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Abstract of the thesis presented to the Senate of Universiti Putra Malaysia in
fulfilment of requirement for the degree of Doctor of Philosophy

ENZYMATIC SYNTHESIS AND APPLICATION OF PALM OIL-BASED
FATTY HYDROXAMIC ACIDS

By

DEDY SUHENDRA

August 2004

Chairman: Professor Wan Md Zin Wan Yunus, Ph. D

Faculty: Science and Environmental Studies

Fatty hydroxamic acids (FHA) have been successfully synthesized from palm oils
by a one-step lipase catalyzed reaction. Conversion of palm oils into the FHA was
carried out by treating the substrate with hydroxylamine at 30°C and neutral pH
for 30 h. The method employed offers technical simplicity and easy isolation of
the enzyme from the products and other components in the reaction mixture.
Moreover, it also allows the reaction to be carried out under mild conditions,

which reduces unwanted products.

The percentages of conversion of commercial palm olein, RBD palm olein, RBD
palm oil, RBD palm stearin and RBD palm kernel olein into their fatty
hydroxamic acids, under the optimum conditions were 89, 79, 77, 90 and 98,

respectively. The presence of the hydroxamic acid groups in the purified products
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was confirmed by the qualitative test, FTIR analysis, CHN elemental analysis and

HPLC.

Based on the ability of hydroxamic acid as a metal chelator, the synthesized FHA
was used as a reagent for metal ion extraction and spectrophotometric
determination. Spectrophotometry of complexes of vanadium (V) — and iron (III)
— FHA shows that the molar extinction coefficient (¢) of vanadium (V) — FHA and
iron (III) — FHA complexes were 6500 L mol”! c¢m™ and 9600 L mol™” cm™,
respectively. In addition, the detection limit of vanadium (V) — FHA and iron (III)
— FHA complexes were 0.001 x 10* and 0.008 x 10™ M, respectively. The mole
ratio for the vanadium (V) — FHA complex was 3:1 while for the iron (III) - FHA

was 2:1.

The FHA was also used as an extractant for recovery of copper (II) and iron (III)
ions from aqueous media. Separations of copper (II) from other metal ions such as
Co (IT), Ni (II), Cd (IT) and Zn (IT) are conveniently achieved in the pH range of 4
to 6. A single extraction and stripping gave a good separation and
preconcentration of copper (II) and iron (IIT). The separation of copper (II) can be
accomplished quantitatively from other metal ions. However copper (II) cannot be
quantitatively separated from iron (III) in a mixture. A preconcentration process
has been proposed for the determination of copper (II) in water samples, which
contains trace concentrations of copper (II), which cannot be measured directly by
FAAS. It has been shown that the extraction of aqueous phase containing copper

(IT) with organic phase containing FHA and then stripping the organic phase with
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10 % HNOs; gave a solution of copper (II) 10 fold in concentrations. Meanwhile,
extraction of iron (III) from aqueous solution shows a selective extraction, in

which only iron could be extracted in pH 2.

The FHA synthesized from commercial palm olein was successfully immobilized
onto Amberlite XAD-4 and Amberlite XAD-7 resins. The FHA loaded Amberlite
XAD-4 (FHA-Amb) has been successfully used for the separation and
preconcentration of copper (II) and iron (III) ions from aqueous solutions. The
effect of factors such as pH, sample volume, flow rate and concentration of eluant
on the preconcentration efficiency were investigated. It was found that
quantitative recovery of copper (II) ion from FHA loaded Amberlite XAD-4 resin
was obtained using HNOj3 (10%) as eluant with a preconcentration factor up to 60.
The methods for the separation of copper (II) from Zn (II) and Cd (II) have been
proposed. From the separation studies of iron (III) in a solution containing Cu (II),
Zn (II), Cd (II) and Ni (II) ions by FHA-Amb, it was found that only iron (III) was
extracted by the resin at pH 2. This indicates that FHA is a selective chelating
agent for the separation of iron (III) ion from Cu (II), Zn (II), Ni (II) and Cd (II)
ions at pH 2. While, the preconcentration studies of iron (III) ion from aqueous
media showed that the percentage recoveries for all preconcentration factors are
100%. This indicates that the FHA-Amb can be applied for the preconcentration

of iron (IIT) ion in aqueous media.
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Asid-asid lemak hidroksamik (FHA) telah berjaya disintesiskan daripada minyak
kelapa sawit dengan tindakbalas satu peringkat menggunakan enzim lipase
sebagai mangkin. Penukaran daripada minyak kelapa sawit kepada FHA telah
dilakukan dengan mencampurkan substrat dan hidroksilamina pada suhu 30°C
dan pH neutral selama 30 jam. Kaedah sintesis berenzim FHA yang dijelaskan di
dalam laporan ini adalah ringkas, mudah dari segi teknikal dan pemisahan yang
mudah bagi enzim daripada produk serta unsur-unsur lain di dalam campuran
tindak balas. Selain itu ia juga disediakan dalam keadaan yang sesuai dimana
ianya mengurangkan penghasilan bahan yang tidak dikehendaki melalui

tindakbalas sampingan.
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Peratus penukaran bagi Minyak Sawit Olein Komersial, Minyak Sawit Olein
RBD, Minyak Sawit RBD, Stearin Minyak Sawit RBD dan olein isirong minyak
sawit RBD kepada Asid lemak hidroksamik masing-masing adalah 89, 79, 77, 90
and 98. Analisis kualitatif menggunakan analisis FTIR, analisis unsur CHN dan
kromatografi cecair berprestasi tinggi (HPLC) telah dijalankan untuk
membuktikan kehadiran kumpulan asid hidroksamik di dalam produk yang telah

ditulenkan.

Kajian aplikasi bagi produk sebagai reagen bagi kimia analisis telah dijalankan
berdasarkan kebolehan FHA sebagai agen pengkelat. Penentuan spektrofotometrik
bagi kompleks vanadium (V)-FHA serta besi (III)-FHA menunjukkan tahap
pengesanan yang rendah ditunjukkan dengan keamatan warna kompleks yang
tinggi. FHA yang disintesis daripada sawit olein komersial juga digunakan sebagi
pengestrak bagi mendapatkan kuprum (II) dan besi (III) daripada media akueus.
Pemisahan kuprum (II) daripada ion logam lain seperti Co (1), Ni (I), Cd (II) dan
Zn (II) lebih mudah dicapai pada pH antara 4 ke 6. Pengestrakkan dan
penanggalan tunggal memberikan pemisahan dan pra-pemekatan yang baik bagi
kuprum (II) dan besi (III). Pemisahan bagi kuprum (II) boleh disempurnakan
secara kuantitatif daripada ion logam lain. Walau bagaimanapun kuprum (II) tidak
boleh dipisahkan daripada campuran besi (III). Proses pra-pemekatan
dicadangkan bagi penentuan kandungan kuprum (II) di dalam sampel air, yang
mengandungi paras kepekatan kuprum (II) yang tidak dapat diukur secara
langsung oleh AAS. Ini telah ditunjukkan dengan pengestrak fasa akueus yang

mengandungi kuprum (II) dengan fasa organik yang mengandungi FHA dan
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penanggalan daripada fasa organik dengan larutan 10% HNO; memberikan
pemekatan larutan kuprum (II) sebanyak 10 kali ganda. Sementara itu
pengekstrakan bagi besi (III) daripada larutan akueus menunjukkan

pengekstrakkan yang selektif di mana hanya ion besi dapat diekstrak pada pH 2.

FHA yang disintesis daripada olein minyak sawit berjaya dipegunkan kedalam
resin Amberlite XAD-4 dan Amberlite XAD-7. Amberlite XAD-4 yang pegunkan
dengan FHA (FHA-Amb) telah berjaya digunakan bagi pemisahan dan pra-
pemekatan bagi ion kuprum (II) dan besi (III) daripada larutan akueus. Kesan
faktor pH, isipadu sampel, kadar aliran serta kepekatan bagi larutan pengelusi
terhadap keberkesanan pra-kepekatan juga telah dikaji. Keputusan menunjukkan
perolehan semula adalah kuantitatif bagi ion kuprum (II) daripada resin Amberlite
XAD-4 dimasukkan FHA dapat diperoleh menggunakan HNO; (10%) sebagai
larutan pengelusi dengan faktor pra-kepekatan sehingga 60. Kaedah pemisahan
bagi kuprum (II) daripada Zn (IT) dan Cd (II) telah dicadangkan. Di dalam kajian
pemisahan bagi ion besi (III) daripada ion kuprum (II), Zn (II), Ni (II) dan Cd (II)
pada pH 2. Kajian pra-pemekatan bagi ion besi (III) daripada media akuas
menunjukkan peratusan perolehan semula bagi semua faktor pra-pemekatan
adalah 100%. Ini menunjukkan bahawa FHA-Amb boleh diaplikasikan bagi pra-

pemekatan untuk ion besi (III) di dalam media akuas.
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