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Abstract. In this study, the cardinal and purple peanut testa were used as the raw
materials for extracting polyphenol substances with ultrasonic and freeze-drying. Then
the bacteriostasis and antifungal activities of the extracts were investigated by the
methods of disc diffussion and equivalent against the Benzylpenicillin Sodium to
certain bacteria. The results showed that, at the same concentration, bacteriostatic
activity of the crude extract of cardinal peanut testa was stronger than that of purple
peanuts. The inhibitory concentrations of crude extracts were up to 0.5 g/L for cardinal
peanut testa, 1 g/L for purple peanut testa and equivalents against the Benzylpenicillin
Sodium were 6000 U and 6400 U, respectively.

Introduction

Polyphenol, which could be divided into simple phenols, phenolic acids,
hydroxycinnamic acids and flavonoids, was a general name of a class of substances
possessing an aromatic ring, combinated by multiple hydroxyl and existed widely in
fruits and vegetables[1]. Polyphenols could enhance the biological activity of insulin,
hypoglycemic, and many other bioactivity, such as antioxidant activity[2-4], antitumor,
antimicrobial, and antiviral activity[5].

Peanuts are abundant in China. China not only made up to 1/3 peanuts production of
the world, but also exported the most. As a by-product of peanut products, many
polyphenols compounds materials with very important physiology function, however,
cardinal and purple peanut testas have not been used effectively and sufficiently, so it is
highly profitable and profoundly remarkable to extract and refine the natural active
components from peanut testa. And the extraction of natural active ingredient in them
had good economic benefit and profound significance. In this study, the cardinal and
purple peanut testa was used as the raw materials for extracting polyphenol substances
with ultrasonic and freeze-drying. And the bacteriostasis and antifungal activities of the
extracts were investigated by the methods of disc diffussion and equivalent against the
Benzylpenicillin Sodium to certain bacteria.
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Materials and Methods

Materials and Reagents

Cardinal peanut skins were provided by Shandong Luhua Co.; Enriched-Se peanuts
were from Sichuan Nanmu grass industry Co., Ltd..

Anhydrous ethanol was from Laiyang Shuangshuang Chemical Co., Ltd. (Shandong,
China). Benzylpenicillin Sodium for injection was from Harbin Pharmaceutical Group
Co., Ltd. (China). Petroleum ether, sodium chloride, and the other chemicals used were
of analytically grade.

Strains

Six different strains were used: Escherichia coli (Migula) Castellani et Chalmers
(GSICC 30507), Staphylococcus aureus subsp. Aureeus Rosenbach (GSICC 31902),
Bacillus subtilis (GSICC 30212), Penicillium sp. (CICC40361), Aspegillus niger
(CICC 2039), and Actinomucor sp. (CICC 40252). The first two were obtained from
Gansu Microbiology Save Center, China, while the others were provided by School of
Life Science and Engineering of Lanzhou University of Technology.

Preparation of Polyphenol Extract Of Peanut Testa

Enriched-Se peanuts were hand-shelled, adjusted to 80°C in a convection oven for 1 h
before removing the purple testa. The peanut testas of two types were pulverized using
an electric grinder, sifted with 40 mesh sieve, degreased by petroleum ether and stored
in refrigerated at 4°C.

The polyphenol extracts of the two types of peanut testas were extracted used a
Ultrasonic Cell Crusher (JY92-1I, Ningbo Scientz Biotechnology Co., Ltd., China) as
the following conditions: extraction power, 320 W; extraction time, 10 min; liquid to
solid ratio, 16:1; ethanol concentration, 75%. The extraction solution was centrifuged
using a flying Pigeon desktop centrifuge (TDL-5-A, ShangHai Anting Scientific
Instrument Factory, China) at 3500>g for 10 min. After centrifugation, the residue were
extracted for once more adjusted to liquid to solid ratio of 9:1, centrifuged under the
same condition, and then combined the extraction solution. The extraction solution was
evaporated under vacuum in a rotary evaporation (RE52-86A, ShangHai Yarong
Biochemical Instrument Factory, China). The extracts were freeze-dried using a freeze
dryer (FD-1-55, Beijing Boyikang experimental apparatus Co., Ltd., China), the freeze
temperature is -40°C and the time of lyophilization is 20~24 h, and the cardinal peanut
testa and purple peanut testa extracts were obtained.

Antimicrobial Activity

Activation of Bacteria Strains

E. coli, S. aureus were activated with MRS agar media (g/L: beef extract 3, peptone 10,
agar 20, NaCl 5, water 1000; pH 7.0~7.5), while Bacillus subtilis, Penicillium sp.,
Aspegillus niger, and Actinomucor sp. with PDA medium slants (g/L: pototal 200,
glucose 20, agar 20, water 1000). All bacterial cultures were incubated in aerobic
conditions and all of the measurements were carried out under aseptic conditions!®!.
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Preparation of Suspension of Strains

200 mL of physiological saline were inoculated into the six slants tubes, and then
removed the suspension of strains into six flasks sterilized after stiring thoroughly. A
physiological saline was used to dilute the suspension of strains, until the final
inoculum obtained was 10°-10® CFU/mL.

Determination of Antimicrobial Activity

0.3 g of cardinal and purple peanut testas freeze-dried were dissolved in 15 mL sterile
water and diluted, respectively. 20, 4, 0.8, 0.16 and 0.032 g/L of solution were obtained.
0.75 g cardinal and purple peanut testas freeze-dried were dissolved in 15mL sterile
water and diluted, respectively. 50, 10, 2, 0.4, 0.08, 0.016 and 0.0032 g/L of solution
were obtained. With 0.85% sterile saline as control, antimicrobial activities of each
solution were measured according to the disc diffusion method described at literature™.
Sterile paper discs of 6 mm diameter were used throughout this experiment. All
measurements were done in triplicate, and the bacteriostatic values were expressed as
mean.

Determination of Minimum Inhibitory Concentration (MIC)

A concentration series solution (0.25, 0.5, 1, 2, and 3 g/L, respectively) in sterile water
of cardinal and purple peanut testas and 0.85% sterile saline were used to determinate
the MIC with the disc diffusion method. The MIC was considered the lowest
concentration of the extracts that inhibited the bacterial or the fungic growth, after
incubation. All measurements were done in triplicate, and the bacteriostatic values were
expressed as mean.

Antimicrobial Activity of Antibiotics and Determination of Equivalent

A bottle of Benzylpenicillin Sodium (800 000 U, 0.48 g) was dissolved in sterile water
and diluted, a concentration series solution was obainted, respectively, 80104, 16104,
3.2%104, 0.64x104, 0.128x104, and 0.0256>104 U of Benzylpenicillin Sodium. With
0.85% sterile saline as control, antimicrobial activity of Benzylpenicillin Sodium and
antimicrobial equivalent was determinated. All measurements were done in triplicate,
and the bacteriostatic values were expressed as mean.

Results and Discussion

Antimicrobial Activity

Results show that polyphenol extracts of cardinal peanut testas have effective
antimicrobial activity against all studied strains. The antimicrobial activity is more
significant aginst S. aureus, Bacillus subtilis, Aspegillus niger, and Actinomucor sp.
than against E. coli, and Penicillium sp., which produces significant zone of inhibition
at the concentration of 0.8 g/L or more (Table 1).

Table 1. Antimicrobial activity of polyphenol extracts of cardinal peanut testa

Zone of inhibition (mm)

strains

Al B' ' D' E' F (<IN T

E.coli 17.540.15 16.5+0.1 1444025 134402 12.140.1 11.0x£0.1 - - - -
S. aureus 19.04+0.4 17.0+0.1 14.6+0.2 13.6+0.1 13.0+0.4 11.4+0.1
Baciflus subtilis~ 18.11+0.2 16.2+0.1 14.3+0.1 13.2+0 12.9+0.2 11.1+0.2
Peniciflium sp.  17.420.1 16.7+£0.3 143%+0.1 13.4+03 12.9+0.2 11.3+£03
Actinomucor sp.  19.5+0.06 17.5+0.06 14.7+0.15 13.7+0.15 13.1+0.15 11.4+0.1
Aspegillus niger  18.610.06 17.2+0.2 14.54+0.15 13.3+0.1 128+0.06  11.2+0.15

A"-JTare the concentration of polyphenol extracts of cardinal peanut testa, 50, 20, 10, 4,2, 0.8, 0.4,
0.16, 0.08, and 0 g/L, respectively.
- No zone of inhibition
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Zone of inhibition is directly proportional to the concentration of polyphenol extracts,
in other words, antimicrobial activity of polyphenol extracts of cardinal peanut testa is
positively correlated to the concentration of extracts.

Results show that polyphenol extracts of cardinal peanut testas have effective
antimicrobial activity against all studied strains. The antimicrobial activity is more
significant aginst S. aureus, E. coli, Penicillium sp. and Aspegillus niger, than aginst
Bacillus subtilis, and Actinomucor sp., which produces significant zone of inhibition at
the concentration of 2.0 g/L or more (Table 2).

Table 2. Antimicrobial activity of polyphenol extracts of purple peanut testa

Zone of inhibition (mm)
A’ B’ c’ D’ E’ F G H®W T
E.coli 15.3£0.1 1424012 132+02 12.410.06 11.2+0.1 - -
S. aureus 1584+0.15 149+0.15 13.5£0.25 12.840.1 11.5+0.06
Bacillus subtilis  15.2+0.06 143+0.15 13240 12.240.1 11.2+0.1
Penicillium sp.  153+£0.06 142+0.12  13.3+0.1 12.2£0.15 11.3£0.15
Actinomucor sp.  152+0.12  141£0.06 13.3%0.15 123402 11.2£0.12 -
Aspegillus niger  15.3+0.1 142+0.06 13.1+0.06 12.5+006 11.3+0.12 - - -
A2 are the concentration of polyphenol extracts of cardinal peanut testa, 50, 20, 10, 4, 2, 0.8, 0.4,
0.16, and 0 g/L, respectively.
- No zone of inhibition

strains

Zone of inhibition varies directly as the concentration of polyphenol extracts, in
other words, antimicrobial activity of polyphenol extracts of purple peanut testa is
positively correlated to the concentration of extracts.

Benzylpenicillin Sodium has effective antimicrobial activity aginst E. coli, S.
aureus, and Bacillus subtilis, but Penicillium sp., Aspegillus niger, and Actinomucor sp.,
and it most significant aginst Bacillus subtilis, which produces significant zone of

|nh|b|t|0n at ﬂ Table 3. Antimicrobial activity of Benzylpenicillin Sodium
. Zone of inhibition (mm)
Strains A B’ o D B P G
E.coli 20.4+0.1 15.7+£0.06 12.5+0.15 11.3£0.15 -
S. aureus 20.3+0.25 16.6+0.15 13.7£0.06 11.9£0.2

Bacillus subtilis 21.5+0.35 17.5+0.06 14.2+0.06 12.3£0.15
Penicillium sp. - - - -
Actinomucor sp. -
Aspegillus niger - - - - - - -
A’-G” are the concentration of polyphenol extracts of cardinal peanut testa, 80x10%, 16x10°,3.2x10%,
0.64x10%, 0.128x10*, 0.0256x10°%, and 0 U, respectively.
- No zone of inhibition

Zone of innibition 1S In proportion with the concentration or Benzyipenicillin
Sodium, in other words, antimicrobial activity of polyphenol extracts of
Benzylpenicillin Sodium is positively correlated to the concentration of extracts.

Minimum Inhibitory Concentration

As shown in Table 4 and 5, MIC values are 0.5 g/L and 1.0 g/L for the extracts of
Cardinal peanut testas and purple peanut testas against E. coli, S. aureus, Bacillus
subtilis, Penicillium sp., Aspegillus niger, and Actinomucor sp., respectively.

Table 4. MIC of polyphenol extracts of cardinal peanut testa

Zone of inhibition (mm)

strains A B I D B =
E.coli 12.7£0.12 12.1£0.06 11.5+0.06 - - -

S. aureus 13.5£0.1 13.0+£0.15 12.2£0.06 - - -
Bacillus subtilis 13.1+0.06 12.940.25 12.0+0.25 - - -
Penicillium sp. 13.2+0.06 12.9+0.15 11.9+0.2 - - -
Actinomucor sp. 13.4+0.15 13.1+0 12.4+0.15 - - -
Aspegillus niger 13.0+0.06 12.840.25 11.7+0.1 - - -

A*F* are the concentration of polyphenol extracts of cardinal peanut testa, 3, 2, 1, 0.5, 0.25,and 0
g/L, respectively.
- No zone of inhibition
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Table 5. MIC of polyphenol extracts of purple peanut testa
strains . Zon;e ufinhibitison (mm)5 . ]
A B’ C D E F
E.coli 11.8+0.15 11.240.06 - - - -
S. aureus 12.3+£0.06 11.540.12
Bacillus subtilis 11.9+0.06 11.2+0.1
Penicillium sp. 11.7+£0.12 11.3£0.2
Actinomucor sp. 11.8+0.2 11.2+0.15
Aspegillus niger 12.0+0.1 11.3+0.06
A’-F° are the concentration of polyphenol extracts of cardinal peanut testa, 3, 2, 1, 0.5, 0.25, and 0
g/L, respectively.
- No zone of inhibition
EAPS

As can be noted in Table 3, 4, and 5, it can be brought to the upshort that the minimum
equivalent values against Benzylpenicillin Sodium of cardinal and purple peanut testas
are 6000 U and 6400 U, respectively.

Conclusions

Cardinal and purple peanut testas polyphenol produced significant zone of inhibition at
the concentration of 0.8 and 2.0 g/L or more, while the concentration of
Benzylpenicillin Sodium was more than 0.64><104 U. The bacteriostatic activity varied
of the two types peanut testas/Benzylpenicillin Sodium directly with the concentration
of the extract.

MIC values are 0.5 g/L and 1.0 g/L for the extracts of cardinal peanut testas and
purple peanut testas against E. coli, S. aureus, Bacillus subtilis, Penicillium sp.,
Aspegillus niger, and Actinomucor sp., respectively. The minimum equivalent values
against Benzylpenicillin Sodium of cardinal and purple peanut testas are 6000 U and
6400 U, respectively. In a word, polyphenol extract of peanut testas exhibits
broad-spectrum antimicrobial activity.
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