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Abstract: The saponification value of fats and oils is one of the most common quality indices,
reflecting the mean molecular weight of the constituting triacylglycerols. Proton nuclear magnetic
resonance (1H-NMR) spectra of fats and oils display specific resonances for the protons from the
structural patterns of the triacylglycerols (i.e., the glycerol backbone), methylene (-CH2-) groups,
double bonds (-CH=CH-) and the terminal methyl (-CH3) group from the three fatty acyl chains.
Consequently, chemometric equations based on the integral values of the 1H-NMR resonances
allow for the calculation of the mean molecular weight of triacylglycerol species, leading to the
determination of the number of moles of triacylglycerol species per 1 g of fat and eventually to the
calculation of the saponification value (SV), expressed as mg KOH/g of fat. The algorithm was
verified on a series of binary mixtures of tributyrin (TB) and vegetable oils (i.e., soybean and rapeseed
oils) in various ratios, ensuring a wide range of SV. Compared to the conventional technique for
SV determination (ISO 3657:2013) based on titration, the obtained 1H-NMR-based saponification
values differed by a mean percent deviation of 3%, suggesting the new method is a convenient and
rapid alternate approach. Moreover, compared to other reported methods of determining the SV
from spectroscopic data, this method is not based on regression equations and, consequently, does
not require calibration from a database, as the SV is computed directly and independently from the
1H-NMR spectrum of a given oil/fat sample.

Keywords: saponification value; 1H-NMR spectroscopy; tributyrin; dairy fat; vegetable oils

1. Introduction

One of the most common oil quality indices is the saponification value (SV); it is
defined as the amount of alkali (expressed as mg KOH/g sample) required to saponify a
defined amount of sample. It is conventionally determined through saponification of a
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known amount of oil/fat with excess KOH solution, followed by back titration of the excess
base with acid solution in the presence of phenolphthalein as an indicator. The amount
of base needed for saponification of the fatty acyl chains is then indirectly determined
from the excess base that remains unreacted. Since the amount (moles) of base reacted
is stoichiometrically equal to the amount (moles) of fatty acyl chains contained in 1 g of
oil/fat, SV is then dependent on the length of the fatty acyl chains from triacylglycerols.
Therefore, a small saponification value indicates long chain fatty acids on the glycerol
backbone in a sample; on the contrary, a high SV indicates triacylglycerols with shorter
fatty acyl chains. Consequently, SV becomes an easy approach to assess fatty acids’ chain
length of specific fats/oils.

For example, most of the common oils/fats of vegetable or animal origin (sunflower,
soybean, rapeseed, pork lard, beef tallow, chicken fat, etc.) contain almost only long chain
fatty acids (C18 and C16), having similar SV values (ranging from 168–196 mg KOH/g
oil) [1]. Some vegetable oils, such as the coconut and palm kernel oils, contain large
amounts of lauric (C12:0) and myristic (C14:0) acids; therefore, their saponification values
are significantly higher (235–260 mg KOH/g oil) [2–5]. Milk fat differs substantially from
other fats and oils in terms of the fatty acid profile (FAP), including relevant amounts
of short chain (C4–C6) and medium chain (C8–C12) fatty acids, which is subsequently
reflected in its high SV (213–227 mg KOH/g fat) [6,7]. Consequently, SV may be helpful in
the detection of the adulteration of dairy products with cheaper fats and oils, because the
addition of an oil/fat rich in C18 to a dairy product will result in a decrease in the SV.

Although easy and accurate, the reference method of SV determination requires spe-
cific glassware and harmful chemicals and is time consuming (according to the protocol, the
saponification step takes one hour to complete, because it is critical that the saponification
be complete prior to the final titration). In addition, several factors can cause errors in
the titration step including misjudging the color of the indicator near the end point, mis-
reading volumes or faulty technique. Therefore, a new, rapid and reliable method would
be preferred.

In this respect, spectroscopic methods coupled with multivariate data analysis have at-
tracted attention, being considerably faster and more practical from a procedural viewpoint.
For example, SV has been determined through Fourier transform infrared spectroscopy
(FTIR) coupled with multivariate analysis [8] with good accuracy, compared to the standard
method; however, the main drawback of the methods based on spectroscopic data is that
they require the existence of a large spectral base for the model calibration.

1H-NMR spectroscopy is a fast (the recording of a 1H-NMR spectrum takes approxi-
mately 2 min) and non-destructive technique that has widely been applied in the analysis
of edible oils. 1H-NMR spectra of fats and oils display signals assigned to both the un-
saturated moiety and to various methylene groups of the fatty acyl chains. These signals
may be used to calculate the average fatty acyl chain length of fat samples. The 1H-NMR
technique allows for full process automation, from the recording (due to the autosamplers)
to data processing. Small amounts of samples are necessary, which—if needed—can further
be recovered simply through solvent evaporation, after the spectra are recorded. Very
importantly, the 1H-NMR technique is also reliable, and several papers report the fatty acid
profile of fats and oils computed from 1H-NMR data in good agreement with chromato-
graphic data [9–13]. Skiera et al. briefly reported a rapid method for the determination of
the SV from NMR data based on the integral of the CH2 protons adjacent to the ester groups
(δH 2.2–2.4 ppm) and on the integral of the 1,2,4,5-tetrachloro-3-nitrobenzene (TCNB) signal
at δH 7.7 ppm, used as an internal standard for quantitative NMR experiments. Five sam-
ples (with a single measurement per sample) were tested with the new method; the NMR
results were in agreement with the values obtained through the ISO method, consequently
pointing at the suitability of the NMR spectroscopy for the determination of the quality
indices of fats and oils [14].

Based on our previous expertise on NMR chemometrics to edible oils [13], the present
work reports a general algorithm for the calculation of the SV of fats and oils from the 1H-
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NMR data. The working model consists of a series of binary mixtures of tributyrin (TB) and
vegetable oils in various ratios to obtain a wide range of SV. In addition, to ensure an even
more variate composition also regarding the unsaturation, soybean and rapeseed oils—SO
and RO, respectively—were used to prepare the model samples. The average length of the
fatty acyl chains can be computed through chemometric equations from 1H-NMR data,
leading to the calculation of the average molecular weight of each sample and eventually
to the SV. The new method was evaluated in comparison with the conventional method
based on titration and was further applied to a series of edible fats and oils including butter
and cheese extracted fats. Compared to other reported methods of determining the SV
from spectroscopic data, the proposed method is not based on regression equations and,
consequently, does not require calibration from a database. SV may be computed directly
and independently from the 1H-NMR spectrum of a given oil/fat sample.

2. Materials and Methods
2.1. Reagents

CH2Cl2 (HPLC purity) and anhydrous MgSO4 were from Sigma–Aldrich, as well as
tributyrin (97%). The CDCl3 (isotopic purity 99.8%D) was also from Sigma–Aldrich.

2.2. Binary Oil–Tributyrin Mixtures

A series of binary mixtures of tributyrin (TB) and vegetable oils (RO and SO) in
various ratios was prepared to obtain a wide range of SVs. Owing to their different fatty
acid profiles, SO and RO were chosen as components for binary mixtures to obtain an
even more variate composition also with respect to the unsaturation, thus leading to more
reliable results. The specific composition of the RO-TB and SO-TB series is given in the
Supplementary Table S1.

2.3. Butter and Cheese Samples

Butter (n = 4) and cheese (n = 9) samples of bovine origin were obtained from Roma-
nian, Bulgarian and Moldavian dairy companies. Butter fat (BF) was extracted from butter
samples with CH2Cl2, dried on anhydrous MgSO4, followed by evaporation of the solvent.
Cheese fat was extracted according to ISO 1735|IDF 5:2004 protocol [15].

2.4. Oil and Fat Samples

Soybean, rapeseed and sunflower seeds were obtained from the National Agricultural
Research and Development Institute of Fundulea (NARDI Fundulea), Romania. The oil
was extracted from seeds according to the standard Soxhlet protocol [16]. Beef and sheep
tallow were extracted with CH2Cl2 from subcutaneous adipose tissue, dried on anhydrous
MgSO4, followed by evaporation of the solvent. Coconut oil was purchased from Trio
Verde S.R.L., Romania (distributor), and the palm stearin and palm kernel oil were from
Scintilla Silk, Romania (distributor).

2.5. Saponification Value

The saponification value was determined according to the ISO 3657:2013 standard
procedure [17].

2.6. 1H-NMR Spectra
1H-NMR experiments were recorded in a field of 6.9 T using a Bruker Fourier spec-

trometer (Bruker Biospin, Ettlingen) operating at an 1H Larmor frequency of 300.18 MHz.
The 1H-NMR experiments were using the standard zg30 pulse sequence and had the fol-
lowing parameters: 30◦ pulse, 5.37 s acquisition time, 6.1 kHz spectral window, 16 scans,
65K data points, 1 s delay time; all spectra were recorded at 25 ◦C. Fat samples (200 mg)
were dissolved in 0.6 mL CDCl3 and transferred to 0.5 mm NMR tubes of the type Norell
NOR508UP7-5EA (Sigma–Aldrich, Saint Louis, MO, USA). MestReNova 6.0.2-5475 soft-
ware (Mestrelab Research, Santiago de Compostela, Spain) was used to process the spectra.
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To eliminate operator errors, fixed integration limits were used to obtain the integration
values (Supplementary Materials Table S1). In addition, for each sample the F resonance
(given by the two protons adjacent to the ester group) was considered as a reference and,
therefore, calibrated to 2.000; consequently, the rest of the integrals were automatically
reported to the reference. According to the general rule for signals integration (i.e., from
baseline to baseline), partially overlapping signals were integrated altogether (i.e., A + B
and I + J, respectively). The NMR tubes were in-house quality checked as we previously
reported [18].

2.7. Statistics

The experiments were run in triplicate (NMR) and in duplicate (ISO 3657:2013). The
results are expressed as the mean values ± standard deviation (sd). Tuckey’s test was
applied for the significantly different means (p < 0.05).

3. Results and Discussions

3.1. 1H-NMR Spectral Characterization of Fats and Oils

A typical 1H-NMR spectrum of an oil is illustrated for a rapeseed oil (RO) in Figure 1.
The corresponding peak assignment is explained in Table 1. Figure 1 also shows a com-
parison of the 1H-NMR spectra of tributyrin (TB) and two rapeseed oil–tributyrin binary
mixture: RO (30%) + TB (70%) and RO (60%) + TB (40%).

Foods 2022, 11, x FOR PEER REVIEW 4 of 12 
 

 

software (Mestrelab Research, Santiago de Compostela, Spain) was used to process the 

spectra. 

To eliminate operator errors, fixed integration limits were used to obtain the integra-

tion values (Supplementary Materials Table S1). In addition, for each sample the F reso-

nance (given by the two protons adjacent to the ester group) was considered as a reference 

and, therefore, calibrated to 2.000; consequently, the rest of the integrals were automati-

cally reported to the reference. According to the general rule for signals integration (i.e., 

from baseline to baseline), partially overlapping signals were integrated altogether (i.e., A 

+ B and I + J, respectively). The NMR tubes were in-house quality checked as we previ-

ously reported [18]. 

2.7. Statistics 

The experiments were run in triplicate (NMR) and in duplicate (ISO 3657:2013). The 

results are expressed as the mean values ± standard deviation (sd). Tuckey’s test was ap-

plied for the significantly different means (p < 0.05). 

3. Results and Discussions 

3.1. 1H-NMR Spectral Characterization of Fats and Oils 

A typical 1H-NMR spectrum of an oil is illustrated for a rapeseed oil (RO) in Figure 

1. The corresponding peak assignment is explained in Table 1. Figure 1 also shows a com-

parison of the 1H-NMR spectra of tributyrin (TB) and two rapeseed oil–tributyrin binary 

mixture: RO (30%) + TB (70%) and RO (60%) + TB (40%). 

 

Figure 1. Comparative 1H-NMR spectral characterization of tributyrin (TB ―), rapeseed oil (RO ―) 

and rapeseed oil–tributyrin binary mixtures: RO (30%) + TB (70%) ― and RO (60%) + TB (40%) ―. 

Letters A–J were assigned to resonances according to letters in Table 1. 

  

Figure 1. Comparative 1H-NMR spectral characterization of tributyrin (TB —), rapeseed oil (RO —)
and rapeseed oil–tributyrin binary mixtures: RO (30%) + TB (70%) — and RO (60%) + TB (40%) —.
Letters A–J were assigned to resonances according to letters in Table 1.
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Table 1. Chemical shifts and peak assignment of 1H-NMR spectra of milk fats. Adapted with
permission from Refs. [12,19]. Copyright 2004, Eur. J. Lipid Sci. Technol.; Copyright 2021, J. Dairy Sci.

Resonance * δ (ppm) Proton Compound

A 0.85 -CH2-CH2-CH2-CH3
All acids except butyric acid and
linolenic acid

B 0.96
-CH=CH-CH2-CH3 Linolenic acid

-OOC-CH2-CH2-CH3 Butyric acid (B’)

C 1.24 -(CH2)n- All fatty acids

D 1.64 -CH2-CH2-COO- All fatty acids

E 2.02 -CH2-CH=CH- All unsaturated fatty acids

F 2.26 -CH2-COO- All fatty acids

G 2.76 -CH=CH-CH2-
CH=CH-

n-6 (Linoleic) acid and n-3
(linolenic) acid

H 4.19 -CH2OCOR H in the sn-1/3 position of the
glycerol backbone

I 5.15 -CHOCOR H in the sn-2 position of the
glycerol backbone

J 5.29 -CH=CH- All unsaturated fatty acids
* Letters from A–J correspond to specific resonances according to Figure 1.

As reflected from Figure 1, certain signals (i.e., A, C, E and J) cannot be found in the
spectrum of tributyrin, because butyric acid is a short chain saturated fatty acid, lacking
allylic, bis-allylic and unsaturated protons. The butyric moiety displays the triplet B’
characteristic of the terminal methyl group in the structure of fatty acids, the signal D
of the protons in position β relative to the ester group, the triplet F generated by the
methylene groups adjacent to the ester group and the signals in the specific area of the
glycerol backbone (H and I). We have previously shown the assignment of NMR signals in
methyl esters of fatty acids as standards for vegetable oil characterization [20]. We have
also shown [19] that the resonance characteristic to the terminal methyl group of the fatty
acyl chains appears shifted downfield (0.96 ppm) only in the case of linolenic and butyric
acyl moieties (B and B’, respectively), compared to the rest of the fatty acyl chains (triplet
A, 0.85 ppm). It is therefore evident that as the amount of TB added to the vegetable oil
increases, all the resonances related to unsaturated specific groups (J) and those in the
vicinity of allylic and bis-allylic groups, (E and G) will decrease. The amplitude of signal C
also decreases with the addition of TB, as this resonance is dependent on the length of the
fatty acyl chains, being absent for TB.

The only signal that increases in intensity is the triplet B from 0.96 ppm, characteristic
for the terminal methyl group in butyric acid or linolenic acid. In rapeseed oil, the 0.96 ppm
resonance is due to the linolenic acyl moiety (signal B); as the percentage of added TB
increases, this resonance also increases in intensity due to the overlapping signal B’. As
expected, the unspecific signals present in all fats and oils, regardless of their specific fatty
acid profile (such as H and I from the glycerol moiety, as well as D and F adjacent to the
ester group), did not show modifications.

3.2. Algorithm for the SV Calculation from 1H-NMR Data

The general pattern of triacylglycerols (TAGs), as depicted in Figure 2, consists of a
glycerol ester backbone and three fatty acyl chains, each with a terminal methyl group and
various amounts of methylene and CH=CH double bonds.
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As reflected from Figure 2, triacylglycerols consist of a glycerol triple ester backbone,
common to all TAGs, the differences occurring in the hydrocarbon residues from fatty acyl
chains. Apart from the terminal methyl groups (-CH3), the hydrocarbon chains consist only
of methylene groups (-CH2-) and double bonds (-CH=CH-), the number of which differs
depending on the length of the chain and on the degree of unsaturation, being characteristic
for each individual fatty acid. For example, oleic acid contains fourteen methylene groups
(-CH2-) and a single double bond (-CH=CH-), and linoleic acid contains twelve methylene
groups (-CH2-) and two double bonds (-CH=CH-). Therefore, the average molecular
formula of a triglyceride can be rendered as:

C3H5(OCO)3(CH2)M(CH=CH)D(CH3)3

The integral of a resonance being the area under the resonance curve, in the next chemo-
metric equations the following suggestive notations were adopted for the integral values of
the corresponding resonances: A(A+B), AC, AD, AE, AF, AG, AH, and A(I+J), respectively.

The average number of methylene groups (M) and the average number of double
bonds (D) in the alkyl chain can then be calculated as:

M =
3
2
· AC + AD + AE + AF + AG

A(A+B)
(1)

D =
3
2
·

A(I+J) − AH/4
A(A+B)

(2)

(i) The normalization factor 3/2 appeared as a consequence of the different number of
protons that generated the resonances involved in Equations (1) and (2), i.e., two
protons in the case of the resonances at the numerator and three in the case of the
resonances at the denominator;

(ii) Since resonances I and J appear partially overlapped, they cannot be integrated
separately. However, AI (corresponding to the single proton in the sn-2 position from
the glycerol moiety) can be indirectly computed as AH/4, given the proton ratio of
1:4 in the case of signals I and H, respectively. Consequently, AJ (corresponding to the
unsaturated protons (CH=CH) may be computed as a difference A(I+J) − AI;

(iii) Since resonances A and B appear partially overlapped, they cannot be accurately
integrated as separate signals; the integration was therefore performed according to
the general rule (i.e., from baseline to baseline), leading to the integral of the envelope
resonance (A+B).

The mean number of carbon atoms in the hydrocarbon chain (nC) and the average
number of hydrogen atoms in the hydrocarbon chain (nH) can be computed as:

nC = M + 2D + 1 (3)
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nH = 2M + 2D + 3 (4)

leading to the mean formulae of the hydrocarbon chain (CM+2D+1H2M+2D+3) and of the
triacylglycerol, i.e., C6+3 (M+2D+1) H5+3(2M+2D+3) O6.

As a consequence, the average molecular weight of TAGs becomes:

MTAG = 12 × [6 + 3(M + 2D + 1)] + 1 × [5 + 3(2M + 2D + 3)] + 16 × 6 (5)

The SV represents the amount of KOH (in mg) required for the saponification of 1 g of
fat [15]. Therefore, SV can be computed as:

SV (mg KOH/g fat) = 3 × ν× 56 × 103 (6)

where ν represents the number of TAG moles per gram of fat (ν = 1/MTAG), while (3 × ν)
is the number of moles of ester groups per gram of oil.

An example of SV calculation from 1H-NMR data is shown in the Supplementary
Materials (Table S2).

The SV values for the SO-TB and RO-TB series (both determined by the method based
on the 1H-NMR data and determined experimentally by the conventional ISO 3657:2013
method taken as reference) are presented in Table 2.

Table 2. SVs determined from the 1H-NMR data and through the standard (i.e., ISO 3657:2013)
method for the SO-TB and RO-TB series (95% confidence level).

SO-TB Series RO-TB Series

Sample TB (%)
SV * (mg KOH/g Fat)

Sample TB (%)
SV * (mg KOH/g Fat)

From
1H-NMR Data

According to
ISO 3657:2013

From
1H-NMR Data

According to
ISO 3657:2013

SO-TB-0 0 196 ± 2 aA 190 ± 0 aB RO-TB-0 0 196 ± 4 aA 192 ± 1 aA

SO-TB-10 10 230 ± 4 bA 225 ± 6 bA RO-TB-10 10 233 ± 3 bA 227 ± 3 bA

SO-TB-20 20 266 ± 2 cA 274 ± 3 cA RO-TB-20 20 272 ± 2 pA 266 ± 6 nA

SO-TB-30 30 302 ± 2 dA 294 ± 0 dB RO-TB-30 30 305 ± 4 dA 312 ± 10 lA

SO-TB-40 40 345 ± 3 eA 336 ± 12 eA RO-TB-40 40 341 ± 2 eA 334 ± 3 eA

SO-TB-50 50 387 ± 2 fA 374 ± 10 fA RO-TB-50 50 378 ± 2 qA 367 ± 9 fA

SO-TB-60 60 412 ± 1 gA 403 ± 1 gB RO-TB-60 60 414 ± 3 gA 411 ± 1 gA

SO-TB-70 70 447 ± 1 hA 434 ± 2 hB RO-TB-70 70 448 ± 1 hA 433 ± 13 hA

SO-TB-80 80 492 ± 2 iA 480 ± 3 iB RO-TB-80 80 486 ± 3 rA 474 ± 9 iA

SO-TB-90 90 535 ± 3 jA 530 ± 8 jB RO-TB-90 90 523 ± 2 sA 515 ± 0 mB

SO-TB-100 100 559 ± 2 kA 547 ± 2 kB RO-TB-100 100 560 ± 3 kA 551 ± 12 kA

SO-TB-15 15 250 ± 3 lA 241 ± 3 bA RO-TB-5 5 215 ± 2 tA 211 ± 0 oA

SO-TB-35 35 326 ± 3 mA 318 ± 4 lA RO-TB-25 25 286 ± 2 uA 292 ± 3 dA

SO-TB-55 55 413 ± 1 gA 403 ± 5 gA RO-TB-45 45 359 ± 3 vA 350 ± 4 pA

SO-TB-75 75 467 ± 3 nA 477 ± 4 iA RO-TB-65 65 429 ± 2 wA 435 ± 4 hA

SO-TB-95 95 540 ± 2 oA 527 ± 13 mA RO-TB-85 85 503 ± 3 xA 499 ± 1 qA

a–x Means with different letters within a column are significantly different (p < 0.05). A, B Means with different
letters within a row are significantly different (p < 0.05). * Determined in triplicate (NMR method) and in duplicate
(ISO method); values are reported as the mean ± sd.

As reflected in Table 2, the values obtained based on the 1H-NMR data were close
to the values determined by the conventional method, which reflects the accuracy of the
calculation algorithm.

The accuracy of the new method was assessed by calculating for each sample the SV
(NMR) deviation from the SV (ISO), taken as a reference and expressed as percentages
relative to the SV (ISO) (see details in Table S3). The mean percent deviation of SV (NMR)
from SV (ISO) was found to be 2%, which stands for a robust NMR algorithm. The accuracy
of the proposed method was also reflected by the SV (NMR) plotted against the SV (ISO)
in Figure 3. The concordance between the values obtained by the NMR method and the
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titration values is reflected by values close to 1 for both the slope of the trendline (in the case
of perfect concordance, tg α = 1, corresponding to an angle of 45◦) and for the coefficient
of correlation R2. As reflected from Figure 3, values close to 1 were obtained for the two
parameters, indicating a good correlation between the two methods.
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3.3. Determination of the SV for Edible Oils and Fats

Subsequently, the algorithm for determining the saponification value was applied to a
series of commercial samples of vegetable oils and fats, butter, cheeses and spreadable fat
mixtures (margarine type). The results are presented in Table 3.

Table 3. SVs determined from 1H-NMR data and through the standard (ISO 3657:2013) method for a
series of edible fats and oils (95% confidence level).

No. Sample
SV * (mg KOH/g Fat)

From 1H-NMR Data According to ISO 3657:2013

Sunflower oil

1 Sunflower oil 1 194 ± 2 aA 188 ± 2 aA

2 Sunflower oil 2 195 ± 1 aA 189 ± 2 aA

3 Sunflower oil 3 194 ± 1 aA 188 ± 3 aA

4 Sunflower oil 4 196 ± 1 aA 188 ± 3 aA

5 Sunflower oil 5 195 ± 1 aA 189 ± 2 aA

6 Rapeseed oil 1 196 ± 1 aA 188 ± 3 aB

7 Rapeseed oil 2 196 ± 1 aA 188 ± 2 aB
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Table 3. Cont.

No. Sample
SV * (mg KOH/g Fat)

From 1H-NMR Data According to ISO 3657:2013

Rapeseed oil

8 Rapeseed oil 3 194 ± 1 aA 188 ± 1 aB

9 Rapeseed oil 4 195 ± 1 aA 188 ± 2 aB

Soybean oil

10 Soybean oil 1 195 ± 2 aA 189 ± 2 aB

11 Soybean oil 2 193 ± 2 aA 188 ± 2 aA

12 Soybean oil 3 194 ± 1 aA 187 ± 2 aB

13 Soybean oil 4 195 ± 1 aA 188 ± 2 aB

14 Soybean oil 5 194 ± 1 aA 188 ± 3 aA

Coconut oil

15 Coconut oil 1 249 ± 1 aA 240 ± 3 aB

16 Coconut oil 1 248 ± 1 aA 239 ±1 aB

Palm fat

17 Palm fat 1 236 ± 1 aA 230 ± 2 aA

18 Palm fat 2 237 ± 1 aA 230 ± 2 aB

Butter

19 Butter 1 242 ± 2 aA 232 ± 1 aB

20 Butter 2 245 ± 2 aA 234 ± 1 aB

21 Butter 3 245 ± 1 aA 235 ± 1 aB

22 Butter 4 239 ± 1 abA 231 ± 2 aB

23 Butter 5 241 ± 1 abA 231 ± 1 aB

Spreadable fat mixtures **

24 Spreadable fat mixture 1 228 ± 1 aA 217 ± 2 aB

25 Spreadable fat mixture 2 206 ± 2 bA 196 ± 1 bB

26 Spreadable fat mixture 3 222 ± 2 cA 217 ± 1 aA

27 Spreadable fat mixture 4 224 ± 2a acA 218 ± 1 aB

Cheese

28 Cheese 1 239 ± 2 aA 231 ± 2 aB

29 Cheese 2 242 ± 1 aA 234 ± 1 aB

30 Cheese 3 244 ± 2 baA 237 ± 1 baB

31 Cheese 4 238 ± 1 aA 231 ± 2 aB

32 Cheese 5 241 ± 2 aA 233 ± 3 aA

33 Cheese 6 241 ± 1 aA 234 ± 1 aB

34 Cheese 7 244 ± 2 bA 237 ± 1 baB

35 Cheese 8 244 ± 1 bA 237 ± 2 baB

36 Cheese 9 239 ± 1 aA 233 ± 2 aB

a–c Means with different letters within a column are significantly different (p < 0.05). A, B Means with different
letters within a row are significantly different (p < 0.05). * Determined in triplicate (NMR method) and in duplicate
(ISO method), respectively; values reported as the mean ± sd. ** Variable composition (various amounts of butter
and different vegetable oils).
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As reflected from Table 3, there was agreement between the SVs calculated from the
1H-NMR data and the SVs determined through the wet (ISO 3657:2013) method. However,
in the case of the oil and fat samples, the mean percent deviation of SV (NMR) from SV
(ISO) was 3%, higher than in the case of the oil–TB series (2%), which may be due to the
fact of their more complex composition compared to the binary mixtures.

Edible fats have variable SVs, depending on the species. As expected, vegetable oils,
such as sunflower, soybean and rapeseed, had similar SVs, ranging from 194 to 196 mg
KOH/g oil (as determined from the 1H-NMR data). These values are in agreement with
the fatty acid composition consisting of C18 fatty acids (i.e., linoleic C18:2 and oleic C18:1
as the main constituents, various amounts of stearic C18:0 and linolenic acid C18:3 in
small amounts) and modest amounts of C16:0 (palmitic) acid [21–23]. They are also in
agreement with similar SVs reported in the literature [21]. On the other hand, lauric fats,
such as coconut oil and palm fat, showed significantly higher SVs (mean values of 248.5
and 236.5 mg KOH/g oil, respectively) due to the fact of their specific fatty acid profiles
rich in lauric (C12:0), myristic (C14:0) and myristoleic (C14:1) fatty acids. In the case of the
coconut oil, its fatty acid profile is dominated by medium chain length fatty acids, with
lauric acid ranging between 30 and 50% [24–26], while myristic was also reported in high
levels (accounting for more than 20%) [24–26]. Palm fats are abundant in palmitic (C16:0)
acid [25,27], with large amounts of lauric and myristic acids (especially palm kernel oil [3]).
The high levels of C12 and C14 explain the marked increase in the SVs of coconut and palm
fats compared to the rest of the vegetable oils.

In the case of dairy products (i.e., butter and cheese fats), the average saponification
values were approximately 242 mg KOH/g fat in both cases. The SV results correlated with
their particular fatty acid profile, containing mainly long chain (C14–C18) as well as impor-
tant amounts of short (butyric, caproic) and medium (C8–C14) chain fatty acids [19,28]. It
is worth mentioning that milk fats contain high amounts (up to 32.4% [29]) of palmitic acid
(C16:0), whereas myristic (C14:0) and myristoleic (C14:1) acids occur in important amounts,
accounting for more than 10–12% altogether [30,31]. Consequently—although belonging to
the long chain fatty acids category—C14 fatty acids contributed to the global lowering of
the average molecular weight of the triacylglycerols of milk fats compared to vegetable oils
(mainly consisting of C16–C18 fatty acids). Altogether, the short and medium chain fatty
acids, myristic and palmitic acid levels explain the high SV in the case of dairy products.

On the other hand, spreadable fat mixtures, the analyzed samples consisted of mixtures
of butter with various amounts of vegetable fats. Given the variable composition of these
samples (depending on the producers’ recipes), an average SV cannot be calculated. The
spreadable fat mixtures have SV lower than those of butters and cheeses, due to the higher
amounts of C16 and C18 fatty acids from the oils and fat ingredients of vegetal origin.

4. Perspectives

Milk fat is one of the most expensive ingredients in the food industry [19,32,33];
therefore, it may be subject to fraudulent practices such as its partial replacement with
cheaper oils and fats. The addition of nondairy fats and oils to dairy fats will result in
lower SVs. Of course, an altered butter or cheese fat composition would be difficult to
detect through SVs if coconut oil (SV = ~249 mg KOH/g oil) combined with a common
C16–C18 oil (such as sunflower, rapeseed or soybean oil, with SV = ~193 mg KOH/g oil) is
used as an adulterant. On the other hand, except for the producing countries, coconut oil
is an expensive commodity [34] in the rest of the regions (for example, in Europe), which
makes it improbable as an adulterant. Consequently, SVs may be an indicator for dairy
products adulteration with other fats and oils of nondairy origin. Therefore, further studies
correlating the amount of vegetable fats added into dairy fats with the variation of the SV
may lead to the rapid detection of adulterated dairy products.
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5. Conclusions

All structural patterns of triacylglycerols were reflected as specific resonances in the
1H-NMR spectra of fats and oils. Chemometric equations leading to the mean molecular
weight of triacylglycerol species may be derived from the integral values of the 1H-NMR
signals, which may further be used to compute the number of moles of triacylglycerol
species per gram of fat, which will further lead to the calculation of the SV, expressed as
mg KOH/g of fat. Consequently, 1H-NMR spectroscopic data may be used to rapidly
compute the saponification values of oils and fats based on the resonances associated with
the fatty acyl chain lengths. The obtained 1H-NMR-based saponification values differed
from the conventionally determined SVs by a mean percent deviation of 2.3%, which is
sufficient to properly characterize various types of fats. Although the NMR method is
more expensive than the official method, as was proven both by us and other groups, one
can obtain more information (e.g., fatty acid composition and iodine number) in addition
to the saponification value from the same NMR analysis in a very short time. Thus, for
combined analyses both for advanced research and authentication purposes, SV by NMR is
a valuable alternative.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/foods11101466/s1, Examples of the SV algorithm’s application—Table S1: Reference intervals
for resonance integration; Table S2: 1H-RMN integral values for the UR-TB-20 sample; Table S3:
Assessment of the accuracy of the NMR method; Table S4: Influence of various delays on the
calculated SV.

Author Contributions: Conceptualization, N.-A.C.; methodology, N.-A.C., C.D. and A.H.; formal
analysis, N.-A.C., M.I., R.D. and M.T.; investigation, A.H., R.D., M.I., N.-A.C., M.T., C.S., C.D., L.P. and
A.G.-M.; resources, N.-A.C., L.P., M.I., G.I. and R.S.; writing—original draft preparation, N.-A.C. and
M.I.; writing—review and editing, C.D., A.H., G.I., R.S. and A.G.-M.; supervision, N.-A.C.; project
administration, N.-A.C.; funding acquisition, N.-A.C., M.I. and L.P. All authors have read and agreed
to the published version of the manuscript.

Funding: This work was funded through the international research grant “Méthode rapide basée sur
la spectroscopie de 1H-RMN pour déceler les fromages adultérés par addition de graisses végétales
(FRAUDmage)”, code AUF-ECO_SRI_2021_FRAUDmage_2144-2638, financed by the Agence Uni-
versitaire de la Francophonie (AUF) and co-funded by the University POLITEHNICA of Bucharest
(Bucharest, Romania), the Technical University of Moldova (Chişinău, Republic of Moldova) and
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