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Multivitamins GGG 242 (14.89%)
Vitamin D 1 617 (38.0%)
Vitamin C [ 149 (9.2%)
Probiotics [N 1015 (62.5%)
Omega-3 fatty acids | 318 (19.6%)

Minerals [ 94 (5.8%)

Immune system supplements [N 601 (37.0%)

| have not given any supplements | 199 (12.2%)
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Gastrointestinal problems and intestinal infections [N 417 (25.7%)
Colds and respiratory infections | 1330 (82.5%)
Suspected or confirmed COVID-19 infection [ 51 (3.1%)
Predisposition to allergic respiratory reactions [l 94 (5.8%)
Skin problems (eczema, atopic dermatitis, rash, urticaria, etc.) |G 365 (22.5%)
Fractures, injuries || 16 (1.0%)
Other | 16(1.0%)

No health problems [ 152 (9.35%)
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Antibiotics I —— 908 (55.9%)
Antiparasitic drugs [l 26 (1.6%)
Antihistamines NG 331 (23.4%)
Corticosteroids for local use NG 365 (22.5%)
Corticosteroids for systemic use [l 62 (3.8%)
Local respiratory medications NG 512 (31.5%)
Antipyretics, analgesics, and anti-inflammatory drugs NG 1051 (64.7%)
Cough syrups NN 556 (34.2%)
Others | 6(0.4%)

| have not given any medications NG 360 (22.1%)
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Variable Frequency (n) Percentage (%)

Age (years)

18-24 636 48.8
25-39 353 27.0
40-59 272 20.8
>60 45 34
Gender

Male 401 30.7
Female 905 69.3

Marital status

Single 768 58.8
Married 501 384
Divorced 26 ‘ 20
Widowed 11 0.8

Educational level

Less than high school 38 29
High school 398 305
University 7 742 56.8
Postgraduate 128 ‘ 9.8

Work status

Student 553 423
Employed 389 29.8
Unemployed 213 16.3
Retired 90 6.9
Business/trading 61 47

Income, Saudi riyals per month (US dollars)

No income 236 18.1
<2,000 (<533 USD) 387 29.6
2,000-4,000 (533- 1066 USD) 149 114
4,001-7,000 (1067-1865 USD) 102 7.8
7,001-10,000 (1866- 2664 USD) 91 7.0
>10,000 (>2665 USD) 341 26.1

Field of study

Medical 251 192
Scientific 597 45.7
Literature 351 269
No specific field 107 82

History of chronic diseases

No 1,062 81.3
Yes 244 18.7
Physical activity *

Fairly inactive 553 423
Moderately active 448 34.3
Very active ‘ 305 234
Smoking

No 1,108 84.8
Yes | 144 11.0
Ex-smoker ‘ 54 4.1

BMI (n=1,294) ©

Underweight 128 9.9

Normal 573 443
Overweight 353 273
Obese 240 185

Source of dietary information

Family members 300 23.0
Friends/peers/colleagues 583 44.7
Books/magazines 406 311
Internet/website 70 54
Media (TV, radio) ‘ 585 7 448
Social media 114 8.8
Healthcare professionals 293 225
Organizations 536 41.1

“Fairly inactive (walking only); moderately active (occasionally take exercise, that rise heart
rate, less than 3 times per week); very active (regularly take exercise, that rise heart rate, less
than 3 times per week or more)
PCalculated based on self-reported weight and height.
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A. Knowledge level

Low Moderate High
Correct answer (<50th (50-75th (>75th
Question percentile) percentile) percentile)
n (%) ‘ n (%) n (%) n (%)
Q1 What are probiotics? 965 (73.9)
Q What are prebiotics? 747 (57.2)
Q3 Which ?f the following foods may be a natural source 1024 (784) 23 (155) 613 (465) 190 375)
of probiotics?
Q4 Which of the following foods may be a natural source 4581668
of prebiotics?
B. Awareness level
Are you aware of the concept of pro/prebiotics? 677 (51.8%) 343 (26.3%) 286 (21.9%)

n (%): Data are presented as number and percentage.
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Level of probiotic and prebiotic knowledge

Low Moderate High
203 (15.5%)* 613 (46.9%)* 490 (37.5%)*
Age (years)
18-24 (n=636) 125 (19.7) ‘ 302 (47.4) 209 (32.9)
25-39 (n=353) 43 (122) ‘ 156 (44.2) 154 (43.6)
0.001
40-59 (n=272) 31 (114) 132 (48.5) 109 (40.1)
260 (n=45) 4(89) 23 (51.1) 18 (40.0)
Gender
Male (n=401) 74 (18.5) 188 (46.8) 139 (34.7)
0.110
Female (1=905) 129 (14.3) 425 (46.9) 351 (38.8)
Marital status
Single (n=768) 144 (18.8) 358 (46.6) 266 (34.6)
Married (n=501) 56 (11.2) 242 (48.3) 203 (40.5)
0.002
Divorced (n=26) 2077 9 (34.6) 15 (57.7)
Widowed (n=11) 1(9.1) 4(36.4) 6 (54.5)
Educational level
Less than high school (1=38) 5(132) 18 (47.3) 15 (39.5)
High school (n=398) 74 (18.6) 200 (50.2) 124 (31.2)
0.005
University (n=742) 115 (15.5) 338 (45.6) 289 (38.9)
Postgraduate (n=128) 9 (7.0) 57 (445) 62 (48.5)
Work status
Student (1=553) 101 (18.3) 272 (49.2) 180 (32.5)
Employed (n=389) 57 (14.7) 169 (43.4) 163 (41.9)
Unemployed (n=213) 30 (14.1) 90 (42.3) 93 (43.6) 0.017
Retired (n=90) 8(8.9) 49 (54.4) 33 (36.7)
Business/trading (n=61) 7 (11.5) 33 (54.1) 21 (34.4)
Income, Saudi riyals per month (US dollars)
No income (n=236) 40 (16.9) 123 (522) 73 (30.9)
<2,000 (<533 USD) (n=387) 72 (18.6) 176 (45.5) 139 (35.9)
2,000-4,000 (533- 1066 USD) (n=149) 23 (154) 62 (41.6) 64 (43.0)
0.088
4,001-7,000 (1067-1865 USD) (n=102) 19 (18.6) 44 (432) 39 (38.2)
7,001-10,000 (1866- 2664 USD) (n=91) 11 (12.1) 42 (46.1) 38 (41.8)
>10,000 (2665 USD) (n=341) 38 (11.1) 166 (48.7) 137 (40.2)
Field of study
Medical (n=251) 17 (6.8) 90 (35.9) 144 (57.3)
Scientific (#=597) 104 (17.4) 280 (46.9) 213 (35.7)
<0.001
Literature (n=351) 62 (17.7) 179 (51.0) 110 (31.3)
No specific field (7=107) 20 (18.7) 64 (59.8) 23 (21.5)
History of chronic diseases
No (n=1,062) 173 (16.3) 508 (47.8) 381 (35.9)
0.029
Yes (n=224) 30 (12.3) 105 (43.0) 109 (44.7)
Smoking
No (1=1,108) 170 (15.3) 518 (46.8) 420 (37.9)
Yes (n=144) 22 (15.3) 75 (52.1) 47 (32.6) 0.390
Ex-smoker (n=54) 11 (20.4) 20 (37.0) 23 (42.6)
BMI (n=1,294)
Underweight (n=128) 25 (19.5) 61 (47.7) 42 (32.8)
Normal (n=573) 101 (17.6) 265 (46.3) 207 (36.1)
0.293
Overweight (n=353) 44 (12.5) 168 (47.6) 141 (39.9)
Obese (n=240) 33 (13.8) 114 (47.4) 93 (38.8)

* 1 (%): Data are presented as number and percentage. ' p values were calculated using chi-square tests between the selected variables.
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Mediation effect= 0.004

p-value=0.020 Mediation effect= 0.003

p-value=0.004

Proportion mediated = 12.50%
p-value =0.020

Proportion mediated = 15.40%
p-value =0.014

Direct effect=-0.027 Direct effect=-0.019
p-value <0.001 p-value <0.001

Mediation effect= 0.006
p-value=0.006

Proportion mediated = 30.61%
p-value =0.006

Direct effect=-0.013
p-value =0.005
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Microorganism

category

Lactic acid bacteria

Bacillus

Yeast

Three types of
mixed bacteria

Microorganism
name

Lactobacillus casei,
Enterococcus faecalis
Pediococcus
Bifidobacterium animalis,

Lactobacillus acidophilus,
Lactobacillus casei

Lactobacillus reuteri,

Lactobacillus fermentum,
Lactobacillus casei

Enterococcus faecalis

Bacillus amyloliquefaciens

Bacillus licheniformis

Bacillus amyloliquefaciens

Bacillus coagulans

Bacillus-Complex Probiotics

Bacillus subtilis

Rhodotorula mucilaginosa

Saccharomyces cerevisiae

Saccharomyces cerevisiae

Enterococcus faecium,
Bacillus subtilis,

Saccharomyces cerevisiae,
and Lactobacillus paracasei

Treatment

Oral gavage (Lactobacillus casei: Enterococcus
faecalis = 3:1, 1x10° CFU/mL) to piglets on
day 1 (1 mL), day 7 (2 mL), day 14 (3 mL),
and day 21 (4 mL)

Piglets were gavaged continuously with
probiotics 1 mL (1x10° CFU/mL) from 7
days after birth to day 21

28 prematurely born piglets were fed 5 x 10°
CFU/3 mL of breast milk supplemented with
the probiotic combination until weaning

Feeding piglets at 7.74 + 0.4 to 8.4 % 0.5 log
(CFU/g) until weaning

Piglets weaned at 26 days of age were fed
basal diet supplemented with Enterococcus
faecalis (2.5 x10° CFU/g of feed) for 28 days

Gavage of piglets for 15 consecutive days
from birth (1 x 10° CFU/mL/day)

Piglets were fed Bacillus licheniformis (5x10°~
1x10° CFU/g) for 28 consecutive days
from birth

Feed containing 2x10° CFU/g Bacillus
amyloliquefaciens was fed to piglets for 28
consecutive days

Feed containing Bacillus coagulans of feed
(4.8x10° CFU/g) was fed to piglets for
26 days

For piglets 0-21 days, add probiotic complex
(>1.0 x 10'* CFU/g) to feed at 0.1% (1x10°
CFU/g), 0.2% (2x10° CFU/g), and 0.3%
(3x10° CFU/g)

Weaning pigs basal diet supplemented with
4x10° CFU/g feed of B. subtilis KN-42

Oral administration of 1x10'* CFU/mL/day
to piglets for four consecutive weeks
from birth

Piglets are fed yeast (0.05% in phase 1,
0.025% in phase 2, and 0% in phase 3)
continuously for 24 days from birth

to weaning

Weaning pigs basal diet supplemented with
live yeast (12.9x10” CFU/g of feed)
Saccharomyces cerevisiae for 21 days

Piglets weaned at 28 days of age were fed the
basal diet mixed with the probiotics (>1x10®

CFU/g for each strain) for 21 days

Host health influence

Reduction of intestinal pathogenic
Escherichia coli and Clostridium perfringens
in piglets

Significantly improves intestinal integrity and
significantly reduces mortality in
lactating piglets

May alleviate intestinal dysfunction and NEC
susceptibility in piglets and reduce
Clostridium perfringens abundance

Detection of fecal load of pathogenic
microorganisms at weaning showed that
probiotic addition significantly reduced
Escherichia coli abundance and Clostridium
perfringens abundance at weaning; addition
of reuterin alone was less effective

Decreasing diarthea index and improved
growth performance, increasing the relative
number of Lactobacillus in feces

Significantly reduces the abundance of
pathogenic bacteria (Escherichia coli, Shigella,
Streptococcus, etc.) in piglets, while increasing
the abundance of SCFA-producing bacteria,
and significantly improves the antioxidant
capacity of piglets

Significantly reduces the rate of diarrhea in
weaned piglets, improves their antioxidant
and immune functions, while maintaining

their intestinal flora structure

The Bacillus amyloliquefaciens group
significantly improved the intestinal barrier
and immune function in piglets compared to
the antibiotic group

Compared with the antibiotic group, it can
significantly reduce the rate of diarrhea in
piglets and, at the same time, improve piglet
production performance and the structure of
the intestinal flora of piglets

Reduces Escherichia coli in piglets and
reduces ammonia emissions while improving
pig nutritional digestibility

Increasing average daily gain (ADG) and
feed efficiency of piglets and decreasing
diarrhea index and the relative number of

Escherichia coli

Significantly improves the growth
performance and promotes the development
of their intestinal tract to resist the invasion
of harmful bacteria, as well as improving
their antioxidant capacity

Decreased antibiotic resistance of Escherichia
coli in piglet feces while increasing
piglet performance

Decreasing Escherichia coli in the ileum and
cecum contents; increased serum SOD
activity and jejunum mucosal SIgA secretions

Increasing fecal acetic acid and propionic
acid; increasing growth performance and
significantly reducing the weaning stress

Reference

(42)

(44)

(45)

(51)

(46)

(43)

(48)

(49)

(50)

(101)

(102)

(47)

(52)

(53)

(54)
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Microorganism
category

Lactic acid bacteria

Bacillus

Yeast

Microorganism name

Lactobacillus casei

Lactobacillus plantarum and
Lactococcus lactis

Lactobacillus plantarum

Lactobacillus rhamnosus LGG

Lactobacillus and Bacillus

Bifidobacterium infantis subspecies
CECT 7210

Lactobacillus, Lactobacillus
salivarius, Pediococcus pentosaceus

Lactobacillus plantarum

Bacillus subtilis and
Bacillus licheniformis

Bacillus subtilis

Bacillus subtilis

Saccharomyces cerevisiae

Saccharomyces cerevisiae

Saccharomyces cerevisiae

Saccharomyces cerevisiae boulardii

Saccharomyces cerevisiae

Treatment

Prevention of enterotoxin-producing
Escherichia coli (ETEC) K88 infection in
piglets, and pLA-ETEC K88/L. casei (5 x 10"
CFU/mL) were orally administered daily on
days 0-5

Feeding probiotics 3 mL LAB (1x10° CFU/
mL) until 14 days after weaning for ETEC
infection (5x10° CFU/mL) in piglets

Piglets were fed continuously with
Lactobacillus plantarum (2x10'° CFU/animal/
day) for 4 weeks to 6 weeks and attacked
with a single 6-mL oral dose of ETEC K88
(2x10° CFU/mL) on days 23 to 27

Feeding probiotics 10 mL dose (1x10'° CFU/
mL) until piglets are weaned, followed by an
offensive treatment with Escherichia coli K88
10 mL dose (1x10'* CFU/mL)

Prevention of 5 mL of Salmonella KCTC 2515
(5.9x10° CFU/mL) and Escherichia coli
KCTC 2571 (2.3x10" CFU/mL) infections in
piglets after probiotic treatment (3.2x10°
CFU/g diet)

Using probiotics 2 mL dose (1x10° CFU) and
Salmonella typhimurium 2 mL dose (5x10°
CFU) infection in weaned piglets

Weaned piglets were continuously gavaged
probiotics for 30 days (4x10° CFU) and then
attacked with Salmonella typhimurium (1x10°
CFU) on the sixth day

Young piglets challenged with ETEC K88
(1x10® CFU per pig) and piglets were fed
with Lactobacillus plantarum (5x10” CEU/
g diet)

Piglets were fed probiotics 10 mL (3.9x10"~
7.8x107 CFU/mL) for 36 days and were
attacked with ETEC F4 10 mL (1.0x10° CFU/
mL) on the 21st day

Preventing the effect of Escherichia coli K88
(attacking 6 mL 6.4 x 10° CFU/mL at 24 days
of age) in weaned piglets by Bacillus subtilis
(1.2x10° CFU/g of feed)

A 3-week Bacillus (1x10° CFU/g) treatment
to investigate the role of prevention of
Salmonella typhimurium 1 mL (1x10'" CFU/
mL) in weaning piglets

Piglets were fed probiotics (5x10” CFU/g of
feed) at weeks 4 and 7 and attacked on day
24 with Escherichia coli ETEC F4 1.5 mL
(1x10® CFU/mL)

Weaning pigs orally challenged with ETEC
K88 (1.5x10'" CFU/piglet) and pigs were fed
with live yeast Saccharomyces cerevisiae
(1x107 CFU/g diet)

Saccharomyces cerevisiae fermentation
products were used to prevent ETEC K88 6
mL (5x10'° CFU/mL) infection in

weaning pigs

Weaning pigs orally challenged with
Escherichia coli lipopolysaccharide (LPS, 25
ug/kg BW) were treated with Saccharomyces
cerevisiae boulardii

‘Weaning pigs challenged with Salmonella
(1x10° CFU) were fed Saccharomyces
cerevisiae fermentation products

Host health influence

Probiotics can effectively alleviate the
symptoms of intestinal damage and
increased diarrhea caused by ETEC,
and Lactobacillus casei can effectively
activate the mucosal and humoral
immune response in piglets

Probiotic treatment improves gut
microbial communities and reduces
antibiotic resistance in gut microbes,
as well as mitigating ETEC-induced
gut oxidative stress in piglets

Increased abundance of Lactobacillus
plantarum in the ileum and colon of
piglets, together with attenuation of

diarrhea due to ETEC

The incidence of diarrhea was
significantly reduced in the probiotic
group, while regulating the intestinal
microbiota of piglets and increasing
the secretion of immunoglobulin
sIgA in the jejunum and ileum

Prevention with probiotics resulted in
significant reductions in Escherichia
coli and Streptococcus, which
significantly improved piglet physical
status compared to the

infected group

Probiotics treatment resulted in
reduced fecal excretion of Salmonella,
lower diarrhea scores, and increased
intestinal immunity in piglets

Significant reduction in diarrhea
incidence, severity, and duration of
bacteria in probiotic-treated animals

Improving performance and
effectively preventing diarrhea;
enhancing the function of the
intestinal barrier through the
protection of intestinal morphology,
maintenance of intestinal
permeability, and regulation of tight
junction (TJ) protein gene expression

Probiotic treatment can significantly
reduce the abundance of Escherichia
coli in feces

Probiotics and antibiotics are equally
effective in preventing diarrhea
in piglets

Probiotic supplementation increased
Lactobacillus counts in piglets’ feces
and had some positive
immunomodulatory effects

The results of the experiment can be
found to significantly reduce the
ETEC level

Significantly reducing the daily
diarrhea scores, and shedding of
pathogenic ETEC bacteria in feces
and increasing IgA levels in the
serum of piglets

Low abundance of ileal mucosa-
adherent ETEC K88 and prevalence
of Enterobacteriaceae in ileal digesta

ADG increased significantly by 39.9%
and LPS-induced piglet mortality was
reduced obviously

Increasing compensatory body
weight gains after Salmonella
infection and increasing Salmonella
shedding in feces

Reference

(63)

(64)

(65)

(67)

(69)

(70)

1)

(103)

(66)

(68)

(72)

(73)

(104)

(75)

(74)

(105)
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1 223 17 Yogurt

2 222 17 Bacteria
3 207 . 16 . Health

4 166 13 Beneficial
5 139 11 ‘ Digestion
6 55 4 ‘ Foods

7 46 4 Stomach
8 43 3 Immunity
9 42 3 Useful
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Health Beneficial [\ Don’t know

condition n (%) beneficial n (%)
n (%)

Overall digestion/ 1,099 (84.1) 13 (1.0) 194 (14.9)

gut health

Supporting the 946 (72.5) 62 (4.7) 298 (22.8)

immune system

Absorption 829 (63.5) 67 (5.1) 410 (31.4)

of nutrients

Detoxifying 794 (60.8) 92 (7.0) 420 (32.2)

the body

Stress 457 (35.0) 196 (15.0) 653 (50.0)

management

Constipation 773 (59.2) 120 (9.2) 413 (31.6)

Diarrhea 678 (52.0) 143 (10.9) 485 (37.1)

Heart health 375 (28.7) 212 (16.2) 719 (55.1)

Overweight/ 553 (42.3) 178 (13.6) 575 (44.1)

obesity

Mental 381 (29.2) 237 (18.1) 688 (52.7)

health/stress

n (%): Data are presented as number and percentage.
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