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ABSTRACT 

The therapeutic properties of Lactobacillus rhamnosus GR-1 and ginseng extracts have been well documented. The 
objective of this study was to measure growth and survival of L. rhamnosus GR-1 in milk fortified with ginseng extracts 
during storage period of 28 days. Five formulations of milk (1% fat) were prepared. Two samples were fortified with 
alcoholic ginseng extract (AGE: 150 μg/mL, AGE: 500 μg/mL) and the other two samples were fortified with aqueous 
ginseng extract (QGE: 150 μg/mL, QGE: 500 μg/ml) and one with no ginseng extract (C). The mixtures were auto-
claved for 15 min, cooled to 37˚C and inoculated with 1% starter culture. The samples were then incubated anaerobi-
cally at 37˚C overnight. Selective MRS agar containing 0.015 g/L fusidic acid was used to enumerate L. rhamnosus 
GR-1 after 1, 14, and 28 d storage at 4˚C. All ginseng-fortified samples supported the growth and survival of L. rham-
nosus GR-1, as viable counts were detected at each measurement point throughout the 28 d storage period. After 1 d of 
storage, total colony counts for L. rhamnosus GR-1 in AGE: 150 μg/mL and AGE: 500 μg/mL were 1.3 × 109 and 1.4 × 
109 CFU/mL, respectively; probiotic counts in QGE 150 μg/mL and QGE: 500 μg/mL were 1.5 × 109 and 1.4 × 109 
CFU/mL, respectively. Additionally, L. rhamnosus GR-1 viability remained stable throughout the 28 days storage pe-
riod, as no significant decrease (p < 0.05) in total colony counts were detected. The results indicate that L. rhamnosus 
GR-1 can remain viable in presence of ginseng extracts during storage period and there is potential for incorporating 
ginseng extracts in other probiotic dairy products. 
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1. Introduction 

Research suggests that ginseng consumption is able to 
prevent and manage chronic diseases such as atheroscle- 
rotic plaque formation [1], and diabetes induced kidney 
damage [2,3]. There are many chemical constituents 
within ginseng extracts, including ginsenosides, glycans, 
oligosaccharides, polysaccharides, peptides, fatty acids, 
and polyacetylenic alcohols [3]. The pharmacological 
components believed to produce the majority of possible 
health benefits are ginsenosides [1,4-6]. Structurally, gin- 
senosides consist of 4-trans ring steroidal saponins with a 
variety of sugar moieties attached [6]. American ginseng 
mostly contains ginsenosides Rb1, Rb2, Rc, and Rd, 
which are characterized by the presence of 20(S)-proto- 
panaxadiol as an aglycon; and ginsenosides Rg1 and 

Re, which contain 20(S)-protopanaxatriol as an aglycon 
[2,6]. It has been suggested that ginsenosides are able to 
enter the cell and initiate intracellular mechanisms [6,7]. 
However, their large molecular size and high polarity 
prevent ginsenoside absorption within the intestinal tract 
[8]. Ginsenosides become able to enter circulation 
through the intestinal microflora, as these microorgan- 
isms conduct a series of reactions that convert ginse- 
nosides into compounds that can be absorbed [8-10]. It is 
postulated that these final compounds may be responsible 
for the health benefits associated with ginseng [8,10]. 

Given that intestinal microflora play a significant role 
in the digestion and absorption of ginsenosides, it is im- 
portant to consider that the health of gut microflora can 
be hindered by daily stress, changes in eating habits, and 
use of oral medications such as antibiotics [11-13]. There- 
fore, it may be beneficial for individuals supplementing  *Corresponding author. 

Copyright © 2013 SciRes.                                                                                  FNS 



Microbial Properties of Probiotic Fermented Milk Supplemented with Ginseng Extracts 393

their diet with ginseng to also maintain their gut health 
through the use of probiotics, as consuming some bacte- 
rial strains can promote the health of existing gut micro- 
flora [11,14]. 

Various strains of lactic acid bacteria that meet the 
criteria developed by the United Nations and World 
Health Organization Expert Panel are considered probi- 
otic [15]. Two such species include Lactobacillus rham- 
nosus GR-1 and Lactobacillus reuteri (previously fer- 
mentus) RC-14. They are bile resistant, survive passage 
through and colonize the gastrointestinal tract, and are 
able to relieve diarrhea with flatulence without causing 
adverse systemic immune or inflammatory outcomes 
[16-18]. This combination of bacteria can also colonize 
the vagina, preventing the presence of yeast and Es- 
cherichia coli, thus reducing the possibility of bacterial 
vaginosis, yeast vaginitis and urinary tract infections [16, 
19-21].  

Milk and yogurt products are successful vehicles to 
deliver probiotic microorganisms combined with herbal 
products to consumers [22-24]. However, in order to 
ensure that a novel product is probiotic, it must contain at 
least 106 - 107 colony forming units (CFU)/mL, which is 
the minimum amount required to produce health benefits 
on the host [20,22,25-27]. Given that reduced pH can 
decrease probiotic bacteria viability, and both yogurt 
starter cultures and some herbal and plant-based addi- 
tives can potentially facilitate a drop in pH, yogurt starter 
cultures were not added in this experiment [22,27]. The 
objective of this study was to monitor growth and sur- 
vival of L. rhamnosus GR-1 in milk containing both 
aqueous ginseng extract (QGE) and alcoholic ginseng 
extract (AQE) during a 28-day storage period.  

2. Material and Methods 

2.1. Culture Preparation 

Production of the ginseng fortified probiotic milk re- 
quired preparation of a probiotic bacteria stock that was 
generated every 14 days. This involved adding L. rham- 
nosus GR-1 (Urex, Biotech Inc., London, Ontario, Can- 
ada) to sterilized (autoclaved 15psi at 121˚C for 15 min.) 
de Man, Rogosa and Sharpe (MRS) broth at a 10% by 
weight concentration. The mixture was then incubated 
with a BBL GasPak™ system (Becton Dickinson & Co., 
Sparks, MD, USA) in order to create anaerobic condi- 
tions at 37.5˚C for 16 hours. This culture was then rou- 
tinely generated in MRS broth every 14 days.  

2.2. Ginseng Extract Preparation 

The Ontario Ginseng Growers Association provided four- 
year-old Native American ginseng roots from five dif- 
ferent farms in Ontario, Canada, harvested in 2007. Azike 

et al. [28] have documented detailed methods regarding 
preparation of aqueous and alcoholic ginseng extracts. 
Naturex (New Jersey, USA) conducted the aqueous and 
alcoholic extraction from dried ginseng root samples. 
This process involved grinding ginseng roots and soaking 
4 kg for three five hour periods in 16 L of either water or 
ethanol/water (75/25, v/v) solution at 40˚C. Following 
extraction, excess solvent was removed using a rotary 
evaporator under vacuum filtration at 45˚C, extracts from 
each farm were combined, and further concentration was 
initiated. A water-soluble powder was then formed by 
lyophilizing the mixture using a freeze dryer (Labonco, 
USA) at −55˚C for 18 - 20 hours, vacuum filtering at 10 
micron Hg and crushing the extract using a mortar and 
pestle. 

2.3. Ginseng Supplemented Probiotic Milk 
Preparation 

Five formulations of milk were prepared by autoclaving 
milk (1% fat) at 15psi for 15 minutes in order to remove 
any competing microorganisms [26]. Milk was then 
cooled to 40˚C, following the addition of 150 μg/mL 
QGE, 500 μg/mL QGE, 150 μg/mL AGE, or 500 μg/mL 
AGE. One probiotic milk sample was prepared without 
ginseng extracts (C). Ginseng extract addition followed 
heat treatment to avoid any possible chemical reactions 
that could occur when adding ginseng extracts to dairy 
products, such as oxidation, glycation, and occurrence of 
the maillard browning reaction [29]. All five mixtures 
were then inoculated with 1% concentration of probiotic 
culture, and then incubated anaerobically at 37˚C over- 
night. Two replications of each probiotic milk formula- 
tion were prepared. 

2.4. Microbial Analysis 

Viable counts of L. rhamnosus GR-1 being stored at 4˚C 
was retrieved on days 1, 14 and 28. At each measurement 
point, probiotic milk samples were diluted in autoclaved 
0.85% saline to obtain the concentrations of 10−5, 10−6, 
10−7, and 10−8. One tenth milliliter of each dilution was 
then double plated on agar consisting of Lactobacillus 
selective MRS and 15 mg/ml fusidic acid. Plates were 
then incubated anaerobically at 37.5˚C for 48 hours, after 
which viability was quantified by counting the colony 
forming units on each plate.  

2.5. Statistical Analysis 

Statistical analyses were conducted using the Proc Mixed 
procedure of SAS Ver 8.02 (SAS Institute, Cary, NC). 
The experiments were replicated two times in a factorial 
arrangement. A type 1 error rate of 0.05 was used for all 
statistical comparisons. Error assumptions of the variance  
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analyses (random, homogeneous, normal distribution of 
error) were confirmed using residual plots and the Sha- 
piro-Wilk normality test. Data where needed were sub- 
jected to square root transformation, compared on the 
transformed scale, and converted back to the original 
scale for presentation of results. Means were separated 
according to a Fisher’s Protected Least Significant Dif- 
ference (LSD) test (p < 0.05). 

mixtures. After one day of refrigerated storage the probi- 
otic milk control contained 9.5 × 108 CFU/mL, 150 μg/ 
mL AGE sample contained 1.3 × 109 CFU/mL, and the 
milk sample with 500 μg/mL AGE added was found to 
have 1.4 × 109 CFU/mL (Figure 2). After 14 days of 
storage, 2.25 × 109 CFU/mL was identified in the probi- 
otic control, 2.2 × 109 CFU/mL in 150 μg/mL AGE, and 
2.7 × 109 CFU/mL in the 500 μg/mL AGE sample. After 
28 days of storage, 1.1 × 109 CFU/mL was identified in 
the probiotic control, 1.8 × 109 CFU/mL in 150 μg/mL 
AGE, and 1.2 × 109 CFU/mL in the 500 μg/mL AGE 
probiotic milk mixture. 

3. Results 

Microbial Analysis of L. rhamnosus GR-1 in  
Ginseng Fortified Milk 

The relationship between mean values of colony forming 
units/mL of probiotic milk containing aqueous ginseng 
extract (QGE) is presented in Figure 1. It was observed 
that L. rhamnosus GR-1 viability was unaffected by the 
presence of QGE during incubation and storage of probi- 
otic milk mixtures, as no statistical significance (p > 0.05) 
was identified between the three samples at each meas- 
urement point. After one day of storage, the probiotic 
milk control contained 9.5 × 108 CFU/mL, the sample 
with 150 μg/mL QGE contained 1.5 × 109 CFU/mL, and 
the sample with 500 μg/mL contained 1.4 × 109 CFU/mL 
(p > 0.05). After 14 days of storage, 2.25 × 109 CFU/mL 
was identified in the probiotic control, 1.8 × 109 CFU/mL 
in 150 μg/mL QGE, and 2.75 × 109 CFU/mL in the 500 
μg/mL QGE sample. After 28 days of storage, 1.1 × 109 
CFU/mL was identified in the probiotic control, 1.95 × 
109 CFU/mL in 150 μg/mL QGE, and 1.65 × 109 CFU/ 
mL in the 500 μg/mL QGE probiotic milk mixture. 

4. Discussion 

Depending on the chemical composition of herbs and 
other plant-based additives, their addition to probiotic 
milk products can change pH and total titratable acid 
[30-32]. Furthermore, some nutraceutical products have 
antimicrobial and antioxidant properties [30,33]. The 
presence of any of these conditions may hinder the 
growth and viability of probiotic organisms, possibly 
resulting in milk products containing fewer than 106 - 
107colony forming units (CFU)/mL and thus not being 
able to provide health benefits to the host [20,22,25-27]. 

Results of this study suggest that viability of L. rham- 
nosus GR-1 during refrigerated storage is not impacted 
by the presence of aqueous or alcoholic ginseng extracts, 
as bacterial counts containing this herb at all measure- 
ment points were not significantly different (p > 0.05) 
than the probiotic milk control. These results are compa- 
rable to previous research, which reported the viability 
counts of L. rhamnosus GR-1 to be at 2 × 108 CFU/mL 
after one day of storage, and 5 × 108 CFU/mL after 28 
days of storage in 1% milk [34]. The probiotic counts in 
all samples were greater than 107 CFU/mL during the 28-  

Similarly, the viability of L. rhamnosus GR-1 was not 
impacted by the presence of alcoholic ginseng extract 
(AGE) during the incubation and storage period, as there 
was no significant difference (p > 0.05) between mean 
values of colony forming units/mL of the probiotic milk 
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Figure 1. Viability of L. rhamnosus in aqueous ginseng extract (QGE) fortified milk. Assessing L. rhamnosus GR-1 viability in 
QGE fortified milk over the 28-day shelf life, as compared to standard (probiotic milk containing L. rhamnosus GR-1 without 
ginseng extract). No statistical significance (p > 0.05) was observed. 



Microbial Properties of Probiotic Fermented Milk Supplemented with Ginseng Extracts 395

0.00E+00

5.00E+08

1.00E+09

1.50E+09

2.00E+09

2.50E+09

3.00E+09

Day 1 Day 14 Day 28

probiotic milk standard

150μg AGE/mL milk

500μg AGE/mL milk

 

Figure 2. Viability of L. rhamnosus in alcoholic ginseng extract (AGE) fortified milk. Assessing L. rhamnosus GR-1 viability 
in AGE fortified milk over the 28-day shelf life, as compared to standard (probiotic milk containing L. rhamnosus GR-1 
without ginseng extract). No statistical significance (p > 0.05) was observed. 
 
day storage period, thus it can be proposed that ginseng 
extract and L. rhamnosus GR-1 are a suitable combina- 
tion, as microbial counts are sufficient to exert health 
benefits on the host.  

Observing a neutral presence of ginseng extracts in the 
probiotic milk medium is an interesting finding. Previous 
research suggests that ginseng has antioxidant constitu- 
ents as well as antimicrobial properties against various 
strains of pathogenic bacteria, thus it would be reason- 
able to expect reduced probiotic viability [1-3,35]. To 
our knowledge, no data to support or contradict these 
findings was present in the literature. However, research 
has been conducted to investigate the effects of adding 
herbal compounds with antioxidant and antimicrobial 
properties on probiotic viability within milk products. 
Beheshtipour and colleagues [27] added microalgae spe- 
cies Chlorella vulgaris or Arthrospira platensis to yogurt 
containing probiotic strains Lactobacillus acidophilus 
LA-5 and Bifidobacterium lactis BB-12. They observed 
similar antioxidant activity between probiotic yogurts 
with and without microalgae, and increased viability of 
both probiotic species containing either C. vulgaris or A. 
platensis at each measurement point over the 28-days 
refrigerated storage period. Haddadin [36] combined ei- 
ther aqueous or alcoholic olive leaf extracts with skim 
milk containing Bifidobacterium infantis and Lactoba- 
cillus acidophilus (strains unspecified). Increased viabil- 
ity of both probiotic strains were observed after 16 h in- 
cubation period for olive extract concentrations below 
3.0 mg Catechin Equivalents/mL, whereas adding 5.0 mg 
Catechin Equivalents/mL resulted in significantly de- 
creased probiotic viability. The concentration at which 
olive oil inhibited microbial growth was greater than a 
previous study where 2 mL of olive oil exerted bacteri- 
cidal activity against probiotic microorganisms such as L. 
acidophilus and Bifidobacterium bifidum when placed in 
bactericidal activity assay [37]. An additional study mixed 

cinnamon or licorice with probiotic yogurt containing L. 
acidophilus LA-5 and NCMF, B. lactis BB-12, and Lac- 
tobacillus casei LC-10 [30]. It was found that both the 
addition of cinnamon or licorice increased antioxidant 
activity in the probiotic yogurts and correspondingly, 
viability of Lactobacillus species was reduced during 
fermentation and storage; no statistical analysis was 
completed. 

It can therefore be suggested that some herbal and 
plant-based additives contain favourable characteristics 
that outweigh their unsuitable properties for probiotic 
survival in milk products. This may have been the case 
with the addition of microalgae C. vulgaris and A. platen- 
sis, as these plants contain nutrients such as exopolysac- 
charide, adenine, hypoxanthine, free amino acids and 
essential vitamins and minerals that may have enabled 
growth and activity of probiotic bacteria [27]. Addition- 
ally, the phenolic compounds found in olive leaf extracts 
may be helpful to probiotic organisms at lower concen- 
trations through decreasing oxidative stress in the yogurt 
medium and thus creating a favourable environment [36]. 

A similar concept may apply to the findings observed 
in this study, as it may be possible that ginseng’s pre- 
biotic properties resulted in the viability of L. rhamnosus 
GR-1 being unaffected by the addition of ginseng ex- 
tracts in the milk medium. Prebiotics are non-digestible 
components of food that can facilitate the growth and 
activity of selective bacteria within the large intestine 
[38]. Generally, prebiotics are carbohydrates with a de- 
gree of polymerization of two or more [39]. In accor- 
dance with this definition, ginseng extracts are consid- 
ered to have prebiotic components, as they contain gin- 
senosides that cannot be absorbed until deglycosylated 
by microflora [8,9], and nine glucose oligosaccharides 
with degrees of polymerization between two and 10 [40]. 

While this study may have established that aqueous 
and alcoholic ginseng extracts are suitable herbal addi- 
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tives for L. rhamnosus GR-1 in milk medium, the need 
for future research in regard to incorporating ginseng  
extracts in other probiotic dairy products is warranted, 
and sensory evaluation would be required to assess con- 
sumer response and preferences. Additionally, to date 
there has been no research done to investigate the impact 
of fermented milk on the antioxidant properties and gin- 
senoside stability of ginseng extracts. 

5. Conclusion 

Despite the antimicrobial and antioxidant properties of 
ginseng, combining aqueous and alcoholic ginseng ex- 
tracts in milk containing L. rhamnosus GR-1 sustains a 
favourable medium for the growth and survival of this 
probiotic species. This indicates there is potential for 
incorporating ginseng extracts in other probiotic dairy 
products. 
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