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Fish such as Nemipterus japonicus is over-exploited in Malaysia and the
amounts of this fish species processing wastes are staggering. The wastes are
land-filled, ground and discarded or otherwise denied from human or animal
consumptions, even though the wastes are still rich in proteins. This is due to the
lack of methodologies to recover proteins from wastes from this species.
Therefore, this study aimed at extraction of protein from the wastes of the
threadfin bream, Nemipterus japonicus using pH shift solubilization and
precipitation processes and evaluation of the influencing factors on protein
extraction. Towards this objective, the wastes of head, skin and internal organs
were collected and their nutritional composition evaluated. Furthermore, the ratio
of waste: water for protein extraction was screened and the effect of pH,
centrifugation speed and time on protein solubility rate, the amino acid
composition and the molecular weight of proteins via SDS-PAGE were
determined. Results demonstrated that moisture was the highest percentage
(~70-78%) of all wastes. Highest protein content (19.67+1.10%), fat content
(1.81+0.09%) and carbohydrate content (4.43+0.23%) were observed in skin,
head and internal organs, respectively. The optimum ratio of waste: water for
protein extraction is 1:9 for head, 1:8 for internal organs and 1:6 for skin. The
protein extraction efficiently for all three samples were high at pH 3 and pH 12.
Protein solubility increased with increased centrifugation speed up to 10,000 xg,
and there was no significant difference (P>0.05) between the protein solubility at
10,000 xg and 20,000 xg. Furthermore, there was significant difference (P<0.05)
between protein solubility with increased centrifugation time. There is no
significant difference (P>0.05) in protein yield between the alkaline and the acid
process for heads and skin while protein yield in the alkaline and acid process
for internal organ is significantly different (P<0.05). Alkaline process showed a
remarkably higher amino acid content as compared to that of acid version.



Glutamic acid and lysine were found higher compared to other amino acids. The
molecular weight of proteins isolated in this study were low (<100 KDa).
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Ikan seperti Nemipterus japonicus lebih dieksploitasi di Malaysia dan jumlah
pemprosesan ikan spesies ini sangat meningkat. Sisa-sisa tersebut dipenuhi
tanah dan dibuang atau tidak diterima sebagai keperluan makanan oleh manusia
atau haiwan, walaupun sisa-sisa buangan masih kaya dengan protein. Ini adalah
kerana kurangnya kaedah untuk memulihkan protein daripada sisa-sisa spesies
ini. Oleh itu, kajian ini bertujuan untuk mengekstrakan protein daripada sisa
buangan kerisi, Nemipterus japonicus menggunakan perubahan larutan pH dan
proses pemendakan dan penilaian faktor-faktor yang mempengaruhi
pengekstrakan protein. Berdasarkan objektif ini sisa-sisa daripada kepala, kulit
dan organ dalaman dikumpulkan dan komposisi pemakanan sisa tersebut dinilai.
Tambahan lagi, nisbah sisa: air untuk pengekstrakan protein telah diperiksa dan
kesan terhadap pH, kelajuan sentrifugasi dan masa pada kadar kelarutan
protein, komposisi asid amino dan berat molekul protein telah ditentukan melalui
SDS-PAGE. Keputusan menunjukkan bahawa kelembapan adalah peratusan
tertinggi (~70-78%) daripada semua sisa buangan. Kandungan protein tertinggi
(19.67+£1.10%), kandungan lemak (1.81+0.09%) dan kandungan karbohidrat
(4.43+£0.23%) diperhatikan dalam kulit, kapala dan organ dalaman. Nisbah
optimum sisa: air untuk pengekstrakan protein adalah 1:9 untuk kepala, 1:8
untuk organ dalaman dan 1:6 untuk kulit. Pengekstrakan yang sesuai untuk
ketiga-tiga sampel tersebut adalah tinggi pada pH 3 dan 12. Keterlarutan protein
meningkat dengan peningkatan kelajuan sentrifugasi sehingga 10,000 xg, dan
tiada perbezaan signifikan (P>0.05) diantara kelarutan protein pada 10,000 xg
dan 20,000 xg. Tambahan lagi, terdapat perbezaan signifikan (P<0.05) antara
keterlarutan protein dengan peningkatan masa sentrifugasi. Tiada perbezaan
yang signifikan (P>0.05) dalam hasil protein di antara proses alkali dan acid
untuk kepala dan kulit manakala hasil protein dalam proses alkali dan acid untuk
organ dalaman didapati perbezaan yang signifikan (P<0.05). Proses alkali
menunjukkan kandungan asid amino yang lebih tinggi berbanding dengan versi



asid. Asid glutamik dan lisin didapati lebih tinggi berbanding asid amino yang
lain. Berat molekul protein yang diasingkan dalam kajian ini adalah rendah
(<100KDa).
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CHAPTER 1

INTRODUCTION

According to the World Health Organization, essential nutrients are vital for
growth, disease prevention and also for a good health. It can be divided into two
categories which are macronutrients and micronutrients. One of the major
elements is protein. A part from egg, protein also can be consumed through fish
in daily life dietary. Due to this reason, fish industries have become a massive
economic source of food worldwide with an estimation of one billion people
dependent over fish production, processes and trading in order to survive
(Oosterveer, 2008). According to Dekkers et al., (2011), the fish processing
industry produces more than 60% wastes, which comprises viscera and roes,
head, skin, frames, fins, trimmings, and only 40% fish products are made for
human consumption. These large quantities of fish wastes which contains high
amount of protein are either thrown away back into the sea, causing serious
pollution and disposal problems or processed into low market-value products
such as animal feed, fish meal and fertilizer (Hsu, 2010). However, proteins
content has not been efficiently extracted and characterized.

Threadfin bream (Nemipterus spp.) is often caught by accident in shrimp trawlers
because of its small size and sorting difficulty, thus threadfin bream has been
labelled as a ‘trash’ fish (Normah & Nur Anati, 2015). However, nowadays
threadfin bream is perceived as a fundamental raw material in the use of tropical
surimi productions (Wiriyaphan et al., 2015). According to Karthikeyan et al.,
(2006), approximately 19% of protein is found in the flesh of a threadfin bream.

In food industry, the flesh is highly demanded but the heads, skins and internal
organs of threadfin bream were discarded in large quantity. These wastes can
be processed into commercially valuable food ingredients. Fish head presence
of high protein content with good amino acid balance and bioactive peptides and
fish skin is a rich source of collagen and gelatin. In addition, internal organs is
also considered as a potential source that may have some valuable properties
for the manufacturing of protein hydrolysates (Chalamaiah et al., 2012).
Nowadays, there are a lot of research activities regarding fish protein properties
in order to improve waste from fish that can be transforming into valuable product
other than fish fillets. This, will not only resolve environmental matters such as
pollution, but could also have a great and positive impact on the world’s economy
(Rustad et al., 2011).



Up until now, there have been several developed methods focusing on protein
isolation which involves treatment by using heat, extraction using solvent,
hydrolysis by using acid or enzyme, repeated water washing and refining as well
as the combination of these various methods (Shaviklo, 2015). Nevertheless,
these methods are found to have less commercial viable due to their negative
influence in terms of functionality and nutritional qualities of the products (Hultin
& Kelleher, 2002).

Two processes including alkaline or acid solubilization and isoelectric
precipitation of proteins are known to have productions of highly functional and
stable protein isolates (Worawan & Manat, 2016). These processes auger well
for the purpose of protein extraction, from the waste of numerous species such
as sardine (Cortes-Ruiz et al., 2001), herring (Undeland et al., 2002), Pacific
whiting (Kim et al., 2003), catfish (Kristinsson et al., 2005), and Atlantic croaker
(Kristinsson & Liang, 2006). However, it can be concluded that no report has
been published on the potential application of these methods for the production
of functional proteins from threadfin bream (Nemipterus spp.) heads, skins and
internal organs. Thus, it is not surprising that the substance produces the second
largest source of fish waste product, constituting important raw materials for
surimi productions as well as fish crackers or ‘keropok’ — a popular snack in the
East coast of Malaysian (Yongsawatdigul & Hemung, 2010; Wiriyaphan et al.,
2015).

As acid and alkali-aided processes are efficient and inexpensive methods for the
extraction of protein from fish wastes. The objective of this study was to apply
different solubilization, either at alkaline and acidic pHs, for protein concentrate
production from threadfin bream wastes and evaluate their amino acids profiles,
nutritional properties and protein recovery yield. Results from this study are
expected to provide important information on protein isolation using the pH-shift
process with the potential to improve the value of fish wastes and increase their
use for human consumption.

With the realization on the economic importance of the much sought-after fish
protein isolate in the food industry, the general objective of this study was
directed towards the protein extraction from fish wastes, it is hypothesized that
protein yield and extraction efficiency could be increased by pH-shift method.
Based on the above hypothesis the specific objectives of the study in this thesis
were to:

1. To optimize the extraction of protein from Nemipterus japonicus wastes
using pH-shift method.

2. To identify the profiling of protein and amino acid of extracted protein
from Nemipterus japonicus wastes.



REFERENCES

Agrafiotou, P., Sotiropoulos, S., & Pappa-Louisi, A. (2009). Direct RP-HPLC
determination of underivatized amino acids with online dual UV
absorbance, fluorescence, and multiple electrochemical detection.
Journal of Separation Science, 32, 949-954.

Alarcén, F. J., Moyano, F., & Diaz, J. M. (2002). Evaluation of different protein
sources for aquafeeds by an optimised pH-stat system. J Sci Food Agri
82: 697:704.

Alaa, E. E., Essam, S., & Hussain, M. (2013). Fishery and Population
Characteristics of Euthynnus alletteratus (Rafinesque 1810) in the Eastern
Coast of Alexandria, Egypt. Turkish Journal of Fisheries and Aquatic
Sciences 13: 629-638.

AOAC (1997). Official methods of analysis of Association. Analytical Chemists.
15th ed. Washington, DC, USA.

AOAC (2003). Official methods of analysis Association. Analytical Chemists.
17th ed. Washington, DC, USA.

AOAC (2005). Official methods of analysis of the Association Analytical
Chemists.18th ed. Gaithersburg, Maryland.

Abbasiliasi, S., Tan, J. S., Tengku lbrahim, T. A., Kadkhodaei, S., Ng H. S.,
Vakhshiteh, F., Ajdari, Z., Mustafa, S., Ling, T. C., Rahim, R. A., & Ariff, A.
B. (2014). Primary recovery of a bacteriocin-like inhibitory substance
derived from Pediococcus acidilactici Kpl0 by an aqueous two-phase
system. Food Chem 151:93-100.

Ahmad, M., & Benjakul, S. (2011). Characteristics of gelatin from the skin of
unicorn leatherjacket (Aluterus monoceros) as influenced by acid
pretreatment and extraction time. Food Hydrocoll 25:381-388.

Asikin, A. N., & Kusumaningrum, I. (2018). Albumin profile of snakehead fish
(Channastriata) from east Kalimantan, Indonesia. IOP Conf. Series: Earth
and Environmental Science 144: 012035.

Baskoro, B. D., Nugraha, R. A., Puspitawat,i R., & Redjeki, S. (2017). Effect of
centrifugation at 7,000 g, 8,000 g, and 9,000 g on the salivary protein
profile 230 kDa. IOP Conf Series: J Physics: Conf Series 884.

Bechtel, P. J. (2003). Properties of different fish processing by-products from
Pollock, Cod and Salmon. Food Process Perserv 27:101-116.

44



Bechtel, P. J., Bland, J. M., Bett-Garber, K. L., Grimm, C. C., Suzanne, S.
Brashear, S. S., S. W. S. W. L, Michael, A. Watson, M. A., Jeanne, M., &
Lea, J. M. (2017). Chemical and nutritional properties of channel and
hybrid catfish byproducts. Food Sci Nutr 5:981-988.

Benjakul, S., Chantarasuwan, C., & Visessanguan, W. (2003). Effect of medium
temperature setting on gelling characteristics of surimi from some tropical
fish. Food Chemistry 82(4): 567-574.

Bradford, M. M. (1974). A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye
binding. Anal Biochem 72:248-254.

Bruke, J. M., Staple,s C. R., Risco, C. A,, Sota, R. L., & Thatche, W. W. (1997).
Effect of ruminant grade menhaden fish meal on reproductive and
productive performance of lactating dairy cows. Dairy Sci J 80:3386-3398.

Bureau, D. P., & Encarnacgéo, P. (2006). Adequately defining the amino acid
requirements of fish: the case example of lysine. In: Cruz Suarez LE;
Ricque Marie D; Tapia Salazar M; Nieto Lopez MG; Villareal Cavazos DA;
Puello Cruz AC; Garcia Ortega A (Eds.), Avances en Nutricion Acuicola
VIII. VIII Simposium Internacional de Nutricion Acuicola. 15-17 Noviembre
2006. Universidad Autonoma de Nuevo Leon, Monterrey, Nuevo Leon,
Mexico, pp. 29-54.

Chalamaiah, M., Dinesh Kumar, B., Hemalatha, R., & Jyothirmayi, T. (2012).
Fish protein hydrolysates: Proximate composition, amino acid
composition, antioxidant activities and applications: A review. Food
Chemistry, 135(4), 3020-3038.

Chen, D., Song, J., Yang, H., Xiong, S., Liu, Y., & Liu, R. (2016). Effects of acid
and alkali treatment on the properties of proteins recovered from whole
gutted grass Carp (Ctenopharyngodon idellus) using isoelectric
solubilization/precipitation. J Food Qual 39:707-713.

Chen, Y. C. & Jaczynski, J. (2007). Protein recovery from rainbow trout
(Oncorhynchus  mykiss) processing byproducts via isoelectric
solubilization/precipitation and its gelation properties as affected by
functional additives. J. Agric. Food Chem 55 (22): 9079-9088.

Cheow, C. S., Norizah, M. S., Kyaw, Z. Y., & Howell, N. K. (2007). Preparation
and characterisation of gelatins from the skin of sin croaker (Johnius
dussumieri) and shortfin scad (Decapterus macrosoma). Food Chem.
101: 386-391.

45



Chong, A. S. C., Hashim, R, Ali, A., & Hara, K. (2014). Amino acid profile of
various body tissues and eggs of discus fish, Symphysodon aequifasciata.
J Appl Aquacult 16:157-168.

Chun-Yung, H., Jen-Min, K., Shu-Jing, W., & Hsing-Tsung, T. (2016). Isolation
and characterization of fish scale collagen from tilapia (Oreochromis sp.)
by novel extrusion-hydro-extraction process, Food Chemistry 190: 997-
1006.

Cortes-Ruiz, J. A., Pacheco-Aguilar, R., Garciasanchez, G., & Lugo-Sanchez,
M. E. (2001). Functional characterization of a protein concentrates from
Bristly Sardine made under acidic conditions. J Aquat food Prod Technol
10:5-23.

Dahha, A. A., & Elshazly K. (1993). Effect of essential amino acids (methionine
and lysine) and treated oil in fish diet on growth performance and feed
utilization of Nile Tilapia (L.). J Aquacult Fisheries Manage 24:731-739.

Dekkers, E., Raghavan, S., Kristinsson, H. G., & Marshall, M. R. (2011).
Oxidative stability of mahi mahi red mussle dipped in talapia protein
hydrolysates. Food Chemistry, 124, 640-645.

Elavarasan, K., Kumar, A., Uchoi, D., Tejpal, C.S., Ninan, G., & Zynudheen, A.
A. (2017). Extraction and characterization of gelatin from the head waste
of tiger tooth croaker (Otolithes ruber). Waste Biomass Valor, 8: 851-
858.

Elavarasan, K. & Shamasundar, B. A. (2016). Effect of oven drying and freeze
drying on the antioxidant and functional properties of protein
hydrolysates derived from freshwater fish (Cirrhinusmrigala) using
papain enzyme. Journal of Food Science and Technology, 23(24):
244901-11.

Elavarasan, K., Shamasundar, B. A., Badii, F., & Howell, N. (2016). Angiotensin
I-converting enzyme (ACE) inhibitory activity and structural properties of
oven- and freeze-dried protein hydrolysate from fresh water fish
(Cirrhinus mrigala). Food Chemistry, 206: 210-216.

Friedman, M. (1996). Nutritional value of proteins from different food Source. A
Review. J. Agric. Food Chem, 44(1), pp 6-29.

Geirsdottir, M., Sigurgisladottir, S., & Hamaguchi, P. Y. (2011). Enzymatic
hydrolysis of blue whiting (Micromesistius poutassou); functional and
bioactive properties. J Food Sci., 76(1): C14-C20.

46



Ghaly, A. E., Ramakrishnan, V. V., Brooks, M. S., Budge, S. M., & Dave, D.
(2013). Fish processing wastes as a potential source of proteins, amino
acids and oils: A Critical Review. J Microbial Biochem Technol 5:4.

Gigliotti, J. C., Jaczynski, J., & Tou, J. C. (2008). Determination of the nutritional
value, protein quality and safety of krill protein concentrate isolated using
an isoelectric solubilization/precipitation technique. J Food Chemistry,
111(1): 209-214.

Gokhan, B. Joe, M. R. (2010). Fish gelatin. Advances in Food and Nutrition
Research, 60: 120-140.

Gunlu, A. & Gunlu, N. (2014). Taste activity, free amino acid content and
proximate composition of Mountain trout (salmo trutta macrostigma
Dumeril, 1858) muscles. Iranian Journal of Fisheries Sciences, 13(1): 58-
72

Hari, E. I., Ariyanti, S. D., & Giyatmi (2013). Prospective utilisation of fishery by-
products in Indonesia. Seafood Processing By-products: Trends and
Application, 1-597.

Havilah, E. D., Morris, W. R., & Woolnough, J. (1977). A microcalorimetric
method for determination of ammonia in Kjeldahl digests with a manual
spectrophotometer. Lab Pract 26: 545-547.

Hinchcliffe, J., Carlsson, N. G., Jonsson, E., Sundell, K., & Undeland, I. (2019).
Aquafeed ingredient production from herring (Clupea harengus) by-
products using pH-shift processing: Effect from by-product combinations,
protein solubilization-pH and centrifugation force. Animal Feed Science
and Technology, 247: 273-284.

Hossain, U., & Alam, K. M. N. (2015). Production of powder fish silage from fish
market wastes. SAARC J Agriculture 13:13-25.

Hultin, H. O., & Kelleher, S. D. (2000a). Surimi processing from dark muscle fish.
In: Park, J. W. (ed) Surimi and surimi seafood. Taylor and Francis Group,
Boca Raton, pp 59-77.

Hultin, H. O., & Kelleher, S. D. (2000b). U.S. Patent No. 6136959. Washington
DC: U.S. Patent and Trademark Office.

Hultin H. O., & Kelleher, S. D. (2001). Process for isolating a protein composition
from a muscle source and protein composition. US Patent 6288216B1,
USA.

Hultin, H. O., & Kelleher, S. D. (2002). Protein composition and process for

isolating a protein composition from a muscle source. U.S. Patent No.
6451,975.

47



Hultin, H. O., Kristinsson, H. G., Lanier, T. C., & Park, J. W. (2005). Process for
recovery of functional proteins by pH shift. In: Park, J. W. (ed) Surimi and
surimi seafood. Taylor and Francis Group, Boca Raton, pp 107-139.

Hsu, K., (2010). Purification of antioxidant peptides prepared from enzymatic
hydrolysates of tuna dark muscle waste. Food Chemistry, 122, 42-48.

Ikeda, M. (2003). Amino acid production process. Advances in Biochemical
Engineering/Biotechnology, 79: 1-35.

Jacquet, R. (1961). Fish as food. Vol.1(Ed.G. Borgstrom). Pp. 146. Academic
press, New York.

Jamilah, B., & Harvinder, K. G. (2002). Properties of gelatins from skins of fish
— black tilapia ( Oreochromis mossambicus ) and red tilapia (
Oreochromis nilotica ), 77, 81-84.

Janak, K.V., Senaka, R., Wijerathne, T. D., Udayangani, R. M. C., Himali, S. M.
C., & Jana, P. (2014). Applications of seafood by-products in the food
inductry and human nutrition. Seafood Processing By-Products: Trends
and Application, 463-512.

John, D., & Mike, L. (2003). Gel electrophoresis of proteins. In Essential Cell
Biology: Cell Structure, A Practical Approach, 1, 197-268.

Karthikeyan, M., Dileep, A. O., & Shamasundar, B. A. (2006). Effect of water
washing on the functional and rheological properties of proteins from
threadfin bream (Nemipterus japonicus) meat. International Journal of
Food Science and Technology, 41(9), 1002—-1010.

Kim, Y. S., Park, J. W., & Choi, Y. J. (2003). New Approaches for the effective
recovery of fish proteins and their physiochemical characteristics.
Fisheries Sci 69:1231-1239.

Kristinsson, H. G. (2007). Aquatic food protein hydrolysates. (Ed. Shahidi, F.).
Maximising the value of marine by-products, Part 2: By-products recovery
and processing, 229-248.

Kristinsson, H. G., & Demir, N. (2003). Functional fish protein ingredients from
fish species of warm and temperate waters: Comparison of acid- and
alkaline-aided processing vs. conventional surimi processing. Paper
presented at the Advances in Seafood Byproducts in Sea Grant College
Program University of Alaska, Anchorage, Alaska.

Kristinsson, H. G., & Liang, Y. (2006). Effect of pH-shift processing and surimi
processing on Atlantic croaker (Micropogonias undulates) muscle
proteins. J Food Sci 71:304-312.

48



Kristinsson, H. G., Theodore, A. E., Demir, N., & Ingadottir, B. (2005). A
comparative study between acid- and alkali-aided processing and surimi
processing for the recovery of proteins from channel catfish muscle. J
Food Sci Technol 4:298-306.

Kristinsson, H. G. & Rasco, B. A. (2000). Fish protein hydrolysate production,
biochemical and functional properties. Critical Review in Food Science
and Nutrition 40(1): 43-81.

Liang, Y., & Hultin, H. O. (2005a). Separation of membranes from acid-
solubilized fish muscle proteins with the aid of calcium ions and organic
acids. Journal of Agricultural abd Food Chemistry, 53(8), 3008-3016.

Liang, Y., & Hultin, H. O. (2005b). Separation of muscle membrane from alkali-
solubilized fish muscle proteins. Journal of Agricultural abd Food
Chemistry, 53(26), 10012-10017.

Lindsay, R. (2007). Flavours, in Fennema'’s food chemistry. In: S. Damodaran,
K. L. Parkin, & O. R. Fennema, Editor. Taylor & Francis group: Boca
Raton. p. 639-687.

Madani, Z., Louchami K, Sener, A., Malaisse, W. J., & Ait Y. D. (2012). Dietary
sardine protein lowers insulin resistance, leptin and TNF-a and beneficially
affects adipose tissue oxidative stress in rats with fructose-induced
metabolic syndrome. Int J Mol Med, 29: 311-318.

Marmon, S. (2012). Protein isolation from herring (Clupea harengus) using the
pH-shift process. Chalmers university of technology.

Mesa, M. G., & Magie, C. D. (2006). Evaluation of energy expenditure in adult
spring chinook salmon migrating upstream in the Columbia river basin: an
assessment based on sequential proximate analysis. Rever Res Applic
22:1085-1095.

Ngan, V. H., Truc, T. T., & Van Muoi, N. (2017). Exploration of the factors
affecting the soluble protein extraction from cultured snakehead fish
(Channa striata) muscle. Vietnam J Sci Technol (VJST) 55 74-82.

Nolsge, H., & Undeland, I. (2009). The acid and alkaline solubilization process
for the isolation of muscle proteins: State of the art. Food and Bioprocess
Technology, 2(1), 1-27.

Normabh, I. & Nur Anati, J. (2015). Characteristics of threadfin bream
(Nemipterus japonicus) hydrolysate produced using bilimbi (Averrhoa
bilimbi L.) protease and alcalase. International Food Research Journal,
22(6): 2259-2266.

49



Nurnadia, A. A., Azrina, A., & Amin, I. (2011). Proximate composition and
energetic value of selected marine fish and shellfish from the West Coast
of Peninsular Malaysia. International Food Research Journal, 18(1), 137—
148.

Oosterveer, P. (2008). Governing global fish provisioning: Ownership and
management of marine resources. Ocean & Coastal Management, 51,
797-805.

Otter, D. E. (2012). Standardised methods for amino acid analysis of food. British
Journal of Nutrition, 108(S2): pp. S230-S237.

Palkar, N. D., Koli, J. M., Gund, D. P., Patange, S. B., Shrangdher, S. T.,
Sadawarte, R. K., Sonavane, A. E., & Akhade, A. R. (2018). Preparation
of co-dried fish silage by using fish market waste and its comparative
study. International Journal of Pure & Applied Bioscience, 6(2): 1567-
1577.

Park, J. D. (2008). Characterization of myosin, myoglobin and phospholipids
isolated from Pacific sardine (Sadinops sagax). Oregon State University.

Permata, R. R. T. F., Suseno, S. H., Jacoeb, A. M., Nugraha, R., Hayati, S., &
Saraswati (2014). Natural taurine extraction of escolar (Lepidocybium
flavobrunneum) as deep sea fish from southern Java ocean. Global J Biol,
Agri and Health Sci (GJBAHS) 3:251-253.

Rustad, T., Storro, I., & Slizyte, R. (2011). Possibilities for the utilisation of marine
by-products. International Journal of Food Science & Technology, 46(10),
2001-2014.

Shady, M. E. S., Ali A. G., & Hamed, M. A. M. (2016). Proximate and Elemental
Composition Important Fish Species in Makkah Central Fish Market,
Saudi Arabia. Food and Nutrition Sciences, 7, 429-439.

Shahidi, F. (2006). Maximizaing the value of marine by-products. Woodhead
Publishing Ltd, Cambridge.

Shaviklo, A. R. (2015). Development of fish protein powder as an ingredient for
food applications: a review. Journal of Food Science and Technology,
52(2), 648-661.

Shaviklo, G. R. (2007). Quality assessment of fish protein isolates using surimi
standard methods. UNU- Fisheries Training programme 2006-2007,
Iceland.

Song-Hwa, B., Jin, Y., Tae, G. L., & Soo-Jin, C. (2018). Protein food matrix-ZnO
nanoparticle interactions affect protein conformation, but may not be
biological responses. Int. J. Mol. Sci., 19: 3926.

50



Stefansson, G., & Hultin, H. O. (1994). On the solubility of cod muscle proteins
in water. J Agric Food Chem, 42: 2656-2664.

Subara, D., Jaswir, I., Alkhatib, M. F. R., & Noorbatcha, I. A. N. (2017). Process
optimization for the production of fish gelatin nanoparticles. Int Food Res
J (IFRJ) 24:501-507.

Tadpitchayangkoon, P., & Yougsawatdigul, J. (2009). Comparative study of
washing treatments and alkali extraction on gelation characteristics of
striped catfish (Pangasius hypophthalmus) muscle protein. Journal of
Food Science, 74(3), 284-291.

Tadpitchayangkoon, P., Park, J., Mayer, S. G., & Yougsawatdigul, J. (2010).
Structural changes and dynamic rheological properties of sarcoplasmic
proteins subjected to pH-shift method. J Agricult Food Chem 58: 4241-
4249.

Taheri, A., Anvar, S. A. A., Ahari, H., & Fogliano, V. (2013). Comparison the
functional properties of protein hydrolysates from poultry byproducts and
rainbow trout (Onchorhynchus mykiss) viscera. Iran J Fisheries Sci (IJFS)
12:154- 169.

Taskaya, L., Chen, Y-C. & Jaczynski, J. (2009). Functional properties of proteins
recovered from silver carp (Hypophthalmichthys molitrix) by isoelectric
solubilization/precipitation. LWT - Food Sci Technol 42(6): 1082-1089.

Umar, G., & Sawinder, K. (2014). Protein isolates: Production, functional
properties and application. International Research Journal of Chemistry,
6(3), 35-45.

Underland, I., Kelleher, S. D., Hultin, H. O. (2002). Recovery of functional
proteins from Herring (Clupea harengus) light muscle by an acid or
alkaline solubilization process. J Agric Food Chem 50:7371-7379.

Underland, I., Kelleher, S. D., & Hultin, H. O., McClements, J., & Thongraung, C.
(2003). Consistency and solubility changes in herring (Clupea harengus)
light muscle homogenates as a function of ph. Journal of Agriculture and
Food Chemistry, 51(14), 3992-3998.

Vann, D.G., & Mireles DeWitt, C. A. (2007). Evaluation of solubilized proteins as
an alternative to phosphares for meat enhancement. Journal of Food
Science, 72(1), C072-C077.

Veluthevar, R. H. & Radhakrishnan, P. (2019). Biosensors: a potential tool for
quality assurance and food safety pertaining to biogenic amines/volatile
amines formation in aquaculture systems/products. Reviews in
Aquaculture, 11: 220-233.

51



Venugopal, V. (2009). Marine source of vitamins and minerals. Marine Products
for Healthcare, Functional and Bioactive Nutraceutical Compounds from
the Ocean. CRC Press, Boca Raton.

Viviane, P. R., Ana, V. M., Bradley, D. O., & Vilasia, G. M. (2018). Effect of pH
modification in proteins from fish (Whitemouth croaker) and their
application in food packaging films. Food Hydrocolloids, 74: 307-314.

Vladimir, S., Ruslan, O., Sergei, S., & Tatiana, S. (2016). Assessment
compliance of qualitative food characteristics to standard requirements.
Engineering for Rural Development, 360-363.

Wangkheirakpam, M. R., Mahanand, S. S., Majumdar, R. K., Sharma, S.,
Hidangmayum, D. D., & Netam, S. (2019). A review: Fish waste utilization
with reference to fish protein hydrolysate. Fishery Technology, 56: 169-
178.

Wasswa, J., Tang, J., & Gu, X. (2007). Utilization of fish processing by- products
in the gelatin industry. Food Rev Int 23:159-174.

Wiriyaphan, C., Xiao, H., Decke,r E. A., & Yongsawatdigul, J. (2015). Chemical
and cellular antioxidative properties of threadfin bream (Nemipterus spp.)
surimi byproduct hydrolysates fractionated by ultrafiltration. Food Chem
167:7-15.

Worawan P., & Manat C. (2016). Biochemical and physicochemical
characteristics of protein isolates from bigeye snapper (Priacanthus
tayenus) head by-product using pH shift method. Turkish Journal of
Fisheries and Aquatic Science, 16: 41-50.

Worawan P., & Manat C. (2017). Functional properties of pH-shifted protein
isolates from bigeye snapper (Priacanthus tayenus) head by-product.
International Journal of Food Properties, 20(3): 596-610.

Xing, C., Ron, K. T., Xinglian, X., & Guanghong, Z. (2017). Solubilization of
myofibrillar proteins in water or low ionic strength media: Classical
techniques, basic principles, and novel functionalities.

Yongsawatdigul, J., & Hemung, B. O. (2010). Structural changes and functional
properties of threadfin bream sarcoplasmic proteins subjected to ph-
shifting treatments and lyophilization. Journal of Food Science, 75(3).

Yongsawatdigul, J., & Park, J. W. (2004). Effect of alkali and acid solubilization
on gelation characteristics of Rockfish muscle proteins. Food Chem
Toxico, 69:499-505.

52



Zhong, S., Liu, S., Cao, J., Chen, S., Wang, W., & Qin, X. (2016). Fish protein
isolates recovered from silver carp (Hypophthalmichthys molitrix) by-
products using alkaline pH solubilization and precipitation. J. Aquat. Food
Prod. Technol., 25(3): 400-413.

Zhou, L., Budge, S. M., Ghaly, A. E., Brooks, M. S., & Dave, D. (2011).
Extraction, purification and characterization of fish chymotrypsin. A
review. American Journal of Biochemistry and Biotechnology, 7: 104-123.

53



BIODATA OF STUDENT

Noorsuliya Raihan binti Yahaya was born in Hospital Kuala Terengganu,
Terengganu on August 10, 1990. She received her early education at Sekolah
Kebangsaan Pengkalan Berangan in Marang (1997-2002) before preceeding to
Sekolah Menegah Kebangsaan Pengkalan Berangan in Marang (2003-2005)
then transfer to Sekolah Menengah Sains Dungun in Dungun (2006-2007). In
January 2014, she was graduated with second upper class Bachelor of Scinece
(Honor) in Food Science and Technology, minor in Islamic Food Law from
Universiti Teknologi Mara (UiTM).



PUBLICATION

Noorsuliya Raihan, Sahar Abbasiliasi, Joo Shun Tan, Malihe Masomian, Tengku
Azmi Tengku Ibrahim, Arbakariya B Ariff, Shuhaimi Mustafa, (2019). pH
Shift Solubilization and Precipitation Protein Extraction from the Waste
of Threadfin Bream: Nemipterus japonicus. Journal of Biochemistry,
Microbiology and Biotechnology (published).

61



i
N7 2

UNIVERSITI PUTRA MALAYSIA
STATUS CONFIRMATION FOR THESIS / PROJECT REPORT AND COPYRIGHT
ACADEMIC SESSION :

TITLE OF THESIS / PROJECT REPORT :

EXTRACTION AND CHARACTERIZATION OF AMINO ACIDS AND PROTEINS FROM
WASTES OF THREADFIN BREAM, Nemipterus japonicus (Bloch, 1791

NAME OF STUDENT: NOORSULIYA RAIHAN BINTI YAHAYA

| acknowledge that the copyright and other intellectual property in the thesis/project report
belonged to Universiti Putra Malaysia and | agree to allow this thesis/project report to be
placed at the library under the following terms:

1. This thesis/project report is the property of Universiti Putra Malaysia.

2. The library of Universiti Putra Malaysia has the right to make copies for educational
purposes only.

3. The library of Universiti Putra Malaysia is allowed to make copies of this thesis for academic
exchange.

| declare that this thesis is classified as :

*Please tick (V)

CONFIDENTIAL (Contain confidential information under Official Secret
Act 1972).
RESTRICTED (Contains restricted information as specified by the

organization/institution where research was done).

oo

OPEN ACCESS | agree that my thesis/project report to be published
as hard copy or online open access.

This thesis is submitted for :

PATENT Embargo from until
(date) (date)

1

Approved by:

(Signature of Student) (Signature of Chairman of Supervisory Committee)
New IC No/ Passport No.: Name:
Date : Date :

[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from the
organization/institution with period and reasons for confidentially or restricted. ]





