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Abstract

:

The present study investigates the detection of lard in cocoa butter through changes in fatty acids composition, triacylglycerols profile, and thermal characteristics. Cocoa butter was mixed with 1% to 30% (v/v) of lard and analyzed using a gas chromatography flame ionization detector, high performance liquid chromatography, and differential scanning calorimetry. The results revealed that the mixing of lard in cocoa butter showed an increased amount of oleic acid in the cocoa butter while there was a decrease in the amount of palmitic acid and stearic acids. The amount of POS, SOS, and POP also decreased with the addition of lard. A heating thermogram from the DSC analysis showed that as the concentration of lard increased from 3% to 30%, two minor peaks at −26 °C and 34.5 °C started to appear and a minor peak at 34.5 °C gradually overlapped with the neighbouring major peak. A cooling thermogram of the above adulterated cocoa butter showed a minor peak shift to a lower temperature of −36 °C to −41.5 °C. Values from this study could be used as a basis for the identification of lard from other fats in the food authentication process.
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1. Introduction


Worldwide, there is an ever increasing demand by consumers for information and confidence pertaining to the origin and content of purchased food. In this respect, food manufacturers have no alternative but to provide and confirm the authenticity of the origin of their food ingredients. This pressing demand, accompanied by legislative and regulatory drives, has increased the complexity and level of regulation imposed on food production. Protecting consumer rights becomes the foremost issue and constitutes important challenges facing the food industry [1].



The replacement of expensive oils by comparatively cheaper ones is a common practice from an economic point of view. There is also a tendency for oil to be substituted in view of its high price, increased demand, limited availability, and accessibility. Cocoa butter is a byproduct of cocoa. As it constitute an expensive component of chocolate and plays an important role in the melting properties of chocolate, its availability in the market is most often unpredictable. Its demand in the food and pharmaceutical industries is very high by virtue of its physical properties and organoleptic qualities. For a long time, there has been considerable effort to replace it either fully or partially with other vegetable fats, the so-called cocoa butter alternatives, which would be much cheaper. Lard could be another alternative for cocoa butter as it is the cheapest form of fat readily available for use by the food industries. Lard or industrially modified lard could be effectively blended with other vegetable oils to produce shortenings, margarines, and other food oils. There is, however, a limitation on the use of this animal product in the food industry from the perspective of the Muslim religion, in addition to the risk of biological complications and health risks associated with daily intake [2].



The ever increasing price of organic products and limited availability brought about by high demand has led to an increased number of fraudulent practices in the food industry which calls for a reexamination of the procedures with respect to their authentication to reassure both consumers’ confidence and fair trade practices. In this context, it is pertinent to develop analytical procedures capable of detecting fraudulent practices and protect the consumers from misleading labeling and unsubstantiated claims.



Using physical properties such as the refractive index, viscosity, melting point, saponification, and iodine value are no longer practical to detect adulteration in view of the availability of more current, sophisticated procedures and approaches. However, each oil and fat has a specific component at a known level and their presence and quantity should be considered as a detection tool. Therefore, advanced and sophisticated methods with high sensitivity to detect and quantify adulteration need to be given due consideration [3].



Several methods have been employed to detect lard in foods and food products which include DNA-based polymerase chain reaction (PCR), Fourier transform infrared spectroscopy (FTIR), electronic nose technology (e-nose), differential scanning calorimetry (DSC), and chromatographic-based techniques (Table 1). However, to date there is no report published on the application of a gas chromatography flame ionization detector (GC-FID), high performance liquid chromatography (HPLC), and DSC for the detection and quantification of lard in cocoa butter. Therefore, this study is aimed at determining the level of lard adulteration in cocoa butter using DSC, HPLC, and GC-FID.




2. Materials and Methods


2.1. Sample Preparation and Supplies


Pig adipose tissue was obtained from a local market at Sri Serdang, Selangor, Malaysia, while cocoa butter (CB) was kindly donated by the Malaysian Palm Oil Board (MPOB). Acetone (C3H6O, ≥99.9%), acetonitrile (CH3CN, ≥99.0%), chloroform (CHCl3, ≥99.8%), anhydrous sodium sulfate (Na2SO4), cyclohexane (C6H12), Wij’sreagent (Iodine trichloride solution), potassium iodide (KI), sodium thiosulphate pentahydrate (Na2S2O3·5H2O), and acetic acid glacial (CH3CO2H, ≥99.0%) were supplied from Orec, New Zealand. Triacylglycerol (TAG) standards and the sodium methoxide solution (CH3ONa, 25 wt % in methanol) were sourced from Sigma-Aldrich (St. Louis, MO, USA). All chemicals used in this study were of analytical grade.




2.2. Extraction of Oil from Lard


The oil extraction procedure is as described by Hoffmann [37]. Briefly, the animal fat samples were diced into pieces measuring 0.5 cm × 0.5 cm, heated at 90–100 °C for 2 h, and strained through a triple folded muslin cloth to remove impurities. The melted fats were filtered through Whatman No. 2 filter paper containing Na2SO4 flushed with nitrogen to prevent oxidation [38] and stored in a tightly closed container at 4 °C until use.




2.3. Blend Preparation of Adulterated Cocoa Butter


Cocoa butter and lard were melted at 60 °C and blended in proportions of 99:1, 97:3, 95:5, 90:10, 85:15, 80:20, 75:25, and 70:30 (g/100 g).




2.4. Determination of Triacylglycerol Composition of Lard, Cocoa Butter, and Their Admixture


The determination of the TAG composition of lard, cocoa butter, and adulterated cocoa butter with 1% to 30% of lard was carried out according to the procedure described by Haryati et al. [39]. Briefly, 0.1 g of the sample was dissolved in 1 mL of chloroform. The composition of TAG was determined by HPLC (Waters Model 510, Waters Associates, Milford, MA, USA). The HPLC system was equipped with a LiChrosphere® RP-18 column (5 μm particle size, 12.5 cm × 34 mm) (Merck, Darmstadt, Germany) and RID detector (Model 410, Waters Associates, Milford, MA, USA). A mixture of acetone: acetonitrile (63.5:36.5) was used as the solvent for elution at a flow rate of 1.5 mL/min. The column temperature was maintained at 30 °C. All measurements were carried out in triplicate. Peaks for the respective samples were identified using a set of TAG standards.




2.5. Determination of Fatty Acid Composition of Lard, Cocoa Butter, and Their Admixture


Fatty acids methyl ester (FAME) was prepared according to the method of Marina et al. [40]. A total of 50 mg of each sample was dissolved in 0.8 mL of hexane and 0.2 mL of 1 M sodium methoxide. The mixture was vortexed for 1 min and 1 µL of the clear supernatant was subsequently injected into a gas chromatograph (Shimadzu GC-14 A) equipped with an FID detector (Shimadzu, Vienna, Austria). A polar capillary column BPX70 (0.32 mm internal diameter, 30 m length and 0.25 mm film thickness; SGE International Pty, Ltd., Victoria, Australia) was used at a column pressure of 10 psi. The initial column oven temperature was set at 90 °C, and programmed to increase to 220 °C at 15 °C/min (for 5 min), 2 °C/min (for 20 min), and 15 °C/min (for 1 min). Temperatures of the injector and detector were maintained at 240 °C. Peaks of the respective samples were identified by comparing their retention time with certified reference standards of FAME (Supelco, Bellefonte, PA, USA). The area percent of each fatty acid was calculated by dividing its peak area by the total peak area of the fatty acids identified.




2.6. Thermal Analysis of Lard, Cocoa Butter, and Their Admixture Using Differential Scanning Calorimetry


The thermal characteristics of the oils were analyzed using DSC (Mettler Toledo, Greifensee, Switzerland). Four to eight mg of oils was weighed into aluminium pans sealed hermetically and analyzed using a DSC Q100 instrument (TA Instruments, New Castle, DE, USA). Nitrogen (99.99% purity) was purged at a flow of 20 mL/min. The instrument was calibrated using indium (m.p. 156.6 °C, ∆Hf = 28.45 J/g) and n-dodecane (m.p. −9.65 °C, ∆Hf = 216.73 J/g), and an empty pan was used as reference [41]. All samples were subjected to the following temperature programs where the samples were cooled from 50 °C to −70 °C, held for 5 min, and heated from −70 °C to 50 °C at a rate of 5 °C/min. The melting and crystallisation parameters of each sample were obtained using Mettler Toledo STARe software system (STARe SW 9.20 software, Greifensee, Switzerland). Thermograms were analyzed with universal analysis software (Version 3.9A, TA Instruments, New Castle, DE, USA) to obtain the enthalpy (∆H, J/g), Ton (°C), and Toff (°C) of the transitions (intersection of baseline and tangent at the transition) and peak temperature (Tp °C). The range of the transitions was calculated as the temperature difference between Ton and Toff. All experiments were determined in triplicate and the average of three measurements was used for data analysis.




2.7. Statistical Analysis


Data obtained were analyzed using a one-way analysis of variance (ANOVA) test. The Tukey’s honest significant difference test (HSD) method was chosen for the post-hoc tests for each dataset. The Tukey Honestly Significant Difference (HSD) function of SPSS (Version 14.0, SPSS Inc., Chicago, IL, USA) was used to compare the means of all data. All statistics were based on a confidence level of 95%, and p < 0.05 was considered statistically significant.





3. Results and Discussion


3.1. Triacylglycerol Composition of Lard, Cocoa Butter, and Their Admixture


The TAG profiles of lard, cocoa butter, and their admixture are shown in Table 2. The distinction in the nature of TAG is the principal factor that makes fats different from one another and these variations affect the TAG separation. The total di-unsaturated TAGs in LD (48.03%) were higher compared to those of cocoa butter, while cocoa butter had higher total di-saturated TAG values (90.55%). Moreover, a relatively high proportion of L, Ln, and O present in lard was reflected by the shorter retention times of TAGs such as linolenoyldilinoleoylglycerol (LLLn), trilinolein (LLL), dilinoleoyloleoylglycerol (OLL), linoleoyldioleoylglycerol (OOL), dilinoleoylpalmitoylglycerol (PLL), linoleoyloleoylpalmitoylglycerol (POL), and dioleoypalmitoylglycerol (POO) (Figure 1). POL (20.21%), POS (18.58%), and POO (17.25%) in lard and POS (41.67%), SOS (28.47%), and POP (19.13%) in cocoa butter are the most abundant TAG. However, this total amount in cocoa butter is slightly different from that reported by Shukla [42], although in this research, POS (38.5%), SOS (30.30%), and POP (15.20%) were the major TAGs. This variation could be due to the different methods of extraction, ripeness values, cultivar types, growing conditions, and the origin of cocoa.



The levels of TAGs containing S viz. SOO, POS, PSS, and SOS were significantly different (p < 0.05) in cocoa butter and lard. The TAG profiles of fats resulted in a high proportion of unsaturated FAs for lard (55.06%) and cocoa butter (33.74%). Table 2 showed the TAG profiles when lard was added to cocoa butter from 1% to 30%. An adulterated sample with lard has additional TAGs viz. LLLn, LLL, OLL, OOL, PLL, OLL, POL, and POO. Cocoa butter adulterated with lard caused a slight increase in oleic-acid-predominating TAGs, while the palmitic acid containing TAGs decreased slightly. Kallio et al. [43] reported that lard has major saturated FA, especially palmitic acid, at the sn-2 position, which made it distinct from other fats and oils.




3.2. Fatty Acid Methyl Ester Composition of Lard, Cocoa Butter, and Their Admixtures


Fatty acids (FAs) are essential components of edible fats and oils in which they can be found in the ester form with a glycerol backbone (triglycerides). Besides, FA compositions differ from one source to another. Therefore, FA profiles can be used for determining the purity or authenticity of animal fats. The quantitative analysis of FA composition is essential in food research with regards to the nutritional value content. In this study, the FAME compositions of lard, cocoa butter, and the mixture of lard in cocoa butter from 1% to 30% determined using GC-FID are presented in Table 3.



Three major fatty acids of lard (C18:0, C18:1, C18:2, and C16:0) in this study (0.36, 19.29, 32.41, 22.55) were lower compared to the values of 11.53, 24.64, and 17.29 reported by Nizar et al. [44]. However, the results in the present study concurred with those reported by Cheong et al. [45] and Nurjuliana et al. [46]. Edwards et al. [47] reported that fatty acid composition is influenced by the species, sex, and diet of animals.



Lard could be differentiated from cocoa butter having C10:0 (0.17%), C12:0 (1.44%), C15:0 (0.09%), C16:1 (1.22%), C17:0 (0.58%), and C18:3 (1.09%). Lard also has a higher total unsaturated fatty acid percentage (53.86%) compared to cocoa butter (33.74%). However, lard shared similar characteristics with that of cocoa butter having C16:0, C18:0, and C20:0, resulting in differences in their SFA contents. Cocoa butter has a total saturated fatty acid value of 66.27%.



Hence, from the above-mentioned findings, due to the addition of lard to cocoa butter from 1% to 30%, the amount of palmitic acid (C16:0), stearic acid (C18:0), capric acid (C10:0), lauric acid (C12:0), pentadecyclic acid (C15:0), palmitoleic acid (C16:1), margaric acid (C17:0), and linolenic acid (C18:3) increased. Increasing the proportion of lard in cocoa butter decreased the SFA from 65.66% to 59.23% and increased the USFA from 34.35% to 40.79%.




3.3. Thermal Analysis of Lard, Cocoa Butter, and Their Admixtures during Heating and Cooling Temperatures


The DSC representative heating thermograms of lard, cocoa butter, and their admixtures in a range of 1% to 30% are as shown in Figure 2a. Lard and cocoa butter were totally different in their heating profiles. Lard (J) had two major peaks which appeared at −4.00 °C and 28.78 °C and a small shoulder peak at 34.09 °C. The heating thermal properties were acquired at the onset of the exothermal reaction, at the offset of the endothermal reaction, the peaks, and enthalpy. There is a significant difference (p < 0.05) between the heating enthalpy of lard (29.86 J/g) and cocoa butter (86.81 J/g). Cocoa butter (A) exhibited the highest Toff (23.38 °C) which could be due to a larger, highly saturated lipid fraction which melted at a higher temperature compared to those of more unsaturated lipids. Lard exhibited lower Ton (−10.30 °C) values, which indicated a higher amount of unsaturated fatty acid.



When cocoa butter is adulterated with lard, new groups of TAG with higher melting points could be introduced into the system, which may eventually change the original profile of cocoa butter. The heating curve of adulterant lard was also found to be completely different from the heating profile of cocoa butter. It was reported that any change in TAG composition influenced the thermal profiles of oils and fats [28]. Animal fats have different levels of saturated and unsaturated fatty acids, even though they have similar physical properties. Yanty et al. [48] reported that the more saturated the TAG, the higher the melting temperature.



There is one major endothermic peak at 20.16 °C and two minor endothermic peaks at −26.00 °C and 34.50 °C in cocoa butter adulterated with 3% to 30% lard influenced by the adulterant. As the concentration of lard increased from 3% to 30%, two minor peaks at −26.00 °C and 34.50 °C started to appear and a minor peak at 34.50 °C gradually overlapped with the neighbouring major peak. The major peak at 20.16 °C decreased in size resulting in a broader peak. Peak enthalpy tended to decrease from 84.53 J/g to 72.63 J/g as the adulterant increased from 1% to 30%. The heating profiles gave an indication of the amount of crystallized fat and the occurrence of polymorphic transitions [49]. The DSC heating profile has been used for determining the melting points and various polymorphic forms related to fat crystals. Compositional changes such as fatty acid chain length, the degree of unsaturation, and nature of the distribution of fatty acid in triacylglycerol species has an influence on phase transitions in fats and oils [22]. As reported by Che Man et al. [50], trisaturated TAG (SSS) melted at a higher temperature compared to triunsaturated TAG (UUU), monounsaturated (SSU), and diunsaturated (SUU) triglycerides.



The DSC cooling thermograms of lard, cocoa butter, and their mixture are shown in Figure 2b. The cooling profiles of lard displayed two marked exothermic peaks as reported by Chiavaro et al. [51]. Lard exhibited two major exothermic peaks observed at 17.99 °C and 11.98 °C, which are slightly higher compared to those reported by Nurrulhidayah et al. [26]. This difference could be due to the nature of lard, type of feeding, and variety of fatty acid composition. Cocoa butter exhibited one major exothermic peak at 14.58 °C and three small shoulder peaks appeared at −36.9 °C, 3.16 °C, and 17.97 °C. As reported by Dahimi et al. [52], this cooling behavior of pure samples could be attributed to the amount of saturated and unsaturated TAGs in the samples.



A summary of the cooling properties of lard, cocoa butter, and their mixture can be seen in Table 4. The onset of the cooling (Ton) of lard is at −15.00 °C, while that of cocoa butter is at 16.94 °C. The cooling enthalpy for lard (−32.51 J/g) was significantly different (p < 0.05) from that of cocoa butter (−85.60 J/g). Lard has a lower cooling enthalpy (−32.51 J/g) due to the presence of free fatty acids and lipid oxidation products; these molecules will be absorbed into the crystal lattices of TAG, forming mixed crystals [53] which require lower enthalpy to undergo phase transition. The unsaturated FA and TAG will crystallize at a low temperature, while the saturated FA and TAG will crystallize at a higher temperature. The melting behavior of edible fats and oils varies due to the different characteristics of FA composition, as reported by Fasina et al. [54].



As lard adulteration increases from 1% to 30%, this shoulder peak at 17.97 °C gradually increases in size and shifts to a higher temperature. This shoulder peak is of particular interest due to its sensitivity to lard adulteration. In addition, cooling thermograms of adulterated cocoa butter with 1% to 30% lard showed a minor peak shift to a lower temperature from −36 °C to −41.5 °C. The major peak enthalpy decreased gradually from −85.41 J/g to a lower temperature (−78.67 J/g). Enlargement of the shoulder peaks of cocoa butter and lard which appeared at 17.97 °C could be due to the lower group melting of TAG. It was reported that the adulteration of cocoa butter with lard causes a shift in the peak temperature due to the binary mixture behaviour of the oil samples [21].





4. Conclusions


The results from this study revealed that increasing the lard concentration from 1% to 30% will increase the level of oleic acid (C18:1), while the amount of palmitic acid (C16:0) and stearic acid (C18:0) will decrease. With the addition of lard, the amount of POS, SOS, and POP decreased. An increased lard concentration from 1% to 30%, increased the total triunsaturated TAGs from 0.63% to 3.65%. A minor peak appeared around 34 °C with lard adulteration of 3% to 30%. Cooling thermograms of adulterated cocoa butter with 1% to 30% lard showed a minor peak shifted to a lower temperature of −36 °C to −41.5 °C. Increased lard concentration from 1% to 30% in cocoa butter increased the (C10:0), (C12:0), (C16:1), (C17:0), and (C18:3) fatty acids. The addition of lard increased the amount of LLLn, LLL, and OOL triglycerides. The thermal properties during heating were influenced by triglycerides and fatty acid compositions. Hence, the results from this study could be used as a basis for the identification of lard from other fats in the food authentication process.
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Figure 1. The chromatogram of lard (A), cocoa butter (B), and their admixture (C). 
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Figure 2. Differential scanning calorimetry (a) heating and (b) cooling thermogram of lard (LD; J: 100%), cocoa butter (CB; A: 0%), and their admixtures. 
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Table 1. Methods for the detection of lard in foods and food products.
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Issues in Food Sample

	
Method of Detection

	
References






	
DNA-based PCR method




	
Pork and lard in food products

	
cyt b PCR-RFLP

	
[4]




	
Lard in food products (sausages and casings, bread and biscuits)

	
cyt b PCR-RFLP

	
[5]




	
Lard detection in chocolate

	
Porcine-specific real-time PCR

	
[6]




	
Fourier transform infrared spectroscopy




	
Lard mixed with other animal fats

	
FTIR with PLS

	
[7]




	
Lard mixed with animal fats

	
FTIR with PLS

	
[8]




	
Lard in cake formulation

	
FTIR with PLS

	
[9]




	
Lard in chocolate and chocolate products

	
FTIR with PLS

	
[2]




	
Lard in biscuit

	
FTIR with PLS

	
[10]




	
Lard mixed with lamb, cow and chicken body fats

	
FTIR with PLS and DA

	
[11]




	
Lard mixed with cod liver oil

	
FTIR with PLS and DA

	
[12]




	
Lard in other animal fats

	
FTIR with PLS and DA

	
[11]




	
Lard in virgin coconut oil (VCO)

	
FTIR with PLS and DA

	
[13]




	
Lard in vegetable oils

	
FTIR with PLS, PCR and DA

	
[14]




	
Lard in edible fats and oil

	
FTIR with PCA and CA

	
[15]




	
Lard in cream cosmetics

	
FTIR with PLS and PCR

	
[16]




	
Lard in frying oil

	
FTIR with PLS and DA

	
[17]




	
Lard in chocolate

	
FTIR with PLS and PCA

	
[18]




	
Lard in ink extracted from printed food packaging

	
FTIR with PCA and SIMCA

	
[19]




	
Electronic nose technology




	
Lard in edible oil

	
E-nose

	
[20]




	
Differential scanning calorimetry




	
Lard and randomized lard in RBD palm oil

	
DSC

	
[21]




	
Monitoring lard in canola oil

	
DSC

	
[22]




	
Lard adulteration

	
DSC

	
[22]




	
Lard in cooking oil

	
DSC

	
[23]




	
Lard in sunflower oil

	
DSC

	
[24]




	
Lard in canola oil

	
DSC

	
[25]




	
Lard in virgin coconut oil

	
DSC

	
[13]




	
Lard in butter

	
DSC

	
[26]




	
Chromatographic-based techniques




	
Lard in meat products

	
HPLC

	
[27]




	
Lard in meat lipids

	
HPLC

	
[28]




	
Lard in animal fats and vegetable oils

	
HPLC

	
[28]




	
Lard in fried oils

	
HPLC

	
[29]




	
Lard in meat lipids

	
GLC (FID detector)

	
[30]




	
Lard in milk lipids

	
GLC (FID detector)

	
[31]




	
Lard in milk lipids

	
GLC (FID detector)

	
[32]




	
Lard in fried oils

	
GLC (FID detector)

	
[29]




	
Lard in animal fats

	
LC-MS

	
[33]




	
Lard in animal fats

	
GC-FID

	
[31]




	
Lard in vegetable oils

	
GC-FID

	
[28]




	
Lard in milk fat

	
GC

	
[34]




	
Lard in vegetable oils

	
GC (FID detector)

	
[28]




	
Lard in animal fats

	
GC×GC–TOF-MS

	
[35]




	
Lard in animal fats

	
GC×GC–TOF-MS

	
[36]








PCA: principal component analysis; DA: discriminant analysis; CA: cluster analysis; PCR: principle component regression; PLS: partial least square; SIMCA: soft independent modeling class analogy; RBD: refined, bleached, deodorized; PCR-RFLP: polymerase chain reaction-restriction fragment length polymorphism; GLC: gas liquid chromatography; FID: flame ionization detector; LC-MS: liquid chromatography–mass spectrometry; GC: gas chromatography; TOF: time-of-flight; MS: mass spectrometry.
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Table 2. TAG composition of lard, cocoa butter, and their admixtures.
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TAGs

	
Lard Concentration (%)




	
0 (CB)

	
1

	
3

	
5

	
10

	
15

	
20

	
25

	
30

	
100 (LD)




	

	
Unsaturated

	

	

	

	

	

	

	

	

	

	






	
Tri-unsaturated

	
LLLn

	
nd < 0.04

	
0.04 (0.00) f

	
0.05 (0.00) e,f

	
0.05 (0.00) e,f

	
0.06 (0.00) e

	
0.07 (0.00) d

	
0.11 (0.00) c

	
0.35 (0.00) b

	
0.36 (0.01) a

	
0.88 (0.00) g




	
LLL

	
nd < 0.04

	
0.05 (0.00) h

	
0.06 (0.00) g

	
0.10 (0.00) f

	
0.11 (0.00) e

	
0.13 (0.00) d

	
0.13 (0.00) c

	
0.15 (0.00) b

	
0.17 (0.00) a

	
1.24 (0.01) h




	
OLL

	
nd < 0.04

	
0.05 (0.00) h

	
0.08 (0.00) g

	
0.15 (0.00) f

	
0.25 (0.00) e

	
0.35 (0.00) d

	
0.51 (0.00) c

	
0.52 (0.00) b

	
0.85 (0.01) a

	
2.94 (0.01) i




	
OOL

	
nd < 0.04

	
0.19 (0.00) h

	
0.21 (0.01) g

	
0.37 (0.00) f

	
0.45 (0.00) e

	
0.58 (0.00) d

	
0.87 (0.00) c

	
1.17 (0.00) b

	
1.29 (0.00) a

	
4.38 (0.01) i




	
OOO

	
0.24 (0.00) h

	
0.30 (0.00) g

	
0.32 (0.00) g

	
0.35 (0.01) f

	
0.42 (0.00) e

	
0.58 (0.00) d

	
0.73 (0.00) c

	
0.93 (0.00) b

	
0.98 (0.00) a

	
2.28 (0.01) i




	
Sub total

	
0.24 (0.11)

	
0.63 (0.12)

	
0.72 (0.12)

	
1.02 (0.15)

	
1.29 (0.18)

	
1.71 (0.24)

	
2.35 (0.34)

	
3.12 (0.42)

	
3.65 (0.46)

	
11.72 (1.40)




	
Di-unsaturated

	
PLL

	
0.22 (0.01) g

	
0.10 (0.00) i

	
0.16 (0.00) h

	
0.35 (0.00) f

	
0.69 (0.00) e

	
1.01 (0.00) d

	
1.68 (0.01) c

	
2.19 (0.01) b

	
2.57 (0.02) a

	
7.36 (0.08) j




	
POL

	
0.66 (0.00) i

	
1.28 (0.00) h

	
1.49 (0.00) g

	
1.69 (0.00) f

	
2.39 (0.01) e

	
4.00 (0.00) d

	
4.29 (0.01) c

	
5.68 (0.01) b

	
6.18 (0.00) a

	
20.21 (0.01) j




	
POO

	
3.12 (0.01) i

	
3.30 (0.00) h

	
3.43 (0.01) g

	
3.65 (0.01) f

	
4.08 (0.01) e

	
4.76 (0.01) d

	
5.75 (0.01) c

	
6.98 (0.01) b

	
7.13 (0.03) a

	
17.25 (0.01) j




	
SOO

	
3.46 (0.05) a

	
3.40 (0.00) a

	
3.32 (0.00) b

	
3.21 (0.01) c

	
3.19 (0.01) c

	
3.14 (0.00) c,d

	
3.11 (0.00)d,e

	
3.09 (0.01)d,e

	
3.05 (0.03) e

	
3.21 (0.00) c




	
Sub total

	
7.46 (1.66)

	
8.08 (1.61)

	
8.40 (1.57)

	
8.90 (1.51)

	
10.35 (1.44)

	
12.91 (1.62)

	
14.83 (1.73)

	
17.94 (2.23)

	
18.93 (2.26)

	
48.03 (8.04)




	

	
Total unsaturated

	
7.70 (5.11)

	
8.71 (5.27)

	
9.12 (5.43)

	
9.92 (5.57)

	
11.64 (6.41)

	
14.62 (7.92)

	
17.18 (8.82)

	
21.06 (10.48)

	
22.58 (10.80)

	
59.75 (25.68)




	

	
Saturated

	

	

	

	

	

	

	

	

	

	




	
Di-saturated

	
POP

	
19.13 (0.02) a

	
18.77 (0.01) b

	
18.64 (0.00) c

	
18.56 (0.01) d

	
18.47 (0.01) e

	
18.31 (0.01) f

	
18.01 (0.00) g

	
17.64 (0.01) h

	
17.29 (0.01) i

	
3.21 (0.00) j




	
PPL

	
1.28 (0.00) g

	
1.76 (0.00) f

	
1.80 (0.01) f

	
1.81 (0.01) f

	
1.93 (0.02) e

	
2.02 (0.00) d

	
2.13 (0.04) c

	
2.30 (0.00) b

	
2.39 (0.01) a

	
4.35 (0.00) h




	
POS

	
41.67 (0.01) a

	
41.21 (0.01) b

	
40.90 (0.01) c

	
40.32 (0.01) d

	
39.41 (0.01) e

	
37.79 (0.01) f

	
36.57 (0.04) g

	
34.91 (0.01) h

	
34.01 (0.01) i

	
18.58 (0.01) j




	
SOS

	
28.47 (0.02) a

	
27.67 (0.01) b

	
27.55 (0.01) c

	
27.37 (0.01) d

	
26.51 (0.00) e

	
25.15 (0.01) f

	
23.87 (0.01) g

	
21.71 (0.02) h

	
20.96 (0.01) i

	
1.32 (0.00) j




	
Sub total

	
90.55 (16.98)

	
89.41 (16.54)

	
88.89 (16.40)

	
88.06 (16.17)

	
86.32 (15.68)

	
83.27 (14.90)

	
80.58 (14.29)

	
76.56 (13.43)

	
74.65 (13.01)

	
27.46 (7.91)




	
Tri-saturated

	
PPS

	
0.27 (0.00) i

	
0.32 (0.00) h

	
0.40 (0.00) g

	
0.46 (0.00) f

	
0.51 (0.00) e

	
0.58 (0.00) d

	
0.68 (0.00) c

	
0.74 (0.00) b

	
1.09 (0.00) a

	
1.99 (0.00) j




	
SSS

	
0.31 (0.00) i

	
0.41 (0.01) h

	
0.48 (0.00) g

	
0.50 (0.00) f

	
0.52 (0.00) e

	
0.59 (0.00) d

	
0.67 (0.00) c

	
0.87 (0.00) b

	
0.99 (0.00) a

	
2.89 (0.01) j




	
PSS

	
1.17 (0.01) a

	
1.15 (0.00) b

	
1.11 (0.01) c

	
1.06 (0.00) d

	
1.01 (0.00) e

	
0.93 (0.00) f

	
0.90 (0.00) g

	
0.79 (0.00) h

	
0.69 (0.00) i

	
nd <0.04




	
Sub total

	
1.75 (0.51)

	
1.88 (0.46)

	
1.99 (0.39)

	
2.02 (0.34)

	
2.04 (0.29)

	
2.10 (0.20)

	
2.25 (0.13)

	
2.40 (0.07)

	
2.77 (0.21)

	
4.88 (1.46)




	

	
Total saturated

	
92.30 (62.79)

	
91.29 (61.89)

	
90.88 (61.45)

	
90.08 (60.84)

	
88.36 (59.59)

	
88.36 (59.59)

	
82.83 (55.39)

	
78.96 (52.44)

	
77.42 (50.83)

	
32.34 (15.97)








Each value represents the mean ± SD of triplicate analyses; Means within the same row with different superscripts are significantly different (p < 0.05); Abbreviations: TAG, triacylglycerol; CB, cocoa butter; LD, lard; P, palmitic; O, oleic; L, linoleic; S, stearic; nd, not detected.
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Table 3. Composition of fatty acids in lard, cocoa butter, and their admixtures.
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FAs

	
Lard Concentration (%)




	
0 (CB)

	
1

	
3

	
5

	
10

	
15

	
20

	
25

	
30

	
100 (LD)






	
C10:0

	
0

	
0

	
0

	
0

	
0.01 (0.01) c

	
0.02 (0.03) b,c

	
0.06 (0.00) a,b

	
0.06 (0.00) a,b

	
0.08 (0.01) a

	
0.17 (0.00) d




	
C12:0

	
0

	
0.12 (0.00) e

	
0.14 (0.01) d,e

	
0.16 (0.00) d,e

	
0.21 (0.00) c,d

	
0.28 (0.01) c

	
0.36 (0.06) b

	
0.40 (0.00) a,b

	
0.47 (0.01) a

	
1.44 (0.00) f




	
C15:0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0.09 (0.00) b




	
C16:0

	
27.27 (0.07) a

	
26.63 (0.08) b

	
26.40 (0.00) c

	
26.32 (0.02) c

	
26.11 (0.07) d

	
25.98 (0.04) d

	
25.55 (0.03) e

	
25.43 (0.02) e

	
24.75 (0.04) f

	
22.55 (0.00) g




	
C16:1

	
0

	
0.25 (0.00) e

	
0.26 (0.00) e

	
0.28 (0.01) d,e

	
0.30 (0.00) d

	
0.36 (0.02) c

	
0.40 (0.01) b

	
0.42 (0.01) a,b

	
0.44 (0.01) a

	
1.22 (0.00) f




	
C17:0

	
0

	
0.24 (0.00) e

	
0.25 (0.01) e

	
0.25 (0.00) d,e

	
0.26 (0.00) d

	
0.26 (0.00) d

	
0.29 (0.00) c

	
0.31 (0.01) b

	
0.32 (0.00) a

	
0.58 (0.00) f




	
C18:0

	
37.75 (0.05) a

	
37.45 (0.28) a,b

	
37.09 (0.01) b,c

	
36.74 (0.01) c

	
36.03 (0.01) d

	
35.24 (0.13) e

	
34.10 (0.04) f

	
33.66 (0.01) g

	
32.75 (0.00) h

	
0.36 (0.00) i




	
C18:1

	
30.92 (0.06) e

	
31.03 (0.21) e

	
31.37 (0.00) d

	
31.51 (0.00) c,d

	
31.73 (0.07) b,c

	
31.86 (0.00) a,b

	
31.87 (0.01) a,b

	
31.92 (0.02) a,b

	
32.13 (0.01) a

	
19.29 (0.09) f




	
C18:2

	
2.82 (0.03) h

	
2.88 (0.00) h

	
3.10 (0.00) g

	
3.36 (0.00) f

	
3.96 (0.00) e

	
4.67 (0.03) d

	
6.04 (0.04) c

	
6.48 (0.00) b

	
7.83 (0.00) a

	
32.41 (0.08) i




	
C18:3

	
0

	
0.19 (0.00) e

	
0.20 (0.00) d,e

	
0.20 (0.00) d,e

	
0.24 (0.00) c,d

	
0.26 (0.01) c

	
0.32 (0.03) b

	
0.35 (0.00) a,b

	
0.39 (0.01) a

	
1.09 (0.00) f




	
C20:0

	
1.25 (0.01) a

	
1.22 (0.01) a,b

	
1.21 (0.01) a,b

	
1.19 (0.00) a,b

	
1.16 (0.00) b

	
1.09 (0.04) c

	
1.03 (0.01) d

	
1.00 (0.00) d

	
0.86 (0.00) e

	
0.82 (0.00) e




	
Total SFA

	
66.27 (18.79)

	
65.66 (17.68)

	
65.09 (17.51)

	
64.66 (17.38)

	
63.78 (16.15)

	
62.87 (15.87)

	
61.39 (15.42)

	
60.86 (15.26)

	
59.23 (14.84)

	
44.94 (9.96)




	
Total USFA

	
33.74 (19.87)

	
34.35 (15.01)

	
34.93 (15.15)

	
35.35 (15.19)

	
36.23 (15.21)

	
37.15 (15.19)

	
38.63 (15.05)

	
39.17 (15.03)

	
40.79 (15.03)

	
53.86 (15.23)








Data are presented as means ± SD from triplicate determination. Means within the same row with different superscripts are significantly different (p < 0.05). Abbreviations: FAs, fatty acids; CB, cocoa butter; LD, lard; SFA, saturated fatty acids ; USFA, unsaturated fatty acids.
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Table 4. Cooling and heating thermograms of cocoa butter, lard, and their admixtures.
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Adulterated Samples (%)

	
Cooling Properties

	
Heating Properties




	
Onset (°C)

	
Offset (°C)

	
Enthalphy (J/g)

	
Peak (°C)

	
Onset (°C)

	
Offset (°C)

	
Enthalphy (J/g)

	
Peak (°C)






	
0 (CB)

	
16.94

	
9.49

	
−85.60

	
14.58

	
14.19

	
23.38

	
86.81

	
20.16




	
1

	
16.83

	
9.37

	
−85.41

	
14.41

	
13.78

	
23.36

	
84.53

	
20.11




	
3

	
16.71

	
9.18

	
−84.53

	
14.38

	
13.60

	
23.34

	
78.87

	
20.09




	
5

	
16.64

	
9.09

	
−83.55

	
14.27

	
13.53

	
23.21

	
77.04

	
20.06




	
10

	
16.55

	
8.47

	
−82.98

	
14.08

	
13.50

	
23.01

	
76.41

	
19.83




	
15

	
16.42

	
7.77

	
−82.31

	
14.05

	
13.48

	
22.33

	
75.01

	
19.43




	
20

	
16.26

	
6.65

	
−80.64

	
13.62

	
13.45

	
22.26

	
74.65

	
18.85




	
25

	
15.97

	
5.73

	
−79.70

	
13.30

	
13.40

	
21.95

	
74.15

	
18.10




	
30

	
15.70

	
5.08

	
−78.67

	
13.12

	
13.37

	
21.64

	
72.63

	
17.78




	
100 (LD)

	
−15.00

	
−22.16

	
−32.51

	
11.98

	
−10.30

	
2.38

	
29.86

	
−4.00








Abbreviations: CB, cocoa butter; LD, lard.
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