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Abstract— Alginate/lignin is an antioxidant biomaterial synthesized from alginate of brown
algae and lignin of maize by-product by spray drying method. Alginate/lignin was evaluated for
lignin content, alginate content, and its antioxidant activity according to the storage time, for
example, storage at 25°C for 18 months and accelerated aging at 55°C for 137 days. The results
showed that alginate/lignin was stable in content and antioxidant activity for 24 storage months.
The significant decrease (p<0.05) in lignin content, alginate content, and antioxidant activity
changed according to the linear model for the two storage methods. Alginate/lignin content
decreased by under 3% after 24 storage months. Microorganisms of alginate/lignin increased
according to the storage time and faster in the storage method at 25°C, compared to the
accelerated aging method.
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1. Introduction

Alginate is a linear polysaccharide anion containing 1,4 bonds with basic units (-D-mannuronic
acid (M) and 1,4 -L-guluronic acid (G)), occurring naturally in the cell wall of brown seaweed.
Alginate is considered one of the most versatile biopolymers because of its wide range of
applications and its role in drug-delivery polymer systems.[1] Alginates are commonly used in
excipients in medicinal products because of their thickening, gelling, structural stabilizing, and
time-controlled properties.[2]

Lignin has four types, water-soluble, ethanol-soluble, acid-soluble (klasson lignin), and alkaline
medium (kraft lignin). All four types of lignin are insoluble in acid, so after obtaining lignin
extracts from plants through the separation of lignin, cellulose, and hemicellulose, lignin
precipitation was carried out by adjusting the pH medium.[3,4] Lignin obtained from a
precipitation process will be purified for application in food, functional foods, and
pharmaceuticals as an antioxidant, drug release control agent, and surfactant. [5]

Alginate/Lignin is a combination of biological polymers derived from plants with two basic
polymers, lignin, and alginate, which has been researched and developed in recent years but has
been applied in many different fields, such as pharmaceuticals, [6] functional foods [7] and
agriculture.[8,9] Especially in functional foods and pharmaceuticals, studying and developing
active alginate/lignin materials is a new direction that has attracted much attention from
scientists and pharmaceutical enterprises.[10,11] This composite structure exhibits a biological
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activity than lignin and alginate alone. This structure has shown high bioactivity with the ability
to form films, create states for solutions, and create properties for materials, so they are applied
in the production of coatings to support the treatment of open wounds and wounds and in food
packaging to prevent UV-induced lipid oxidation.[4]Alginate/Lignin can also be used as a heavy
metal absorbent material in the human body and in the aquatic environment.

Thus, the paper focused on the change of alginate, lignin, their antioxidant activity, and
microorganisms according to the storage time with the other two storage methods.

2. Materials and Methods

2.1. Experiment design

For accelerated aging method

Alginate/Lignin is evaluated for quality stability according to the ASTM F1980-07 method. The
lignin, alginate, antioxidant, and microbiological activities of alginate/lignin were analyzed every
15 days, and the time needed to evaluate was 137 days at 55°C according to the accelerated aging
method. The actual assessment time is as follows:

Actual storage time (month)

[(Taa—Trr)/10]
10

Accelerated aging time (day) =

In there:

Q10: aging coefficient. ranges from 1.8 to 2.5 and here is considered to be 2.

Taa: accelerated aging temperature, here is 55°C.

Trr: product storage temperature, here is 25°C.

Actual desired storage time (months): 24 months.

Accelerated aging factor: 9.19.

For the storage method at 25°C

Alginate/Lignin was stored at 25°C and analyzed once every three months for 18 months of
storage. The lignin content, alginate content, antioxidant activity, and microorganism was
evaluated on alginate/lignin for two storage method.

2.2. Analysis methods

Method of quantification

Quantification of lignin content: 01 g of lignin was dissolved in 100 mL of 0.1 M NaOH, and the
measurement of absorbance at 280 nm [12].

Quantification of alginate content: Alginate content was quantified by colorimetric method with
resorcinol.

Quantification of microorganisms

TCVN 11039-1:2015. Part 1: Determination of total aerobic microorganisms by plate counting
technique.

TCVN 4882:2007 (ISO 4831:2006) Microbiology of food and animal feeding stuff — Methods
for the detection and enumeration of coliforms — Counting technique with the highest probability.
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TCVN 11039-6:2015. Part 6: Detection and enumeration of Staphylococcus aureus by colony
counting technique.

TCVN 11039-5:2015. Part 5: Detection of Sal/monella.

TCVN 7924-2:2008 (ISO 16649-2:2001) Microbiology of food and animal feeding stuff —
Method for the enumeration of B-glucuronidase-positive Escherichia coli — Part 2: Colony
counting technique at 44°C using 5-bromo-4-clo-3-indolyl f-D-glucuronide.

TCVN 4991:2005 (7937:2004) Microbiology of food and animal feed - Quantitative method of
Clostridium perfringens on agar plates - Colony counting technique.

TCVN 7903: 2008 (ISO 21871: 2006) Microbiology of food and animal feeding stuff -
Determination method for the of presumptive small numbers of Bacillus cereus - most probable
numerical technique and detection method.

Evaluation of antioxidant activity

The total antioxidant as described by Prieto et al. (1999), [13] took 100 pl of the sample,
supplemented with 900 pl of distilled water and added 3 ml of solution A (0.6 M H,SO4, 28 mM
sodium phosphate and 04 mM ammonium Molybdate). The mixture was kept for 90 min at
95°C. Then measure at 695 nm with ascorbic acid as standard.

Reducing power activity was determined by taking 500 pul of sample solution supplemented with
0.5 ml of phosphate buffer pH 7.2 and 0.2 ml of K3[Fe(CN)¢] 1%. Hold the mixture for 20 min at
50 °C, then, add 500 pl of 10% CCI;COOH, 300 pl of distilled water and 80 pl of 0.1% FeCls;.
Finally, the mixture was measured at 655 nm with FeSOy as the standard. [14]

2.4. Data analysis
Each experiment was repeated three times and expressed as mean = SD. Analysis of statistical,
ANOVA and unusual removal was using MS.Excel 2013 software.

3. Results and discussion

3.1. Alginate content

For the accelerated aging method of storage, alginate content decreased from 742.9 + 20.8 to
694.54 + 25.00 mg uronic acid equivalent/g DW, corresponding to storage start to day 137",
respectively. Alginate content decreased by 6.5% at the storage day 137", compared to the
storage start. Alginate content at the storage day 60", 90", and 120™ got the value of 97.8, 96.6,
and 95.2%, compared to the storage start. The decrease in alginate content was according to the
linear model, and a significant difference did not occur in alginate content during the storage
days (p>0.05) (Tab. 1).

For the storage method at 25°C, alginate content was in the range of 742.90 + 20.8 and 726.76 +
19.62 mg uronic acid equivalent/g DW, corresponded to storage start and month 18",
respectively (Tab. 2). After 18 storage months, alginate content only decreased by 2.17%,
compared to the start material, and the difference was not statistical significance (p>0.05). The
decrease of alginate content depended on numerous factors during the storage processing, for
example, humidity, material nature, and packing material. [15,16]
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Table 1. Alginate/Lignin content and antioxidant activity over storage time under
accelerated aging

Alginate content _ | Antioxidant Reducing  power
. ., Lignin content (mg .. . .
Storage (mg uronic acid , ° ) activity (mg activity (mg
. lignin equivalent/g . . .
days equivalent/g DW) ascorbic acid FeSOg4equivalent/g
DW) equivalent/g DW)  DW)
0 742.9 +20.8 79.5+£2.56 248.72 £ 6.23 208.7 £5.96
15 739.2 +£19.96 79.1 £3.01 242.86 + 8.74 205.46 + 8.63
30 735.9 +£26.49 77.62 +£3.26 238.27+7.62 202.01 +5.05
45 732.33 £ 30.76 78.96 £ 3.55 234.69 +9.39 193.58 + 6.39
60 726.42 + 34.87 77.54 +£2.87 228.7+£6.63 195.6 £ 7.04
75 724.89 + 24.65 75.83 +£2.20 226.75 + 8.39 193.77 £ 5.43
90 717.65 +27.99 76.89 +£3.23 223.17 £9.37 190.48 + 7.62
105 719.22 +33.80 74.28 £3.57 219.68 £ 7.91 186.93 + 7.85
120 707.18 +£23.34 73.76 £2.51 213.75+ 6.84 180.17 £ 4.50
137 694.54 +25.00 74.49 £2.23 217.59 +8.70 183.56 + 6.06

Note: significant level (p<0.05).
3.2. Lignin content

Table 2. Alginate/Lignin content and antioxidant activity over storage time under storage
conditions without accelerated aging

Lignin content Antioxidant Reducing power

Alginate content - . . . .
Storage ) ., (mg lignin activity (mg activity (mg
(mg uronic acid : : .
days equivalent/g DW) equivalent/g ascorbic acid FeSOy4
1 g DW) equivalent/s DW)  equivalent/g DW)
0 742.90 £20.8 79.50 + 2.56 248.72 £ 6.23 208.70 = 5.96
3 738.54 £22.16 79.14 £ 2.85 240.52 +£10.10 200.93 +5.63
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6 740.10 £ 21.46 78.20 £2.50 244.19 £ 6.10 203.26 + 7.54
9 735.59 +£22.03 77.31 £3.09 238.63 +7.87 201.73 £ 6.66
12 727.82 £ 24.75 78.82 £2.29 230.96 + 8.31 196.54 + 8.49
15 732.80 £ 26.38 79.64 +£2.93 234.45 +£ 6.56 193.88 + 7.37
18 726.76 = 19.62 77.48 +£3.25 228.61 £9.14 195.47 £ 8.21

Note: significant level (p<0.05).

For the accelerated aging method of storage, lignin content was within 79.50 £ 2.56 (storage
start) to 74.49 + 2.23 mg lignin equivalent/g DW (day 137™). The decrease of lignin content was
6.3% at the storage day 137th, compared to the storage start. Lignin content decreased by 2.47,
3.28, and 7.22% in comparison to the storage start, corresponding to the storage day 60", 90,
and 120™. The linear model appeared in the decrease in alginate content according to the storage
time for two methods, and lignin content in consecutive timelines was not a significant
difference (p>0.05) (Tab. 1).

For the storage method at 25°C, lignin content decreased from 79.50 + 2.56 (storage start) to
77.48 + 3.25 mg lignin equivalent/g DW (month 18th) (Tab. 2). Lignin content only decreased by
2.17% after 18 storage months in comparison to the start material, and the decrease was not a
difference in statistical significance (p>0.05). Application of lignin in the storage appeared in
numerous previous publications, [17] but antioxidant lignin storage did not present in any notice.

Table 3. Microbiology of Alginate/Lignin over storage time under storage conditions
without accelerated aging

S. Salmonell B.
Stora Total aerobic Colifor . ous a E.coli C cereus
o dayf microorganisms m (CFU/g (CFU/g petfringens (CFUJg)
(CFUx10%g)  (CFUlg) (‘)JFU/ B (CFU/g)
g

0 0.30 £ 0.08 - - - - - -

3 0.44+0.10 - - - . - -

6 0.62+0.13 - - - . - -

9 0.70 £ 0.10 - - - - - -

12 0.93+0.12 - - - - - -
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15 1.55+0.26 - - - - - -

18 2.98+0.17

Note: significant level (p<0.05).

Table 4. Microbiology of Alginate/Lignin over storage time under storage conditions
accelerated aging

) ) S. Salmonell C. B.
Storage Total aerobic Colifor |, ous a E. perfringen  cereus(
microorganism m(CFU/ coli(CF
s (CFUx 10°/g) @) ) U/g)
2) (CFU/g)

0 0.30+0.08 - - - - - -
15 0.43+0.10 - - - - - -
30 0.46+0.10 - - - - - -
45 0.50+ 0.09 - - - - - -
60 0.52+0.10 - - - - - -
75 0.58+0.11 - - - - - -
90 0.63+0.07 - - - - - -
105 0.80+0.12 - - - - - -
120 0.90+0.07 - - - - - -
137 1.10£0.14 - - - - - -

Note: “-“ non detected.

3.3. Total antioxidant activity

For the storage by the accelerated aging method, the total antioxidant activity got the value of
248.72 + 6.23 and 217.59 + 8.70 (mg ascorbic acid equivalent/g DW), corresponding to the start
material and the storage day 137™, respectively. The thing showed that the total antioxidant
activity of alginate/lignin decreased to 87.48%, compared to the start material. The total
antioxidant activity of alginate/lignin decreased by 8.05, 10.27, and 14.06% after storage days
60th, 90th, and 120th, respectively, compared to the start material. The difference in the decrease
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was statistical significance (p<005) (Tab. 1). The linear model of total antioxidant activity
decrease appeared according to the storage time.

For the storage method at 25°C, total antioxidant activity was within 248.72 + 6.23 (storage start)
to 228.61 + 9.14 mg lignin equivalent/g DW (month 18™) (Tab. 2). Total antioxidant activity
decreased by 1.82, 7.14, and 8.09% after 6, 12, and 18 storage months, respectively, compared to
the start material. The decrease in total antioxidant activity was a statistically significant
difference (p<0.05) according to the storage time. The linear model was also found in total
antioxidant activity decrease in the storage method at 25°C. Storage time usually changes the
active substance and reduces biological activity. [18,19]

3.4. Reducing power activity

For the storage by the accelerated aging method, at the storage day 137", the reducing power
activity got the value of 183.56 £ 6.06 (mg FeSO, equivalent/g DW), corresponding to 87.95%,
compared to the start material. The reducing power activity of alginate/lignin at the storage day
137" got 93.84%, compared to the storage day 60™. The decrease of reducing power activity was
6.28, 8.73, and 13.67%, corresponding to 60", 90" and 120", respectively, and the thing
occurred when compared to the start material. The statistical difference in the decrease in
reducing power activity presented (p<005) (Tab. 1), and the linear model exhibited the decrease
in reducing power activity was found according to the storage time.

For the storage method at 25°C, the change of reducing power activity during the storage time of
18 months was from 208.70 + 5.96 (storage start) to 195.47 + 8.21 mg FeSO4 equivalent/g DW
(month 18"™) (Tab. 2). After 6™, 12", and 18" storage month, reducing power activity got 97.39,
94.17, and 93.66% when compared to the start material, respectively. A statistically significant
difference (p<0.05) was found in the decrease in total antioxidant activity according to the
storage time. The total antioxidant activity decrease was simulated bylinear model in the storage
method at 25°C. The change of reducing power activity was also described in previous studies on
medicine plants [20,21], but reducing power activity of alginate/lignin did not saw.

3.4. Microorganisms

Tables 3 and 4 showed that Coliform, S. aureus, Salmonella, E. coli, C. perfringens, and B.
cereus did not appear in alginate/lignin according to the storage time and occurred in both
storage methods (Tab.1 and Tab. 2). Total aerobic microorganisms exist in alginate/lignin. Total
aerobic microorganisms in consecutive timelines were in statistically significant difference
according to the storage time (p<0.05) for the two storage methods. Microorganisms of
alginate/lignin in other storage methods were statistical significance (p<0.05). After 137 days of
storage by accelerated aging method and 18 months of storage at 25°C, total aerobic
microorganisms of alginate/lignin were still within the permitted limit of healthy. The growth of
total aerobic microorganisms in alginate/lignin when stored by the accelerated aging method was
slower than that of storage at 25°C because the temperature of 55°C was not suitable for
microbial growth.



Nguyen X, DinhHuu D, Pham A, Dang X SMJ

Constraint
The study did not present metal according to the storage time.

4. Conclusion

Alginate/lignin is a stable antioxidant biomaterial according to the storage time at 25°C for 18
months and at 55°C for 137 days for accelerated aging. The content of lignin and alginate
decreased and changed according to the linear model for the two storage methods. The difference
in lignin content according to the storage time at 25°C was significant (p<0.05), and occurred to
alginate content. Lignin and alginate content in the accelerated aging method was also no
exception. The antioxidant activity of alginate/lignin decreased more than the content of alginate
and lignin during the storage time. Microorganisms in the storage condition at 25°C increased
faster than at 55°C (accelerated aging). Antioxidant alginate/lignin could be usefull as
pharmaceutical raw materials, functional foods or bio-absorbable materials.
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