NGHIEN CUU KHOA HOC

BIODEGRADABLE FOOD PACKAGING MEMBRANE
FROM BACTERIAL CELLULOSE AND BACTERIOCIN
FOR PRESERVING RAW FOOD

Nhu Thi Huynh Nguyen, Nhu Quynh Nguyen, Nhi Thi Yen Nguyen,
Phuong Hoang Ngoc Nguyen

Faculty of Biology and Biotechnology, University of Science, VNU-HCM

Received in: 30/6/2019; Revised on: 11/8/2019;
Accepted on: 26/8/2019)

Summary

Raw foods such as fish and meat sold at local markets are easily pathogenically infected because
retailers do not keep them in proper food preservation equipment. In addition, food packaging using
single-use plastic grocery bags is a burden for waste management and aggravates the “white pollu-
tion”. In this research, we created biodegradable bacterial cellulose membrane (BCm) loaded with
raw bacteriocins that were collected from isolated lactic acid bacteria (LAB) and test their ability to
preserveraw fish and meat.

The 2mm thick and 94% wet BC membrane was obtained from the surface fermentation of
Acetobacterxylinum in the medium containing 50% of coconut water and 15% sucrose after 03 days.
The isolated LAB from sour cabbage, kimchi and yogurt were microscopically observed,
biochemically characterized and species identified by mass spectrometry. The raw bacteriocin from
Lactobacillus plantarum showing the most antimicrobial capability among the isolates could inhibit
the growth of 3 tested strains of Escherichia coli, Staphylococcus aureus and Bacillus subtilis at the
antimicrobial activity of 100 AU/ml by agar-well diffusion method. BCm treated with the
bacteriocins of 100 AU/ml in 45 minutes was proved to be able to well preserve fish for 24 hours
and pork for 18 hours at ambient temperatures, following Vietnam Standard for catfish fillet (TCVN
8338:2010) and for meat (TCVN 7046:2009).
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1. INTRODUCTION

According to the Vietnam Ministry of Health, approximately 200 food poisoning outbreaks with
30 deaths happened annually from 2011 to 2014 (JAHR, 2015). Among chemical preservatives for
foods, bacteriocins from LAB are economic, affordable and safe for health. Bacteriocins are peptides
or proteins that can inhibit other microorganisms (Cotter et al., 2005). Their mechanisms can be
divided into bactericidal effect of cell lysis or non-cell lysis e.g. bacteriostatic (da Silva Sabo et al.,
2014). Bacterial cellulose synthesized by Acetobacterxylinum can be used for replacing plastic
grocery bags (Azeredo et al., 2019). BCm loaded with nisin, a commercial pure bacteriocin was
used to test against Staphylococcus aureus, Escherichia coli and Pseudomonas aeruginosaby agar
diffusion assay and antioxidant activity (dos Santos et al., 2018). Bacterial cellulose loaded with
bacteriocin from Lactococcus lactic could preserve under-cooked meat (Huong Thuy Nguyen et al,
2018). In this research, raw bacteriocin was loaded in BC to replace plastic grocery bags and preserve
raw foods including catfish and pork.

I Tel: 0708829662 Email: nhnphuong@hcmus.edu.vn

14 | Tap chi KIEM NGHIEM VA AN TOAN THUC PHAM (58 3-2019)



NGHIEN CUU KHOA HOC

2. MATERIALS AND METHODS
2.1. Isolation of lactic acid bacteria and bacteriocin production

Colonies of LAB from at least 10 different sources of pickled cabbage, kimchi and yogurt from
local markets were screened on MRS-CaCO3 agar. Then, they were observed morphologically under
microscopy and performed biochemical tests for LAB following Vietnam Standard (TCVN
9633:2013). Isolated clones were identified by matrix-assisted laser desorption/ionization mass
spectrometry (MALDI-TOF MS) at Oxford University Clinical Research Unit Vietnam
(OUCRU-VN).
2.2. Assessment of antimicrobial activity from isolated LAB by minimum inhibitory concen-
tration and well diffusion agar

The antimicrobial activities against indicator strains including E. coli, B. subtilis and S. aureus
were assessed by minimal inhibitory concentration and agar-well diffusion method (Tagg and
McGiven, 1971). Isolated LABs were cultured in MRS broth and incubated at ambient temperature
for 72 h. Supernatants were collected by centrifuging at 40°C, adjusted to pH 6.5-7 and semi-purified
by 0.45 um pore size filter membranes. Each indicator strain was spread on nutrient agar plate; then
80 ul of the raw bacteriocin was added into agar wells (5 mm diameter) and incubated at ambient
temperature for 24 hours. The antimicrobial effects of bacteriocin were assessed via the inhibition
zones (mm) around the antimicrobial wells onthe agar plates. Antimicrobial activity was determined
by the serial 2-fold dilution method: the highest concentration in a range of diluted continuous
solutions at which the indicator microorganism is still inhibited in a volume unit (AU/ml)
(Vignolo, 1995).

2.3. Making and treating BC for preserving catfish and pork

I L medium for statically culturing Acetobacterxylinum contained 2 g yeast extract, 8 g
(NH4)»SOy, 2 g (NH4),HPO4, 500 ml of coconut milk, 5 ml of acetic acid and different percentages
of sucrose to investigate the suitable thickness of BCm. After BCm wash harvested, it was drained,
autoclaved and loaded with bacteriocin.

Catfish and pork were purchased at the local market (Thu Duc, Ho Chi Minh City) and prepared
with 500 g each sample. Each sample was preserved with BCm-bacteriocin from thei solated LAB
producing highest antimicrobial bacteriocin at ambient temperature. Samples were tested for aerobic
plate count (APC) every 6 hours for 24 hours following Vietnam Standard for catfish fillet (TCVN
8338:2010) and meat (TCVN 7046:2009).

3. RESULTS AND DISCUSSION
3.1. Characterizing isolated LAB and bacteriocin production

Thei solates were picked up based on the size of CaCO5 lysis zone on agar plate and physical
characteristics of specific LAB colonies such as milky white, smooth and convex. By microscopic
observation and biochemical tests, the isolates were characterized following Bergey's Manual of
Determinative Bacteriology before identified by MALDI-TOF MS (Table 1).

Table 1. Morphological and biochemical characteristics of the isolates

Sources Sour cabbage Kimchi Yogurt

Isolated labels NCl1 NC2 NC3 NK1 NK2 NK3 NY1 NY2 NY3

Gram ) ) () () () (G () (Co) ()]
Cell form Short rod Short rod Short rod Short rod Rod Short rod Rod Rod Rod

Single, Single, Single, Single, Single, . X Single, R . Single, pair,
1 1

Arrangement chain chain pair pair pair Single, pair pair, chain Single, pair chain

Lactic acid + + + + + + + + +
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Sources Sour cabbage Kimchi Yogurt

Spore

Moveable

Catalase

Oxidase

Nitrate
reductase

Indole

Identification L. L. L. L. L. L. L. L. L.
*) plantarum | plantarum | plantarum | plantarum | plantarum | plantarum paracasei paracasei paracasei

(*) Identified by MALDI-TOFMS

3.2. Screening of LAB isolates for antibacterial activity using well diffusion agar method and
determining the activity units (AU/ml)

All of the isolates produced bacteriocin and inhibited all three of the indicator strains of E. coli, B. sub-
tilis, S. aureus (Table 2). In general, the isolated LABs from pickled cabbage demonstrated
antimicrobial capability higher than those from kimchi and yogurt. NC2 was identified as
Lactobacillus plantarum produced the highest antimicrobial activity. The antibacterial activity of 100 AU/ml
from NC2 was assessed by the serial 2-fold dilution method on diffusion agar plate containing E. coli.

Table 2. The inhibition zones (mm) of the LAB isolates against the indicator microorganisms

Sources Labels Diameters of inhibition zones AD=D-d (mm)

E. coli B. subtilis S. aureus

NC1 6.5+ 1.14 8.5+1.35 6.3+1.51

Sour cabbage NC2 8.5+0.70 8.9+ 0.46 7.0 £0.64
NC3 8.3+£0.95 8.5+0.91 6.1+0.49

NK1 6,4+0,19 6.1 +1.03 4.6 +£0.86

Kimchi NK2 5.9+0.73 6.3 +0.83 5.6+ 0.86
NK3 6.2+2.61 6.7+ 2.66 49=+1.12
NY1 7.4+1.23 5.7+ 1.68 49+2.09
Yogurt NY2 8.5+1.41 7.3+1.77 6.7+2.43
NY3 84+£1.32 6.2+222 42+2.70

D: Diameters of inhibition zones, d: Diameters of colonies

A
Figure 1. The isolated LAB against indicator microorganism and antibacterial activity of NC2

D
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NC: negative control; NC1, NC2, NC3: bacteriocin of the respective isolates; A, B, C: indicators
B. subtilis, S. aureus, E. coli; D: antibacterial activity of NC2 by the serial 2-fold dilution method

3.3. Making and treating BC for preserving catfish and pork

The effect of sucrose concentration and fermented time to BCm quality is shown in Table 3.
The BCm should be harvested after 3 days for fermentation with medium containing 15% sucrose.
The BCm got 1-2 mm thick, and their area depended on fermented containers.

Table 3. The effects of time and concentration of sugar on quality BC (6.3 x10° mm? area)

Fermented Sucrose

. M
time concentration Characteristics Weight (g) . e.an o
o humidity (%)
(day) (%)
20
1 15 Not formed - )
10
20 Thin, not tough - -
2 15
Not completed - -
10
20 8.7+0.55 94.8+0.15
Completed, tough, 1-2 mm thick
3 15 7.2+0.28 93.8+0.13
10 Thin, <1 mm thick 53+1.24 93.0 + 1.68
20 Completed, tough, > 2 mm thick 9.7+0.83 93.9+0.27
4 15 8.0+0.25 93.5+0.37
Completed, tough, 1-2 mm thick
10 7.8+£0.62 94.4+0.70

BC loaded 100AU/ml raw bacteriocin from isolated L. plantarum (labeled as samples) for 45
minutes was used to preserve raw catfish and pork at ambient temperature. The quality of raw catfish
and pork during the storage time is shown in Table 4. Both aerobic plate count (APC) in dexin catfish
and pork were much lower than those in C; (the control: BCm without loaded bacteriocin).

Organoleptic and microbial standards were assessed following to Vietnam Standard for catfish
(TCVN 8338:2010). After 6 hours of storage, C; (5.6 x 10° CFU/g) the raw catfish got rancid and
mucous on surface. Meanwhile, sample S still met standard of organoleptic quality of catfish products
and APC (1.0 x 10° CFU/g) after 24 hours.

Like catfish, the pork qualities were assessed following TCVN 7046:2009. After 6 hours
of storage, C1 did not meet the the permitted standard of APC and organoleptic qualities.The
color of raw pork got darker, rancid and mucous on surface. Meanwhile, S still met organoleptic
and APC quality (1 x 10° CFU/g) after 18 hours. After 24-hour storage, S exceeded the
permitted APC standard.

In summary, BCm loaded with the raw bacteriocins of 100 AU/ml from the isolated L. plan-
tarumin 45 minutes could preserve raw catfish and pork for 24 hours and 18 hours respectively fol-
lowing Vietnam Standard for catfish fillet (TCVN 8338:2010) and meat (TCVN 7046:2009).
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Table 4. Organoleptic and microbial quality of catfish and meat

Sample Storage time Label Organoleptic characteristics APC
(hour) Color Odor Surface CFU/g

0 Co Typical 11x10°
C; Pinkish Less rancid odor ~ Less mucous 5.6 x 10° |
° S Typical 15x10°
C Rosy Less rancid odor ~ Less mucous 2.6 x 10° |
CATFISH 2 S Typical 35%10°
(O} Rosy Rancid odor Mucous 3.0x 10° |
a S Typical 66x10°
C Rosy Rancid odor Mucous 6.5x 10° |
24 S Typical 10x10°

0 Co Typical 6.9x 10
(O Pinkish Less rancid odor ~ Less mucous 1.8 x 10° |
° S Typical 12x10°
C Rosy Less rancid odor Mucous 23x10° |
MEAT 2 S Typical 50x10°
C Rosy Rancid odor Mucous 45x10° |
a S Typical 1.0x 10° |
C Rosy Rancid odor Mucous 9.2x 10° |
* S Typical 14X 10°

Cy: control at 0 hour; C;: control according to preservation time at ambient temperature
S: BC membrane treated with the bacteriocins of 100 AU/ml in 45 minutes for preservation

4. CONCLUSIONS

Food safety risk management in Vietnam is a challenge since most of food suppliers are
local retailers who have not recognized and practiced adequately the instructions of food
preservation for raw foods. The research indicated BC membrane loaded raw bacteriocin can
be an alternative material for packing of raw foods in small business and retailers to reduce
single plastic bags and enhance food preservation capability. The research also provided two
of isolated LABs identified as L. plantarum and L. paracasei whose bacteriocin inhibited 3 of
indicator strains E. coli, S. aureus, B. subtilis. Raw bacteriocin from L. plantarum showed the
most antimicrobial capability among the isolates with the antibacterial activity of 100 AU/ml
on E. coli. The suitable medium containing 50% of coconut milk and 15% sucrose for
producing BC membrane by the static fermentation of Acetobacterxylinum was also assessed.
BC membrane loaded with the raw bacteriocin of 100 AU/ml could preserve raw catfish and
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pork for 24 hours and 18 hours respectively following Vietnam Standard for catfish fillet
(TCVN 8338:2010) and meat (TCVN 7046:2009). Co-culturing bacteriocin and cellulose
producing microorganisms would be investigated for further research on anti-microbial food
packing.
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Tém tit
MANG PHAN HUY SINH HOC KHANG KHllAN
BAO QUAN THUC PHAM SONG

Nguyén Thi Hupnh Nhuw, Nguyén Quynh Nhu, Nguyén Thi Yén Nhi,
Nguyén Hoang Ngoc Phwong
Khoa Sinh hoc & Cong nghé Sinh hoc, Truong Dai hoc Khoa hoc Ty nhién, PHOG-HCM

Nguon thit c4 tuoi séng bay ban ngoai chg thudng phoi nhidm véi cac tac nhan gay bénh
trong thoi gian dai do cac ho tiéu thuong khong dau tu thiét bi bao quan thuc pham chuyén
dung. Bén canh d6, bao nhya dung mot lan dung thuc phém turoi séng tré thanh ganh nang ddi
v6i cong tac xtr 1y rac thai va gép phan 1am tinh hinh 6 nhiém tring ngay cang tram trong.
Bacteriocin 1a mot chat khang khuén tu nhién, do vi khuén sinh lactic acid téng hop, tur lau da
dugc tng dung trong bao quan thuc phdm. Trong nghién ctiru nay, chiing toi thir nghiém tao
mang cellulose vi sinh (bacterial cellulose, BC) hép phu v6i bacteriocin dé tao mang boc thuc
pham c6 kha nang phan huy sinh hoc va han ché nhiém khuan thyc pham.

Mang bacterial cellulose dugc thu nhéan tir qua trinh 1én men bé mit cta Acetobacterxylinum
nudi trong moi truong chira 50% nudc dura va 15% sucrose sau 3 ngay dat do day 2 mm va do
am 94%. LAB phan 1ap tir bap cai chua, kim chi va sira chua duoc kiém tra bang kinh hién vi,
céc phan tng sinh héa va dinh danh bang khdi phé. Lactobacillus plantarum, dong phan lap
cho hoat tinh khang khuan manh nhét trong 9 dong da phan 1ap, duoc nudi cay dé thu bacteriocin
tho dat 100 AU/ml theo phuong phap khuéch tan trén giéng thach tao vong khang khuan to 1&
so v&i dbi chtng trén 3 chiing chi thi Escherichia coli, Staphylococusaureus va Bacillus subtilis.
Mang BC hap phu bacteriocin ndng d6 100 AU/mL trong 45 phiit ¢6 thé bao quan thuc pham
tuoi song nhu ca trong 24 gio (TCVN 8338:2010) va thit trong 18 giod (TCVN 7046:2009) &
nhiét do thuong.

Tir khéa: Bacteriocin, mang cellulose, bao qudn thwe pham, phan iy sinh hoc.
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