41 9
- 100 - PACKAGING ENGINEERING 2020 5

PHA

300222

B8 NBRAGEEMRGFARALEHN, LRF ﬁ%ﬁﬁ%%%ﬁﬂ%kﬂﬁé& peRcS
RELEMA R AEKR R (PHA) @e) 8RB R . Fik @it B WM IR BF 52 R
S EL, TELERF Aﬁﬁﬁ%%?ﬂﬂﬁkﬂﬁ%%m%ﬁﬁkﬂ PORTRAFE | BRFAKEE . AT
R F A%%%&%kﬁ BFRATALIE | AHIER RIS R 4 e E A B R Bk, BHE
BAROLEMAR AL (PHA) 7@ A, &R REGRRFLEMAFRE 0 TAL 2T
FEANRA T ANEBELIALBANLBEN EFREBEEBR T IR TEARKG YA, EPHRAL
B (OSRREBEAE LB L EBYO RS A%)Wﬁ%ﬁﬂfﬁi%ﬁ%i?lﬂA E AT R,
PHA 8 4k B 2R PHA PR E 5 AR, BRELA KBRS PHA, ) 20 A 2] & RKART .
éﬁﬁ%%EW%ﬁ%%%ﬁ%ﬁ%%%la&%iﬁ?i%%?ﬁ%ﬁﬁﬁ&%,%m%kﬁﬁﬁﬁ
BTHAWRLRERELA A Z RAK, FERRFHE, Bk, TAEFRIFELEN TRIE T LA
) HOR TR R AR A A BT f&%§$ﬁﬁ

AR s M REBR; QEMH
TB484; TQ35 A 1001-3563(2020)09-0100-09
DOI  10.19554/j.cnki.1001-3563.2020.09.015

Research Progress of Pretreatment Technology for Synthesis of PHA from
Lignocellulosic Materials

YIN Fen, MA Xiao-jun

(College of Light Industry Science & Engineering, Tianjin University of Science & Technology, Tianjin 300222, China)

ABSTRACT: The work aims to introduce the chemical composition and structure of lignocellulosic materials and review
the research progress of the common pretreatment methods of lignocellulosic materials and their application in the syn-
thesis of polyhydroxyalkanoates (PHA). Based on the analysis and summary of the research status and achievements at
home and abroad, the influence of common pretreatment methods of lignocellulosic materials, such as steam explosion
pretreatment, hot water pretreatment, acid pretreatment, alkali pretreatment, ammonia fiber explosion pretreatment, ionic
liquid pretreatment, organic solvent pretreatment, etc., on the saccharification rate of lignocellulosic materials and their
application in synthetic packaging materials polyhydroxyalkanoates were emphatically discussed. Different lignocellulo-
sic materials and different pretreatment methods had a great influence on the content of total sugar and the type of mono-
saccharide in total sugar and the mass fraction of monosaccharide in total sugar. Meanwhile, different total sugars (in-

cluding different monosaccharide types and the mass fraction of monosaccharide in total sugar) were used as carbon
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source for microbial fermentation to produce PHA, which would form monomer of PHA and different mass fractions of
monomer in PHA, thus forming PHA with different properties and widely used in the field of packaging. There are many
studies on optimizing pretreatment and enzymolysis technology used to improve the yield of fermentable sugar at home
and abroad. Compared with other pretreatment technologies, hot water pretreatment technology is featured by low pro-
duction cost and environmental protection. Therefore, the development of economic hot water pretreatment technology
suitable for large-scale industrial production is the focus of attention in the future.

KEY WORDS: lignocellulose material; pretreatment technology; packaging materials

43.7 kg
2441 g/L
(-2 PHA
P 3HB P 3HB-co-LA Ahn (B3]
PHA PHA P
3HB-co-3HV ~ 3HV
PHA PHA
PHA 3~14 3-
[3) PHA
PHA 2 PHA scl-PHA PHA
3~5 PHB
PHV PHA mcl-PHA 1
6~14
PHHx PHO PHA
B-1,4
PHA
[4—s] 3~4
PHA PHA

30% 40%![6—7]
(8]

[9]

35%
50% 20% 40% (1]
15% 25% PHA
PHA
[10—11] PHA
PHA
Oh 12
[14]
PHA

PHA 5 kg



2020 5

-102 -
2 190 °C 5 min 0.5%
40%
[15]
/ 5- 2
dp
2.2
[16—18] 4-0-
[24]
Lopez-Linares
2.1 g/g 1:10
220 °C 10 min 33 min
(191 14 g/L 99%,
160 260 °C 100%
0.69 4.83 MPa
192.7 °C 6 min 5.4 min
Li [0 64%
76.38% 70% 2.4 g/l Timung?%
18.10%
1.34% TRS
1.5 MPa 30s
36.28%
26 26.50 g/L 150 °C g/g
1:10 20 min
Feng [21] 17.98 g/L
250 °C g/g 3:40
Bonfiglio (22 15 min  Zhang [7
170 200 °C
5 15 min
200 °C 10 min 180 °C 30 min
88.3% Carvalho [ 37.27 g/100 g 100 g
3727 ¢

901 g/kg kg



41 9 PHA - 103 -
901 g 100 g 24
53.65¢g
[31]
5. Kang B2 NaOH
2% 8% 3 35 55 121°C
2.3 24 24 1 h
35 °C
2%NaOH 24 h lg
301.7 mL
21.0% Wang B3
Timung!?¢!
TRS lg 5 FPU
91%
Shahabazuddin B4
23.49 g/ 15.60 g/L
150 °C g/g 1:10
20 min Iram 2% 10% 0.25 0.625 mm NaOH
121 °C 5% 2% 40 min
30% 88.36 min 371 mg/g Tan B3]
0382¢g/g 1¢g HCI HNO; H,SO4
0.382 g NaOH KOH  Ca(OH),
3%
52mg/g 1.6mg/g Martin [2°] 10% 121 °C
60 min HNO; NaOH KOH
195 °C 80% 60%
0.6% 50 min 54% HNO; NaOH KOH
83.8% 82.4% 100%  100% 3
72% Diaz-Blanco
B 160
200 °C 0.005 0.015 g/mL
10%
180 °C  0.0124
g/mL 87%
68%
[36]
2.5



2020 5

- 104 -
50% 1- -3- 49.5%
0.5% KyCOs; 95 °C 3h
G371 69.32% 50 °C 72 h
Iram  [28 14%
10% 82.45% Zhang 44
13.18% 48 min
0.129 g/g - 3
HMF
Tao D38 30%
gl/g 91%
19 1 100 150 °C 30 min Hou @1
76.0%
76.0% 76.1% 12.5% 375 W 2 min
[39]
48 h 410.67 mg/g
623.5 kg/t
515.9 kg/t Teymouri [
1:1 60%
100 g 60 g 90 °C [46]
2 d
97% 2.1
4-0-
99%
[47]
Tan [8 - GVL
THFA
100 °C 2h
2.6 64.1%
51.7% 87.5%
131.5%
46.8% Choi ]
50% -
50%
- 160 °C 10 min
—T (41 8.1% 1%
Liu [ 1- -3- 50% - 160 °C
10 min 3.7%
98.5 °C 1.31h 77.5% 80.2% Alio DY
glg 1:8.7
85.69% 9.1% 2.27%
874% Gao I / 60 : 40

175 °C

0.25%



41 9 PHA - 105 -
PHB 200 °C
(8243)%  (71£3)% 22 min g/g 1:4
(11.9£0.3)% (0.23+0.02)% 5- 24.2 g/L
(0.30+0.03)% Teramura [1] PHA 0.18 g/(L-h) PHB Yin B3
40%
3- -co-3-
25% PHBV 200 °C
0.5% 200 °C 30min 45 °C 3d
60 min 530.3 mg/g lg 530.3 mg
84.9% PHA 637.556
3.6% 15.3% mg/L  PHBV
— - 4 PHA
PHA
PHA
PHA
PHA
PHA
PHA Wella AG P&G
Biomers Metabolix
3 PHA
PHA
PHA 21
PHA
[52] Moreno  [34
PHA PHA
PHA
30% 40%
PHA PHA 90%
PHA  Saratale [
Urbina [
PHB mcl-PHA
4%  NayCOs 4%  Na;SO; PHA
g/g 1:10
508+4.6 Cherpinski ¢ 3- PHB
mg/g 1g 598+4.6 mg 3- PHBV
PHA CNFs LCNFs
0.494+0.015 g/g 1¢g 0.494+0.015

gPHB Dai [



- 106 -

2020 5

5
PHA
PHA
PHA
PHA
PHA
S 3k

(1]

KAVITHA G, RENGASAMY R, INBAKANDAN D.
Polyhydroxybutyrate Production from Marine Source
and Its Application[J]. International Journal of Biolog-
ical Macromolecules, 2018, 111: 102—108.
SARATALE R G, SARATALE G D, CHO S K, et al.
Pretreatment of Kenaf (Hibiscus Cannabinus L) Bio-
mass Feedstock for Polyhydroxybutyrate (PHB) Pro-
duction and Characterization[J]. Bioresource Technol-
ogy, 2019, 282: 75—80.

[J]. , 2002,
21(2): 197—208.

CHEN Guo-qiang, ZHANG Guang, ZHAO Kai, et al.
Microbial Synthesis, Properties and Applications of
Polyhydroxyalkanoates[J]. Journal of Wuxi University
of Light Industry, 2002, 21(2): 197—208.

[J71. , 2011, 33(4):
89—95.

REN Zhong-jia, WANG Ya-yi, GENG Jun-jun. Key
Factors Impacting Polyhydroxyalkanoates Accumula-
tion by Activated Sludge[J]. Environmental Pollution
& Control, 2011, 33(4): 89—95.

s s s

1. , 2018, 34(10): 6—17.

[10]

[12]

[13]

[14]

[17]

CHE Xue-mei, SITU Wei, YU Liu-song, et al. Appli-
cation Perspectives of Polyhydroxyalkanoates[J]. Chi-
nese Journal of Biotechnology, 2018, 34(10): 6—17.
DAI J, MCDONALD A G. Production of Fermentable
Sugars and Polyhydroxybutyrate from Hybrid Poplar:
Response Surface Model Optimization of a Hot-water
Pretreatment and Subsequent Enzymatic Hydrolysis[J].
Biomass and Bioenergy, 2014, 71: 275—284.
ANDLER R, VIVOD R, STEINBUCHEL A. Synthesis
of Polyhydroxyalkanoates through the Biodegradation
of Poly(cis-1,4-isoprene) Rubber[J]. Journal of Bio-
science and Bioengineering, 2018, 127: 360—365.
KAWAGUCHI H, OGINO C, KONDO A. Microbial
Conversion of Biomass into Bio-based Polymers[J].
Bioresource Technology, 2017, 245: 1664—1673.
ABO B O, GAO M, WANG Y, et al. Lignocellulosic
Biomass for Bioethanol: an Overview on Pretreatment,
Hydrolysis and Fermentation Processes[J]. Reviews on
Environmental Health, 2019, 34: 57—68.

. J1. ,
2017, 43(6): 22—28.
DING Liang-bin. Research Progress on Pretreatment
Method of Straw[J]. Anhui Chemical Industry, 2017,
43(6): 22—28.
[J1. ,2017,25(1): 11—19.
ZHANG Chen-wei, YANG Fu-yu. Research Progress
on the Bioenergy Grass Pretreatment in Biofuel Pro-
duction[J]. Acta Agrestia Sinica, 2017, 25(1): 11—19.
OH Y H, LEE S H, JANG Y A, et al. Development of
Rice Bran Treatment Process and its Use for the Syn-
thesis of Polyhydroxyalkanoates from Rice Bran Hy-
drolysate Solution[J]. Bioresource Technology, 2015,
181: 283—290.

AHN J, JHO E H, NAM K. Effect of Acid-digested
Rice Straw Waste Feeding Methods on the 3HV
Fraction of Bacterial Poly(3-hydroxybutyrate-co-3-
hydroxyvalerate) Production[J]. Process Biochemistry,
2016, 51(12): 2119—2126.

BEHERA S, ARORA R, NANDHAGOPAL N, et al.
Importance of Chemical Pretreatment for Bioconver-
sion of Lignocellulosic Biomass[J]. Renewable and
Sustainable Energy Reviews, 2014, 36: 91—106.

ZHU J Y. Physical Pretreatment - Woody Biomass Size
Reduction-for Forest Biorefinery[J]. Acs Symposium,
2011, 1067: 89—107.

[D]. : ,2019: 33—97.
ZHOU Lin-chao. Efficient Enzyme Hydrolysis of Liq-
uid Ammonia Pretreated Corn Straw using Purified
Glycosyl Hydrolysis[D]. Nanning: Guangxi University,
2019: 33—97.

[D].



41 9 PHA - 107 -
,2018: 27—92. mization of Dilute Sulfuric Acid Aqueous Ammonia
YANG Wen-gang. Micro- and Nano-fibrillation of and Steam Explosion as the Pretreatments Steps for
Corncobs Based on Steam-explosion Pretreatment and Distillers' Dried Grains with Solubles as a Potential
the Properties of the Reinforcing Polyvinyl Alcohol Fermentation Feedstock[J]. Bioresource Technology,
Composites[D]. Guangzhou: South China University of 2019, 282: 475—481.
Technology, 2018: 27—92. [29] MARTIN C, PEINEMANN J C, WEI M G, et al. Di-
[18] KUHAR S, NAIR L M, KUHAD R C. Pretreatment of lute-sulfuric Acid Pretreatment of De-starched Cassava
Lignocellulosic Material with Fungi Capable of Higher Stems for Enhancing the Enzymatic Convertibility and
Lignin Degradation and Lower Carbohydrate Degrada- Total Glucan Recovery[J]. Industrial Crops and Prod-
tion Improves Substrate Acid Hydrolysis and the ucts, 2019, 132: 301—310.
Eventual Conversion to Ethanol[J]. Canadian Journal [30] DIAZ-BLANCO D I, DE LA CRUZ J R,
of Microbiology, 2008, 54(4): 305—313. LOPEZ-LINARES J C, et al. Optimization of Dilute
[19] Acid Pretreatment of Agave Lechuguilla and Ethanol
[D]. ,2014: 8—9. Production by Co-fermentation with Escherichia Coli
YAN Li. Auto-catalytic Hydrothermal Pretreatment MM160[J]. Industrial Crops and Products, 2018, 114:
Process of Corn Stover Based on Full Components 154—163.
Use[D]. Tianjin: Tianjin University, 2014: 8—9. [31] . SPORL
[20] LIB, YANG W, NIE Y'Y, et al. Effect of Steam Explo- [D]. ,2012: 12—13.
sion on Dietary Fiber, Polysaccharide, Protein and PU Chun-gang. Enzymatic Hydrolysis of Corn Stover
Physicochemical Properties of Okara[J]. Food Hydro- Based on SPORL and Hot Water Pretreatment Pro-
colloids, 2019, 94: 48—56. cess[D]. Tianjin: Tianjin University of Science and
[21] FENG Y H, CHENG H, LEI B, et al. Towards Sustainable Technology, 2012: 12—13.
Thermoplastic Woody Materials Prepared from Continu- [32] KANG X H, SUN Y M, LI L H, et al. Improving Me-
ous Steam Explosion Followed by Oxidation-reduction[J]. thane Production from Anaerobic Digestion of Pen-
Carbohydrate Polymers, 2019, 216: 322—330. nisetum Hybrid by Alkaline Pretreatment[J]. Biore-
[22] BONFIGLIOA F, CAGNOA M, REY F, et al. Pre- source Technology, 2018, 255: 205—212.
treatment of Switchgrass by Steam Explosion in a [33] WANG J F, HAO X X, YANG M, et al. Impact of Lig-
Semi-continuous Pre-pilot Reactor[J]. Biomass & Bi- nin Content on Alkaline-sulfite Pretreatment of Hybrid
oenergy, 2019, 121: 41—A47. Pennisetum[J].  Bioresource  Technology, 2018,
[23] CARVALHO A F A, MARCONDES W F, NETO P D, 267: 793—796.
et al. The Potential of Tailoring the Conditions of [34] SHAHABAZUDDIN M, CHANDRA T S, MEENA S,
Steam Explosion to Produce Xylo-oligosaccharides et al. Thermal Assisted Alkaline Pretreatment of Rice
from Sugarcane Bagasse[J]. Bioresource Technology, Husk for Enhanced Biomass Deconstruction and En-
2018, 250: 221—229. zymatic  Saccharification:  Physico-chemical and
[24] . Structural Characterization[J]. Bioresource Technolo-
[D]. ,2015: 23—26. gy, 2018, 263: 199—206.
MA Jing. The Mechanism of Topochemical Dissolving [35] TAN M H, MA L, REHMAN M S U, et al. Screening
of Hemicellulose during Hydrothermal Pretreatment of of Acidic and Alkaline Pretreatments for Walnut Shell
Poplar[D]. Beijing: Beijing Forestry University, 2015: and Corn Stover Biorefining Using Two Way Hetero-
23—26. geneity Evaluation[J]. Renewable Energy, 2019, 132:
[25] LOPEZ-LINARES J C, GARCIA-CUBERO M T, 950—958.
LUCAS S, et al. Microwave Assisted Hydrothermal as [36] 1E
Greener Pretreatment of Brewer's Spent Grains for [D]. ,2015: 12—14.
Biobutanol Production[J]. Chemical Engineering SI Sheng-li. Characterization of the Wall Polymer
Journal, 2019, 368: 1045—1055. Features that Affect Biomass Saccharification and
[26] TIMUNG R, MOHAN M, CHILUKOTI B, et al. Op- Ethanol Production in Miscanthus[D]. Wuhan:
timization of Dilute Acid and Hot Water Pretreatment Huazhong Agricultural University, 2015: 12—14.
of Different Lignocellulosic Biomass: A Comparative [37] MATHEW A K, PARAMESHWARAN B,
Study[J]. Biomass & Bioenergy, 2015, 81: 9—18. SUKUMARAN R K, et al. An Evaluation of Dilute
[27] ZHANG H D, XU S H, WU S B. Enhancement of En- Acid and Ammonia Fiber Explosion Pretreatment for
zymatic Saccharification of Sugarcane Bagasse by Cellulosic Ethanol Production[J]. Bioresource Tech-
Liquid Hot Water Pretreatment[J]. Bioresource Tech- nology, 2016, 47(14): 13—20.
nology, 2013, 143: 391—396. [38] TAO L, ADEN A, ELANDER R T, et al. Process and
[28] IRAM A, CEKMECELIOGLU D, DEMIRCI A. Opti- Technoeconomic Analysis of Leading Pretreatment



- 108 -

2020 5

[39]

[41]

[44]

[45]

(48]

Technologies for Lignocellulosic Ethanol Production
using Switchgrass[J]. Bioresource Technology, 2011,
102(24): 11105—11114.
[J1.

, 2013, 34(6): 1097—1102.
SHAO Qian-jun, ZHU Li, LIU Jian-jun. Enzymatic
Hydrolysis and Fermentability Afex Pretreated Whole
Plant for Ethanol[J]. Acta Energiae Solaris Sinica,
2013, 34(6): 1097—1102.
TEYMOURI F, LAUREANO-PEREZ L, ALIZADEH
H, et al. Ammonia Fiber Explosion Treatment of Corn
Stover[J]. Applied Biochemistry & Biotechnology,
2004, 115(1/2/3): 951—963.

[D]. : ( ),
2015: 17—24.

XU Jun-li. Pretreatment of Cornstalk and Dissolution
Mechanism in Ionic Liquids[D]. Beijing: University of
Chinese Academy of Sciences(Institute of Process En-
gineering), 2015: 17—24.

LIU Z, LI L F, LIU C, et al. Pretreatment of Corn
Straw using the Alkaline Solution of Ionic Liquids[J].
Bioresource Technology, 2018, 260: 417—420.

GAO J, XIN S L, WANG L Y, et al. Effect of Ionic
Salt/Water
Structure and Enzymatic Hydrolysis of

Liquid/Inorganic Pretreatment on the
Composition
Rice Straw[J]. Bioresource Technology Reports, 2019,
5:355—358.

ZHANG C, XU W J, YAN P F, et al. Overcome the
Recalcitrance of Eucalyptus Bark to Enzymatic Hy-
drolysis by Concerted Ionic Liquid Pretreatment[J].
Process Biochemistry, 2015, 50(12): 2208—2214.
HOU X F, WANG Z N, SUN J, et al. A Micro-
wave-assisted Aqueous Ionic Liquid Pretreatment to
Enhance Enzymatic Hydrolysis of Eucalyptus and Its
Mechanism[J]. Bioresource Technology, 2019, 272:
99—104.

FU D B, MAZZA G. Aqueous lonic Liquid Pretreat-
ment of Straw[J].
102(13): 7008—7011.
ZHAO X B, CHENG K K, LIU D H. Organosolv Pre-
treatment of Lignocellulosic Biomass for Enzymatic

Bioresource Technology, 2011,

Hydrolysis[J]. Applied Microbiology and Biotechnol-
ogy, 2009, 82(5): 815—827.
TAN X S, ZHANG Q, WANG W, et al. Comparison

[49]

[51]

[52]

[55]

[56]

Study of Organosolv Pretreatment on Hybrid Pennise-
tum for Enzymatic Saccharification and Lignin Isola-
tion[J]. Fuel, 2019, 249: 334—340.

CHIO J H, JANG S K, KIM J H, et al. Simultaneous
and Ethanol Orga-
nosolv Lignin for Total Utilization of High Recalci-

Production of Glucose Furfural
trant Biomass by Organosolv Pretreatment[J]. Renew-
able Energy, 2019, 130: 952—960.

ALIO M A, TUGUI O C, VIAL C, et al. Micro-
wave-assisted Organosolv Pretreatment of a Sawmill
Mixed Feedstock for Bioethanol Production in a Wood
Biorefinery[J].
170—176.
TERAMURA H, SASAKI K, OSHIMA T, et al. Effec-
tive Usage of Sorghum Bagasse: Optimization of Or-

Bioresource Technology, 2019, 276:

ganosolv Pretreatment Using 25% 1-butanol and Sub-
sequent Nanofiltration Membrane Separation[J]. Bio-
resource Technology, 2018, 252: 157—164.

[J]. , 2019,
40(3): 82—90.
YIN Fen, MA Xiao-jun. Research Progress in Synthetic
Technology and Influencing Factors of Degradable
Packaging Materials Polyhydroxyalkanes[J]. Packag-
ing Engineering, 2019, 40(3): 82—90.
YIN F, Li D N, MA X J, et al. Pretreatment of Ligno-
cellulosic Feedstock to Produce Fermentable Sugars
for Poly (3-hydroxybutyrate-co-3-hydroxyvalerate)
Production Using Activated Sludge[J].
Technology, 2019, 290: 121773.
MORENO, M A, ORQUEDA, M E, GOMEZ-
MASCARAQUE, L G, et al. Crosslinked Electrospun
Zein-based Food Packaging Coatings Containing Bio-
active Chilto Fruit Extracts[J]. Food Hydrocolloids,
2019, 95: 496—505.
URBINA L, ECEIZA, A GABILONDO N, et al. Valori-
zation of Apple Waste for Active Packaging: Multicom-

Bioresource

ponent Polyhydroxyalkanoate Coated Nanopapers with
Improved Hydrophobicity and Antioxidant Capacity[J].
Food Packaging and Shelf Life, 2019, 21: 100356.
CHERPINSKI A, TORRES-GINER S, VARTIAINEN
J, et al. Improving the Water Resistance of Nanocellu-
lose-based Films with Polyhydroxyalkanoates Pro-
cessed by the Electrospinning Coating Technique[J].
Cellulose, 2018, 25(2): 1291—1307.



