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Abstract. Mixed fermentation was carried out for 12 h at 37 °C using Lactobacillus plantarum,
Lactobacillus acidophilus and Lactobacillus casei. The effects of lactic acid bacteria (LAB)
fermentation on the antioxidant activity and phytochemical concentration of hawthorn pulp
(HP) were investigated by comparing the ICsy value (uL/mL) of HP before and after lactic acid
bacteria fermentation. Fermented hawthorn pulp (FHP) showed higher DPPH free radical
scavenging ability, ABTS free radical scavenging ability and hydroxyl free radicals. Fermented
hawthorn pulp (FHP) has higher Fe** reducing ability using the absorbance values; LAB
fermentation significantly increased the content of free phenol and flavonoids in hawthorn pulp,
and the content increased by 34.14% and 53.15 % respectively.

1. Introduction

Hawthorn (Crataegus pinnatifida) is also called "mountain red", which belongs to the Rosaceae plant.
It can promote the secretion of digestive juice, increases appetite, and has many medicinal values such
as stomach and elimination. It has been reported that phenolic compounds such as proanthocyanidins,
hyperoside, vitexin, chlorogenic acid, erythroic acid, isoquercetin, epicatechin and isoquercitrin are
highly contained in hawthorn [1]. Phenolic compounds in foods have neuroprotective, cardioprotective,
anti-inflammatory, anti-oxidant, cancer chemopreventive, immunomodulatory and antipyretic
properties that are equally beneficial to human health [2]. The antioxidant properties of Hawthorn and
its accompanying health benefits have also been widely reported [3]. However, these products are
characterized by high sugar, which severely limits the consumption of consumers. Therefore, in recent
years, probiotic bacteria such as LAB have been added to juice to increase the probiotic effect of the
juice and enrich the taste of the beverage [4]. For this reason, it is indeed necessary to apply
technology to improve the shelf life, nutrition, sensory quality and health benefits of hawthorn to
promote commercial production for economic and health benefits.

Fermentation of juice by probiotics can increase the viability of bacterial cells and improve the
functional aspects of the food matrix [5]. In addition to processing fruits and vegetables into fermented
beverages to increase probiotic effect and sensory, it has been reported that fermentation can increase
the concentration and bioavailability of polyphenolic compounds in fermented beverages [6]. There
are few studies on the effects of LAB fermentation on the antioxidant and bioactivity of hawthorn pulp.
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Therefore, in order to improve the utilization of hawthorn and product diversity, this paper aims to
study the effects of LAB fermentation on the antioxidant activity and bioactivity of HP.

2. Materials and methods

2.1. Chemicals and plant material

Folin-Ciocalteu phenol and rutin reagents were obtained from Shanghai Yuanye Biological
Technology Co., Ltd (Shanghai, China). Hawthorn dry was purchased from Laiwu Wanbang Food Co,
Ltd. (Laiwu, China).

2.2. Activation of starter culture

Three strains of Lactobacillus (CICC 20265, CICC 20248 and CICC 20241) were purchased from
CICC (Beijing, China). The strain was activated according to the method described by Kwaw et al [6]
with minor modifications. Briefly, the two-loop culture was inoculated into 100 mL of MRS liquid
medium and activated at 37 ‘C for 24 h. The activated strain was then transferred to 100 mL of MRS
liquid medium at a 2 % inoculation amount, cultured to mid-log phase, and the culture was centrifuged
at 4390 x g at 4 C. (TDZ5-WS, Xiangyi Centrifuge Instrument Co., Ltd., Changsha, Hunan, China)
10 min. Microbial cells were collected and washed with 0.1 % sterile NaCl.

2.3. Preparation and fermentation of hawthorn pulp

The insect-free hawthorn was selected and washed with water. The cleaned hawthorn was beaten in a
food grade juicer for 10 min (material to water ratio 1: 15). 100 mL of hawthorn pulp was placed in a
250 mL Erlenmeyer flask and autoclaved at 121 “C for 15 min. The HP was prepared. Activated lactic
acid bacteria (1: 1: 1 ratio, 10 % inoculum) were inoculated into sterile haw pulp and incubated for 12
h in the 37 “C incubator (log phase late). Obtained fermented hawthorn pulp (FHP).

2.4 Determination of antioxidant activity in vitro

2.4.1 DPPH radical scavenging activity. The 2, 2-diphenyl-1-picrylhydryl scavenging activity
(DPPH%-SA) of the hawthorn pulp before and after fermentation was evaluated using the method
described by Kwaw et al [6] with some modifications. A 0.2 mmol/L DPPH solution was prepared
with absolute ethanol and stored in a brown bottle at low temperature. 2 mL of different
concentrations of the sample were added to 2 mL of DPPH free radical solution, the chamber was
incubated at 37 © C for 30 min in the dark, and the absorbance was measured at 517 nm (UV-755B,
Shanghai Youke Instrument Co., Ltd., Shanghai, China). Calculate the DPPH clearance of the sample
using the formula below:

DPPH clearance rate (%) = (W) x100 %
0

Where Ay is the absorbance of 2 mL absolute ethanol and 2 ml DPPH, A; is the absorbance of the
sample group, A; is the absorbance of 2 mL of the sample and 2 mL of absolute ethanol.

2.4.2 ABTS radical scavenging activity. The samples were tested for ABTS radical scavenging ability
according to the method of Wang et al [7] and slightly modified. Briefly, the ABTS stock solution
consisted of potassium persulfate (2.45 mmol/L) and ABTS solution (7 mmol/L) and was kept at 4 C
for 12 h. The absorbance of the ABTS stock solution was diluted to 0.70 & 0.02 prior to measurement.
Then, 0.03 mL of the sample was added to 3.0 mL of the ABTS reaction solution and incubated for 10
min in the dark. After the incubation, the absorbance of the mixture was measured at 734 nm. The
clearance rate of the sample was calculated according to the following formula:

ABTS clearance rate (%) = (%) %100 %
0
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Where Ay is the absorbance of the control group (deionized water instead of the sample), As is the
absorbance of the sample group.

2.4.3 Hydroxyl radical scavenging activity. The ability of the sample to scavenge hydroxyl radicals
was determined by the method of Chen et al [8]. 1 mL of phenanthroline (0.75 mmol/L) and 2 mL of
PBS buffer (0.2 mmol/L, pH = 7.4) were aspirated and thoroughly mixed, and 1 mL of FeSO,4 (0.75
mmol/L) was added and mixed. Add 1 mL of H,O; (0.01 %), 1 mL of different concentrations of the
sample solution, mix thoroughly, after 60 min at 37 ‘C in a water bath, and then measure at 536 nm
with a spectrophotometer. Calculate the scavenging rate of hydroxyl radicals according to the
following formula:

Hydroxyl radical scavenging rate (%) = (%) x100 %
b=p

Where A; is the absorbance of the sample set, A, is the absorbance of the blank of the sample, and
Ay is the absorbance of the blank of H>Os.

2.4.4 Fe’" reducing power. The reducing ability of the hawthorn pulp was determined by the method
of Wu et al [9], and slightly modified. 1 mL of the sample solution, 0.2 mL of PBS solution (0.2 mol/L,
pH = 6.6) and 2.5 mL of potassium ferricyanide solution (1 %) were added to the test tube, mixed
uniformly, and then bathed at 50 ‘C for 20 min, after cooling. Add 2.5 mL of trichloroacetic acid
solution (10 %), and mix and let stand for 10 min. 2.5 mL of the above mixed solution was added to a
stoppered tube, and then 2.5 mL of distilled water and 1 mL of a ferric chloride solution (0.1 %) were
added, mixed uniformly, and allowed to stand for 10 min, and the absorbance was measured at 700 nm.
The higher the absorbance value indicates the stronger the reducing ability of the sample.

2.5 Phytochemical concentration assay

2.5.1 Extraction of free phenolic substances. Refer to the method of Paiva et al [10] with slight
modifications. The 10 g sample was placed in a 100 mL centrifuge tube, 10 mL of 80 % frozen
acetone solution was added and sonicated for 60 min in a 500 W ultrasonic cold water bath (Beijing
Hongxianglong Bio-Technology Co., Ltd.). Then, it was centrifuged at 4390 x g for 10 min (TDZ5-
WS, Xiangyi Centrifuge Instrument Co., Ltd., Changsha, Hunan, China), and the supernatant was
taken out. The residue was re-extracted once, the supernatant was combined, filtered, and steamed to a
dry state at 45 °C and made up to 50 mL with ultrapure water. The extracted samples were stored at -

20 C for storage.

2.5.2 Extraction of bound phenolic substances. According to the description of Fincchiaro et al [11]
and slightly modified. The remaining precipitate in 2.5.1 was added to 40 mL of 4 mol / L NaOH
solution, and filled with an appropriate amount of nitrogen, sealed and shaken for 3 h. Add 6 mol/L
HCI solution to adjust the pH to 1, and remove the residue by suction filtration. The mixture was
extracted 5 times with 2 volumes of ethyl acetate, and steamed to a dry state at 45 “C. The residue was
dissolved in water to a volume of 10 mL, and the extract was placed in a refrigerator at -20 C for free
storage.

2.5.3 Determination of total phenolic content. The total phenolic content (TPC) was determined using
the Folin-Ciocalteu method, with reference to the method of Berker et al [12] and slightly modified.
Briefly, 1 mL of the extract and 5 mL of Folin-Ciocalteu reagent were mixed uniformly and allowed to
stand for 1 min; then 4 mL of 7.5 % sodium carbonate solution was added; after thorough mixing, the
volume was adjusted to 10 mL mark with distilled water. The mixture was allowed to stand at 25 ‘C
for 1 h, and its absorbance was read at 760 nm using a UV spectrophotometer (UV-755B, Shanghai
Youke Instrument Co., Ltd, Shanghai, China). Based on a calibration curve using gallic acid, TPC is
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expressed in mg GAE/100 g FW. The total phenolic content (TPC) of the sample was calculated from
the standard curve: Y = 8.8631x - 0.0018, R =0.9997.

2.5.4 Determination of total flavonoids content. The total flavonoid content (TFC) was determined
using the method described by Hani et al [13] with minor modifications. 1 mL of the extract and 5 %
sodium nitrite 0.7 mL were added to a 25 ml stoppered test tube, shaken and allowed to stand for 6
min; then 10 % aluminum nitrate solution 0.7 mL was added, shaken and allowed to stand for 6 min;
Add 10 mL of 1 mol/L sodium hydroxide, and make up to volume with pure water. After mixing, let
stand for 15 min. The absorbance A was measured at 510 nm, based on a calibration curve using rutin,
expressed as mg RE/100 g FW. The total flavonoid content (TFC) of the sample was calculated from
the standard curve: Y = 12.741x - 0.0059, R*> = 0.999.

3. Results and discussion

3.1. Effect of Lactic Acid Bacteria Fermentation on DPPH radical scavenging rate

As shown in Figure 1, DPPH radical scavenging rate of fermented hawthorn pulp increased
significantly, and showed a dose-dependent relationship with the increase of sample concentration. In
the concentration range of the test, the DPPH free radical scavenging rate of the fermented hawthorn
pulp was about 1.1 to 1.3 times that of the hawthorn pulp. By calculation, the ICso of DPPH free
radical scavenging rate of fermented hawthorn pulp was 4.401 pL/mL, and the ICso of hawthorn pulp
was 6.049 uL/mL. The difference between the two was significant (p < 0.05).

3.2. Effect of Lactic Acid Bacteria Fermentation on ABTS radical scavenging rate

As shown in Figure 2, ABTS radical scavenging rate of fermented hawthorn pulp increased
significantly, and showed a dose-dependent relationship with the increase of sample concentration.
The ABTS free radical scavenging rate of the fermented hawthorn pulp was about 1.1 to 1.4 times that
of the hawthorn pulp. By calculation, the ICso of ABTS free radical scavenging rate of fermented
hawthorn pulp was 70.042 uL/mL, and the ICsy of hawthorn pulp was 83.125 uL/mL. The difference
between the two was significant (p < 0.05).

3.3. Effect of Lactic Acid Bacteria Fermentation on hydroxyl radical scavenging rate

It can be seen from Figure 3 that the hydroxyl radical scavenging rate of the hawthorn pulp after
fermentation increased significantly and was dose-dependent with the increase of the sample
concentration. The hydroxyl radical scavenging rate of the fermented hawthorn pulp was about 1.2 to
1.4 times that of the hawthorn pulp. By calculation, the ICso of hydroxyl radical scavenging rate of
fermented hawthorn pulp was 1.220 pL/mL, and the ICso of hawthorn pulp was 3.266 pL/mL. The
difference between the two was significant (p < 0.05).

3.4. Effect of Lactic Acid Bacteria Fermentation on Fe’" reducing power

It can be seen from the Figure 4, Fe'* reducing power of fermented hawthorn pulp increased
significantly, and showed a dose-dependent relationship with the increase of sample concentration.
The Fe** reducing power of the fermented hawthorn pulp was about 1.2 to 1.3 times that of the
hawthorn pulp. There was a significant difference in Fe*" reducing power compared to the hawthorn
pulp before and after fermentation (p < 0.05).

Their antioxidant capacity was enhanced, this might be due to the glucoside glucosides of some
glycosylated phenols produced by lactic acid bacteria after lactic acid bacteria fermentation [14], after
that, the bound polyphenols were hydrolyzed by the glycosidase or esterase produced by the lactic acid
bacteria to increase the free phenol content in the fermentation broth, thereby improving the
antioxidant capacity of the sample after fermentation, thereby improving the antioxidant capacity of
the sample after fermentation. In addition, during the fermentation process, some structural changes in
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antioxidant components might occur, and some components with stronger electron donating ability
might be formed to enhance their antioxidant capacity.

—e—HP —e—HP

: m / -
6 J
£ 30+

1
120

w

DPPH ASSAY (%)
& 2 g 2 8
ABTS ASSAY (%)
g &8 g g 2

2

20

=+

T T T T 1 T T T
4 6 8 10 12 20 40 60 80

9

Concentration (pL /m L) Concentration (pL / mL)
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3.5. Effect of lactic acid fermentation on phytochemical concentration

Table 1 showed the changes of free phenol and bound phenol content, free flavonoids and bound
flavonoids after the fermentation of hawthorn pulp. It could be seen from Table 1 that the content of
free phenol and free flavonoids in the fermented hawthorn pulp increased significantly compared with
the hawthorn pulp which was not fermented by lactic acid bacteria, which increased by 34.14 % and
53.15 %; while the content of bound phenol and bound flavonoids decreased significantly, reduced by
36.38 % and 61.29 % respectively. However, after fermentation by lactic acid bacteria, the total
phenolic content and total flavonoid content of the hawthorn pulp was significantly increased. Lactic
acid bacteria produced a variety of enzymes during the fermentation process [15], thereby causing the
cleavage and acidification of glycosides and esters combined with phenolic acids, thereby releasing
the bound phenols into free phenols.

Table 1. Changes of free phenols and flavonoids, bound phenols and flavonoids in hawthorn pulp
before and after lactic acid bacteria fermentation.

Polyphenol(mg GAE/100 g FW) Flavonoid(mg RE/100 g FW)
Free state Combined state Free state Combined state
HP 105.735+£0.078a  15.95+0.028a 1.43£0.014a 0.5+£0.014a

FHP 141.835+£0.078b  11.695+0.021b 2.19+0.014b 0.31+£0.014b
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4. Conclusions

Lactic acid bacteria fermentation has a significant effect on the antioxidant activity and phytochemical
concentration of hawthorn pulp. After the fermentation of lactic acid bacteria, the in vitro antioxidant
activity of the hawthorn pulp was greatly improved. In addition, the content of free phenol and
flavonoids in the hawthorn pulp was also significantly increased.

Acknowledgment

Fund Program: This research was financially supported by grants from “Double Tops” Program
(SYT2017XTTDO04), Shandong province key research and development plan (2017GNC10117) ,
Shandong province agricultural major application technology innovation project and Shandong
province science and technology plan projects (J14LF11). The first two authors contribute equally to
this research

References

[1]Wang, T., Miao, M.S., Miao, Y.Y. (2015) Analysis of the characteristics of modern research of
hawthorn. J. Tradit Chin Med., 30: 708-710.

[2]Nati¢, M.M., Dabi¢, D.C., Papetti, A., Ak$i¢, M.M.F., Ognjanov, V., Ljubojevi¢, M., Te§i¢, Z.L.
(2015) Analysis and characterisation of phytochemicals in mulberry (Morus alba L.) fruits
grown in Vojvodina, North Serbia. Food Chem., 171: 128-136.

[3]Avila-Sosa, R., Avila-Criséstomo, E., Reyes-Arcos, E.A., Cid-Pérez, T.S., Navarro-Cruz, A.R.,
Ochoa-Velasco, C.E. (2017) Effect of blue and UV-C irradiation on antioxidant compounds
during storage of Hawthorn ( Crataegus mexicana ). Sci Hortic., 217: 102—-106.

[4]Rua, J., Lopez-Rodriguez, 1., Sanz, J., Garcia-Fernandez, M.C., Del Valle, M.P., Garcia-Armesto,
M.R. (2018) Improving functional properties of “Piel de Sapo” melon juice by addition of a
Lippia citriodora natural extract and probiotic-type lactic acid bacteria. LWT-Food Sci
Technol., 96: 75-81.

[5]Simsek, S., El, S.N., Kancabas Kilinc, A., Karakaya, S. (2014) Vegetable and fermented vegetable
juices containing germinated seeds and sprouts of lentil and cowpea. Food Chem., 156: 289—
295.

[6]Kwaw, E., Ma, Y., Tchabo, W., Apaliya, M.T., Wu, M., Sackey, A.S., Tahir, H.E. (2018) Effect of
lactobacillus strains on phenolic profile, color attributes and antioxidant activities of lactic-
acid-fermented mulberry juice. Food Chem., 250: 148—154.

[7]Wang, L., Li, X. (2019) Preparation, physicochemical property and in vitro antioxidant activity of
zinc-Hohenbuehelia serotina polysaccharides complex. Int J. Biol Macromol., 121: 862—-869.

[8]Chen, F., Huang, G. (2018) Extraction and antioxidant activities of cushaw polysaccharide. Int J.
Biol Macromol., 120: 1646—1649.

[9]Wu, Z.Y ., Jin, Ye, Guo, B.H. (2004) Antihypertensive effect of probiotics. Dairy Sci Technol., 27:
1-8.

[10]Paiva, F.F., Vanier, N.L., Berrios, J.D.J., Pan, J., Villanova, F.D.A., Takeoka, G., Elias, M.C.
(2014) Physicochemical and nutritional properties of pigmented rice subjected to different
degrees of milling. J. Food Compos Anal., 35: 10-17.

[11]Finocchiaro, F., Ferrari, B., Ginainetti, A., Dall'asta, C., Galaverna, G., Scazzina, F., Pellegrini, N.
(2007) Characterization of antioxidant compounds of red and white rice and changes in total
antioxidant capacity during processing. Mol Nutr Food Res., 51: 1006—1019.

[12]Berker, K.I., Ozdemir, O.F.A., Ozyurt, D., et al. (2013) Modified folin-ciocalteu antioxidant
capacity assay for measuring lipophilic antioxidants. J. Agr. Food Chem., 61: 4783-4791.

[13]Hani, N.M., Torkamani, A.E., Zainul Abidin, S., Mahmood, W.A.K., Juliano, P. (2017) The
effects of ultrasound assisted extraction on antioxidative activity of polyphenolics obtained
from Momordica charantia fruit using response surface approach. Food Biosci., 17: 7-16.



IWRED 2019 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 267 (2019) 062056  doi:10.1088/1755-1315/267/6/062056

[14]Landete, J.M., Curiel, J.A., Rodriguez, H., Muifioz, R. (2014) Aryl glycosidases from
Lactobacillus plantarum increase antioxidant activity of phenolic compounds. J. Funct Foods.,
7:322-329.

[15]Pordevi¢, T.M., Siler-Marinkovi¢, S.S., Dimitrijevi¢-Brankovié, S.I. (2010) Effect of fermentation
on antioxidant properties of some cereals and pseudo cereals. Food Chem., 119: 957-963.



