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Abstract

This paper deals with sheik Ahmedo Belo role’s in spreading of Islam in Africa, as
this is the main subject of the study. So we shall first answer the following question:
Who is Ahmedo Belo: Following the introduction the paper introduces Belo, then
“Naser Al Eslam Group” and his relations with Arab and others. Further, the study
tackles with Belo’s mission work. The methodology used is the descriptive historical
methodology as it is the most appropriate methodology in such studies. Following the
conclusion of the study are the results, recommendations and the references. Results:
One. Belo’s success in mission work. Two. His political leadership was of noticeable
influence in his mission success. Three. Raising among a good Muslim family with
historical mission work greatly affected his missionary work. Four. His affection with
Sufism was one of the most important motives for his mission work.
Recommendations: one. The Importance of publishing a book to introduce Belo.
Two. The importance of mission work in Africa.
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Abstract:

This study aims to identify the factors affecting the accounting in Libya. Information
was gathered through a questionnaire design includes five environmental factors, have
been distributed to the three categories of accountants are accounting academic -
Accountants and Auditors Chartered Self Employed - reviewers to a financial audit.
The questionnaires were distributed to 120 and the number of questionnaires that have
been packaged 100 questionnaires (any 83% of questionnaires were distributed). To
achieve the objectives of the study. The researcher used descriptive statistics methods
as well as the T test for one sample, the test (One - Way ANOVA; One - Way Kruskal
- Wallis) of three independent samples to test the hypotheses of the study. The study
found that internal factors (social environment ; political and legal environment ;
economic environment; accounting education; accounting profession) Affect
significant effecting at the level of significance of 5% on accounting in Libya. The
study showed that there is no difference to the effect of these factors from the
standpoint of accountants. The study recommended that the indoor environmental

factors are taken into consideration when adopting any process for the development of
accounting in the Libyan environment.

Key words: Environmental Factors , Accounting In Libya , Benghazi ,Libya.
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Abstract :

Small projects constitute a vital part of the economy of any country despite the
competitive role of giant corporations but small businesses are still major sources of
national income and more inclusive labour sectors. micro also plays a sociopath
alongside economic role. Arabic women past and present contributions in the social
and economic development of society, and women and their contribution to society is
one of the fundamental criteria for measuring progress. For information on the status
of women Arabic and the extent to which you should now see the role played by
linking this role by developing educational, social and economic conditions of the
Arabic countries and the impact of these factors on the status of women, according to
a report by the United Nations for 1999, the proportion of female illiteracy reaches
52%. Some statistics indicate that in some Arabic countries to women's participation
in economic activity remains limited as overall rate of participation of women at the
national level ranges from about 9%
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Small projects constitute a vital part of the economy of any country despite the
competitive role of giant corporations but small businesses are still major
sources of national income and more inclusive labour sectors. micro also
plays a sociopath alongside economic role. Arabic women past and present
contributions in the social and economic development of society, and women
and their contribution to society is one of the fundamental criteria for
measuring progress. For information on the status of women Arabic and the
extent to which you should now see the role played by linking this role by
developing educational, social and economic conditions of the Arabic
countries and the impact of these factors on the status of women, according to
a report by the United Nations for 1999, the proportion of female illiteracy
reaches 52%. Some statistics indicate that in some Arabic countries to
women's participation in economic activity remains limited as overall rate of
participation of women at the national level ranges from about 9%

oM E

18



@ ks daals
gl Al 4l
dallall ) Alaal)
ISSN 2518-5845

University of Benghazi
Faculty of Education Al marj
Global Libyan Journal
Al-Magallat al-libiyyat al-'alamiyyat

2017 gualgud /02 — o misdly adlebdl 2l
The Weed Flora of some Crop Fields in Al- Oylia region,
Al-Marj, Libya

* Dr. Sabah M. Alhasi & ** Dr. Yacoub M. El-Barasi.

(* Botany Department, Faculty of science, Benghazi University, Al-Marj Branch, Libya. ** Botany
Department, Faculty of science, Benghazi University , Libya)




University of Benghazi
Faculty of Education Al marj
Global Libyan Journal
Al-Magallat al-libiyyat al-'alamiyyat

6 Jady daala
gl Al 48
doallad) dpll) Adaall
ISSN 2518-5845

2017 guedgul /02 — sl cullbdl 2

dihia A Cil g padll Jgla (amy Jga g JAI gali Al 4y ) clibdl
Ll - ol - Ay gl

roadlall
Ge gysal) Jsiall Jsms Jals sali Sl Ay ) sl Jiaad o5 Alall Al a3
Al At 8 gaill Jead ol Jeadly ¢udll calalahall (Jalall ¢ LAl Jualaay
Jiall Jah et Al Qe g g8 (sl diand a al A pall o3 b Ll cxall
Slo saii Alle 16 & e ) QUL (e & 98 41 Jisnd &3 Laln g yaall dpel )30
g5 (11) laal) Allall &5 A5l &) 6Y) e 232 HS) aag 8y Joiall @lli 2gaa
Aegilopos ventricosa, . g!s! (4) Sl ilall5 £1 531 (6) Alall Al
lallas 1) S5 Dl 288 (AAES 5 o ) S5 dplall ¢ 43Y) ) Centaurea Cyrenaica
A 1Y) L) Il e 1,795 1.59 dillae 48U, s e % 29.2 5 50
7l ob Wl i S35 dlle 43S | slaw 8 Bromus rubens, Echium humile
AL g ) 8 1S £ g0 B 1.16-1.120 il 3S 5 %20.85 7.5 o b
Aillae 4S5 9% 8.33 ke 1,85 Vslans %1.92- 0.610m sl s 480y 1) <SS
aga e Al Ay nll A5l g sV Balaw Al jall o328 Ciin B9 50 — 0.16 (e z ) S
Al bl s Y Goa ge @l 05K Lay 135 Ledaly g de sl Jsiall
As 5 el Jgasll (a



6 Jady daala
gl Al 48
doallad) dpll) Adaall
ISSN 2518-5845

University of Benghazi
Faculty of Education Al marj
Global Libyan Journal
Al-Magallat al-libiyyat al-'alamiyyat

2017 guedgul /02 — sl cullbdl 2
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(* Botany Department, Faculty of science, Benghazi University, Al-Marj Branch, Libya ** Botany
Department, Faculty of science, Benghazi University , Libya)

Abstract

The present study aims to record weeds plants within growing fields of Cucumber, Pepper,
Tomato, Lettuce and Onion in Al- Oylia region ,Al-Marj ,Libya. A total number of 41 weed
species 16 angiospermic families were found as a rudreal weeds. Maximum number of
species (11) belongs to the family Poaceae (Graminaceae) followed by Cruciferea
(Brasicaceae)(6) and Asteraceae (Composit) (4) .Aegilopos ventricosa, Centaurea Cyrenaica
, were found to be the most frequently occurring weed with relative frequency (RF) 3.75 and
6.42% respectively , absolute frequency,(AF) of 29.2 and 50% respectively,(AD)1.54and 1.75
respectively, and they recorded in most Eight studied fields showing 75% prevalence. Nine
species namely Allium roseum, Amaranthus retroflexus,Asphodelus tenuifolius, Avena sativa,
Bromus rigidus,Phalaris minor,Phalaris canariensis, Rapistrum rugosum, and Urtica dioica
showed 50% prevalence with absolute frequency (AF) ranging from 16.7-33.3% ,and
relative frequency (RF) from 2.14-4.27%, and(AD) ranging from0.08-0.83 . The lest
frequently occurring specieswith (AF) 8.33% and(AD) from 0.16-50 include six species.
According to the frequency, three dominant weed species were found to be Aegilopos
ventricosa, Allium roseum and Sinapis alba . Generally,the results in the present study
showdominance of the ruderal over the agrestal weeds which may be due to ploughing and
cleaning of agricultural soil.

Key words: weeds, Al- Oylia ,Al-Marj, Crops,Libya.
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Introduction

Weeds are the plants, which grow where they are not wanted. Weeds differ from other
plants in being more adaptive and having peculiar characteristics that make them
more competitive (Dangwal et al., 2010). Agriculture plays a crucial role in the
economy of Libya, so that weed surveys are useful for determining the occurrence and
importance of weed species in crop production systems, Documenting the kinds of
weed species and its relative distribution facilitates the establishment of priorities for
research and extension services. Weeds are the plants, which grow where they are not
wanted. Weeds represent one of the greatest limiting factors to efficient crop
production. They Weeds cause greater economic losses on agricultural lands than all
other pests combined (Kremer and Kennedy 1996).

Potentially serious new weeds are often overlooked until they are widely
naturalized and having harmful impact on agricultural production and environment
(Waterhouse 2003). These weeds effectively compete with the crop for nutrients
,water, space and reduce the yield ranging from 12 to 51 % (Rao and Singh, 1997,
Mukharjee and Singh,2005; Halder and Patra, 2007). Weeds also serve as reservoir
for plant pathogens that may cause significant loss in crop production. They are non-
indigenous plants that can invade or negatively alternative plant communities
(Muhammad et al., 2009).

They may also support populations of non-native animals and microbes and
hybridize with native species subsequently altering the gene pools (Mahanta et al.,
2007). The invasive weeds disturb the structure and composition of the native
vegetation and as result a create pressure on the food chain and web of the ecosystem
(Pysek and Richardson, 2007; Bais et al., 2003; Pimentel et al., 2000). The aim of this
study was to record weeds plants growing as agrestal and rudreal during growing
season of some cultivated crops during growing season of some cultivated crops in
Al- Oylia region ,Al-Marj, Libya .

Materials and methods

Study area

Al- Oylia is located in the north east of Al-marj plain (Fig. 1). It is about of 20 km
east of the New Al-marj city. Al- Marj area is located on the southern coast of the
Mediterranean Sea in the province of Cyrenaica(Newport and Haddor 1963).
Astronomical site extends between latitudes 33° and 31°N and longitudes 20.30°-
21.30°E. It depends on ground water of 350-200 m deep as the chief source of the
potable water (Alshamikh 2009).the study area is characterized by a Mediterranean
climate, with cool rainy winter and hot dry summer (El-Tantawi 2005). ). The lowest
mean value of minimum air temperature varies between 5.5 °C in January and 18.5 °C
in August. The highest mean value of maximum air temperature varies between 20.5
°C in January and 38.3 °C in May. The relative humidity varies between 53% in June
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and 75.2% in January. The Mean annual precipitation is270.3 mm. and most of the
rain falls during winter while summer is virtually dry. according the meteorological
data from Al-Marj city station.
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Fig. 1: A map showing the location of Al- Oylia region.

Field Surveys

Field surveys of different crops growing in Al- Oylia region were conducted during
the growing season of 2015-2016. Eight sites were selected to study weed
distribution, each site was divided into 4 stands (a total of 24 stands). Sampling was
randomly done using 1x1 m? quadrat. According to Riaz et al., (2007). The collected
material was pressed, dried using blotting papers at room temperature, and identified
with the help of available literature, and compared with authenticated specimens in
regional herbaria. Voucher specimens were deposited in the Botany department ,AL-
marj branch, University Benghazi. The data regarding prevalence, absolute, relative
frequency, absolute and relative density of weeds were calculated by applying the
following formulas; percentage of Prevalence = (number of sites in which a specie
occurs/Total number of sites) x 100, percentage of Absolute Frequency =(number of
quadrates in which a specie occurs/Total number of quadrates) x 100, percentage of
Relative Frequency = (Absolute frequency value of a species/Total absolute
frequency for all species) x 100, percentage of Absolute density = total number of
individual of a species in all quadrates/Total number of quadrates and percentage of
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Relative density = (Absolute density value of a species/Total absolute density for all
species) x 100.

Results and discussion

Weeds management in cultivated lands involve the use of many techniques and
strategies, all with the goal of achieving weed control and maximal crop yields.
Ideally, growers would like to achieve a level of zero weeds on their farms. In
practice, this may not be achievable, but any reduction in weeds and in the amount of
weed seed or perennial prop gules reaching the soil will make subsequent weed
control. For weeds to grow, they must have access of water, nutrients, and light
(Bowman 1997).

In the present study, 41 weeds species belonging to 16 angiospermic families
were found as a rudreal weeds in cultivated crops including; Cucumber, Pepper,
Tomato, Lettuce and Onion. Maximum number of species (11) belongs to the family
Poaceae (Graminaceae) followed by Cruciferea (6) and Asteraceae (Composit) (4)
were recorded. As shown in (Table 1), Aegilopos ventricosa, Centaurea Cyrenaica ,
were found to be the most frequently occurring weed with relative frequency (RF)
from 3.75-6.42% , absolute frequency,(AF) of 29.2-50% and they recorded in most
Eight studied fields showing 75% prevalence. Nine species namely Allium
roseum,Amaranthus retroflexus,Asphodelus tenuifolius, Avena sativa, Bromus
rigidus,Phalaris minor,Phalaris canariensis, Rapistrum rugosum, and Urtica dioica
showed 50% prevalence with absolute frequency (AF) from 16.7-33.3% and relative
frequency (RF) from 2.14-4.27% .

Elevene species namely Anagallis arvensis, Anthemis secundiramea,Avena
sterilis,avena fatua,Diplotaxis muralis, Malva egyptia,Plantago albicans,Reseda
alba,Sinapis alba,Sinapis flexuosa, and Sinapis parviflora exhibited 37.5% prevalence
with absolute frequency (AF) from 12.5-33.3% and relative frequency (RF) from
1.60-4.27%.

Table 1. Prevalence(P%), Absolute frequency(AF%), Relative frequency(RF%);
Absolute density(AD), Relative density(RD%) of weeds in growing fields of
Cucumber, Pepper, Tomato, Lettuce and Onion in Al- Oylia region ,Al-Marj, Libya .

Nineteen species showed a low prevalence from 12.5-25% which are; Conyza
bonariensis, Echium humile, Heliotropium europaeum, Lolium rigidum, Malva
parviflora, Malva sylvestris , Papaver hybridum, Polygonum aviculare, Polygonum
equisetiforme, Sonchus oleraceus, and Urtica pilullifera The previous recorded
weeds which recorded as a ruderal may be in the future will become the aggressive
weeds in the cultivated crops due to their high reproductive potential, fast growth rate,
allelopathic nature causing inhibiting of the root length, shoot length, and weight of
cultivated crops (Dagar et al., 1976; Hussain et al., 1992; Navie et al., 1996; Singh et
al., 2005; Batish et al., 2007). InIindia and Pakistan, Rumex dentatus L. is also of
major concern in various crops of economic importance including wheat, since it is a



(5 iy Azala
gl Al 48
doallad) dpll) Adaall
ISSN 2518-5845

University of Benghazi
Faculty of Education Al marj
Global Libyan Journal
Al-Magallat al-libiyyat al-'alamiyyat

2017 gudgel /02 — g miidlg cullidl 2
highly competitive weed and can cause drastic yield reduction (Chhokar et al. 2007;
Anjum and Bajwa 2007; Mehmood et al.,, 2007). So that infestation weeds
distribution within crops fields in studying area will give more information about
quality and yield losses in crop production systems.

The previous and aforementioned important findings seem to point to the
following recommendation:

1- The further studies may also be done to check allelopatic effects of various
weed species recorded on agricultural crops.

2-1t will also be useful in suggesting suitable weed control recommendation for
this region.

:
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Species Family P AF |RF |AD |RD

(%) | (%) | (%) (%)
Aegilopos ventricosa Tausch Gramineae 75 50 6.42 | 1.54 |5.92
Allium roseum L Alliaceae 50 33.3 | 427 |0.79 |3.04
Amaranthus retroflexus L Amaranthaceae 50 25 3.21 10.83 |3.19
Anagallis arvensis L Primulaceae 37.5 | 12,5 | 1.60 | 0.45 | 1.73
Anthemis secundiramea Biv Compositae 37.5 | 12.5 | 1.60 |0.41 |1.57
Asphodelus micropus Salzm&Viv Liliaceae 6.25 | 25 3.21 | 0.54 | 2.07
Asphodelus tenuifolius Cav Liliaceae 50 20.8 | 2.67 |0.83 |3.19
Avena sterilis L Gramineae 37.5 [29.2 |3.75 091 |3.50
Avena fatua L Gramineae 37.5 [29.2 |3.75 | 0.75 |2.88
Avena sativa L Gramineae 50 20.8 | 2.67 [0.08 |0.31
Brachypodium distachyum (L) p.Beauv. Gramineae 25 25 321 1 0.87 |3.34
Brassica tournefortii Gouan Cruciferae 6.25 [20.8 |2.67 |0.70 |2.69
Bromus dandrus Roth Gramineae 6.25 [29.2 |3.75 | 1.08 | 4.15
Bromus rigidus Roth Gramineae 50 16.7 | 2.14 | 0.66 |2.54
Bromus rubens L Gramineae 62.5 | 7.5 096 |1.12 |4.31
Centaurea Cyrenaica Biguiont Compositae 75 29.2 | 3.75 | 1.79 |3.04
Chenopodium murale L Chenopodiaceae 25 20.8 | 2.67 | 0.87 |3.34
Convolvulus arvensis L Convolvulaceae 6.25 [29.2 |3.75 [ 0.95 |3.65
Convolvulus humilus Jaeq Convolvulaceae 25 12.5 [ 1.60 | 0.37 | 1.42
Conyza bonariensis L Compositae 25 12.5 [ 1.60 | 0.37 | 1.42
Diplotaxis muralis (L.) Dc. Cruciferae 37.5 | 12,5 | 1.60 | 0.37 | 1.42
Echium humile Desf Boraginaceae 25 20.8 [2.67 | 1.16 |4.46
Heliotropium europaeum L Boraginaceae 25 20.8 | 2.67 | 0.54 |2.07
Lolium rigidum Gaud Gramineae 25 833 | 1.07 | 0.45 | 1.73
Malva parviflora L Malvaceae 12.5 | 125 | 1.60 [0.45 | 1.73
Malva egyptia L Malvaceae 37.5 | 12.5 | 1.60 |0.70 |2.69
Malva sylvestris L Malvaceae 25 833 | 1.07 | 0.50 | 1.92
Papaver hybridum L Papaveraceae 25 833 | 1.07 | 0.16 |0.61
Phalaris minor (L)Retz Graminea 50 16.7 |2.14 | 0.54 | 2.07
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Phalaris canariensis L Graminea 50 16.7 | 2.14 | 0.41 | 1.57
Plantago albicans L Plantaginaceae 37.5 | 12,5 | 1.60 | 0.37 | 1.42
Polygonum aviculare L Polygonaceae 25 833 | 1.07 |0.33 | 1.27
Polygonum equisetiforme S.et.SM Polygonaceae 25 12.5 | 1.60 | 0.33 |1.27
Rapistrum rugosum (L)ALL. Cruciferae 50 20.8 |2.67 |0.37 | 142
Reseda alba L Resedaceae 37.5 [ 12.5 | 1.60 | 0.50 | 1.92
Sinapis alba L Cruciferae 37.5 [33.3 | 427 091 |3.50
Sinapis flexuosa (Poilet)Lam Cruciferae 37.5 | 25 3.21 | 091 |3.50
Sinapis parviflora L Cruciferae 37.5 | 16.7 | 2.14 | 0.58 |2.23
Sonchus oleraceus L Compositae 25 833 | 1.07 | 045 |1.73
Urtica dioica L Urticaceae 50 20.8 [2.67 |0.75 | 1.42
Urtica pilullifera L Urticaceae 25 8.33 | 1.07 | 0.29 |1.11




6 Jady daala
gl Al 48
doallad) dpll) Adaall
ISSN 2518-5845

University of Benghazi
Faculty of Education Al marj
Global Libyan Journal
Al-Magallat al-libiyyat al-'alamiyyat

2017 guedgul /02 — sl cullbdl 2
References

Alshamikh, A. (2009):Microbial pollution of the drink water in El-Marj
city.Unpublished M.Sc.Thesis in Environmental science and Engineering at the
Academy of Graduate Studies- Benghazi Branch.pp:135.

Anjum, T., and Bajwa, R. (2007) :Field appraisal of herbicide potential of sunflower
leaf extract against Rumex dentatus. Field Crop Res., 100(2-3):139-142.

Bais, H.P., Vepachedu, R., Gilroy, S., Callaway, R.M. and Vivanco, J.M. (2003):
Allelopathy and exotic plant invasion: From molecules and genes to species
interactions. Sci., 301: 1377-1380.

Batish, D.R., Lavanya, K., Singh, H.P. and Kohli, R.K. (2007):Root mediated
allelopathic interference of Nettleleaved Goosefoot (Chenopodium murale) on
wheat (Triticum aestivum). J Agron Crop Sci 193: 37-44.

Bowman, G.D. (1997): Steel in the fields: farmer's guide to wee management tools
Sustainable Agriculture Network.

Chhokar, R.S., R.K. Sharma, G.R. Jat, A.K. Pundir and Gathala, M.K. (2007): Effect
of tillage and herbicides on weeds and productivity of wheat under rice—
wheatgrowing system. Crop Prot. 26 (11):1689-1696.

Dagar, J.C., AN. Rao and L.P. Mall. (1976):Regeneration of Parthenium
hysterophorus. Geobios, 3: 202-203.

Dangwal, L.R., Singh,A., Singh ,T. and Sharma C. (2010): Effect of weeds on the
yield of wheat crop in Tehsil Nowshera. J. American Sci. 6(10): 405-407.

El-Tantawi, A.M. (2005):Climate Change in Libya and Desertification of Jifara Plain.
Ph. D. Thesis, der Johannes Gutenberg Universitat. pp: 261.

Halder, J. and Patra, A.K. (2007): Effect of chemical weed-control methods on
production of transplanted rice. Indian J. Agron. 52(2):111-113.

Hussain, F., Abidi, N., Ayaz, S. and Saljoqi, A.U.R. (1992): Allelopathic suppression
of wheat and maize seedling growth by Imperata cylindrica (Linn). P Beauv.
Sarhad J Agric 8: 433-437.

Kremer, R. J. and Kennedy, A. C. (1996): Rhizobacteria as biocontrol agents of
weeds. Weed Technol. 10:601-609.

Mahanta,J.J., Chutia, M. and Sharma, T.C. (2007): Study on weed flora and their
influence on Patchouli (Pogostemon cablin Benth.) oil and patchoulol.J.Plant
Sci., 96-101.

Mehmood, T.K., Khokhar, M. and Shakeel, M. (2007): Integrated weed management
practices in garlic crop in Pakistan. Crop Protection. 26:1031-1035.

Muhammad, S. Z., Khan, T., & Cheema A. (2009): Distribution of Weeds in Wheat,
Maize and Potato fields of Tehsil Gojra, District Toba Tek Singh, Pakistan.
Pakistan Journal of Weed Science Research 15(1): 91-105.

10



6 Jady daala
gl Al 48
doallad) dpll) Adaall
ISSN 2518-5845

University of Benghazi
Faculty of Education Al marj
Global Libyan Journal
Al-Magallat al-libiyyat al-'alamiyyat

2017 guedgul /02 — sl cullbdl 2
Mukharjee, D. and Singh, R.P. (2005): Effect of micro herbicides on weed dynamics,
yield and economics of transplanted rice (Oryza sativa). Indian J. Agron. 50(4):
292-295.

Navie, S.C., McFayden, R.E., Panetta F.D. and Adkins, S.W. (1996): The biology of
Australian weeds. 27. Parthenium hysterophorus L. Plant Protection Quart., 11:
76-88.

Newport, T.G., and Haddor,Y.(1963): Ground Water Exploration in Al -Marj Area,
Crenaica, Libya: Contribution to the Hydrology of Africa and the Mediterranean
Region.United States Government Printing Office, Washington. pp 29.

Pimentel, D., Lach, L., Zuniga, R. and Morrison,D. (2000): Environmental and
economic costs of non indigenous species in the United States. Biosci., 50: 53-
65.

Pysek, P. and Richardson, D.M. (2007): Traits associated with invasiveness in alien
plants: where do we stand? In: Nentwig W (ed) Biological invasions. Springer,
Berlin, pp 97-126

Rao, A.S. and Singh R.P. (1997): Effect of herbicide mixtures and sequential
application on weed in transplanted rice (Oryza sativa). Indian J. Agron. 42(1):
77-81.

Riaz T., Khan, S.N., Javaid, A. and Farhan, A. (2007): Weed flora of Galdiolus fields
in Lahore, Pakistan. Pak J. Weed Sci. Res. 13(1-2):113-120.

Singh, H.P., D.R. Batish, J.K. Pandher and Kohli, R.K. (2005): Phytotoxic effects of
Parthenium hysterophorus residues on three Brassica species. Weed Biol.
Mgmt. 5: 105-1009.

Waterhouse, B.M., (2003): Know your enemy: recent records of potentially serious
weeds in northern Australia, Papua New Guinea and Papua (Indonesia).
Telopea, 10(1): 477-485.

11



@y daala
gl Al 4ls
Agallall dpll) Alaal)
ISSN 2518-5845

University of Benghazi
Faculty of Education Al mar;j
Global Libyan Journal
Al-Magallat al-libiyyat al-'alamiyyat

2017 gundgel /02 — goidlg adbid! 2aiad!

Cooperative learning Strategies principles and Techniques

Yekhlif Khalifa Mousa
( AL-Jabal AL-Gharbi University -Bader College- Libya)




¢ Jady dasla
gl Al Als
duallad) duull) Alaall
ISSN 2518-5845

University of Benghazi
Faculty of Education Al mar;j
Global Libyan Journal
Al-Magallat al-libiyyat al-'alamiyyat

2017 gudgnd /02 — Gomasndly adlid| d2adl
. oadle
) Ul S stadl) abesl) B alasinl jalias e ol L) Al jall a3 Cangs
o) g 65 e (51 (A g s 5 sl n Gpalaall deliy 28 138 Jadll (g gamse (5] O
LA (e ) st )1 310Y) Al ahell f a5 Ay clalll @lld oS
hstail) alail adai] milai (ppalaall aladi) TAS 48 jaal (lutind sa UL gany Gl
J mail) 8 4 slinsal) 48 JLiall 5 S aleill Jaad piboail) Ll G p2all e Cong I3
Al )

Abstract

This study aims to investigate the sources of using cooperative learning relationships
between learners studying any subject in a class .This study may help teachers of any
subject at any level, whether that be foreign Languages, math's or social studies . The
main tool through which the researcher collected data is questionnaire to find out how
teachers use the tips of teaching cooperative learning, so teachers must follow these
tips to make active learning, equal participation in the classrooms
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Introduction

Cooperative learning is a teaching technique that bring students together to learn in
small ,heterogeneous groups ,students work independently without Constant and
direct supervision from the teacher. Cooperative learning is a type of structured peer
interaction emphasizing human relationships ,collaboration between peers, active
learning , academic achievement ,equal participation, and equal status of students in
the classroom. It can be used to teach any subject matter , whether that be foreign
languages ,math, social studies or others.

Group work enables students to move readily from receiving knowledge to
generating knowledge. Though discussions students are able to personalize this
knowledge and scaffold their thinking processes and understanding. Cooperative
learning is a powerful teaching strategy that is more than just a- passing fad. A
research has shown that when implemented properly students in cooperative learning
classrooms outperform their peers in the traditional classroom. The key is knowing
how to implement the strategies to foster interaction while making sure that students
are held accountable.

This pedagogical approach aims to use cooperative learning ( CL) in Libyan
classrooms, to how students work together, respect each other’s opinions, share with
each other before they make any decisions. It also enables students to give
suggestions and proposals.

Hypothesis
In allowing the students to work together and the teacher as a facilitator:

e CL can raise academic achievement.
e CL can increase equal participation.

e CL can bring active learning into the (EFL) English as a foreign language class.

The Problem
The main problem is how we apply the cooperative learning in Libyan EFL classes.

The methodology of the study

The subject of the study will include 5™ and 9™ grades in Some schools in El haraba
area and Bader area. Questionnaires will be given to the teachers based on using
cooperative learning as a new technique in the new syllabus of maths and science in
Libya. 1 may have to ask questions about group work; class discussions;
brainstorming. .. etc to see if some of the strategies of CL are already in use.

Definitions of Cooperative Learning

Introduction

Cooperative learning can be defined as a learner centered instructional process in
which small, intentionally selected groups of three or five students work
interdependently on a well-defined learning task.

First here are some definitions of cooperative learning (CL) (also known as
collaborative learning).
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1) "The instructional use of small groups so that students work together to maximize
their own and each other's learning”. (Johnson& Johnson, 1993: 9).

2) Principles and techniques for helping students work together more effectively
(Jacob, power & Lon, 2002: 1).

3) High ability students learn new strategies by teaching other students in the group.
(Slavin, 1991).

4) "Low and medium ability students benefit from observing strategies of high
ability students. (Slavin, 1991).

In his well-known book about cooperative learning,( Slavin, 1995:60) listed over 90
experimental studies about cooperative learning. He concluded that the reason
cooperative learning succeeds as an educational methodology is its use of convergent
tasks; group goals based on the individual responsibility of all group members leads to
increased learning achievement, regardless of subject or proficiency level of student
involved (See Figure 1).

{... 1s it possible to create conditions to positive achievement outcomes by
directly teaching students structured methods of working together with each other
(especially in pairs) or teaching them learning strategies closely related to the
instructional objectives (especially for reading comprehension skills). (Slavin,
1995:45.)

A 4

Motivation to learn

Elaborated
explanation peer
Motivation to encourage o teaching
Group goals > group mates to learn " . > P e
peer modeling
cognitive —
elaboration
Motivation to help group
P mates to learn peer assessment

Figure 1. Factors influencing learning games

Cooperative learning has been defined as "small groups of learners working together
as a team to solve a problem, complete a task, or accomplish a common goal” (Artz &
Newman, 1990: 448).

Kagan (1989) provided an excellent definition of cooperative learning by looking at
general structures which can be applied to any situation. His definition provides an
umbrella for the work of cooperative learning specialist. He states that: "The
structural approach to cooperative learning is based on the creation, analysis and
systematic applications of structures, or content-free ways of organizing social
interaction in the classroom".
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In cooperative learning students work with their peers to accomplish a shared or a
common goal. The common goal is reached through interdependence among all group
members rather than working alone. Each member is responsible for the outcomes of
the shared goal

The Basic Principles of CL PIES
According to Kagan cooperative learning (2004:1_5),there are four basic principles
symbolized by the acronym PIES.

The acronym PIES helps us remember the four basic principles:

1- Positive interdependence
2- Individual Accountability

3- Equal participation

4- Simultaneous interaction

When these basic principles are in place, cooperative learning consistently produces
academic gains, improves race relations, develops social skills, educates for character,
promotes self esteem, enhances class climate, and fosters leadership and teamwork
skills. When the four basic principles are not implemented, gains are not guaranteed.

The set of four basic principle, PIES are unique to Kagan cooperative learning.
Most approaches to cooperative learning recognize positive interdependence and
individual accountability as basic principles, but each approach distinguishes different
additional principles.

Spence Kagan developed the principles of Equal participation and simultaneous
interaction to helps us ensure both equal and maximum engagement.

Applying PIES helps us understand why some instructional strategies successfully
produce cooperation and achievement whereas others fail.

The PIES Critical Questions:
P Positive interdependence.
Question 1. Positive correlation: Are students on the same side?
Question 2. Interdependence: Does the task require working together?
I Individual Accountability
Question 3. Is individual, public performance required?
E Equal participation
Question 4. Is participation approximately equal?
S Simultaneous interaction
Question 5. What percent of students are overtly interacting at onc

Positive Interdependence.

The positive interdependence is the most well, established principle in the study of
cooperation. When positive interdependence is in place, individuals are almost certain
to cooperate. In the absence of positive interdependence, they may or may not
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cooperate. What do we mean by positive interdependence? Positive interdependence
refers to two distinct conditions that promote cooperation:

1) A positive correlation of outcomes
2) Interdependence

Positive Correlation

The word positive in the term “positive interdependence” refers to “a positive
correlation among outcomes”. A positive correlation occurs when outcomes go up or
down together, when they are positively linked.

When there is a positive correlation among outcomes participants almost certainly
worked together. They cooperate, help each other, and encourage each other. In class,
if I know your success will somehow benefit me, naturally I hope you will do well
and | will encourage, help, and tutor you. When there is a positive correlation among
outcomes, we sense we are on the same side and encourage each other’s success; our
gain is again for me; my gain is again for you. It is the feeling we have when we are
both working toward a common goal, building something together

Interdependence.

The second condition of positive interdependence is interdependence. The word
interdependence refers to how the task is structured. If a task is structured. So no one
of us do it alone, but we can do it by working together, then we are interdependent

Degrees of interdependence:

There are three degrees of interdependence.

e Weak interdependence

The contribution of each team member may contribute to the success of the team.
e Intermediate Interdependence

The contribution of each team member does contribute to the success of the team.
But a team member could succeed on his/her own.

e Strong Interdependence

The contribution of each team member is necessary for the success of the team. The
task is impossible without help — it requires working together.

Structures Create Positive Interdependence

Many structures create positive interdependence by establishing shared goals.
Structures usually have a shared team goal so students cooperate for mutual benefit,
for example, in Jot Thoughts, a team brainstorming structure, the team’s goal is to
generate as many creative ideas as possible in a limited time. As each teammate
comes up with a creative idea, it is a boon to the team.

* Together * Achieves
T.E.AM.

* Everyone * More
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Individual Accountability
Including individual accountability contributes to academic gains in cooperative
learning. Methods which provide a group grade or a group product without making
each member accountable for his or her contribution, do not consistently produce
achievement gains (Salvin, 1983).

Individual accountability can take different forms, depending on the content and
cooperative learning method. One form is reward accountability. For example, if each
student takes an individual test and a team grade is formed by summing or averaging
the individual quiz scores of team members, there will be reward accountability if
each student knows the contribution of his/her teammates to the team score. A second
form of individual accountability is task accountability which occurs if each student is
made accountable to the group for her/his portion of a project.

Equal Participation

Participation is an integral part of the learning process. Students learn by interacting
with the content and with fellow students. Participation is an essential ingredient for
student success; equal participation is an essential ingredient for the success of all
students. If we do not structure for equal participation, it will not occur magically:
without structure, volunteer participation in heterogeneous teams gravitates toward
unequal participation.;

Simultaneous Interaction

The last PIES principle focuses not on the equality of active engagement, but rather
the absolute amount of engagement per student. We ask: What percent are engaged at
once? Engagement can take the form of interaction (as when all students are in pairs
interacting) or it can take the form of individual action (as when all students are
writing at once). To evaluate cooperative learning we focus on simultaneous
interaction, but we consider other forms of simultaneous engagement to be important
as well. (Note: When assessing percent of engagement we focus on overt actions—
forms of engagement we can see or hear. When the teacher is talking, we hope all
students are listening and thinking, but we cannot tell from observing them, so we do
not count that as overt engagement.

Benefits of Cooperative Learning
Cooperative learning is a teaching technique that brings students together to learn in
small, heterogeneous groups.

In these groups, students work independently without constant and direct supervision
from the teacher. Assignments are structured so that everyone contributes, challenges
as well as rewards are shared. Brainstorming, lively discussion and collaboration are
the hallmarks of the cooperative learning classroom

Cooperative learning serves the heterogeneous classroom.

With group work, everyone has the chance to participate, and everyone has a role to
play.

Cooperative learning provides an excellent vehicle for students of differing ability
levels to work together in a positive way. Challenged students can interat,
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successfully with average and advanced students and in so doing can learn that they
too have something to offer.

Cooperative learning models real scientific experience in which scientists work
together, not in isolation, to solve difficult problems, with cooperative learning, the
classroom becomes a fertile environment for ideas and novel solutions.

Benefits of Collaborative Learning

1. Develops higher level thinking skills.

2. Builds self esteem in students.

3. Creates an environment of active, involved, exploratory learning.
4

Uses a team approach to problem solving while maintaining individual
accountability.

Encourages student responsibility for learning.
Involves students in developing curriculum and class procedures.

7. Stimulates critical thinking and helps students clarify ideas through discussion and
debate.

Enhances self management skills.

Establishes an atmosphere of cooperation and helping schoolwide.
10. Students develop responsibility for each other.
11. Creates a stronger social support system.

12. Creates a more positive attitude towards teachers, principals and other school
personnel by students and creates a more positive attitude by teachers towards
their students.

13. Promotes innovation in teaching and classroom techniques.

14. CL activities promote social and academic relationships well beyond the
classroom and individual course.

15. CL processes create environments where students can practice building leadership
skills.

Techniques:-

For English as a foreign language (E FL) instructors, a main concern of using
cooperative learning techniques is whether the techniques will work with students of
varying language proficiencies in large class size .

There are many different cooperative learning techniques, however all of them have
certain elements as established by( Johnson and Holubee (1991). These elements are
necessary to insure that when students do work cooperatively: first, the members of a
group must perceive that they are part of a team and that they all have a common
goal; second, group members must realize that the Problem they are to solve is a
group problem and that the success or failure of the group; third, to accomplish the
group’s goal, all students must talk with one another to engage in discussion of all
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problems. It must be clear to all that each members individual work has a direction
effect on the group’s success.

More than 100 cooperative learning techniques have been developed (see Jacobs,
and loh, 2002; Kagan, 1994; and the Websites in the appendices to learn more of
these) .

1. Circle of Speakers

a) In groups of 2-4, students take turns to speak. Several such Rotating turns can be
taken.

b) students listen’as their partner(s)speak and perhaps take notes, ask questions, or
give feedback.

c) The teacher randomly chooses some students and asks them to tell the class what
their partner(s) said.

d) This technique can also be done with students taking turns to write, or they can
write and speak at each turn.

2. Write- Pair- Switch
a) Each student works alone to write answers.
b) In pairs, students share answers.

c¢) Students switch partners and share their former partner’s ideas with their new
partner.

3 Question- and- Answer pairs

a) Ss work alone to write one or more question.

b) They write answers to their questions on a separate sheet of Paper .

c) Ss exchange questions but not answers.

d) After Sshave answered their partner’s questions, they compare answers
3.1.4 Think, Pair, Share

The think, pair, share strategy is a cooperative learning technique that encourages
individual participation and is applicable across all grade levels and class sizes.
Students think through questions using three distinct steps:

1. Think: Students think independently about the question that has been posed,
forming ideas of their own.

2. Pair: Students are grouped in pairs to discuss their thoughts. This step allows
students to articulate their ideas and to consider those of others.

3. Share: Student pairs share their ideas with a larger group, such as the whole class.
Often, students are more comfortable presenting ideas to a group with the
support of a partner.

Think Pair Share is a cognitive rehearsal structure that can be used to help students:
o recall events


http://www.teachervision.fen.com/pro-dev/cooperative-learning/48531.html
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e make a summary

o stimulate thinking
o share responses, feelings and ideas

Think Pair Share
The teacher sets a problem or asks for a response to the reading.
The students think alone for a specified time.
The students form pairs to discuss the problem or give responses.
Some responses may be shared with the class.

Placemat and Round Robin

This activity is designed to allow for each individual’s thinking, perspective and
voice to be heard, recognised and explored.

Form participants into groups of four.

Allocate one piece of A3 or butcher’s paper to each group.

Ask each group to draw the diagram on the paper.

The outer spaces are for each participant to write their thoughts about the topic.
Conduct a Round Robin so that each participant can share their views.

o 0k~ w Db

The circle in the middle of the paper is to note down (by the nominated scribe) the
common points made by each participant.

7. Each group then reports the common points to the whole group.

Round Robin
Students give their opinions verbally around the circle or group. All members
contribute equally

Numbered Heads Together

Numbered Heads Together is a cooperative learning strategy that holds each
student accountable for learning the material. Students are placed in groups and each
person is given a number (from one to the maximum number in each group). The
teacher poses a question and students "put their heads together" to figure out the
answer. The teacher calls a specific number to respond as spokesperson for the group.
By having students work together in a group, this strategy ensures that each member
knows the answer to problems or questions asked by the teacher. Because no one
knows which number will be called, all team members must be prepare

Mind map
A mind map is a diagram used to represent words, ideas, tasks, or other items
linked to and arranged around a central key word or idea. Mind maps are used to

generate, visualize, structure, and classify ideas, and as an aid to studying and
organizing information, solving problems, making decisions, and writing.

10
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The elements of a given mind map are arranged intuitively according to the
importance of the concepts, and are classified into groupings, branches, or areas, with
the goal of representing semantic or other connections between portions of
information. Mind maps may also aid recall of existing memories.

Mind map guidelines
Mind map of mind map guidelines In his books on Mind Maps author Tony Buzan
suggests using the following guidelines for creating Mind Maps:

1. Start in the center with an image of the topic, using at least 3 colors.

2. Use images, symbols, codes, and dimensions throughout your Mind Map.
3. Select key words and print using upper or lower case letters.

4. Each word/image is best alone and sitting on its own line.
b

The lines should be connected, starting from the central image. The central lines
are thicker, organic and flowing, becoming thinner as they radiate out from the
centre.

6. Make the lines the same length as the word/image they support.

7. Use multiple colors throughout the Mind Map, for visual stimulation and also to
encode or group.

Develop your own personal style of Mind Mapping.
Use emphasis and show associations in your Mind Map.

10. Keep the Mind Map clear by using radial hierarchy, numerical order or outlines to
embrace your branches

Role of the teacher

The role of the teacher is very important in cooperative learning. To have an
effective cooperative learning group teachers must know their students well. Grouping
of students can be a difficult process and must be decided with care. Teachers must
consider the different learning skills, cultural background, personalities, and even
gender when arranging cooperative groups. Much time is devoted to prepare the
lesson for cooperative learning. However, teachers fade in the background and
become a coach, facilitat, or and sometimes a spectator after the lesson is
implemented. Teachers who set up a good cooperative lesson teach children to teach
themselves and each other.

Students learn from their peers and become less dependent on the teacher for help.

Organization of the classroom

One of the goal of cooperative learning is to teach students initiative and self-
reliance. Teachers want to see students seek out their peers for assistance rather than
them. Materials should then be made available so students do not need to search for
them or ask the teacher for help. Students also work more effectively in well
organized classrooms rather than one that is clutter. Students are expected to be
organized. However, if the physical environment is not the same, the example for the
students is not consistent.

11
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Group size

With traditional teaching methodologies students sit in pre-arranged rows. Class
size may be as large as 30 students or more. Cooperative learning works best when
group size is smaller. The ideal cooperative learning classroom has about 15 to 20
students. Students are usually grouped in clusters of 3 to 5. The larger the group size
the more difficult it is to organize tasks, manage different skills, and reach a
consensus. Because the ideal class size is hard to obtain there will be groups with
more members than others.

Group spacing

Within each group students should be properly spaced to maintain eye-to-eye
contact, share materials without bumping elbows, and communicate without
disturbing other groups. Students working in cooperative groups do not always sit in
one place. They usually move around the room to gather information. Barriers should
be minimized to facilitate movement. Different groups should be spaced far enough to
avoid conflict, provide enough room for the teacher to aid students and to monitor
group action and behavior.

Comfort

Uncomfortable furniture distracts students from focusing on their work. Today,
students sit in hard desks that do not always fit them. Students in the middle school
are still growing and vary in size. Much of the day students sit in chairs and are
expected to stay quiet. Students move from class to class approximately every hour.
This leaves fitting each student with a individually sized space as a very unlikely
option.

Safety

The learning environment should not be dangerous for the students. Students should
be able to maneuver around the classroom without harmful effects. The arrangement
of the classroom furniture should be done to avoid the destructive impulses of
children.

Conclusion

Cooperative learning is a structured peer interaction emphasizing human
relationship collaboration between peers, active learning, academic achievement, in
the classroom. It can be used to teach any subject matter, whether that be foreign
languages, math, social studies. Cooperative learning is an instructional approach that
has been shown to promote a variety of positive cognitive, affective, and social
outcomes. The intent of CL is to enhance academic achieve- mint by providing
students with increasing opportunities for discussion, learning from each other, and by
allowing students to divide up tasks in ways that tap into their academic strengths.
According to Dr. Spencer Kagan there are some advantages and disadvantages of CL.
Starting with academic achievement has been increased among those who have used
CL. CL also builds an ethic relation among students creating mutual understanding
between them. CL also increasing one one’s self-steam, social skills and study skills.
It teaches students build social relationships. Moving towards the disadvantages of
CL, the first thing we come across is the student having a lack of social skills would
not know how to work in groups and this could result in task. Another disadvantage is
the group grades, what if only one student is working in a group and all the others are

12
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just enjoying the grades due to his hard work. However, using CL may be difficult at
first. It requires some initial thought and some long term vision to succeed. Often
students may not be familiar with or skilled at working together. Fortunately, the CL
literature allows us to learn from the trail and error and effective practices of
educators who have come before us.
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Abstract

The phenomenon of land use is one of the spatial phenomena that ran a lot of
researchers as representing the events and activities of human, and its interactions
with the human variables, nature and organize resources and land use within the city
and studied for the purpose of employment of the possibilities available to the best
use, research deals with the practical side of modeling applications cartographic for
the dissemination of land use in the city of Balad, using a program (ARC GIS-10)
through the circular tool box (TOOL bOX), where he was preparing generalized maps
to four gauges adoption fee issuers scale (1: 25,000) and circulate maps to scales (1:
50000-1: 100000-1: 250000).

The importance of research in the field of circular cartographic geographical
phenomena (raster and linear and areal) of the uses of urban land in the city, and offer
technical and applied problems and stages of generalization for multiple standards and
differences and diversity in the sizes and levels of generalization and its impact on
cognitive cartographic .otousel search new maps generalized enhanced schedules data
circular, in order to give an idea of the mechanism of cartographic modeling when
circular in land use, especially for the applied side.

Keywords: modeling mechanism, land use, circulation of cartographic, geographic
information systems
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Abstract

HIV a disease caused by virus which suppress the immune system in infected person,
and ready to get infected with some diseases which my effect his life. The HiV first
discovered in last century with bleeding patients exposed to infected blood transfusion
. national Libyan survey show prevalence of the disease as 0.13% in 2005 . people
exposed to social stigma due to people knowledge about the disease and way of
transmission .

Present study include 151 participants student from Benghazi University, to know
their knowledge about disease transmission. The study concluded that 73.5% know
that it is infected disease , 19.0% thought it transmitted by mosquito ,14.7% only
think that infected person can get married . however, the study show a need for more
health education activities specially among youth for better understanding about the
disease and risk of getting infected.
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Investigation of phenol compounds and content of antioxidants
in heated brown seaweed (Ascophyllum nodosum) extract

* Zahzahan.A. Alsaeti, ** Mailud ElI-Amari, *** Muftah Fietur
(Faculty of Public Health —Benghazi University —Libya )




6 Ny daala
gl Al Als
duallad) duull) Alaall
ISSN 2518-5845

University of Benghazi
Faculty of Education Al marj
Global Libyan Journal
Al-Magallat al-libiyyat al-'alamiyyat

2017 gudgnd /02 — Gomasndly adlid| d2adl
JEENN]
3 saS A1) Cleliall e S 8 asa g 32uSY) Clilias (o seady 2l jie alaia Vi
GlieY) b maanyy A0 o) sl 3 dpelilaaY) ddladl of sall Jas dadl el
A Badale Apmaa 208 b o5 A0I0a00 ol sl 8 3auSYT (e ) B 5 L Ay )
Aallaal) Lils e Capeill Al glas sa Al 0 338 (e Caagll Jgdl) IS ja e L) gaY
052l 4282 305 15 53d 200 5121 90 «70 5,0 e o die Al &y )yl
Glabias Al ) Gl Adiaal) 7100 48 s jé 6 ® Seagreens =3 AS,d ae
DPPH 32uS3 saliaall cila sad 35306 aladinly b il i)l (aliiudl 5auSY]
e G sina Jlaal 5 (FRAP) 52083 53l 3581 (10 2al) Ferric sl Lladll 5 )3
30 adl dallaay il a1 guadl) (5 sinall laa) o) Adad) gl @l (Tpc) J sl
121° & Lsale IS Cumisil 48 Gl aay 4382 30 5 15 saal 90° 5 70C aie
Caadl) 39y e S IS (a8as) 3anS aliadll LLadll 488330 515 amzooc 3
ug¢iyad\ aaall 548 Cuaddsl My d8dy 30 5 15 sl 200 ¢ 5121° s
O Al it O (S LBl all Glas aaes b cpall 35k e 3auSY) Cilalias
Y 519 &.\\J\.m.d aal €90 (70C L alekall elal dudic dgmic Ailial laa il
Ao lilaaV) 508U salizaal) o) sall (he

Abstract

An increasing demand for natural antioxidants to replaces synthetic additives
in the food industry. Seaweeds seem to prevent oxidation and proliferation of food
and beneficial to health due to their specific phenolic compounds and antioxidant
activity. The aim of the present work was to investigate the effect of food heat
treatment at, 70, 90, 121 and 200°C for 15 and 30 minutes on the antioxidant capacity
and total phenolic contents in the brown seaweed Ascophyllum nodosum. Was tested
using three antioxidant assays, DPPH radical scavenging activity, Ferric- reducing
antioxidant power (FRAP) and total phenol content (TPC) .Was examined to estimate
the antioxidant activity of Ascophyllum nodosum. Total phenolics were measured
using the Folin-Ciocalteau method. FRAP was tested spectrophotometrically. The 2,2-
Di- Phenyl-1-Picry-Hydrazl radical (DPPH) assay was used to determine Free-Radical
Scavenging Activity. The present data indicated that the total phenolic content was
not affected by heat processing at 70°C and 90 °C for 15 and 30 min. However it was
significantly decreased at 121 °C and 200 °C for 15 and 30 min. Scavenging
antioxidant activity was significantly reduced by heating at 121 °C and 200 °C for 15
and 30 min, but it was not affected at 70 °C or 90 °C , for 15 and 30 min. Ferric
reducing antioxidant power was decreased by processing at all heating temperatures.
It can be conclude that it is beneficial adding Ascophyllum nodosum to food cooked
at 70°C, 90 as a potential source for the antioxidants rather than synthetic
antioxidants.
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Introduction

In this century, scientists extended their researches on antioxidants functions either in
food production or for medical purpose. There many researchers discuss the benefits
of antioxidants in protection of human life and food processing from harmful effects
of free radicals and reactive species, which damage and cause impairment to the
cells and biomolecules which result from peroxidation of lipid (1). Many scientific
papers conducted on natural antioxidants in terrestrial plants and their application in
food to prevent oxidation processes. Also studies show that, marine algae such as
seaweeds have an important potential functions in prevention of oxidation process (2).
This seaweed has a significant therapeutic feature due to their oxidative compounds
(3). Recent studies showed that brown algae have a unique potential role against
tumor induction, because they contain polysaccharides which have special action
against cells apoptosis, inflammation, viral infections and promote immunological
functions (4). Also in inhibition of growth of carcinogenic cells and metastasis (5). in
addition is neuro protective effect (6).

Some countries established seaweeds as daily food intake for example in china brown
alga Hizikiafusi form is used as vegetable. The consumption of edible seaweeds has
been traced back into fourth and sixth century in Japan and China respectively (7).
Japanese are the main consumers of seaweed with an average of 1.4 kg (dry weight)
per person (8). In the year 2004, the total global seaweed production was more than
15 million metric tons (9). In some kinds of foods such as meat exposure to oxidation
process which leads to decomposition of proteins and lipids which result in
deterioration in texture, flavor and color of fresh retail meat (10). Therefore In the
food industry, carrageenans extracted from seaweeds are widely used as thickener and
stabilizer to improve the texture of cottage cheese, to provide the required viscosity
and texture of puddings and dairy desserts, and also it is utilized as binders and
stabilizers in the meat-processing industry (11).

Today many types of artificial antioxidants, which have long been used as
preservatives to delay the oxidation process and biochemical changes. Nevertheless,
these synthetic antioxidants have been partially avoided in food processing as they are
assumed carcinogenic (12). As a result, increase of public attention to natural
antioxidants during the recent years, (13). The nature of survival atmosphere of
seaweeds such as extreme light, shortage of nutrients, dehydration, and temperature
fluctuation (14), all these characteristic environment have direct effect on seaweed to
form antioxidant agents and different free radical species (15). Many characteristics
attracted the biomedical scientists to use seaweeds species as natural alternative
sources of human applications (1). For example study by Zubia et al., 2007
established that, macro algae can be stored for long time without any damage in
component structure during processing and storage (15). The potential ant oxidative
effects of seaweed is due to the presence of specific components such as: "Proteins
with ant oxidative properties, phenolic compounds, such as flavonoids, to copherols,
chlorophyll derivatives, amino acids and amines, as well as other compounds like
carotenoids, ascorbic acid, glutathione macro algae" (1). The main aim of the present
study was to investigate the phenol compounds and antioxidants in heated brown
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seaweed Ascophyllum nodosum ( Family fucaceae ) extract by using in vitro
antioxidant activity assays.

Materials and Methods. The present study was aimed to estimating the total phenol
content and antioxidant activity of Ascophyllum nodosum species of the brown
seaweeds (dry powder) as affected by different temperature degrees as that used
during various cooking temperature and time at 70, 90, 121 and 200°C for 15 and 30
minutes. These used degrees similar to that degrees people using in food processing
bread, meat and other foods, and 121 °C for food pasteurization. Therefore the
rationale behind use of these temperatures was to mimic the cooking temperature of
these foods.

Materials. pure dried powder sample of brown seaweed species Ascophyllum
nodosum was provided by a company called Seagreens® "Asco Fine Granules
Demeter and Soil Association Standards. Ascophyllum nodosum was harvested from
Norway's remote Lofoten Islands, air dried at 37 °C, then ground and packed
immediately

Preparation of extracts. The 2g sample was heated for 15 or 30 minutes at 70, 90,
121 and 200 °C respectively. Antioxidants present in Ascophyllum nodosum were
extracted with methanol according to study in 2007. After heating the samples,
(control and heated) were extracted in triplicate (17).

Solvent for Extractions of Phenol Contents and TotalAntioxidants. Previous
study found that, 70% ethanol and double distilled water which was used in their
study showed that, they have beneficial effect for extraction of phenols and flavonoids
from some varieties of grapes, possibly because ethanolic and aqueous extracts act on
both oil-soluble and water-soluble antioxidants (18). Although study showed that,
pure methanol extract provided a good result when it was used for determination of
water soluble antioxidants capacity of 35 plants species (17). Therefore the solvent
was selected pure methanol (100%) for extraction in present study.

Determination of Total Phenolic Content (TPC). The total phenol was assessed
based on An aliquot (0.1 ml) of the extract or Gallic acid standard 7.5% ml of sodium
carbonate (7.5 g NaCO3 method used by Waterman and Mole in 1994 (19). The
solution was incubated for 2 hours at 25 °C, and the absorbance was measured by
using a spectrophotometer (Cecil, CE 9500 Series, UK).

Phenol standard curve. A standard curve was created using varying concentrations
of a standard phenolic compound, Gallic acid, versus absorption (Figure2 and 3).
Results were then calculated as Gallic Acid Equivalents (GAE) of a sample using the
standard curve. Gallic acid is used as the reference compound because it is only
present in small amounts in the plant material, and it is a stable, pure, inexpensive
substance (20).

Determination of Antioxidant Activity. The antioxidant activity of Ascophyllum
nodosum crude methanolic extract was examined by different assays, first by 2,2-
Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay based on the method
used by Kumar et al.(2008) (21) and Turkmen et al. in 2007 (22). With a few
modifications, the second assay Ferric Reducing Antioxidant Power (FRAP).FRAP
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assay used in this study was adapted according to Escarpa and Gonzalez, (2001)
method (23). The FRAP reagent working solution consisted of 400 ml (0.3M)
Sodium acetate buffer, 40 ml (10 m M) TPTZ, 40 ml (20 m M) FeCI3. The
absorbance was measured at 593 nm using a spectrophotometer (Cecil, CE 9500).
FRAP standard curve was created by using different concentrations of a standard
antioxidant compound, Ferrous Sulphate (FeSO4.7H20) (Tablel).

Statistical Analysis All analysis were carried out in triplicate, and data were
expressed as the means and standard deviation (SD). The excel program for PC was
used for data analysis. Student T Test) was used to get level of significant difference
with p<0.05.

Results: Total Phenol Content (TPC): Figure (1), illustrates the total phenol
content (mg. of gallic acid equivalent /g. dry seaweed weight) extracted in the control
and heated seaweed samples. Interestingly, there were no significant differences
between control and each of these heated samples 70°C, 15 min (18 + 1 mg GE) 70°C,
30 min (20 +1 mg GE), 90°C,15 min (22 + 1 mg GE/ g), 90°C, 30 ( 22 + 1 mg GE)
were p > 0.05 no significant difference between the control and each of these heated
samples. This shows that heating process have no effect on phenol contents at these
heating temperatures and times. However thermal treatment has significant effect on
phenols compounds were p<0.001 between control and each of these treated samples,
121,°C 15 min (14 + 1 mg GE) 121°C, 30 min (14 +1 mg GE), 200°C, 15 min (1.2 +
0.72 mg GE/ g), 200°C , 30 (0.3 + 0.02 mg GE) This shows heating processing had
no significant effect on TPC in samples heated below 121°C , but had negative
significant effect on those samples heated at 121°C and 200°C.

Total Phenol Contents

Figure 1: (TPC) of (100%) pure methanol extract in the
control and heated samples.

All phenolic compound tested samples absorbance power were calculated, Gallic acid
was used as reference compound. We created two standard curves, because TPC was
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conducted in two different days on triplicate samples. The day 1 correlation
coefficient value (R?) was found to be 0.9867, as shown in phenol standard curve
figure (2), and day 2 correlation coefficient (R?) was 0.9284, as in Figure (3).
Therefore the absorbance of day 1 samples were calculated by using correlation
formula of day 1 Gallic standard curve as in (Figure.2), and the absorbance of day 2

samples were calculated by using correlation formula of day (2) Gallic standard curve
as in (Figure 3).

4 ™\
Gallic Acid Standard Curve v=4-R123_6§x9; 2;2625
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Figure 2: Gallic acid standard curve for calibration of
Total Phenols Content (Dayl)
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Figure 3: Gallic acid standard curve for calibration of
total Phenols content (Day 2)
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Antioxidants Activity.

Table 1: The percentage Inhibition of DPPH Radical Scavenging
Activity in the Control and Heated Samples.

Heating temperature and time % DPPH Inhibition
Control 65+ 2.6

70 °C, 15 min 63+ 2.1

70 °C, 30 min 61+2.1

90 °C, 15 min 62 + 2.7

90 °C, 30 min 60+ 2.4

121 °C, 15 min 57+3.1

121 °C, 30 min 57+ 3

200 °C, 15 min 41+2.1

200 °C, 30 min 13+2.6

Values were expressed as meanzstandard deviation of triplicate experiment

DPPH Radical Scavenging Activity: Table.(1) showed the inhibition of DPPH
radical scavenging activity of 100% dry methanolic extract of tested seaweeds. On
the basis of our results, the control sample was found to contain the highest
percentage of radical scavenging activity (65+ 2.6%), followed by 70°C, 15 min (63 +
2%), > 90 °C, 15 min (62 + 2.7%), > 70 °C, 30 min (61 + 2.1%), > 90 °C, 30 min (60
+ 2.4%), > 121 °C, 15 min (57 +3.1%), and >121°C, 30 min (57+4.1%), respectively.
The percentage of DPPH radical scavenging activity gradually decreased as the
temperature and time increased, as showed in Tablel. The antioxidant activity
affected by thermal treatment in seaweed extracts was determined by calculations
performed on the collected data. The T test show significant differences between the
control and each of samples that were heated at 200°C, 15 min (41+2.1%), and > 200
°C, 30 min (13 + 2.6%), the P.value was <0.001. However, the differences were not
significant between the control and each of the samples, as the P.value was >0.05.
Apparently, thermal treatment had a significant negative effect on scavenging activity
when the samples were heated at 200°C for 15 and 30min.

Ferric-Reducing Antioxidant Power (FRAP): In the FRAP assay, antioxidant
activity was determined based on the ability of the antioxidant compounds in the
samples to act as reducer and reducing ferric (I11) to (I1) in a redox-linked colorimetric
reaction that involves single electron transfer (23). Table(2), show the FRAP values
(m mol FRAP/g dry seaweed) of 100% methanolic extracts of the tested samples
including the control and heated samples. The results showed that the highest FRAP
value was found in the control (52+0.75 mmol/g) followed by As 70°C, 15min (40 +3
mmol/g), 70°C, 30 min (37+2.5 mmol/g), 90 °C, 15 (37 + 1.4 m mol/g), 90°C, 30min
(36 + 0.82 m mol/g), 121 °C, 15 (34 + 2.5 m mol/g), and 121 °C, 30 (33 + 2.5 m
mol/g) respectively. However the lowest FRAP values were found in 200°C, 15 min
(29 + 2.4 m mol/g) and 200 °C, 30 min (17 + 1.4 m mol/g) respectively. Interestingly,
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the FRAP values of the heated samples in this assay significantly decreased as the
thermal treatment and time increased.

Table.(2): FRAP values as (mmol/g dry seaweed)

Temperature, time FRAP values (m mol/g
dry seaweed)

Control (52 £0.8)

70 °C, 15 min (40% 3)

70 °C, 30 min (37+ 2.5)

90 °C, 15 min (37+ 1.4)

90 °C, 30 min (36+ 2.5)

121 °C, 15 min (34 2.5)

121 °C, 30 min (33+ 2.5)

200 °C, 15 min (29+1.4)

200 °C, 30 min (17+ 2.4)

Values are expressed as meanzstandard deviation of triplicate experiment.

The ferric-reducing antioxidant power of heated samples was negatively affected by
heating processing. Therefore, the results of the T test showed significant differences
between the control and each thermal-treated sample where the P.value was < 0.001.
Therefore all heated samples had lower FRAP than the control. On the basis of our
results, the heat-processing appears to have had a negative effect on
Ascophyllumnodosumand seems to have decreased FRAP values. However, there
were significant differences due to the thermal processing for these heated samples.
There were significant differences between the control and each heated sample but not
within heated seaweed samples as shown in Table (2).

e = 0.6575x - 0.0051)
FRAP standard curve e
£ y = 0.6575x - 0.0051
“:, R2=0.9884 /<
(<)}
[Tp]
fd
(1]
Q
(&)
[ =
(¢°]
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(7,]
- mM FRAP
- J

Figure (4): Standard Curve for the FRAP Assay
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For calibration of the FRAP assay, aqueous solutions of Fe (Il) (FeSO4.7H20) of
known concentration in the range of 100, 300, 500 and 1000 p mol were used and
tested. The results of analysis found that Fe (I1) concentrations had R-squared value
(R2) =0.9884. (Figure4)

Correlation between Total Phenol Contents and Antioxidants.

4 N\
Correlation between TPC and

AADC 2216
Yy = V. 992087 JJ.LUS

y=0.4426x + 33.107
R? = 0.5987

% of DPPH inhibition

\_ Total phenol contents in mg GE/ g seaweed)

Figure (5): Correlation between Total Phenol
Contents and DPPH
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Figure(6): Correlation Coefficient between Total
Phenols Content and FRAP
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6.Discussion. The present study was carried out to determine the effect of heat
processing at 70, 90, 121, and 200°C for 15 and 30 minutes on total phenol content
and antioxidant activity of a brown seaweed species (Ascophyllumnodosum) using
three assays: TPC, DPPH, and FRAP, we could say.
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6.1. Extraction Solvent Selection and Extraction Efficiency (EE). Methanol was
chosen as an appropriate solvent in order to yield better extraction. Many studies have
found that methanol shows better extraction (24) and it is proved to be the most
effective solvent in extracting phenolic compounds (25). Yen et al, reported that
methanol showed a good recovery rate (88-116%) in the extraction of phenols in fresh
tea compared with chloroform, ethyl acetate and water. 80% methanol (v/v) was
found to be the most efficient solvent to extract antioxidant-containing phenolic
constituents (24). There are many data available about the correlation between the
extracts of phenol compounds and antioxidant activity with solvent extractants. In
particular the DPPH radical scavenging activity of methanol extracts of some brown
algae has been reported (26). And they have been shown to give the highest
antioxidant activity in many seaweed species(17).

6.2 Total Phenol Content (TPC). The Folin—Ciocalteu assay is one of the oldest
methods to be commonly used for assessing total phenol content, based on its
reduction ability and the transfer of electrons (19). Previous studies revealed that
marine seaweed extracts, especially their polyphenols, have antioxidant activity (27).
Using this assay on control and heated samples of Ascophyllum nodosum, we found,
by using the T test, that there were no significant differences in phenol content
between control and heated samples at p.value >0.05. This shows that the heating
process has no effect on phenol content at these temperatures and times. However
thermal treatment has a significant effect on phenol compounds in each of the treated
samples at p.values < 0.001.This shows heating processing had no significant effect
on TPC in samples heated below 121°C, but had negative significant effect on those
samples heated at 121°C and 200°C. Control test samples had a low phenol content
(20+1 mg GE/ g, i.e. 2% DW phenols). This disagreed with previous studies, where
A. nodosum had the highest average phenol level (~ 6% DW) more than other brown
seaweeds such as B.bifurcata (~4% DW), and P.canaliculate had the lowest average
phenol level (~ 3% DW) (28). This could be because a nodosum samples were
collected from new blades which had lower TPC values compared to old blades. As
reported in earlier studies, Connan et al. (2006) found that there was a high correlation
between the age of the tissues and TPC for brown seaweed (29). In particular, we
have no idea about the collection procedure and the age of the tested seaweed species.
When the samples were heated at 70°C and 90°C for 15 and 30 min, phenol content
was not significantly affected. This obtained results which were in complete
agreement with previous research by Larraui et al. (1997) (30). This stated that the
polyphenols of the grape pomace peel samples were not significantly affected when
dried at 60°C. However the results were in disagreement with Jimenez-Escrig et al.,
(2001) (31) who found that dry processing at 50°C for 48 hours has a negative effect
on the total phenolic content in brown seaweed methanolic extracts.There are no
significant differences between the two samples heated at 70°C and 90°C for 15 and
30 min and control, but there is variation between the two samples, 90 had higher
phenols. This in agreement with (Anese et al., 1999) (32) who found that, heat
processing at 95°C for more than 10h more beneficial than that at 75°C in rising
tomato juice antioxidant capacity. This rising in TPC could be due to the antioxidant
activity of botanical materials sometimes may improve by thermal processing or
storage because of the production other antioxidative contents (Anese et al., 1999)

10
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(32) and increasing the components of bioaccessible antioxidants (33). It also
reported that antioxidant capacity may increasing as a result of the formation of
Maillard reaction products (30).

In our result TPC was significantly decreased at 121°C and 200°C for 15 and 30 min.
This in agreement with study conducted by Shi and Le Maguer (2002) (34) showed
that antioxidant in tomato was lost when the temperature was increased from 90 to
150°C, as well as agreeing with Larrauri et al.,( 1997) (30) who reported that dried
processed food at 100 and 140°C found to be significantly reduced the natural
antioxidants activity due to loss of polyphenols content. Also in agreement with
Ragan and Glombitze (1986) (35) who found phenolic compounds are rapidly
degraded by the drying of samples at temperatures above 40°C. Also Connan et al.
(2007) found that phenol levels in a nodosum were correlated significantly with air
temperature (28). The fact that the samples at 200°C for 15 and 30 min lost their
phenols could be explained by the thermal degradation of polyphenols by oxidative
enzymes such as polyphenol-oxidases and peroxidases (36 ). These enzymes were
found to be not immediately deactivated by oven-drying (37). Also the bioactivity of
phenolic compounds is likely to be denaturated and hampered by the heat produced by
an oven or UV radiation( 38). Also these current findings were in agreement with a
study conducted by Wong and Cheung. (39). They found that the total phenol content
was reduced in plant or seaweed samples when nfxsdtsome environmental factors
such as light, air and sea-water temperatures (40).

Antioxidant activity

DPPH. The antioxidant activity of the samples was also tested using DPPH radical
scavenging and FRP assays. These two assays test different mechanisms of
antioxidant action. DPPH has been employed extensively as a free radical reagent to
assess reducing substances (41), and it is considered to be a useful reagent for
investigating the free radical scavenging activities of compounds (42). DPPH
compounds possess free radical-scavenging activity.This indicates that their
mechanism of action is as a hydrogen donor and they terminate the oxidation process
by converting free radicals to more stable products; whereas a compound exhibiting a
positive result in the FRAP assay was an electron donor and it terminated the
oxidation chain reaction by reducing the oxidized intermediates into the stable form
(43).Also a positive correlation has been recognized between total phenolic content
and the antioxidant capacity of different seaweed extracts (1). This seems to agree
with Oki et al. (2002), who found that the radical scavenging activity increased with
the increase of phenolic compound content (44). On the basis of our study, we found
that the highest DPPH radical scavenging activity for the tested seaweed samples was
in the control samples (65% =+ 2.6). The inhibition percentage of DPPH of all the
heated samples gradually decreased as the heating process increased, but this decrease
was not significantly different compared with the unheated sample (Tablel).

The effects on the scavenging activity by the thermal treatment of seaweed extracts
were determined by T test. The T test was employed to ascertain if significant
differences existed in the radical scavenging activity % before and after heat-
processing. There were significant differences between the control and each of the
samples that were heated at 200°C, 15 min and 200°C, 30 min where the P value was

11
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<0.001. On the other hand, the differences were not significant between the control
and each one of the rest of the samples at 70°C, 15 min, 70°C , 30 min, 90 , 15 min,
and 90°C , 30 min as the P value was >0.05. Apparently, thermal treatment had a
significant negative effect on scavenging activity when the samples were heated at
200°C, 15 min and 200 °C, 30 min. However the scavenging activity was not affected
in the rest of the heated samples. Thus scavenging activity % significantly decreased
in the samples at 200°C, 15 and 30 min, and there was no significant change in the
rest of the samples. A study by Escarpa, and Gonzalez. (2001) (23) reported that the
radical scavenging activity of a brown alga was decreased 98% by dry processing at
50°C for 48 hours. There was disagreement with the results of the present study that
heating processes had no significant effect on the antioxidant activity in the seaweed
tested at 70, 90, 121°C, for15 & 30 min. On the other hand it was totally in agreement
with that thermal treatment at 200°C, for 15 & 30min, had a significant negative effect
on scavenging activity. This could be due to the thermal effect especially since the
heat is known as the most destructive factor.

6.4. FRAP Assay. FRAP assay is used to investigate the antioxidant capacity based
on the ability of antioxidant contents in tested samples to reduce iron (I11) to iron (1)
(43) in a redox-linked colorimeteric reaction that involves single electron transfer
(45). The results showed that the highest FRAP value was found in the control (52 £+
0.8 m mol/g). The FRAP values in all heated samples decreased as the heat increased
and there were significant differences between the control and each thermal treated
sample where the P value was < 0.001. Therefore the heating process had a significant
effect on all the heated samples (as shown in table2).

The negative effect of heat processing on the seaweed extracts was in disagreement
with a study conducted by Wachtel-Galor et al. (2008) (46). They found that boiling
broccoli and cauliflower for 10 minutes led to apparent increases in antioxidant
activity. This lack of agreement could be due to the production of secondary
metabolites or breakdown products. The main factor that lies behind the decreased
reducing power in heated samples may be arising from different parameters which
have a considerable effect on the antioxidant capacity. Duan et al., (2006)reported that
antioxidant activity correlated significantly with total phenols (42). This did not agree
with current findings, because the ferric reducing power decreased at all heating
temperatures, however TPC was decreased at 200°C.

In this study, there are some knowledge gaps, especially because most of data were
available about phenol content and antioxidants in unheated seaweed. Also sample
preparation and extraction methods used in the current study were different from
those of previous studies. Therefore direct comparison of current results on the effect
of heat processing on total phenol content and antioxidant activity of seaweed extracts
with other studies does not have good justification. Furthermore, the methods which
were used in this study (DPPH assay and FRAP assay) differ in terms of their assay
principles and experimental conditions; consequently, in different methods
antioxidants in particular make varying contributions to total potential antioxidant
(47).

12
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6.3. Correlation between Total Phenol Contents and Antioxidants. The results of
the current study showed that TPC not significantly changed in the samples at 70°C,
15min (18 = 1 mg GE) 70°C, 30 min (20 1 mg GE), 90°C , 15 min (22 + 1 mg GE/
g), 90°C, 30 (22 + 1 mg GE), and decreased in the sample at121°C, 15 min (14 + 1
mg GE) 121°C, 30 min (14 +1 mg GE), 200°C, 15 min (1.2 + 0.72 mg GE/ g),
200°C, 30 ( 0.3 + 0.02 mg GE). Similarly, the DPPH decreased in the sample at
200°C, 15 min (41 + 2.1 mg GE) and 200°C, 30 min (13 + 2.6 mg GE); but it did not
significantly change in the rest of the heated samples. In FRAP, the heating process
had a significant negative effect on all the heated samples. From these points TPC and
DPPH values correlated to each other except in the sample at 90°C, 15 min where
they are different: among these results the correlation between TPC and DPHH was
r=0.5987 and between TPC and FRAP was r = 0.4;. From this point we may conclude
that the results do not seem to agree with what was previously mentioned about the
correlation between TPC and radical scavenging activity, where r=0.97. This lack of
agreement may be due to the seaweed extracts including other materials, such as small
molecular weight proteins or peptides, polysaccharides, pigments (48), ascorbic acid
and vitamin E, which act as main contributors to the increase in the antioxidant
activity for A. nodosum andthis is in agreement with a study done by Coulter , et al in
2005, who reported that the radical scavenging activity of C. racemosa could be due
to the presence of other antioxidants such as folic acid, thiamine and ascorbic acid
(49).

Conclusion . This study dealt with the effect of heat processing on total phenolic
content and antioxidant activity of Ascophyllum nodosum at different food processing
temperatures. Heating processes at 70°C and 90°C for 15 and 30min had no
significant effect on Ascophyllum nodosum total phenol content. However, TPC was
significantly decreased at 121°C and 200 °C for 15 and 30min. Therefore, it is
beneficial to add Ascophyllum nodosum to food that is processed at 70°C, 90 °C, for
15 and 30min. in order to increase or maintain the TPC. Scavenging antioxidant
activity was significantly reduced by cooking processes at 200 °C for 15 and 30min,
and it was not affected at 70°C, 90°C, and 121°C for 15 and 30min. So it is worth
adding A Nodosum to food cooked at these temperatures but not adding it to food
cooked at 200°C. However all these cooking degrees reduced the ferric-reducing
antioxidant power. Therefore, to maintain or increase and avoid any loss of TPC,
antioxidants, adding Nodosum to food cooked at 70°C and 90°C and not worth
adding it to food cooked at 121°C and 200 °C.

Recommendations. The findings of our study provided helpful information for
further studies which should be carried out in order to confirm if the heat processing
can maintain and enhance TPC, AOA. Anodosum had excellent phenol content and
antioxidant capacity. Furthermore, it should be used extensively in Food Technology
to support health and minimize the risk of modern life disease.
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