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Influence of Incorporating Honey and Royal Jelly on
The Quality of Yoghurt During Storage
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T HE PRESENT study was carried out to investigate the effect of
adding different concentrations of bee honey (BH) and / or royal jelly
(RJ) on the viability of yoghurt starter culture (Streptococcus thermophilus
and Lactobacillus delbrueckii subsp. bulgaricus) and monitoring the quality
of yoghurt during storage at 5 + 1°C. The study included two parts; the first
part concerned the influence of adding different concentrations of each of
BH and RJ on the viability of starter cultures (in vitro), incubation time and
overall acceptability of the resultant yoghurt. Based on the preliminary
results, the second part tested the effect of best added concentrations of both
BH and / or RJ on certain chemical, rheological, microbiological and
organoleptic properties of the resultant yoghurt, compared with the control.
Significant differences (P<0.05) in the viability of starter cultures,
incubation time and overall acceptability were observed by adding different
concentrations of BH or RJ, compared with the control. The increase in
incubation time and the decrease in viability of yoghurt starter were
proportional to the concentrations of BH and RJ. Moreover, BH and RJ
improved significantly the viability of starter culture and acceptability of
yoghurt till 4% and 0.6%, respectively. The variations in the mean values of
ash, total solids and total nitrogen content of yoghurt samples were found to
be significant (P< 0.05) during storage. However, there was insignificant
difference between treatments in the fat content, while there was significant
decrease in pH, total reducing sugars and diacetyl content during storage. As
expected, the addition of BH and / or RJ increased the mineral content in the
resultant yoghurt, compared to the control. Yoghurt samples contained 0.6%
RJ had the lowest count of yeasts and moulds compared to the other
treatments. Rheological properties of the resultant yoghurt were significantly
affected by incorporation of RJ with or without BH. Generally, samples
made with adding 4 % BH + 0.2 % RJ, for sweetened yoghurt, or 0.6 % RJ,
resulted in the best quality of yoghurt during storage at 5 + 1°C for 9 days.

Recently, there has been an increasing interest in the use of natural food additives and
incorporation of health-promoting substances into diet. The food industry can
contribute to a more healthy and balanced diet through improvements in the nutritional
quality of products (Roodenburg et al., 2008).Yoghurt is one of the most popular
fermented milk products worldwide because it has many health benefits such as
improving lactose intolerance, reducing risk of certain cancers, anticholesterolaemic
effects, prevention of genital and urinary tract infections (Savadogo et al., 2006) and
other health attributes associated with probiotic bacteria (Mckinley, 2005).
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In this concern, implementing a special milk product is a target to individuals who
need certain food supplements or healthy substances. Of these substances bee products
such as honey and royal jelly are among some of the most remarkable and versatile
nutrients. Bee products are emerging as truly exceptional in their ability to protect
against disease and aging.

Honey is a very complicated food substance. Major components in honey, on
average, are water (17.2%), fructose (38.2%), glucose (31.3%), sucrose (1.3%),
maltose (7.3%), polysaccharides (1.5%), free acids (0.43%) such as gluconic, formic,
oxalic acids...etc., ash (0.169%) and nitrogen (0.041%). Minor substances (1-3%)
which are responsible for important honey properties include minerals, vitamins,
hormones, enzymes, antioxidants and other unidentified components (FAO, 1996 and
Baltrusaityte et al., 2007). The use of honey as a therapeutic substance has been
rediscovered by the medical profession in more recent times, and it is gaining
acceptance as an antibacterial agent for the treatment of peptic ulcers, gastritis, upper
gastrointestinal dyspepsia including doudenitis and ulceration and gastroenteritis in
infants (Molan, 1992 and 1999). Some studies have demonstrated its effect against
foodborne pathogens and food spoilage organisms (Mundo et al., 2004 and Taormina
etal.,2001).

Another important bee product is royal jelly. It is a glandular secretion produced by
worker bees to feed young larvae and queens. It belongs to a group of products
described as "dietary supplements". In fact, the use of royal jelly is not so much linked
to its high content in noble substances, but to its assumed stimulant and therapeutic
value. If it was declared as a medicine, its use would become dependant on medical
prescriptions and the production and marketing of royal jelly-based products would
become the exclusive domain of the pharmaceutical industry. Also, various types of
royal jelly exhibited antibacterial activity against foodborne pathogenic bacteria
(Attalla et al., 2007). FAO (1996) have reported that about 100 - 300 mg of royal jelly
is the most commonly recommended daily dosage for human use.

The principal constituents of royal jelly are water (65%), protein (12%), sugars
(15%), lipids (5%) and mineral salts (Stocker, et al., 2005). Although, they occur with
notable variations, the composition of royal jelly remains relatively constant when
comparing different colonies, bee races and time (Otani ef al., 1985). All amino acids
essential for humans are present and a total of 29 amino acids and their derivatives
have been identified, the most important being aspartic and glutamic acids ( Howe
et al., 1985). A number of enzymes are also present including glucose oxidase. An
insulin-like substance has been identified by Kramer et al. (1977 and 1982). Royal
jelly contains thiamine, riboflavin, pantothenic acid, pyridoxine, niacin, folic acid,
inositol and biotin and lipids (Vecchi et al., 1988). A surprising and completely new
finding by Stocker et al. (2005) that royal jelly, as a form of lactation on the insect
level, shows the same homeostatic adjustment as mammalian and human milk.

Few researches have focused on the effect of fortifying yoghurt with honey (Varga,
2006; El-Baz & Zommara, 2007 and Abd El-Rahman & Salama, 2008). Also, data on
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the capability of yoghurt starter organism to use honey to grow is relatively sparse in
the scientific literature (Chick ef al., 2001 and Ustunol & Gandhi, 2001). This work
aimed to supplement yoghurt with natural, nutritional, palatable and available bee
products (honey and royal jelly) and to study the effect of adding these materials on
some quality characteristics and probable changes of yoghurt during storage at 5 + 1°C
for 9 days.

Materials and Methods

The present study was performed at the Dairy Processing Pilot Plant, Dairy Sci.
Dept., Fac. Agric., Fayoum Univ., Egypt. Fresh buffalos milk was obtained from the
herd of the Military Farm, Demo Region, Fayoum Governorate, Egypt. Starter cultures
containing lyophilized strains of Streptococcus thermophilus and Lactobacillus
delbrueckii subsp. bulgaricus (Str. thermophilus and Lb. bulgaricus; 1:1) were
obtained from Chr. Hansen's Lab., Copenhagen, Denmark. Bee honey (BH); clover,
Trifolium alexandrinum, honey was obtained during June, 2009, from the apiary of the
Fac. Agric., Fayoum Univ. Honey was produced by colonies headed with first hybrid
Carniolan queen bees, Apis mellifera carnica, and situated in wooden standard
Langstroth's hives. After harvesting and ripening honey by ordinarily beekeeping
practices, honey samples were packed and kept in transparent plastic jars away from
direct light at room temperature until use. Royal jelly (RJ) was produced from another
set of colonies, under the same conditions, by dequeening colonies for 1 day. After
three days of dequeening, royal jelly was gathered from naturally conducted queen
cells, samples were packed in opaque plastic vials, and kept frozen at 0°C until use.
No chemical treatments or extraordinary practices were done to the tested bee colonies
during the production period. Chemical composition and pH values of raw materials
used for manufacture of the tested yoghurt is presented in Table 1.

Lyophilized starter cultures were propagated in fresh sterile cow skim milk (9.8%
total solids) 6-7 successive transfers of mother cultures were done before use, and

prepared bulk culture was kept at fridge and used within 48 hr.

TABLE 1. Chemical composition and pH values of raw materials used for manufacture of

yoghurt.
Raw |Moisture | Fat | T.N | T.R.S | Ash Minerals (ppm)
pH
Materials (%) %) | (%) | (%) | (%) Ca P Fe Zn Mn Ni Mg K

Milk | 84.893 | 3.00 | 0.797| 5.38 | 0.929 | 6.65 [1339.60|267.83| 7.18 | 3.90 | 0.058 [ 3.37 | 42.50 | 465.22

Honey | 18.000 | 0.04 | 0.042| 70.00 | 0.414 | 3.60 | 252.00|337.72| 46.19 | 10.43 | 3.01 | 9.97 | 42.76 |1013.20

'}‘;ﬂ;‘ 68.229 | 6.80 [2380| 7.10 | 1191 | 3.40 | 79.68 |251.14| 19.05| 5.14 | 1.24 | 3.78 | 37.25 | 481.00
T.N: Total nitrogen T.R.S: Total reducing sugars ppm: Part per million
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Two experiments were designed to examine the effects of BH and RJ on the
viability of starter cultures and quality of resultant yoghurt during storage at 5+1°C
for 9 days. In the first experiment; different concentrations of BH or RJ were first
placed in Petri-dishes to examine their effects on the viability of the starter cultures
(Str. thermophilus and Lb. Bulgaricus) separately. Then, M17 and MRS agar media
were poured for the first and second microbes, respectively. These plates were
incubated at 37°C for 48 and 72hr, respectively. Also, in the first experiment yoghurt
was produced by adding different concentrations of each BH or RJ as shown in Fig. 1.
The incubation time (time required for yoghurt to reach the coagulation pH of 4.7 at
42 + 1°C) and overall acceptability of fresh yoghurt treatments were recorded. While
in the second experiment, according to the results obtained from experiment 1, suitable
concentrations of BH and RJ were added to milk, yoghurt was prepared as illustrated
in Fig. 1, where, 40 kg milk were divided into four equal portions. The first portion
served as control (without any additives), the second had 4 % BH, the third had 4 %
BH plus 0.2 % RJ and the fourth had 0.6 % RJ(w/v), respectively. The resulting
yoghurt samples were analyzed for the tested parameters when fresh and after 3, 6 and
9 days of storage at 5 £ 1°C except moisture, total nitrogen, fat, ash, total reducing
sugars and diacetyl contents which were determined when fresh and after 9 days
period, the minerals content and rheological properties (viscosity, syneresis and curd
tension) were measured in fresh samples only.

All experiments were repeated in triplicates, each analysis was done twicely and
the averages were calculated.

The counts of Str. thermophilus and Lb. bulgaricus were carried out by using M17
and MRS agar media, respectively as described in Oxoid (1990). Coliform bacteria,
yeasts and moulds were enumerated on MacConkey's agar and potato dextrose agar
medium, respectively as described in the American Public Health Association (APHA,
1994).

Moisture contents in milk, RJ and yoghurt samples were carried out according to
the AOAC (2000), while in BH, the method reported by FAO (1986) was applied
using Abbe refractometer; reading of refractive index was converted, after correction
of temperature. Fat and ash contents were estimated according to AOAC (2000). Total
reducing sugars were determined immediately after coagulation and the rate of its
decrease, as a function of activity of starter during incubation time, was calculated.
Total reducing sugars (as lactose) in milk and yoghurt samples were determined as
described by Lawrance (1968), whereas in BH and RJ were determined
colorimetrically (as glucose) using the phenol-sulfuric method outlined by Dubois
et al. (1956). The method of Dave and Shah (1997) was used to determine titratable
acidity (as % lactic acid). For all samples, total nitrogen was determined by the macro-
Kjeldahl method as reported in AOAC (2000). The pH values were measured using a
pH-meter (CG71 Schott — Gerate GMBHD 6238). Mineral contents were determined
in ash according to AOAC (2000) as follows; atomic absorption spectrophotometer
(ZEISS, AAS 5, Germany) was used to measure Fe, Zn, Mn, Ni, Ca and Mg contents,
while K was determined using a flame photometer (JENWAY,PFP7,7837,UK)
whereas, P content was determined according to the method described by Morrison
(1964). Diacetyl was estimated in yoghurt samples as described by Krampitz (1957).
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Filling automatically into plastic (polypropylene 5) sterilized cups (120 ml)
and tightly sealed under aseptic conditions

Incubation at 42+ 1 °C until coagulation (pH 4.7)

Storage at 5+ 1 °C for 9 days

Fig. 1. Flow chart showing different treatments of manufactured yoghurt.
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Viscosity was measured after 24 hr at 25 °C £ 0.5 at 50 rpm using RV spindle No.3
(DV-II + Viscometer Brookfield Engineering Labs. Inc. Middle Boro, MA02346,
USA). The method of Dannenberg and Kessler (1988) was used to measure syneresis
(the resistance to wheying off); the amount of whey which drained off was collected
after 3 hr at 10 °C (in a cooling incubator) and taken as an index for syneresis (ml /
100 g yoghurt sample). Curd tension was determined as described by EL—Dieb (1995).

Fresh and stored (for 3, 6 and 9 days) yoghurt samples were judged for flavor (45
points), body & texture (40 points) and color & appearance (15 points) by fifteen
experienced judges of the staff members of Dairy Sci. Dept. and Food Sci. Dept., Fac.
Agric., Fayoum Univ. The score card was designed as described by Bodyfelt et al.
(1988).

For the statistical analysis, the experimental design used was randomized complete
blocks with three replications. Except for the values in Table 2, all the rest of the
values were factorially analyzed. All data were subjected to statistical analysis
according to Snedecor and Cochran (1980). Comparisons of the means were carried
out using the least significant difference (LSD) at P< 0.05 level.

TABLE 2. Effect of different concentrations of honey and royal jelly on the viability of
starter cultures, incubation time and overall acceptability of fresh yoghurt

(Mean = SD).
T ¢ Rati Counts of starter cultures ( log cfu/g) Incubation Overall
ype o atio
Time acceptabili
addition (%) Str. thermophilus Lb. bulgaricus P v
(hours) (100 degree)*
Control Zero 8.64+0.73° 7.87 £0.46° 3.30+0.05°¢ 96+2.03®
0.2 8.75+0.52° 8.12+1.03% 3.23+0.02¢ 96 +£2.03%®
0.4 8.83+0.74° 8.39+£0.64° 3.22+0.07¢ 95+2.08%
Royal 0.6 8.89 +£0.74° 8.60+0.56" 3.02+0.12° 95+£2.08%™
Jelly 0.8 7.48+0.82° 6.94+0.15¢ 3.85+0.05¢ 90 +3.06°
1.0 4.82+0.63¢ 5.45+0.60% 5.49£0.05° 82 +5.86°
12 4.68+0.33¢ 522+0.11% 6.20+0.05° 77 £1.73°
15 3.88+£0.64° 3.41£0.74° 7.52+0.07° 71 +£6.03¢
2.0 8.50 £0.38"° 8.86 £ 0.26 3.23+£0.03° 96 +1.73°
4.0 9.98 +£0.61° 9.20 +0.84° 3.15£0.05° 98 £ 1.00°
Honey 6.0 7.95£0.03° 7.83£0.46° 520%0.02¢ 99 % 1.00°
9.0 6.20+0.61¢ 4.83+0.32¢ 7.18+0.12° 91 +3.06°

SD: Standard deviation cfu/g: colony forming units per gram yoghurt.

* Total score of sensory acceptability.

Values marked with the different alphabetical letter (s) within a comparable group of means
are statistically different using revised LSD test at P < 0.05.
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Results and Discussion

Viability of starter organisms, incubation time and overall acceptability of yoghurt as
affected by adding different concentrations of honey or royal jelly

To select the suitable concentrations of both BH and RJ during the manufacture of
yoghurt, preliminary experiments were carried out to examine their incorporating
effect on the viability of yoghurt starter organisms (in vitro), fermentation time
(incubation time) of milk and overall acceptability of the resultant yoghurt.

Significant differences (P<0.05) were found in the viability of starter cultures,
incubation time and overall acceptability by adding different concentrations of BH or
RJ, compared with control. The addition of BH or RJ to Str. thermophilus and Lb.
bulgaricus showed significant effect on their numbers (Table 2). RJ enhanced the
growth of both Str. thermophilus and Lb. bulgaricus up to 0.6 % and 0.4 %,
respectively. Then, the counts of starter strains decreased and did not comply with the
minimum count of 10° cfu / ml with increase of RJ (at 1.0 % or more). Also, the log
viable count of Lb. bulgaricus was slightly less than that of Str. thermophilus at the
same concentrations. On the other hand, the viability of yoghurt starter was improved
when the concentration of honey was 4 %, which could be attributed to the high
mineral and sugar contents in honey (Table 1). These results are in accordance with
those reported by Kajiwara ef al. (2002). In contrast, Varga (2006) demonstrated that
the presence of honey at 1.0% to 5.0% (w/v) did not significantly influence the
viability of Str. thermophilus and Lb. bulgaricus. Otherwise, the counts decreased with
the increase of BH concentration, which might be due to its antimicrobial
characteristics such as the presence of organic acids and hydrogen peroxide (Mundo
et al., 2004). The differences in incubation time were insignificant (P<0.05) up to 0.6
% RJ and 2% BH. However, a significant increase in incubation time was observed by
increasing the concentrations of RJ and BH up to 1.5% and 9%, respectively compared
with the control. This could be attributed to the exceeded concentrations of RJ and
BH, which led to the reduction in the activity of the yoghurt starters. Moreover, the
results obtained also showed that the overall sensorial acceptability of the resultant
yoghurt samples insignificantly increased (P<0.05) with either RJ or BH until 6.0 %
and 0.6%, respectively, but tended to decrease significantly (P<0.05) by increasing the
concentrations of RJ or BH. This could be attributed to taste deviations (increased
sweetness in case of BH and sour taste in case of RJ), as well as undesirable texture,
especially, at higher concentrations, which lead to be refused by judgments. The
obtained preliminary results also indicated that yoghurt manufactured by adding 0.6%
RJ or 4.0% BH gave the best quality.

Chemical composition of yoghurt from different treatments during storage at 5 + 1°C
The chemical composition of yoghurt samples produced from different treatments
during storage at 5 + 1°C for 9 days are illustrated in Table 3. According to the results
obtained, the variations in the moisture content of yoghurt samples were found to be
insignificant (P < 0.05) during storage, but it was significant among treatments. The
presence of BH or RJ had insignificant influence on fat content in the resultant
yoghurt, while cold storage significantly (P<0.05) increased the mean values of fat,
total nitrogen and ash contents, as a result of water loss. However, total reducing sugar
and diacetyl content significantly decreased. These findings are in agreement with
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those of Essawy et al. (2005) and Abd El-Rahman and Salama (2008). As expected the
reducing sugars before fermentation were higher in T, and T than T, and T4, which
were 5.72, 5.79, 5.30 and 5.32 %, respectively. This increase was attributed to the high
content of reducing sugars in the honey (Table 1). The % decrease of reducing sugars
(during the incubation time) in yoghurt samples containing honey (T,) was more than
that of other treatments which recorded; 16.98%, 26.57 %, 20.21%, and 18.42% for
Ty, Ty, T3, and Ty, respectively. This might be due to the high sugars content in honey
(Table 1) and high activity of yoghurt starters as shown in Table 4. Also, the results
showed that further significant reduction of reducing sugars content was observed in
all treatments during storage. This decrease was due to their fermentation by starter
cultures. The decrease rates during storage were; 38.64%, 48.81%, 49.35%, and
33.41% for Ty, T,, T5 and T4 and, respectively. Obviously, diacetyl values decreased
significantly (P<0.05) during storage in all yoghurt samples. Similar results were
obtained by Salama et al. (2002). It could also be noticed that adding BH and /or RJ
had significant effect on diacetyl content, compared to control (T).

As can be seen from Table 4, the presence of BH slightly increased the titratable
acidity (T.A) in fresh samples, compared with other treatments. As expected, the mean
value of T.A of fresh samples was significantly lower than those of stored samples
which is due to the partial fermentation of lactose, whereas the pH values had opposite
trend to those shown by T.A. Both BH and RJ had significant effect (P < 0.05) on pH
values of yoghurt samples.

Microbiological analysis of yoghurt from different treatments when fresh and during
storage

The mean counts for viability of yoghurt starters as affected by BH and RJ are
shown in Table 4. The counts of Str. thermophilus and Lb. bulgaricus significantly
decreased during storage period in all treatments. This might be due to the decrease of
pH during storage. These results are in accordance with those given by Lankaputhra
et al. (1996) and Saccaro et al. (2009). The incorporation of BH and / or RJ enhanced
the growth of yoghurt starters. The obtained findings are similar to those reported by
Kajiwara et al. (2002) and Zommara et al. (2004) who reported that honey acts as a
prebiotic because it contains fructose and oligosaccharides which might be the primary
components contributing to enhance the growth and promoting of lactic and acetic
acids production by Bifidobacterium ssp. and yoghurt starter. Otherwise, these results
are in contrast to those of Roumyan ef al. (1996), who found a considerable inhibition
in the growth of Lb. bulgaricus when testing the influence of honey added to the
starter organisms in Bulgarian yoghurt.

In contrast the effect of cold storage on the viability of yoghurt starter was more
pronounced than the effect of BH and/or RJ. The viable counts of Str. thermophilus
and Lb. bulgaricus remained above 10° cfu / g in yoghurt treatments (T,, T, and Ts)
compared with control (T;) until the end of storage period, the viable counts of
yoghurt starter in T samples did not comply with the minimum count of 10° c¢fu / g at
the end of storage (9 days). In this respect, yoghurt must contain viable starter counts
at the time of consumption ranging between 10°- 10°cfu / g as minimum values to
produce the health benefits of these microorganisms (Anonymous, 2004).
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TABLE 3. Effect of honey and/ or royal jelly on chemical composition of yoghurt from
different treatments during storage at 5 + 1°C.

Storage Treatments Treatment
periods Moisture (%) effect
(days) T, T, T; Ty (Mean + SD)
Fresh 83.95° 82.40° 82.28" 83.40° 83.01+0.80"
9 83.73° 82.34° 82.26" 83.35° 82.92+0.73%
Mean+SD | 83.84£0.16% | 82.37+0.04€ | 8227+0.01° | 83.37+0.03°
Total nitrogen (%)
T, T, Ts Ts
Fresh 0.814° 0.805¢ 0.800* 0.817® 0.809+0.01"
9 0.822° 0.811" 0.813" 0.825% 0.818+0.01*
Mean+SD | 0.818£0.01" | 0.808=0.01® | 0.807+0.01% | 0.821+0.01*
Fat (%)
T, T, Ts Ts
Fresh 3.17° 3.10° 3.10° 3.17° 3.13+0.04%
9 3.27° 3.25° 3.28° 3.27° 3.27+0.01°
Mean+SD | 322+0.07" | 3.18+0.11"% | 3.19+£0.13* | 3.22+0.07"
Ash (%)
T, T, Ts Ts
Fresh 0.937° 0.907° 0.893° 0.927° 0.916 +0.02*
9 0.987° 0.936" 0916 0.971° 0.952+03"
Mean+SD | 0.962£0.03" | 0.922+0.02% | 0.905+0.02¢ |0.949+0.03"®
Total reducing sugars (%)
T, T, Ts Ts
Fresh 4.40™ 420 4.62° 434 439+0.17%
9 2.70° 2.15¢ 2.34¢ 2.89° 2.52+034"°
Mean+SD | 3.55+120" | 3.18+145% | 348+161" | 3.61+1.02%
Diacetyl (ppm)
T, T, Ts Ts
Fresh 24.10 30.94° 38.88* 33.52° 31.86+6.14"
9 18.18" 21.96° 24.91¢ 20.68° 21.43+2.80"°
Mean+SD | 21.14£4.19° | 26.45+6.35%° | 31.90+£9.88" | 27.10+£9.08"

Values marked with the same letter (s) are not significantly different using revised LSD test at

P <0.05.

Capital letter (s) indicates differences between main effects, and small letter (s) indicates
differences within interaction of each character.
SD: Standard deviation.
T,: Control (without additives) T,: 4% honey Ts: 4% honey + 0.2 % royal jelly T4: 0.6 %

royal jelly

ppm: Part per million
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TABLE 4. Effect of honey and/or royal jelly on titratable acidity, pH and microbiological
analysis of yoghurt from different treatments during storage at 5+1 C.

Storage periods (days)

Treatment effect

Treatments Titratable acidity (%) (Mean + SD)
Fresh 3 6 9
T, 0.77* 0.87° 1.04° 1.12° 0.95+0.16%
T, 0.80° 0.86" 0.90° 1.23° 0.95+0.16%
T, 0.78" 0.87" 0.96° 1.03* 0.91+0.10"
T, 0.77* 0.86° 0.94° 1.09* 0.91+0.10"
Mean + SD 0.78+0.01° | 0.86+0.01° | 096+0.06° | 1.12+0.08"
pH values
T, 4.50° 437" 4.15° 3.93° 42440254
T, 448" 428 4.07* 3.73° 4.14+032"
T, 457 4.32° 4.22° 4.03 428+0.22%
T, 457 4.30° 4.02° 3.95° 421+0.28"°
Mean + SD 453+0.05% | 432+0.04% | 4.11£0.09° | 3.91+0.13°
Lb. bulgaricus (log cfu/g)
T, 8.14° 7.65" 7.10° 5.95° 7.21+£0.94"
T, 8.92° 8.20° 7.07° 6.41° 7.65+1.12%
T, 9.45° 8.74 7.52° 6.78" 7.87+1.44"
T, 9.29° 7.98° 7.39° 6.49° 7.79£1.174
Mean + SD 8.95+£0.58" | 8.14+£046° | 7.02+£036° | 639+0.34°
Str. thermophilus (log cfu/g)
T, 8.35° 8.24° 7.52° 5.89 7.50+1.148
T, 9.23° 8.35° 7.58¢ 6.01¢ 779 +1.36%
T, 9.45° 8.23° 6.73¢ 6.37% 7.69+1.424°
T, 9.33* 8.54° 7.41° 6.50% 7.94 +1.24%
Mean + SD 9.09+0.50" | 834+0.14% | 731+039° | 6.19+029°

Cfu: colony forming units / g yoghurt.
SD: Standard deviation
Values marked with the same letter (s) are not significantly different using revised LSD test at P

<0.05.

Capital letter (s) indicates differences between main effects, and small letter (s) indicates
differences within interaction of each character.
T,: 4% honey  T;: 4% honey + 0.2 % royal jelly T4 0.6 %

T;: Control (without additives)

royal jelly
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The results obtained also illustrated that no growth of either yeasts or moulds could
be detected in all fresh samples but, was detected in T, T, , T5 and T, after 6, 3,3 &9
days with; 11, 52, 18 and 70 cfu / g, recorded, respectively. The addition of BH led to
an increase in yeast and mould counts, which were higher in T, (4% BH) than T; (4 %
BH + 0.2 % RJ). This could be attributed to mixed BH into the heated yoghurt milk
after cooling to incubation temperature in order to avoid losing some of honey's heat—
labile bioactive substances. Such results agree with those of Jakobsen and Naryhus
(1996), who mentioned that unprocessed honey often contains yeasts and moulds, they
noted that yeast and perhaps mould spoilage may be a major problem in fermented
milks when products are supplemented with honey, which is a source of infection and
also provides nutrients for yeast growth and fermentation. There was a significant
difference in the counts of yeasts and moulds among treatments and control. The
counts of yeast and mould in stored yoghurt samples (after 9 days) were; 230, 890, 277
and 70 cfu/g for Ty, T, T; and T4, respectively. The lowest counts were with T4, which
might be due to the growth inhibitory effect of RJ on the food spoilage organisms. In
this concern, the results reported by Blum et al. (1959) demonstrated that RJ had
fungicidal effect. Also, in vitro studies have confirmed that 10-hydroxydecanoic acid
(the main fatty acid in royal jelly) has antibiotic activity and the antibiotic
effectiveness is thermostable, i.e. is not destroyed by moderate heating (Yatsunami
and Echigo, 1985). Coliforms were not detected in all fresh and stored yoghurt
treatments. This could be attributed to hygienic conditions during manufacture and the
role of yoghurt starter in inhibiting coliforms as they produce a range of antimicrobial

compounds. Similar results were obtained by Hosny (2002).

Mineral content and rheological properties of yoghurt from different treatments

The influence of BH and RJ on the mineral contents of resulting yoghurt samples is
illustrated in Table 5. It could be noticed that incorporation of BH and/or RJ to
yoghurt leads to an increase in its content of minerals, considering that BH and RJ are
rich sources of minerals (Table 1). The results showed that the viscosity of yoghurt
samples containing BH were slightly increased, which might be due to the high
content of solids in BH (Table 1) which led to an increase in both the viscosity and
curd tension in the resulting yoghurt samples. In contrast, the addition of RJ slightly
decreased the viscosity and curd tension of resultant yoghurt which consequently
increased the syneresis. T4 had the highest value of syneresis (45.00 ml), while T, had
the lowest value (38.67 ml).
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TABLE 5. Effect of honey and/or royal jelly on mineral contents and rheological
properties of yoghurt from different treatments.

Mineral content ( ppm ) Rheological properties
Treatment c M K P F Z M Ni Syneresis tCur.d Viscosity
a g [3 n n 1 (ml/l 00g) ension (CP)
(gm)
T, 1327.8 | 42.69 | 451.73 | 262.83 7.52 4.67 | 0.085 325 40.33 45.73 1310
T, 1388.5 | 47.75 | 493.47 | 310.12 9.24 542 | 0.139 | 422 38.67 54.40 1345
T 1563.3 | 58.29 | 512.97 | 360.32 | 44.96 | 6.89 | 0.751 4.98 41.00 46.00 1333
Ts 1315.5 | 44.31 559.09 | 292.40 | 31.47 | 472 | 0.289 | 3.64 45.00 41.27 1085
ppm: Part per million CP: Centi poise

T): Control (without additives) T»: 4% honey Tj: 4% honey + 0.2 % royal jelly — T4: 0.6 % royal jelly

Organoleptic properties of yoghurt from different treatments when fresh and during storage

The results of sensory evaluation were significantly affected by treatments
(P< 0.05) and storage at 5+1°C for 9 days (Table 6). Fresh yoghurt samples had the
highest score, but it was significantly decreased during storage period. Addition of BH
significantly improved the flavor of resultant yoghurt compared to other treatments.
Addition of honey has the ability to decrease the sourness of fermented milk; this
function of honey can serve to increase consumer acceptability of acidic products such
as yoghurt (Roumyan et al., 1996). Also, these findings are in agreement with Varga
(2006) who found that the addition of honey up to 3% improved the sensory quality of
the resultant yoghurt without having a detrimental effect on characteristic of lactic acid
bacteria. In contrast, this result was in disagreement with those obtained by
Bandyopadhyay et al. (2008) in carrot and honey-fortified milk product. Resultant
fresh yoghurt samples produced from T; gained the highest scores (P<0.05) for overall
acceptability, while yoghurt sample produced from T, gained very close scores to T,
(control). Yoghurt flavor and texture were more affected (p < 0.05) in fresh yoghurt
samples containing BH and/or RJ and during storage period, while the judgments did
not show any significant differences in color and appearance score by incorporation of
BH and/or RJ during storage compared with control samples.

Conclusion
From the foregoing results it could be concluded that, yoghurt can be successfully
made using 4% bee honey + 0.2% royal jelly, also 0.6% royal jelly, separately, gave

the best acceptability and nutritional quality of the resultant yoghurt during storage at
5 £1°C for 9 days.
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TABLE 6. Effect of honey and/or royal jelly on organoleoptic properties of yoghurt from

different treatments during storage atS+1 C.
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Flavor (45) Treatment
Treatments Storage periods (days) effect
Fresh 3 6 9 (Mean + SD)

T, 43% 43 40%" 368 41324

T, 44° 44° 39¢f 32" 40+6.0°

Ts 44° 44° 414 358 41 £ 4.6

Ty 43% 42 414 39" 41+2.0%
Mean + SD 44+1.0" 43+13% 40+1.1° 36+£2.8°

Body & Texture (40)

T, 38° 38° 36 35° 37+1.6"

T, 39° 39 36 35° 37+1.6%

Ts 39° 39° 37 36 38+1.74

T, 38° 36" 36" 34° 36+1.8%
Mean + SD 39+0.6" 3813 36+£0.6° 35+£0.7¢

Color & appearance (15)

T, 15° 15° 15° 14° 14+03"

T, 15° 15° 14° 14° 14+03"

Ts 15° 14° 13° 14° 14+03"

T, 15° 14 14 14 14+03"
Mean + SD 15+0.0" 14+04" | 14+04% | 14+04€

Total (100)

T, 96 96 91¢f 85" 92+£5.0%

T, 98° 98° 89" 81 924524

Ts 98° 97" 91¢f 85" 93+£6.5"

T, 96 96 91¢f g7¢" 92 +4.1%
Mean + SD 97+1.6" 96+£2.5" 91+£1.0" 84+2.6°

SD: Standard deviation

Values marked with the same letter (s) are not significantly different using revised LSD test at P
<0.05.

Capital letter (s) indicates differences between main effects, and small letter (s) indicates
differences within interaction of each character.

T;: Control (without additives)  T,: 4% honey Ts: 4% honey + 0.2 % royal jelly
T4: 0.6 % royal jelly

Acknowledgement: The authors wish to thank Dr. Ashraf S. Osman (Horticulture
Department, Faculty of Agriculture, Fayoum University) for his generous help during
statistical analysis.

References
Abd El-Rahman, H.A. and Salama, W.M. (2008) Preparation of yoghurt — like products with
safflower as a substitution material. Egypt. J. Dairy Sci. 36, 39 — 44.
Anonymous (2004) Savanyu tejtermekek (Fermented dairy foods). Magyar Elelmiszerkoyv

(Codex Alimentarius Hungaricus). Tej es Tejtermekek (Milk and Dairy Foods). Directive,
vol. 2-51. Codx Alimentarius Hungaricus Commission, Budapest, Hungary, pp. 21-24.

Egypt. J. Food Sci. 37 (2009)



128 WEDAD A. METRY AND A. A. OWAYSS

AOAC (2000) Association of Official Analytical Chemists. Official Methods of Analysis. 17"
ed. Published by AOAC. Po Box 540. Benjamin Franklin Station, Washington, DC., USA.

American Public Health Association (APHA) (1994) Standard Methods for Microbiological
Examination of Food. 16" ed. pp. 843-845, Washington,D.C.,USA.

Attalla, K.M., Owayss, A.A. and Mohanny, K.M. (2007) Antibacterial activities of bee
venom, propolis and royal jelly produce by three honey bee, Apis mellifera L., hybrids
reared in the same environmental conditions . Annals of Agric. Sci. Moshtohor, 45, 895 —
902.

Baltrugaityte , V., Venskutonis, P. R. and Ceksteryte, V. (2007) Radical scavenging activity
of different floral origin honey and beebread phenolic extracts. Food Chem. 101, 502-514.

Bandyopadhyay, M., Chakraborty, R., and Raychaudhuri, U. (2008) Effect of beet and
honey on quality improvement and carotene retention in a carrot fortified milk product.
Innovative Food Sci. and Emerging Technol. 9, 9-17.

Blum, M.S., Novak, A.F. and Taber, LLI. (1959) 10-Hydroxy-decenoic acid, an antibiotic
found in royal jelly. Science, 130,452-453.

Bodyfelt, F.W., Toias , J. and Trout, G.M. (1988) The Sensory Evaluation of Dairy Products.
AVT, pp. 227- 230.

Chick, H., Shin, H.S. and Ustunol, Z. (2001) Growth and acid production by lactic acid
bacteria and bifidobacteria grown in skim milk containing honey. J. Food Sci. 66, 478-481.

Dannenberg , F. and Kessler , H.G. (1988) Effect of denaturation of  — lactoglobulin on
texture properties of set — style non fat yoghurt . 1 — syneresis . Milchwissenschaft, 43, 632-
639.

Dave, R.L. and Shah, N. (1997) Viability of yoghurt probiotic bacteria in yoghurts made from
commercial starter cultures. Inter. Dairy J. 7, 31-40.

Dubois, M. M., Gilles, J. K., Robers, P. A. and Smith, P. A. (1956) A colorimetric method for
determination of sugars and related substances. Analytical Chem. 28, 350-357.

El-Baz, A.M. and Zommara, M.A. (2007) Characteristics of carbonated stirred yoghurt —
bifidum milk fortified with honey and vitamin C. Egypt. J. Dairy Sci. 35, 45 — 56.

EL-Dieb, S.M. (1995) Effect of homogenization on salted milk coagulation properties. Egypt. J.
Applied Sci. 10, 879 — 890.

Essawy, E.A.Y., Assem, N.H.A. and Abd El-Rahman, H.A. (2005) Production of fortified
yoghurt using chufa milk and its utilization in cake making . Annal. Agric. Sci. Moshtohor,

43, 699.

FAO (1986) Food and Agriculture Organization. Manual of Food Quality Control. Food
Analysis: quality, adulteration and tests of identity. 14/8 Rome, Italy.

FAO (1996) Value-added products from beekeeping. FAO Agricultural Services Bulletin, No.
124, Rome, Italy.

Egypt. J. Food Sci. 37 (2009)



INFLUENCE OF INCORPORATING HONEY AND ROYAL JELLY 129

Hosny, I.M. (2002) Production of probiotic flavored stirred yoghurt. Minufia J. Agric. Res. 7,
1399-1412.

Howe, S.R., Dimick, P.S. and Benton, A.W. (1985) Composition of freshly harvested and
commercial royal jelly. J. Agic. Res. 24, 52-61.

Jakobsen, M. and Naryhus, J. (1996) Yeasts and their possible beneficial and negative effects
on the quality of dairy products. Inter. Dairy J. 6, 755- 768.

Kajiwara, S., Gandhi, H., Ustunol, Z. (2002) Effect of honey on the growth of and acid
production by human intestinal Bifidobacterium spp.: An in vitro comparison with
commercial oligosaccharides and inulin. J. Food Prot. 65, 214-218.

Kramer, K.J., Tager, H.S., Childs, C.N. and Spiers, R.D. (1977) Insulin-like hypoglycemic
and immunological activities in honeybee royal jelly. J. Insect Physiol. 23, 293-295.

Kramer, K.J., Childs, C.N., Spiers, R.D. and Jacobs, R.M. (1982) Purification of insulin-like
peptides from insects haemolynph and royal jelly. Insect Biochem. 12, 91-98.

Krampitz, L.O. (1957) Preparation and determination of acetoin , diacetyl and acetolactate . In:
" Methods in Enzymology " Vol. 111, pp. 277 . S.P. Colouick and N.O. Kaplan ( Ed. ) .
Academic Press Inc. N.Y.

Lankaputhra, W.E.V., Shah , N.P. and Britz , M.L. (1996 ) Survival of bifidobacteria during
refrigerated storage in the presence of acid and hydrogen peroxide. Milchwissenshaft, 51,
65.

Lawrance, A.J. (1968) The determination of lactose in milk products. Aust. J. Dairy
Technol.103.

Mckinley, M.C. (2005) The nutrition and health benefits of yoghurt . Inter. J. Dairy Technol.
58,1 —12.

Molan, P.C. (1992) The antibacterial activity of honey. 1. The nature of antibacterial activity.
Bee World, 73, 5-28.

Molan, P.C. (1999) Why honey is effective as a medicine I. Its use in modern medicine. Bee
World, 80, 80-92.

Morrison, W.B. (1964) A fast simple and reliable method for the micro determination of
phosphorus in biological materials. Analyt. Chemist, 7, 218.

Mundo, M.A., Padilla-Zakour, O.I. and Worobo, R.W. (2004) Growth inhibition of
foodborne pathogens and food spoilage organisms by select raw honeys. Inter. J. Food
Microbiol. 97, 1-8.

Otani, H., Oyama, J. and Tokita, F. (1985) Polyacrylamide gel electrophoretic and
imunochemical properties of proteins in royal jelly. Japanese J. Diary and Food Sci. 34, 21-
25.

Oxoid (1990) The Oxoid Manual, 6" ed. Unipath Ltd, Wade Road, Basingstoke / RG24OPN.

Roodenburg , A.J.C., Feunekes ,G.I.J., Leenen , R. and Ramsay, G. (2008) Food products
and dietary guidelines : how to align . Trends in Food Sci. and Technol. 19, 165 —170 .

Egypt. J. Food Sci. 37 (2009)



130 WEDAD A. METRY AND A. A. OWAYSS

Roumyan, N., Zapryanov, P. and Kondareva, S., (1996) On some aspects of a new fermented
milk product medina. Biotechnology and Biotechnological Equipment, 10, 86-89.

Saccaro, D.M., Tamime, A. Y., Pillegg, A. O. S. and Oliveira , M. N. (2009) The viability of
three probiotic organisms grown with yoghurt starter cultures during storage for 21 days at
4°C. Inter. J. Dairy Technol. 62, 387 - 396

Salama, F.M.M., Anis, S.M.K, Zedan, M.A. and Seiha, A.M. (2002) Production of Rayeb
milk using mesophilic culture with freeze shocked Lactobacillus helviticus 1% Arab
Mansoura Conference of Food and Dairy Science & Technology, Faculty of Agriculture ,
Mansora University, Egypt, October , 353 — 366 .

Savadogo, A., Ouattara, C. A.T., Bassole, I. H. N. and Traore S. A. (2006) Bacteriocins and
lactic acid bacteria - a minireview. African J. Biotechnol. 5, 678-683.

Snedecor, G.W. and Cochran, W.G. (1980) Statistical Methods. 7" ed., lowa State Univ.
Press, Ames, Iowa, USA.

Stocker, A., Schramel, P., Kettrup, A. and Bengsch, E. (2005) Trace and mineral elements in
royal jelly and homeostatic effects. J. Trace Elements in Medicine and Biol. 19, 183-189.

Taormina,P.J., Niemira,B.A. and Beuchat , N. R. (2001) Inhibitory activity of honey against
food borne pathogens as influenced by the presence of hydrogen peroxide and level of
antioxidant power. Int. J. Food Microbiol. 69 , 217 — 225 .

Ustunol, Z. and Gandhi, H. (2001) Growth and viability of commercial Bifidobacterium spp.
in honey-sweetened skim milk. J. Food Protec. 64, 1775-1779.

Varga , L. (2006) Effect of acacia (Robinia pseudo-acacia L.) honey on the characteristic
microflora of yoghurt during refrigerated storage. Inter. J.Food Microbiol. 108, 272 — 275 .

Vecchi, M.A., Sabatini, A.G., Grazia, L., Tini, V. and Zambonelli, C. (1988) Il contenuto in
vitamin come possibile elemento di caratterizzazione della gelatina reale. Apicoltura, 4, 139-
146.

Yatsunami, K. and Echigo, T. (1985) Antibacterial activity of royal jelly. Bulletin of the Fac.
of Agric.Tamagawa Univ. No. 25, 13-22.

Zommara, M.A., Elbaz, A.M., Rashed, M.A. and Mansour, A.A. (2004) Effect of
supplementing vitamin C to milk on some chemical and organoleptic properties and starter
viability of zabady- bifidum fermented milk during cold storage. Proc. Inter Conf.
Microbiol and Biotech. In Favour of Man and Environment in Africa and Arab Region,
Mansoura University, Mansoura, Egypt.

(Received 27/12/2009;
accepted 16/ 3/ 2010)

Egypt. J. Food Sci. 37 (2009)



INFLUENCE OF INCORPORATING HONEY AND ROYAL JELLY 131

sl ol H) Baga s clslal) 2118 g Jadll Juwe d8La) il
s34

* e daal Qa9 g e e Ay
- ool Aaala - Al A4S - bl A and * 5 LY Lis 555 0 ke ol
R\

L lae g Jaill Jue (e Adliaa cand Adla) Lali Al ja ) Gaall) 138 Caagy
p lal g il (a3l al 535 Cpmmail) a5 3L esal LS s e
;\x}d@\wwg@@(‘ﬁﬁg@i‘;m&x)uu LSy il
Aladil aa il sl L:U.u& alac L._I}..ua 5 (sl s (ban Ao 3US) culslall
O SR AELca) A Jiadl liial o3 44 0¥ Sl e Bl s elginaiil Al i)
S Aalail) 45 Hally (50l ) arieail axdiiveal) Gl ) Leidlca) 5 SLall o135 Jusall
O gl el 5N Jalas a5 (g})_us)ujwauugwqu\.u@@g
(7Y £ o8 ) dsnyn Ao ALl yadll 5,58 JAA 5 Ls Sla ddlidall C3lalall
s &5 LaS ¢ A gl g )11 Gl il (lany 300855 L gl g9 5Saa s Lo 5 LilaasS DUlas
- ilias) Lede Juanial) bl

s Y il o2 o jekal 8

) EDaall (s sl (a5 scsalll S slae 34 sina 35 8 35 58 )
il Lai ¢ J g i€l Ay 45 5le it oty Juead) 5l KLl 2138 L) Capal
elae 9%+, 1 Ll ddlcaal) salall 3 5350k s Sl (5 sinall 13g] 4 siza 30l ) Sllia
- Opanill Ga ) (5 gine paliail g oy e i yig due % ¢ 5l ilSke

Cans s un Jsd e ael % 1 Gy Juall dila) (i (a0 Bali (e
Lol O A e 5 Jolal e (g S A saime S Al 024 (S 5 (paSanall
%o & b st O LA a5 (Al ) e JsY1 6 3l il L) @l g sl
axadl cpll il Sl 13 % o, Y + Jue %0 Sl el % o, 5 Jue
Al (i A panlldy saall dail) B30L ) 3505 o il s S5 5aly ) ]
LS il ol 5 S35 g1 o) a3 il Jan gl Ly (3 380 88
LEal alaad) e (3l 5N (5 sina 33l ) () KL 63 g Juanll (e JS ddlia) (50
AN Qaall s as 53 Bal 5 I Juanll ddla) caaf AT Aals ey 5 S Asny
ClElay) s3a caal L ¢ J g kil 45 e clinll (e Gial Jlaadi] Jane (mleds)
Gaaa o J g S Ay 4 )lRall s jUal) il o ool LS daed 30l )
o sall oY) aall e J8 AT LD g g Al 5 58 Al s alac Y ol 8 (jaladl)
Calas A AR due lae Lad (aloa/Boerine 1) e ) (salll LSS dsa gl 4
il yhdll e AL slacl Heelds Ta Mg ¢ Al B Al B lld e J8 Taae
Cila Loty Jad Juaal) e 25 ginall el elli ddala 5 oAl oW el
) Al i ekl LaS ¢ Jadd clSlall glae e 3 siaal) il Slac ) 8
Lall Gl 3l B g sena (3 Ay gina 5 Gisan ) a3 dadll Jue ddla)
b 05l o Lysine il oda 53 aly s yusll &l & Ul ol 30
ol gall die il o) 89 4S5 ad Ja gl (B (5 gine (mldA) Ciaa M g il
s el e 4 giadll @i dala 5 o3l e

Jadll cilSle glae 0 oY + Jadll Jue % € Adloaly A ol sy a5 Gl

i aie Jaill Sl elae % v, T Ala) o o aall gl 3l i dlla

Ol el 5z Ul miiall 8 g lina el o Jgeanll ¢ laa ) 5ol 3))
cebd Asaal %) £ 05 adan e

Egypt. J. Food Sci. 37 (2009)



