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FORNTLLASI MINYAK MARGARIN DENGAN PENDEKATAN
LINEAR PROGRAMMING

Angga Jatmika

,4BSTRAK

Mittvak.rcu,ir dan minvak inti sawit besertu.f'ntksi-fruksittyu nrt'ruyrkrttt lxrhrtn yrttry buik
urrtttk berbagai aplikasi di biduttg pangail tennasuk murgarin. Margurin tneruJtukan prunluk
etnulsi dengan tipe emulsi air di dulcutt ninyuk \ung dibuat tlarijhse rnint,uk, fa.re uir. entul.ri-
fier. dan buhan lainnya seperti bulwt pennnboh uronto, penarno tlrut t'itrttnil, s'erta ailioksi-
dun. Fase ninvak margarin sangat nrcneiltukan sifotfisik tnargarin. Prtda penelitian ini telalt
dilokukan.forntulasi minyak margarin ntenggunakan linear.proursm'n1'.t-o \i(rttg, tlrtprtt
nrcttghenutt waktu dan bahan. Hasil penelitian memperlihutkat buhtru komytsi.si hohan lxtku
vang rli.sarankan untuk pembuatan minyuk nnrgarin hou,a tlipengurrilil oleh perherlrrrur futtgsi
kendolrt. Penguiion kesesuoian titik Ieleh minvak ntttrgarin hasil litr nrulasi dengrttt nnrgurin
a(uott ntemperlihatkcut bahv,tt titik leleh minr*ak rnurgurin hasil Jitnnrtias'i nerilektti titik Ieteh
tltlrg(rnn oculn.

Krrta kutrci : tttargaritt. tbrrnulasi. pcndekatan lineur pro,qranunii l,g. prirrv:rk sawit. rnirryak irrti

,
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PENDAHULUAN

Minyak sawir dan minyak inti sawit
beserta ti'aksi-fraksinya merupakan bahan
yang baik untuk berbagai aplikasi di
bidang pangan disebabkan oleh komposisi
asan lernak dan trigliseridanya. Minyak
sawit mengandung sekitar 50.2% asam
lemak jenuh. 39,3% asam lemak tak jenuh
runggal dan 10,5 % asam lemak tak jenuh
ganda. Panjang rantai asam lemak yang
terdapat di dalam trigliserida minyak sawit
berkisar antara 12 sampai 20 karbon (4).
Minyak sawit yang berbentuk semi padat
terutama mengandung asam palmitat,
asam oleat, dan asam linoleat masing-
masing sebanyak 44,0%, 39,2%, dan
l0.l% (7). Minyak inti sawit bersifat le-
bih jenuh dibandingkan dengan minyak
sawit dengan kandungan asam lemak
jenuh sebesar 84% (8).

Minyak sa'uvit dan ntinyak inti sawit
beserta fraksi-fraksinya banyak digunakan
untuk pembuatan produk-produk emulsi
misalnya margarin. Margarin merupakau
produk emulsi dengan tipc emulsi air di
dalam minyak yang dibuat dari minyak
dan lemak pallgan. Margarin, ntenurut
dcfinisi Codex. harus mengandung
minyak tidak kurang dari 80% dan me-
ngandung air tidak lebih dari 16"/o. Mar-
garin dibuat dengan cara membuat emulsi
antara fase minyak dengan fase air.
Ernulsi tersebut kemudian dikristalkan se-
bagian melalui proses pendinginan secara
cepat yang dilanjutkan dengan proses
plastisisasi atau teksturisasi (7).

Bahan baku pembuatan margarin
antara lain adalah campuran minyak yang
membeutuk fase rninyak; air dan atau susu
yang membentuk fase air; emulsifier, dan
bahan lainnya seperti bahan penambah
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aroma, pewarna dan vitamin, serta antiok-

sidan. Fase minyak margarin sangat me-

nentukan sifat fisik margarin. Oleh karena

itu, dalam formulasi margarin perlu dila-

kukan lebih dahulu formulasi minyak

margarin. Formulasi minyak margarin

dapat dilakukan secara coba-coba, seba-

gaimana yang dilakukan untuk formulasi

produk vanaspati (5), namun cara ini
kurang menguntungkan karena membu-

tuhkan banyak bahan dan waktu uji coba

yang lama. Berdasarkan latar belakang

itulah, penelitian ini dilakukan dengan

tujuan untuk menggambarkan pemakaian

linear programming untuk formulasi

minyak margarin yang hemat waktu dan

bahan.

BAHAN DAN METODE

Bahan

Bahan yang diPergunakan dalam

formulasi minyak margarin ini adalah

olein, minyak makan merah, minyak inti
sawit. stearin, dan minyak sawit yang

telah dimurnikan, dipucatkan, dan dide-

odorisasi. Olein, minyak inti sawit,

stearin, dan minyak sawit yang telah di-
murnikan. dipucatkan, dan dideodorisasi
diperoleh dari PT Pamina Adolina, PT

Perkebunan Nusantara IV, Sumatera

Utara. Minyak makan merah dibuat dari

olein mentah yang dihilangkan gumnya

dengan asam fosfat dan dinetralisasi de-

ngan Na.CO.. menurut cara yang telah

dikembangkan oleh Pusat Penelitian Ke-

lapa Sau'it (l). Produk margarin yang di-
jadikan acuan adalah salah satu margarin

meja komersial buatan Indonesia.

Metode

Penelitian ini dibagi menjadi dua ta-

94

hapan yaitu tahap penentuan formula

minyak margarin dengan model linear
programming dan tahaP Pembuatan
minyak margarin berdasarkan formula ter-

sebut. Model linear programming disele-

saikan dengan mempergunakan paket pro-

gram komputer LINDO (Linear Interac-

tive Discrete Optimizer). Kedua tahapan

tersebut digambarkan pada Gambar 1.

Model linear programming mem-

punyai tiga unsur utama yaitu variabel

keputusan, fungsi tujuan dan kendala-

kendala fungsional. Baik fungsi tujuan

maupun kendala-kendala fungsional diru-

angkan ke dalam fungsi matematika linier.
Oleh karena itu agar Paket Program
LINDO dapat berjalan dengan sempurna

maka dilakukan tahapan berikut:

1. Penentuan variabel keputusan, yaitu

berupa bahan baku minYak margarin

antara lain steann (ST), olein (OL)'
minyak inti sawit (PKO), minYak ma-

kan merah (MMM). dan minYak sawit
yang telah dimurnikan. dipucatkan,

dan dideodorisasi (RBD).

2. Penentuan fungsi tuJuan.

3. Penentuan fungsr kendala yallg dida-

sarkan atas komposisi asam lemak

minyak margarin acuan dan komposisi

asam lemak bahan baku minYak mar-
garin.

Hasil olahan program LINDO me-

muat informasi penyelesaian optimal,
yaitu nilai fungsi tujuan, nilai optimal

variabel keputusan, nilai variabel slack

dan surplus, dan nilai dual price. Di
antara hasil olahan program LINDO ter-

sebut yang dipergunakan untuk keperluan

formulasi minyak margarin hanyalah nilai
optimal variabel, yang dalam hal ini ada-

lah jurnlah masing-masing bahan baku
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yang disarankan untuk formulasi minyak
margann.

Pembuatan minyak margarin (fase
minyak) dilakukan dengan cara pencam-
puran. Sifat yang dipergunakan untuk
keperluan pencocokan dengan acuan ada-
lah titik leleh. Titik leleh dianalisis menu-
rut metde AOCS Cc I-25 (2) memper-
gunakan tabung kapiler. Komposisi asam
lemak dianalisis dengan kromatografi gas.

Gambil l. Famulasi minyak margarin de-
ngru program LINDO

Metil ester asant lemak dianalisis dengan
kromatografi gas Shimadzu model
GC-148 (Shimadzu Co., Jepang) yang
dilengkapi dengan detektor ionisasi nyala
dan kolom pak dengan GP 3 %-2310/2To
SP-2300 pada 100/200 Chromosorb W,
dijalankan pada suhu kolom 200"C, suhu
injeksi 250oC, temperatur detektor 230oC,
laju alir nitrogen 50 ml/menit. Luas area
puncak dan persentase relatif metil ester
asam lemak ditentukan menggunakan in-
tegrator Shimadzu Chromatopack C-R6A.

HASIL DAN PEMBAHASAN

Hasil pengamatan sifat-sifat margarin
acuan dan minyak-minyak yang digunakan
sebagai bahan baku dalam formulasi
minyak margarin disajikan pada Tabel l.
Berdasarkan komposisi asam lemaknya
maka minyak margarin acuan dapat ditiru
formulasinya dengan cara mencampurkan
secara langsung berbagai bahan baku yang
digunakan. Bahan-bahan baku tersebut ti-
dak perlu dimodifikasi terlebih dahulu.
Asam lemak minyak margarin acuan ter-
diri dari asam lemak dengan rantai karbon
berkisar dafi 12 sampai 18 dan didominasi
oleh asam palmitat dan oleat. Semua
asam lemak tersebut terdapat pada bahan
baku yang akan dipergunakan.

Linear programming dengan program
LINDO yang dipergunakan untuk formu-
lasi minyak margarin dalam penelitian ini
tidak diarahkan untuk meminimumkan
biaya atau memaksimumkan keuntungan
sebagaimana yang sering dilakukan da-
lam formulasi produk pada berbagai
penelitian terdahulu (3,6,9). Oleh karena
itu kelayakan dari segi biaya atau keun-
rungan dalam hal pencapaian fungsi tu-
juan, yang dinyatakan sebagai nilai fungsi
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Analisis kornposisi asam lemak
minyak margarin acuan dan bahan

baku

Penentuan tbrmula minyak marga-
rin dengan program LINDO

Penrbuatan minyak margarin
menurut fbrmula yang telah

ditentukan

Pencocokan sifat (titik leleh) de-
ngan minyak margarin acuan

Forurde miry* mrgrin F g
A+r aigur.tr rrni pcuhrel
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Tabel l. Sifat-sifat minyak margarin acuan dan minyak-minyak bahan baku formulasi

Minyak
margann

acuan

Stearin olein ,::1"^'^::, diMinvaklnya
Minyak sawit

Minyak nta-

kan merah
imurnikan.Sitat intt sawtt dipucatkan. dan

dideodorisasi

Komposisi
asam lemak :

- C l0:0

- C l2:0

- C l4:0

- C 16:0

- C 18:0

- C l8:l

- C l8:2

Titik leleh ("C)

5,6027

3,4320 1,1849 1,0210

42,3213 56,8467 41,8392

4.0154 3,6113 3,3118

34,987t 30,3654 42,0811

9,6415 7,9918 11,7470

42,75 48,75 *

3,0003

47,235',7

16,3761

8.5752

2,8983

17,9860

2,9230

26.75

r.0835

45. r r69

4.1245

38.7 t43

10.6610

.\4.75

0,7990

39,4739

3,4925

44,5404

r1,6284

*

',titik leleh olein dan minyak makan merah tidak dianrati karena olein dan nrinyak makan nreralt tersebut berbentuk

cair pada suhu kamar

tujuan pada keluaran program LINDO, ti-
dak menjadi hat yang diperhatikan. Yang

menjadi perhatian adalah nilai optimal

variabel, yang dalam hal ini adalah jumlah

masing-masing bahan baku Yang di-
sarankan untuk formulasi minyak marga-

rin. Meskipun kelayakan dari segi biaya

atau keuntungan dalam hal pencapaian

fungsi tujuan tidak dipentingkan, pe-

ngaruh pemisalan harga minyak-minyak
bahan baku formulasi terhadap komposisi

formula yang disarankan harus diteliti.
Untuk keperluan penelitian ini, pemisalan

harga dibuat dengan empat alternatif,
yairu a) harga sama untuk semua bahan

baku. b) harga mengikuti kecenderungan

yang terjadi di pasar sebenarnya (sebagai

contoh harga olein lebih mahal dari pada
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harga stearin), c ) harga mengikuti ke-

cenderungan berlawanan dengan yang

terjadi di pasar sebenarnya (sebagai con-

toh, harga stearin lebih mahal dari pada

harga olein), dan d) harga acakl semba-

rang. Hasil penelitian memperlihatkan
bahwa pemisalan harga minyak-minyak

bahan baku formulasi tidak berpengaruh

terhadap komposisi formula yang di-
sarankan (Tabel 2). Di samping itu, perlu

dikemukakan di sini bahwa komposisi

formula yang disarankan tidak dipe-

ngaruhi oleh maksimisasi fungsi tujuan

atau minimisasi fungsi tujuan.
Sebagaimana telah dikemukakan.

model linear programming mempunyai

tiga unsur utama yaitu variabel kepurusan.

fungsi tujuan dan kendala-kendala fung-



formula minyali margarin yang disarankan

ST:1000
RBD:1000
PKO:1000
MMM:1000
OL:1000

ST:7500
RBD:750
PKO:4525
MMM:560
oL:900

I
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Tabel 2. pengaruh pemisalan harga minyak-minyak bahan baku tbrmulasi terhadap kouprrsis

a

7
I

Pemisalan
harga rnirtyak-
minyak baltan

baku tbrntulasi
(Rp /

ST:1000
RBD:1500
PKO:2-s00
MMM:3000
OL:2000

ST:3(XX)
RBD:l-500
PKO:1500
MMI{: 10fi)
oL:2000

Fungsi tu.iuan datr l'uttgsi ketdala

Fungsi tujuan :

Maks. arau Min. z: l000sr+ I000RBD + l000PrKo+ I000MMM+ l(xx)

Fungsi kendala :

0.0<3.0003PKo<0,4
5.2<47 .2357 PKOS6,0

3.0< 1 . 1 849Sf + 1,0835R8 D + 16.3'7 6r P KO + 0.7 990MMM + I .02 I ool .-3

41.9<56.8467Sf+45.1l69RBD + 8,5'l52PKO +39.47391y'IMM + 4l .83e2(

3. 6<3. 6 1 1 3ST + 4,4245R8 D + 2,8983 P KO + 3 .4925 M M M + 3. 3 I I 8 OLs'I.'

34. 6<30. 3654Sf + 38. 7 I 4 3RB D + 17,9860 P KO + 44,5404MM M + 42. 0f{ I I

9. 2 <7. 99 1 8,S?'+ 1 0. 66 1 0R BD + 2.9230 P KO + l l .6784M M M + r l .7 47 0 ( ) L

Furrgsi tujuan :

Maks. atau Min. Z : l000sl+ I 500RBD + 2500PKO + 30(l0MM M + 2OO0O )

Fungsi kendala :

0.0<3.0003PKO<O,4
5.2<47 .2357 PKO<6,0

3,0<1, 1849Sr+ 1,0835R8D + 16,376|PKO +O.7990MMM+ 1.021001 =3'tt
41.9<56.84675r+45.1 l69RBD + 8,5'752PKO +39.4739MMM +41 .\3eZOL

3.6<3.61 l3ST+4.4245R8D +2.8983PKO +3.1925MMM +3.31 lltOL' 4.4

34. 6<30. 36545r+ 38. 7 I 4 3 RB D + 1 7,9860 PKO + 44.5404 MM M + 42. Ott I I O

9.2<7.9918Sr+ 10.6610R BD +2.923(tPKO+ rl.6284MMM +ll .7470oLs1

Fungsi tujuau :

Maks. atau Min. Z : 30005?"+ 2500RBD + I 500PKO + |]OUMMM + 2o0(

Fungsi kerxlala :

0.0<3.u}03PKO<0.4
5 .2<47 .2357 PKOs6.0
3.0s1.1849.5f,+ 1.083-5R.BD +16.3761PKO +O.7990MMM + 1.021001 <:

4r .956.84675r+45.1 l69RBD + 8,5'1'?PKO +3e.4739MMM +41 .83e2

3.6s-1.6 I l3ST + 4.4245R8D + 2. 8983 PKO + 3.4925MM M +3. 3 I I 8ot' 4.

34. 630. 36-545I+ 38. 7 I 43 R B D + | 7 .9860 P KO + 44.5404 M MM + 42. ( )fl I

9.2<7.991&Sf+ l0.66lORBD +2.9230PKO + ll.6284MMM+ lt .'147(tol

Fungsi tujuan :

Maks. atau Mi n. Z : 300OSf + 250RBD + I -500PKO + W(IMMM + 2t\(t0(

Fungsi kerrdala :

0,0<3,0003Pr(o<O.4
5.2s47 .2357 PKO<6.0

3.0<l . I 849Sr+ I .0835R8 D + 16.3'l 6r PKO + 0.7990MM M + I .02 I 001.<3. i

4 I . 9<56. 84675r+ 45, I I 69RBD + 8, 5 7 52P KO + 31) .47 39 M M M + 4l .83e2 0.

3, 6<3, 6 I 13 ST + 1,4245 RB D + 2.8983 PKO + 3 .4925 MMM + 3 .31 | 8 0 L'4.4
34,6<30,36545r+38,7143R8D+17 .9860PKO +44.5404MMM +42,oti I I (

9. 2<?. 99 1 8Sr+ I 0. 66 I 0RBD + 2.9230 P KO + | l .6284MMM + | | .7 47 0 0 L<

Kom;xxisr fu-
rnula ntinr ak

n)lrrganrl )'arl8 
i

clisaraukart :

t00L

,_j.8

zoL<42.'l
/f.+

ttoL<35.4
rL<10.0

ST : 14.067%

RBD:74.50.17;
PKO: t2J02y,

!;

t00L

,3,tt
zoL<42.7
t.4
rroL<35.4
)L<10.0

ST - 14.067%
RBD:74,-504%
PKO: 12.702y"

t00OL

<3 ,8
)2OLs42.7

1.4
{l lol<3_s,4
')L<10.0

sT : 14.067%
R.BD=74,504%
PKO: r2.702%

\00oL

.<3.8

)20L<42.7
:4.4

li I I OLs3-5.4

oL<10,0

sT : r4.067y,
RBD:74.504%
PKO:12.702%

ST : srearin; RBD : minyak sawit yang dimurnikan, dipucatkan, dan dideodorisasi; PKO : rninyak irtti sawit; MMM :
minyak makan merah; OL : olein

9tI
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sional. Oleh karena itu juga dilakukan
penelitian mengenai pengaruh perbedaan

tungsi-fun-esi keudala terhadap komposisi
formula yang disarankan. Perbedaan

tungsi kendala dibuat dengan cara mene-

tapkan simpangan kadar masing-masing

asan lernak yang berbeda. Yang dimak-
sud dengan simpangan kadar asam lemak
digambarkan sebagai berikut : misalkan
ditetapkan simpangan kadar asam lemak
sebesar 0A% dan kadar asam laurat pada

nrirryak rnargarin acuan sebesar 5,6%
maka fungsi kendala untuk kadar asam

laurat adalah (5,6 - 0,4)% < kadar asam

laurat

dar asanr laurat < 6.0%.
Hasil penelitiarl memperlihatkan bah-

wa perbedaan fungsi-fungsi kendala
yang diakibatkan oleh penetapan simpang-

an kadar asam lemak yang berbeda ber-
pengaruh terhadap komposisi formula
yang disarankan (Tabel 3). Makin kecil
simpangan kadar asam lemak yang

ditetapkan sebenarnya berdampak . me-

ningkatkan derajat kesesuaian antara

komposisi asam lemak formula minyak
margarin yang disarankan dengan marga-

rin acuan. Oleh karena itu diusahakan
agar simpangan kadar asam lemak sekecil
mungkin. Namun, hasil penelitian (Tabel

3) memperlihatkan bahwa simpangan ka-

dar asam lemak mempunyai nilai optimal
agar jumlah semua bahan baku yang di-
sarankan untuk formulasi minyak marga-

rirr mendekati 100%. Dengan simpangan

kadar asam lemak ditetapkan 0,1: 0.2:

0,3; dan 0,4Vo maka jumlah semua bahan

baku yang disarankan untuk formulasi

minyak margarin berturut-turut adalah

94,366%, 96,807%, 99,248%, dan

l0I.I28%. Berdasarkan hasil ini maka

dapat disimpulkan bahwa simpangan ka-

dar asam lemak yang optimal adalah

antara 0,3% sampai 0,4% dengan kompo-
sisi formula minyak margarin yang di-
sarankan terdiri dari stearin berkisar
antara 12,584% - 11,067%, mtnyak sawit
yang dimurnikan, dipucatkan, dan dide-

odorisasi berkisar antara 74,504%
76,665%, dan minvak inti sawit berkisar
antara 9.9997o - 12.702Vo.

Berdasarkan komposisi formula
minyak margarin yang disarankan oleh

linear programming LINDO dilakukan
pembuatan minyak margarin (fase

minyak) dengan cara pencampuran dan

pencocokan sifat titik leleh dengan minyak
margarin acuan. Hasil penelitian memper-

lihatkan bahwa komposisi asam lemak dan

titik leleh minyak margarin hasil formulasi
sangat mendekati titik leleh dan komposisi
asam lemak minyak margarin acuan (Ta-

bel 4). Berdasarkan hasil ini dapat

dinyatakan bahwa linear programming
dapat digunakan untuk memformulasi
minyak margarin secara cepat dan

menghemat pemakaian bahan.

l
i
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I
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Formulasi minyak margarin dengan p.norroruntl inear programning

Tabel 3. Penganrh simpangan kadar masing-masing asam lemak terhadap komposisi formula
minyak margarin yang disarankan

ST: stcarin: RBD : nrinyak sawityangdinturnikan. dipucatkan. dandideoclorisasi: PKO : nriuyak inri sawir: IUMM :
nrinyak rnakan nrerah: OL : olein

t

I

y)

Pernirelan lurga
minyak-minyak
bahar baku for-

mulasi
(Ro. i ke)

Fungsi tujuan dan fungsi kendala

Komposisi
fbrmula miuyak
nrargann yang

disarankan

ST:Iffi
RBD: I5OO

PKO:2500
Ml'{.V:3000
OL:20fi)

Fungsi tujuan :

Maks. atau Mirr. Z : l000ST+ I 500RBD + 2-500PfO + 3ONMMM + 2$OOL
Fungsi kendala :

Simpangan 0,1
0.0<3.0003P/(o<0, r

5 .5s47 ,2357 PKO<S.7
3. 3< l, I 849ST+ l,0835RBD + 16.37 6l P KO + 0,7 990MM M + I .02 I 00L<3, 5

42 .2<5 6.84675r+ 45. I I 69RBD + 8. 5 7 52 P K O + 39,47 39 M M M + 4 1 .8392 0 L<42.4
3, 9<3. 6 I 13 ST + 4.4245R8 D + 2,8983 P KO + 3,4925MMM + 3.3t 18 0 L<4. 1

34, 9<30, 365 4ST + 38.7 | 43RB D + r7,9860 PKO + 44J404MM M +42, 08 l 1 0L<35 . I
9. -5 <7. 99 I 8Sr+ I 0. 66 I ORB D + 2.9230 P KO + | | .6284 M MM + | r .7 47 0 0 L<9 .7

sr : 8.891%
RBD:82,142%
PKO:3.333%

ST= 1000

RBD:1500
PKO:2500
MMM:3000
OL:2fiX)

Fungsi tujuan :

Maks. atau M i n. Z : I 000Sf + I 500RBD + 2-500PKO + 3000 MMM + 2(y,J[', O L
Fuugsi kerdala :

Sirnpargau 0,2
0,0<3,0003P(o<O,2
5,4<47 ,2357 PKO<s.8
3. 2< I . I 849Sr+ I .0835R8D + | 6.37 6t P KO + 0.7 9X)M MM + I .02 l 00L<3.6
42. | <5 6 .84675I+ 4-5 . I I 69RBD + 8, 5 7 52 P KO + 39 .47 39 M M M + 4 r .8392 0 Ls42 . 5

3 . 8s3. 6 I | 3 ST + 4.4245 RB D + 2.8983 P KO + 7 .4925 M MM + 3 .3 | | 8 0 L :4 .2
34. 830. 3654,Sf + 38, 7 I 43 RB D - 11 .98ffi P KO + MSMM MM + 42 . 

( )8 I I O L<3 5 .2
9..ls 7. 99 I &Sr+ I 0. 66 I ORBD + 2.9230 P K O + | | .62MM M M + 1 | .7 47 0 0 Lsg .8

sT : 10.738%

RBD:79.404%
PKO:6.666%

ST: ltXftl
IIBD: t5(Xr

PKO:15{xt
MI\TM:.iUTI
OL:lUX)

Fungsi tujuan :

Ilaks. anu Min. z : I (nostr+ I 500RBD + 25UJ P KO + 30AJM M M + 2UJJ OL
Fungsi kendala :

Simpangan 0.3
0.0<.0003PKos.3
5.3<47 .2357 PKOS1.9
3. l s I . I 849ST+ I .0835R8D + t6.37 6I P KO + 0.7 990MM M + t .02 tOO L<3 .7
42.0<_56. 8467J7'+ 4-5. I I 69R D + 8, 57 52 P KO + 39 .47 39 MM M + 4| .83920L<42.6
3 .7 <3 .61 13 ST + 4.4245R8 D + 2.t )83 P KO + 3 .4925 M MM + 3. 3 I I 8 OL <4. 3

34. 7<30. 36545r+ 38. 7 r 43RBD + t7 .9860 P KO + 44. 54MM MM + 42. ( )8 I I OL<3 5 .3
9. 3 <7. 99 I 8Sr+ I 0. 66 I 0R BD + 2.9230 P KO + | | .6284M MM + | | .7 47 0 0 L39 .9

ST : 12.584%
RBD:76.66-s%
PKO:9.999%

Fungsi tujuan :

M aks. atau Min. Z : I 000.tf + $0ORB D + 2500PKO + 3000MM M t ztJ0f O L
Fungsi kendala :

Simpangan 0,4
0,0<3,0003P,rKO<0.4
5.2<47 ,2357 PKO<6.0
3,0s I, I 849Sr+ 1 .0835R8 D + t6.37 6l PKO + 0.7990MIVIM + I .02 I 00t<3. E

4 l, 9<56, 84675r+ 4-5, I I 69RBD + 8. 57 52 P KO + 39,47 39 M MM + 4r .t\392 0L<42.7
3. 6s3. 6 I t3 ST + 4,4245 RBD + 2.8983 P KO + 3,4925MM M + 3,3 | t8 0L<4.4
34, 6<30, 3654.5r+ 38. 7 I 43 RB D + t7 .9860 P KO 1- 44.5404MM M + 42.( )8 I I O L<35 .4
9. 2s7. 99 I 8Sr+ I 0. 66 I ORBD + 2.9230 P KO + | | .6281M MM + | | .7 47 0 oLsr 0.rl

ST : 14.0677i
RBD=74.504%
PKO: t2.7027,

I
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Tabel 4. Sitat nrinyak margarin acuan dan

minyak margarin hasil fbnnulasi
DAFTAR PUSTAKA

1. ANONIMOUS. 1996. Laporan akhir tahun I Riset

Unggulan Terpadu (RUT) III: Pengembalg-
an minyak makan merah dari minyak sawit.
Pusat Penelitian Kelapa Sawit, Medan. Ti-
dak dipublikasikan.

2. AOCS. 1989. Official Methods and Recommended
Practices. American Oil Clremists' Society,
Chanrpaign, Illinois.

3. CHAN, K.Y. and P.E. KAVANAGH. 1992. Ap-
plication of Plackett-Burman design and lin-
eilr programming to light-duty liquid deter-
gent tbrnrulation. Journal of American Oil
Chenrists' Society 69(7):690-694.

4. CHONG, C.L. 1994. Chemical and physical prop-

erties of palnr oil and palm kernel oil. In
ARIFFIN. A.. M.N.H. BASRI, M.J. AH.
MAD, R. OTHMAN, J. MINAL, M.R.M.
JAAIS. R. GHAZALI, N.A. HALM, M.
MAZLAN, arxl M.R. MAHIDIN (eds.).

Selected Readings on Palm Oil and Its Uses.

. 
PORIM, Malaysia p. 60 -77.

5. HARYATI, T. 19D,4. Pendekatan kimia dalam
penentuan formulasi vanaspati. Buletin
PPKS 2(3):165-173.

6. HUBEIS, M. 1996. Penerapan linear progranrmtng

untuk optimasi biaya produk pangan. Bul.
Teknologi dan lrxJustri Pangan 7 (2):7 5-83.

7. NOR'AINI, S. and Y.K. TEAH. 1994. Palm and

palm kernel oils in margarines and other
emulsion products. In ARIFFIN, A.,
M.N.H. BASRI, M.J. AHMAD, R. OTH-
MAN, J. MINAL, M.R.M. JAAIS. R.
GHAZALI. N.A. HALIM, M. MAZLAN,
and M.R. MAHIDIN (eds). Selected Read-

ings on Pahn Oil and Its Uses. PORIM,
Malaysia p. 130 - 136.

8. PADLEY, F.B., F.D.GUNSTONE, and J.L.
HARWOOD. 1994. Occurrence and char-
acteristics of oils and fats. /n GUNSTONE,
F.D.. J.L. HARWOOD. atd F.B. PADLEY
(eds.). The Lipid Handbook. Second edi-
tion. Chapnran & Hall, Lordon. p.84.

9. SISWANTO. 193. Goal Programming dengan
Menggunakan LINDO. Penerbit Elex Me-
dia Komprtindo. Jakara. p. 5.

Minvak
n.,^.n^iin Minyak margarin

;;;;; hasil formulasiSifat

Komposisi asanr

lemak :

- C l0:0

- C l2:0

- C l4:0

- C 16:0

- C l8:0

- C l8:l

- C l8:2

Titik leleh ("C)

5.6027

3.4320

42.3213

4,0154

34.9871

9,&r5

42.75

6.7423

3.4823

42.2491

3.7372

34,6999

9,1498

42.50

KESIMPULAN

Linear programning dapat diterap-
kan untuk memfonnulasi minyak margarin
yaitu jumlah masing-masing bahan baku
yang disarankan unruk formulasi minyak
margarin. Penerapan linear programming
tersebut tidak dipengaruhi oleh harga

masing-nasing bahan baku yang diguna-
kan dalam formulasi, namun dipengaruhi
oleh perbedaan fungsi kendala karena
perbedaan penetapan simpangan kadar

asam lemak.
Komposisi minyak margarin yang

disarankan yang sesuai dengan minyak
margarin acuan terdiri dari stearin
berkisar antara 12,584% - 14,067%,
minyak sawit yang dimurnikan, dipucat-
kan, dan dideodorisasi berkisar antara

74,504% - 76,665%, dan minyak inti
sawit berkisar antara 9,999% - I2,702Vo.

I
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Margarine oil formulation using linear programming approach

Angga Jatmika

Abstract
Palm and palm kernel oils and thdir fractions are excellent ingredients for food appli-

cations such as margarines. Margarine is water in oil type emulsion products produced

from fu phase. aqueous phase, emulsifier, and other ingredients such as flavoring agents,
coloring ageils. r'itamins and antioxidants. The fat phase of the margarine determines the
plrysical properties of margarine. This research was conducted to fitrmulate nnrgarine oil
using linear programning approach which couU reduce time and materials. Result of the
sru4[' shoved that recommended cotnposition of ratu nnterials for preparing margarine oil
vus afeaed only by difrerence of constraint functions. Testing of nteltirtg point of recom-
nrcruled nnrgarine oil compared to reference ntargarine oil showed that the ntelting point of
the re-contmended margarine oil was close to that of reference margarine oil.

Kevwords : margarine, tbrmulation, linear programming approach. palrn ,ril, palm kernel oil

. Introduction

Palm and palm kernel oils and their
fractions are excellent ingredients for food
applications due to their fatty acid and tri-
glyceride composition. Palm oil com-
prises about 50.2% saturated fatty acids,
39.37o mouounsaturated fatty acids and
10.5% polyunsaturated fatty acids. The
chain lengths of these fatty acids present
in the triglycerides fall within a very nar-
row range from L2 to 20 carbons (4).
Palm oil which is a semi-solid form con-
tains mainly palmitic, oleic and linoleic
acid of 44 .0% , 39 .2% , and I0.l %, re-
spectively (7). Palm kernel oil is more
saturated than palm oil which contains
84% saltrated fats (8).

Palm and palm kernel oils and their
fractions find a wide range of applications
in the manufacnrre of emulsion products
such as margarines. Margarine is water
in oil type emulsion products produced
principally from edible fats and oils.
Margarire is defined by Codex to consist

of not less than 80% far and not more
tlran 16% water. Margarine is made by
emulsifying oils or fats with an aqueous
phase. The emulsion is partly crystallized
by rapid chilling continued with plastici-
zation or texturization (7).

Materials used for margarine prepa-
ration were mixture of oil and fat which
form a fat phase, water and or milk which
form a aqueous phase, emulsifier, and
other ingrrdients such as flavoring agents,
coloring agents, vitamins and antioxi-
dants. The fat phase of the margarine de-
termines the physical properties of marga-
rine. Hence, in the margarine formula-
tion must be preceeded by formulation of
the fat phase of margarine. Margarine
oil formulation can be accomplished by
trial and error approach as used for va-
naspati formulation (5). This approach,
however, is rime conzuming and needs
more materials. Based on this back-
ground, this research was conducted to
illustrate a linear programming approach
for margarine oil formulation.

r0l

I



Angga Jatmika

Materials and Methods

Materials

Materials used for margarine oil (fat

phase; formulation were palm olein. red

palnr oil, palm kentel oil, palm stearin,

and lefined, bleached, deodorized palm

oil. Palm olein, palm kernel oil. palm

stearin, and refined, bleached' deodorized

palm oil were obtained fi'om PT Pamina

Adolina, PT Perkebunan Nusantara IV'
North Sumatera. Red palm oil was made

from crude olein, degummed b1'phospho-

ric acid and neutralized by Na2COl ac-

cording to method developed by Indone-

sian Oil Palm Research Instirute (l). This

research used commercial table marga-

rine made in Indonesia as reference mar'-

garllle.

Methods

This study was divided into two

stages that is determination of margarine

oil formula by linear programming rnodel

and preparation of margarine oil based on

that formula. Linear programming model

was calculated by LINDO (Linear Inter-
active Discrete Optitnizer) cotllputer pro-

gram. The two stages of study was illus-
trated on Figure 1.

Liuear programtning model has three

rnain colnponents that is decision variable'

objective function and constraint func-

tions. Both of the objective function and

constraint fuuctions were made in the lin-
ear equations. Hence, in order for
LINDO to run optin'ral, there are three

stages tltat should be done as follow :

l. Determinatioll of decision variables. in

this case. te decision variables are oils

for rarv rnaterials of the margaritte oil

102

formulation such as palm stearin (ST)'

palm olein (OL). Palm kernel oil
(PKO), red cooking oil (MMM)' and

refined, bleached, deodorized palm oil
(RBD).

2. Determination of objective function.

3. Determination of constraint functions

based on fatty acid composition of ref-

erence ntargarine oil and oils used for

raw materials of the formulatiott.

The output of the LINDO comPuter

program inform optimal solution which

consist of objective tunction value. op-

tirnal decision variable value, value of
slack and surplus variable, aud dual price

value. Among of the output LINDO com-

puter program that used for this margarine

oil lbrmulation was only optimal decision

variable value which illustrated the re-

commended quantity of each oils of raw

rnaterials for margaline oil tbrmulation.
Margarine oit (l'at phase) preparation

was carried out by blending. The pro-

perty used for tnatchitt-e with the reference

was melting point. Melting point was

analyzed accordin,e to AOCS rnetltod Cc

l-25 Q) using capillary tube. Fatty acid

conrposition was analyzed by gas chro-

n'ratography. The fatty acid methyl esters

(FAME) were analvzed ol) a Shimadzu

model GC 14B (Shimadzu Co.. Japatt)

equipped with a flanre ionization detcctor

and a columu packed with GP 3%-

231012% SP 2300 on 100/200 Chromo-

sorb W support. operated at a columu

tenrperature of 200"C. injection poil tem-

perature of 250"C and FID temperature of
230"C, under a nitrogen flow rate of 50

nrl/rnin. The peak area aud relative per-

centage of FAME were obtained with
Shinradzu integrator C-R6A Chronratopack.
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Formula of margarine oil which
can be used for preparing new

margarine product with proper-
ties close to reference margarine

Figure l. Formulation of margarine oil using
program LINDO

Results and Discussion

Result of the observation on the
propenies of reference margarine oil and
oils used for raw material of the formula-
tion was shown at Table 1. Based on
ther fatty acid composition, that reference
margarine oil can be duplicated by
straight blending of the oils used for raw
marerial of fte lolarrlatioD. The oils used
for ras mercfal of he formuladon did

not need any modification. The fatty ac-
ids of the reference margarine oil consist
of fatty acids with carbon chain length
range from 12 - 18 and dominated by
palmitic and oleic acids. All of the fatty
acids are found in oils used for raw mate-
rial of the formulatlon.

Linear programming using LINDO
computer program used in this margarine
oil formulation was not aimed to mini-
mize the cost or maximize the return as

often it has been done in the products
formulation by preceding research
(3,6,9). Hence, the feasibility of cost or
return in term of objective function
achievement, was expresed as objective
function value in the output of LINDO
computer program, e.g. the recom-
mended quantity of each oils used for raw
material of margarine oil formulation.
Although, the feasibility of cost or return
in term of objective function achievement
was not important. the effect of raw
materials price assumption on the recom-
mended composition of oil margarine
formula must be further studied. For the
current study, the raw materials price as-

sumption was made according to four al-
ternatives: a) equal price for all of the oils
for raw material of margarine oil formu-
lation, b) trend of the normal market
price (for example, palm olein was more
expensive than palm stearin), c) price as-

sumption contrary with normally trend of
the market price (for example, palm
stearin was more expensive than palm
olein), and d) random price urd{rinpiion.
Result of the study showed that the price
assumption of oils us'ed for raw materials
of formulation drd not affect the recom-
mended compositic-rn of oil margarine

103

i'

ls

I

s



t

Angga Jatmika

Table 1. Properties of reference rnargarine oil and oils for raw materials in the formulation

Ploperties

palm Retined,

kernel bleached,

oil deodtuized
palrn oil

Fatty acid compo-
sition (%) :

- C l0:0
- C 12:0
- C l4:0
- C 16:0
- C l8:0
- C l8:l
- C l8:2
Melting point ("C)

formirla (Table 2). In addition to above
result, other result showed that maximi-
zation or minimization of objective func-
tion did not affect the recommended com-
position of oil margarine formula.

As already stated that a linear pro-
gramming model has three main compo-
nents that is decision variable, objective
and constraint functions. Therefore,
study of the effect of difference functions
constraint on recommended composition
of margarine oil formula also was carried
out. The difference functions constraint
was generated by variation of individual
fatty acid content deviation. For expla-
nation of the individual fatty acid content
deviation, it was illustrated as follow : for
example, the deviation of individual
(each) fatty acid was given of 0.4% and
lauric acid content of the margarine oil
reference was 5.6% so constraint func-
tion for lauric acid content fall on (5.6-
0.4)Vo < lauric acid content < (5.6+0.4)%
or 5.2% llauric acid content < 6.0%.

Result of the srudy showed that the

dit'ference of constraint functions caused

by differences in deviation of individual
fatty acids content affected on recom-
mended composition of margarine oil
fornrula (Table 3). Lower deviation of
individual fatty acids content, in fact,
could increase matching degree between
the fatty acid composition of reference
margarine oil and recommended marga-
rine oil formula. Therefore, it must be

atternpted to minimize the deviation of in-
dividual fatty acids content. Data on Ta-
ble 3, however, showed that the deviation
of individual fatty acids content has an

optimal value in order to the quantity of
each oils used for raw material of marga-
rine oil formulation closed to 100%. If
the deviation of individual (each) fatty
acid was 0.1, 0.2, 0.3, and 0.4Vo then
the quantity of each oils used for raw
material of margarine oil formulation
will be of 94.366% , 96.807 Vo ,

99.248%, and 101 . I 28%, respectively.

Ref'erence palm
Inargarlne Stearin

oil

Palm

olein
Red cooking

oil

s.6027
3.4320 1.1849 L0210

42.3213 56.8467 4r.8392
4.0154 3.6113 3.3118

34.987r 30.3654 42.0811
9.64t5 7.9918 1r.7470

42.5 49.0 x'

3.0003
47.2357
16.376r
8.5752
2.8983

17.9860
2.9230

27.0

1.0835 0.7990
45.lr69 39.4739
4.424s 1.4e2s

-r8.7 r4'3 44.5404
10.6610 tt .6284

35.0 *

')nrelting point of palm olein and red cooking oil were not determlned because palnt olein rrtd red cooking oil rvere in
the liquid form in the room temperature



Table 2- Effect of price assumption on recommended composition of oil margarine formula

Prkc assrnp'
tin of oils for
raw mrrerial in
dr foruulalbn

(RP./tc)

Objective function and constraitrt tunctions
Recomrnended

conrposition of
oil margarirre

lbrnrula

ST:l(XX)
RBD:lCX[
PKO:Iffi)
MMM: l(XD
OL: lfi[

Objcrctive furrcri<llr ;

Max. or Min. Z:lO0OSf+ l0008.BD+l000pKO+ t}t)iMlvrM+ l(XX)OL
Corstrainr furrctions :

0.0<.0m3PKo<O.4
s.2s47 .2357PKO<6.0

3.0<l . I 849.52'+ I .0835R8D + | 6.37 6t p K O + 0.7990M M M+ I .02 I 002<3. rt

4 I . 9<56. 8467 ST + 45. I I 69RBD + 8 . 57 52 p KO + 39 .47 39 M M M + 4 | .83e2 0Ls42 .7
3. 63. 6 I t3 ST + 4.4245R B D + 2.8983 p KO + 3 . 4925 lt't MM + 3 .3 | t8 0Ls4 4
34. 6s30. 3654.sr+ 3 8. 7 I 43 RB D + t7 .9860 p Ko + 44 . s4tJ4MM M+ 42. 0n I I oL<3 s . 4
9.2<7.9918.Sr+ l0.66lORB D +2.9230pKO+ n .6284MMvI + tt.7470OLst0.o

ST : 14.067%

RBD:7a.5O4cX
PKO: 12.702%

ST= lfi)O
RBD:15fi)
PKO:2500
MMM=300{)
OL:2fiX)

uDjectlve tunctton :

Max. or Min. Z : l000sr+ lO(x)RBD + t000pKo + t}fi\MMM + 10000L
Constraint functions :

0.0<3.0003PKOS0.4

5.2<47 .2357 PKOS6.O

3.0< I . I 849Sr+ I .0835R8D + | 6.37 6r pKO + O.'t 990MMM+ I .02 I 00L : .1. t{

4 I . 9<56. 8467 sr + 45 . I I 69RBD + n. 5 7 52 p K o + 39 . 47 39 IttM M + 4 | .83s 2 o I-s42 . 7
3. 6s3. 6 I t3 ST + 4. 4245RBD + 2. 89 83 p K O + 3 .4925 uIMM + 3. 3 I I 80lrl 4

34. 630. 365 4ST + 38.7 | 43 RB D + t7 .98UJ p KO + U. ,A(MMMM+ 42 0r{ I L OLIS 5 . 4
9. 2s7. 99 I 8ST+ I 0. 66 I ORBD + 2.9230 p KO + | | 6281 I1MM + | | .7 47 0 0 Lsto .o

ST : 14.061%

RBD=74.5O4'/,
PKO: t2.702y,

ST:3{m
RBD:2-{x)
PKO= 1500

MMM:l[XIl
OL:2fi[

Objective function :

Max. or Min. Z:lm0sf+t(XnRBD+liljOpKO+ IIJ\MMM+ l(X[OL
Corstmint furrctiors:
0.0<l.utr3PKo$.4
5.2<47.857PKG6.0
3 (XI . I E49ST+ I .0835R8D + t6.37 6t pKO + 03990 MMM+ I .02 I 00L-_r. n
4 r . 9<56. 8467sI+ 45. I I 69R8D + 8. 5 7 52 p KO + 39 . 47 39 MM M + 4 t . 83s 7 O L<42 .7
3. 63. 6 I t3ST + 4.4245R8D + 2.8983 p K O + 3 .4925 IIMM + 3 .3 | | 8 0L<4 4
x. 6s30. 36545r + 38.7 | 43 R BD + t7 .9860 p K O + 44 . 5 4o4MM M + 42 . Ott r I o Ls3 5 . 4
9 - 2<7. 99 l E tr+ I 0. 66 I ORBD + 2.9230 p KO + | l . 6284 M M M + | t . 7 47 0 0 L<rt) . 0

ST :14.067%,

RBD:74.50401,
PKO:12.702%

ST:7-500

RBD:750
PKO:4525
MMM:-560
OL:900

Objective furrcrion :

Max. or Min. Z: l000sf+I000RBD+t000pKO+ ttJNMMM+l0U)Ot
Corrtraint. functions :

0.0<3.0003PKOS0.4

5 .2s47 .2357 PKO<6.0
3. 0< I . l 849,Sr+ I . 0835RBD + t6.37 6t pKO + 0.7 gg/.t MMM+ I . 02 I 00Ls3. 8
4 I . 9<56. 8467.Sr+ 45. I I 69RBD + 8. 5 7 52 pKO + 39 . 47 39 M M M + 4t .83s2 0L<42.7
3 . 6<3. 6 I l3ST + 4. 4245 RBD + 2.8983 p KO + 3 . 492SMMM + 3 .3 | | 80 L<4 4
34. 6<30. 365 4ST + 38.7 L43RBD + t7 .9860 p KO + 44. 5404MM M + 42.08 | 1 0L<3 5 . 4
9. 2<7. 99 I 8Sr+ I 0. 66 I 0R8D + 2.9230 p KO + | | .6284MMM + | l .7 47 00Lsl0 .o

ST : t4.0677c

RBD:74.504%
PKO: 12.702%

l-.
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Margarine oil tbrmulation using linear programming approach

51 : palm sle:lrin: RBD : refirEd, bleactred, deodorized palm oil; PKo : palm kernel oil MMM : red cooking oil: oL :
palm olein
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Table 3. Effect of deviation of individual
margarine oil formula

fatty acids content on recommended composition of

51 : pallr srearitr; RBD : refined, bleached, deodorized palnr oil; PKO : palm'kernel oil; MMM : red cookitrg oil; OL :
palm olcirt

Price assumption
of oils fbr raw
material in the

fbrrnulation
(Rp./kg)

Obiective function alld cotrstraint functiotls

Recomrnettded
composition of
oil margarine

formula

ST:1000
RBD: l5U)
PKO:2500
MMM:3000
OL:2000

Objective function :

Max. or Min. Z : l000sr+ I 500R^BD + 2500PKO + 3000 MM M + 2000 0 L

Constraiu functions :

Deviation 0.1

0.0<3.0003P1(O<0.1
5.5<47 .2357 PKO<s.7
3. 3<l . I 849Sr+ I .0835R.8D + 16.37 6l PKO + 0.7990MMM+ I .02 I 00L<3 5

42 .2<56 .8467 ST + 45 .l l69RBD + 8 .57 52PKO +39 .4739MMM + 4r .83920L<42 .4

3. 9<3 . 6 I 13 ST + 4 .4245 RB D + 2.8983 P KO + 3 .4925 MMM + 3 .3 | 18 0Ls4 . 1

3 4.9 <30 .36545r+ 38. 7 I 43RB D + l7 .9860 P KO + 44.5404MMM + 42 . Ott I I OL<3 5 . I

9. 5<7. 99 I 8.Sr+ I 0. 66 I OR.B D + 2.9230 PKO + | | .6284M MM + | | .7 47 0 0L -9 .7

ST : 8.891%
RBD:82.r42%
PKO:3.333%

ST:1000
RBD:1500
PKO:2s00
MMM:3000
oL:2000

Ob.iective function :

Max. or Mi n. Z : I Ofi)Sf + I 500RBD + 2500PKO + 3000 MMM + 25AJOL

Constrain functions :

Deviati<ln 0.2
0.0<3.0003PKo<0.2
5.4<47 .2357 PKO<s.8
3.2<1. l849Sf+ l.0835RBD + 16.3761 PKO +0.7990MMM+ l.02l0OL<:1 6

42 .1<56 .8467 ST + 45 .l I 69RBD + 8 .57 52PKO +39 .4739MMM + 4l .83920Ls42 .5

3 . 8<3 . 6 I 13 ST + 4.4245 RB D + 2 .8983 P KO + 3 .4925 MMM + 3 .3 r 18 0 L<4 2

34.8<30.365 4ST+38.7 L43RBD + 17 .9860PKO +44.5404MMM+42.0tt I I OL<35.2

9. 4<7. 99 I 8Sr+ 1 0. 66 I 0R BD + 2.9230 P KO + | | .6284MMM + | | .7 17 0 0 L<9 .8

sT : 10.738%
P.J.D:79.404%
PKO:6.666%

sT:1000
RBD:1500
PKO:2500
MMM:3000
OL:2000

Objective function :

Max. or Min. Z : I 000^sr+ I 500RBD + 2 500 P KO + 3000MM M + 2000 0L
Constrain furrctions :

Deviation 0.3
0.0<3.0003PKo<0.3
5.3s47 .2357 PKOsS.9
3.1<l .l849SI+ l.0835RBD + 16.376lPKO+0.7990MMM+1 .02lOOLs3 'l

42.0<5 6.8467 ST + 45 .l I 69RBD + 8 . 57 52PK O + 39 . 47 39 MMM + 4l .8392 0 L<42.6

3 . 7<3 . 6 I l3ST + 4 .4245R8D +2 .8983PKO +3 .4925MMM +3 .3ll8OLs4 l
34 .7 <3(' .36545T + 38 .7 |43RBD + 17 .9tt60PKO + 44 .5404MMM + 42 . 08 I I OL<35 .3

9. 3 <7. 99 1 8Sr+ I 0. 66 I 0R BD + 2.9230 P KO + | | . 6284 MMM + | | .7 47 00L<9 .9

ST :12.584%
RBD:76.665%
PKO:9.999%

ST:1000
RBD:1500
PKO:2500
MMM:3000
OL:2000

Objective function :

Max. or M irt. Z : I 000Sf + I 500RBD +2500PKO + 300OMMM +2A00OL

Constrain tunctious :

Deviation 0.4

0.0s3.0003PKO<0.4
5.2s47 .2357 PKO<6.0
3.0<1. l 849Sr+ l.0835RBD + 16.3761 PKO +0.7990MMM+ 1.02100L<3 8

4 | .9 <56.8467 ST + 45 . I I 69RBD + 8 . 57 52 P KO + 39 . 47 39 MMM + 41 .8392 0Ls42.7

3. 6<3 . 6 I t3 ST + 4.4245 RB D + 2.8983 P KO + 3 . 4925 MMM + 3 .3 | 18 0Ls4 4

34. 6<30. 3654,ST+ 3 8. 7 I 4 3 RB D + 17 .9860 P KO + 44. 5404MMM + 42. 08 I 1 0L<35 . 4

9. 2s7. 99 I 8Sr+ I 0. 66 I 0R B D + 2 :9230 P KO + | | .6284MMM + | | .7 47 0 0L<10 .O

ST = 14.067%
RBD:74.504%
PKO:12.702%
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Margarine oil tbrmulation using linear programming approach

Table 4. Propenies of reference margarine oil
and recommended margarine oil

Recommended

margarine oil

Farry- acd comFF
sltx)n:

- C l0:0

- C l2:0

- C l4:0

- C t6:0

- C l8:0

- C l8:1

- C l8:2

Melting poirrt ("C)

5.ffi27

3.4320

42.3213

4.0t54

34.987r

9.&r5

42.75

6.1423

3.4823

42.2491

3.',t372

34.6999

9.1498

42.50

Based on that result, it was concluded

that the optimal value of deviation of indi-
vidual (each) fany acid falls between

03% to 0.4% with recommended compo-

sition of margarine oil formula consisted

of palm stearin falls between 12.584% to

14.067% - refined. bleached, deodorized
palm oil falls between 74.504% to

76.6f.5%. and palm kernel oil falls be-

nryeen 9.999% ro 12.702%.
Based on composition of margarine

oil formula 16gsmm€nded by LINDO
comP,urer program. preparation of marga-

rirc oil t fu pbasc of margarire) was car-
ried ou using blcding rctni+rc. Tbr
rchrng pdr ef thiq recdcd Errga-
rir oil Tirs clc to &.r of refrrrc
margarb q:l- Rc$h of fu sdy sbrrcd
ther drc feq-ril cqc*in d rhing
point of fu rccertte"acd nrgrir cil
\r'ere clc to fu dreftrrc mrgrir
oil (Table 4)- B.scd o h rc$hs. it
could be cmhd h lilF-r progan-
mrng mofi EiIL bc usd fa fesl fq-

mulation of margarine oil and saving

material used.

Conclusions

Linear programming could be aP-

plied for margarine oil formulation in
term of the quantity of each oils used for
raw material of margarine oil formulation.
Application of the linear programming

was not affected by price level of each

oils used for raw material of margarine oil
fornrulation, but was affected by the dif-
ference of constraint functions due to dif-
ference given deviation of individual fatty
acid content.

The recommended composition of
margarine oil formula which was close to

reference margarine oil consisted of palm

stearin falls between 12.584% to

14.0677o, refined, bleached, deodorized
palnr oil falls between 74.504% to
76.665%, and palm kernel oil falls be-

tween 9.999% to 12.702%.
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