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Abstract
Background and Objective: Carob pods are natural sources of fermentable fibers and polyphenols, which have been shown to have
health benefits. Konjac is a plant known for its dietary fiber, health benefits and food applications. The utilization of carob and konjac as
prebiotic sources could serve as novel substrates for improving probiotics viability and stability. This study examined the effect of carob
and konjac (2.5 and 5%) on the growth of four probiotic  strains  (Bifidobacterium bifidum, Lactobacillus paracasei, Lactobacillus
acidophilus  and  Streptococcus thermophilus) and the effects of fermentation on total phytochemical contents and antioxidant activity.
Materials and Methods: Total viable counts and pH were measured for assessing prebiotic activity. Total phenolics, total flavonoids, DPPH,
FRAP, TEAC and ORAC were measured in fermented and unfermented samples. The analysis was conducted in triplicates. Results: The
highest growth fold (Log CFU) was noted with a combination of L. acidophilus  and 5% carob after 48 hrs incubation (2.02 Log CFU) and
L. paracasei  and 2.5% konjac after 24 hrs incubation (2.13 Log  CFU).  Total  phenolic  contents  and total flavonoids were highest after
48 hrs fermentation of 2.5% carob with B. bifidum  (518.07 mg GA 100 gG1 and 344.37 mg CE 100 gG1). The DPPH, TEAC and FRAP activity
ranged from (12.15-92.85%, 4.13-24.8 mM Trolox gG1 and 11.25-31.4 mM FeSO4 gG1, respectively) in all samples. For ORAC, the majority
of fermented extracts showed better values (0.04-5.46 uM Trolox gG1). Conclusion: Accordingly, carob pods and konjac extracts may be
considered as effective prebiotic for increasing probiotics growth and viability and particularly carob as a source of antioxidants.
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INTRODUCTION

Probiotic fermented foods and beverages are highly
trending in the food industry1. According to the World Health
Organization (WHO)2, probiotics are defined as “live strains of
strictly selected microorganisms which, when administered in
adequate amounts confer a health benefit on the host”.
Probiotics have been shown to improve human health and
alleviate many chronic diseases such as insulin resistance3,4,
obesity5,6, colon cancer7,8, lactose intolerance9 and oxidative
stress10,11.

Prebiotics are a type of non-digestible food that
beneficially affects human health. The difference between
prebiotics  and dietary fibers is that prebiotics has to
selectively stimulate the growth and/or activity of good
microorganisms in the colon12 and is poorly utilized by
potentially harmful bacteria. Dietary fibers such as insulin and
fructooligosaccharides act beneficially on the human body as
a prebiotic substrate for probiotics to enhance its growth and
encourage the production of short-chain fatty acids (SCFAs)
via fermentation13.

Konjac (Amorphophallus konjac) (Fig. 1) is a perennial
plant, growing widely in East Asia. Konjac has been suggested
to have  many  health   benefits   including,   anti-diabetic,  
anti-inflammatory  and  prebiotic activity14. Moreover, konjac
is utilized in  the  food  industry (Food additive: E 425i and ii)
as a film former, stabilizer, thickener and gelling agent.
Glucomannan is a water-soluble polysaccharide that accounts
for approximately 40% of the of plant’s bulbo-tuber14.
Glucomannan is made primarily of mannose and D-glucose as
a secondary sugar with $-(1-4) glycosidic bond15. As a highly
fermentable fiber, glucomannan are highly fermentable by
Bifidobacterium16, favor the growth of probiotics over the
growth of pathogens such as Staphylococcus aureus and
Salmonella typhimurium17 and attenuate Inflammatory Bowel
Disease (IBD) related symptoms18. The ability of konjac to form
thermo-irreversible gel and its shear thinning properties
makes it a prime candidate for prebiotic selection as it can
exhibit stability in different food processing conditions.

Carob (Ceratonia siliqua) (Fig. 2) is the fruit of a
Mediterranean evergreen tree belonging to the legume family,
Fabaceae19. Carob has been utilized throughout history as a
binding agent and medicinal beverage20. Carob is a good
source for polyphenols19,21, which have shown to selectively
enhance the growth of lactic acid bacteria22 in addition to their
stimulation of SCFA production23. Furthermore, carob is rich
ingalactomannans24 a type of polysaccharides, which are not
digestible in the gastrointestinal tract25 and thus are able to
stimulate the growth of lactobacilli  and bifidobacteria15,26.

Fig. 1: Konjac roots
Adapted from https://www.precisionnutrition.com/all-about-
glucomannan

Fig. 2: Mature carob pod and its constituents

The predominant polyphenols in carob fruit are phenolic
acids, flavonols and condensed tannins (proanthocyanidins)27.
Carob pods are a great source for many types of anti-
inflammatory and antioxidants as both seeds and pulp contain
high concentrations of different polyphenols classes. Carob
pulp contains phenolic acids such as 4-hydroxybenzoic acid,
gallic, caffeic and ferulic acids, flavonoids such as quercetin
rhamnoside, eriodictyol, genistein28 and tannins such as tannic
acid. Further, the flour and pods are rich in myricetin, methyl
gallate, catechin and ellagitannins29,30.

The aim of this study was to compare the potential of
carob pods and konjac root powder as prebiotic substrates for
the growth of four probiotic strains: Bifidobacterium bifidum
(Danisco Bb-06®), Lactobacillus paracasei (Danisco Lpc-37®),
Lactobacillus acidophilus (Danisco La-14®) and Streptococcus
thermophilus (Danisco St-21®) and also determine the total
phytochemical  content  (total  phenolics  content   and  total
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flavonoids content) and antioxidant activity (DPPH, FRAP,
TEAC and ORAC) of fermented and unfermented substrates.

MATERIALS AND METHODS

Study area: The study was carried out in the Food Science
Department at Alabama A and M University, Normal AL from
April, 2019 to December, 2019.

Materials: The M17 and MRS media were obtained from BD
DifcoTM and BD BBLTM. Carob pods were purchased from a local
store (Brooklyn, NY). Konjac Root powder (90% Glucomannan)
was purchased from Hard Eight Nutrition LLC, (Henderson,
NV). Oxoid Anaero Gen 2.5 L Sachets, anaerobic atmosphere
generation system (Gas Pak, Thermo Scientific, Hampshire,
UK). Ethanol, sodium carbonate, sodium hydroxide, aluminum
chloride, sodium acetate, acetic acid, 2,4,6-tri(2-pyridyl)-s-
triazine (TPTZ), hydrochloric acid, ferric chloride, ferrous
sulfate,  2,2’-azinobis (3-ethylbenzothiazoline 6-sulfonate)
radical cation, Trolox and potassium persulfate (Fisher
Scientific, Waltham, MA). Gallic acid, catechin,1-diphenyl-2-
picrylhydrazyl    (DPPH)  radical   and   2,2   azo  bis 2-
amidinopropane  dihydrochloride  (AAPH)  (Sigma-Aldrich).
Folin-Ciocalteu reagent (MP Biomedical).

Probiotic propagation and fermentation of prebiotic
substrates:  Probiotic    cultures    (L.    acidophilus     (La-14),
L. paracasei (Lpc-37), S. thermophilus (St-21) and B.  bifidum 
(Bb-06)) were kindly provided by DuPontTM Danisco® Food
Ingredients (Copenhagen, Denmark) and were stored and
rehydrated according to ATCC® reviving freeze-dried
microorganisms methods.

Growth media were prepared and stored according to
manufacturer's methods. All the probiotics strains were
maintained  at   38EC   in   anaerobic   conditions   except  for
S. thermophilus, which was maintained at 40EC. Probiotic
strains were added to the perspective media/treatment
combination and were fermented for 24 or 48 hrs. After
fermentation, pH was taken and CFU was determined
following standard protocols.

Carob pods were blended into a homogenous powder.
Carob and konjac  mixtures  were  prepared  by mixing 2.5 and
5 g (2.5 and 5%) with 100 mL of selected broth (MRS/M17).
Each concentration  served  as  a  medium  for  probiotic
strains  and  each  mixture  was  incubated for two time
periods, 24 and  48  hrs.  Media  without carob/konjac served
as control (24 and 48 hrs incubation). Samples were taken
from each treatment and were serially diluted for microbial
analysis.

Total phenolic and flavonoid contents: Total Phenolics
Content (TPC) and Total Flavonoids Content (TFC) were
determined using Folin-Ciocalteu’s and aluminum colorimetric
methods, according to Patel et al.31. For TPC, Gallic Acid (GA)
was  used  as  a  standard. The absorbance was measured at
750 nm after incubating for 90 min at room temperature. For
TFC, the absorbance was measured at 510 nm using catechin
(CE) as a standard.

Antioxidant assays: DPPH (2,2-Diphenyl-1-Picrylhydrazyl)
radical scavenging activity, ferric reducing antioxidative
potential (FRAP) and Trolox equivalent antioxidant capacity
(TEAC) was determined according to Patel et al.31 and oxygen
radical absorbance capacity (ORAC) was determined
according to Haile and Kang32.

Preparation of fermented and unfermented carob extracts
for total polyphenol and antioxidant analysis
Unfermented extracts: Five grams of carob/konjac powder
was mixed in 50 mL of 80% ethanol for 2 hrs with continuous
shaking. The extracts were centrifuged at 5000 g for 20 min.
Supernatants were filtered and the remaining residue was
washed with 80% ethanol re-extracted. Supernatants were
pooled and the solvent was evaporated using a rotary
evaporator (Buchi Rotavapor R-215). The concentrates were
stored at -80EC until further use.

Fermented extracts: Cell-free supernatant (CFS) of the
media/carob  mixtures  were prepared using a method by
Xing et al.33 with some modifications to the centrifugation
conditions.  Probiotics  samples  were  centrifuged (10,000 g,
20 min, 4EC) and the resulting supernatant was filtered twice
with (0.22 µm pore size syringe filters) into 10 mL centrifuge
tubes. The CFS was stored at -80EC until use.

Statistical analysis: The experiment was conducted in
triplicates and SAS 9.4 software (SAS Institute Inc., Cary, NC,
USA) was used. The ANOVA was performed and means
separation  was  done  by Student’s two-tailed t-test and
Tukey-Kramer range test at a 5% significance level. Data are
reported as Means±SEM.

RESULTS

Effect of konjac and carob on pH of probiotics: Table 1 shows
the effect of carob and konjac on the pH. All the synbiotic
combinations were able to reduce the pH of the medium
regardless  of   the   treatment   concentrations.   After   24  hrs

20



Am. J. Food Technol., 16 (1): 18-30, 2021

Table 1: Effect of carob pods and konjac on acidification (pH) of probiotics growth media
Probiotics (Control no prebiotic) pH 2.5% Carob pH 5% Carob pH 2.5% Konjac pH 5% Konjac
24 hrs
L. paracasei 3.9±0.10d,z 4.75±0.04a,x 4.27±0.05b,y 4.0±0.01d,z 4.02±0.02cd,z

B. bifidum 4.43±0.01bc,x 4.03±0.08d,y 4.17±0.07b,y 4.39±0.02b,x 4.43±0.01b,x

L. acidophilus 3.72±0.10e,z 4.43±0.05b,x 4.13±0.06bc,y 4.19±0.01c,y 4.12±0.03bc,y

S. thermophilus 5.5±0.01a,x 4.78±0.02a,z 4.72±0.01a,wz 4.61±0.09a,z 5.27±0.03a,y

48 hrs
L. paracasei 3.74±0.08de,y 3.55±0.06f,z 3.6±0.04d,z 3.83±0.00e,xy 3.89±0.00cd,x

B. bifidum 4.57±0.07b,x 4.41±0.05b,xy 4.03±0.02c,y 4.34±0.01b,xy 4.23±0.3bc,xy

L. acidophilus 3.91±0.05d,x 3.86±0.05e,y 3.72±0.05d,z 3.90±0.01de,xy 3.73±0.02d,z

S. thermophilus 4.32±0.03c,z 4.2±0.01c,w 4.61±0.01a,x 4.4±0.01b,y 4.13±0.01bc,u

Results are expressed as means of triplicates±SEM, Subscripts (abc) represent differences amongst columns (p< 0.05). Subscripts (xyz) represent differences between
rows (p<0.05)

Fig. 3: Effect of carob and konjac on growth (CFU) of L. acidophilus
Values are means (n = 3) ± SEM.  Subscripts (abc) represent differences amongst all treatments (p<0.05). Subscripts (xyz) represent differences between
treatments within the same incubation time (p<0.05), CP: Carob powder, KO: Konjac, Cont: Control without treatment

Fig. 4: Effect of carob and konjac on growth (CFU) of L. paracasei 
Values are means (n = 3) ±SEM. Subscripts (abc) represent differences amongst all treatments (p<0.05). Subscripts (xyz) represent differences between
treatments within the same incubation time (p<0.05). CP: Carob powder, KO: Konjac, Cont: Control without treatment

incubation,  B.  bifidum +2.5  (4.03)  and  5% (4.17) carob and
S. thermophilus plus all prebiotic combinations showed the
most significant (p<0.05) acidification compared to the control

(no prebiotic). After 48 hrs incubation, L. paracasei+ 2.5%
(3.55) and L. paracasei+ 5% (3.6) showed significant (p<0.05)
reduction in pH.  For  B. bifidum, a significant (p<0.05) drop  in 
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Fig. 5: Effect of carob and konjac on growth (CFU) of B. bifidum
Values are means (n = 3) ±SEM. Subscripts (abc) represent differences amongst all treatments (p<0.05). Subscripts (xyz) represent differences between
treatments within the same incubation time (p<0.05), CP: Carob powder, KO: Konjac, Cont: Control without treatment

Fig. 6: Effect of carob and konjac on growth (CFU) of S. thermophilus
Values are means (n = 3) ±SEM. Subscripts (abc) represent differences amongst all treatments (p<0.05). Subscripts (xyz) represent differences between
treatments within the same incubation time (p<0.05), CP: Carob powder, KO: Konjac, Cont: Control without treatment

pH was noted with+5% carob (4.03). Except for L. acidophilus
+2.5 konjac, all the prebiotics types incubated with the
probiotic saw significant (p<0.05) decreases in pH when
compared to the control (3.91). For S. thermophilus, the
combination with 5% konjac indicated significant (p<0.05)
decrease in pH (4.13) when compared to the control (4.32).
Overall, there were significant (p<0.05) variations in pH with
incubation times for the control and the synbiotic treatments.
However, the results indicated the lowest pH after 48 hrs
incubation for L. paracasei and L. acidophilus with all the
prebiotics.

Effect of konjac and carob on growth of probiotics: Figure 3
shows the effects of konjac  and  carob  on the growth of the
L. acidophilus.  After 24  hrs  incubation, the following
synbiotic combinations  showed  the  most   significant 

(p<0.05)  growth,  L.  acidophilus+2.5% konjac (9.65 Log CFU) 
and L. acidophilus+5% konjac (9.8 Log CFU). The least growth
was noted for L. acidophilus+2.5%   carob  (7.8 Log CFU) and
L. acidophilus+5% carob (8.1 Log CFU).  Similar results were
noted after 48 hrs of incubation with the prebiotics, although
the Log  CFU  was decreased by 7-8% for konjac and 5-6% for
carob treatments. Figure 4 showed the effects of konjac and
carbon the growth of L. paracasei. The results show both
konjac and carob significantly (p<0.05) increased the growth
of L. paracasei after 24 hrs compared to the control.  However,
konjac was most effective at improving the growth of the
probiotic with 9.2 log CFU for both 2.5 and 5%, compared to
7.8 log CFU for both concentrations of carob and the control
(7.1 log CFU). Although, the growth of L. paracasei+konjac
(both concentrations) was significantly increased after 24 hrs
when compared to carob and the control, this trend was not 
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Table2: Polyphenols and flavonoids content in probiotic fermented carob pods extracts
Treatments Total phenolic content (mg GA 100 gG1) Total flavonoid content (mg CE 100 gG1 )
24 hrs
L. paracasei 2.5% 61.31±10.07e,wz 52.66±0.006ij,w

B. bifidum 2.5% 516.90±5.66a,x 381.74±13.7b,y

L. acidophilus 2.5% 70.11±6.47de,z 137.42±2.87ef,z

S. thermophilus 2.5% 517.07±5.63a,x 429.43±4.79a,x

L. paracasei 5% 40.62±0.62f,e 38.88±1.04j,w

B. bifidum 5% 258.20±2.87c,y 160.29±37.20e,z

L. acidophilus 5% 42.53±1.66f,uw 47.26±3.78ij,w

S. thermophilus 5% 274.55±12.16b,y 343.31±0.71c,y

48 hrs
L. paracasei 2.5% 76.09±0.87de,z 112.21±0.67efg,uw

B. bifidum 2.5% 518.07±1.06a,x 428.11±19.87a,x

L. acidophilus 2.5% 77.9±3.92d,z 125.49±3.58efg,w

S. thermophilus 2.5% 517.90±7.96a,x 341.10±10.03c,y

L. paracasei 5% 45.26±2.71f,w 81.52±1.76hi,u

B. bifidum 5% 259.61±2.46bc,y 274.43±24.08d,z

L. acidophilus 5% 38.46±2.81gf,w 92.32±1.23gh,uw

S. thermophilus 5% 262.5±3.69bc,y 306.68±5.16cd,yz

No fermentation
Un Fermented 24.04±0.42g 31.08±0.8j

Values are means (n = 3)±SEM. Subscripts (abc) represent differences amongst all treatments (p<0.05), Subscripts (xyz) represent differences between treatments
within the same incubation time (p<0.05). Abbreviations: GA: Gallic Acid and CE: Catechin

observed after 48 hrs, in fact, the results showed there was no
difference (p<0.05) between konjac and carob treatment and
the control. In Fig. 5, B. bifidum+carob showed the highest
(p<0.05) growth after 24 hrs (8.3 and 7.6 log CFU for 2.5 and
5%, respectively) and after 48 hrs (9.5 and 10.6 log CFU for 2.5
and 5%, respectively) incubation. On the other hand, konjac
decreased (p<0.05)    the   growth   of   B.   bifidum   (5.8  and
8.1 log CFU for both concentrations at 24 and 48 hrs,
respectively). Figure 6 shows the effect of carob and konjac on
the  growth   of   S.   thermophilus.   The   results   showed  no
significant difference in growth after 24 hrs incubation with
both prebiotics.  Even though the growth of the probiotic
remained unchanged for most treatment combinations after
48 hrs incubation,  observed  decreased  (p<0.05)  growth  of
S. thermophilus+ 2.5% konjac (7.8 log CFU). This was 21% drop
in growth after 24 hrs incubation.  Overall, incubation with 5%
konjac for 24 hrs showed  the  best growth with L. acidophilus,
2.5%  konjac   for   24   hrs   showed   the   best   growth   with
L. paracasei, 5% carob for 48 hrs showed the best growth with
B. bifidum  and 2.5% konjac for 24 hrs showed the best growth
with S. thermophilus.

Phytochemical content of fermented and unfermented
carob: In preliminary experiments   barely detected TPC, TFC
and antioxidant activities in konjac root extract. The TPC and
TFC in carob pods were significantly affected by the
fermentation (Table 2). After 24 hrs fermentation, TPC
increased significantly (p<0.05) with all probiotic strains
especially, B. bifidum +2.5% carob (516.9 GA mg 100 gG1) and

S.   thermophilus+2.5%    carob    (517.07    GA    mg   100 gG1)
compared to unfermented carob. Among the treatment
groups, the lowest (p<0.05) TPC was found in L. paracasei+5%
carob (40.62 GA mg 100 gG1) and in L. acidophilus+5% carob.
Interestingly, it was observed that TPC was significantly
decreased in synbiotics containing high concentrations of
carob. Similar observations were made after 48 hrs
fermentation. Another interesting note was that TPC was
increased  or  remained  unchanged  in most synbiotics after
48 hrs fermentation. TFC in all the synbiotics were significantly
(p<0.05) increased compared to the control (unfermented
sample) after 24 hrs fermentation, except L. paracasei+2.5%.
Among the treatments, TFC in S. thermophilus+2.5 and 5%
(429.43 and 343.31 CE mg 100 gG1, respectively) were the
highest (p<0.05), followed by B. bifidum+at both
concentrations. Like TPC, it was noted a decrease in TFC with
higher concentrations of carob. A similar trend was observed
with 48 hrs fermentations. All the combinations showed
significantly (p<0.05) higher values after 48 hrs fermentation
compared to 24 hrs fermentation, except for L. acidophilus
and S. thermophilus.

Antioxidant activity of fermented and unfermented carob:
The DPPH radical scavenging activity of unfermented carob
was 92.85%,  whereas  fermented  carob   samples   varied
from 12.5-88.34% (Fig. 7). The highest DPPH (%) after
fermentation  was observed with the following combinations,
L. paracasei +2.5 (88.34%), L. paracasei+5% carob (85.24%)
and L. acidophilus+5% carob (85.43%) after 24 hrs incubation, 
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Fig. 7: Effect of fermented and unfermented carob on DPPH (2,2-diphenyl-1-picrylhydrazyl radical) inhibition (%)
Values are means (n = 3) ±SEM. Subscripts (abc) represent differences amongst all treatments (p<0.05). Subscripts (xyz) represent differences between
treatments within the same incubation time (p<0.05)

Fig. 8: FRAP activity of fermented and unfermented carob
Values are means (n = 3) ±SEM. Subscripts (abc) represent differences amongst all treatments (p<0.05). Subscripts (xyz) represent differences between
treatments within the same incubation time (p<0.05), FRAP: Ferric reducing antioxidant power

while the lowest DPPH (%) was observed in L. bifidum at both
concentrations (23.95 and 30.27 for 2.5 and 5%, respectively).
The  DPPH  (%)  decreased  with  the increase in incubation
time in most of the synbiotics treatments. After 24 hrs
fermentation, FRAP activity (Fig. 8) in unfermented carob
(27.87  mM  FeSO4  gG1)   was  significantly (p<0.05) higher
than  most   of  the  24  hrs  fermented  combinations except
B.  bifidum+2.5%,   L.   acidophilus+2.5%  and S. thermophilus
+2.5%. The results further indicated all the 2.5% combinations
were significantly (p<0.05) higher than the 5% combinations
except  for  L.  paracasei.  After  48  hrs,  fermentation  did  not

impact (p<0.05) FRAP activity in all the 2.5% combinations
when compared to the unfermented sample, however, 5%
combinations saw significant (p<0.05) reductions in FRAP
activities. The highest FRAP values after 48 hrs fermentation
were noted  in  S.  thermophilus+2.5%  (31.4  mM  FeSO4 gG1),
followed  by  L.  acidophilus +2.5% (30.12). Overall, it was
noted,  no   significant   differences   in   FRAP  activities after
24  and  48  hrs  fermentations.  Trolox  equivalence (TEAC)
(Fig. 9) of unfermented carob (19.91 Mm Trolox gG1) was
significantly (p<0.05) higher compared to all the fermented
samples   except   for   S.   thermophilus + 2.5%   after   24 hrs 
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Fig. 9: TEAC activity of fermented and unfermented carob
Values are means (n = 3) ± SEM. ND-not detected. Subscripts (abc) represent differences amongst all treatments (p<0.05). Subscripts (xyz) represent differences
between treatments within the same incubation time (p<0.05), TEAC: Trolox equivalent antioxidant capacity

Fig. 10: ORAC activity of fermented and unfermented carob
Values are means (n = 3) ±SEM. ND-not detected. Subscripts (abc) represent differences amongst all treatments (p<0.05). Subscripts (xyz) represent
differences between treatments within the same incubation time (p<0.05), ORAC:  Oxygen radical absorbance capacity

fermentation  (19.2).  Similar  observations  were  made after
48 hrs fermentation, except for S. thermophilus+ 2.5% (24.8). 
Among the treatments, combinations with 2.5% carob
showed significant (p<0.05) increases in TEAC compared to
5%  combinations  after  24  and 48 hrs fermentation. The
ORAC values  (Fig.   10)   were   significantly   (p<0.05)
increased in all the synbiotic combinations compared to
unfermented  extract,   whereas   after   48   hrs  fermentation
all the combinations  were  significantly   higher   (p<0.05) 
than   unfermented   carob   except  for  L.  acidophilus+ 5%
and  S.  thermophilus  +2.5%.  Overall,  there were no
significant  (p>0.05)   differences  in  ORAC  values among

most  fermented  treatments.  In  addition,  B. bifidum 2.5%
and S. thermophilus 2.5% 24 hrs incubation showed the
highest ORAC values (5.46 and 5.43 uM Trolox gG1,
respectively).

DISCUSSION

This research aimed to assess the prebiotic effects of
carob and konjac on the growth of different probiotic bacteria.
Moreover, phytochemical and antioxidant contents of
fermented carob  samples  were determined. Carob and
konjac extracts showed different effects on pH levels and
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growth of probiotics. Furthermore, fermentation increased
phytochemical contents (TPC and TFC) of carob pods and
significantly impacted the antioxidant activity of fermented
carob extracts.
As indicated, pH levels of synbiotics, i.e., probiotics+carob

or konjac, yielded varied results. This could be possibly
ascribed to different metabolism system of the different
probiotic strains34 utilized in this study and furthermore, the
utilization of treatment substrates35. Also, most of probiotic
strains showed lower pH values after longer incubation time
which could be attributed to more production of buffering
organic compounds36. Some strains such as L. acidophilus
showed better  acidification  with  increased  concentrations
of  prebiotics,  whereas  acidification  of other strains such as
S. thermophilus was not affected. The fermentability of the
major fibers in food plays a vital role in its prebiotic properties
and accordingly, the acidification rate, which was observed in
the results with some treatments.
An increase in growth (Log CFU) of probiotics was

observed  in   majority  of   the   synbiotics   systems.  Carob
was  able  to  increase  growth of L. paracasei, B. bifidum and
S. thermophilus whereas konjac showed better prebiotic
activity with L. paracasei and L. acidophilus. The fermentable
fibers in konjac and carob are structurally similar with
mannose core while, the difference is in the secondary sugar
moiety, glucomannan (konjac) and galactomannan (carob).
Some lactic acid bacteria as S. thermophilus are able to
metabolize glucose and galactose37, moreover, mannose has
shown some prebiotic activity with some probiotic strains
such as Lactobacillus and Bifidobacterium bifidum38. In line
with the present results, previous studies indicated konjac
supplemented to MRS media were shown to increase
numbers of B. bifidum NCIMB 700 compared to the strains
grown in MRS media alone and others grew in MRS
supplemented with pectic-hydrolysate26. In addition,
supplementation with glucomannans resulted in an increase
in the size of the colonies for the following strains: B. breve
NCIMB 702 258, L. acidophilus NCFB 1748 and L. delbrueckii
NCFB 1489. In an animal study by Chen et al.39, konjac
glucomannan was able to increase probiotic content in cecal
microflora in Balb/c mice and led to high production of SCFAs
such as acetate and propionate.
The inability of some treatments to increase growth could

be attributed to incubation time as it plays a vital role in the
growth of probiotics40,41. Although gums are soluble, locust
bean gum in carob is favored more by Bifidobacterium and
could be attributed to enzyme production. Bifidobacterium
strains produce alpha and beta-mannosidase enzymes42,
which could be the reason for their fermentation of carob at

a better level than the other probiotics16. Probiotics can utilize
carob and konjac as a prebiotic source by secreting enzymes
such as cellulase and mannanase, which can utilize
carbohydrates in these fibers, leading to an increase in growth
and/or activity. The increase in Log CFU numbers was not
correlated with reduction in pH except for L. paracasei.
Carob seeds and pulp are a rich source for

polyphenolics19,27, dietary fibers19,21 and the pod contains a
significant amount of the essential amino acids28. Current
findings are in line with studies reporting the beneficial effects
of polyphenol sources on probiotic bacteria43,44. Total
Polyphenol Content (TPC) was determined before and after
fermentation in all carob treatments. Unfermented carob was
extracted with ethanol, which is a food-grade solvent with a
lower polarity index as compared to water45 and is useful in
extraction of majority of phenolic compounds. The TPC of
unfermented carob extracts were significantly (p<0.05) lower
compared to fermented carob extracts. The reason could be
due to the metabolism of polyphenols by probiotic strains,
separating sugar molecules from the phenolic compounds
leading to more absorbed and soluble form of phenolics32.
Proteolytic, tyrosinase and laccase enzymes from lactic acid
bacteria46 utilized in the study could have been also have
contributed to increasing TPC by modifying the molecules
structure. B. bifidum and S. thermophilus showed higher TPC
content than other strains which maybe result of better
galactosidase activity leading to more release of polyphenols.
Total Flavonoid Content (TFC) of unfermented carob pods
were significantly (p<0.05) lower compared to fermented
pods. The acidification resulted from fermentation could have
played a role in improving total flavonoid content as low pH
is associated with a higher release of flavonoids and
accordingly, higher values after fermentation32. Similar to TPC
results, B. bifidum and S. thermophilus showed higher TFC
content than the two Lactobacillus strains and also lower
concentrations of carob (2.5%) showed better results than 5%
for both TPC and TFC. In comparison, Kumazawa et al.47

indicated total phenolics extracted from carob with gallic acid
as standard was 0.192 gG1, whereas current results showed
unfermented carob powder contains total phenols 0.24 gG1.
Flavonoids are class of polyphenols, which are found in plants
in the  form  of   glycosides   and   metabolized   by   action  of
microorganisms, this could be the reason TFC of the
unfermented sample (29 mg CE 100 gG1) was less than the
fermented samples.
Carob is rich in the flavonoid quercetin28, which has been

shown to be a strong antioxidant and antidiabetic polyphenol.
The antioxidant activity of the samples varied depending on
the fermentation process and methods of analysis.

26



Am. J. Food Technol., 16 (1): 18-30, 2021

Unfermented  carob   showed   a   DPPH   IC50   scavenging 
(2.14 mg mLG1), which is lower than that of Goulas and
Georgiou48, DPPH IC50 scavenging (2.9-4 mg mLG1). The ORAC
values of the carob samples ranged from (0.44-5.46 gG1), which
is slightly higher than those reported by Mahtout et al.49, in a
carob supplemented kefir (0.194-2.418 gG1). The ORAC is
considered a preferable antioxidant assay as it mimics the
biological system utilizing a natural occurring radical (peroxyl
radical) and is also able to detect antioxidant abilities of
nonprotein antioxidants50. Flavonoids content is usually
associated with high ORAC values, which can be seen in the
results as the majority of synbiotics with high flavonoid
content showed a significant increase in ORAC values except
for S. thermophilus 2.5% after 48 hrs fermentation. All carob
samples showed decent FRAP antioxidation potential. FRAP
assay is affected by pH levels, gallic acid which is a major
polyphenol in carob has a decreased FRAP antioxidant ability
with low pH51. This might be the reason why some fermented
samples showed low FRAP values. Moreover, FRAP assay
underestimates the antioxidant effect of thiol group52 which
is highly found in carob pods. In addition, lactic acid bacteria
were found to bio-convert methionine an essential amino acid
found in carob28 to free thiols53. High TEAC values were
observed in unfermented carob and S. thermophilus 2.5%. The
reason S. thermophilus 2.5% had a higher TEAC among all the
fermented samples, could be attributed to the high total
phenolic contents of the samples. Moreover, most of the
fermented samples with the lower concentration of carob
showed a higher TEAC value which could be attributed to the
fact that they showed a higher TPC and TFC. Different TEAC
values among fermented samples could also be due to
molecular structure modification of phenolic compounds54 by
action of different probiotic strains.
Fermentation can improve phenolic content antioxidant

abilities of foods in addition to affecting other physiochemical
properties such as texture, color and pH. Khan et al.55 found
that fermentation with lactic acid bacteria significantly
increased total and free phenolic and flavonoid contents in
dried longan pulp. Moreover, antioxidant activity (ORAC and
FRAP values) was also increased after fermentation. In addition
to their abilities to increase phytochemical content of a food,
probiotics such as S. thermophilus, L. acidophilus, L. brevis and
Bifidobacterium have intracellular postbiotics contents that
have an antioxidant activity56. Curiel et al.57 reported a
significant increase in phenolic compounds such as gallic acid,
vanillic acid, ellagic acid, myricetin and quercetin in Myrtus
communis berries after 48 hrs fermentation with Lactobacillus
plantarum.  Moreover,  fermentation  time could also play a
role in increasing antioxidant activity of food. In a study by

Eom et al.58 antioxidant activity (FRAP value and $-carotene
oxidation inhibition percentage) was significantly increased by
increasing fermentation time as well as total phenolic content
of ginseng marc fermented by Pediococcus acidilactici.

CONCLUSION

In conclusion, the utilization of carob and konjac with
probiotics as a synbiotic mixture may be reasonable for
increasing probiotic count and viability in human and animal
body and food products because these compounds and other
prebiotics improve probiotics tolerability to environmental
factors by maintaining acidic medium, facilitating further
fermentation and acting as an extra energy source. Carob
powder was able to increase the CFU of Streptococcus
thermophilus and Bifidobacterium bifidum, whereas konjac
extract increased CFU of Lactobacillus acidophilus and
Lactobacillus paracasei. Fermented carob had higher levels of
polyphenols and flavonoids compared to unfermented
samples. The antioxidative potential of fermented and
unfermented carobs was different through different assays.

SIGNIFICANCE STATEMENT

This study discovered the prebiotic effect of carob pods
and konjac roots which can be useful in increasing beneficial
bacteria in foods and improve their stability. The research
showed that lactic acid bacteria fermentation was able to
enhance the phytochemical and antioxidant potential of
carob pods which can be utilized in the fermented and
functional foods industry. The utilization of carob and konjac
as prebiotic in the functional foods and nutraceuticals industry
may help increase the viability and bioavailability of probiotics
during storage and digestion.
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