 1.61-1.75%

phytic acid and the defatted meal of sunflower contained 3.92-4.11% phytic

acid.

4.9.4. Tannins

The tannin contents of karkade defatted flour and karkade protein

isolate are shown on Table 4.15. Both karkade seed products contained

negligable amonts of tannins when compared to other food plant sources.

Ahmed (1988) analysed twelve sorghum grain cultivars grown in the Sudan,

and the tannin contents for these cultivars ranged from 0.22% for low tannin

cultivars to 1.6% for high tannin cultivars. Sathe (1996) determined the tannin

content of selected Asiatic pulses: chickpea (0.08-0.27); black gram (0.54-

1.2); mung bean (0.44-0.80) and pigeon pea (0.38-1.71%). Tannin content of

soy defatted flour was not determined as shown in Table 4.15. Carcia et al

(1997) reported that tannins comprised about 45 mg/100 g of soybean.

4.10. Amino acids composition and chemical scores

Ami no acid compositions of karkade seed defatted flour (KDF),

karkade protein concentrate (KPC) and karkade protein isolate (KPI) are

shown in Talbe 4.16. The amino acid profiles of the three products were

similar to each others. Processing was shown to have no major effect on

amino acid composition of okra seed products (Bryant, et al. 1988).
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Table 4.16 . Amino acid composition of karkade seed products (g/100 g of protein)

Karkade Products a

KDF KPC KPI

Reference Protein b

Infants Preschoolers Adults

Essential Amino Acids
Lvsinc
Threoninc
Valinc
Mcthioninc (M)
Cvslinc (C)
M + C
Isolcucinc
Lcucine
Phcnylalanine (P)
Tvrosinc (T)
P + T
Hislidinc
Tryptophan

5.12 ±0.198
2.27 ±0.592
4.57 ±0.143
1.44 ±0.039
2.50 ±0.073

3.94
2.96 ±0.306
5.58 ± 0.568
5.96 ±0.138
2.76 ± 0.252

8.72
1.91 ±0.098
0.76 ±0.038

5.34 ±0.212
2.29 ± 0.028
4.63 ± 0.099
1.28±0.1S3
2.32 ±0.OH 1

3.60
3.09 ± 0.077
5.75 ±0.106
5.50 ± 0.085
3.25 ±0.233

8.75
2.03 ±0.233
0.75 ± 0.208

5.10 ±0.407
2.31 ±0.282

4.55 ±0.018
1.48 ±0.014
2.41 +0.090

3.89
3.01 ±0.168
5.92 ±0.499
5.99 ±0.293
2.72 ±0.259

8.71

1.SO ±0.1 SO

0.76 ±0.108

6.6
4.3
5.5

4.2

4.6

9.3

7.2
2.6

5.8
3.4
3.5

2.5
2.8

6.6

6.3
1.9

1.1

1.6
0.9

1.3

1.7
1.3
1.9

1.9

1.6

Noncssential Amino Acids
Arginine
Aspartic acid
Glutamic acid
Prolinc
Glvcinc
Alaninc
Serine

10.65 ± 0.209
10.87 ±0.514
23.31 ±0.607
3.91 ±0.121
5.10 ±0.172
5.24 ± 0.257
4.8S ±0.212

11.40 ±0.367
10.20 ±0.021
23.99 ± 0.049

3.99 + 0.169
4.79 ± 0.085
4.42 ±0.127
4.76 + 0.049

9.58 ±0.261
10.28 ±0.294
24.00 ± 0.585
4.30 ± 0.200
5.09 + 0.211
5.56 ± 0.057
4.70 ±0.211

" KDF = karkadc defatted flour, KPC = karkadc protein concentrate, KP1 = karkndc protein isolate.

b FAOAVHO/UNU 1985.



Also no change in amino acid composition was reproted by Nvvokola (1996d)

concerning sunflower flour compared to sunflower protein concentrate.

Traditional fermentation of soybeans increased the essential amino acids

contents of the fermented soybean products compared to unfermented beans

(Sarkar, et al. 1997).

Referring to Table 4.16, arginine, aspartic acid and glutamic acid were

found in higher amounts in karkade seed products. The amino acid

composition of KDF, KPC and KPI in this study was in agreement with the

findings of Al-Wandawi et al. (1984) for the amino acids profile of karkade

whole seed, and also in agreement of the amino acid composition reported by

Al-Wandawi et al. (1984) for okra seeds. Comparing the amino acid

composition of karkade seed products (Table 4.16) with the values of the

essential amino acids for karkade seed protein reported by Ahmed and Nour

(1993), higher values were found in this study for Iysine, valine isoleucine,

phenylalanine + tryrosine and sulphur-containing amino acids. Ahmed and

Nour (1993) reported higher values for threonine and tryptophan than the

values for these amino acids in Table 4.16. When compared to a reference

protein (FAO/WHO/UNU, 1985), only phenylalanine + tyrosine of karkade

seed products met the required level for infants. Valine, methionine + cystine,

isoleucine and phenylalanine + tyrosine of the three products met the

requirements of preschool childem in respect of these amino acids. The data
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(Table 4.16) also indicated that karkade seed protein contained adequate

amount of most essentail amino acids, such as lysine and sulphur-containing

amino acids.

Table 4.17 shows the essential amino acid scores of karkade seed

products. Generally, the three karkade products had the same scoring pattern.

Threonine was the first limiting amino acid, while tryptophan was the second

limiting amino acid for the tliree products, respectively. Methionine + cystine

gave the highest score followed by phenylalanine + tyrosine for the three

products. The first limiting amino acid as reported by Al-Wandawi et al.

(1984) for karkade seed protein was troptophan. Threonine had a chemical

score of 66 and was the first limiting amino acid in karkade seed protein as

reported by Ahmed and Now (1993), while methionine + cysteine gave the

highest score in the same study. Threonine and isoleucine were found to be

limiting in previously reported amino acid profiles for okra seed products (Al-

Wandawi et al., 1983, Bryant, et al., 1988). The amino acid profile (Table

4.16) and the chemical score data (Table 4.17) indicate that karkade seed

products could be used to complement other protein sources such as legumes,

which are low in methionine and cystine (Khattab, 1972).

4.11. In vitro digestibility and calculated protein
efficiency ratio (C-PER) of karkade seed products

In vitro apparent protein digestibility (IVAD) values of karkade seed

products are shown in Table 4.18. IVAD of KDF, KPC, KPI and casein are

82.14, 84.93, 87.09 and 88.95, respectively. High in vitro digestibility
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Table 4.17

Essential

amino acid

Lysine

Threonine

Valine

Methionine +

Cystine

Isoleucine

Leucine

Phenylalanine

Tyrosine

Tryptophan

Histidine

Essential amino

+

KDF

0.88

0.66 a

1.31

1.58

1.10

0.85

1.38

0.69 b

1.01

acids scores of karkade

Karkade seed products

KPC

0.92

0.67 a

1.32

1.44

1.10

0.87

1.39

0.68 b

1.07

seed products

KPI

0.88

0.67 a

1.30

1.56

1.10

0.89

1.38

0.69b

0.95

Scoring *

pattern

mg/g protein

58

34

35

25

28

66

63

11

19

* Amino acids requirements of 2-5 years childs as reported by FAOAVHO/UNU (1985).

First limiting amino acid.

Second limiting amino acid.
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Table 4.18 .In vitro protein digestibility and calculated protein efficiency

ratio (C-PER) of karkade seed products.

Product

Casein (control)

KDF

KPC

KPI

In vitro digestibility (%)

Mean±S.D.

88.95 ±0.233

82.14 + 0.169

84.93 ±0.156

87.09 ±0.152

C-PER

2.50

1.70

1.95

2.06
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indicates high susceptibility to the four proteolytic enzymes used and a high

percentage of readily digested protein. Ahmed and Nour (1993) reported in

vitro digestibility of karkade seed protein (defatted flour) as 76.0%. Al-

Kahtani (1995) reported IVAD of 76.32, 87.27 and 88.45% for soy defatted

flour, soyprotein concentrate and soyprotein isolate, respectively. In vitro

digestibility of sobybean flour was 85.8%, for cottonseed flour was 77.6%

and for sesame seed flour was 80.5% (Wolzak et al. (1981).

In vivo apparent protein digestibility values for karkade protein isolate

and casein (calculated from data in Table 4.20) are 89.3 and 93.7%,

respectively. The latter values are comparable to the in vitro digestibility data

for KPI and casein in Table 4.18. A correlation coefficient of 0.84 was found

by Rich and his colleagues (1980) between in vitro digestibility assay using

the four enzymes and rat in vivo apparent digestibility.

The C-PER for karkade seed products and casein are shown in Table

4.18. The C-PER of karkade products are lower than that of casein and this

could be due to the low content of some essential amino acids of the three

products compared to casein. The higher C-PER of KPI compared to that of

KDF might be attributed to the higher in vitro digestibility value of KPI than

that of KDF. The C-PER of karkade defatted flour as reported by Alimed and

Nour (1993) was 1.63. However, Bryant et al. (1988) reported C-PER of

2.17 and 2.14 for okra and soybean protein isolates, respectively.

C-PER of cottonseed flour was 1.05 and for sesame seed flour the C-

PER was 0.93 (Wolzak et a/.,1981). The C-PER of KDF (Table 4.18) was
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higher than the values of C-PER reported by Ahmed and Nour (1990) for

lupin (1.34), pigeon pea (1.50) and faba bean (1.62). Neverthless, C-PER of

KDF is lower than that of cowpea (1.85) and soybean (2.38) as reported by

the same workers.

4.12. Net protein ratio of karkade seed protein

Table 4.19 gives food intake, protein intake, weight gain, net protein

ratio (NPR) and relative net protein ratio (RNPR) of karkade protein isolate

and casein.

The NPR assay method was chosen to investigate the quality of

karkdade seed protein because this method was reported to be a good

alternative method to PER for determining protein quality (Happich et al.

1984). Moreover, PER method uses large amount of karkade protein isolate

compared to NPR method, and the KPI available was limited. Happich, et

al., (1984) recommended the acceptance of the NPR method (with 5

specifications) as an alternative method to the PER assay. The specifications

for the NPR method were (1) 1.6% dietary nitrogen; (2) 14-days feeding

periods; (3) 2-day adaptation period; (4) use of ANRC casein as the reference

protein; and (5) expression of NPR as RNPR. The conditions for the NPR

assay were met in this study, except that casein supplemented with 0.1% DL-

methionine was used instead of ANRC casein. Casein + methionine diet

(which was used as the standard) gave the highest protein quality results and

appeared to be of uniform nutritional quality (Sarwar, et al., 1984).
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Table 4.19. Net protein ratio (NPR) of karkade protein isolate compared to casein

Diet Food" intake

(g)

Protein intake

(g)

Weight gain

(g) NPR

Relative net
protein ratio

RNPR

Casein (control) 134.5* ± 15.420 13.2 ±1.500 40.1 ±6.741 4.00 ±0.494 1.00

Protein-free
basal diet -12.6

Karkade
protein isolate 84.2+4.306 8.010.496 11.1 ±2.080 3.01±0.437 0.75±0.109

* Mean ± S. D. (n = 8)

** Duratioa of feeding = 14 days.
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Food intake of rats fed karkade protein (Table 4.19) was approximately

63% of food intakes of rat fed casein control diet. As staled by Jenkins and

Mitchell (1989) the reduction in general food intake indicates a reduction in

the intake of other essential dietary components such as calories. They

explained that reduced food or protein intakes may be due to a deficiency or

imbalance of ammo acids, reduced palatability of the diet or to the nature of

protein included in the diet, which may influence the appetite of the animals.

The weight gained by rats fed karkade protein isolate diet was about

29% of the weight gain by rats fed casein diet (Table 4.19). This may be due,

in part to the protein intakes of the two groups, and to the deficiency of

karkade protein in some essential amino acids (or their bioavailabilities), on

the other hand. Faijou and Al-Wandawi (1993) reported that at the end of 12

weeks of feeding, the mean body weight of rats fed on pellets incorporated at

20% level with ground seeds of roselle (karkade) was 439 g in comparison to

428 g for rats fed on the pellets alone.

The NPR for casein and karkade protein isolate (Table 4.19) are 4.00

and 3.01 respectively. Happich et al. (1984) reported the same NPR value for

casein (4.0). Wolzak et al. (1981) determined NPR for soybean flour,

cottonseed flour and sesame seed flour as 3.94, 3.00 and 2.50, respectively.

The NPR method credit protein used for both growth and maintenance, and

because of this the NPR values are usually higher than PER values (Sarwar,

et a!., 1984). The RNPR of karkade protein isolate (Table 4.19) was 0.75

(relative to casein). Sarwar et al. (1984) stated RNPR is recommended as the

most suitable rat growth indicator for evaluating protein quality of foods.
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They reported RNPR of egg white, rape seed protein concentrate and pea

flour as 0.95, 0.87 and 0.54. respectively.

4.13. Nitrogen balance assay (N balance)

Table 4.20 illustrates N balance data for diets based on casein, karkade

protein isolate (KPI) and karkade protein isolate supplemented with 0.2%

threonine (KPI+thr.). Threonine was found to be the first limiting amino acid

in karkade seed protein (Table 4.17). The level of inclusion of threonine

(0.2%) was chosen according to Eggum, et al. (1985).

Nitrogen intakes of the two karkade protein diets tested (Table 4.20)

are significantly different. The group of rats fed on diet containing KPI+thr.

showed higher nitrogen intake (1185.17 mg), compared to the other group

(994.3 mg).

Nitrogen excertions (faecal and urinary) of the group of rats fed on

casein diet were lower and significantely different from those of rats fed on

diets based on protein isolates. Urinaiy nitrogen for the group fed on KPI+thr.

diet was higher and significantely different than the group fed on

unsepplemented KPI diet. Sarwar et al. (1989) stated that the increased

excretion of endogenous proteins could not solely account for the poor

protein digestibility of cooked beans. They suggested that high level of

dietaiy fiber or tannins in beans might be responsible for poor digestibility of

their proteins.
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Table 4.20. Biological value true digestibility and net protein utilization of proteins of three diets.

Diet tested

Casein (control)

Karkade protein

isolate

Karkade protein isolate

supplemented wilh 0.2%

lhreonine

Nitrogen intake

(mg)

1097.33 *ab± 75.780

994.336* b± 39.875

1185.17*a ±32.623

Feacal nitrogen

(mg)

69.67 b ±6.265

106.17 a ±9.884

114.67 a ±8.003

Urinary nitrogen

(mg)

157.17 c ±10.703

232.17 b ±5.056

257.83 a ±8.436

True digestibility

(%)

98.15 a ±0.620

94.40 b ±0.873

94.55 b ± 0.662

Biological value

<%)

89.78 a ±0.500

79.80 b ±0.723

81.20 b ±0.338

Net protein utilization

(%)

88.03 a ±0.814

75.07 b ±0.553

76.75 b ±0.592

* Means ± S.E, N = 6.

Means with the same letter are not significantly different (p < 0.05).

Endogenous feacal nitrogen = 50.05 mg, Endogenous urinary nitrogen = 46.69 mg.
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True digestibility (TD) values for casien, KPI and KPI+thr. diets are

shown in Table 4.20 casein diet has the higher digestibility (98.15%) and

significantely different from the other two diets. TD values for KPI and

KPI+thr. diets are not significantely different from each other (P<0.05).

A apperent digestibility values for casein, KPI and KPI+thr. (calculated

from data in table 4.20) were 93.7%, 89.3% and 90.3%, respectively.

Apparent digestibility of these diets are lower by 4-5% than their

corresponding TD values. Apparent digestibility of crude protein varies with

dietary protein concentration, but true digestibility is independent of protein

level according to Sarwar, et al. (1989). They concluded that true digestibility

was a more reliable expression of protein quality than apparent digestibility.

In the report of the joint FAO/WHO expert consultation (1991), values

for true digestibility were determined by the rat balance method for selected

food products. Those included soybean, soybean protein isolate, rape seed

protein concentrate, peanut, sunflower meal and pea flour, TD values fo those

products were 90, 98, 95, 96, 90 and 88%, respectively.

Biological value of casein, KPI and KPI+thr. diet are shown on table

4.20. The BV of KPI diet is 79.8% compared to 81.20% of KPI thr. diet.

While the casein control diet has a biological value of 89.78% and was

significantely different from the other two diets. Eggum (1973) reported BV

for wheat, maize, sorghum, ground nut and sunflower seed meal as, 59, 52,

60 and 70.7%, respectively. Badi, et al (1990) stated that supplementation of

kisra with peanuts and ckickpeas raised the BV of this Sudanese staple food

from 60.7% (unsupplemented kisra) to 64.4 in case pf peanuts and to 74.2%
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when supplemented with ckickpeas.

Net protein utilization (NPU) is a derived factor (TD. BV/l 00), NPU

of casern, KP1 and KPl+thr. (Table 4.20) are 88.03, 75.07 and 76.75,

respectively. Eggum (1973) reported NPU in wheat as 60, Sorghum (44.3),

sunflower seed meal (64.9). and soybean meat (56). Rahman, ei al (1997)

estimated NPU in sweet lupin meal as 42.0% and when lupin meal was

supplemented fully with amino acids (seven essential amino acids), the NPU

value was 62.0%. They stated that the main reason for the poor utilization by

rats fed on lupinseed meal seemed to be increased excretion of N in the urine,

suggesting disturbances in systemic N metabolism.

The puipose of threonine supplementation in this study is to investigate

the effect of inclusion of this amino acid which is suggested to be first limiting

amino acid in karkade seed protein. Nitrogen intake increased in case of

threionine supplementation, as discussed earlier. There was higher weight

gain in the group of rats fed on KPI+thr. diet compared to the group fed on

unsupplemented KPI (Data not given). Yamamoto, ei al. (1985) in discussing

self-selection of dietary threionine in the rat stated that rats have an ability to

regulate threionine intake to meet their requirement for the L-amino acid.

Essential amino acids intake by self-selection in the rat was also investigated

by Fromentin and Nicolaidis (1996). They stated that when rats offered a

choise between a threonine-corrected diet and protein-free supplemented with

threonine diet, rats selected the threionine corrected diet, which is

nutritionally adequate diet. Leclerc (1990) also noted that methionine
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supplementation 01 low protein met Jeaa to ennancement 01 aiet intake and

weight of growing rat. In this work there is no significant effect of threionine

supplementation on TD, BV and NPU values as shown from data in Table

4.20. However, there is a slight increase (1.4%) for BV and (1.68%) for

NPU in case of supplemented KPI.

4.13.1. True digestibility of individual amino acids

Using the rat N balance assay, ammo acid true digestibility (TD) values

were calculated according to Sarwar, etal. (1989). Amino acid contents of

the diets and faeces were used to calculate amino acid intake, faecal amino

acid and endogenous faecal amino acid. The TD values for the amino acids,

in casein, karkade protein isolate (KPI) and karkade protein isolate

supplemented with 0.2% threonine (KPI+thr.) diets, are shown in Table 4.21.

TD values for the protein casein, KPI and KPI+thr. diets are 98.15,

94.40 and 94.55%, respectively. The differences between TD of the protein

and TD of most individual amino acids, in casein diet, are small (less than

2%). Only serine, proline, lysine and orginine have TD values higher than that

of the protein of KPI diet. Most of the individual amino acids in KPI+thr. diet

have TD values higher than that of the protein of the same diet. Proline, lysine

and arginine have a remarkable higher TD values in both diets based on

karkade protein isolate. Methionine has the lowest TD value (80.27%) in

case of KIP diet. Low digestibility of methionine in
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Amino acid

Aspartic acid

Threonine

Serine

Glutamic acid

Proline

Glycine

Alanine

Valine

Methionine

Cystinc

Isoleucine

Leucine

Tyrosinc

Phenylalanine

Histidine

Lysine

Arginine

True digestibility (%) Mean ± S.D. (n = 3)

Casein (control)

99.00 a*± 0.306

99.20 a ±0.058

96.80 a ± 0.400

97.60 a ±0.115

99.97 a ±0.033

99.40 a ±0.361

97.87 a ±0.731

98.30 a ±0.100

98.87 a ±0.088

99.45 a ± 0.360

96.33 a ±0.120

99.50 a ±0.058

99.93 a ± 0.033

99.97 a ± 0.033

99.93 a ±0.067

100.00 a ±0.00

99.73 a ± 0.267

Karkade proein isolate

90.27b* ±1.737

90.37 b ±2.028

94.83 a ± 1.638

93.80 c ±0.781

98.80 a ±0.723

88.27 b ±3.246

86.30 c ± 1.514

92.33 b ±2.010

80.27 b ±3.231

89.006b ±3.245

90.30 b ±2.413

89.10 b ±3.380

86.13 b ±3.229

92.23 b ± 2.079

89.23 b ±2.802

95.87 b ±0.869

95.6 a ± 1.089

ICarkade protein isolate supplemented

with 0.2% threonine

93.80 b* ±0.173

97.00 a ±0.346

96.40 a ±0.404

95.60 a ±0.115

99.13 a ±0.176

93.90 ab± 0.569

93.90 b ±0.208

96.57 a ±0.333

94.23 a ±0.754

93.95ab± 0.560

95.47 a ±0.504

96.46 a ±0.285

95.13 a ±0.384

96.60 a ±0.251

94.10 a ±0.200

97.67 b ±0.200

95.07 a ±2.934

* Duncan's grouping

- Means not followed by the same letter are significantly different (p<;0.05).
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legumes and cereals had been reported by Sarwar, et al. (1989). Eggum

(1973) determined TD values for amino acids in some cereals. The lowest TD

in all cereals investigated was that of lysine. Lysine TD in barley, oats,

wheat, maize and sorghum was found to be 76.0, 79.6, 79.2, 84.6 and 72.7%,

respectively. The effect of tannins in depressing amino acid digestibility in

cottonseed was verified by Yu and his colleagues (1996).

True digestibility values for most of the ammo acids in casein and

KPI+tlir. diets were not significantely different (P<0.05) as seen fi-om the data

in Table 4.21. However, in comparing TD values of amino acids in KPI and

KPI+thr. diets, a consistent increase in digestibility values for most amino

acids following threonine supplementation was observed. An increase by 7

and 14% in TD for threonine and methionine, respectively, hi the

supplemented diet; indicates a good recovery' of the added threonine and also

enhancement of digestibility of other essential amino acid(s). Sarwar (1984)

showed that lysine supplementation to whole wheat flour increased true

digestibility values for all essential amino acids, lysine digestibility, in

particular, was increased by 13% while methionine supplementation

increased digestibility of methionine in soybean flour from 92 to 95%, and

that of cystine from 86 to 90%.

4.14. Protein digestibility-corrected amino acid score
and available amino acids scores.

Table 4.22 shows the values calculated for amino acid scores adjusted

for digestibility and essential available amino acids, for the three diets under
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Table 4.22, Protein digestibility-corrected amino acid score and essential

available amino acids scores1-3

Amino acid score

True protein digestibility2

Digestibility-corrected

amino acid score

Diet

Casein

1.19

98.15

1.00

Karkade protein

isolate

0.67

94.40

0.63

Karkade protein

isolate supplemented

with threonine

0.67

94.55

0.63

Available amino acids scores'":

Lysine

Threonine

Valine

Methionine+Cystine

Isoleucine

Leucine

Phenylalanine +

Tyrosine

147

124

177

140

186

144

176

84

62

120

124

96

80

124

86

65

126

148

104

86

132

The lowest amino ratio in scoring pattern. For casein calculated from data in

Appendix (4), for karkade protein taken from Table 4.17.

True digestibility values from data in Table 4.20 .

Expressed as % of requirements of preschool childs.
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investigation: casein diet; karkade protein isolate (KPI) and karkade protein

isolate supplemented with 0.2% tlireonine (KPI + thr.). KPI and KPI+thr. diet

has the same digestibility-corrected amino acid score value (0.63). Eggiim

and Juliano (1997) designated the figure (obtained by mutliplying TD by

amino acid score) as the protein quality of the diet. Protein digestibility-

corrected amino acid scores for selected food had been determined by the

joint FAO/WHO (1991) expert consultation. Autoclaved fababeans, canned

chickpeas, soybean protein concentrate, soybean protein isolate, rape seed

protein isolate and sunflower protein, had amino acid score adjusted to

digestibility as reported by FAO/WHO (1991) of 0.47, 0.71, 0.99, 0.92, 0.83

and 0.37, respectively.

The data concerning available amino acid scores of the diets tested

(Table 4.22) confirmed the previous suggestion considering threonine as the

first limiting amino acid of karkade seed protein. The sulphur containing

amino acids of the seed protein have the highest available amino acid score.

Threonine supplementation lead to higher availabe amino acids score values

for most of the essential amino acids. Sarwar (1984) considered available

amino acid score as the most reliable indicator of amino acid bioavailability.

4.15. Biochemical parameters

Table 4.23 shows rat plasma analyses following feeding on control diet

(casein) and karkade protein isolate (KPI) for a period of four weeks.
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Table /1.23. Blood plasma analysis

Pummel ers

Total protein (mg/ml)

Albumin (mg/ml)

Urea (mg/ml)

Free amino acids (j.ig/ml)

TIIR

SI2R

GLU

PRO

ALA

VAL

MET

HIS

LYS

GLY

ARG

PH-ALA

Did tested

Menu * ± S.I)

Casein (control)

100.1 a" ±12.2

28.9 a ± 5.3

0.15b ± 0.02

42.0 a ± 0.6

19.3 a ± 0.7

16.7a ± 1.5

1 I 8.3 a :!: 10.1

31.7a ± 1.8

9.0 a ± 1.2

13.3 a ± 0.3

7.0 a ± 1.0

141.3 a ± 4.7

18.0 a ± 0.6

•7.3 b ± 1.3

13.3 b ± 0.9

Knrkadc (protein isolate)

65.8 b ±3.5

21.4 a±0 .5

0.25a±0.01

12.0 b ±1.5

16.3 a ±0.9

15.3 a±0 .3

40.0 b I 1.7

23.0 b ± 1.5

4.3 b±0 .3

8.3 b±0 .3

17.7 b ± 1.5

75.7 b ±3.4

14.3 b±0 .7

62.3 a ±6.7

24.7 a ±3.7

* Mean ± S. D. (n = 3).

** Duncan's grouping means not followed by the same letters are significantly different

0.05).
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Plasma protein of the rats fed on casein diet (100.1 mg/ml) was higher

and signficantely different from that of KPI diet which was 65.8 mg/ml.

Plasma albumin contents were not significantely different (p< 0.05) for the

two diets, although albumin content in the case of casein diet was

slightely higher. Plasma total protein and albumin levels were positively

associated with rat PER values for diets tested; including soy protein isolate,

peanut defatted flour and wheat protein isolate according to Jenkins and

Mitchell (1989), who reported plasma total protein as 48.3, 44.8 and 43.0

mg/ml, respectively.

The urea contents in the plasma of rats fed casein and KPI diets were

0.15 and 0.25mg/ml, respectively. The higher concentration of urea nitrogen

in the plasma of rats fed KPI diet indicates the presence of higher quantities

of amino nitrogen resulting from the breakdown of tissue or dietary'protein.

The significant relationship between the biological value of the diet and blood

urea levels had been shown by several workers (Eggum 1970, Bodwell 1975,

Jenkins and Mitchell 1989). Eggum (1970) stated that there was an inverse

relation between the blood urea content and the biological value of the diet.

The same author reported blood urea values for rats fed on casein, soybean

meal, ground nut meal, sorghum and green peas to be 0.12. 0.23, 0.20. 0.27

and 0.31 mg/ml, respectively.

Thus the data in Table 4.23 indicate that karkade protein isolate is

lower in quality than casein due to lower plasma total protein and higher

plasma urea contents, compared to casein.
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Free amino acids levels in the plasma of rats fed on casein and KPI

diets are shown on Table 4.23. Only serine and giulaniic acid levels were not

significantly different. Arginine, an essential amino acid for rats (see

Appendix 4), was found at high concentration in plasma of rats fed on KPI

diet. This may be due to the karkade seed protein high content of arginine.

Other essential free amino acids measured include: Threonine; valine;

methionine; histidine; lysine and phenylalanine. All these amino acids, except

phenylalanine, have higher levels in the plasma of rats fed on casein diet than

that of KPI diet. A remarkable difference in threonine in case KPI diet,

compared to the level for casein diet, might indicate the deficiency of this

amino acid. Davis and Austic (1994) stated that the rapid decrease in the

concentration of the limiting amino acid in the plasma of rats consuming an

imbalanced diet may be due to increased liver protein synthesis or an increase

in catabolism of the limiting amino acid. The value of threonine measured in

rat plasma according to Floch el a/. (1996) may by lower than the actual

value of threonine retention due to threonine oxidation to glycine.

Free amino acid levels in the serum of rat fed on wheat and casein diets

showed the same pattern for all amino acids except lysine which was 285

uMol/1 in wheat diet and 1080 p.Mol/1 in casein diet (Jansen, et al. 1991). A

comparison of serum amino acids in soybean protein-fed, versus casein-fed

rats showed that concentrations of many amino acids were lower in the

soybean protein-fed rats compared with the casein-fed group (Horigome and

Cho, 1992).
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From the discussion of the results of free amino acid levels (Table

4.23) and citation of some relevant examples from the literature, a general

conclusion regarding plasma amino acid response as an indicator of protein

quality, can not yet be drawn. Bodwell (1975) suggested that the approach

could be useful for monitoring nutritional changes, induced by heat or other

processing treatment, in a single protein or food product.

Liver weights and liver arginase activity in rats fed casein and KPI

diets are shown in Table 4.24. Relative liver weight in rats fed on KPI

(5.63%) was slightely higher than that of rat fed casein diet. Jenkins and

Mithchell (1989) reported that relative liver weight of rats fed soy protein

isolate was not significantly different from that of the group fed on casein

(control) diet. Other protein sources fed to rats (in the same study) resulted in

a relative liver weight higher than, and significantly different from that of

casein diet. They suggested that increase in the relative liver weight might

indicate stress and/or possible changes of the tissue due to the test diet.

Arginase activity in the liver of rats fed on KPI diet (Table 4.24) is

slightly higher than that of the group fed on casein diet. Although total

arginase acitivity in the group fed casein diet is almost double the total

activity of the other group. This is due to the hgiher liver weight in casein-fed

group. Bodwell (1975) concluded that the relation between arginase activity,

in the liver of rats, and urea excretion was not clear. He also stated that the

correlation between arginase activity and protein quality, as proposed by

some workers, was still to be verified. Hartman and Prior
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Table 4.24. Liver weight and arginase activity of rats fed casein and karkade protein isolate

Diet Body weight
(g)

Liver weight

(S)

Liver weight /
body weight

(%)

Axginase activity
(micromole urea per T o t a l arginase activity
g liver per min.) (micromole urea per min.)

Casein (control) 151.00* ± 11.62 6.89 ± 1.04 4.61 ± 0.347 1.45 ±0.268 10.136 ±2.411

Karkade Protein
isolate 70.03 ±12.079 3.89 ±0.206 5.63 ±0.755

1.53 ±0.355 5.98 ±1.722

Mean±S.D. (n = 3).
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(1992) showed that dietary arginine deficiency affects the activities of urea

cycle enzymes in the liver of rais. Another study (Haj'ase, et al. 1993)

discussed the role of thyroid hormone in urea synthesis in rat liver, together

with arginine effect.

From the preceding discussion it can be seen that arginase adivity in

the liver of the rat depends on interrelated factors; dietary protein intake, or

specific amino acid intake, is one of them. Feeding of rats with karkade seed

protein for four weeks did not lead to a remarkable change in arginase

activity in the liver or the liver weight, compared to feeding with casein diet

for the same period.

Another study (Farjou and Al-Wandawi, 1983) discussed the effect of

incorporting ground karkade seeds into the pellet diet of mice and rats. They

concluded that mice had no change in their motor behaviour or seizure

susceptibility. The intestine, kidney, heart, and aorta in mice were of normal

histological appearance. A reduction in serum triglycerides was seen in rats

12 weeks after feeding on pellets cotaining karkade seeds, total serum

cholesterol remained unaffected.

4.16. Functional properties

4.16.1. Solubility

The solubility profiles of karkade defatted flour (KDF), karkade protein

concentrate (KPC) and karkade protein isolate (KDI) are shown on Figure 4.
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The solubilities of KDF, KPC and KPI were comparable to that of plant

proteins reported by several workers (Wolf 1970, Lawhan and Cater 1971,

Wang and Kinsella 1976, Narayana and Rao 1982, King el a!. 1985, Ahmed

and Ramanathan 1988, Al-Kalitani and Abou-Arab 1993). Minimum protein

solubility for all products occured between pH 4 and 4.5 ({lie approximate

isoelectric point for the proteins). On the other hand, maximum protein

solubility was observed in the alkaline and acid ranges. KPI was more soluble

between pH 2 and pH < 4 than KDF and KPC. However, KDF and KPC

were more soluble between pH 6 and pH 10. Protein solubility at various

pH values may serve as an indicator of how well protein isolates might

serve when they are applied to food systems, and also indicate the extent of

protein denaturation due to heat or chemical treatment. The good solubility of

karkade protein products might contribute beneficial functional properties.

4.16.2. Bulk density

Bulk densities of karkade seed products are shown in Table 4.25. The

btilck density of KPC was higher than that of KDF and KPI. Al-Kahtani and

Abou-Arab (1993) reported bulk density for soybean protein isolate (0.678)

and M. peregrin a protein isolate (0.677 g/ml). The bulk density of cotton

seed defatted flour was 0.29 g/ml (Rama and Raorl 983), Whereas the bulk

density of winged bean defatted flour and soybean defatted flour were 0.45

and 0.46 g/ml, respectively (Dench ,1982). Bulk density depends on the

combined effects of interrelated factors [intensity of attractive interparticle
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Tabie 3.25 Functional properties of karknde seed products a-c

Water absorption capacity (ml/g of protein)*

Oil absorption capacity (ml/g)*

Bulk density (g/ml)

*
Emulsifying activity (%)

Apparent viscosity (Cp) [25 °C]

KDF

2.43 ±0.1155 A

2.06±0.1150B

0.37 ±0.0121 C

51.97 ± 0.9500 C

38.40 ±2.890 A

KPC

2.13 ±0.153 B

1.93 ±0.058 B

0.64 ±0.009 A

54.83 ±0.289 B

10. 91 ±1.250 B

KPI

2.47 ± 0.058 A

2.77 ±0.153 A

0.54 ± 0.008 B

56.83 ±0.666 A

37.30 ± 1.030 A

Means ± S. D (n = 3).

Means not followed by the same letters are significantly different (P < 0.05).

° 20 RPM.
* Adjusted to pH 7.0 .

124



forces, particle size and number of contact points] (Pel eg and Bagley, 19S3).

It also depends on the type of solvents used to extract protein products (Wang

and Kinsella 1976) and on the method of drying (Bryant et al 1988).

4.16.3. Water and oil absorption

Table 4.25 shows the water and oil absorbtion capacities of karkade

seed products. KPI was the highest among the other products with regard to

water and oil absorption. Water and oil capacities of some seeds proteins

were reported by several researchers (Wang and Kinsella 1976, Okezie and

Bello 1988, Lopez et al. 1991, Al-Kahtani and Abou-Arab 1993). The degree

of water retention is considered to be useful as an indication of performance

in several food formulations, especially those involving dough handling

(Circle and Smith 1972). Water absorption capacity of isolates may be

affected by conformation and environmental factors. Conformational changes

in the protein molecules may expose previously enclosed aniino acid side

chains, thereby making them available to interact with water. Oil absorption

of food products is an important functional property because it improves

mouthfeel and flavor retention (Kinsella 1976). Protein-enriched composite

flour (made up of 30% edible defatted groundnut flour and 70% sorghum

meal) have improved functionality in terms of water absorption, water

retention and oil absorption capacities compared to sogrlium meal alone for

the three functional properties, respectively (Ahmed and Rarnanthan, 1988).
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4.16.4. Emulsifying activity

Emulsifying activities of karkade seed products are shown in Table

4.25. The emulsifying activity of KPI was significantly higher (P< 0.05) than

that of KDF and KPC. The emulsifying activity of KPI was similar to that of

Chinese rapeseed protein isolate (Xu and Diosady 1994), where as it was

higher than that of soybean protein isolate and lower than that of chickpea

protein isolate (Lopez el a!. 1991). Proteins constitute an important group of

emulsifiers because they reduce interfacial tension, form rigid interfacial

films, and possess charged groups (MC Watters and Cherry 1981).

4.16.5. Viscosity

Apparent viscosity values for KDF, KPI and KPC are shown in Table

4.25. KPC showed the lowest value compared to KDF and KPI. Viscosity

values for KDF and KPI were not significantly different (P< 0.05). Apparent

viscosity of 8% sodium soy proteinate was 10 poise (Brookfield) and at 10%

was 50 poise (Circle and Smith 1972). Idouraine (1993) reported that

apparent viscosity of soy protein isolate (15%) was 65 centipoise

(Brookfield) at 25 °C. The same author also tested protein fractions of tepary

bean for apparent viscosity. He concluded that the variation in viscosities of

the tested materials might be due to protein concentration and specific

properties of the protein [molecular weight, shape and orienation of the

molecules] (Idouraine, 1993). Launay and Lisch (1979) determined the
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viscosity of five sunflower protein isolates. The viscosity values of those

isolates ranged between 46-990 poise.

Variation in viscosity values in different reports might be due to

different instruments used, and different prameters of analysis, sample

preparation and other factor like pH and temperature. Figure 5 shows flow

curves of karkade seed products. Sheer rates values were plotted against

apparent viscosity values. KPC showed the lowest viscosity values

corresponding to sheer rate values. KDF showed a higher flow pattern than

KDF. Flow curves of protein dispersions were reported for sunflower protein

isolate (Launay and Lisch;1979), for P-lactoglobulin (Lee and Rha,l 979) and

for soybean protein isolate (Hermanssoj],1979).

4.17. PhysicochemicaJ properties

4.17.1. SDS polyacrylamide gel elecfrophersis

Figure 6 shows the SDS-PAGE patterns of defatted karkade seed flour.

Water and salt soluble fractions were electorphoresed under denaturing

reducing conditions. Table 4.26 gives the molecular weights (kda) of protein

components in the two fractions. Both fractions contain several protein

components with molecular weights of 12-109 kda.

In the water soluble fraction (albumins), 14 protein band were

separated which vary considerably in their molecular weights. The most

predominant protein component having molecular weight of 21.7 kda.
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ti 1

Figure 6: SDS-PAGE pattern of karkade see.d protein.

A : Salt soluble fraction.

B : Water soluble fraction.

C : Standard proteins.
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Table 4.26. Molecular weights of protein of water and salt soluble fractions of

karkadc seed defatecd flouv 1-3

Water soluble fraction

Retention
time(l)
(Min.)
4.45

4.99

5.14

6.51

6.66

7.20

8.66

9.12

9.71

10.22

10.41 \

10.75

1 1.13

11.49

Molecular
weight (2)

(kDa)
108.7

92.1

88.0

57.9

55.3

46.9

29.9

26.0

21.7

18.6

17.6

15.8

14.1

126

Peak
area (3)

(%)
2.29

4.11

1.59

4.16

4.35

2.43

7.67

4.97

33.68

3.27

1.60

5.29

9.13

13.11

Salt soluble fraction

Retention
time(l)
(Min.)
5.34

5.96

6.28

6.60

7.07

7.43

7.65

8.88

9.09

9.52

9.71

10.39

10.57

10.85

11.21

11.46

Molecular
weight (2)

(kDa)
82.9

68.5

62.1

56.3

48.8

43.7

40.8

28.0

26.3

23.0

21.7

17.7

16.7

15.3

13.7

12.7

Peak
area (3)

(%)
1.69

2.13

4.12

2.30

13.98

17.76

3.34

9.69

2.01

3.30

1.22

5.08

4.09

21.22

3.81

1.29

(1) Retention (in minutes) were obtained from the scanning data.
Retention times of standard protein having MW of 94, 67, 43, 30, 20.1 and 14.4 kDa
were 4.95, 5.97, 7.39, 8.84, 10.01 and 10.96 Min., respectively.

(2) Molecular weights of karkade seed proteins were determined by comparing their
retention times to that of the standard proteins using logarithmic linear regression
computation

(3) Peak areas were obtained from the scanning profile. Protein bands having less than
1% area were rejected.
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In salt soluble fraction (globulins) 16 different protein components

were separated. The major protein bands in this fraction have molecular

weight of 48.8, 43.7 and 15.3 Kda.

The disappearance of protein components of high MW (85-108 Kda) in

case of salt soluble fraction was observed. Chango el al. (1995) noticed that

the increase in heating temperature, used for coagulation soluble lupin

proteins, removed the high molecular weight proteins from the supernatants.

The large number of protein bands shown in Table 4.26 for the two

fraction may indicate breakdown of these proteins to give a number of low

molecular weight subunits. Marcone et al. (1994) reported that the albumin

fraction ..from the seeds of Amaranlhus hypochondriacus was fround to

possess a molecular mass of 133400 Da and composed of a number of

homogenous low molecular weight subunits held togather by hydrogen bands

and hydrophobic interactions.

4.17.2. Ultraviolet absorption (UV)

Figure 7 shows the UV absorbtion spectra of karkade defatted flour

(KDF) and protein isolate (KPI). Maximum UV absorbtion for the two

products was at 280 nm for KDF and at 275 nm for KPI. Maximum UV

absorbtion of food proteins was reported by man}' workers to be arround 280

nm (Abdel El-Aal and Hamza 1986, Ahmed el al. 1988, Sathe et al. 199A).
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Figure 7 : UV absorbtion spectra of karkade seed defatted flour

and protein isolate.
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In the case of the protein isolate, there was a shift to lower wave length (275

iirn) at which maximum UV absorbtion was recorded. Heat denaturation of

lupin seed protein (Rahma and Rao, 1984) gave a similar effect. The

observed shift in this study ma}' be due to the denaturation caused by the

high alkaline media (pH 11.0) used for extracting and preparating the protein

isolate.

4.17.3. Gel filteration

Figure 8 shows gel filteration profile of salt extracted (1 Molar NaCl)

defatted karkade seed flour. The gel spectrum in Figure 8 can be considered

for salt extract (globulins). Three major peaks are produced. The high

absorbance values of the fractions comprising these peaks and the small

number of these fractions might indicate the homogenity of the extract. The

large number of protein subunits in the salt soluble fraction separated by

SDS-PAGE, compared to the peaks of gel filteration, may show either the

high degree of polymerization for the structures of some of these protein, or

may indicate a poor fi-actionation of the protein by gel filteration compared to

SDS-PAGE.
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Figure 8: Gel filteration profile of karkade seed protein.

Piotein extracted in 1 Molar NaCl solution.

5 ml of the protein solution (100 mg)

fractionated on a column of sephecryl/300 HR equilibrated with 1

Molar NaCl, flowrate 30 ml/hr.
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The findings of this study confirmed that of other works in considering

karkade seeds as potential source for oil (21.5%) and protein (26.5%).

Moreover, karkade seeds contain high amounts of potassium and sodium, and

also rich in trace elements e.g zinc and copper.

The physicochemical properties of karkade seed oil generally resemble

that of other vegetable oils. Oleic, lenoleic and palmitic acids are the major

fatty acids in karkade seedoil. The unsaturated fatty acids (oleic and lenoleic)

constitute 70% of total recovered fatty acids.

The solubility of karkade seed protein is maximum at alkaline pM

values, while the solubility of the protein is minimum at pH 4.0. Defatted

flour extracted by cold method from karkade seeds is better than that

extracted by hot method in obtaining good protein recovery. The two salts

used (NaCl and CaiCl) showed different values with respect to protein

extracted. The salt effect is dependent on salt molarity and solvent ot flour

ratio. Generally, alkaline extractions give higher extractable protein

percentage than extraction with salts.

The method used to coagulate the soluble extracted protein was acid

precipitation at the isoelectric point (pH 4.0). Alkaline extraction prior to

coagulation gave the highest protein yield, protein solubility and protein

coagulation, respectively. This in comparison with other solvents used.

The protein contents of the processed karkade seed products are 31.5,

50.6, 62.2 and 88.2% for full fat flour, defatted flour, protein concentrate and
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protein isolate, respectively. The increase in protein contents ot these

products, compared to whole seed Hour, is due to effect of processing in

eleminating non-nitrogenous components from each product. A satisfactory

protein recovery for the defatted flour, protein concentrate and protein isolate

was obtained. Protein losses during processing in many cases were

unavoidable.

Karkade seed protein was fractionated due to solubility into albumins,

globulins, glutelins and prolarnins. Water soluble proteins (albumins) and salt

soluble proteins (globulins) constitute the bulk of the proteins present in

karkade seed. A further investigation is needed to reveal the nutritional,

functional and physicoehemical properties of karkade seed protein fractions.

Gossypol and tannins were found in karkade seed proteins in

negligable amounts. However, protease inhibitors and phytates were found in

quantities which may decrease the nutritional value of karkade seed protein

products. Processing of the defatted Hour into protein isolate was followed by

reduction in phytic acid content. Protein isolate content of trypsin might be a

cause for lowering its nutritional value. Thermal liability of trypsin inhibitor

offers a possibility of using heat treatment as means of inactivation.

Biological evaluation of heat treated protein is needed to give an evidence for

nutritional improvement of karkade seed protein following heat treatment.

Although, karkade seed protein contains adequate amounts of most

essential amino acid and it is particularly rich in sulphur containing amino

acids, while the protein is deficient in threonine and tryplophan. This deficiency

affects the overall nutritive value of the protein. Amino acid composition and score
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data provide a preliminary useful prediction of the nutritional value of

karkade seed protein.

Other in vilro assays (i.e in vitro digestibility and C-PER) were earned

out in this study. The results of apparent in vitro digestibility and apparent in

vivo digestibility (calculated) for karkade protein isolate were more or less

.similar.

Net protein ratio (NPR) of karkade seed protein isolate is 3.01, while

relative net protein ratio (RNPR) for this protein is 0.75 almost similar to the

value obtained for net protein utilization (NPU) of the protein isolate which is

75.07%. From the nitrogen balance assay results, karkade seed protein has

true digestibility (TD), biological value (BV) and Net Protein Utilization

(NPU) values comparable to other protein sources. The effect of thronine

supplementation was not significantly different for TD, BV and NPU,

respectively. However, threonine, when added to karkade seed protein

isolate, led to higher TD values from mostoftheessentialaminoacids.lt

could be concluded that threonine supplementation to karkade protein is

beneficial, although supplementation effect should be further clarified by

using graded levels of added threonine and by different hydrolysis periods (48

hr, 72 hr) for sample preparation prior to the determination of the recovery of

the ainino acid.

The protein quality of karkade seed protein is 0.63 (compared to casern

which is 1.00). This value was determined by digestibility-corrected amino

acid score method.
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The biochemical indices assayed inckide rat plasma analyses and liver

weight aiid its arginase activity. Although the values for these biochemical

parameters are generally higher in case of casein (compared to k^rkade seed

protein), karkade seed protein feeding to rats for period of four weeks was

not followed by a serious increase (or decrease) in the values of these

parameters. It is noteworthy to remark that no death of any rat in the group

fed on karkade seed protein dietwas recorded. However, an overall weight

gain was observed for this group.

Solubility profiles and other functional properties of karkade seed

products are comparable to that of other plant proteins. Karkade seed protein

isolate has remarkable good functional propcriies in terms of water absorption

oil absorption and viscosity.

Water soluble and salt soluble fractions extracted from karkade

defatted flour have molecular weights ranging between 12-85 Kda. UV

absorbtion spectra of karkade seed protein were found to be arround 280 nm.

Gel filtcration of salt extracted defatted karkade seed Hour reveal the

presence of three distinct peaks. Further investigation of other

physicochcmical properties of karkade seed protein is needed. The three

techniques used in this study need also to be carried out on other protein

fractions and on the protein in its native state.
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Estimates a of productive area and production b of karkade duirng the

last two seasons i'rom different regions in the Sudan.

Production

Areas

Northern Kordofan

Western Kordofan

Southern Kordofan

Northern Darfur

Western Darfur

Southern Darfur

Others Slates

Total

Season 1995/96

Productive Area

(103 hectare)

10.08

28.14

12.60

1.26

1.68

2.10

2.10

57.96

Production

(103ton)

1

3

i

-

l

l

l

8

Season 1996/97

Productive Area

(103 hectare)

39.06

59.22

0.84

0.84

1.68

1.68

-

103.32

Production

(103ton)

2

6

1

-

-

-

-

9

a : Source : Records of statistics and informations department, Ministry of

Agriculture and Forestry, Khartoum,

b : Karkade calyx.
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Appendix 2

Safe levels of protein intake (grams of protein per kilogram bodywesght

per day) as proposed by FAO/WIIO/UNU

Age group

3 to 6 Months

6 to 9 Months

9 to 12 Months

1 to 2 Years

2 to 3 Years

3 to 5 Years

7 to 10 Years

10 to 12 Years

12 to 14 Years

14 to 16 Years

16 to 18 Years

Adults

Pregnancy

Lactation 0 to 6 months

Lactation 6 months

Males

1.85

1.65

1.5

1.2

1.15

1.1

1.0

1.0

1.0

0.94

0.88

0.75

Females

1.85

1.65

1.5

1.2

1.15

1.1

1.0

1.0

0.95

0.9

0.8 ' '

0.75

(6.0 gu

+ 17.5 ga

+ 13.0 gu

Note : Uncorrected for nutritional vaiuc (ainino acid scores) of mixed dietary proteins for infants

and children and digestibility for all groups.

" Total aaiy addition per subject.

From Energy and Protein Requirements, FA0AV110/UNU, Tech. Rep. Ser. No. 724, World

Health Organization, Geneva, 1985.
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Appendix 3

1985 FAO/I-IWO/UNU Estimates of Amino Acid Requirements at

Different Ages (mg/kg per day)

Amino acid

Histidine

Isoleucine

Leucine

Lysinc

Methionine and

cystine

Phenylalanine

and tyrosine

Threonine

Tryptophan

Valine

Total

infants

(3 to 4 mouths)

28

70

.161

103

58

125

87

17

93

714

Children

(2 years)

?

31

73

64

27

69

37

12.5

38

352

School boys

(10 to 12 years)

?

28

44

44

22

22

28

3.3

25

216

Adults

[8-12]

10

14

12

13

14

7

3.5

10

84

From Energy and Protein Requirements, FAO/WHO/UNU, Tech. Rep. Ser. No. 724, World

Health Organization, Geneva, 1985.
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Appendix (4)

Essential amino acid requirement and content, mg/g protein

a-FAOAVHO/UNU, 1985.

b-FAO/WHO, 1991.

Essential ammo acid

Arginine

Histidine

Isolcucine

Leucine

Lysine

Methionine &

cystine

Phenylalanine &

Tyrosine

Thrconinc

Tryptophan

Valine

A

2-5 year a chiki

-

19

28

66

58

25

63

34

11

35

B

Laboratory rat

50

25

42

62

58

50

66

42

12.5

50

C

Casein b

37

32

54

95

85.

35

i l l

42

14

63
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