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Table 1- The results of statistical analysis of experimental treatments for total phenol and non-
tannin phenol percent

Lalas S S S S
Treatments Total phenol Non tannin phenol
i 12.75+0.070 ® 4.87+0.024 2
Zero day
| 3 .| ¢ " l—‘ °
(390 02 ws3lsai SR G 12.59+0.070 2 4.80+0.075 2
Without bacteria, anaerobic, 10 days
390 g el sl b 7.83+0.056 3.7740.023"
With bacteria, anaerobic, 5 days
390 82 s3lshe sl b 7.700.021 b 3.67+0.013 1
With bacteria, anaerobic, 10 days
. . .‘ . -~ L .
(39002 s5ls sk B 12.5140.147 2 4.73+0.037 2
Without bacteria, aerobic, 10 days
: P <L L
90 g edlse sk L 7.80+0.021 b 3.71+0.047 b
With bacteria, aerobic, 5 days
: 5) <L L
390 02 3lsm sk L 7.72+0.037 3.710.026 °

With bacteria, aerobic, 10 days

AP < TN ) Sl SRS (sl e MR & slite (B ssm b & st 58 000 e

Means within the same column with different superscript letters differ significantly P<0.01
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Table 2- The results of statistical analysis of experimental treatments for total, condensed and hydrolysable
tannin percent

Laless JS b aShyie (p 8 5 5l 5 s 3B
Treatments Total tannin condensed tannin hydrolysable tannin
I 09 7.88+0.046 6.68+0.069 1.20+0.035 @
Zero day
: s wesSL o
(39002 3lsai L G 7.80+0.005 * 6.55+0.094 2 1.25+0.090 *
Without bacteria, anaerobic, 10 days
: Wl wesSL L
90 ekl sk L 4.06+0.067 ° 3.37+0.090 © 0.69+0.073"
With bacteria, anaerobic, 5 days
: «g) XL L
(99002 lsA Sl L 4.03+0.019° 3.57+0.138° 0.46+0.147 ®
With bacteria, anaerobic, 10 days
| 3 .| 3 o [—I °
(39002 s5ls 8L Do 7.7940.111 2 6.65:0.120 2 1.13+0.034 °
Without bacteria, aerobic, 10 days
5 PN <L L
R dabasaloash 4.10+0.068 ° 3.60+0.163 " 0.50+0.134 ®
With bacteria, aerobic, 5 days
: 5) <L L
90 02 lsn 8L L 4.01+0.019° 3.43+0.094 ° 0.60+0.116 °

With bacteria, aerobic, 10 days

(P <~/'\)._\3_)‘J _)iiu\si L 6_)‘4&.1.4 »_.9)1:\.:‘ C)JL&S.A s_jj_).} (5‘)‘..& slael ‘L')Jlu.-_).A‘)J
Means within the same column with different superscript letters differ significantly P<0.01).
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Table 3- The results of statistical analysis of experimental treatments for pH

La,Llass
- pH
Treatments
S eSS 5.60+0.000 @
Zero day
. . .| . - L‘ .
a0 sl csfs_. oo 4.91+0.009 b
Without bacteria, anaerobic, 10 days
380 @ sl s ASL L 4.00+0.042 ©

With bacteria, anaerobic, 5 days
580 88 «silsas s SL L
With bacteria, anaerobic, 10 days
590 83«55 58 (s S (s
Without bacteria, aerobic, 10 days
S il esasbb
With bacteria, aerobic, 5 days
Seo e solsa 8L L
With bacteria, aerobic, 10 days

3.93+0.007 «

4.93+0.007°

3.89+0.000¢

3.77+£0.027¢

(P <erey) il SSuS b ol ine CAMBAT & late LB e (sl wlael o siew 5 Lo

Means within the same column with different superscript letters differ significantly P<0.01).
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Table 4- The results of statistical analysis of
experimental treatments for soluble carbohydrate

percent
Lalass Jolae a3
Treatments Soluble carbohydrate
OHe 09 4.48+0.007 2
Zero day
N - Lﬁ .
-JJJ o <5)-5_. o9 4.47+0.0212
Without bacteria 10 days
9083 «silsa e s 8L L
With bacteria, anaerobic, 10 2.56+0.010°
days
59088 s ) sm s 8L b
2.56+0.010 P

With bacteria, aerobic, 10
days
L ols e BMEAT o 5leie 8 g a (51,00 slue) (st 5o 0
(P<erey) sl S
Means within the same column with different
superscript letters differ significantly P<0.01).
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Table 5- The results of statistical analysis of experimental treatments for Acetic, Propionic and Butyric acids

Laslass Sl wal SO 08 ! S8 5 el
Treatments Acetic acid Propionic acid Butyric acid
N -~ L’ .
930 82 6L G 1.16+0.035 " 0.12+0.005 0.04+0.016
Without bacteria 10 days
- (338 o s SL
(99002 sl SR L 2.52+0.203 0.34:0.024 * 0.12+0.025 ¢
With bacteria, anaerobic, 10 days
: 53 sa s SL L
390 03 s lo s L 2.70+0.241 2 0.35+0.020 ¢ 0.11+0.015 2

With bacteria, aerobic, 10 days

(P <~/'\) J.‘l‘)‘d ‘)iidsi lJ (SJ‘Jgr“”‘“ u)li&l C;Julo Jj‘)a (5“)“ J‘J.(‘.‘ (O\’:J.UJA‘)J
Means within the same column with different superscript letters differ significantly P<0.01).
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Bioprocessing of acorn kernel with Lactobacillus plantarum to reduce its tannin
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Introduction: Acorn kernel contains a high percentage of starch that can be used as a source of
energy in animal’s diet, but it has a high percentage of tannin, which can have deleterious effects on
the animals. Tannins are bitter phenolic compounds with a diverse structure that are divided into two
groups of condensed and hydrolyzable. Condensed tannins are flavonoid polymers of the
proanthocyanidins compounds. Hydrolyzable tannins have a polyhydric alcohol at their core, the
hydroxyl groups of which are esterifies with gallic acid. They may have long chains of gallic acid
coming from the central glucose core (Reed 1995). Tannins have a high tendency to bind to proteins
such as enzymes (Osawa et al. 2000). The harmful consequences of the high percentage of tannin in
the diet of ruminants can reduce feed intake, have a negative effect on the activity of rumen bacteria,
reduce the efficiency of digestive enzymes in the livestock and also reduce the availability of
nutrients, which ultimately reduce growth and production of these animals (Salinger et al. 1996).
Also, the high levels of tannin compounds in the poultry diet can reduce feed intake, growth rate,
digestion of protein and amino acids, intestinal and pancreatic activity (Armstrong et al. 1974; Brand
et al. 1989; Mahmood et al. 1997,2008). Various chemical and physical methods such as sodium
bicarbonate, polyethylene glycol, soaking in water, cooking or steaming, have been reported to reduce
the amount of tannin and its harmful side effects (Frutos et al. 2004). Now a day, bioprocessing has
vast applies in livestock and poultry feed, using the enzymatic capabilities of microorganisms.
Furthermore, Lactobacillus plantarum is a safe microorganism that has the potential for high enzymes
to break down and eliminate tannin compounds (Curiel et al. 2009). This bacterium has vast
applications for food processing in the industries (Siezen et al. 2011).

Material and methods: The Experiment was done in a completely randomized design with 7
treatments and 3 replicates. Experimental groups were treatments with or without bacteria, aerobic or
anaerobic condition and 5 or 10 days processing periods. The moisture content of all samples was
adjusted to 50% by sterile water. For each gram of experimental sample, 10’ CFU of Lactobacillus
plantarum bacteria were added and then, placed into the incubator at 37 ° C. In this experiment,
phenolic and tannin compounds, pH, soluble carbohydrate and volatile fatty acids (acetic acid,
propionic acid and butyric acid) were measured. Phenolic and tannin compounds were measured
based on Makkar (2000) method. Soluble carbohydrate was measured by spectrophotometric method
with standard raffinose solution (Dubois 1956) and volatile fatty acids (acetic, propionic and butyric
acid) were measured by gas chromatography. Soluble carbohydrate in four treatments (zero day and
ten days without bacteria, ten days with bacteria in aerobic and anaerobic conditions) and volatile
fatty acids in three treatments (10 days without bacteria and 10 days with bacteria in aerobic and
anaerobic conditions) measured. These treatments were selected to interpret and justify the main
events of fermentation processes. Data were analyzed by SAS software (2011). The comparison of
the means was done using Duncan's multiple range test at P<0.01.

Results and discussion: The findings of the experiment indicate that the highest reductions in the
content of total phenol, non-tannin phenol, total tannin, condensed tannin and hydrolyzable tannin
(39, 24, 49, 49.5 and 59 %, respectively, see table 1 and 2) were observed after 5 days of processing
and there was no significant difference between 5 and 10 days of processing. It is assumed that
significant reduction in phenol and tannin compounds was the consequence of Lactobacillus
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plantarum enzymatic activity. A research showed that Lactobacillus plantarum were reduced
phenolic compounds of pomegranate juice (Mousavi et al., 2013). Stopping the decline in phenolic
compounds after the 5 days could result in lowering the pH to below 4 (Table 3) and cessation the
biological activity of the Lactobacillus plantarum (Hunget 1957), or decreasing the efficiency of the
enzyme tanase (tannin aceyl hydrolase). Also, there was no significant difference between the total
phenol, non-tannin phenol (Table 1), total tannin, condensed tannin and hydrolyzable tannin
percentage (Table 2) of aerobic and anaerobic treatments, which showed that the biological processes
reduced phenolic compounds in aerobic or anaerobic conditions with the same efficiency. It has been
reported that the enzymatic processes of breaking tannins compounds by bacteria in aerobic
conditions are slightly different from the anaerobic conditions, resulting in different end products
(Bhat et al.1998). Our research findings show that the acidity of experimental samples in aerobic
treatments was more than anaerobic in the 5 or 10 days of bioprocessing period (P<0.01). Smetankova
et al. (2012) showed that Lactobacillus plantarum grows faster in aerobic conditions and therefore,
the pH decreases more quickly.

After the processing, the amount of fatty acids (acetate, propionate and butyrate) increased, but the
percentage of soluble carbohydrate decreased (P<0.01). Table 4 shows that acorn kernel contains high
percentage of soluble carbohydrate (on day zero), which is required for the growth and biological
activity of Lactobacillus plantarum bacteria. Table 5 presents the results of statistical analysis of the
treatments for the percentage of volatile fatty acids. The results showed that the percentage of acetic
acid, propionic acid and butyric acid after 10 days of aerobic or anaerobic bacterial processing
increased significantly, in comparison with non-bacterial treatment, but no significant difference was
observed between aerobic and aerobic conditions, which indicates that in this study the activity of
bacteria for the production of volatile fatty acids was not different in both aerobic and anaerobic
conditions after ten days.

Conclusion: For the first time, this study has shown that in both aerobic and anaerobic conditions,
the tannins compounds were broken down and reduced in equal proportion. The results of the
experiment have shown that Lactobacillus plantarum bacteria can be used for bioprocessing of acorn
kernel to reduce its tannins.
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