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Abstract: Phytosterols are functional ingredients with known efficacy and safety. Phytosterols are
found as free sterols or as their esters with fatty acids. Although phytosterol esters are soluble in oil
and have been used in many commercial foods, it has been difficult to similarly use free phytosterols
since they are insoluble in water and practically insoluble in oil. We have developed mayonnaise-type
dressing materials using free phytosterols since people who are conscious about cholesterol intake
are likely to be conscious about oil. In this review article, we summarized pieces of evidence for the
development of phytosterol-containing mayonnaise-type dressing materials.
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1. Introduction

Mayonnaise is made mainly of edible vegetable oil, egg yolk, and acetic acid. In Japan,
raw materials for mayonnaise production are strictly specified by the Japan Agricultural
Standard (JAS) [1]. Dressing materials made with raw materials not listed in the JAS
(such as semisolid dressings and creamy salad dressings) are commonly referred to as
“mayonnaise-type” dressing materials.

Since raw materials for mayonnaise production include egg yolk, people with hyperc-
holesterolemia tend to refrain from using mayonnaise in their diets [2]. Although the edible
vegetable oils in mayonnaise have been reported to reduce serum cholesterol levels [2,3],
cholesterol-containing foods with functional ingredients effective for lowering the serum
cholesterol levels help diversify food options for people with hypercholesterolemia.

Edible vegetable oil is a raw ingredient used in mayonnaise production. It accounts
for ~70% of mayonnaise, making mayonnaise a relatively high-energy food [2]. Reducing
energy intake is an important element of dietary instructions for people with hyperc-
holesterolemia. Therefore, we planned to develop low-energy mayonnaise-type dressing
materials containing functional ingredients to lower serum cholesterol levels.

Functional ingredients known to reduce serum cholesterol levels include dietary fiber,
chitosan, low-molecular-weight alginic acid, catechin, soybean proteins, egg white proteins,
and phytosterols [4–13].

Given that the adequate daily intake of mayonnaise is low (15 g), phytosterols were
selected as functional ingredients since they are effective at lower doses than other serum
cholesterol-lowering functional ingredients.

Phytosterols are found as free sterols or their esters with fatty acids [14,15]. Regardless
of the form in which a phytosterol is ingested, the free form is responsible for the serum
cholesterol-lowering effect [14,15]. Therefore, we adopted free sterols that are smaller in
molecular weight and require smaller amounts to exert the effect.

Phytosterols are attractive, functional ingredients for preventing arteriosclerotic dis-
eases since they reduce serum total cholesterol and LDL-cholesterol levels. In this review
article, we summarize findings relevant to the development of phytosterol-containing
mayonnaise-type dressing materials.
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2. Phytosterols

Phytosterols are structurally similar to cholesterol and constitute plant cell mem-
branes [16]. Various phytosterols are found in nature, especially in seeds, major examples
of which include β-sitosterol, campesterol, stigmasterol, and brassicasterol [17]. Structures
of these phytosterols are shown in Figure 1.

Figure 1. Structure of phytosterols.

3. Consumption of Phytosterols

Since phytosterols constitute plant cell membranes and are thus contained in most
plant foods, humans routinely ingest phytosterols as constituents of plant foods, such as
vegetables, grains, fruits, and vegetable oils. Phytosterols are particularly abundant in
vegetable oils, cacao beans, peanuts, and broccoli [18].

Daily intake amounts of phytosterols in Japanese have been reported to be 400 mg by
Nakashima et al. through a survey of university cafeterias [19] and 0.373 g by Hirai et al. [20].
The daily intake of phytosterols in children aged 6–12 years was 137 ± 65 mg according to
a survey by Ishinaga et al. [21].

The following values have been described in reports from other countries. Nair
et al. surveyed the suburbs of Los Angeles and reported that daily intake amounts of
phytosterols in the general public and lacto-ovo vegetarian populations were 0.078 g and
0.344 g, respectively [22]. Morton et al. have reported that the phytosterol intake in British
people was 0.158 g [23]. The mean daily intake of phytosterols in Dutch people was
0.289 g [24].

Furthermore, as described previously, humans worldwide have a history of daily
exposure to phytosterols as constituents of plant foods since ancient times. They are thus
considered to have a sufficient eating experience.

4. Safety of Phytosterols

Phytosterol safety studies focusing on acute toxicity, subacute toxicity, chronic toxicity,
mutagenicity, and reproductive toxicity have shown no toxic aberrance [25–31]. No serious
adverse reactions were found in healthy individuals, postmenopausal women, and infants
with familial hypercholesterolemia after phytosterols ingestion [31–35].

Phytosterols reduce blood levels of some fat-soluble vitamins within the normal ranges
and thus have no major effects on serum levels of fat-soluble vitamins [34–37]. In addition,
phytosterols had no effects on levels of fat-soluble vitamins in the blood [14,32,33,38,39].
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In healthy humans, phytosterol ingestion increases serum β-sitosterol levels only
slightly. The concentration of β-sitosterol in human blood has been reported to be less than
1 mg/dL [40], which did not change after phytosterol-containing mayonnaise-type dressing
materials were ingested [14,33]. The concentration was markedly lower (~1/100) than the
serum β-sitosterol level in patients with β-sitosterolemia, which causes pathological symp-
toms [41]. Phytosterols are highly safe since they are hardly absorbed by the body [42–44].
Even if phytosterols are absorbed by the body from the small intestine and migrate into the
blood, phytosterols are considered safe in normal humans since they are discharged from
the body [45]. These data indicate that phytosterols are highly safe materials.

Moreover, phytosterols are recognized as safe. They are listed as existing food addi-
tives in Japan, and fatty acid esters of phytosterols are certified as generally recognized as
safe substances in the United States.

5. Serum Cholesterol-Lowering Effect of Phytosterols

After SD rats ingested β-sitosterol, a phytosterol, along with cholesterol, the total
serum cholesterol and liver cholesterol levels decreased [46]. In male CD-1 mice fed with a
diet containing 1% β-sitosterol for 15 days, the liver cholesterol level decreased significantly
compared with controls. No significant differences in the serum total cholesterol level were
observed. In addition, although the fecal sterol excretion increased, bile acid excretion
significantly decreased [47].

Golden Syrian hamsters fed with a diet containing 0.25% cholesterol and 0.01%, 0.2%,
or 1% phytosterols for 45 days, and those receiving ≥0.2% phytosterols showed significant
decreases in the serum and liver cholesterol levels [48].

In rats that underwent thoracic duct cannulation, administration of β-sitosterol along
with cholesterol significantly reduced the amount of cholesterol recovered in the lymph [49].
When phytosterols (a mixture of β-sitosterol, campesterol, stigmasterol, and brassicast-
erol) were administered with cholesterol to Wistar rats, serum and liver cholesterol levels
decreased, and the fecal excretion of neutral sterols increased [50].

Ooyama et al. investigated the effects of phytosterols on postprandial serum lipid lev-
els in healthy Japanese individuals who received chicken eggs and phytosterol-containing
edible oil. The results showed that phytosterol-containing edible oil suppressed the increase
in postprandial RLP-C levels [51].

The data described in these reports have revealed that inhibition of cholesterol ab-
sorption from the small intestine underlies the serum total cholesterol-lowering effect
of phytosterols.

6. Mechanisms Underlying Cholesterol Absorption Inhibition by Phytosterols

Complex mechanisms underpin digestion/absorption of cholesterol. Dietary choles-
terol is found as free cholesterol or a cholesterol ester with a fatty acid. A cholesterol ester
is hydrolyzed to free cholesterol and fatty acid in the small intestine lumen by the action of
cholesterol esterase secreted by the pancreas. Hydrolyzed cholesterol forms micelles with
bile acids, phospholipids, and fatty acids. The micelles enter a water layer that does not
mix with the small intestine contents and is located adjacent to the microvillus membrane
(unstirred water layer). In this layer, micelles release cholesterol molecules as monomers,
which are taken up via simple diffusion according to a cholesterol concentration gradient
across the microvillus membrane. Cholesterol molecules that are taken up by the cells
are reconverted to esters with fatty acids by acyl-CoA cholesterol acyltransferase (ACAT).
The resulting cholesterol esters are incorporated into chylomicrons and released into the
lymph [16] (Figure 2).



Foods 2022, 11, 1141 4 of 13

Figure 2. Mechanism for inhibition of cholesterol absorption of phytosterols [16].

Phytosterols inhibit cholesterol absorption through a series of steps, as summarized
below. Possible steps responsible for the inhibition are as follows [16]. Figure 1 shows the
mechanism by which phytosterols inhibit the absorption of cholesterol.

1. Phytosterols compete against cholesterol in micelle formation, resulting in inhibition.
2. Phytosterols bind to and inhibit the cholesterol receptor essential for the cholesterol

uptake across the microvillus membrane.
3. Phytosterols inhibit the intracellular esterification of cholesterol.

First, β-sitosterol, a phytosterol, has been reported to form micelles just as cholesterol
does. Since only a limited amount of sterols is dissolved in micelles, the coexistence
of cholesterol and β-sitosterol in the lumen of the small intestine results in a relative
decrease in the cholesterol solubility in the micelle [42,49,52]. Furthermore, β-sitosterol is
hardly absorbed from the small intestine [42,43] and is retained in micelles and emulsions.
As a consequence, cholesterol solubility in micelles is reduced. This contributes to the
decreased cholesterol absorption since cholesterol solubilization in micelles is essential for
its absorption. Moreover, in rats fed with a diet containing cholesterol alone and those fed
with a diet containing cholesterol and β-sitosterol, β-sitosterol decreased the cholesterol
solubility in micelles, the cellular cholesterol uptake via the microvillus membrane in
the small intestine [16,52], and the cholesterol recovery in the lymph by practically the
same percentages [16,49]. These results demonstrate that phytosterols inhibit cholesterol
absorption during cholesterol incorporation into micelles.

Second, β-sitosterol does not specifically bind to the microvillus membrane and does
not competitively inhibit cholesterol absorption [16,49]. Third, β-sitosterol has no inhibitory
effect on cholesterol esterification in mucosal cells of the small intestine [16,49].

Therefore, phytosterols inhibit cholesterol absorption by reducing the cholesterol
solubility in micelles, lowering the serum cholesterol level.
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In addition to inhibiting cholesterol absorption by phytosterols, recent findings have
indicated that small amounts of phytosterols are absorbed and reach the liver. Plant sterols
that reach the liver promote cholesterol’s catabolism into bile acids and excretion into bile
by activating the Liver X receptor, α-CYP7A1 pathway [53]. Phytosterols reduced hepatic
cholesterol level [15]. These effects reduce serum LDL cholesterol levels by reducing the
hepatic cholesterol pool and the excretion of cholesterol into the blood by VLDL from the
liver [54].

7. Minimum Effective Dose of Phytosterols

Pelletier et al. conducted a crossover study on 12 healthy individuals [53]. The
participants ingested a butter preparation containing 740-mg/day phytosterols and a butter
preparation containing no phytosterols every day for 4 weeks. When phytosterols were
ingested, the total serum cholesterol and LDL-cholesterol levels were significantly lower
than those when phytosterols were not ingested [55].

Sierksma et al. and Hendriks et al. tested the ingestion of 0.8- and 0.83-g/day
phytosterols, respectively, and found significant decreases in the serum total cholesterol
level [37,56]. Meanwhile, Miettnen et al. reported no significant difference between 0.63
and 0.65-g/day β-sitosterol and control mayonnaise [57].

Matsuoka et al. studied the minimum effective dose of phytosterols on serum choles-
terol levels in Japanese participants. The results showed that the minimum effective daily
dose of phytosterols for the serum cholesterol-lowering effect was likely to be 800 mg
(Figure 3) [14]. In an extensive literature survey including nearly 70 articles on the phytos-
terol intake and serum cholesterol levels, Saito et al. concluded that the adequate intake of
phytosterols was ≥800 mg [58].

Figure 3. Minimal effective dose of phytosterol-containing mayonnaise-type dressing material in
subjects. The subjects fed mayonnaise containing 0–2400 mg of plant sterol for four weeks. Mean ± SE.
of 7–9 subjects [14].
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These studies have shown that the adequate intake of phytosterols for serum cholesterol-
lowering effect is ≥800 mg per day.

8. Free Phytosterol-Containing Mayonnaise-Type Dressing Materials

People who are conscious about cholesterol in mayonnaise are often conscious about
the oil present in mayonnaise. The phytosterol-containing mayonnaise-type dressing
materials reported previously contained the same amount of oil as usual mayonnaise.
Recently, low-energy mayonnaise-type dressing materials supplemented with fatty acid-
free free phytosterols have been studied. First, to supplement a low-energy mayonnaise-
type dressing material with phytosterols, phytosterols are required to form a complex with
egg yolk. This phytosterol–egg yolk lipoprotein complex has been reported to reduce the
serum and liver cholesterol level (Figure 4) [15]. Second, mayonnaise ingredients have been
confirmed to have no negative effects on the cholesterol-lowering effect of phytosterols [50].

Figure 4. Cholesterol-lowering action of phytosterol egg yolk-lipoprotein complex in rat. Mean ± SE
of six rats. Different letters shown significant difference (p < 0.05). PS, phytosterols; PSY, phytosterol
egg yolk-lipoprotein complex [15].

Table 1 shows the analytical composition of phytosterol-containing mayonnaise-
type dressing

Table 1. Analytical composition of phytosterol-containing mayonnaise-type dressing *.

Energy (kcal) 48
Protein (g) 0.3

Fat # (g) 4.9
Carbohydrate (g) 0.5

Sodium (mg) 165
Cholesterol (mg) 22
Plant sterol (mg) 885

*: Values are per 15 g of mayonnaise. #: include plant sterols.

9. Safety of Phytosterol-Containing Mayonnaise-Type Dressing Materials

Twenty-three healthy men ingested 15 g of a phytosterol-containing mayonnaise-
type dressing material (phytosterols 800 mg) daily for 12 weeks. Compared with the
pre-ingestion values, the leukocyte count and LDH (lactate dehydrogenase) increased
significantly statistically. The platelet count and HbA1C level decreased significantly
statistically. However, all observed changes were within the respective normal ranges.
General laboratory test values did not change significantly while the subjects ingested the
phytosterol-containing mayonnaise-type dressing material. No significant changes were
observed in serum vitamin A, 25(OH)-vitamin D, and vitamin K1 levels. The serum α-
tocopherol level decreased significantly compared with the pre-ingestion level but remained
normal in all subjects. Moreover, the serum β-sitosterol level increased significantly but
was less than 1 mg/dL in all subjects [33].
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Ten healthy men and five healthy women ingested 45-g/day phytosterol-containing
mayonnaise-type dressing material (phytosterol 2400 mg), equivalent to three times the
adequate daily intake, every day for four weeks, and their blood samples were collected
before and after the ingestion period. The blood test results showed no significant changes
in serum vitamin A and vitamin E levels. The serum β-sitosterol level showed a statistically
significant increase but remained normal for all subjects. Phytosterols showed no effects
on hepatic and renal function indicators and hematological test results. Furthermore, no
changes in weight, body fat percentage, and blood pressure were observed [14].

High serum β-sitosterol levels are a risk factor for coronary artery diseases. The
elevated serum β-sitosterol levels were seen in some subjects in the phytosterol-containing
mayonnaise-type dressing material ingestion study. Meanwhile, there are some conflicting
reports on this matter, and details remain to be clarified. Therefore, we will continue to
monitor the relationship between the serum phytosterol level and coronary artery diseases
and conduct studies if necessary.

In summary, these findings indicate that phytosterol-containing mayonnaise-type
dressing materials are a highly safe food.

10. Efficacy of Phytosterol-Containing Mayonnaise-Type Dressing Materials

In Japanese men with mild hypercholesterolemia, effects of daily ingestion of a 15-g
low-energy mayonnaise-type dressing material supplemented with 800-mg phytosterols
for 12 weeks were compared with those of a mayonnaise-type dressing material containing
no phytosterols. The serum total and LDL-cholesterol levels in the phytosterol-containing
mayonnaise-type dressing material group were significantly lower than those in the control
mayonnaise-type dressing material group. Moreover, the serum total and LDL-cholesterol
levels after ingestion of the phytosterol-containing mayonnaise-type dressing material were
decreased by 4.3% and 9.2%, respectively, compared with the pre-ingestion levels [33].

Effects of the phytosterol-containing mayonnaise-type dressing material (phytosterols
885 mg) were compared with those of a control mayonnaise-type dressing material sup-
plemented with no phytosterols in 61 Japanese men who ingested these materials for
12 weeks. In subjects whose serum total cholesterol and LDL-cholesterol levels were ≥200
and ≥120 mg/dL, respectively. The serum total cholesterol levels at weeks 4, 8, and 12 and
the serum LDL-cholesterol and ApoB levels at weeks 8 and 12 in the phytosterol-containing
mayonnaise-type dressing material group were significantly lower than the pre-ingestion
levels or values at the corresponding time points in the control mayonnaise-type dressing
material group. Moreover, the serum total and LDL-cholesterol levels after ingestion of
the phytosterol-containing mayonnaise-type dressing material were decreased by ~5% and
7–11%, respectively, compared with the pre-ingestion levels [59].

For the serum lipid measurements in subjects whose serum total cholesterol and LDL-
cholesterol levels were ≥200 and ≥120 mg/dL, respectively, analysis of covariance was
conducted using the initial value of each parameter as a covariate. The result revealed
that the serum total cholesterol levels at weeks 4, 8, and 12 and the serum LDL-cholesterol
and ApoB levels at weeks 8 and 12 in the phytosterol-containing mayonnaise-type dress-
ing material group were significantly lower than the pre-ingestion levels or values at
the corresponding time points in the control mayonnaise-type dressing material group
(Table 2) [59].

Effects of the phytosterol-containing mayonnaise-type dressing material (phytosterols
885 mg) were compared with those of a control mayonnaise-type dressing material con-
taining no phytosterols in 60 Japanese men and women who ingested these materials for
12 weeks. The total serum cholesterol, LDL-cholesterol, and ApoB levels at 4 and more
weeks of ingestion of the phytosterol-containing mayonnaise-type dressing material were
significantly lower than the values after ingestion of the control mayonnaise-type dressing
material [60].
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Table 2. Effects of phytosterol-containing mayonnaise-type dressing material on the normo-
and mildly hypercholesterolemia (serum total cholesterol ≥ 200 mg/dL, and LDL-cholesterol
≥ 120 mg/dL).

Group
Week Statistical +2 Week

0 4 8 12 Significance a (14 Week)

TC
(mg/dL)

PS (−) 247 ± 6 250 ± 6 246 ± 5 259 ± 7 NS 243 ± 5 †

PS (+) 244 ± 7 232 ± 7 *,# 229 ± 5 *,# 230 ± 6 *,# p = 0.009 223 ± 5 #

LDL-C
(mg/dL)

PS (−) 159 ± 5 157 ± 6 154 ± 5 164 ± 7 NS 151 ± 6 †

PS (+) 156 ± 5 145 ± 5 * 138 ± 4 *,# 145 ± 4 *,# p < 0.001 139 ± 4

Apo B
(mg/dL)

PS (−) 127 ± 4 121 ± 4 123 ± 4 127 ± 5 NS 119 ± 4 †

PS (+) 121 ± 4 111 ± 4 * 111 ± 3 *,# 111 ± 4 *,# p < 0.001 107 ± 3

TC, total cholesterol; LDL-C, LDL-cholesterol; ApoB, apolipoprotein B; PS, plant sterol. a Statistical significance by
ANCOVA vs. 0 Week at p < 0.05. NS, not significant. Mean ± SE. of PS (−) group, n = 24; PS (+) group, n = 26.
# Statistical significance by ANCOVA vs. PS (−) group at p < 0.05. * Statistical significance by ANCOVA and
Dunnett test vs. 0 week at p < 0.05. † Statistical significance by Paired t-test vs. 12 week at p < 0.05.

The decreases in serum total and LDL-cholesterol levels observed after daily ingestion
of 15-g mayonnaise-type dressing material containing 885-mg phytosterols described above
have raised hopes of preventing coronary artery disorders with long-term ingestion of the
phytosterol-containing mayonnaise-type dressing material.

11. Discussion

To summarize the results described in this review, free phytosterols, even as compo-
nents of low-energy mayonnaise-type dressing materials, reduce the total serum cholesterol
and LDL-cholesterol levels in people with elevated serum cholesterol levels.

Table 3 summarizes the evidence of phytosterols containing mayonnaise-type dress-
ings (tested in groups of at least 10 people).

Ishizaki et al. have reported that phytosterol esters blended in regular mayonnaise
(equivalent to 884-mg free phytosterols/15 g) also reduced total serum cholesterol and
LDL-cholesterol levels [61]. Sato et al. have reported similar results with a low-energy
mayonnaise-type dressing material containing phytosterol esters [62]. In addition, phytos-
terols at 400 mg per day combined with diacylglycerol and a mayonnaise-type dressing ma-
terial containing these ingredients reduce total serum total cholesterol and LDL-cholesterol
levels [63,64].

These results indicate that the effects of phytosterols to reduce total serum cholesterol
and LDL-cholesterol levels are retained by those blended in mayonnaise or a low-energy
mayonnaise-type dressing material. Furthermore, mayonnaise ingredients have been
confirmed not to interfere with the effects of phytosterols (albeit in animal experiments) [50].

Table 3. Effects of plant sterol containing mayonnaise-type dressing on serum total and LDL-
cholesterol levels in human.

Study Subjects Test Mayonnaise Design
Period

Main Outcome
(Change% vs. before Intake)

Ishizaki, T.
(2003) [61]

Normo and Mildly
hypercholesterolemia
(PSE: n = 26, placebo:
n = 29)

Mayonnaise1-type dressing
(PSE: 884 mg/15 g as
free PS)

RCT
12 weeks TC: −4.6%, LDL-C: −5.6%

Saito, S.
(2006) [63]

Normo and Mildly
hypercholesterolemia
(n = 16–17)

Diacylglycerol based
mayonnaise-type drsssing
(Free PS: 0–500 mg/15 g)

RCT
4 weeks

300 mg: TC: −6.0%,
LDL-C: −12.1%
400 mg: TC: −7.1%,
LDL-C: −11.0%
500 mg: TC: −8.7%,
LDL-C: −14.4%
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Table 3. Cont.

Study Subjects Test Mayonnaise Design
Period

Main Outcome
(Change% vs. before Intake)

Meguro, S.
(2001) [64]

Normo and Mildly
hypercholesterolemia
(n = 12)

Diacylglycerol or
triacylglycerol based
mayonnaise-type dressing
(Free PS: 500 mg/15 g)

Crossover
4 weeks

Triacylglycerol oil base
TC, LDL-C: No change
Diacylglycerol oil base
TC: −4.6%, LDL-C: −8.1%

Matsuoka, R.
(2004) [33]

Normo and Mildly
hypercholesterolemia
(Free-PS: n = 23, placebo:
n = 23)

Low-energy
Mayonnaise-type dressing
(Free PS: 823 mg/15 g)

RCT
12 weeks TC: −4.3%, LDL-C: −9.2%

Matsuoka, R.
(2005) [59]

Normo and Mildly
hypercholesterolemia
(Free-PS: n = 30, placebo:
n = 31)

Low-energy
Mayonnaise-type dressing
(Free PS: 885 mg/15 g)

RCT
12 weeks

Total subjcts:
TC: −3.4%, LDL-C: −4.7%
Mildly hypercholesterolemia:
TC: −5.0%, LDL-C: −7.8%

Takeda, S.
(2008) [60]

Normo and Mildly
hypercholesterolemia
(Free PS: n = 27, placebo:
n = 27)

Low-energy
Mayonnaise-type dressing
(Free PS: 885 mg/15 g)

RCT
12 weeks TC: −5.1%, LDL-C: −5.2%

Sato, H.
(2010) [62]

Normo and Mildly
hypercholesterolemia
(PSE: n = 45, placebo:
n = 35)

Low-energy
Mayonnaise-type dressing
(PSE: 884 mg/15 g
as free PS)

RCT
12 weeks TC: −5.7%, LDL-C: −6.5%

TC, total cholesterol; LDL-C, LDL-cholesterol; RCT, randomized controlled study; PS, plant sterols; PSE, plant
sterol esters.

Aside from mayonnaise, phytosterols are also used in various other foods. In particular,
margarine, cooking oil, yogurt, soy milk, low-fat milk, juice, milk tea, and dressings
supplemented with phytosterols reduce the total serum cholesterol and LDL-cholesterol
levels [36,39,48,51,55,65–75]. Phytosterols can be blended in foods in a limited variety of
forms since they are insoluble in water and practically insoluble in oil. However, the data
suggest that the effects of plant sterols are not affected substantially by foods that can be
supplemented with phytosterols.

In addition to the eating experience of phytosterols, the distribution of many phytosterol-
containing foods for more than 20 years had no reports raising safety concerns supports the
safety of phytosterols. Furthermore, phytosterols can be used reliably to reduce total serum
cholesterol and LDL-cholesterol levels since their mechanisms of action and metabolism
have been demonstrated [16,45,52].

Elevation of the serum LDL-cholesterol level is a risk factor for atherosclerotic diseases,
such as myocardial infarction and cerebral infarction. Since cerebral infarction can cause
paralysis and shorten healthy life expectancy, counteracting the elevation of the serum
LDL-cholesterol level is also important for preventing these diseases.

Although this review article concerns mayonnaise-type dressing materials supple-
mented with phytosterols, mayonnaise is a dressing for vegetable salads in the first place.
Vegetables contain many substances that reduce serum cholesterol levels such as dietary
fiber (as do phytosterols) [4,5]. Aside from dietary fiber, many other serum cholesterol-
lowering materials have been reported, including chitosan, low-molecular-weight alginic
acid, catechin, soybean proteins, and egg white proteins [6–13]. Thus, the combined use
of phytosterols with these ingredients may be a useful dietary means for preventing ar-
teriosclerotic diseases. In consistent, several recent studies have also reported the blood
cholesterol-lowering effects of phytosterols [76–82]. In addition, the anti-inflammatory and
anti-diabetic effects of phytosterols further contribute to the prevention of cardiovascular
disease [83–85]. Processed foods, such as mayonnaise-type dressing, which contain phytos-
terols and are significant and popular, are described in this review. We expect to develop
the research further on phytosterols and new products using phytosterols in the future.



Foods 2022, 11, 1141 10 of 13

12. Conclusions

Phytosterol-containing mayonnaise has been proven to be safe and effective in re-
ducing total serum cholesterol and LDL-cholesterol levels in people with elevated serum
cholesterol levels, thereby contributing to the prevention of arteriosclerotic diseases and
living a healthier life.
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