
37

Oil Palm Bulletin 58 (May 2009) p. 37 - 45

Prediction of Solid Fat Content in a Palm-based Fluid 
Shortening Production by FT-IR Spectroscopy 
Miskandar, M S*; Y B Che Man**;  R  Abdul Rahman**; Nor Aini,  I* and 
M S A Yusoff+

*	 Malaysian	Palm	Oil	Board,	
	 P.	O.	Box	10620,
	 50720	Kuala	Lumpur,	Malaysia.

**	 Department	of	Food	Technology,	
	 Faculty	of	Food	Science	and	Technology,	
	 Universiti	Putra	Malaysia,	
	 43400	UPM	Serdang,	Selangor,	Malaysia.	

+	 Golden	Hope	Research	Centre,	
	 42960	Pulau	Carey,	Selangor,	Malaysia.

ABSTRACT

Crystal development during batch process of palm 
oil-based fluid shortening was determined using at-
tenuated total reflectance (ATR) of Fourier Trans-
form Infra-red (FT-IR) spectroscopy. The molten fat 
was cooled, heated and cooled again while agitat-
ing at constant speed. Samples for solid fat content 
(SFC) measurements by nuclear magnetic reso-
nance (NMR) and FT-IR spectroscopy were taken 
during the crystallization process at 20ºC and heat-
ing process at 30ºC. Standard samples having the 
best coefficient of determination (R2) and standard 
error of estimations were calibrated with the spec-
trum obtained by FT-IR spectroscopy using partial 
least square (PLS) chemometric analysis. They were 
then selected as the PLS model. The model was inde-
pendently validated by leave one out method. It had 
an acceptable accuracy and repeatability with R2 > 
0.9 at 20ºC and 30ºC, thus provided good SFC esti-
mates during the production of palm oil-based fluid 
shortening. The method even though not as good as 
NMR, could be further studied as alternative way of 
measuring solid development during a fluid short-
ening production. 

ABSTRAK

Pengesanan pembentukan hablur semasa 
pemprosesan lelemak cecair berasaskan sawit telah 
diperoleh dengan menggunakan Spektroskopi 
Transformasi Sinar-jingga Fourier (FT-IR) dengan 
jumlah refleksi dipermudah (ATR). Lemak yang 
cair telah disejukkan, dipanaskan dan kemudian 
disejukkan semula sambil diadukkan pada kelajuan 
yang seragam. Sampel untuk pengukuran 
kandungan lemak pejal (SFC) menggunakan alat 

resonan nuklear bermagnet (NMR) dan spek-
troskopi FT-IR telah diambil semasa proses 
penghabluran pada suhu 20ºC dan pemanasan 
pada suhu 30ºC. Sampel piawai yang menghasilkan 
penentuan korelasi pekali (R2) dan  standard	error	of	
estimation telah dikalibrasi dengan menggunakan 
spektrum yang dihasilkan oleh spektroskopi FT-IR 
menggunakan analisis kemometrik partial	 least	
square (PLS). Sampel piawai ini telah dipilih sebagai 
model PLS. Model telah disahkan secara bebas 
menggunakan kaedah leave	 one	 out. Keputusan 
menunjukkan ketepatan dan ulangan R2> 0.9 
pada 20ºC dan 30ºC, lalu menghasilkan jangkaan 
SFC yang baik semasa pemprosesan lelemak cecair 
berasaskan sawit. Kaedah ini sungguhpun tidak 
sebaik NMR, namun, boleh dikaji lagi sebagai 
kaedah alternatif untuk mengukur pembentukan 
pepejal semasa pemprosesan lelemak cecair.    	

Keywords: palm oil, crystallization, fluid, NMR.

INTRoduCTIoN

Differential	 scanning	 calorimetry	 (DSC)	 and	 nu-
clear magnetic resonance (NMR) are much used in 
crystal	determination;	although	preparation	of	 the	
sample	takes	more	than	5	min	and	the	result	about	
30	min	 to	obtain	 (Inoue	et al.,	2004).	Weighing	the	
sample	 in	 the	 sample	 pan	 for	 DSC	 measurement	
and filling solid or semi-solid fat into an NMR tube 
are	 tedious.	And	crystal	 changes	 can	occur	before	
the	reading	is	achieved.	

Fluid	 shortening	 is	 formed	 from	 suspended	
solids	 in	 a	 	 liquid	 oil	 and	 should	 be	 pourable	 or	
pumpable	at	 room	 temperature	and	stable	during	
storage	 at	 various	 temperatures	 (Gillies,	 1974;	
O’Brien, 2000). The technique for producing fluid 
shortening	 is	 to	prevent	oil	 separation	 in	partially	
hydrogenated	oils	(O’Brien,	2000;	Ghotra	et al.,	2000).	
Partially	hydrogenating	soft	oils	for	cooking	would	
increase	 the	 oil	 stability,	 especially	 in	 prolonged	
industrial	 frying.	 However,	 sedimentation	 can	
occur	 during	 prolonged	 storage,	 resulting	 in	
the	 formation	 of	 two	 distinct	 layers.	 A	 process	
involving	 crystallization	 to	 promote	 the	 solid	
phase	of	the	product	to	be	suspended	in	the	liquid	
phase	is	a	popular	way	of	overcoming	the	problem.	
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Homogenous solid suspensions with good flow 
can	be	achieved	when	homogenous	big	crystals	are	
formed.	According	to	Larsson	(1994),	such	crystals	
also	 have	 less	 total	 surface	 area	 in	 the	 product,	
decreasing	the	possibility	of	coalescence.	Also,	the	
surface	energy	of	such	a	product	with	crystal	size	>	
10	µm	will	be	low.	Since	the	whole	activity	involving	
crystallization	occurs	very	rapidly	in	the	processing	
line,	a	quick	method	to	measure	crystallization	will	
be	useful.	

van	de	Voort	et al.	(1996)	used	Fourier	Transform	
Infra-red	(FT-IR)	spectroscopy	to	determine	the	sol-
id	fat	 index	 in	various	soyabean	oil	products.	The	
fat	samples	were	pre-heated	in	a	water	bath	to	80ºC	
and	aspirated	 into	 the	cell	 in	 their	neat	 form.	The	
system	was	maintained	at	80ºC	to	facilitate	the	oil	
flow. Single-beam spectra were collected to produce 
the	absorbance	spectrum.	The	results	were	consis-
tent	 with	 the	 solid	 fat	 indices	 in	 the	 temperature	
range	10ºC-40ºC.	Sato	(1999)	and	Inoue	et al.	(2004)	
used	 FT-IR	 spectroscopy	 in	 their	 studies	 of	 poly-
morphic	behaviour	of	several	triacylgcerols	(TAGs)	
to	compare	with	other	established	instruments	such	
as	DSC.	Al-alawi	et al. (2004)	used	Bomem	Work	IR	
spectrometer	 to	detect	 free	 fatty	acids	 ranging	0%	
to	4%	(as	%	oleic	acid)	in	soyabean	oil.	The	results	
were	 validated	 by	 measurement	 using	 the	 AOCS	
method.	FT-IR	spectroscopy	was	also	used	to	anal-
yse	 foods	 such	 as	 milk,	 meat,	 butter,	 margarine,	
sweetened	 condensed	 milk,	 juice	 and	 sugar	 (van	
de	 Voort,	 1992).	 Che	 Man	 et al.	 (1999)	 used	 FT-IR	
spectroscopy	 for	 iodine	 value	 determination	 and	
Mirghani	and	Che	Man	(2003)	for	determining	the	
gossypol	content	in	cottonseed	oil.							

In	this	study,	FT-IR	spectroscopy	was	used	to	de-
termine	the	crystal	development	in	a	palm	oil-based	
fluid shortening production line using universal at-
tenuated total reflectance (ATR) crystals with the 
objectives	to	determine	the	effect	of	crystallization	
on	FT-IR	absorbance,	 to	 calibrate	and	validate	 the	
solid fat content (SFC) by NMR and FT-IR spectros-
copy	and	to	use	the	spectra	as	an	alternative	means	
of	SFC	determination.	

MATeRIAlS ANd MeThodS

Materials

Refined, bleached and deodorized (RBD) palm 
oil	and	RBD	palm	olein	were	supplied	by	a	local	re-
finery. The palm oil and palm olein had slip melting 
points	(SMP)	of	35ºC	and	21ºC	,	respectively.		

Production of Fluid Shortening

The fluid shortening formulation consisting of 
RBD	palm	oil	and	olein	(23:77	w/w)	with	SMP	of	

26ºC	 was	 prepared,	 with	 each	 sample	 weighing	
2000	g.	The	blend	was	melted	at	70ºC	for	30	min	to	
destroy	its	crystal	memory	prior	to	placing	in	a	wa-
ter-jacketed	reactor	vessel	 (diameter	17	cm,	 length	
24	 cm,	 stirrer	 width	 8	 cm	 and	 placed	 vertically	 4	
cm from the vessel floor) connected to a water bath, 
with	circulating	hot	and	cold	water.	The	 tempera-
ture	of	 the	product	was	 lowered	 in	stages	 to	20ºC	
and	maintained	for	80	min	before	raising	it	to	30ºC		
for	40	min	and	then	cooling	again	to	20ºC	for	40	min,	
with	continuous	agitation	at	constant	speed.	

Sampling and Analyses

A	total	of	46	replicate	samples	weighing	3	g	each	
were	placed	in	tubes	(diameter	of	8	mm	and	length	
100 mm) for SFC reading in a pulsed Bruker NMR 
(brand,	 Bruker	 Minispec,	 MQ20	 Analyzer,	 Rhein-
stetten,	 Silberstrefen,	 Germany).	 Readings	 were	
taken	every	6	±	0.5	min	at	30ºC	and	20ºC	vessels	and	
placed	on	a	plate	of	Universal	ATR	crystals	of	a	FT-
IR	spectroscope	(brand,	Perkin	Elmer;	model,	Spec-
trum	One	FT-IR	spectroscopy;	manufacturer,	Perkin	
Elmer Corporation, Norwalk, Connecticut, USA) at 
25±1ºC.	The	Perkin	Elmer	universal	ATR	top-plate	
sampling	accessory	was	a	composite	of	zinc	selenide	
(ZnSe)	and	diamond	crystals.	The	spectra	and	FT-IR	
spectroscopy	data	were	acquired	on	a	PC	equipped	
with	digital	signal	and	integrated	processors.	

Calibration/Validation of FT-IR Spectra

Calibration of the spectra was done firstly by 
producing	a	background	spectrum	with	an	air	emit-
tance	 spectrum	 before	 every	 standard	 emittance	
spectrum.	 Prior	 to	 placing	 the	 semi-solid	 sample	
on	 the	 universal	ATR	 crystals,	 it	 was	 rinsed	 with	
solvent	and	dried	with	soft	tissue	paper.	A	spatula	
was	used	to	take	a	drop	from	the	sample	in	the	reac-
tor	vessel	to	the	universal	ATR	crystals	which	were	
subsequently	 scanned	 to	 obtain	 the	 differences	 in	
absorbance	as	result	of	crystallization	by	rationing	
with	 the	background	air	 spectrum.	Each	of	 the	46	
standards,	for	crystallization	at	20ºC	and	heating	to	
30ºC,	was	subjected	to	16	scans	at	a	resolution	of	4	
cm-1	 through	 the	 IR	 region	 of	 4000	 -	 400	 cm-1	(Al-
alawi et al,.	2004).

The	 relationship	 between	 the	 FT-IR	 spectrum	
and SFC by NMR of oil and fat blends crystallized 
in	a	reactor	vessel	at	 temperature,	 time	and	agita-
tion	speed	resembling	those	in	the	commercial	pro-
duction of fluidized shortening was determined. 
Twenty-six	standards	were	obtained	for	crystalliza-
tion	at	 20ºC,	and	20	during	 the	 reheating	 to	30ºC.	
The	 software	 program	 Spectrum	 Quant+	 Version	
4.1	 (Perkin	Elmer),	was	used	to	construct	a	model	
for	all	the	samples	for	calibration.	The	partial	least	
squares	(PLS)	chemometric	regression	statistical	ap-
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proach	was	used	to	determine	the	correlation	of	the	
FT-IR-PLS	predicted	and	SFC	analysis	(Haines	et al., 
1997). The goodness of fit between the two in the 
samples	 for	 calibration	 indicated	 the	 adequacy	 of	
the	PLS	model.	The	accuracy	of	the	PLS	model	was	
assessed,	based	on	the	smallest	standard	error	(SE)	
and the highest coefficient of determination (R2)	
(Mirghani	and	Che	Man,	2003).				

The	list	of	reference	standards	grouped	into	cal-
ibration	and	validation	is	shown	in	Table 1.	The	PLS	
calibration	was	performed	by	leaving	out	one	sam-
ple	at	a	time	on	the	given	set	of	spectra,	while	the	
validation	 process	 was	 performed	 using	 an	 inde-
pendent	set	of	samples	from	another	batch	produc-
tion	with	the	same	process	conditions.	The	standard	
error	of	performance	(SEP)	and	R2	were	used	as	the	
validity	criteria	for	the	calibration.	The	smallest	fac-
tor	with	the	highest	R2	and	lowest	SEP	was	the	best	
model. The validation of SFC by FT-IR and NMR 
was	 further	 investigated	 using	 their	 means	 (MD)	
and	standard	deviations	of	differences	(SDD)	(Che	
Man	and	Mirghani,	2001).	MD	and	SDD	established	
the	accuracy	of	the	prediction	in	comparison	to	ac-
tual	values	(Che	Man	et al.,	1999).

ReSulTS ANd dISCuSSIoNS

Spectra

Typical	 overlaid	 FT-IR	 absorbance	 spectra	 of	
palm oil-based fluid shortening samples having 
SFC	 values	 of	 8.92%	 and	 4.21%	 as	 measured	 by	
NMR, are illustrated in Figure 1.	The	difference	 in	
the	 spectral	 magnitude	 as	 result	 of	 the	 different	
SFC	was	shown	by	the	spectral	differences	(Figure 
2).	 Since	 the	 product	 was	 in	 semi-solid	 form,	 the	
result	conformed	to	the	earlier	studies	on	oil	and	fat	
by	Yano	and	Sato	(1999)	and	Safar	et al. (1994)	that	
the	 universal	 ATR	 method	 of	 FT-IR	 spectroscopy	
is	 suitable	 for	 analysing	 TAG	 crystals	 in	 neat	
form.	 The	 differences	 in	 the	 spectra	 were	 sited	 at	
wave	numbers	2911,	2843,	1725	and	1175	cm-1	 can	
be	 determined	 by	 the	 best	 region	 based	 on	 the	
highest	 R2	 in	 the	 regions	 3068	 to	 2496	 cm-1,	 1831	
to	 1032	 cm-1	 and	 777	 to	 650	 cm-1.	 The	 differences	
in	 the	 magnitudes,	 however,	 were	 small	 although	
quantitatively	measurable	(Figure 2).	

The	 spectra	 showed	 that	 crystallization	 of	 fats	
absorbed	 different	 frequencies	 of	 electromagnetic	
radiation	in	the	infra-red	region.	Similar	absorption	
of	electromagnetic	radiation	that	caused	differences	
in	spectral	magnitude	in	the	characterization	of	oils,	
butters	 and	 margarines	 by	 universal	ATR	 method	
of	FT-IR	spectroscopy	was	 reported	by	Safar	 et al.	
(1994).	Another	 study	 by	 Sato	 (1999)	 showed	 that	
polymorphism	caused	spectral	differences	at	wave	
number	regions	1500-1360	and	750-600	cm-1.	The	dif-

ferences	in	the	spectral	magnitude	occurred	as	the	
infra-red-active	 fat	 molecules	 vibrated,	 promoting	
absorption	in	the	modes	of	stretching	and	bending	
(Pavia	et al., 1999;	Jennings,	1963).	The	absorptions	
due	 to	 crystallization	 of	 the	 samples	 were	 as	 cis 
C-H	 stretching	 vibration	 (3015-3005	 cm-1),	 CH2	
/CH3	 stretching	 vibration	 (2922.53-2853.20	 cm-1),	
ester	 linkage	 carbonyl	 band	 (1744.05-1743.88	 cm-1)	
and a portion of the finger print region (1550-1060 
cm-1)		(Safar	et al.,	1994;	Yang	and	Irudayaraj,	2000).

The	FT-IR	spectra	from	the	calibration	standards	
obtained	during	crystallization	were	tested	by	PLS	
to	determine	whether	their	correlation	can	be	used	
to	 determine	 the	 workable	 spectral	 regions	 for	 a	
predictive	PLS	model	(Inoue	et al.,	2004;	Che	Man	et 
al.,	1999).	Optimization	of	the	spectral	regions	was	
based	on	the	independent	validation	technique.	The	
regions that provided optimal correlation for fluid-
ized	 palm	 oil	 shortening	 during	 crystallization	 at	
20°C	and	30°C	were	cis	C-H,	CH2	and	CH3	stretch-
ing	 (3070	 to	 2796	 cm-1)	 and	 the	 strong	 frequency	
carbonyl ester linkages, finger print region and cis	
C-CH	bending	(1831	to	1050	cm-1)	(Figure 1).	

Calibration and Validation

The  SFC predicted by NMR and FT-IR for a 
palm oil-based fluid shortening are shown in Tables 
2	to	5.	The	standards	for	calibration	were	obtained	
from	the	product	during	crystallization	at	20ºC	and	
re-heating	at	30ºC.		A	good	R2	was	achieved	by	cali-
brating	and	independently	validating	the	data	ob-
tained	from	20ºC	and	30ºC	separately	(Tables 2 and 
4).	The	heterogeneous	TAG	in	oils	and	fats	can	cause	
eutectic effect resulting in a curved melting profile 
over	various	ranges	of	temperatures	(Ghotra	et al., 
2000).	 The	 heterogeneous	 TAGs	 forming	 the	 oils	
and	fats	have	 individual	physical	properties,	such	
as	melting	point	and	polymorphism.	This	explains	
why	oils	and	fats,	such	as	palm	oil	have	a	range	of	
melting	points	(O’Brien,	2000).	Furthermore,	crystal	
development	depends	on	the	way	the	fat	is	crystal-
lized, and although the PLS model can fit either a 
linear	or	non-linear	curve	well,	 the	desired	model	
for	oils	and	fats	crystallization	over	a	range	of	tem-
perature was difficult to achieve. Thus, calibration 
and	validation	by	individual	temperature	treatment	
was	more	 relevant	 (van	de	Voort	 et al., 1996).	The	
best correlated SFCs predicted by NMR and FT-IR 
were	those	with	the	highest	R2	and	smallest	stand-
ard	 estimate	 error	 (SEE)	 (Mirghani	 and	 Che	 Man,	
2003).	

The	 small	 standard	 deviation	 (SD)	 of	 the	 SFCs	
predicted by NMR and PLS indicated good repeat-
ability	between	observations	(Che	Man	et al.,	1999).	
However, the coefficients of variation (CV) for the 
data	obtained	from	the	start	of	crystallization	were	
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Figure 1. Overlaid spectra of palm oil-based fluid shortening with solid fat content (SFC) values of 8.92 and 4.21 by 
nuclear magnetic resonance (NMR) at wave number region 3068 to 2496 cm-1, 1831 to 1032 cm-1 and 777 to 650 cm-1.

Figure 2. Difference spectrum of palm oil-based fluid shortening with solid fat content (SFC) values of 8.92 and 4.21 by 
nuclear magnetic resonance (NMR) at wave number region 3068 to 2496 cm-1, 1831 to 1032 cm-1 and 777 to 650 cm-1.   

38.6% at 20ºC and 61.7% at 30ºC by NMR. Table 1	
on the actual SFC values by NMR indicated that 
crystallization	 was	 slowly	 occurring	 at	 20ºC	 start-
ing	with	 the	high	melting	TAGs.	Crystals	had	not	
formed	at	the	start	of	sample	collection	as	the	nuclei	
were	 just	 starting	 to	 form.	 	Re-crystallization	 then	
occurred	and	the	SFC	gradually	increased	towards	
the	end	of	 the	 reaction	 time	at	 the	 same	 tempera-
ture.	The	great	variation	 in	SFC	of	 the	product	no	
doubt	increased	the	CV.	As	the	crystallization	time	
proceeded,	more	nuclei	formed	in	secondary	crys-
tallization,	speeding	up	the	crystallization	process.	
The second stage of the fluid shortening processing 
involved	reheating	the	product	at	30ºC	for	45	min.	
The	 heating	 had	 melted	 the	 low	 melting	 TAGs	 as	
shown	by	the	decreasing	in	SFCs	as	the	process	pro-

ceeded.	As	the	SMP	of	the	product	was	below	the	
temperature,	the	melting	of	these	TAGs	was	rapid	
as	shown	by	the	high	CV	at	30ºC.

The NMR and FT-IR spectroscopy results showed 
that	crystallization	of	oils	and	fats	changed	the	mo-
lecular	arrangement	of	the	TAGs	allowing	measur-
able	absorption	of	electromagnetic	radiation	in	the	
infra-red	region.	The	absorption	was	manifested	by	
the spectrum, which was quantified and correlated 
to the NMR standard values by PLS. At 30ºC, most 
of	the	TAGs	were	liquid.	Thus,	virtually	all	the	sam-
ples had negative NMR measurement although re-
ported	to	have	0%	SFC	by	van	de	Voort	et al.	(1996).	
As	 such,	 it	 would	 not	 be	 appropriate	 to	 correlate	
the	varying	spectral	information	obtained	by	FT-IR	

3. 070  2 800       2 400       2 000        1 800        1 600        1 400        1 200       1 000          800      650
cm-1

3. 070  2 800         2 400         2 000         1 800         1 600         1 400         1 200         1 000           800        650
cm-1
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TAble  1. ACTuAl SFC VAlueS by NMR AT 20ºC ANd 30ºC MeASuRed
AT 6 min INTeRVAl

Cooled at 20ºC Heated at 30ºC 

Standard SFC % use Standard SFC % use

A1 3.67 Calibration H13 0.06 Calibration

A2 3.83 Calibration H12 0.08 Calibration

A3 4.02 Calibration H11 0.09 Calibration

A4 4.02 Calibration H10 0.33 Calibration

A5 4.07 Calibration H9 0.33 Calibration

A6 4.21 Calibration H8 0.63 Calibration

A7 4.22 Calibration H7 0.79 Calibration

A8 4.54 Calibration H6 0.92 Calibration

A9 5.29 Calibration H5 0.93 Calibration

A10 5.49 Calibration H4 0.97 Calibration

A11 6.54 Calibration H3 1.09 Calibration

A12 7.34 Calibration H2 1.09 Calibration

A13 8.60 Calibration H1 1.32 Calibration

A14 8.97 Calibration J11 0.11 Validation

A15 9.21 Calibration J9 0.56 Validation

A16 9.24 Calibration J8 0.80 Validation

A17 9.28 Calibration J5 1.03 Validation

A18 9.33 Calibration J4 1.04 Validation

A19 9.68 Calibration J3 1.14 Validation

A20 9.69 Calibration J2 1.15 Validation

A21 11.8 Calibration - - -

B4 4.02 Validation - - -

B7 4.22 Validation - - -

B11 6.50 Validation - - -

B14 8.45 Validation - - -

B20 9.68 Validation - - -

Note: SFC - solid fat content.  NMR - nuclear magnetic resonance.
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TAble 2. STATISTICAl COMPARISON OF SFC 
OF PAlM OIl-bASed FluId SHORTeNING 

ObTAINed by NMR ANd FT-IR MeTHOd duRING 
CRySTAllIZATION FOR CAlIbRATION AT 20ºC

FT-IR NMR

Max	value 11.6 11.8

Min	value 3.51 3.67

Mean 6.8955 6.8114

SE 0.527 0.574

MD - -0.0803 -

SDD - 0.4704 -

Note: FT-IR - Fourier transform infra-red; NMR - nuclear 
magnetic	resonance;	MD	-	mean	difference;	SDD	-	
standard	deviation	difference;	SE	-	standard	error

	 SFC	-	solid	fat	content.

TAble 3. STATISTICAl COMPARISON OF SFC 
OF PAlM OIl-bASed FluId SHORTeNING 

ObTAINed by NMR ANd FT-IR MeTHOd duRING 
CRySTAllIZATION FOR VAlIdATION AT 20°C

FT-IR NMR

Max	value 7.5102 9.680

Min	value 5.8560 4.017

Mean 6.7105 6.5744

SE 0.380 1.256

MD - -0.1361 -

SDD - 1.7827 -

Note: Abbreviations: please refer Table 2.

TAble 4. STATISTICAl COMPARISON OF SFC 
OF PAlM OIl-bASed FluId SHORTeNING 

ObTAINed by NMR ANd FT-IR MeTHOd duRING 
CRySTAllIZATION FOR CAlIbRATION AT 30ºC

FT-IR NMR

Max	value 1.156 1.32

Min	value 4.003 0.062

Mean 0.6707 0.6629

SE 0.122 0.126

MD - -0.0078 -

SDD - 0.1264 -

Note: Abbreviations:  please refer Table 2.

TAble 5. STATISTICAl COMPARISON OF SFC 
OF PAlM OIl-bASed FluId SHORTeNING 

ObTAINed by NMR ANd FT-IR MeTHOd duRING 
CRySTAllIZATION FOR VAlIdATION AT 30°C

FT-IR NMR

Max	value 1.1234 1.153

Min	value 0.3299 0.113

Mean 0.8743 0.8325

SE 0.117 0.155

MD - -0.0417 -

SDD - 0.1344 -

Note: Abbreviations: please refer Table 2.

spectroscopy.	 Thus,	 only	 the	 positive	 results	 were	
used	in	the	calibration	and	cross	validation	(van	de	
Voort,	1992).

The	 statistical	 results	 for	 validation	 of	 the	 PLS	
model	 for	samples	at	20ºC	and	30ºC	are	shown	in	
Tables 3 and 5.	The	small	mean	differences	indicat-
ed	accuracy	of	the	method.	The	R2	of	the	predicted	
SFCs	were	0.9665	and	0.9180,	for	20ºC	and	30ºC,	re-
spectively,	 indicating	high	correlation	between	the	
NMR and FT-IR spectroscopy methods. The differ-
ences	in	the	SFCs	obtained	by	the	two	methods	were	
shown	by	their	min	and	max	values	in	Tables 3 and 
5. The significant difference between the min and 
max	 values	 showed	 that	 the	 crystal	 development	
throughout the process of fluid shortening was sig-
nificant. The accuracy and repeatability of the SFCs 
obtained	by	FT-IR	spectroscopy	were	evaluated	by	
their	mean	(MD)	and	standard	deviation	(SDD)	dif-
ferences.	The	results	showed	only	small	differences	
in	the	means	(-0.1361	and	-0.0417	at	20ºC	and	30ºC,	
respectively)	and	SD	(1.7827	and	0.1344	at	20ºC	and	
30ºC, respectively), which reflected the closeness of 
agreement between the NMR and FT-IR spectros-
copy	predicted	values	(Che	Man	et al.,	1999).	

The	regression	obtained	for	correlation	between	
FT-IR predicted SFC and SFC by NMR is illustrated 
in	 Figures 3 and 5. Figure 3	 shows	 the	 calibration	
plot obtained from the SFC by NMR for a sam-
ple	 at	 crystallization	 temperature	 20ºC	 against	 its	
FT-IR	predicted	data	using	non-baseline.	The	graph	
illustrated	good	 linear	 regression	between	SFC	by	
NMR and FT-IR predicted SFC. The mathemati-
cal	equation	obtained	for	the	calibration	of	SFC	by	
FT-IR	had	a	 	slope	of	1.0722	with	R2	=	0.9708.	The	
calibrated	model	was	tested	on	its	applicability	by	
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Figure 3. Calibration plot of solid fat content (SFC) by nuclear magnetic resonance (NMR) vs. Fourier Transform Infra-
red (FT-IR) predicted SFC for wave number regions 3068 to 2496 cm-1, 1831 to 1032 cm-1 and 777 to 650 cm-1 for a palm 
oil-based fluid shortening at 20ºC.

Figure 4. Validation plot of solid fat content (SFC) by nuclear magnetic resonance (NMR) vs. Fourier Transform Infra-
red (FT-IR) predicted SFC for wave number regions 3068 to 2496 cm-1, 1831 to 1032 cm-1 and 777 to 650 cm-1 for a palm 
oil-based fluid shortening at 20ºC.

Figure 5. Calibration plot of solid fat content (SFC) by nuclear magnetic resonance (NMR) vs. Fourier Transform Infra-
red (FT-IR) predicted SFC for wave number regions 3068 to 2496 cm-1, 1831 to 1032 cm-1 and 777 to 650 cm-1 for a palm 
oil-based fluid shortening at 30ºC.
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Figure  6. Validation plot of solid fat content (SFC) by nuclear magnetic resonance (NMR) vs. Fourier Transform Infra-
red (FT-IR) predicted SFC for wave number regions 3068 to 2496 cm-1, 1831 to 1032 cm-1 and 777 to 650 cm-1 for a palm 
oil-based fluid shortening at 30ºC.

predicting	 the	 SFC	 of	 the	 spectra	 obtained	 from	
samples	collected	from	a	new	batch	of	product	pro-
duced	at	the	same	process	conditions.	The	predict-
ed	SFC	by	FT-IR	spectroscopy	was	correlated	to	the	
SFC by NMR and had good linear regression with 
R2=	0.9665	(Figure 4).	The	R2	showed	that	FT-IR	and	
NMR had good correlation in determining the SFC 
of the fluid shortening during the crystallization 
process	at	20ºC.

Determining	SFC	at	the	processing	stage	is	criti-
cally	 important	 as	 having	 the	 optimum	 SFC	 is	 an	
important	 factor	 in	 producing	 a	 shortening	 with	
good fluidity. Fluid shortening with insufficient sol-
id	formed	during	processing	would	separate	easily	
in	storage.	On	the	other	hand,	too	much	solid	would	
prevent flowing. Fluid shortening with the opti-
mum	solid	content	will	crystallize	in	homogenous	
big crystals, providing sufficient space to the liquid 
phase to allow the crystals to move and flow. 

Heating	the	product	at	30ºC	will	melt	the	lower	
melting	crystals,	and	allow	them	to	re-crystallize	at	
the	surfaces	of	 the	high	melting	crystals	when	the	
product	 is	 again	 cooled	 at	 20ºC.	 The	 spectrum	 of	
the	 melted	 sample	 at	 30ºC	 was	 predicted	 on	 SFC	
predicted	 value	 by	 FT-IR	 and	 correlated	 with	 the	
SFC by NMR (Figure 5). The FT-IR and NMR results 
were	 correlated,	 with	 R2=	 0.9168.	 The	 regression	
was Y= 0.9205x (SFC by FT-IR) + 0.0605 (Y= NMR 
predicted	SFC).	The	slope	of	the	regression	(0.9205)	
showed that FT-IR and NMR correlated well in de-
termining	 the	 SFC	 during	 the	 re-heating	 process	
at	30ºC.	The	calibrated	model	was	validated	using	

predicted	SFCs	from	different	batch	of	the	process	
and determined that FT-IR and NMR were correlat-
ed	with	R2=0.918	(Figure 6).	The	re-heating	process	
at	30ºC	produced	a	correlation	slope	of	1.2751	with	
the	regression	Y=	1.2751	x	SFC	by	FT-IR	-	0.2823	(Y=	
NMR predicted SFC).    

CoNCluSIoN

The	FT-IR	spectroscopy	by	PLS	chemometric	regres-
sion	method	had	good	accuracy	and	repeatability	in	
predicting the SFC of palm oil-based fluid shorten-
ing	at	20ºC	and	30ºC	during	a	process	of	producing	
fluid shortening as shown by the R2	>	0.9.	However,	
the	high	CV	indicated	that	SFC	measurement	by	FT-
IR	spectroscopy	still	require	further	study,	although	
a	rough	indication	of	SFC	in	the	production	of	palm	
oil-based fluid shortening by FT-IR spectroscopy is 
possible.	Even	though	measuring	SFC	by	FT-IR	did	
not produce better results than NMR, the advan-
tage	 of	 this	 method	 was	 mainly	 in	 saving	 sample	
preparation	time.
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