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The present study was done to evaluate the effect of three different royal jelly samples on the kinetic growth of two isolates of lactic bacteria; Lacto-
bacillus acidophilus and Bifidobacterium bifidum. The results showed that the addition of royal jelly supported and improved the growth of L. acidophilus
and B. bifidum. The highest count of L. acidophilus was 9.01 (log,, cfu/mL) when 2% (w/v) of the royal jelly sample 3 was added to milk. The highest
count of B. bifidum was 9.07 (log,, cfu/mL) when 5% (w/v) of the royal jelly sample 1 was added to milk. Based on the obtained results, royal jelly
showed the capability of prebiotic activity and increasing the activity of L. acidophilus and B. bifidum. Royal jelly promotes SCFAs productions which
are believed to have an antitumor effect. The results showed the presence of significant synbiotic effect of fermented milk and royal jelly on the intestinal
microflora. This effect is translated by the reduction in the faecal enzyme activities of B-glucuronidase, arylsulphatase, and B-gluconsidase which are

involved in colon carcinogenesis.

INTRODUCTION

Consumers are no longer appreciating foods only in terms
of their taste and immediate nutritional requirements, but
also in terms of their ability to provide specific health benefits.
Functional foods became an important food sector promoting
health benefits via functional ingredients in these products.
Functional food targets are improving the balance and activ-
ity of the intestinal ecology and currently provide the largest
sector of functional food market [Saarela ef al., 2002b; Ver-
schuren, 2002]. Functional foods, also known as nutraceuti-
cal, designer food, medicinal food, and therapeutic food, are
defined as foods that contain some health-promoting com-
pounds beyond traditional nutrients. Foods can be modified
by addition of phytochemicals, probiotic and/or prebiotic to
become functional [Nagai & Inoue, 2004].

In the last two decades, several studies have supported
the idea that our health can be affected positively by the daily
consumption of specific bacteria that are marketed as pro-
biotics such as Lactobacillus, Bifidobacterium and also,
some Propionibacterium strains [Roberfroid, 2000; Saxelin
et al., 2005]. In general, these species, which have been in-
troduced as probiotics in food products due to their growing
evidence of health benefits [Saxelin ez al., 2005; Bernardeau
et al., 2008; Guarner & Malagelada, 2003; Saarela et al.,
2002a; Shanahan, 2002; Pan ef al., 2009a], have low activi-
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ties of the enzymes involved in carcinogen formation and me-
tabolism (B-glucosidase, B-glucuronidase, urease, azoreduc-
tase, and nitrate reductase) by comparison to other major
anaerobes strains in the gut such as bacteroides, eubacteria
and clostridia [Pool-Zobel et al., 1996]. This proposed that
increasing the proportion of lactic acid-producing bacteria
in the gut could modify, beneficially, the levels of xenobiotic
metabolising enzymes. The ability of the colonic microbiota
to generate a wide range of carcinogens, mutagens and tumor
promoters from dietary and endogenously-produced precur-
sors is well documented [Liong, 2008].

The dietary supplements of lactic acid bacteria (LAB) as
a preventive of colon cancer have received special attention
[Roberfroid, 2000]. Carcinogenicity has always correlated
with modification of gut bacterial activities. However, it has
been reported that certain bacteria in the colon convert pro-
carcinogens to carcinogens [Saarela et al., 2002a].

Prebiotics are selective non-digestible carbohydrate food
sources that promote the proliferation of bifidobacteria
and lactobacilli [Roberfroid, 2001]. Lactulose, inulin, fruc-
tooligossacharide (FOS), soybean oligosaccharide, trans-
galactosylated oligosaccharides and polysaccharides are
the widely used prebiotics [Bezkorovainy, 2001]. The addition
of these oligosaccharides as parts of the nutritional diets may
be of benefit to the gastrointestinal tract [Pan ez al., 2009b].

Royal jelly (RJ) is a bee product secreted from the hypo-
pharyngeal glands of young worker bees to be used in the feed-
ing of young larvae and the adult queen bee. RJ consists
of mainly proteins, carbohydrates, fats, free amino acids,
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vitamins, minerals and other components such as royalisin
and apisin [Watanabe ef al., 1996, 1998] and large amount
of the unsaturated fatty acid 10-hydroxy-trans-2-decenoic
acid (10H2DA) [Yanget al., 2010]. RJ has a variety of biolog-
ical or medical purposes such as life-span elongating [Inoue
et al., 2003], anti-fatigue [Kamakura et al., 2001], anti-allergic
[Okamoto et al,, 2003], antitumor [Bincoletto et al., 2005],
anti-hypercholesterolemic, antihypertensive [Matsui et al,
2002; Lichtenthaler & Marx, 2005], and anti-inflammatory
[Kohno et al., 2004], anti-bacterial, antioxidant [Nagai & In-
oue, 2004; El-Nekeety et al., 2007], DNA-protective [Inoue et
al., 2003], and hepatoprotective effects [Zimmermann, 2002].

The short chain fatty acids (SCFAs) are the products
of colonic bacterial metabolism of prebiotic in large bowel,
which had different effects on colon morphology and function
such as supply of energy to the intestinal mucosa, lowering
of the pH, and stimulation of sodium and water absorption.
The short-chain fatty acid butyrate is produced via anaero-
bic bacterial fermentation within the colon and is thought to
be protective in regard to colon carcinogenesis. Although bu-
tyrate (C4) is considered the most potent of the SCFA, a va-
riety of other SCFAs also exist in the colonic lumen. Butyrate
is thought to exert its cellular effects through the induction
of histone hyperacetylation [Hinnebusch et al., 2002].

By combining the rationale probiotics and prebiotics
in what has been called a synbiotic could beneficially affect
the host by improving survival and implantation of live micro-
bial dietary supplements in the gastrointestinal microbiota,
by selectively stimulating the growth or activating the catabo-
lism of one or a limited number of health-promoting bacteria
in the gastrointestinal tract, and by improving the intestinal
tract’s microbial balance [Wollowski et al., 2001]. Moreover,
probiotic and prebiotic effects might be additive or even
synergistic [Roberfroid, 2000]. It is the case when combin-
ing the anticarcinogenic effects of inulin and bifidobacteria
in experimental animals. The effects of probiotics, prebiotics
and synbiotics on gut bacterial enzymes activities and meta-
bolic end-products in laboratory animals and in humans are
well documented [Burns & Rowland, 2000].

The objectives of this research were to study the effect
of royal jelly from different sources on the growth kinet-
ics of two probiotics bacteria, their ability to produce short
chain fatty acids (SCFAs) and effect of synbiotic of royal jelly
and probiotic bacteria (L. acidophilus and B. bifidum) on fae-
cal bacterial procarcinogenic enzymes activities in rats.

MATERIALS AND METHODS

Bacterial strains and culture conditions

The bacterial strains used in this study had been isolated
from the faeces of breast-fed infants and identified in the labo-
ratory of food biotechnology, University of Jordan [Awaisheh,
2003] as Lactobacillus acidophilus and Bifidobacterium bifidum.
The Bifidobacterium bifidum isolates were cultivated in de Man
Rogosa Sharpe (MRS) broth (Sigma, St. Louis, MO, USA)
supplied with cysteine-HCI (5 g/L) for 20 h at 37°C under
anaerobic conditions (Oxoid, Basingstoke, Hampshire, Eng-
land). The Lactobacillus acidophilus isolates were cultivated
in MRS broth for 20 h at 37°C under anaerobic conditions

(Sigma, St. Louis, MO, USA). The isolates were maintained
by subculturing weekly using 1% inoculums of the previous
subculture and then incubated for 16 h at 37°C.

Royal jelly samples

Three samples of royal jelly from different origins were
collected. Sample 1 was taken from hives on the campus
of the University of Jordan in Amman city, sample 2 and sam-
ple 3 are commercial royal jellies originating from China,
and Australia, respectively.

Before adding royal jelly to the heat-treated milk, stock
solutions of each royal jelly sample were prepared with de-
ionised distilled water. Royal jelly samples were sequentially
filtered using, Grade No. 1 Filter Paper, and Grade No. 40
filter paper (Whatman membranes, England). Finally, ster-
ilisation was performed vig microfiltration unit using 0.2 um
sterile cellulose-ester membranes (Advantec MFS, Japan)
[Haddadin er al., 2007]. Reconstituted skimmed milk (9%)
(Régilait, France) was prepared with distilled water and was
heat-treated at 70°C for 30 min in a water bath. The sterilised
royal jelly solutions were aseptically added to the pasteurised
milk previously cooled to 37°C in a way to obtained final royal
jelly concentrations of 1, 2, 5, 7 and 10 g/100 mL.

Evaluation of bacterial growth

The milk/royal jelly samples were inoculated with 1%
of L. acidophilus or B. bifidum. The cultures were then incubated
at 37°C for 16 h under anaerobic conditions. After incubation,
serial dilutions (10! — 10”7) were realised using sterile 0.1% pep-
tone broth and plated on MRS agar supplied with cysteine-HCl
(5 g/L) and incubated at 37°C for 48 h under anaerobic condition
in the case of B. bifidum and plated on MRS agar and incubated
at 37°C for 48 h under anaerobic condition in the case of L. aci-
dophilus. The results were recorded as CFU/mL of culture.

Production of short chain fatty acids (SCFAs)

The milk cultures supplied with royal jelly at concentrations
of 1 and 2% were inoculated with L. acidophilus (1%). Whereas
milk cultures supplied with royal jelly at a concentration of 5%
were inoculated with B. bifidum (1%). The cultures were then
incubated at 37°C for 16 h under anaerobic conditions and each
assay was performed in triplicate. The short chain fatty acids
(acetic, propionic and butyric acids) in fermented milk were
measured using the method previously proposed [Marsili ef al,
1981]. High performance liquid chromatography (HPLC) Jas-
co system was used. The chromatographic system was equipped
with a manual 20 pL loop injector, a variable wavelength ul-
traviolet/visible detector (Jasco model 875, Japan) using an
integrator recorder (Shimadzu C-R2AX; Japan) and an insu-
lated column oven (Jasco model 865, Japan). Acetic, propionic
and butyric acids at concentrations of 50, 100, 200, 500 and 800
ppm were used as standard in the HPLC analysis (Sigma,
USA). From the area under the curve (AUC) for the concentra-
tion of the three acids, linear correlation was obtained, char-
acterised by correlation coefficients of 0.999, 0.998 and 0.999
for acetic, propionic and butyric acid, respectively. The recovery
percentages of the acids were 101%, 98% and 95.5% for acetic,
butyric and propionic acid, respectively. Eight samples (in trip-
licates) were injected into the HPLC, the chromatogram col-
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TABLE 1. Compositions of experimental diet (g/kg diet).

Ingredients Basal diet

g keal
Casein 200 720
Beef tallow 0 0
Methionine 3 12
Starch 150 540
Sucrose 500 2000
Cellulose 50 0
Corn oil 50 450
Salt mixture? 35 30.8
Vitamin mixture? 10 39
Choline bitartrate 2 0
Total 1000 3791.8

= (AIN-76A diet #100000). 2 AIN-76 Salt mix; Dyets Inc., Bethlehem,
PA, USA. 3: AIN-76, Vitamin mix; Dyets Inc., Bethlehem, PA, USA

lected has shown the presence of butyric, propionic and acetic
acid based on retention time for each acid. In addition, each
acid has an area under the curve, in which concentration was
calculated according to the regression equation of each organic
acid estimated concentration for each treatment.

Effect of pro-prebiotic on faecal enzyme activity

Twenty male albino rats (Ratfus norvegicus UJ-1) aged
6 weeks and weighing 120 to 150 g were used in this study.
The rats were fed on basal diet (AIN-76A #100000, Dyets
Inc., Bethlehem, PA, USA) (Table 1) for 5 days ad libitum
before the treatment. The study comprised three consecutive
periods. During periods one and three the rats were fed with
their basal diet. In the period two, which lasted for four weeks,
the rats were fed orally with a blend of fermented milk (inocu-
lated with L. acidophilus or B. bifidum) and royal jelly. The rats
were divided into two groups of ten rats each. The first group
was used for the experiments with L. acidophilus and the sec-
ond group was used for the experiments with B. bifidum.
The faecal samples were collected before, during and after
treatment. B-Glucosidase, pB-glucuronidase and arylsulpha-
tase activities were determined with chromogenic substrates
as previously described [Marteau et al., 1990]. The substrates

|°g'02(°f”'m|- ) O Royal jelly sample 1
g O Royal jelly sample 2
* B Royal jelly sample 3
90 | 1
-
88
86
8.4
8.2
8.0
0 1 7 10

2 5
Royal jelly (%)

FIGURE 1. Total concentration of Lactobacillus acidophilus at different
concentrations of the three royal jelly samples 1, 2 and 3 in skim milk
culture. * Significantly different at p<0.05.

were  P-nitrophenyl-glucopyranoside, P-nitrophenyl-p-D-
glucuronide and P-nitrophenylsulfate, respectively (Sigma,
Germany). Fresh faecal samples were suspended in cold 0.1
mol/L potassium phosphate buffer (pH 7.4), then the faecal
suspension was homogenised and disrupted by sonication for
3 min at 4°C. The samples were centrifuged at 5000 xg for
15 min. The supernatant was collected and immediately used
for the enzyme essay. The enzyme reaction was run at 37°C
(pH 7.4). One milliliter of the extract faecal was combined
with 0.5 mL of 1 mmol/L substrate. The reaction was run
for 30 min at 37°C then stopped by the addition of 0.5 mL
of cold 1 mL/L Na,CO, solution. The reading of absorbance
at 420 nm and the amount of nitrophenol released was deter-
mined by comparison with a standard curve. Enzyme activi-
ties are expressed as ug substrate per gram of faecal weight.

pH and titratable acidity

Ten mL of fermented milk were used to measure the pH at
23°C (digital pH meter / Hanna instrument model HI 8519,
Italy). Titratable acidity (TA) was determined after adding
three drops of phenolphthalein as an indicator to the previ-
ous samples used in the pH measurement and titrated with
0.1 N NaOH. After titration, titratable acidity was calculated
as a lactic acid percentage (%).

Statistical analysis

The general linear model (GLM) produced by SPSS 15
version was used to analyse the data. Differences between
the means of treatments were tested using the Least signifi-
cant difference (LSD) test at p<0.05. Factorial analysis was
used to separate the significances between all the royal jelly
samples experiments. Results of enzymes activities are ex-
pressed as means values = standard deviation (SD). One way
analysis of variance (ANOVA) followed by Dunettes t-test
were used to report p-value (p<0.05) and significance of dif-
ferences between results with respect to control.

RESULTS

Effect of royal jelly on bacterial growth

The results of the influence of royal jelly on growth kinet-
ics of L. acidophilus and B. bifidum are expressed as the total
viable counts (log,, cfu/mL), (Figures 1 and 2). The growth
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FIGURE 2. Total concentration of Bifidobacterium bifidum at different

concentrations of the three royal jelly samples 1, 2 and 3 in skim milk

culture. * Significantly different at p<0.05.
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profile of each isolate in the different cultures of royal jelly
had a similar mode. The concentration of the tested royal jelly
samples at which we obtained the highest counts of L. aci-
dophilus and B. bifidum is subsequently used for further
studies.

The highest biomass concentrations of L. acidophilus were
obtained when 2% of royal jelly sample 2 and royal jelly sample
3 were used with a viable count of 8.97 (log , cfu/mL) and 9.01
(log,, cfu/mL), respectively (Figure 1), which were significantly
higher than the other tested concentrations of royal jelly. While
with 1% of royal jelly sample 1, L. acidophilus gave the highest
biomass concentration 8.86 (log , cfu/mL), (Figure 1).

It was observed that with a concentration of 5% for
the three royal jelly samples, the biomass concentration
of B. bifidum was significantly higher than with the other test-
ed concentrations of royal jelly. The viable bacterial counts
were 9.07, 8.96 and 8.79 (log , cfu/mL) for the royal jelly sam-
ples 1, 2, and 3, respectively (Figure 2). The results revealed
that the royal jelly sample 3 had significantly better effect on
the growth of L. acidophilus than royal jelly samples 1 and 2
(Figure 1), while local royal jelly sample 1 had significantly
the greatest growth-promoting effect on B. bifidum, followed
by royal jelly samples 2 and 3 (Figure2).

Short chain fatty acids production (SCFAs)

It was found that the addition of royal jelly samples
increased significantly (p<0.05) the concentrations of to-
tal SCFAs compared with the control group (Table 2).
Furthermore, acetic acid had a higher concentration than
the other SCFAs in all the treatments (Table 2). Moreover,
in the experiments where L. acidophilus was used, royal jelly
sample 3 gave the highest concentrations of the SCFAs,
while in the experiments where B. bifidum was used royal
jelly sample 1 gave the highest concentrations of the SCFAs.
In the experiments where L. acidophilus was used there were
significant differences (p<0.05) between the concentrations
of acetic acid. It can be observed that royal jelly sample 3
gave the higher amount of acetic acid production (2590.8
ppm/mL) followed by royal jelly sample 1 with a concen-
tration of acetic acid of 1486.1 ppm/mL. For propionic
acid there were significant differences (p<0.05) between all
the treatments and the control. The highest concentration

was observed in the presence of royal jelly sample 3 with
a concentration of 148.21 ppm/mL. It was also observed
the same phenomenon for butyric acid, in which royal jelly
sample 3 enhanced the production of significant amount
of butyric acid of 471.35 ppm/mL, which was higher than
that obtained in the presence of the royal jelly sample 1
and royal jelly sample 2. On the other hand, in the experi-
ments with B. bifidum, acetic and butyric acid had significant
difference (p<0.05) between the treatments and the con-
trol, whereas propionic acid concentrations varied between
the treatments but with no significant difference. Ferment-
ed milk with royal jelly sample 1 produced significantly
the highest amount of acetic and propionic acids, while
royal jelly sample 3 promoted significantly the highest pro-
duction of butyric acid compared with the other treatments
(Table 2). Fermented milk with royal jelly sample 1 produced
significantly the highest amount of acetic and propionic ac-
ids (Table 2). On the contrary, royal jelly sample 3 promoted
significantly the highest production of butyric acid com-
pared with the other treatments (Table 2).

The titratable acidity values of all the experiments
in the presence of L. acidophilus and B. bifidum were higher
than these of the control cultures. Moreover, the pH val-
ues of all the experiments in the presence of L. acidophilus
and B. bifidum were lower than these of the control cultures
(Table 2).

Faecal enzyme activities

The activities of faecal enzymes (B-glucosidase, B-gluc-
uronidase and arylsulphatase) were evaluated in rats after feed-
ing the animals with a blend of royal jelly and fermented milk
with L. acidophilus or with B. bifidum. The results are presented
in Tables 3 and 4. The modifications of enzyme activities were
observed during the second period of the study. During the pe-
riod 2, after feeding the rats with a blend of royal jelly and milk
treated with L. acidophilus, the enzyme B-glucosidase activity
was significantly (p<0.05) decreased to 3.19 ug/g after one
week of treatment and to 0.95 ug/g after 4 weeks of treatment
(Table 3). In the case of rats nourished with a blend of royal
jelly and milk treated with B. bifidum, the enzyme B-glucosi-
dase activity was significantly (p<0.05) decreased from 3.69
to 1.19 ug/g after 4 weeks of treatment (Table 4). These results

TABLE 2. Concentration of short chain fatty acids, pH and titratable acidity of milk samples treated with L. acidophilus or B. bifidum and supplied

with royal jelly.

Experiment Acetic acid Propionic acid Butyric acid pH TA.

(W/V) (ppm/mL) (ppm/mL) (ppm/mL) (%)
g *Control 0 %) 22.5+0.23¢ ND ND 4.47+0.3% 0.7+0.09¢

E_,; Royal jelly 1 (1%) 1486.1£1.05° 95.94+0.35 203.5+0.58° 4.12+0.137 120.05*

s § Royal jelly 2 2 %) 1158.3£0.95° 50.5+0.65¢ 188.34=0.65° 4.3x0.20° 0.85+0.06°
~ = Royal jelly 3 2 %) 2590.8«1.12 148.21+0.41° 471.35+0.32° 4.02+0.12¢ 1.2+0.112
*Control 0 %) 35+0.129 ND ND 4.79+0.11¢ 0.65+0.10¢
é s Royal jelly 1 (5 %) 1027.26+1.12¢ 62.5+0.212 60.9x0.36" 4.0+0.10° 1.1+0.12¢
Eg Royal jelly 2 (5%) 550.15+1.05° 56.07x0.20* 40.56+0.19¢ 4.41+0.09° 0.9+0.08°
== Royal jelly 3 (5 %) 409.01+0.26¢ 58.16+0.32¢ 83.71+0.45 4.57x0.13° 0.83+0.06°

ND = not detected. Means with different superscript within the same column and for the same bacteria are significantly different (p<0.05). TA.:

titratable acidity. *: No addition of royal jelly.
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TABLE 3. Effect of feeding with a blend of fermented milk with L. acidophilus and royal jelly on the faecal enzyme activities in rats.

Enzyme activities
(ng/g)
Enzymes Period 1 Period 2 Period 3
(Control)
Tweek week 1 week 2 week 3 week 4 (1 week)
B-Glucosidase 3.76+0.41 3.19+0.27 2.02+0.61* 1.23+0.2* 0.95+0.13* 2.99+0.66
Arylsulphatase 2.61+0.56 1.17£0.2 0.87+0.12* 0.81+0.18* 0.77+0.19* 2.5+0.14
B-Glucuronidase 3.43+0.29 2.8+0.49 1.75+0.13* 1.26+0.24* 0.92+0.19* 3.41+0.99*
* = significantly different from period 1, p<0.05. Results are expressed as Mean = SD. n = 10.
TABLE 4. Effect of feeding with a blend of fermented milk with B. bifidum and royal jelly on the faecal enzyme activities in rats.
Enzyme activities
(ng/g)
Enzymes Period 1 Period 2 Period 3
(C;zgg:l) week 1 week 2 week 3 week 4 (1 week)
B-Glucosidase 3.80+0.1 3.69+0.27 2.95+0.58 2.33+0.12% 1.19£0.25* 2.65+0.24
Arylsulphatase 1.83+0.27 1.77+0.2 1.23+0.35 0.98+0.15* 0.83+0.12* 1.79+0.37
B-Glucuronidase 3.21+0.29 3.2+0.56 1.8+0.43 1.45+0.52* 0.82+0.61* 3.07+0.20*

* = significantly different from period 1, p<0.05. Results are expressed as Mean = SD. n = 10.

are significantly lower than that in the control period (period
one), (Tables 3 and 4). In period 3, B-glucosidase regained its
normal activity level once the treatment was stopped. A sig-
nificant (p<0.05) decrease in the arylsulphatase activity from
2.61t0 0.77 ug/g was obtained for the blend with L. acidophi-
lus (Table 3), and from 1.77 to 0.83 ug/g in the group receiv-
ing the blend with B. bifidum (Table 4). During period 3, after
stopping the treatment, the arylsulphatase activity showed
a progressive increase in the two groups. A significant
(p<0.05) decrease in B-glucuronidase concentration during
the four weeks of the period 2 in the group receiving the blend
with L. acidophilus and reached a value of 0.92 ug/g (Table 3)
and 0.82 ug/g in the group receiving the blend with B. bifi-
dum (Table 4), which is significantly (p<0.05) lower than
that obtained by the control samples (3.43 and 3.21 ng/g,
respectively).

DISCUSSION

Results revealed that the addition of the royal jelly at cer-
tain concentrations enhanced the growth of the tested pro-
biotic bacteria, L. acidophilus and B. bifidum. Lactobacilli
and bifidobacteria need complex nutritional requirements
such as carbohydrates, amino acids, peptides, fatty acids,
salts, nucleic acid derivatives and vitamins, which vary mark-
edly between one species to another [Saarela ef al., 2002a].
Royal jelly can provide these nutrients to L. acidophilus
and B. bifidum. Higher counts of L. acidophilus and B. bifi-
dum were related to certain royal jelly concentrations. Low-
er concentrations of royal jelly samples (1 and 2 %) gave
the maximal biomass concentration of L. acidophilus. Where-
as B. bifidum attained its maximal biomass concentration
in the presence of 5% royal jelly samples. Bifidobacteria spe-
cies such as B. bifidum are fastidious organisms that require
specific growth factors for optimal growth. Furthermore,

it could be that B. bifidum needs higher amount of specific
sugars or oligosaccharides for its growth than L. acidophilus.
Perez-Conesa et al. [2005] reported that oligosaccharides in-
creased the growth, activity and viability of Bifidobacterium
ssp. in milk.

In contrast, declines of L. acidophilus and B. bifidum
growth were observed at a higher concentration (10%)
of royal jelly samples. This observation could be attributed
to the high level of antibacterial activity [Sauerwald et al.,
1998]. The antibacterial activity can be attributed to the phe-
nolic compounds present in the royal jelly samples. Further-
more, it seems that L. acidophilus is more sensitive to the an-
tibacterial effect of royal jelly than B. bifidum. Royal jelly
samples 1 and 3 seem to contain certain components that
favour the growth of B. bifidum and L. acidophilus.

The results presented in Table 2 showed the presence
of short chain fatty acids productions (SCFAs) in all the treat-
ments. This could be due to the availability of carbohydrates
like oligosaccharides, as this group of carbohydrates is eas-
ily metabolised by probiotic bacteria and the end products
of this metabolism are SCFAs. The obtained results are
in agreement with those reported by Nyman [2002]. In turn,
Rossi et al. [2005] found that the presence of fructooligo-
saccharides affected the production of acetate and lactate.
The three different samples of royal jelly gave different
amounts of SCFAs, and these results could be attributed to
the variation in the royal jelly chemical composition. Accord-
ing to Stocker et al. [2005], the composition of royal jelly
depends on climate and floral sources. It could be concluded
that royal jelly samples 1 and 3 have high amounts of oligo-
saccharides that produced significantly the highest amounts
of SCFAs. The results indicate also that L. acidophilus pro-
duced relatively high amounts of SCFAs than B. bifidum.
This could be due to the differences in biochemical and phys-
iological properties between these microorganisms.
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The milk fermented with L. acidophilus in the presence
of royal jelly sample 3 had a significantly lower pH value than
the control test, which indicates that the amount of lactic acid
has been produced in addition to the presence of other pro-
duced organic acids. In the case of B. bifidum, the fermented
milks with royal jelly sample 1 had significantly lower pH
and this reduction was probably caused by the high levels
of organic acids production.

Milk fermented with L. acidophilus or B. bifidum
and in the presence of royal jelly samples 3 and 1 respectively,
had pH values well below that of the control test and this re-
duction was probably caused by the production of organic
acids.

Overall, it is clear that royal jelly has beneficially influ-
enced the growth and metabolism of these two microor-
ganisms and it might be reasonable to assume that royal
jelly ingested by a consumer would have a similar effect on
the native populations of these species in the lower intestine.
Consumption of L. acidophilus and B. bifidum with royal jelly
could promote bacterial growth in the colon and hence pro-
duce greater quantities of short chain fatty acids such as bu-
tyric acid, which has been shown to have antitumor effects
at the cell level [Kailasapathy & Chin, 2000]. Upadhyay &
Moudgal [2012] have indicated that there is good evidence to
support probiotic use in the treatment of acute diarrheal dis-
eases, prevention of antibiotic-associated diarrhea, and pre-
vention of pouchitis. However, there is insufficient evidence to
recommend probiotics for use in other clinical conditions. Ac-
cording to Topping [1996], there is insufficient evidence that
the health benefits of probiotics, such as prevention of colon
cancer, are exerted through short chain fatty acids.

This study has demonstrated that oral administration
of a blend of royal jelly and fermented milk with L. acidoph-
ilus or with B. bifidum can cause an alteration in the met-
abolic activity of the intestinal microflora. The enzymes,
B-glucuronidase, arylsulphatase, and B-gluconsidase, se-
lected in this study are known to be potential mediators
of colon carcinogenesis [Hyang et al., 2011]. This synbiotic
mixture has been found to reduce significantly the levels
of faecal enzymes (Tables 3 and 4).

It can be observed that it requires four weeks of feeding
for the effects to be realised (Tables 3 and 4). The faecal en-
zyme activities remained low as long as the synbiotic feeding
was being administered (4 weeks) and returned to reference
concentrations one week after stopping the bacterial feeding.
There is no proving that the intestine was permanently colo-
nised with L. acidophilus and B. bifidum. There might be tran-
sient colonisation or at least an increase in the counts of lacto-
bacilli during the feeding for four weeks afterward. Moreover,
it would seem that the continuous intake of the blend of royal
jelly and fermented milk is necessary for maintaining these en-
zymes effects in the microflora. Goldin & Gorbach [1984] ob-
tained a 2 to 4 fold reduction in the activities of three human
faecal enzymes during the 4 weeks of L. acidophilus feeding to
twenty—one subjects. In other study, it has been observed that
prebiotic oligosaccharides may modulate expression of the-
ses enzymes, by reducing the risk of intestinal genotoxicity
[Sanz et al., 2005]. B-Glucuronidase is an enzyme responsible
for the hydrolysis of glucuronides in the lumen of the gut.

This reaction generates toxic and carcinogenic substances
which are detoxified by glucuronide formation in the liver
and then enter the bowel via bile [Leblank & Perdigon, 2005].
It is a good marker of deconjugation activities, a decrease
in its activity is generally considered positive in terms of can-
cer protection because the enzyme helps to restore the toxic
properties of some xenobiotics in the colon. Different possible
mechanisms have been identified and evaluated but no single
protective action has been clearly defined. On the other hand,
human epidemiological and interventional studies still do not
seem to support the promising results observed in experimen-
tal conditions.

One of the main postulated mechanisms is the produc-
tion of SCFAs especially butyrate via the fermentation of pre-
biotic by gut flora. In addition, the synbiotic products have
been found to exert increased benefits compared to the ad-
ministration of either probiotic or prebiotic alone [Liong,
2008]. Some studies found that a decrease in B-glucuron-
idase activity may be related to a change in intestinal pH
and/or to medication in the composition of intestinal flora
[Djouzi et al, 1997]. Other study has shown that rats fed
L. acidophilus and naphthylamine glucuronide substrate for
glucuronidase excreted lower amounts of free amines in their
feces compared to rats not receiving L. acidophilus [Leblank
& Perdigon, 2005]. The significantly decreased enzyme ac-
tivities of B-glucuronidase, arylsulphatase, and B-gluconsi-
dase were an indicator of positive effects of the consumption
of a synbiotic product with the combination of royal jelly
and L. acidophilus or B. bifidum. No other studies are avail-
able for comparison.

CONCLUSION

It can be concluded that the three types of royal jelly
enhanced the growth, activity and viability of two isolates
of probiotic bacteria. Royal jelly has been found to promote
the production of a significant amount of short chain fatty ac-
ids. The ingestion of fermented milk containing L. acidophilus
and B. bifidum supplemented with royal jelly has influenced
the activities of intestinal enzymes. It is likely that the exact
composition of royal jelly samples may determine their cel-
lular effects, including their possible beneficial role in the pre-
vention and/or treatment of colon cancer. Itis clear that nutra-
ceuticals and probiotics have beneficial effects, but additional
carefully designed, mechanistic-based laboratory and clinical
studies clearly need to be undertaken to provide scientific evi-
dence for mechanisms of their action and efficacy.
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