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Enhancing oxidative stability 
and shelf life of frying oils with 
antioxidants
Learn about the chemistry of frying, how quality is monitored, and the 
antioxidants that are used. The efficacy of commercial-grade rosemary extract is 
evaluated and compared with that of tertiary butylhydroquinone.  
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Various types of edible oils are available for use in frying applications. These products range from plant 
oils, such as soybean, canola, sunflower, safflower, cottonseed, corn, groundnut, peanut, palm, palm 
kernel, coconut, and olive oils, to animal fats, such as lard and tallow. Mid-oleic and high-oleic veg-
etable oils are exceptionally suitable for frying applications. These specialty oils can be used directly 
or blended with more readily available and cost-effective conventional vegetable oils. Considerations 
when selecting an edible fat or oil for frying include fatty acid composition, the type of commercial 
application, frying performance, the oil’s turnover rate, and the shelf-life of various fried foods. 

• Conquering stability and shelf-life issues of frying oils 
can be challenging. During deep-fat frying, several 
physical and chemical changes—mostly oxidation, 
polymerization, and hydrolysis—occur simultaneously, 
altering the chemical composition of edible oils during 
frying.

• Both synthetic and natural antioxidants are suitable for 
stabilizing frying oils against thermal lipid oxidation; 
however, in response to consumer demand for clean 
labels with no artificial ingredients, the food industry 
has been actively seeking sources of naturally derived 
antioxidants.

• Rosemary extract is one of the most important 
commercially available natural extracts, and is well-
known for its positive attributes as a natural flavoring 
agent and source of natural antioxidants. This article 
highlights two case studies of the antioxidant activity of 
rosemary extract in canola frying oil. 

Enhancing oxidative  
                 stability and  
      shelf life of frying oils  
    with antioxidants

Namal Senanayake

Numerous chemical changes can take place in 
edible oils and fats during processing, storage, and 
frying operations. The addition of antioxidants helps 
delay lipid oxidation and improves the shelf-life of 
edible oils and fats, including frying oils. Synthetic 
antioxidants are often added to edible oils and fats to 
retard oxidation during storage and frying; however, 
consumers increasingly view synthetic antioxidants as 
undesirable. Consequently, there is growing interest 
in naturally derived antioxidants for frying applica-
tions. This article provides an overview of the chemis-
try of frying, methods of measuring frying oil quality, 
and the action and fate of antioxidants during frying 
processes. Sources of natural antioxidants for frying 
oils are also discussed, with a primary focus on rose-
mary extract. 

CHEMISTRY OF FRYING
The oxidation chemistry of edible oils and fats under 
frying conditions is extremely complex, involving 
both thermal and oxidation as well as hydrolysis reac-
tions. When edible oil is exposed to atmospheric 
oxygen, moisture, and steam at elevated tempera-
tures (typically 325–400oF) during frying conditions, 
a multitude of complex chemical reactions concur-
rently take place. These include hydrolysis, oxida-
tion, polymerization, lipid decomposition, and other 
thermal reactions that result in the formation of 
numerous undesirable compounds. The hydrolysis 
reaction occurs when moisture from food is released 
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into the heated oil. This produces steam, which causes the 
ester linkages of triacylglycerols to break down and form free 
fatty acids, monoacylglycerols, diacylglycerols, and glycerol. 
These breakdown compounds have higher polarities and lower 
molecular weights than the original unaltered triacylglycer-
ols, and can further accelerate hydrolysis reactions in the oil. 
Meanwhile, the free fatty acids produced are rapidly oxidized 
and accelerate thermal oxidation by solubilizing transition 
metal ions in the oil. The free fatty acid content of frying oil 
typically increases as frying continues. In fact, extended frying 
increases the free fatty acid content so much that it can lower 
an oil’s smoke, flash, and fire points. As free fatty acids tend to 
be volatile, they can be lost through steam distillation. In addi-
tion, free fatty acids can degrade and produce other volatile 
compounds or react to form non-volatile components at ele-
vated temperatures. Most reviews of the scientific literature 
indicate that oxidation and polymerization reactions are much 
more pronounced than hydrolytic reactions during deep-fat 
frying. 

The reaction between atmospheric oxygen and oil causes 
thermal lipid oxidation. The chemical mechanism of thermal 
lipid oxidation is essentially the same as that of autoxidation 
and includes three basic steps: initiation, propagation, and ter-
mination; however, the rate of thermal oxidation is presumed 
to be faster than the free radical chain reactions that are asso-
ciated with autoxidation. The main decomposition products of 
frying oil are complex mixtures of volatile monomeric com-
pounds, non-volatile polar compounds, non-volatile triacylglyc-
erol dimers and oligomers, and polar and non-polar polymeric 

substances. Volatile compounds produced by oxidative and 
thermal decomposition of lipids are saturated and unsaturated 
aldehydes, ketones, hydrocarbons, lactones, alcohols, acids, 
esters, furans, and aromatic compounds. These decomposi-
tion compounds affect the quality of the oil and will have an 
undesirable effect on the flavor and nutritional value of fried 
foods. The decomposition compounds accelerate further deg-
radation of the oil, increase oil viscosity, reduce heat transfer, 
reduce oil smoke points, increase oil absorption in fried food, 
and lead to undesirable color in the frying medium and fried 
foods. The deep-fat frying process increases the degradation 
of unsaturated fatty acids, color, viscosity, foam development, 
free fatty acids content, polar compounds, and polymeric com-
pounds. The main factors influencing the stability of oil during 
frying include the type of oil or fat used; the surface-to-volume 
ratio of the fryer; the type of fryer; frying temperature; frying 
time; the number of frying cycles; exposure to atmospheric air 
(oxygen), moisture, steam, and prooxidants; the presence or 
absence of antioxidants; and removal and replenishment of oil 
during frying.

ANALYTICAL ASSAYS FOR 
MONITORING QUALITY
There are many analytical methods available for assessing 
frying oil quality and antioxidant effectiveness during frying. 
These include physical tests that measure physical proper-
ties of the oil, chemical tests that are based on measurements 
of volatile and non-volatile decomposition products of oil, 

SHELF LIFE/FRYING
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and instrumental methods that are available as rapid tests to 
assess frying oil deterioration by means of determining either 
volatile or non-volatile decomposition products of oil (Table 1). 
Because many factors affect the rate of oil deterioration during 
frying, no single analytical protocol would be adequate under 
all frying conditions. Some analytical procedures are straight-
forward and simple, while others are rather complex. The 
methods that determine changes in physical properties of fry-
ing oil include measurements of color, viscosity, foam height, 
and smoke point. 

Peroxide value (PV), a measure of hydroperoxides in an 
oil, is commonly used to assess the initial stages of oxidation. 
When unsaturated lipids undergo autoxidation, the main ini-
tial compounds formed are hydroperoxides. Hence, the PV is a 
measure of primary oxidation products of lipids. The PV is typ-
ically conducted using a titration-based method (AOCS Official 
Method Cd 8b-90) to determine the levels of iodine liberated 
from potassium iodide in an acid medium. Various other colo-
rimetric methods are also available. The PV is usually reported 
in terms of milliequivalents of peroxide per kilogram of fat. 
Freshly produced refined, bleached, and deodorized (RBD) oils 
usually have a PV of well below 1.0 (meq/ kg). Oils and fats 
used for frying typically show a minor increase in PVs during 
frying. As lipid hydroperoxides decompose rapidly at elevated 
temperatures, the PVs of oils under frying conditions may be 
misleading. Hence, PV testing is not generally recommended 
for assessment of frying oil degradation; however, it may be 
used in some instances to compare the effectiveness of antiox-
idants during frying.

Conjugated dienes are also used to evaluate the initial 
oxidation of oils and fats, and they can be measured spectro-
photometrically at 232 nm. This method is simple and involves 
dissolving a small amount of oil or fat in isooctane and measur-
ing the absorbance using a UV spectrophotometer. Conjugated 

dienes initially increase as oil oxidizes; however, the amounts 
can decrease as the conjugated diene hydroperoxides react 
in further oxidative reactions. Because of conjugated diene 
hydroperoxides decomposition at elevated temperatures, a 
low level of conjugated dienes alone is not necessarily an indi-
cation of high quality, and measures of other parameters, 
including secondary oxidation products, may be necessary.

Another oxidation marker, the p-Anisidine test (AOCS 
Official Method Cd 18-90), measures the high-molecu-
lar-weight saturated and unsaturated carbonyl compounds 
in lipids. The p-Anisidine value is a measurement of the con-
tent of non-volatile aldehydes in an oil, primarily 2,4-dienals 
and 2-alkenals. Aldehydes, being secondary oxidation prod-
ucts produced during lipid oxidation, are the most likely com-
pounds to generate unacceptable flavors and odors in fats 
and oils. In the presence of acetic acid, p-anisidine reacts with 
aldehydes in fats and oils to form products that absorb at 350 
nm. The p-anisidine test is not suitable for measuring second-
ary oxidation in oils and fats that have a strong color or contain 
naturally occurring pigments, as these can interfere with the 
assay and yield invalid results.

The content of free fatty acids (AOCS Official Method Ca 
5a-40) has historically been measured during frying opera-
tions as an indicator of deterioration in frying oil. Free-fatty-
acid analysis is used to determine the degree of hydrolysis. 
Free fatty acids (FFAs) are volatile and evaporate rapidly during 
frying, so these compounds may not be the best quality indi-
cator. In an investigation at the Camlin Fine Sciences labora-
tories, 14 canola oil samples with varying FFA contents were 
collected from an industrial-scale fryer. Fresh oil samples were 
also obtained for the analyses, which included the determina-
tion of FFAs, Oil Stability Index (OSI), and p-anisidine values. 
The samples evaluated had FFAs ranging from 0.02 to 4.1%. A 
wide variation in p-anisidine values for oil samples—from 4.1 
to 71.0—was also encountered, indicating that most oil sam-
ples were highly oxidized. A correlation analysis exploring the 
relationships between FFAs and p-anisidine values or OSI val-
ues was performed. Poor correlations were found between 
FFAs and p-anisidine values and between FFAs and OSI values. 
Hence, it was construed that FFA content was an inaccurate 
indicator of heat damage in frying oils.

Oil viscosity, being one of the most important physical oil 
properties, can be used to assess frying oil quality. Typically, 
the viscosity of oil increases with frying time. An oil’s absolute 
viscosity can be measured using a conventional viscometer, 
which measures the torque required to rotate an object, such 
as a spindle, in an oil. In this test method, the oil is placed in a 
glass beaker and maintained at a steady temperature. A spin-
dle is then rotated in the oil at a fixed speed, and the torque 
required to turn the spindle is measured. The internal resis-
tance to rotation contributed by the shear stress of the oil is 
then used to determine the absolute viscosity of the oil. 

The measurement of total polar compounds (TPC) is one of 
the most popular methods used to assess the cumulative deg-
radation of frying oils. The TPC (AOCS Official Method Cd 20-91) 
is defined as the sum of all compounds in an oil except for the 
original triacylglycerols. These compounds include oxidized 

TABLE 1. Laboratory methods of measuring frying oil quality 
and antioxidant effectiveness in frying oil

Color
Viscosity
Foam height
Smoke point
Peroxide value
Conjugated dienes
p-Anisidine value
Free fatty acids (%) or acid value
Fatty acid composition
Iodine value
Dielectric constant
Refractive index
Total polar compounds (TPC)
Dimerized and polymerized triglycerides
Epoxy value
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monomers, dimerized triacylglycerols, polymerized triacylglyc-
erols, monoacylglycerols, diacylglycerols, and free fatty acids, 
along with other oil-soluble constituents that are more polar 
than the original triacylglycerols. In Europe, the measurement 
of TPC has been accepted as a standard reference protocol to 
assess the quality of fats and oils during extreme frying condi-
tions. As TPC is one of the best indicators of frying oil quality, 
several European countries have established regulatory limits of 
25–27% (w/w) TPC for deteriorated frying oils; however, no reg-
ulations have been established in the United States.

Determination of dimeric and polymeric triacylglycerols 
(DPTG) is also widely used to assess frying oil degradation, and 
it is a routine regulatory protocol in some European countries. 
The development of polymeric compounds is one of the most 
notable changes in edible oils and fats during frying. High-
performance, size-exclusion chromatography (HPSEC) appears 
to be a standard method for the determination of polymerized 
triacylglycerols. Regulations in some European countries spec-
ify that frying oil should contain no more than 10–16% DPTG, a 
level when deterioration is objectionable and the oil should be 
discarded.

ANTIOXIDANTS
Antioxidants are typically used to enhance shelf life and pre-
serve the quality of edible oils and fats. They suppress oxida-
tion reactions by participating in or interfering with the lipid 
autoxidation reaction cascade through various mechanisms. 
Antioxidants used in oils and fats must be cost-effective, safe, 
easy to handle and use, readily available, stable, effective at 
low concentrations, and devoid of any undesirable flavor, 
odor, or color attributes. The antioxidants for frying oils should 
remain stable when exposed to frying temperatures and also 
provide protection to the foods fried in these oils, thus increas-
ing the shelf life of the end products. They are typically added 
to frying oils early in their production to protect the oils during 
handling, transport, and storage. 

Antioxidants can be categorized according to their mech-
anism of action. Primary antioxidants are free radical scaven-
gers that delay the initiation stage or interrupt the propagation 
step of autoxidation. Synthetic antioxidants such as butyl-
ated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), 
propyl gallate, and tertiary butylhydroquinone (TBHQ) are 
well-known, potent primary antioxidants. Various regulatory 
organizations, including US Food and Drug Administration 
(FDA), have placed tolerance limits on the amounts of syn-
thetic antioxidants that can be added to fats and oils (typically 
below 200 ppm). Secondary antioxidants slow down the rate 
of oxidation reactions by functioning as chelators for prooxi-
dant metal ions, providing hydrogen to primary antioxidants, 
decomposing hydroperoxides to non-radical species, deactivat-
ing singlet oxygen, absorbing ultraviolet radiation, or acting as 
oxygen scavengers and enhancing antioxidant activity of pri-
mary antioxidants. Examples of important secondary antiox-
idants include ascorbic acid, ascorbyl palmitate, carotenoids, 
and citric acid, among others. Some antioxidants exhibit pri-
mary and secondary mechanisms of activity.

Stabilizing edible oils and fats under frying conditions can 
be challenging because the rate of oxidation under extreme 
conditions of temperature and time is quite high, and poor 
thermal stability of some antioxidants may cause premature 
decomposition. Furthermore, most antioxidants tend to be 
somewhat volatile and suffer evaporative losses during frying. 
Antioxidants are not only consumed rapidly during free-radi-
cal oxidation, but they also degrade at elevated temperatures 
during frying (Fig. 1). Thus, the desired level of antioxidants 
is not sustained during frying operations. TBHQ is a synthetic 
phenolic antioxidant that has been widely used in the food 
industry to improve the stability of edible oils during frying. 
TBHQ is relatively stable at high temperatures and less vol-
atile than BHA or BHT. The protective effects of TBHQ not 
only improve the stability of oils during frying, but also carry 
through to the fried foods, thereby extending their shelf life. 

FIG. 1. Heat stability and volatility of antioxidants during frying



10   •   inform   September 2018, Vol. 29 (8)   

Food-grade methyl silicone or dimethyl polysiloxane are also 
typically added to frying oils to help inhibit foam formation 
and extend fry life by retarding thermal oxidation. Silicones are 
effective polymerization inhibitors. They increase the smoke 
point of oils—possibly by providing a surface-to-air barrier. 
There is also evidence that antioxidants and silicones exhibit 
synergistic effects. Consequently, both to frying oils may 
improve quality more than TBHQ or silicones alone.

Plant-based antioxidants typically offer natural and safer 
alternatives to some of the synthetic antioxidants commonly 
used in frying oils. A plethora of scientific studies published to 
date have reported the behavior of natural antioxidants under 
frying conditions. Some of the antioxidants that have been 
studied include the tocopherols; tocotrienols; squalene; phy-
tosterols; phospholipids; corn-oil or rice bran oil-derived steryl 
ferrulates; sesame oil lignans such as sesamol, sesamin, and 
sesamolin; and various natural extracts derived from rose-
mary, oregano, grape seed, sage, thyme, pomegranate, olive, 
citrus peel, and green tea, among many others.

Tocopherols, the most widely dispersed antioxidants in 
nature, represent the primary antioxidants in vegetable oils. 
Tocopherols exert their utmost antioxidant activity when they 
are present at relatively low levels in vegetable oils. At very 
high concentrations, they may behave as pro-oxidants. As 
free-radical scavengers, tocopherols play a significant role in 
protecting vegetable oils from oxidative degradation during 
frying. However, the efficacy of natural tocopherols that have 
been added to oils during the frying process is debatable. 
Meanwhile, although numerous natural antioxidants have 
been researched and reported, only a handful of naturally 
derived antioxidants are commercially available for use in fry-
ing oils. These include rosemary extract, mixed tocopherols, 
sage extract, and green tea catechins, along with some other 
additional ingredients that exhibit antioxidant properties or 
function as synergists.

ROSEMARY EXTRACT
Rosemary (Rosmarinus officinalis, L) is an aromatic perennial 
herb which belongs to the family of Lamiaceae. Native to the 
Mediterranean region, the herb has a long history of safe use 
as a food flavoring. Its extract contains several active com-
pounds that have been shown to exert antioxidant functions 
that slow down the oxidation of unsaturated lipids in food. 
These active antioxidant molecules belong primarily to the 
classes of phenolic acids, phenolic diterpenes, and triterpenes. 
The principal antioxidant components of the leaf extracts are 
lipid soluble, notably carnosic acid and its primary breakdown 
component carnosol, collectively known as the phenolic diter-
penes. The carnosic acid molecule possesses three six-mem-
bered rings. including a dihydric phenolic ring, and a single free 
carboxylic acid group. Carnosol, the main oxidized derivative of 
carnosic acid, also has a molecular structure consisting of three 
six-membered rings that include a single aromatic ring with 
two hydroxyl groups and a lactone ring (Fig. 2). More than 90% 
of the antioxidant activity of rosemary extract is attributed 
to the presence of carnosic acid and carnosol. Among pheno-
lic diterpenes, carnosic acid is the major compound present 

in rosemary extract, along with a smaller quantity of carno-
sol. Hence, the antioxidative response of rosemary extract is 
largely due to the greater abundance of carnosic acid pres-
ent in the extract. Both diterpenes can be further oxidized, on 
exposure to elevated temperatures and light, into products 
that remain active as antioxidants. Hence, their ability to con-
trol oxidation is maintained. Carnosic acid and carnosol are 
particularly effective antioxidants for frying oils at elevated 
temperatures, and their antioxidant activities carry over into 
the fried goods. It has been suggested that the antioxidant 
activities of carnosic acid and carnosol follow a mechanism 
equivalent to that of other phenolic antioxidants—a mecha-
nism that is attributed to the presence of two ortho-phenolic 
OH groups located at C11 and C12 positions of catechol moieties 
that can serve as proton donors to lipid free radicals. 

FIG. 2. Phenolic diterpenes present in rosemary extract

Commercial extracts of rosemary are typically produced 
through solvent extraction of the dried rosemary leaves. Food-
grade ethanol, hexane (used separately or in combination), 
acetone, or supercritical CO2 may be used as extraction sol-
vents. The solvents are subsequently removed using heat and 
vacuum. Other processing steps may include filtration, puri-
fication, drying, and sieving. The resulting extracts are sub-
sequently deodorized, decolorized, and standardized using 
food-grade diluents and carriers. Commercial rosemary 
extracts are offered as powders or liquids. Liquid extracts are 
available in several forms depending on their solubility char-
acteristics: oil-soluble, oil-dispersible, water-soluble, and 
water-dispersible. Among these, oil-soluble and oil-dispers-
ible liquid extracts are typically produced by rosemary extracts 
containing nonpolar active compounds along with vegetable 
oils or propylene glycol as carriers. Meanwhile, water-dispers-
ible liquid extracts are based on nonpolar active components 
of rosemary extract with some emulsifiers and carriers. On the 
other hand, rosemary extracts containing polar active compo-
nents along with liquid carriers are used to produce water-sol-
uble liquid extracts. As for powdered extracts, they can be 
either oil-dispersible or water-dispersible.

Rosemary extract has conventional worldwide approval 
and is traditionally positioned as a flavoring agent for use 
mostly in food. However, local food regulations should always 
be consulted, as the specific regulatory requirements regard-
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ing its intended use, safety and technical suitability in food 
may differ from one country to the next. In the United States, 
rosemary extract is Generally Recognized as Safe (GRAS) for 
use in foods as a natural flavoring when used in accordance 
with 21 CFR 182.10 and 21 CFR 101.22. It may be declared on 
food labels as rosemary extract, natural spice extract, or natu-
ral flavoring. As rosemary extract demonstrates both antioxi-
dant and flavoring properties, both functions may be utilized 
within a food. Rosemary extract, produced using one of the 
four solvent extraction techniques (by means of acetone, eth-
anol, or two-step extraction using hexane and ethanol, or 
supercritical CO2), has been approved by the European Union 
(EU) under Directives 2010/67/ EU and 2010/69/EU, and has 
been added to the official list of acceptable food additives for 
use in food. Accordingly, if rosemary extracts are added to 
food primarily as an antioxidant, specifications laid down in 
the EU Directives must be met. Consequently, food manufac-
turing companies can elect to label it as “Antioxidant: Extract 
of Rosemary” or with the E Number E-392. However, the defi-
nition of natural flavorings, as stated in EU Council Directive 
88/388/EEC, still applies to certain types of rosemary extracts 
when used as flavorings, and they can be used in food applica-
tions unless legislations confine the use of flavorings in some 
specific foods.

CASE STUDY 1
In a recent frying oil study conducted by Camlin Fine Sciences 
laboratories, the efficacy of rosemary extract in canola oil 
was compared against a control oil sample with no additives. 
Commercially available rosemary extract liquid (an oil-soluble 
form) was added to canola oil and mixed well prior to heat-
ing. The oil samples were then heated to 400oF in a bench top 
fryer. Once the oil reached 400oF, 100-gram samples of french-
fry-cut potatoes were fried for 5 minutes. Six frying cycles 
were completed consecutively with new fries for each cycle. 
Once all the frying cycles were completed, the oil was held for 
4 hours at 400oF. Oil samples at various stages of frying and 
heating were collected for analytical testing.

Conjugated dienes—the levels of primary oxidation prod-
ucts—in both samples increased with frying/heating time; 
however, the oil sample treated with rosemary extract had 
lower levels of conjugated dienes as compared to the negative 
control sample (Fig. 3).

Anisidine values, a measurement of the secondary 
oxidation products of lipids, indicated that the rosemary 
extract-supplemented oil sample had lower levels of anisidine 
values during frying/heating than the control oil sample (Fig. 
4). This indicates that oxidative stability of the oil improved by 
adding rosemary extract. 

The Oil Stability Index (OSI) of samples collected during 
various stages of frying were measured with the Oxidative 
Stability Instrument according to AOCS Official Method Cd 12 
b-92. The OSI values of oil samples decreased during frying and 
heating, with the rosemary extract-treated oil sample remain-
ing significantly higher than the control oil sample (Fig. 5). 
These data suggest that rosemary extract-treated oil sample 
had a longer “fry-life” than the control oil with no additives.  

FIG. 3. Conjugated dienes of canola oil with and without rosemary 
extract during frying
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FIG. 5. Oil Stability Index (OSI) of canola oil with and without 
rosemary extract during frying
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The viscosity of oil samples increased continually with the 
number of frying cycles and heating time (Fig. 6), suggesting 
that viscosity may be used as a parameter to indicate vegeta-
ble oil degradation. The rosemary extract-treated oil sample 
had lower viscosity values during frying/heating as compared 
to the control oil sample, indicating that the oxidative stability 
of the oils was improved by adding rosemary extract.

CASE STUDY 2
In another study conducted by Camlin Fine Sciences labora-
tories, the efficacy of rosemary extract was compared with 
that of TBHQ. This study compared the antioxidant capacity 
obtained from 1000 ppm rosemary extract with that obtained 
from 200 ppm TBHQ using canola oil as the frying medium. 
The canola oil with no additives served as the negative con-
trol. The oil samples were heated to 400oF in a bench top fryer. 
Once the oil is at 400oF, french-fry-cut potatoes were fried for 
2 minutes and 30 seconds. For each treatment, 40 frying cycles 
were completed consecutively with new fries for each cycle. 

Oil samples at various stages of frying were collected for ana-
lytical testing.

Peroxide values and anisidine values were measured 
during frying (Tables 2 and 3). Oil samples prior to frying had 
peroxide value of less than 1.0 (meq/ kg), which is below the 
manufacturer’s specification. At the end of 40 frying cycles, 
the control sample with no additives had the highest per-
oxide value followed by TBHQ and rosemary extract-sup-
plemented oils (Table 2). Anisidine values of oil samples 
increased with the number of frying cycles for all three oils. 
Based on anisidine values, the oxidative stability of oil sam-

Further reading
Hwang, H.-S. and Winkler-Moser, J.K. (2016). “Oxidative 
stability and shelf-life of frying oils and fried foods.” In: 
Hu. M., Jacobsen, C. (Eds.). Oxidative Stability and Shelf 
Life of Foods Containing Oils and Fats. Academic Press 
and AOCS Press, 251–285.

Choe, E. and D.B. Min, Chemistry of deep-fat frying oils, 
J. Food Sci. 72: R77–R86, 2007.

Senanayake, S.P.J.N. (2013). Rosemary and green tea 
extracts as natural antioxidants:  Chemistry, technology 
and applications. In: Logan, A., Nienaber, U., Pan, X. 
(Eds.). Lipid Oxidation: Challenges in Food Systems, AOCS 
Press, 417–438.

FIG. 6. Viscosity values of canola oil with and without rosemary 
extract during frying

FIG. 7. Oil Stability Index (OSI) of frying oils 
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TABLE 3. Anisidine values of frying oils 

p-Anisidine value Before  
frying

After 10th 
frying

After 20th 
frying

After 30th 
frying

After 40th 
frying

Canola oil with no additives 1.1 23.7 36.7 45.5 54.2
TBHQ, 200 ppm 1.3 21.6 34.0 44.6 53.4
Rosemary extract, 1000 ppm 0.9 17.8 34.2 40.2 46.2

TABLE 2. Peroxide values of frying oils

Sample  

Percent (%) increase in 
peroxide values after 40 

frying cycles
Canola oil with no additives 88.5
TBHQ, 200 ppm 17.2
Rosemary extract, 1000 ppm 11.9
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ples was: rosemary extract > TBHQ > negative control with no 
additives (Table 3).

The oil sample treated with TBHQ had the highest OSI val-
ues followed by rosemary extract and negative control (Fig. 7). 
Based on the OSI test results, the oxidative stability of oil sam-
ples was: TBHQ > rosemary extract > negative control with no 
additives.

Namal Senanayake is a scientific manager at Camlin Fine 
Sciences North America, a subsidiary of the parent company 
Camlin Fine Sciences Limited in Mumbai, India. He has over 
20 years of experience in lipid chemistry, lipid oxidation, and 
antioxidants, and has held various roles in food industry and 
academic institutions. At Camlin Fine Sciences, he is focused 
on managing quality control testing of antioxidant products; 
application testing of human food, pet food and animal feed 
products; developing new antioxidant products; and optimizing 
existing product formulations. He can be reached at  
namal.senanayake@camlinfs.com.
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Among edible vegetable oils, the most healthful choices are those containing monounsaturated 
and polyunsaturated fatty acids with 1, 2, and 3 unsaturations in the molecule, such as oleic, 
linoleic, and linolenic. However, it is well known that vegetable oils found in nature are mostly 
triglycerides, or triacylglycerols (TAG), and that a long-term diet rich in lipids containing TAG may 
result in body fat accumulation and obesity.

Healthy oils: a process  
  to obtain diglyceride-rich  
                        edible  
      vegetable oils

C.A. Ferretti, M.L. Spotti, and J.I. Di Cosimo

• Healthful synthetic edible oils are 
obtained catalytically by upgrading 
vegetable oils in a four-phase reactor, 
without the use of solvents.

• Oil glycerolysis promoted by an 
inexpensive and fully recoverable solid 
base (magnesium oxide) increases the 
total diglyceride content up to 54 wt.%, 
with 67% of this fraction being the 
1,3-diglyceride isomer.

• The distinct metabolic pathway of 
1,3-diglyceride is believed to prevent 
body fat accumulation.

Recently, several studies showed that the regular intake of oil 
diglycerides, or diacylglycerols (DAG), as substitutes for TAG helps pre-
vent obesity and related conditions such as diabetes, hypertension, stroke, 
and cardiovascular problems, among others. Although DAG are present as 
minor components in various edible oils, vegetable oils are not a significant 
source of DAG. Thus, for a diet rich in DAG, the DAG must be consumed 
from other sources. DAG have been traditionally used as food emulsifi-
ers, which take advantage of the amphiphilic properties derived from the 
unique combination of hydrophilic and hydrophobic functions in the mole-
cule. Other food uses of DAG are in cocoa butter substitutes, in bakery and 
confectionery industries, and in milk fat analogues. 

Nevertheless, consumption of unspecific DAG does not guarantee 
prevention of obesity, since only one of the two possible DAG isomers—
1,2-DAG and 1,3-DAG—are considered to be a healthful option. Taking into 
account that the energy contents of TAG and DAG are similar (~9 kcal/g) 
and that there is no difference in their absorption rates in the human body, 
the effect of 1,3-DAG intake on the reduction of weight gain is ascribed to 
its distinct metabolic pathway in the small intestine as compared to TAG 
or 1,2-DAG. During digestion, TAG and 1,2-DAG are hydrolyzed to 2-mono-
glycerides, or 2-monoacylglycerols (2-MAG), and free fatty acids (FFA), 
from which TAG are immediately re-synthesized and released to the lym-
phatic system. In contrast, during 1,3-DAG metabolism, 1-MAG and FFA 
are formed, thereby avoiding the 2-MAG pathway that leads to re-synthe-
sis of TAG and the consequent deposition of fat in body tissues. 

REACTING TAG WITH GLYCEROL 
Synthetic edible oils enriched with 1,3-DAG can be obtained by different 
routes. Recently, we showed that glycerolysis of vegetable oils promoted 
by solid catalysts is a suitable and practical process for this purpose. In 
our process, the TAG of the oil are reacted with glycerol, without the 
use of solvents, to give DAG. The catalyst, magnesium oxide, can be 
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THE REACTION IN DETAIL
The four-phase reactor used in the glycerolysis reaction is 
sketched in Figure 1. At the beginning of the reaction, the bot-
tom liquid layer is pure Gly, whereas the layer on top of it is 
the “oily phase.” The reaction occurs in the latter, since Gly is 
slightly soluble in TAG but TAG are not soluble in Gly. The solid 
catalyst is distributed in both layers, and a continuous flow of 
N2 is supplied during reaction. The complex reaction system 
entails concerns related to thermodynamic limitations, pres-
ence of competitive reactions, DAG isomer interconversion, 
product degradation. and catalyst deactivation.

recovered and recycled. Therefore, the total number of oil 
purification steps is significantly reduced compared with the 
enzymatic route. 

Countries that produce vegetable oils and biodiesel have 
the potential to develop this technology as well as an incentive 
to produce innovative value-added foods that would improve 
the economics of existing oil or biodiesel production. 

Products derived from leguminous plant farming, in par-
ticular the TAG of the oil, are a profitable and abundant biore-
source for many countries. For instance, South America is one 
of the largest producers of soybean oil, with Argentina and 
Brazil contributing 30% of world production and 62% of total 
exports in 2017. However, South American consumers pre-
fer other oils, such as sunflower, olive, or corn. In this sense, 
the situation of Argentina is noteworthy since in spite of hav-
ing one of the world’s largest and most efficient developments 
combining soybean farming and milling facilities in a concen-
trated area, the country’s oil production is mainly industrial-
ized as margarine, exported ($850/ton) or used for biodiesel 
production in nearby integrated plants.

On the other hand, biodiesel production by oil or fat trans-
esterification totals about 26 million tons per year. Among 
edible oils, major biodiesel feedstocks around the world are 
rapeseed, corn, palm, and soybean oils. The latter is the main 
biodiesel feedstock in the Americas, involved in about 80% of 
the biodiesel produced worldwide. During biodiesel synthesis by 
transesterification, glycerol, or glycerine (Gly) is obtained as the 
main co-product, representing ~10% of the biodiesel produc-
tion. Thus, more than 2 million tons per year of bio-glycerol are 
made available by this technology alone. Consequently, there is 
a considerable Gly surplus, and since the market for industrial-
izing Gly is limited, this product is mostly sold and exported as 
crude ($100–$400/ton) or refined ($900/ton) glycerine.

Thus, new applications intended to convert bio-glycerol and 
oil into novel value-added products are welcome. In this con-
text, glycerolysis of oils is an attractive option to transform these 
abundant biomass-derived resources into functionalized foods.

PROCESSING

N2 N2

Catalyst par�cles
Oily phase

Glycerol phase

Gas phase Reac�on
occurs here 

(oil and glycerides)

FIG. 1. Scheme of the four-phase glycerolysis reactor
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Table 1 presents an analysis of the fatty acid distribution 
in soybean and sunflower oils after the glycerolysis reaction at 
220°C, showing no significant changes compared with the fresh 
oils. Furthermore, the TAG content decreases to 35% after 
reaction with a concomitant increase of the total DAG content 
to almost 50%, 68% of which are the dietary 1,3-DAG isomer. 

The reacted oils also contain MAG, mainly as 1-MAG. This 
is explained by the fact that glycerolysis is a stepwise process, 
starting from the initial formation of equimolar amounts of 
MAG and DAG, Eq. (1), followed by different possible reaction 
steps that might take place depending on the Gly availability 
in the reaction zone. The preferred consecutive pathway is the 
reaction between TAG and MAG toward DAG, Eq. (2). Thus, 
care has to be taken to select the most satisfactory experimen-
tal conditions, mainly with respect to reaction temperature 
and Gly/TAG ratio in the reactor feed, since both parameters 
define the concentration of available Gly. 

The reaction steps and the overall reaction, Eq. (3), can be 
written as:

TAG+Gly ↔DAG+MAG (1)

TAG+MAG ↔2 DAG (2)

2 TAG+Gly ↔3 DAG (3)

Figure 2 shows how the reactant ratio affects the glyceride 
content at the end of the 8h-reaction. The maximum DAG  
content is 54% at an optimum Gly/TAG ratio of 0.8, corre-
sponding to 36.4% of 1,3-DAG. However, the lowest content of  
MAG is obtained at the stoichiometric conditions of Eq. (3), 
Gly/TAG =0.5. 

The effect of the reaction temperature is depicted in 
Figure 3. Again, an optimum value of 1,3-DAG is attained at 
220°C. Higher temperatures decrease the MAG content but 
favor formation of FFA and other undesirable products that 
increase the final oil color and cause catalyst deactivation, as 
can be observed by the increasing TAG values.

Thus, only a narrow range of Gly/TAG ratios and tempera-
tures can be used to optimize the oil enrichment reaction and 
to avoid both, the competitive pathway toward MAG and cata-
lyst stability issues.

After refinement, the taste and other physicochemical 
properties of the 1,3-DAG-rich oil are analogous to those of 
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FIG. 2. Effect of the Gly/TAG ratio on the glycerolysis reaction 
[sunflower oil, magnesium oxide, T= 220°C, 8 h, 9 g catalyst/mol 
oil, 70 mL N2/min]

FIG. 3. Effect of the reaction temperature on the glycerolysis reac-
tion [sunflower oil, magnesium oxide, Gly/TAG=0.8, 8 h, 9 g cata-
lyst/mol oil, 70 mL N2/min]

TABLE 1. Composition of fresh edible vegetable oils and of oils after glycerolysis

Entry Oil

Composition (wt.%)
Fatty acid distribution Glyceride content

FFA16:0b
18:1c 
(ω-9)

18:2d 
(ω-6)

18:3e 
(ω-3) MAG DAG TAG 1,2-DAG 1,3-DAG

1 Sunflower 7.1 29.9 63.0 - 1.1 1.6 97.3 0.4 1.2 0.04
2 Soybean 11.1 25.2 54.8 8.9 0.6 3.4 96.0 1.0 2.4 0.02
3 Sunflowera 7.7 36.6 55.7 - 15.3 49.3 35.4 16.0 33.4 2.6
4 Soybeana 16.6 19.3 59.2 4.9 18.4 46.6 35.0 15.0 31.6 3.2

a after the 8h-reaction at 220°C and Gly/TAG=0.6, without any further purification treatment; b palmitic; c oleic; d linoleic; e linolenic
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commercial vegetable oils. Figure 4 compares a commercial 
sunflower oil before and after glycerolysis followed by treat-
ment with bleaching earths. 

Potential food applications of these healthy oils are in 
oil-in-water type emulsions, such as mayonnaise and salad 
dressings, and in water-in-oil type emulsions represented by 
margarine, spreads, and buttercream fillings. 

J. Isabel Di Cosimo has been working on chemical reaction engi-
neering and heterogenous catalysis for more than 30 years. She 
received B.S. and Ph.D. degrees in Chemical Engineering from 
Universidad Nacional del Litoral (UNL), Santa Fe, Argentina. 
After a  post-doctoral stage at Lehigh University, Bethlehem, 
Pennsylvania, USA, she returned to Argentina in 1992 to work 
as a Professor at UNL, as well as a Researcher of CONICET 
(Argentine National Research Council) at INCAPE, Santa Fe, 
focusing on applications of solid catalysts. Main interests are 
the upgrade of biomass resources to produce liquid fuels, edible 

Further reading
Diacylglycerol Oils, T. Katsuragi, N. Yasukawa, B.D. 
Matsuo, I. Flickinger, and M.G. Tokimitsu (Eds.), AOCS 
Press, Champaign, 2004.

Ferretti, C.A., M.L. Spotti, and J.I. Di Cosimo, Diglyceride-
rich oils from glycerolysis of edible vegetable oils, Catal. 
Today 302: 233–241, 2018.

J.I. Di Cosimo, V.K. Díez, C.A. Ferretti, and P.A. 
Torresi, “Proceso de obtención de aceite vegetal rico 
en 1,3-diacilgliceroles”, Argentinian Patent Appl. 
P20140104313, 2014.

FIG. 4. Commercial sunflower oil before and after glycerolysis and bleaching 

Sunflower oil DAG-enriched 
sunflower oil

products, green solvents and fine chemicals. She can be con-
tacted at dicosimo@fiq.unl.edu.ar. 
 
Cristian A. Ferretti is currently doing a pos-doc in Barcelona, 
Spain, and M. Laura Spotti is a graduate student.
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www.amspecllc.com
Mumtaz Haider, Kester Emefina: 
Aflatoxin in Corn Meal Test Kit, 
DDGS from Corn Meal, Gas 
Chromatography, NIOP Fats and 
Oils, Oilseed Meal, Soybean, 
Tallow and Grease

Applied Sensory LLC
Fairfield, CA 94534 USA
+1 707-344-0254
Sue Langstaff: Olive Oil Sensory 
Panel Testing

ATC Scientific
North Little Rock, AR 72114 USA
+1 501-771-4255
Scott Schuldt: Aflatoxin in Corn 
Meal Test Kit, Oilseed Meal, 
Phosphorus in Oil,
Unground Soybean Meal

Bachoco S.A. de C.V. Planta 
Celaya
Celaya GTO 38024 Mexico
+52-01-461-6143504
Fernando Alberto Luna Cruz: 
Unground Soybean Meal

2018–2019 AOCS Approved Chemists
The AOCS Approved Chemist Program recognizes the most accomplished participants in the 
Laboratory Proficiency Program (LPP). Certification is based on performance during the previous 
LPP year. Approved Chemists must work in an independent or industrial laboratory, hold AOCS 
membership in good standing, and establish analytical competency through the LPP. For more 
information about either program, contact Dawn Shepard at AOCS Technical Services  
(phone: +1 217-693-4810; fax +1 217-693-4855; email: dawns@aocs.org). 

Baker Commodities, Inc.
Vernon, CA 90058 USA
+1 323-268-2801
Frank Hernandez: Fish Meal, 
Marine Oil, Tallow and Grease

Barrow-Agee Laboratories, Inc. 
Memphis, TN 38116 USA
+1 901-332-1590
Michael Hawkins, Joshua Bogan: 
Oilseed Meal, Unground Soybean 
Meal

Barry Callebaut
Pennsauken, NJ 08110 USA
+1 856-486-9978
Joseph Maher: Edible Fat, Gas 
Chromatography, trans Fatty 
Acid Content, Solid Fat Content 
by NMR

Bayer CropScience
Saskatoon, SK S7K 3J9 Canada
+1 306-477-9443
Rudy Fulawka: Gas 
Chromatography

Betagro Public Company Limited
Samutprakam 10130 Thailand
+66 2 816 5011
Benjaporn Chatchoochaikul: 
Fishmeal

Blue Diamond Growers
Sacramento, CA 95811 USA
+1 916-329-3311
Jerry Scheeler: Aflatoxin in 
Almond   

Bunge Alimentos
Bahia 47890 Brazil
+55 773628 8102
Rosani Giotti: Unground Soybean 
Meal

Bunge Loders Croklaan
Channahon, IL 60410 USA
+1 815-730-5465
Brendan Lautenbach: Edible Fat

CAIASA 
Asuncion 1892 Paraguay
+595 216888000 
Sara Esquivel Candia: 
Phosphorus in Oil, Soybean, 
Unground Soybean Meal

California Olive Oil Council
Berkeley, CA 94710 USA
+1 888-718-9830
Dean Wilkinson, Patricia 
Darragh: Olive Oil Sensory Panel 
Testing

Callaghan Innovation
Lower Hutt 5010 New Zealand
+64 4 931 3310
Andrew MacKenzie, Kirill 
Lagutin: Marine Oil Fatty Acid 
Profile

Canadian Food Inspection 
Agency
Ottawa, ON K1A 0C6 Canada
+1 613-759-1291
Mariola Rabski: Gas 
Chromatography

Canadian Grain Commission 
Grain Research Laboratory
Winnipeg, Manitoba R3C 3G8 
Canada
+1 204-984-5174
Ann Puvirajah: Gas 
Chromatography, Oilseed Meal, 
Soybean

Carolina Analytical Services, LLC
Bear Creek, NC 27207 USA
+1 919-837-2021
Brad  Beavers, Jennie  Stewart: 
Oilseed Meal, Unground Soybean 
Meal

Carribex S.A.
Port -Au-Prince Ouest HT 6120 
Haiti
+509-4781-6494
Carl-Henri Cenafils: Palm Oil

Certispec Services, Inc.
Burnaby, BC V3N 4A3 Canada
+1 604-469-9180
Cipriano Cruz: NIOP Fats and Oils

Chemiservice SRL
Monopoli 70043 Italy
+39 080 742 777
Valentina Cardone:  Olive Oil 
Chemistry Part A, B & C , Olive Oil 
Sensory Panel Testing

Commodity Inspection Services 
Australia Pty. Ltd.
Sinnamon Park  QLD 4073 
Australia
+61 7 3260 1500
Katrina Saunderson: Tallow and 
Grease, Fish Meal

Cumberland Valley Analytical 
Services
Waynesboro, PA 17268 USA
+1 301-790-1980
Sharon Weaver: Aflatoxin in Corn 
Meal, DDGS from Corn Meal, 
Oilseed Meal

Dallas Group of America
Jeffersonville, IN 47130 USA
+1 812-283-6675
Melanie Greer, George Hicks: 
Vegetable Oil for Color Only, NIOP 
Fats and Oils

Darling Analytical Laboratories
Ankeny, IA 50021 USA
+1 515-289-3718
Shirley Elliott: Tallow and Grease, 
Gas Chromatography

Deibel Labs of Madison, WI
Madison, WI 53704 USA
+1 608-241-1177
Malia Yang: Nutritional Labeling

Diversified Laboratories, Inc.
Chantilly, VA 20151 USA
+1 703-222-8700
Thomas Scott: Tallow and Grease, 
Gas Chromatography

APPROVED CHEMISTS
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GC Rieber Oils AS
Kristiansund – N NO 6512 Norway
+47 48134957
Magdalena Sobieska: GOED 
Nutraceutical Oils

Grupo Agroindustrial Numar S.A.
San Jose 2050 Costa Rica
+506 2284-1192
Ricardo Arevalo: Palm Oil, Solid 
Fat Content by NMR, Trace Metals 
in Oil, trans Fatty Acid Content

Hahn Laboratories, Inc.
Columbia, SC 29201 USA
+1 803-799-1614
Frank Hahn: Oilseed Meal, 
Unground Soybean Meal, 
Soybean Oil, Aflatoxin in Corn 
Meal Test Kit      

Illinois Crop Improvement 
Association
Champaign, IL 61822 USA
+1 217-359-4053
Sandra K. Harrison: Oilseed Meal

Imperial Western Products
Coachella, CA 92236 USA
+1 760-275-7122
Joe Boyd: DDGS from Corn Meal

IMS Marine Surveyors & 
Analytical Laboratories, Ltd.
Burnaby BC V5C 6P3 Canada
+1 604-298-9968
Tatiana Hoddevik: Soybean Oil

Indelab SDN BHD
Port Klang, Selangor 42000 
Malaysia
+603-31676929
Cheah Ping Cheong: Palm Oil

INOLASA
Puntarenas 6651-1000  Costa Rica
+506 2636-0300
www.inolasa.com
Limber Porras Ramirez: Edible Fat
Ayleen Molina Chinchilla: Edible 
Fat
Alexis Ramirez Ugalde: Edible Fat
Carlos Andrade Jimenez: Oilseed 
Meal
Josue Nunez Moya: Oilseed Meal, 
Soybean, Soybean Oil, trans Fatty 
Acid Content
Lidieth Solera Carranza:  Edible 
Fat, Oilseed Meal, Soybean
Olver Miranda Moreno: Edible 
Fat
Mexayda Sandoval Montoya: 
Edible Fat

Inspectorate
Webster, TX 77598 USA
+1 713-451-2121
Aaron Jusko: NIOP Fats and Oils, 
Oilseed Meal

Eurofins Biodiagnostics, Inc.
River Falls, WI 54022 USA
+1 715-629-1958
Joseph Zalusky: Gas 
Chromatography

Eurofins Central Analytical 
Laboratory, Inc.
New Orleans, LA  70122 USA
+1 504-297-3400
John Reuther: Aflatoxin in 
Almond and Pistachio, Aflatoxin in 
Corn Meal, Aflatoxin in Corn Meal 
Test Kit, DDGS from Corn Meal, 
Fish Meal, Gas Chromatography, 
GOED Nutraceutical Oils, Marine 
Oil, Marine Oil Fatty Acid Profile, 
NIOP Fats and Oils, Oilseed Meal, 
Olive Oil Chemistry Part A, B & C, 
Palm Oil, Soybean, Soybean Oil, 
Trace Metals in Oil, Unground 
Soybean Meal

Eurofins Scientific
Des Moines, IA 50321 USA
+1 515-265-1461
Ardin Backous: Aflatoxin in Corn 
Meal Test Kit, Fish Meal, Oilseed 
Meal, Soybean, Soybean Oil, 
Unground Soybean Meal
Kent Karsjens: Aflatoxin in 
Corn Meal Test Kit, Fish Meal, 
Nutritional Labeling, Oilseed 
Meal, Soybean, Soybean Oil, 
Unground Soybean Meal
Keith Persons: Cholesterol, Edible 
Fat, GOED Nutraceutical Oils, 
Marine Oil Fatty Acid Profile, 
Marine Oil, NIOP Fats and Oils, 
Nutritional Labeling, Tallow and 
Grease, trans Fatty Acid Content
Anders Thomsen: Aflatoxin in 
Corn Meal Test Kit, Cholesterol, 
Edible Fat, Fish Meal, GOED 
Nutraceutical Oils, Marine Oil 
Fatty Acid Profile, Nutritional 
Labeling, Oilseed Meal, Soybean, 
Soybean Oil, Specialty Oils, Tallow 
and Grease, Unground Soybean 
Meal

Exact Scientific Services, Inc.
Ferndale, WA 98248 USA
+1 360-733-1205
Erik Madden: Specialty Oils

Fieldale Farms Corp.
Baldwin, GA 30511 USA
+1 706-778-5100
Janet Smith: Oilseed Meal, 
Aflatoxin in Corn Meal Test Kit

Fuji Vegetable Oil, Inc.
Savannah, GA 31408 USA
+1 912-508-0201
Gregg Newman: trans Fatty Acid 
Content, Edible Fat

2018–2019 Olive Oil 
Sensory Panel
AOCS RECOGNIZED PANELS 
Panels that scored a low SPN score in the AOCS profi-
ciency testing program in 2017–2018. 
Congratulations to the winners.

Fabrica Torrejano—Riachos, Portugal
J-Oil Mills, Inc.—Kanagawa, Japan
Multichrome Lab—Athens, Greece
NSW Department of Primary Industries—Wagga 
Wagga, Australia
Pompeian Inc.—Maryland, USA 
Sunset Olive Oil LLC—California, USA
Shozu Olive Research Institute—Kagawa, Japan

AOCS ACCREDITED PANELS
SPN Score of 5 or less in the 2017–2018 proficiency pro-
gram. Must be an AOCS member in good standing and 
have a signed agreement that states all of the require-
ments for testing were met.

Sue Langstaff—Applied Sensory, California, USA
Dean Wilkinson/Patricia Darragh—California Olive Oil 
Council, California, USA
Emmanuel Salivaras—Multichrome Lab, Athens, Greece
Donna Seberry—NSW Department of Primary Industry, 
Wagga Wagga, Australia
Maria Garzon—Pompeian, Inc., Maryland, USA
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Inspectorate America
Memphis, TN 38113 USA
+1 901-948-1075
Sandra Holloway: Aflatoxin in 
Corn Meal Test Kit

Intertek Champaign Laboratories
Champaign, IL 61821 USA
+1 217-352-6060
Douglas Nickelson: Marine Oil 
Fatty Acid Profile

Intertek Agri Services
New Orleans, LA 70122 USA
+1 504-662-1420
Tuyen Mai: Aflatoxin in Corn  
Meal Test Kit, DDGS from Corn 
Meal, NIOP Fats and Oils, Oilseed 
Meal, Soybean
 
Inventure Renewables
Tuscaloosa, AL 35401 USA
+1 205-764-1963
Heather Watson: Gas 
Chromatography

Isotek Laboratories, LLC 
Oklahoma City, OK 73127 USA
+1 405- 948- 8889
R. Bruce Kerr, George Ducsay: 
Tallow and Grease, Oilseed Meal, 
DDGS from Corn Meal, Gas 
Chromatography

Jacob Stern
Houston, TX 77011 USA
+1 713-926-8386
Robert Poullard Jr, Jose Garcia
Tallow and Grease

K-Testing Laboratory
Memphis, TN 38116 USA
+1 901-332-1590
Edgar Tenent: Oilseed Meal, 
Unground Soybean Meal

Land O’Lakes
Arden Hills, MN 55112 USA
+1 651-375-2022
Joe Katzenmeyer: Edible Fat, Gas 
Chromatography, trans Fatty Acid 
Content

Lysi hf
Reykjavik 101 Iceland
+354 6951789
Arnar Halldorsson: GOED 
Nutraceutical Oils, Marine Oil, 
Marine Oil Fatty Acid Profile

Malaysian Palm Oil Board, AOTD
Advanced Oleochemical 
Technology Division 
Selangor 43000 Malaysia
+60 3-87694288
Ms. Hajar Musa: Palm Oil, Gas 
Chromatography, trans Fatty Acid 
Content

Modern Olives Laboratory 
Services
Lara, VIC 3212 Australia
+61-352729500
Claudia Guillaume: Olive Oil 
Chemistry Part A, B & C, Olive Oil 
Sensory Panel Testing

Modern Olives Laboratory 
Service
Woodland, CA  95776 USA
+1 530-632-5551
Natalie Ruiz: Olive Oil Chemistry 
Part A, C, Olive Oil Sensory Panel 
Testing

Multichrom Lab
Athens, Attica 12131 Greece
+30 210 5910620
Emmanuel Salivaras: Olive Oil 
Sensory Panel Testing

National Beef
Dodge City, KS 67801 USA
+1 620-338-4250
Mike Clayton: Tallow and Grease

National Beef
Liberal, KS 67901 USA
+1 620-624-1851
Adalberto Coronado, Jose 
Garcia, Sherry Robertson: Tallow 
and Grease

New Jersey Feed Lab, Inc.
Ewing, NJ 08638 USA
+1 609- 882- 6800
Pete Cartwright: Oilseed Meal, 
Gas Chromatography, GOED 
Nutraceutical Oils, Marine Oil, 
Marine Oil Fatty Acid Profile, Fish 
Meal

NDI ADRL Inc. dba Diteba
Mississauga, ON L4W 5P4 Canada
+1 905-625-7995
Natasha Best, Li Liu, Yuxia Yang: 
GOED Nutraceutical Oils

NSF INASSA S.A.C
Lima 32 Peru
+511-6165221
Pedro Aguirre Larrain: Fish Meal

NSW Department of Primary 
Industries
Wagga Wagga, NSW 2650 
Australia
+61 02-69381-823
Jamie Ayton: Gas 
Chromatography, Olive Oil 
Chemistry Part A & B ,  trans Fatty 
Acid Content
Donna Seberry: Olive Oil Sensory 
Panel Testing

Owensboro Grain Edible Oils
Owensboro, KY 42301 USA
+1 270-686-6628
Molly Harris: Soybean Oil, trans 
Fatty Acid Content

Nu-Mega Ingredients Pty. Ltd.
Altona North, VIC 3025 Australia
+63 3 8369 2100
Nathaniel Irving: Marine Oil Fatty 
Acid Profile

Omega Protein
Reedville, VA  22539 USA
+1 804-453-3830
Otelia Robertson, Melissa V. 
Thrift: Marine Oil, Marine Oil 
Fatty Acid Profile

Pilgrims Corp.
Gainesville, GA 30501 USA
+1 770-533-4812
Lisa Marlow:  Unground Soybean 
Meal

Pompeian Inc.
Baltimore, MD 21224 USA
+1 410-262-8863
Maria Garzon: Olive Oil 
Chemistry Part A, B & C,  Olive Oil 
Sensory Panel Testing
Alex Vargo, Brenda Vest: Olive Oil 
Chemistry Part A, B & C

POS Bio Sciences
Saskatoon, SK S7N 2R4 Canada
+1 306-978-2866
Angie Johnson: Cholesterol, 
GOED Nutraceutical Oils, Marine 
Oil Fatty Acid Profile, Oilseed 
Meal, Phosphorus in Oil, trans 
Fatty Acid Content

Primex Farms
Wasco, CA 93280 USA
+1 661-758-7790
Steven Dominguez: Aflatoxin in 
Pistachio and Almond, Aflatoxin 
in Peanut Paste

Proteinas Naturales S.A. de C.V.
Guadalupe, Nuevo Leon 67130 
Mexico
+81 81960107
Agustin Rodriguez Argüello: 
Soybean, Soybean Oil, Unground 
Soybean Meal

PT Musim Mas
Medan, North Sumatra 20371  
Indonesia
+62 616871123
Goh Tiam Huat: Gas 
Chromatography, NIOP Fats and 
Oils, Phosphorus in Oil, Solid Fat 
Content by NMR, Trace Metals 
in Oil, trans Fatty Acid Content, 
Palm Oil

Richardson Oilseed
Lethbridge AB T1H 6P5  Canada
+1 403-329-5537
Adel Ghabour: Edible Fat, Gas 
Chromatography, Trace Metals in 
Oil, Vegetable Oil for Color Only, 
Phosphorus in Oil

Richardson Oilseed
Yorkton, SK S3N 2X3 Canada
+1 306-828-2255
Eoin Moloney: Trace Metals in 
Oil, Phosphorus in Oil

Russell Marine Group–PNW LLC
Portland, OR 97218 USA
+1 503 224 9325
Robert Carr: Oilseed Meal, 
Soybean

Sanimax–ACI, Inc.
Levis, QC G6X 2L9 Canada
+1 418-832-4645
Jean-Francois Harvey: Tallow and 
Grease

SDK Laboratories
Hutchinson, KS 67501 USA
+1 620-665-5661
Dennis Hogan: Tallow and Grease 
(MIU, FFA), Aflatoxin in Corn Meal 
Test Kit, DDGS from Corn Meal

Select Supplements, Inc.
Vista, CA 92081 USA
+1-760-431-7509
Courtney Rethwisch, Kristin 
Kerberg, Irene Nguyen: Marine 
Oil Fatty Acid Profile

Ser–Agro S.A.
Chinandega Nicaragua
+505 2340-3493
Norma Hernandez: Peanut, 
Aflatoxin in Peanut Paste

SGS Canada, Inc.
Burnaby, BC V5A 4W4 Canada
+1 604-638-2349
Cathy Sun: Soybean Oil

SGS North America
St. Rose, LA 70087 USA
+1 504-471-6489
William Spence: Aflatoxin in Corn 
Meal Test Kit, DDGS from Corn 
Meal, NIOP Fats and Oils, Oilseed 
Meal, Olive Oil Chemistry Part A, 
B & C

Stratas Foods
Decatur, IL 62526 USA
+1 217-451-3173
Traci Davenport: trans Fatty Acid 
Content
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Stratas Foods – Quincy, IL
Quincy, IL 62305
+1 217-221-0569
Heather Compton: Edible Fat, Gas 
Chromatography, trans Fatty Acid 
Content

Stratas Foods–RDI Center
Bartlett, TN 38133 USA
+1 901-387-2237
Eddie L. Baldwin, Helen 
Cianciolo, Derek Gum: Gas 
Chromatography, trans Fatty Acid 
Content, Solid Fat Content by 
NMR, Edible Fat  

Testing Services (Sabah) Sdn. 
Bhd.
Sandakan Sabah 90712 Malaysia
+60 89-210431
Kong Khim Chong: Palm Oil

Thai Vegetable Oil
Bangkok, 10600 Thailand
+662 4779020
Piyanut Boriboonwiggai: 
Unground Soybean Meal, trans 
Fatty Acid Content

Thionville Laboratories, Inc. 
Harahan, LA 70123 USA
+1 504-733-9603
Paul C. Thionville, Andre 
Thionville, Kristopher Williams: 
Aflatoxin In Corn Meal, , DDGS 
from Corn Meal, Fish Meal, Gas 
Chromatography, Marine Oil, 
Marine Oil Fatty Acid Profile, 
NIOP Fats and Oils, Oilseed Meal, 
Palm Oil,Phosphorus in Oil,  
Soybean, Soybean Oil, Tallow and 
Grease, Trace Metals in Oil, trans 
Fatty Acid Content, Unground 
Soybean Meal

Trouw Nutrition
St. Hyacinthe, QC J2R 1S5 Canada
+1 450-501-9557
Mathieu D’Amours:  Cholesterol, 
Marine Oil, Nutritional Labeling, 
Oilseed Meal, Unground Soybean 
Meal

Twin Rivers Technologies
Quincy, MA 02469 USA
+1 617-745-4229
Glenn Craig: Gas 
Chromatography

Universidad Mariano Galvez
Guatamala 01002 Guatamala
+502 2288 9372
Tania Monterroso Moreno: trans 
Fatty Acid Content

University of Stirling
Stirling, Scotland FK9 4LA UK
+44 1786 467997
www.stir.ak.uk
James R. Dick: Marine Oil Fatty 
Acid Profile

Viterra Canola Processing
St. Agathe MB R0G 1Y0 Canada
+1 204-882-2565
Jitendra Patel: Trace Metals in 
Oil, trans Fatty Acid Content, 
Phosphorus in Oil

List: $200 | Member: $140*

Edible Oleogels
Structure and Health Implications
Second Edition
Edited by Alejandro G. Marangoni and Nissim Garti
June 2018 | 470 pages | ISBN: 9780128142707

Edible Oleogels, Structure and Health Implications, Second Edition presents a novel 
strategy that can be used to eliminate trans fats from our diets. Topics covered 
include how to avoid excessive amounts of saturated fat by structuring oil to make it 
behave like crystalline fat, and how to develop trans-fat-free, low-saturate, functional 
shortenings for the food industry. The major approach to forming these materials is 
explained in a way that helps manufacturers incorporate specifi c molecules (poly-
mers, amphiphiles, waxes) into oil components. 

This an ideal resource for those in product development and anyone interested in 
understanding the role of trans and saturated fats in health and nutrition.

Key Features
• Presents emerging science on beta gels using natural triglycerides, ethylcellu-

lose oleogels and oleotropic liquid crystals
• Outlines a novel strategy that can be used to eliminate trans fats from our 

diets and avoid excessive amounts of saturated fat by structuring oil to make it 
behave like crystalline fat

• Reviews the structuring of edible oils to form new mesoscale and nanoscale 
structures, including nanofi bers, mesophases, and functionalized crystals and 
crystalline particles

Available for purchase at store.elsevier.com/aocs
*AOCS Members use code AOCS30 at checkout to receive 30% discount and free shipping worldwide.

EdibleOleogels2Ed-Sep18i-HalfH.indd   1 7/26/18   1:56 PM

Whitbeck Laboratories, Inc.
Springdale, AR 72764 USA
+1 479-756-9696
Gordon Whitbeck: Tallow and 
Grease, Unground Soybean Meal, 
Aflatoxin in Corn  Meal Test Kit, 
Oilseed Meal

University of Missouri, AESCL 
Office of the Missouri State 
Chemist
Columbia, MO 65211 USA
+1 573-882-2608
Thomas Mawhinney: Gas 
Chromatography, Nutritional 
Labeling, Oilseed Meal, Specialty 
Oils
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Competition is fierce in the US detergent aisle. According to Euromonitor, a global market intelli-
gence publisher, the US Laundry Care market is expected to decline with 1% CAGR by 2021. On top 
of that, market consolidation and increased retail power exacerbates the competition for the con-
sumer attention and shelf space. To be successful, it is crucial that a detergent brand lives up to its 
promise. Brand promises that resonate well with millennials, who own a large part of the spending 
power, offer a combination of efficacy and value.

Engineering enzyme  
                            stability  
     for liquid detergents
Eric Dodge, Arjen Hoekstra, and Michael Stoner

• Enzymes are highly effective ingredients 
that deliver stain removal and fabric 
care benefits in liquid detergents.

• Enzyme activity loss during transport 
and storage of a detergent presents a 
challenge to detergent formulators.

• New enzymes have been protein 
engineered to provide better stability in 
liquid detergents.

LIQUID DETERGENTS

Formulating detergents has become more challenging due to pres-
sures to reduce energy and water consumption, as well as to eliminate 
ingredients that have a negative impact on health and the environment. 
Functional ingredients like enzymes have become a vital part of deter-
gent formulations because they deliver significant performance benefits. 
Enzymes are biocatalysts that target specific macromolecular substrates. 
Familiar examples include proteases breaking down protein-based stains 
and amylases breaking down starch-based stains. During the past decade, 
many other enzyme functionalities have been introduced to improve 
both stain removal and fabric care properties of detergents. Enzymes 
contribute to more sustainable detergents as a result of their efficacy 
at low inclusion levels and their ability to (partially) replace chemical 
ingredients.

The main challenge with enzymes in laundry detergents is that they 
can lose activity over time. Despite detergents being characterized as 
fast-moving consumer goods, it can take several months before a deter-
gent arrives at a consumer’s home. During its journey (Fig. 1, page 24), 
the detergent can experience high temperatures, especially when it is 
exposed to direct sunlight or stored under ambient conditions in a hot 
climate. Retaining sufficient enzyme activity during these conditions is 
essential to deliver enzyme performance at point of use. It is by delivering 
robust enzyme performance time and again that the detergent or retailer 
brand delivers on its promise, making consumers more inclined to repeat 
their purchases.

MECHANISMS OF ENZYME 
DEGRADATION IN DETERGENT
Several factors can lead to enzyme activity loss in liquid laundry deter-
gents. Enzymes are complex proteins with three-dimensional structures 
that must be preserved to maintain catalytic activity. A schematic repre-
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sentation of the mechanisms of an enzyme instability is shown 
in Figure 2. Since enzymes are proteins, they can serve as sub-
strates for protease enzymes. Typically, two modes of hydroly-
sis are distinguished: autolysis and proteolysis. Autolysis occurs 
when a protease behaves like a substrate and hydrolyzes itself 
into smaller peptides. Once the protease has been broken 
apart, it loses its functionality. In contrast, proteolysis occurs 
when a protease treats other enzymes in the detergent as the 
substrate and hydrolyzes them into smaller peptides. Protein 
hydrolysis can happen in parallel with other mechanisms of 
inactivation such as protein unfolding due to interaction with 
surfactants and increasing temperature. 

Water content or activity is another factor that impacts 
the stability of protease. Hydrolysis of a protein or another 
substrate requires water. Usually, water is abundantly present 
in liquid laundry detergent as a vehicle to deliver the formula-
tion in a suitable format to the consumer. The effect of water 
content, or more precisely, water activity, is demonstrated 
in Figure 3, which depicts the stability of a protease in three 
detergents with increasing levels of water activity. The prote-
ase is added to each detergent and incubated at 37°C for eight 
weeks, with time points taken intermittently. This is a typical 
accelerated storage condition required to assess an enzymatic 
detergent formulation. After sampling, the residual protease 
activity is analyzed by means of a biochemical assay using an 
artificial substrate. This substrate is selected to be highly sen-
sitive to specific types of subtilisin proteases. The stability pro-

files demonstrate that the protease has significantly higher 
residual activity after storage in the low-water detergent com-
pared to the medium- and high-water detergents.

There are several known methods for increasing protease 
stability in a liquid detergent. A combination of propylene gly-
col and boric acid, or borax, is a commonly used stabilization 
system. It is hypothesized that these ingredients form a com-
plex that reversibly inhibits the protease active site. Upon dilu-

FIG. 1. The journey of a detergent

FIG. 2. Enzyme degradation by proteolysis and unfolding where [E], [E~Ca], and [U] represent the concentration of enzyme, enzyme 
stabilized by calcium, and unfolded enzyme in solution. Kd represents a dissociation constant for calcium binding to the enzyme.
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FIG. 3. Residual protease activity measured for an artificial 
substrate during storage at 37°C in different liquid detergents
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tion in the wash liquor, the inhibitor diffuses from the active 
site into the bulk solution, and the protease regains its cata-
lytic activity. Boronic acid-based derivatives have also been 
promoted as a more weight-effective inhibitor. Short-chain 
carboxylates such as sodium formate are known for their inhib-
iting effect, but are less weight-effective than borate. The pro-
tein stability of enzymes like subtilisin is affected by calcium 
binding sites, which is why some formulators add a low level of 
calcium chloride to the detergent. The effectiveness of calcium 
salt as a stabilizer depends on its compatibility with anionic 
surfactants and chelants in the formulation.

SOLVING THE STABILITY PROBLEM 
BY PROTEIN ENGINEERING
Protease stability is critical, because protease is a workhorse 
enzyme that cleans many common consumer relevant stains 
such as food stuffs comprising milk and egg, outdoor stains like 
grass, and body fluids comprising blood. As a result, proteases 
are present in virtually every liquid detergent that contains 
enzymes. If the protease loses catalytic activity during storage, 
the laundry detergent will not be able to deliver consistent 
cleaning performance on a wide range of stains.

Modern biotechnology enables us to address this chal-
lenge by developing an inherently more stable protease 
through protein engineering. By using protein engineering, 
a large sequence space can be systematically mapped, and 
proteins can be tailored for specific needs. The initial stage 
is to find at least one protein sequence that meets the min-
imum performance requirement for the desired properties. 
These enzyme properties are identified and assessed before 
sequence diversity is generated within an enzyme scaffold. 
High-throughput methods are used to screen the variants, and 
consecutive multi-property optimization helps to identify the 
best set of mutations. Then, combinatorial variants are created 
using computational strategies which are guided by structural 
biology and bioinformatics. Finally, performance applications 
testing is required to identify the engineered variants that 
exhibit superior properties.

A STEP-CHANGE IMPROVEMENT 
IN PROTEASE STABILITY
An example of how protein engineering can improve stabil-
ity is demonstrated in Figure 4. Representative commercial 
liquid detergents were sampled from supermarkets in North 
America. One detergent could be characterized as standard 
heavy-duty liquid (HDL) and two detergents are liquid unit 
dose sachets packed in water-soluble flowwrap. The liquid 
detergents were incubated at high temperature to inacti-
vate any enzymes present in the formulation. Each detergent 
was then split in two parts, and to each part a conventional 
protease and a protease engineered for improved stability 
were added. The protease dosage in both parts is the same. 
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Subsequently, the residual protease activity was measured by 
means of a biochemical assay during an accelerated storage 
study for 8 weeks at 37°C.

The figure shows the measured protease activity (relative 
to the initial dosage) for both protease technologies after four 
and eight week of storage. Clearly, the conventional protease 
dosed in the HDL loses activity very rapidly under these con-
ditions which indicates that this detergent formulation com-
prises none or a low level of stabilizers, or is otherwise harsh 
to enzymes. In the unit dose sachets, the conventional prote-
ase maintains a good level of activity during storage as a result 
of the low-water activity of this format. The protease engi-
neered for stability demonstrates a step-change improvement 
in enzyme stability across the different liquid detergents. An 
acceptable residual activity can be maintained when dosed in 
the HDL, and no activity loss was measured in the liquid unit 
dose detergents. 

In conclusion, protein engineering enables exciting oppor-
tunities to deliver more robust enzyme performance in liquid 
detergents. There are numerous other developments in the 
pipeline as DuPont builds a portfolio of enzymes that give new 
levels of flexibility to formulators.

Eric Dodge has a B.Sc. in Biochemistry from California 
Polytechnic State University, and an M.B.A. from San Jose 
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Trans fats: an “invisible  
danger” in Sri Lanka? 

Hemal de Silva

On May, 14, 2018, the World Health Organization (WHO) launched REPLACE, a step-by-step plan 
of six strategic actions for eliminating industrially produced trans-fatty acids from the global food 
supply (https://tinyurl.com/y8ysfm9x). WHO Director-General Tedros Adhanom Ghebreyesus sum-
marized the importance of the initiative by asking, “Why should our children have such an unsafe 
ingredient in their foods?” In response, my simple question is: “Why should Sri Lankans grin and 
bear trans-fats in processed foods, when we have the solution to reduce or eliminate them?” 

Olio is an Inform column that highlights research, issues, trends, and 
technologies of interest to the oils and fats community.

As shown in Figure 1 (WHO, 2014), 40% of all deaths in 
Sri Lanka are due to cardiovascular diseases (CVDs). Rohan 
Gunawardena, a consultant cardiac electrophysiologist in Sri 
Lanka, notes that the majority of people who were struck 

• Last May, the World Health Organization 
launched a plan to eliminate industrially 
produced trans-fatty acids from the global food 
supply. 

• In Sri Lanka, 40% of all deaths are due to CVDs. 
The danger of trans-fats is either ignored or 
unknown, and has contributed to CVDs reaching 
epidemic proportions, while the solution to 
initiate prevention is found within the country.

• Pentadesma butyracea has been successfully 
established on a small scale in Sri Lanka, and 
resources are available to establish it on a 
substantial scale. The vegetable fat extracted 
from the oil-rich seeds of the species can be 
used to produce processed foods locally without 
trans-fatty acids, as it need not be hydrogenated. 

Injuries 14%
Cardiovascular
diseases 40%

Communicable,
maternal perinatal
and nutri�onal
condi�ons 11%

Other NCDs 10%

Diabetes 7%

Chronic respiratory
diseases 8%

Cancers 10%

Total deaths: 138,000
NCDs are es�mated to account for 75% of total deaths

FIG. 1. Causes of mortality in Sri Lanka
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down by heart disease several decades ago were 50 years old 
or above, but that gradually since then more people between 
40 and 50, and even 30 and 40 years of age are dying of CVDs. 
“These are peak years in people’s lives when they are bread 
winners with young families to support,” he remarked. Another 
disturbing trend Gunawardena pointed out is that an increasing 
percentage of women are developing coronary artery disease. 
“From the time we are born and into our early teens, depending 
on our lifestyle, slowly, gradually, and insidiously atherosclerosis 
would begin to affect our arteries,” which is why lifestyle mod-
ifications need to begin early (“Looking after your heart: start 
young,” The Sunday Times Sri Lanka, September 18, 2016.) 

The information printed on the packages of 82 different 
kinds of locally processed foods available for sale on supermar-
ket shelves in Sri Lanka are summarized in Table 1. 

The vegetable oils (sunflower, canola, and palm) used in 
two of the vegetable spreads, and their trans-fat content (.6 
g and <.5 g per 100 grams of product) are specified on the 
packaging. However, it is doubtful that vegetable fat is used 
in 26 products as claimed, since the high cost of importing 
known vegetable fats (cocoa, shea, illipe, sal, mango seed ker-
nel, and kokum) to use in locally produced processed foods 

would be cost-prohibitive. Consequently, 80 out of 82 prod-
ucts, or 97%, may contain unknown concentrations of trans-
fats. Meanwhile, although the macronutrient contents (energy, 
protein, carbohydrates, and fiber) and micronutrient contents 
(vitamins, fatty acids, and sodium) of biscuits produced by two 
different companies are listed on the packages, the trans-fat 
content is conspicuously missing. In Sri Lanka, manufacturers 
are not required to list partially hydrogenated oil (PHO) as an 
ingredient, even if it is used. The lack of regulations is not lim-
ited to trans fats. According to the WHO’s Noncommunicable 
Diseases Progress Monitor 2017 report, Sri Lanka also has not 
achieved policies to reduce/restrict saturated fatty acids, salt, 
or marketing of dietarily unhealthful products to children.

Given this unfortunate lack of progress on the regulatory 
front, it may be overly optimistic to believe that the regulatory-
related strategies of the REPLACE initiative will be readily 
adopted in Sri Lanka. Nevertheless, the second strategic 
step, “to promote the replacement of industrially-produced 
trans-fats with healthier fats and oils,” could be initiated 
through local production of Pentadesma fat. Larger volumes 
of Pentadesma fat could also be imported from Togo, Benin, 
Seychelles, or Ghana. Indeed, trans-fat-free processed foods 

TABLE 1. Ingredient information on the packages of 82 different kinds of processed foods processed and available for sale in 
Sri Lanka

Brands Varieties
Vegetable 

fat Margarine
Vegetable 

oil

Vegetable 
fat  

(Palm Oil)  
Cocoa 
butter 

Cocoa 
butter

substitute
Biscuit 5 38 15 1 9 13 - -
Cake 4 15 2 13 - - - -
Bread 3 13 4 9 - - - -
Chocolate 5 11 3 - - - 5 3
Vegetable Fat Spread 3 3 - - 3 - - -
Cookies 2 2 2 - - - - -
Total 22 82 26 23 12 13 5 3
% 31 28 15 16 6 4

TABLE 2. Key characteristics and fatty acid composition of Pentadesma fat (Adomako – Ghana)

Physical and chemical characteristics Fatty acid composition
Fat content of seeds 50 Myristic Nil
Ash content 2.1 Palmitic 3.1
Melting point (complete 
fusion) (0C) 

39.0–39.5 Stearic 45.5

Slip point (0C) 37.5–38.2 Oleic 50.5
Iodine number 47.3 Linoleic 0.4
Acid number 8.3 Linolenic Nil
Free fatty acids (oleic) (%) 4.2 Degree of unsaturation .51
Saponification number 188–194
Unsaponifiable matter (%) 1.5–1.8
Solidification point (0C) 27.0–28.6
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could be produced in 
all four countries from 
this locally available 
vegetable fat, as it 
does not need to be 
hydrogenated.

Pentadesma fat is 
extracted from the seeds 
of Pentadesma butyr-
acea, a perennial tree 
found in the forests in 
the Tropical West African 
Region, from Guinea 
Bissau to Cameroon 
and in the westernmost 
region of the Democratic 
Republic of Congo. This 
species of tree is suit-
able for establishment in tropical and sub-tropical regions, and 
can remain productive for well over a century, producing edi-
ble fruits, oil-rich seeds, and ultimately good quality timber. 
Although the tree has not yet been domesticated in any coun-
try, its seeds are collected from the forests by rural women of 
Benin, Togo, and Ghana, who then use the seeds to produce 
the fat. As shown in Table 2, Pentadesma fat is very low in lin-
oleic, but high in both oleic and stearic fatty acids.

P. butyracea was planted in the Royal Botanic Garden, 
Peradeniya, Sri Lanka, in 1897. The 120-year-old tree contin-
ues to produce a substantial annual crop. Using seeds from this 
tree, I persuaded the establishment of a small plantation in the 
low country wet zone on Hunuwala Estate, Kahawatta, in 2009. 
The trees reached maturity in 2017, in eight years as expected.

Introduced to Seychelles over a century ago, P. butyr-
acea has established itself naturally. It has been reported 
that several thousands of fruit-bearing trees exist in the 
country, though no effort has been made to extract the fat 
from the seeds or to use the edible fruit for any purpose. 
During the 1960s, seeds from Africa were planted in the 
Fujian and Yunnan provinces in China. According to Z.Q. Cai, 
Xishuangbanna Tropical Botanical Garden, Chinese Academy 
of Sciences, the trees have grown and are producing fruits suc-
cessfully. Seeds I sent to Colombia and Indonesia have also 
been used to establish pilot planting projects.

The success of these cultivation projects suggests that 
this species could be grown either on a small or large scale. 
This could help the country diversify away from tea, the dom-
inant yet increasingly unprofitable crop that currently covers 
over 200,000 ha in Sri Lanka. About 70% of the annual crop is 
produced by small-holder growers. The balance is produced 
by regional plantations companies and government institu-
tions on large plantations, where the cost of production (COP) 
often exceeds the sale average (SA) received for the end prod-
uct (which is primarily exported). When this occurs, the plan-
tation must be managed at a loss. This was particularly the 
case from 2010–2016, during which production declined, 
resulting in tea shortages that ultimately helped bring prices 

back up. In “Strategic 
Cost Management 
for Profitability of Tea 
Plantations,” a report 
published in 2013 
by the Tea Research 
Institute of Sri Lanka, 
authors H.W. Shyamalie 
and M.A. Wijeratne 
wrote, “There is a 
strong negative cor-
relation between pro-
ductivity and cost of 
production in tea sec-
tor.” (https://tinyurl.
com/ycql8n4l).

In a keynote 
address presented at 

the 225th Experiments and Extension Forum, Tea Research 
Institute Director Sarath B. Abeysinghe discussed the chal-
lenges affecting the profitability of tea, including: 

•  high cost of production;
•  high cost of labor due to wage hikes and other social 

costs;
•  high input costs (eg., agro-chemicals, machinery, fuel);
•  low productivity in all tea growing regions;
•  aging of tea and expansion into uneconomical tea lands 

due to poor replanting rates;
•  worker shortage; and 
•  climate change.
 Although the COP is lower for small-holder growers, they, 

too, could benefit from diversification. Pentadesma is a good 
choice, as it is a perennial tree crop that will be productive 
for well over a century, and it requires a low input of labor, 
which is also in short supply. With a relatively small invest-
ment, Sri Lanka could increase exports, benefit the environ-
ment and the prospects of small-and large-scale growers, and 
potentially reduce or prevent CVDs in its young people and 
future generations. Perhaps the interest now shown by the 
WHO to eliminate trans-fats will cause the relevant govern-
ment and corporate leaders to take a closer look and seize this 
life-changing opportunity.

Hemal de Silva, a 73-year-old Sri Lankan, is an Associate of 
IFSC, Denmark, having many years’ practical experience in 
the management of perennial crops. In 1987, Professor Vijai 
Shukla introduced P. butyracea to him in the Botanic Garden, 
Peradeniya. Starting in 2007, Silva continues his research on 
his own without any financial assistance from anyone. Many 
hundreds of e-mails had gone unacknowledged, but the very 
few replies had provided valuable information leading to this 
article. He has been married to Thilani for the past 45 years, 
and they have two daughters, one son, and three very inter-
esting grandchildren. In addition to promoting the growing of 
Pentadesma, he reads and walks 5 km daily. He can be con-
tacted at hsdes59@yahoo.com.

Pentadesma fruits Pentadesma fat extracted in Sri 
Lanka
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Leigh Stringer

E-commerce: the challenges of 
enforcing a chemicals policy

Regulatory Review is a regular column featuring updates on regulatory 
matters concerning oils- and fats-related industries.

Internet shopping platforms, such as Alibaba, 
Ebay, and Amazon, are growing year-on-year, 
with their sales outstripping many of their 
bricks-and-mortar counterparts. One of the 
greatest challenges national authorities have 
to contend with today is ensuring the safety of 
those buying and selling goods online. 

Monitoring the broad galaxy of products and sellers 
online is not a simple task. Even in the European Union, where 
regulations are considered stricter than other regions, enforce-
ment teams have struggled to keep on top of the mounting 
number of hazardous chemicals, materials, and products find-
ing their way into the market through online trade.

Last month, for example, a project run by Echa’s enforce-
ment forum—which is made of member states competent 
authorities (MSCAs)—checked 1,314 internet advertisements 
for hazardous chemical mixtures. Of these, 1,083 (82%) were 
found to be non-compliant with the EU classification, labelling, 
and packaging (CLP) Regulation. 

As online sales continue to increase their market share, 
major retailers in this space are coming under the magnify-
ing glass and questions are being asked about how they con-
duct their activities. While reports of tax avoidance and data 
breaches top the headlines, the giants of online retail are start-
ing to face questions on how they monitor and enforce the 
rules on hazardous chemicals and products being sold through 
their websites.

Asked what measures it takes to control, monitor, and 
act on hazardous chemicals and the products that contain 
them, being sold on their sites, a spokesperson for the Chinese 
e-commerce conglomerate Alibaba says that it enforces a 
ban on chemicals listed in internationally enforced treaties. 
This includes the Montreal Protocol, the Chemical Weapons 
Convention, and the Stockholm, Rotterdam, and Basel 
Conventions. Additionally, it prohibits substances restricted in 
jurisdictions such as China, Hong Kong, the European Union, 
and the United States. 

The company website states that the posting or sale 
of “hazardous or dangerous materials (such as explosives, 
radioactive materials, flammable gases, liquids and solids, 
and toxic substances)” and of “any products containing toxic 
or harmful substances (e.g., toys containing lead paint)” is 
forbidden on the site. This also includes a non-exhaustive 
list of “some of the many toxic, flammable, explosive, ozone 
depleting, and otherwise dangerous chemicals” Alibaba 
prohibits.

Amazon, meanwhile, declined to comment. Its website 
currently restricts the listing of certain products, but does 
not specify chemicals of concern. However, the company has 
been working on a more comprehensive chemicals policy with 
US NGO Safer Chemicals, Healthy Families (SCHF) and plans to 
announce it during 2018. According to NGOs, this policy will be 
the first of its kind in the e-commerce space. 
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Ebay, like Emota, did not respond in time but the com-
pany website states that its hazardous, restricted, or regu-
lated materials policy is “extensive and follows government 
regulations.” The company provides guidelines on what can 
and cannot be sold on its platform, including a number of 
articles, such as combustible items, fire extinguishers, and fire 
grenades, refrigerants, pesticides and poisons, radioactive 
materials, and “other hazardous materials.”

Few specific hazardous chemicals, such as those restricted 
under regulations like REACH, are mentioned. Instead, Ebay 
lists items containing a limited number of well-known danger-
ous substances, such as asbestos, cyanide, and many explosive 
precursors. However, on the UK version of the site, it specifi-
cally requires sellers to adhere to the provisions of the REACH 
and CLP Regulations. 

ENFORCEMENT
While these companies all have, in some form or another, a 
policy that restricts the sale of certain dangerous goods includ-
ing some chemicals of concern, they provide little to no detail 
on how they monitor policy violations. 

Alibaba says that it has “rules and systems in place which 
assist us in identifying any listings which infringe our policies,” 
and that it works with government agencies and third parties 
to maintain an orderly market. “We will investigate notices of 
infringing listings and will take action according to the penalty 
rules and policies of our marketplace,” the company says. 

This action, according to the website, involves a penalty 
points system. If a seller violates the policy it is given six points, 
which incurs a warning in the form of an email. A second vio-
lation incurs another six points and a seven-day sales restric-
tion. This goes up to 48 points, when the seller’s membership 
is terminated. 

According to Ebay, violating its policies can result in a 
product listing cancellation, up to suspension of a seller’s 
account. And Amazon says that failure to comply with the 
terms of its policies can result in the cancellation of listings, 
suspension from the use of Amazon tools and reports and the 
removal of selling privileges.

But are these policies fit for purpose? Pressure from con-
sumers and NGOs is mounting. Amazon, for example, has fea-
tured on SCHF’s retailer scorecard, which ranks retailers on 
their actions to eliminate chemicals in consumer products. 
After coming bottom of the scorecard in 2016, Amazon began 
working with the NGO on its soon-to-be-announced policy.

MARKET POWER
“As our economy changes and more and more consumers buy 
products online, it’s important for online retailers to develop 
systemic safer chemicals policies,” says Mike Schade, director 
of SCHF’s Mind the Store campaign. As companies like Amazon 
reshape the economy, he adds, they have a “fundamental 
responsibility to ensure that the products they sell are safe and 
not laden with toxic chemicals.”

While this may be more challenging, given that these 
retailers may not have the traditional merchant-supplier rela-
tionships, they must innovate, according to Schade. “Certainly, 
if a company can figure out how to mail a package to you in an 
hour or less, they can figure out how to ensure that dangerous 
chemicals are not in the products that they sell.” 

Professor Joel Tickner, director of the Green Chemistry & 
Commerce Council (GC3), a multi-stakeholder collaborative 
organization that drives the adoption of safer alternatives, also 
acknowledges the extra challenges these companies face, as 
well as their potential to improve the safety of products being 
bought and sold around the world.

“It’s generally more difficult for e-commerce compa-
nies to control and influence their supply chain, because they 
don’t have traditional buyer-seller relationships with their 
supply chain vendors, and their virtual network of suppliers is 
ever-changing and broad in scope,” he says. 

“At the same time, as online retailers’ market domi-
nance grows, they have enormous leverage to bring about 
change to meet consumer demands for chemical transparency 
and safer ingredients.” 

Tickner adds that a robust, sustainable chemicals manage-
ment policy from a major e-commerce retailer can encourage 
safer chemistry across millions of products—in virtually every 
type of product category now sold online. 

Meanwhile, Boma Brown-West, senior manager of con-
sumer health at NGO the Environmental Defense Fund, says: 
“The goals on supply chain transparency, enhancing consumer 
access to information, safer product design, and being public 
about goals and timelines and progress all apply in the online 
environment as they do with traditional store retailers.”

However, she adds, online retailers need to ask some spe-
cific questions about their current practices to establish a com-
prehensive policy:

• For measurement purposes, what can they gain from 
providing publicly available information versus what will 
they need to collect behind the scenes to understand 
where opportunities lie and to track progress?

• Do they have an understanding of what they don’t 
know in their existing model?

• How will they verify information?
• What is the responsibility of the retailer compared to 

the supplier in terms of enhancing product transparency 
to shoppers in an online environment? 

• What can they leverage in their existing supplier rela-
tionship model and what would have to change, espe-
cially regarding the communication of expectations and 
opportunities for improvement with suppliers?

Leigh Stringer is global business editor of Chemical Watch.  
 
©2016. Reproduced from Chemical Watch by permission of CW 
Research Ltd. www.chemicalwatch.com
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Manyi Wang

In China, aqueous enzymatic 
extraction for edible oil has 

become increasingly 
important not only in terms 
of technological improve-
ments but also with respect 
to industrial applications. To 

learn more, I interviewed Pro-
fessor Lianzhou Jiang, Dean of the 

College of Food Science at Northeast 
Agricultural University, and president of 

the AOCS China Section.

Q: Why is aqueous enzymatic extraction valued in 
China?

A: Aqueous enzymatic extraction preserves 
the natural components in oil as much as possible. 

Aqueous enzymatic extraction does not change 
an oil’s fatty acid composition as much as solvent 
extraction and pressing do, and the quality of the 

crude oil is more suitable for subsequent refining. For 
instance, aqueous enzymatic extraction decreases the 

content of both free fatty acids and phosphorus, and 
the resulting oil is lighter. Moreover, compared with 

other aqueous extraction methods, aqueous enzy-
matic extraction can increase tocopherol content 

and oxidative stability. Especially for extra virgin olive 
oil, the polyphenol content can be increased, and the 

sensory quality will be improved as well.  
The aqueous enzymatic extraction process avoids 

the use of organic solvents, high temperature, and high pres-
sure; therefore, operations are healthy and safe. It also offers 
huge advantages in improving the overall utilization of oil 

Aqueous enzymatic 
extraction for edible oil, a 

new trend in China
China Update 
highlights new 

technologies, trends, 
market developments, 

and hot topics from 
the world’s most 

populous country.
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resources and reducing the energy consumption associated 
with oil refining. As a result, government support for research 
related to aqueous enzymatic extraction has grown. During 
the 12th Five-Year Plan (2011–2015), the Chinese Ministry of 
Science and Technology supported a research project con-
cerning aqueous enzymatic extraction as a part of the 863 
Program.

Q:  What are the key factors for aqueous enzymatic 
extraction?

A: The degree of crushing greatly affects the release of oil 
from the seeds. Generally, the greater the degree of the crush-
ing, the higher the oil yield. 

The type and amount of enzyme is one of the most 
important factors determining extraction efficiency. Because 
oil seeds contain a variety of ingredients, formulated enzyme 
preparations are generally more effective than a single enzyme 
for oil-releasing. Oil yield and separation can be further 
improved by increasing enzyme concentration within a cer-
tain range. In this case, the formulation and dosage of enzyme 
must be carefully examined through experiments on specific 
oil seeds.

The temperature and pH of the system are relevant for 
enzymatic reaction efficiency. Generally speaking, the effective 
temperature range for aqueous enzymatic extraction is 40 to 
55°C, but may vary slightly depending on the type of enzyme. 
The pH affects both the activity of the enzyme and the sep-
aration of oil from the aqueous phase containing proteins. 
The suitable pH ranges from 3 to 8, and the optimum yield is 
related to the type of enzyme and the oil seed properties. The 
duration of enzymatic treatment also varies by the type of oil 
seeds and enzymes, ranging from 0.3 hours to more than 10 
hours.

Many factors must be considered when applying aqueous 
enzymatic extraction. For example, increasing the solid-to- 
liquid ratio not only enhances the separation of oil from the 
aqueous phase, but also reduces the discharge of waste water. 
When stirring is employed, its speed and strength are crucial 
to control the emulsion. In addition, centrifugation, as well as 
the use of additives or co-solvents will also influence the oil 
extraction process.

Q: What are the advantages of aqueous enzymatic 
extraction for both edible oils and proteins?

A: Aqueous enzymatic extraction process conditions are 
mild, and generally do not exceed 80°C. The nutrients can be 
well-preserved from degradation under high temperature. For 
example, the squalene content in oil obtained from aqueous 
enzymatic extraction is higher than in refined oil. Also, with-
out treatment under high temperature, hazardous compo-
nents, such as trans-fatty acid, 3-MCPD, and glycidyl ester are 
reduced. In addition, protein denaturation is reduced, which 
facilitates the subsequent comprehensive utilization of pro-
teins. For example, the soybean protein byproduct of aqueous 
enzymatic extraction can be used to produce soymilk, further 
hydrolyzed to soybean peptides, or directly concentrated and 
dried to produce soy protein isolate.

Q:  How to successfully commercialize the aqueous  
enzymatic extraction?

A: Cost and market requirements are key factors for the 
commercialization of aqueous enzymatic extraction. With the 
development of technology, the enzyme activity for aque-
ous enzymatic extraction has been gradually improved, and 
the enzyme dosage needed has been decreased, which has 
finally reduced the cost. For example, in peanut oil extraction, 
the amount of enzyme has been reduced by 90%. In addition, 
the comprehensive utilization of proteins reduced the cost of 
waste water treatment, providing more possibilities for indus-
trial application. On the other hand, consumers are paying 
more attention to health and nutrition, which is making higher 
quality and differentiated oil products more popular. People 
are more willing to pay for high-quality products. These factors 
are very promising for commercialization. 

Q:  What is the domestic status of aqueous enzymatic 
extraction in industrial applications?

A: To date, industrial demonstration lines have been 
established for aqueous enzymatic extraction of camellia seed 
oil, peanut oil, and soybean oil. For example, Hunan Kangyida 
Camellia Biotechnology and Jiangxi Lvyexuan Biotechnology 
developed aqueous enzymatic methods for camellia seed oil 
extraction. A production line was established in 2009, with raw 
material processing capacity of 200,000 tons per year. In 2013, 
their product won the “World Green Design International 
Contribution Award” issued by the EU.

In 2016, aqueous enzymatic extraction was applied to 
peanut oil production in Jiangsu Province, with a capacity of 
5 tons per batch. These operations produce peanut protein 
milk simultaneously, using technology developed by Jiangnan 
University.

The industrial application of aqueous enzymatic extraction 
of soybean oil has been implemented in the Shandong Blue 
Ridge Gaotang, via technologies developed by Northeast 
Agricultural University (the effort won a 2nd place National 
Science and Technology Award). The operations have a pro-
cessing capacity of 2 tons per day. Using non-genetically mod-
ified soybean as raw material, soybean milk, soybean dietary 
fiber, and soybean polysaccharides are produced simultane-
ously, which is regarded as an excellent example of compre-
hensive utilization of soybean resources.

Manyi Wang is the director of the Processing and Application 
Technology Center, COFCO Nutrition and Health Research 
Institute, Beijing, China.
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PATENTS
Vegetable oils, vegetable oil blends, and 
methods of use thereof 
Sugg, E.A. and D.W., et al., inventors, US9879197, January 30, 2018
 An oil composition including at least three vegetable oils, each 
vegetable oil being distinct from the other and each having a smoke 
point above 200°F, wherein the combined volume of the at least three 
vegetable oils is at least about 25% of the total volume of the oil com-
position. A method of removing or preventing carbon fouling on a 
mechanical component of a device, comprising depositing a vege-
table oil composition on the mechanical component of the device, 
wherein the vegetable oil composition comprises at least one vege-
table oil having a smoke point above 200°F, wherein the at least one 
vegetable oil is present in an amount of at least about 25% by volume 
of the total volume of the oil composition and wherein operation of 
the device deposits carbon on the mechanical component.

Oil or fat composition and chocolate 
Mizushima, S., et al., Fuji Oil Holdings, Inc., US9888704, February 
13, 2019
 A chocolate having good solidification properties, a high mold 
releasability and a high crystal stabilization rate, said chocolate 
being obtained by using an oil or fat composition wherein StOSt 
and POP triglycerides are contained each in a definite amount or 
more and StLSt, PLP, StStO and PPO triglycerides are contained 
each in a definite amount or less. As a result, the productivity of the 
chocolate can be increased. 

Preparation of chemicals, monomers, and 
polymers from plant oils 
Tang, C., et al., University of South Carolina, US9890109, February 
13, 2018
 Methods for forming a compound from a plant oil compound 
having a carboxylic acid group attached to an organic group are 
provided. The method can include performing an aminolysis reac-
tion between the plant oil compound and a hydroxyl-containing 
amine compound to form a functionalized plant oil compound hav-
ing an amide bond; and functionalizing the hydroxyl group to have 
a polyerizable vinyl group or a norbornene group to form a poly-
erizable plant oil compound having the amide bond and an ester 
bond.

Method for producing transesterified fat 
and/or oil 
Nakamura, Y., et al., The Nisshin OilliO Group, Ltd., US9896703, 
February 20, 2018
 An object of the present invention is to provide a method in 
which a fat and/or oil is produced by a transesterification reaction 

using a lipase. Specifically, the present invention relates to a method 
for producing a transesterified fat and/or oil, comprising: (1) a 
low-temperature clay treatment step of bringing a fat and/or oil and 
a clay into contact with each other at 30–80°C to obtain a reaction 
substrate; and (2) a step of subjecting the reaction substrate to a 
transesterification reaction in the presence of a lipase-containing 
composition.

Structured protein product 
McMindes, M.K., et al., Solae LLC, US9907322, March 6, 2018
 The invention provides protein compositions containing 
structured protein products having protein fibers that are substan-
tially aligned.

Cooking aid 
Krauch, J., et al., Nestec S.A., US9913480, March 13, 2018
 A cooking aid includes a sheet of flexible burn resistant mate-
rial and a composition disposed on one face of the sheet. The 
composition contains a mixture of vegetable or animal oil with 
a melting point below 20°C, vegetable or animal fat with a melt-
ing point above 20°C, and one or more herbs, spices, and flavor 
enhancers.    

Chemical additives and use thereof in corn 
stillage processing
Bingeman, R.E., et al., Ethox Chemicals, LLC, US9914899, March 
13, 2018
 An improved process is provided for separating corn oil from 
stillage comprising forming stillage from the fermentation of corn; 
mixing the stillage with a chemical additive comprising alkoxylated 
modified corn oil prepared by the transesterification of corn oil 
with glycerine followed by alkoxylation; and separating the corn oil 
from the stillage.

Vegetable oil-based pressure sensitive 
adhesives  
Li, K., et al., Oregon State University, US9951260, April 24, 2018
 A pressure-sensitive adhesive construct comprising: (a) a 
backing substrate; and (b) a pressure sensitive adhesive composi-
tion disposed on the backing substrate, wherein the pressure sensi-
tive adhesive includes a product made from at least one epoxidized 
vegetable oil and at least one dibasic acid or anhydride, or a com-
bination of a dibasic acid or anhydride and a monobasic acid or 
anhydride.  

Patent information was compiled by Scott 
Bloomer, a registered US patent agent and 
Director, Technical Services at AOCS. Contact  
him at scott.bloomer@aocs.org.
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Journal of the American Oil Chemists’ Society

Lipids

Key metrics up for  
all three AOCS journals

• Sustainable synthetic approaches for the preparation of 
plant oil-based thermosets

• Cocoa butter substitute (CBS) produced from palm mid-frac-
tion/palm kernel oil/palm stearin for confectionery fillings

• Effect of fatty acid unsaturation on phytosteryl ester 
degradation

• Influence of soybean oil blending with polylactic acid (PLA) 
films: in vitro and in vivo evaluation

• Highly efficient synthesis of hydrophilic phytosterol deriva-
tives catalyzed by ionic liquid

• Discrimination of olive oil by cultivar, geographical origin and 
quality using potentiometric electronic tongue fingerprints

• Simultaneous enzymatic transesterification and esterifica-
tion of an acid oil using fermented solid as biocatalyst

• Biological implications of lipid oxidation products
• Sonocrystallization of interesterified fats with 20 and 30% 

C16:0 at sn-2 position 
• Sustainable oxidative cleavage of vegetable oils into diacids by 

organo-modified molybdenum oxide heterogeneous catalysts

• Intake of up to 3 eggs/day increases HDL cholesterol and 
plasma choline while plasma trimethylamine-n-oxide is 
unchanged in a healthy population

• Dietary fatty acids influence the growth and fatty acid 
composition of the yellow mealworm Tenebrio molitor 
(Coleoptera: Tenebrionidae)

Journal of Surfactants and Detergents 

• Bio-/environment-friendly cationic gemini surfactant as 
novel corrosion inhibitor for mild steel in 1 M HCl solution

• Amido-amine-based cationic gemini surfactants: thermal 
and interfacial properties and interactions with cationic 
polyacrylamide

• Modulation of aggregation behaviour of anionic surfactant 
in the presence of aqueous quaternary ammonium salts

• Surface-active properties of solvent-extracted panax gin-
seng saponin-based surfactants

• How to attain ultralow interfacial tension and three-phase 
behavior with a surfactant formulation for enhanced oil 
recovery: a review-part 3. Practical procedures to optimize 
the laboratory research according to the current state of the 
art in surfactant mixing

• Application of silicone surfactant along with hydrocarbon 
surfactants to textile washing for the removal of different 
complex stains

• Synthesis of potential pharmaceutical heterocycles as sur-
face active agents

• Spontaneous imbibition experiments of enhanced oil recov-
ery with surfactants and complex nano-fluids

• Synergism and performance for systems containing binary 
mixtures of anionic/cationic surfactants for enhanced oil 
recovery

• Synthesis, characterization, and evaluation of ethoxylated 
lauryl-myrisityl alcohol nonionic surfactants as wetting 
agents, anti-foamers, and minimum film forming tempera-
ture reducers in emulsion polymer lattices

Wiley and AOCS Press are excited to announce that JAOCS, 
Lipids and JSD have all increased their impact factors.  The edi-
torial teams of all the journals have been working very hard 
to improve quality, while decreasing time to publication. Have 
you logged in to aocs.org to experience AOCS journals—your 
new member benefit—in 2018? 

You can make the most of your experience with AOCS 
journals by:

• Reading the following top-cited journal articles from 
2017–2018

• Choosing to submit your next manuscript to AOCS 
journals

• Volunteering your expertise as a reviewer
To learn more and read the 10 top-cited articles for all 

three journals listed here, visit aocs.org/journals. 

• TGF-beta down-regulates apolipoprotein M expression 
through the TAK-1-JNK-c-Jun pathway in HepG2 cells

• Barth syndrome: connecting cardiolipin to cardiomyopathy
• Serum n-3 tetracosapentaenoic acid and tetracosahexaenoic 

acid increase following higher dietary alpha-linolenic acid 
but not docosahexaenoic acid

• Lipid droplets: formation to breakdown
• Effect of Fabp1/Scp-2/Scp-x ablation on whole body and 

hepatic phenotype of phytol-fed male mice
• Inhibition of angiotensin II-induced cardiac fibrosis by ator-

vastatin in adiponectin knockout mice
• Acute fasting induces expression of acylglycerophosphate 

acyltransferase (AGPAT) enzymes in murine liver, heart, and 
brain

• Trans fatty acids suppress TNF-alpha-induced inflammatory 
gene expression in endothelial (HUVEC) and hepatocellular 
carcinoma (HepG2) cells

AOCS JOURNALS
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EXTRACTS & 
DISTILLATES

The full version of all AOCS journal articles are available online to 
members at www.aocs.org/journal. This column builds on that mem-
ber benefit by primarily highlighting articles from other journals. 

Epoxy stearic acid, an oxidative product 
derived from oleic acid, induces 
cytotoxicity, oxidative stress, and  
apoptosis in HepG2 cells
Liu, Y., et al, J. Agric. Food Chem. 66: 5237–5246, 2018,  
https://doi.org/10.1021/acs.jafc.8b01954.
 In the present study, effects of cis-9,10-epoxy stearic acid 
(ESA) generated by the thermal oxidation of oleic acid on HepG2 
cells, including cytotoxicity, apoptosis, and oxidative stress, were 
investigated. Our results revealed that ESA decreased the cell via-
bility and induced cell death. Cell cycle analysis with propidium 
iodide staining showed that ESA-induced cell cycle arrest at the 
G0/G1 phase in HepG2 cells. Cell apoptosis analysis with annexin 
V and propidium iodide staining demonstrated that ESA induced 
HepG2 cell apoptotic events in a dose- and time-dependent man-
ner; the apoptosis of cells after treated with 500 μM ESA for 12, 24, 
and 48 h was 32.16, 38.70, and 65.80%, respectively. Furthermore, 
ESA treatment to HepG2 cells resulted in an increase in reactive 
oxygen species and malondialdehyde (from 0.84 ± 0.02 to 8.90 
± 0.50 nmol/mg of protein) levels and a reduction in antioxidant 
enzyme activity, including superoxide dismutase (from 1.34 ± 
0.27 to 0.10 ± 0.007 units/mg of protein), catalase (from 100.04 ± 
5.05 to 20.09 ± 3.00 units/mg of protein), and glutathione peroxi-
dase (from 120.44 ± 7.62 to 35.84 ± 5.99 milliunits/mg of protein). 
These findings provide critical information on the effects of ESA on 
HepG2 cells, particularly cytotoxicity and oxidative stress, which is 
important for the evaluation of the biosafety of the oxidative prod-
uct of oleic acid.

Effect of omega-3 long-chain 
polyunsaturated fatty acid 
supplementation on heart rate: a meta-
analysis of randomized controlled trials
Hidayat, K., et al., Eur. J. Clin. Nutr. 72: 805–817, 2018,  
https://doi.org/10.1038/s41430-017-0052-3.
Elevated resting heart rate (HR) has emerged as a new risk factor 
for all-cause and cardiovascular mortality. The effect of marine- 
derived omega-3 long-chain polyunsaturated fatty acid (n−3 
LCPUFAs) supplementation on HR was investigated as an out-

come in many clinical trials. The present study was to provide an 
updated meta-analysis on the HR-slowing effect of n−3 LCPUFAs, 
and to differentiate the chronotropic effect between eicosapentae-
noic acid (EPA) and docosahexaenoic acid (DHA). PubMed and 
Cochrane databases were searched for relevant articles examining 
the effects of n−3 PUFAs on HR through May 2017. A random-ef-
fects model was used to generate the pooled effect sizes and 95% 
confidence intervals (CIs). The pooled effect sizes were presented 
as weighted mean differences (WMDs). A total of 51 randomized 
controlled trials (RCTs) with approximately 3,000 participants 
were included in this meta-analysis. Compared to placebo, n−3 
PUFA supplementation mildly but significantly reduced HR (−2.23 
bpm; 95% CI: −3.07, −1.40 bpm). Moderate evidence of heteroge-
neity was observed among included trials (I 2 = 49.1%, P heteroge-
neity < 0.001). When DHA and EPA were separately administered, 
modest HR reduction was observed in trials that supplemented 
with DHA (−2.47 bpm; 95% CI: −3.47, −1.46 bpm), but not in tri-
als with EPA. The present meta-analysis provides strong clinical 
evidence demonstrating the effect of heart rate reduction by n−3 
LCPUFA supplementation. When DHA or EPA administered 
alone, heart rate was slowed by DHA rather than by EPA.

Edible oil production from microalgae:  
a review
Xue, Z., et al., Eur. J. Lipid Sci. Technol. 120: 1700428, 2018,  
https://doi.org/10.1002/ejlt.201700428.
 Microalgae are considered an interesting candidate for the 
sustainable production of edible oils. Because microalgae contain 
abundant polyunsaturated fatty acids (PUFA) and have high pho-
tosynthetic rates and high oil productivity, they are superior to ter-
restrial oleaginous crops for producing edible oils. Microalgae are 
cultivated in aquatic environments, and thus, oil extraction meth-
ods for microalgae must consider the influence of water. This paper 
provides an overview of the suitability of microalgal lipid composi-
tions and proposes a selection of species for edible oil production. 
The numerous technologies currently available for pretreatment, 
wet extraction, and the refining of edible oils from microalgae are 
collated and presented, with a primary focus on the key parameters 
influencing process performance. Furthermore, the paper presents 
a proposed solution for a microalgae integrated system for edible oil 
production, which is a possible future direction to develop an eco-
nomical and environmentally friendly process for the resource uti-
lization of microalgal biomass. 

Comparison of various phosphine additives 
in zeolite-based catalytic isomerization of 
oleic acid 
Sarker, M.I., et al., Eur. J. Lipid Sci. Technol. 120: 1800070, 2018, 
https://doi.org/10.1002/ejlt.201800070.
  Isostearic acids (ISA) are important bio‐based ingredients 
for many commercial products such as lubricants, detergents, and 
cosmetics. This study is targeted to compare the efficacy of various 
phosphine derivatives in neutralizing the external acidic surface 
of zeolite which is responsible for the unwanted oligomerization 
during zeolite-based skeletal isomerization reaction producing 
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dimer as byproducts. Sixteen phosphine derivatives were individ-
ually evaluated with heat-activated ammonium (NH4+) cationic 
ferrierite zeolite to produce iso‐oleic acid from oleic acid which 
was converted to ISA through the hydrogenation process. In com-
parison, eight newly tested phosphine additives were found more 
effective than the previously reported phosphines (TPP, TPTP) to 
increase the product yield of iso‐oleic acid, ultimately ISA, either 
by suppressing the byproducts or accelerating the reaction rate as a 
whole. The performance depends on the electron donating capac-
ity of central phosphorus atom of phosphine derivative attract-
ing proton from the external surface of zeolite. This phenomenon 
is resulted from the combination of electronic effects and struc-
tural hindrances posed by the different substituents attached to 
the phosphine derivatives.  The effectiveness of sixteen Lewis-base 
phosphine additives were tested in neutralizing the external acidic 
surface of zeolite. The neutral outer surface of zeolite is ideal for 
suppressing dimer formation and thus producing the iso‐oleic acid 
(precursor of isostearic acid) in high yield through Lewis base‐zeo-
lite combination skeletal isomerization reaction. 

Phytol and phytyl fatty acid esters: 
occurrence, concentrations, and relevance
Stephanie Krauß, et al., Eur. J. Lipid Sci. Technol. 120: 1700387, 
2018, https://doi.org/10.1002/ejlt.201700387.
 Phytyl fatty acid esters (PFAE) are long-chain isoprenoid 
esters consisting of phytol esterified to fatty acids. Phytol, which 
is mainly known as side chain of the plant pigment chlorophyll, is 
released during chlorophyll breakdown. PFAE mainly function as 
storage forms for free phytol to protect plant cells as phytol shows 
membrane toxic properties. Surprisingly, only scattered data on 
PFAE can be found in the literature. For instance, PFAE are known 
to occur in mosses, selected leaves of higher plants, and also in 
some fruits and vegetables. As PFAE seem to be fissile in the human 
body, their phytol moiety is bioavailable and can be converted into 
phytanic acid. Patients with Refsum’s disease cannot metabolize 
phytanic acid and accumulate it in blood and organs with severe 
consequences. For treatment, patients must keep a special diet 
avoiding foods with high amounts of phytanic acid or free phytol 
with the tolerable daily intake being ≤10 mg. In addition, PFAE in 
fruits and vegetables directly add to the intake of phytol or rather 
phytanic acid. Therefore, their contents must be taken into account 
regarding dietary recommendations. This review summarizes the 
literature data on occurrence, concentrations, and analytical meth-
ods for the determination of PFAE.

Cereal fiber ameliorates high-fat/
cholesterol-diet-induced atherosclerosis 
by modulating the NLRP3 inflammasome 
pathway in ApoE–/– mice
Zhang, R., et al., J. Agric. Food Chem. 66: 4827–4834,  
https://doi.org/10.1021/acs.jafc.8b00380.
 Oats, considered to be a healthful food in many cultures, are 
consumed as cereal and are known to provide health benefits to 
the skin when applied topically as a water suspension. This work 

demonstrates the superior benefits of oat fiber vs wheat fiber, which 
both benefit overall human health and work through anti-inflam-
matory pathways.
 Cereal fiber is associated with decreasing the risk of cardiovas-
cular diseases. However, whether cereal fiber modulates inflam-
matory response and improves atherosclerosis remains unclear. 
This study evaluated the anti-atherosclerotic effect of cereal fibers 
from oat or wheat bran and explored the potential anti-inflam-
matory mechanisms. Male ApoE–/– mice were given a high-fat/
cholesterol (HFC) diet or a HFC diet supplemented with 0.8% 
oat fiber or wheat bran fiber. After 18 weeks of the feeding period, 
serum lipids and inflammatory cytokines were measured. The rel-
ative protein levels of the nod-like receptor family pyrin domain 
containing 3 (NLRP3) inflammasome pathway and nuclear fac-
tor κB (NF-κB) were determined by the western blot method in 
aorta tissues. Pathologically, oat fiber and wheat fiber significantly 
reduced atherosclerotic plaques by 43.3 and 27.1%, respectively. 
Biochemically, cereal fiber markedly decreased the protein levels 
of myeloid differentiation factor 88 (MyD88) and toll-like receptor 
4 (TLR4) in aortic tissues. The expression of NF-κB was similarly 
inhibited by both cereal fibers. In comparison to wheat bran fiber, 
oat fiber had greater effects in reducing the plague size and inhibit-
ing TLR4/MyD88/NF-κB pathways. Such differences might come 
from modulation of the NLRP3 inflammasome pathway because 
the expressions of the cleavage of caspase-1 and interleukin (IL)-1β 
were inhibited only by oat fiber. The present study demonstrates 
that cereal fibers can attenuate inflammatory response and athero-
sclerosis in ApoE–/– mice. Such effects are pronounced with oat 
fiber and likely mediated by specific inhibition of oat fiber on the 
NLRP3 inflammasome pathway.

Postprandial metabolomics response to 
various cooking oils in humans
Wang, P.-S., et al., J. Agric. Food Chem. 66: 4977–4984, 2018, 
https://doi.org/10.1021/acs.jafc.8b00530.
 Lipids account for a high proportion of dietary calories, which 
greatly affect human health. As a result of differences in composi-
tion of fatty acid of individual cooking oils, certain biological effects 
of these oils may vary. This study aimed to compare postprandial 
metabolomic profiles of six commonly consumed cooking oils/fats. 
Adopting a switch-over experimental design (n = 15), we carried 
out a human feeding study with six groups (control without oils, 
soybean oil, olive oil, palm oil, camellia oil, and tallow) and col-
lected fasting and postprandial serum samples. The metabolomic 
profile was measured by ultra-high-pressure liquid chromatogra-
phy–quadrupole time of flight. We observed significant differences 
between the control group and experimental groups for 33 serum 
metabolites (false discovery rate; p < 0.05), which take part in lipid 
digestion, fatty acid metabolism, metabolism of pyrimidines and 
pyrimidine nucleosides, amino acid metabolism, neurobiology, 
and antioxidation. Sparse partial least squares discriminant analy-
sis revealed distinct metabolomics patterns between monounsat-
urated fatty acid (MUFA) and saturated fatty acid oils, between 
soybean oil, olive oil, and palm oil, and between two MUFA-rich 
oils (olive and camellia oils). The present metabolomics study sug-
gests shared and distinct metabolisms of various cooking oils/fats.
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Sensitive and facile 
electrochemiluminescent immunoassay for 
detecting genetically modified rapeseed 
based on novel carbon nanoparticles
Gao, H., et al., J. Agric. Food Chem. 66: 5247–5253, 2018, https://
doi.org/10.1021/acs.jafc.8b01080.
 A highly sensitive electrochemiluminescent (ECL) immuno-
assay targeting PAT/bar protein was facilely developed for geneti-
cally modified (GM) rapeseed detection using carbon nanoparticles 
(CNPs) originally prepared from printer toner. In this work, CNPs 
linked with antibody for PAT/bar protein were used to modify a 
working electrode. After an immunoreaction between the PAT/bar 
protein and its antibody, the immunocomplex formed on the elec-
trode receptor region resulted in an inhibition of electron transfer 
between the electrode surface and the ECL substance, thus led to a 
decrease of ECL response. Under the optimal conditions, the ECL 
responses linearly decreased as the increase of the PAT/bar protein 
concentration and the GM rapeseed RF3 content in the ranges of 
0.10–10 ng/mL and 0.050–1.0%, with the limits of detection of 0.050 
ng/mL and 0.020% (S/N = 3). These results open a facile, sensitive, 
and rapid approach for the safety control of agricultural GM rape.

Effects of organic and conventional crop 
nutrition on profiles of polar metabolites in 
grain of wheat
Shewry, P., et al., J. Agric. Food Chem. 66: 5346–5351, 2018,  
https://doi.org/10.1021/acs.jafc.8b01593.
 The profiles of polar metabolites were determined in whole meal 
flours of grain from the Broadbalk wheat experiment and from plants 
grown under organic and low-input systems to study the effects of 
nutrition on composition. The Broadbalk samples showed increased 
amino acids, acetate, and choline and decreased fructose and succi-
nate with increasing nitrogen fertilization. Samples receiving farm yard 
manure had similar grain nitrogen to those receiving 96 kg of N/ha 
but had higher contents of amino acids, sugars, and organic acids. A 
comparison of the profiles of grain from organic and low-input sys-
tems showed only partial separation, with clear effects of climate and 
agronomy. However, supervised multivariate analysis showed that the 
low-input samples had higher contents of many amino acids, raffinose, 
glucose, organic acids, and choline and lower sucrose, fructose, and gly-
cine. Consequently, although differences between organic and conven-
tional grain occur, these cannot be used to confirm sample identity.

Extraction of high-stearic high-oleic 
sunflower oil (HSHO): Effect of dehulling 
and hydrothermal pretreatment
de Figueiredo, A.K., et al., J. Food Eng. 240: 49–55, 2019,  
https://doi.org/10.1016/j.jfoodeng.2018.07.015.
 The effect of a hydrothermal pretreatment on the sol-
vent extraction of oil and minor compounds (tocopherols) from 
high-stearic high-oleic sunflower seeds (HSHO), partially dehulled 
and undehulled, was analyzed. Samples of sunflower seeds of differ-
ent origins and oil contents (high oil, 43.0% d.b., and low oil 35.1% 

d.b.) were used. The oil yield increased significantly due to the 
hydrothermal pretreatment (p≤0.05) for HSHO samples with high 
oil content, both partially dehulled and undehulled. The pretreated 
HSHO samples with low oil content did not show significant dif-
ferences in oil yield compared to the untreated samples. The effec-
tive diffusion coefficients for the hydrothermally pretreated seeds 
(2.12.10−11m2s−1) and the untreated samples (7.07.10−12m2s−1) were 
determined based on the oil extraction from the partially dehu-
lled high oil HSHO samples. For both types of partially dehulled 
HSHO seeds, a significant increase in tocopherol content in the oils 
extracted from the pretreated samples was observed.

Protein separation coacervation with 
carboxymethyl cellulose of different 
substitution degree: noninteracting behavior 
of bowman–birk chymotrypsin inhibitor
Li, X., et al., J. Agric. Food Chem. 66: 4439–4448, 2018,  
https://doi.org/10.1021/acs.jafc.8b00091.
 We first observed that protein/polysaccharide interaction 
exhibited noninteracting behavior which makes Bowman–Birk 
chymotrypsin inhibitor (BBI) always free of complexation, being 
separated from another protein with similar isoelectric points, 
Kunitz trypsin inhibitor (KTI). Turbidity titrations showed that 
the electrostatic attractions were much stronger between KTI/BBI 
(KBi) and carboxymethyl cellulose of higher substitution degree. 
Unchanged chymotrypsin inhibitory activity (CIA) indicated that 
BBI had negligible contribution to protein recovery and trypsin 
inhibitory activity (TIA). Tricine–SDS–PAGE revealed that, at r 
= 20:1–2:1, unbound BBI was left in the supernatant when bound 
KTI transferred into precipitates, even if there was excess negative 
charge. Thus, purified KTI or BBI was achieved easily at the given 
conditions. The noninteracting behavior of BBI was further con-
firmed by ITC, where the binding enthalpy of BBI to CMC was 
negligible compared with the high binding affinity (Kb) of KTI. 
This work will be beneficial to protein purification based on pro-
tein–polysaccharide coacervation.

Bioactives
Molecular mechanism of action of 
pelargonidin-3-O-glucoside, the main 
anthocyanin responsible for the anti-
inflammatory effect of strawberry fruits
Duarte, L.J., et al., Food Chem. 247: 56–65, 2018,
https://doi.org/10.1016/j.foodchem.2017.12.015.
 Scientific evidence is slowly but surely accumulating in support 
of conventional wisdom that eating fruits and vegetables, particularly 
brightly colored ones, is good for you. Here, strawberries are shown 
to express natural products that modulate important inflammatory 
pathways. NF-κB pathway is the master regulator of inflammatory 
responses and is essential for the homeostasis of the immune system, 
hence you may not go wrong eating more strawberries.
 Fragaria x ananassa Duch., popularly called strawberry, is 
known for its worldwide consumption and important biological 
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activities, and these effects are related to its high concentration of 
anthocyanins. Pelargonidin-3-O-glucoside (P3G) is a major antho-
cyanin found in strawberry, and was evaluated for its anti-inflam-
matory action in experimental models. The effect of strawberry 
extract and P3G, on leukocyte migration, exudation levels and 
many inflammatory mediators, was therefore evaluated in an in vivo 
model. An in vitro study was also carried out to characterize the 
effect of P3G on mitogen-activated protein kinases, and on nuclear 
transcript factors NF-κB and AP-1. The results revealed that the 
strawberry and P3G have important anti-inflammatory proprieties, 
and the anti-inflammatory mechanism of P3G involves the arrest 
of IkB-α activation and reduction in JNKMAPK phosphorylation. 
The results reinforce that strawberry fruits are functional foods that 
can act as an adjuvant in the treatment of inflammatory conditions.

Comprehensive database of carotenoid 
contents in Ibero-American foods: a 
valuable tool in the context of functional 
foods and the establishment of 
recommended intakes of bioactives
Graça Dias, M., et al., J. Agric. Food Chem. 66: 5055–5107, 2018, 
https://doi.org/10.1021/acs.jafc.7b06148.  
 Foods that are commonly consumed in the diet are considered 
to provide more than 40 different carotenoids. However, the content 
in carotenoids varies considerably in both qualitative and quantita-
tive terms as a consequence of different genotypes, climatic condi-
tions of the production area, and agronomic factors, among others. In 
this paper, analytical data, obtained by HPLC or UHPLC, of carot-
enoids in fruits and vegetables produced in Ibero-America have been 
compiled from peer-reviewed journals, organized in food categories, 
and documented in relation to the sampling and analytical qual-
ity system used. In addition to common products of the diet of the 
Ibero-American countries, other wild or little-used fruit and vegeta-
bles have been included with the aim of contributing to promote and 
to value species and local varieties. The importance of the commodi-
ties containing carotenoids in food, health, agriculture, and biodiver-
sity, and the need of their preservation, was evidenced in this work 
namely by the large differences in carotenoid content related to the 
locals of production and varieties, and the high levels of carotenoids 
in native fruits and vegetables. The contribution of these compounds 
to meet the needs of vitamin A as well as the necessity of establishing 
recommendation for the daily intakes of theses bioactive compounds 
were also discussed. 

Physicochemical properties, nutritional 
value, and techno-functional properties 
of goldenberry (Physalis peruviana) waste 
powder 
Mokhtar, S.M., et al., Food Chem. 248: 1–7, 2018,  
https://doi.org/10.1016/j.foodchem.2017.11.117.
 Natural vitamin E factories are an example of repurposing pro-
cess streams from one industry to another. In this case, vitamin E 
and phytosterols are extracted from fatty acid-rich waste streams 
produced during oil refining.

 Goldenberry waste powder contained 5.87% moisture, 
15.89% protein, 13.72% fat, 3.52% ash, 16.74% dietary fiber, and 
61% carbohydrates. Potassium (560 mg/100 g) was the predomi-
nant element followed by sodium (170 mg/100 g) and phosphorus 
(130 mg/100 g). Amino acid analysis gave high levels of cystine/
methionine, histidine and tyrosine/phenylalanine. Goldenberry 
waste powder had good levels of the techno-functional properties 
including water absorption index, swelling index, foaming capacity, 
and stability (3.38 g/g, 5.24 ml/g, 4.09 and 72.0%, respectively). 
Fatty acids profile showed that linoleic acid was the predominant 
fatty acid followed by oleic, palmitic, and stearic acids. Iodine value 
(109.5 g/100 g of oil), acid value (2.36 mg KOH/g of oil), saponi-
fication value (183.8 mg KOH/g of oil), peroxide value (8.2 meq/
kg of oil), and refractive index (1.4735) were comparable to those of 
soybean and sunflower oils. Goldenberry waste oil exhibited absor-
bance in the UV range at 100–400 nm.

Nano-encapsulation of catechin in starch 
nanoparticles: characterization, release 
behavior, and bioactivity retention during 
simulated in-vitro digestion
Ahmad, M., et al., Food Chem. 270: 95–104, 2019,  
https://doi.org/10.1016/j.foodchem.2018.07.024.
 Novel starch-based nanoparticles from three sources: horse 
chestnut (HSC), water chestnut (WSC), and lotus stem (LSC) 
were prepared for nano-encapsulation of catechin. Average par-
ticle size of HSC-, WSC-, and LSC-based nano-particles were 
322.7, 559.2, and 615.6 nm with encapsulation efficiency of 59.09, 
48.30, and 55.00%, and negative zeta potential of −18.05, −21.5, 
and −18.05 mv, respectively. Structural, physical, and thermal 
properties were characterized by fourier transform infrared spec-
troscopy (FTIR), scanning electron microscopy (SEM), X-ray 
diffraction (XRD), and differential scanning calorimetry (DSC). 
SEM revealed capsule formation with entrapped catechin, while 
broad characteristic peaks at 3475, 1650, 1383, 1148, 1083, and 
790 cm−1 depicts encapsulation of catechin in starch nanoparticles 
without any evident interaction. XRD showed loss of crystallinity 
after encapsulation. Higher content of catechin in intestinal juice 
ensured controlled release in intestine. Bioactive properties were 
retained at higher level in encapsulated catechin compared to free 
catechin upon in-vitro digestion.

Dietary carotenoid roles in redox 
homeostasis and human health
Barros, M.P., et al., J. Agric. Food Chem. 66: 5733–5740, 2018, 
https://doi.org/10.1021/acs.jafc.8b00866.
 Classic nutrition believed that healthy diets should simply pro-
vide sufficient antioxidant loads to organisms, to hamper free radi-
cal processes and avoid oxidative stress. Current redox biology was 
proven much more intricate. Carotenoids are bioactive compounds 
in the human diet with a multifaceted role in redox metabolism. 
This perspective discusses the participation of α/β-carotene, lutein, 
zeaxanthin, lycopene, β-cryptoxanthin, astaxanthin, and deriva-
tives in redox homeostasis focusing on (i) their antioxidant/pro-ox-
idant activities, (ii) control of gene expression via Nrf2–Keap1 
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and NF-κB pathways, and (iii) their link with (sub)cellular redox 
circuits, as part of the “redox code” that orchestrates physiological 
processes and health in humans. 

Selected methods of extracting 
carotenoids, characterization, and health 
concerns: a review
Adadi, P., et al., J. Agric. Food Chem. 66: 5925–5947, 2018, https://
doi.org/10.1021/acs.jafc.8b01407.
 Carotenoids are the most powerful nutrients (medicine) on 
earth due to their potent antioxidant properties. The ability of these 
tetraterpenoids in obviating human chronic ailments like can-
cer, cardiovascular disease, osteoporosis, and diabetes has drawn 
public attention toward these novel compounds. Conventionally, 
carotenoids have been extracted from plant materials and agro-in-
dustrial byproduct using different solvents, but these procedures 
result in contaminating the target compound (carotenoids) with 
extraction solvents. Furthermore, some utilized solvents are not 
safe and hence are harmful to the environment. This has attracted 
criticism from consumers, ecologists, environmentalists, and pub-
lic health workers. However, there is clear consumer preference for 
carotenoids from natural origin without traces of extracting sol-
vent. Therefore, this review seeks to discuss methods for higher 
recovery of pure carotenoids without contamination from a sol-
vent. Methods such as enzyme-based extraction, supercritical fluid 
extraction, microwave-assisted extraction, Soxhlet extraction, 
ultrasonic extraction, and postextraction treatment (saponifica-
tion) are discussed. Merits and demerits of these methods along 
with health concerns during intake of carotenoids were also 
considered.

Concentrated oleuropein powder from 
olive leaves using alcoholic extraction and 
supercritical CO2-assisted extraction
Baldino, L., et al., J. Supercrit. Fluid 133: 65–69, 2018,  
https://doi.org/10.1016/j.supflu.2017.09.026.
 In this work, a simple approach at oleuropein (OLE) 
extraction/concentration from olive leaves was proposed. OLE 
extraction yield was 5.4% w/w of dry leaves and a concentration of 
OLE of 20% w/w in the ethanol extract was obtained. Then, super-
critical antisolvent extraction (SAE) was performed on the ethanol 
OLE solution, operating at different pressures between 100 and 
200 bar and temperatures between 35 and 60°C. SAE produced a 
powder rich in OLE up to 36% w/w at 35°C, 150 bar. Precipitated 
powder showed different mean diameters dependent on SAE oper-
ating conditions: at 60°C, 130 bar it consisted of micrometric and 
coalescing particles; at 35°C, 150 bar it consisted of nanometric 
non coalescing particles. Therefore, OLE concentration was suc-
cessful and its bioavailability should be improved by nanometric 
size of precipitates.

Lipid Oxidation/Antioxidants
Buriti (Mauritia flexuosa L. f.) fruit 
by-products flours: evaluation as source of 
dietary fibers and natural antioxidants
Resende, L.M., et al., Food Chem. 270: 53–60., 2019,  
https://doi.org/10.1016/j.foodchem.2018.07.079.
 Buriti by-products flours were evaluated as sources of dietary 
fibers and natural antioxidants. All flours presented chemical 
characteristics that allowed classification as high dietary fiber 
powders. Presence of pectic polysaccharides, arabinoxylans and 
xyloglucans was inferred by the neutral monosaccharides profile. 
Peels and defatted pulp flours are highlighted as those with higher 
antioxidant potential (total extractable polyphenols and antioxi-
dant activities by DPPH and FRAP) compared to endocarp and 
manually-produced bran flours. Carotenoids content were also 
higher in the peels flours. All produced flours showed expressive 
amounts of total non-extractable proanthocyanidins (NEPA). 
Buriti peels flours NEPA levels are among the highest values previ-
ously described in the literature. Blanching preserved the extract-
able polyphenols but not carotenoids or NEPA. Technological 
properties were influenced mainly by the size of the particles. Buriti 
by-products flours have potential to be used as sources of dietary 
fiber and natural antioxidants in food.

Octyl sinapate as a new antioxidant 
to improve oxidative stability 
and antioxidant activity of rapeseed oil 
during accelerated storage
Szydłowska-Czerniak, A. and D. Rabiej, Eur. Food Res. 
Technol. 244: 1397–1406, 2018, https://doi.org/10.1007/
s00217-018-3053-0.
 The effect of the addition of a novel lipophilic antioxidant—
octyl sinapate to refined rapeseed oil on its oxidative stability and 
antioxidant activity—was evaluated using the accelerated shelf-
life test. The oxidation processes of rapeseed oils without and with 
octyl sinapate were analyzed as amounts of primary (peroxide 
values, conjugated diene) and secondary (anisidine values, con-
jugated triene) oxidation products and total oxidation (TOTOX) 
index. The synthesized antioxidant strongly inhibited the gener-
ation of secondary oxidation products during accelerated stor-
age of rapeseed oil up to 4 weeks at 40 ± 1°C under light (power of 
luminous flux = 385 lm). Moreover, antioxidant activity of rape-
seed oil after enrichment with new antioxidant determined by four 
spectrophotometric methods: 2,2′-azino-bis-3-ethylbenzothiazo-
line-6-sulfonic acid, 2,2-diphenyl-1-picrylhydrazyl, ferric reduc-
ing antioxidant power, and Folin–Ciocolteu were about 14, 14, 7, 
and 27 times higher in comparison with the refined oil without 
octyl sinapate. Antioxidant activity of the enriched rapeseed oil was 
reduced by about 20–40% during the accelerated storage period, 
while significantly higher decrease (55–70%) in antioxidant capac-
ity of the refined rapeseed oil took place under these conditions. 
The addition of new lipophilic antioxidant to rapeseed oil effec-
tively delayed secondary lipid oxidation processes and significantly 
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increased its antioxidant activity under the accelerated conditions, 
which mimic the autoxidation process upon real storage conditions. 

An “omics” approach for lipid oxidation in 
foods: the case of free fatty acids in bulk 
purified olive oil
Paradiso, V.M., et al., Eur. J. Lipid Sci. Technol. 120: 1800102, 2018, 
https://doi.org/10.1002/ejlt.201800102.
 Monitoring or preventing oxidation processes in foods, par-
ticularly heterogeneous systems or highly oxidizable lipids, has 
become a primary issue. Traditional approaches often fail. At the 
same time, laboratory predictions of the efficacy of antioxidant 
molecules and technologies often fail in reality. A change in the 
traditional paradigm used to conceive oxidation processes and 
their monitoring could be key. In the present work, an “omics” 
approach is suggested for the evaluation of oxidation in food lipids 
and the role played by minor compounds. This holistic and com-
prehensive, hypothesis‐generating approach is applied to a typi-
cal research case: highly‐purified olive oil added with increasing 
amounts of purified free fatty acids (FFA). A comprehensive profile 
(“oxidome”) of oxidation products is outlined during the acceler-
ated oxidation. The pathways considered are FFA and triacyglyc-
erol oxidation, triacyglycerol polymerization, volatile compounds 
formation as well as their further oxidation. FFA affects the over-
all balance of the oxidation pathways and consequently causes a 
drift in the evolution of the pattern of oxidation products. The bal-
ance between accelerating activity of FFA toward triacylglycerol 
oxidation and their high susceptibility to undergo oxidation turns 
out to be dose‐dependent and time‐related, and shifts the result-
ing oxidation profile of the oil. The omics approach to oxidation 
products profiling provides new insight into oxidation processes. 
“Oxidomics” could be helpful to deepen the insight into unresolved 
issues of oxidation, going beyond the usual single‐ or few‐marker 
approach. 

Oleocanthalic acid, a chemical marker 
of olive oil aging and exposure to a high 
storage temperature with potential 
neuroprotective activity
Tsolakou, A., et al., J. Agric. Food Chem. 66: 7337–7346, 2018, 
https://doi.org/10.1021/acs.jafc.8b00561.
 The investigation of olive oils stored for a period of 24 months 
under appropriate conditions (25°C, dark place, and airtight con-
tainer) led to the identification of a new major phenolic ingredi-
ent, which was named oleocanthalic acid. The structure of the new 
compound was elucidated using one- and two-dimensional nuclear 
magnetic resonance in combination with tandem mass spectrome-
try. The new compound is an oxidation product of oleocanthal and 
is found in fresh oils in very low concentrations. The concentration 
of oleocanthalic acid increased with storage time, while the oleo-
canthal concentration decreased. A similar increase of the oleo-
canthalic acid/oleocanthal ratio was achieved after exposure of 
olive oil to 60°C for 14 days. Although the presence of an oxidized 
derivative of decarboxymethylated ligstroside aglycon had been 
reported, it is the first time that its structure is characterized. The 

isolated compound could induce the expression of amyloid-β major 
transport proteins as well as tight junctions expressed at the blood–
brain barrier, suggesting that oleocanthalic acid could be beneficial 
against Alzheimer’s disease

Medical/Pharmaceutical Applications
Targeting transient receptor potential 
vanilloid 1 (TRPV1) channel softly: the 
discovery of Passerini adducts as a topical 
treatment for inflammatory skin disorders
Serafini, M., et al., J. Med. Chem. 61: 4436–4455, 2018,  
https://doi.org/10.1021/acs.jmedchem.8b00109.
 Natural chemical diversity is a rich source of starting points for 
the development of new drugs. Usually, structural modification is 
needed to modulate the efficacy and potency of natural molecules, 
which also improves intellectual property rights. In this article, 
authors describe their conversion of a well-known natural product 
into new drug-like new molecules that are not very different from 
the original natural product. 
 Despite being an old molecule, capsaicin is still a hot topic in 
the scientific community, and the development of new capsaici-
noids is a promising pharmacological approach in the management 
of skin disorders related to inflammation and pruritus. Here we 
report the synthesis and the evaluation of capsaicin soft drugs that 
undergo deactivation by the hydrolyzing activity of skin esterases. 
The implanting of an ester group in the lipophilic moiety of cap-
saicinoids by the Passerini multicomponent reaction affords both 
agonists and antagonists that retain transient receptor potential 
vanilloid 1 channel (TRPV1) modulating activity and, at the same 
time, are susceptible to hydrolysis. The most promising antago-
nist identified shows in vivo anti-nociceptive activity on pruritus 
and hyperalgesia without producing hyperthermia, thus validating 
it as novel treatment for dermatological conditions that implicate 
TRPV1 channel dysfunction.

Natural stilbenoids have anti-inflammatory 
properties in vivo and down-regulate the 
production of inflammatory mediators 
NO, IL6, and MCP1 possibly in a PI3K/Akt-
dependent manner
Eräsalo, H., et al., J. Nat. Prod. 81: 1131–1142, 2018,  
https://doi.org/10.1021/acs.jnatprod.7b00384.
 Grapes and wine are sometimes claimed to have long-last-
ing health benefits without a concrete explanation of the biologi-
cal rationale. Reservatrol, a compound known to occur in grapes 
and wine, belongs to a stilbene class of compounds. Data related to 
these compounds supports the theory that grapes and wines impart 
health and wellness through anti-inflammatory pathways. 
 Stilbenoids are a group of polyphenolic compounds found 
in plants, trees, berries, and nuts. Stilbenoids have been shown 
to serve an antimicrobial and antifungal function in plants. 
There is also evidence that as a part of the human diet, stil-
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benoids play an important role as antioxidants and may have 
anti-inflammatory effects. The PI3K/Akt pathway is a well-char-
acterized signaling pathway controlling cellular functions 
involved in growth and cell cycle and in metabolism. There is 
also increasing evidence to show the involvement of this path-
way in the regulation of inflammatory responses. In the present 
study, an attempt was made to investigate the anti-inflammatory 
properties of the naturally occurring stilbenoids pinosylvin (1), 
monomethylpinosylvin (2), resveratrol (3), pterostilbene (4), 
piceatannol (5), and rhapontigenin (6). Glycosylated derivatives 
of piceatannol and rhapontigenin, namely, astringin (7) and 
rhaponticin (8), respectively, were also investigated. In addi-
tion to the natural stilbenoids, pinosylvin derivatives (9–13) 
were synthesized and subjected to the testing of their effects on 
the PI3K/Akt pathway in inflammatory conditions. The inves-
tigated natural stilbenoids (except the glycosylated derivatives) 
were found to down-regulate Akt phosphorylation, which is a 
well-acknowledged marker for PI3K activity. It was also found 
that all of the studied natural stilbenoids had anti-inflamma-
tory effects in vitro. The three most potent stilbenoids, piceat-
annol, pinosylvin, and pterostilbene, were selected for in vivo 
testing and were found to suppress inflammatory edema and to 
down-regulate the production of inflammatory mediators IL6 
and MCP1 in carrageenan-induced paw inflammation in mice. 
When compared to the commercial PI3K inhibitor LY294002, 
the anti-inflammatory effects appeared to be quite similar. The 
results reveal hitherto unknown anti-inflammatory effects of 
natural stilbenoids and suggest that those effects may be medi-
ated via inhibition of the PI3K/Akt pathway.

Ent-kaurane diterpenoids with 
neuroprotective properties from corn silk 
(Zea mays)
Qi, X.-Li, et al., J. Nat. Prod. 81: 1225–1234,  
https://doi.org/10.1021/acs.jnatprod.7b01017.
 What a useful finding: Start eating corn silk instead of throw-
ing it away. 
 Thirteen new ent-kaurane diterpenoids, stigmaydenes A–M 
(1-13), together with two known compounds (14, 15), were isolated 
from the crude extract of corn silk (Zea mays). The structures of 
the compounds were confirmed by comprehensive spectroscopic 
analyses. The absolute configuration of compound 1 was defined by 
single-crystal X-ray diffraction. The absolute configurations of the 
compounds were also confirmed by comparison of experimental 
and calculated specific rotations. The compounds were evaluated 
for their neuroprotective effects against H2O2-induced SH-SY5Y 
cell injury, and compound 8 was active at 100 μM, as determined 
by flow cytometry (annexin V-FITC/PI staining) and Hoechst 
33258 staining. The results suggested that compound 8 could pro-
tect neuronal cells from H2O2-induced injury by inhibiting apop-
tosis in SH-SY5Y cells.

Rational drug design of topically 
administered caspase 1 inhibitors for the 
treatment of inflammatory acne
Fournier, J.-F., et al., J. Med. Chem. 61: 4030–4051, 2018,  
https://doi.org/10.1021/acs.jmedchem.8b00067.
 The use of an interleukin β antibody is currently being inves-
tigated in the clinic for the treatment of acne, a dermatological dis-
order affecting 650M persons globally. Inhibiting the protease 
responsible for the cleavage of inactive pro-IL1β into active IL-1β, 
caspase-1, could be an alternative small molecule approach. This 
report describes the discovery of uracil 20, a potent (38 nM in THP1 
cells assay) caspase-1 inhibitor for the topical treatment of inflam-
matory acne. The uracil series was designed according to a published 
caspase-1 pharmacophore model involving a reactive warhead in P1 
for covalent reversible inhibition and an aryl moiety in P4 for selec-
tivity against the apoptotic caspases. Reversibility was assessed in an 
enzymatic dilution assay or by using different substrate concentra-
tions. In addition to classical structure–activity-relationship explora-
tion, topical administration challenges such as phototoxicity, organic 
and aqueous solubility, chemical stability in solution, and skin meta-
bolic stability are discussed and successfully resolved.

Novel flaxseed gum nanocomposites are 
slow-release iron supplements
Liang, S., et al., J. Agric. Food Chem. 66: 5167–5177, 2018,  
https://doi.org/10.1021/acs.jafc.8b01347.
 Nanocomposites, based on iron salts and soluble flaxseed gum 
(FG), were prepared as potential treatments of iron deficiency ane-
mia (IDA). FG was extracted, characterized, and formulated into 
iron-loading nanocomposites via ion-exchange against FeCl3, 
Fe2(SO4)3, FeCl2, and FeSO4·7H2O. FG-iron nanocomposites 
preparation condition was optimized, and physicochemical prop-
erties of the nanocomposites were investigated. In vitro release 
kinetics of iron in simulated gastric fluid (SGF) was also evalu-
ated. FG heteropolysaccharide, consisting of rhamnose (33.73%), 
arabinose (24.35%), xylose (14.23%), glucose (4.54%), and galac-
tose (23.15%) monosaccharides, linked together via varieties of 
glycosidic bonds, was a good recipient for both ferric and ferrous 
irons under screened conditions (i.e., 80 °C, 2 h, I/G = 1:2). Iron 
loaded contents in the nanocomposites prepared from FG-FeCl3, 
FG-Fe2(SO4)3, FG-FeCl2, and FG-FeSO4·7H2O were 25.51%, 
10.36%, 5.83%, and 22.83%, respectively. Iron in these nano-
composites was mostly in a bound state, especially in FG-FeCl3, 
due to chelation forming bonds between iron and polysaccharide 
hydroxyl or carboxyl groups and formed stable polysaccharide-iron 
crystal network structures. Free iron ions were effectively removed 
by ethanol treatments. Because of chelation, the nanocomposites 
delayed iron release in SGF and the release kinetics were consis-
tent with Korsmeyer-Peppas model. This indicates that such com-
plexes might reduce side effects of free iron in human stomach. 
Altogether, this study indicates that these synthetic FG-iron nano-
composites might be developed as novel iron supplements for iron 
deficiency, in which FG-FeCl3 is considered as the best option.
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