ChinaRxiv [$X]

AT translation - View original & related papers at
chinarxiv.org/items/chinaxiv-201711.01682

Pretreatment Methods for Straw Feed Utilization
and the Mechanism of Action of Fermentation In-
hibitory Compounds: Postprint

Authors: Li Guodong, Zhao Shengguo, Zhang Yangdong, Zheng Nan, Li Songli,
Zhao Guoqi, Wang Jiaqi

Date: 2017-10-11T00:00:004-00:00

Abstract

Crop straw, as an abundant and widely sourced biomass resource, holds tremen-
dous application potential in animal husbandry and bioenergy industries. How-
ever, its complex chemical composition and recalcitrant structure prevent direct
and efficient utilization through bioconversion. Pretreatment can reduce the
crystallinity of straw cellulose and enhance its utilization efficiency. Neverthe-
less, the pretreatment process inevitably leads to excessive degradation of straw
under high temperature or chemical catalysis, accompanied by the generation of
by-products that inhibit subsequent microbial fermentation. This paper reviews
the research progress of dilute acid, alkaline, steam explosion, and biological pre-
treatment technologies for straw, and provides a comprehensive overview of the
generation and inhibition mechanisms of pretreatment by-products, including
furan derivatives, weak acids, and phenolic compounds.
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bandry and bioenergy industries. However, its complex chemical composition
and recalcitrant structure prevent direct and efficient utilization through biolog-
ical conversion. Pretreatment can reduce the crystallinity of cellulose in straw
and improve its utilization efficiency. Nevertheless, the pretreatment process
inevitably leads to excessive degradation of straw components under high tem-
perature or chemical catalysis, accompanied by the generation of by-products
that inhibit subsequent microbial fermentation. This review summarizes re-
search progress on dilute acid, alkali, steam explosion, and biological pretreat-
ment technologies for straw, and provides an overview of the generation and
inhibition mechanisms of pretreatment by-products, including furan derivatives,
weak acids, and phenolic compounds.
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1. Straw Pretreatment Methods

Widely applied pretreatment methods for straw include physical, chemical, and
biological approaches. Physical methods mainly comprise grinding, ball milling,
and steam explosion; chemical methods include alkali and acid treatments; and
biological methods involve enzymatic hydrolysis and microbial fermentation.
While these pretreatment methods improve straw characteristics and enhance
degradation rates, each has its limitations. Traditional mechanical and chemical
treatments suffer from high energy consumption and environmental pollution is-
sues, making them unsuitable for modern industrial production and application.
Biological treatment offers cost advantages but is limited by long pretreatment
times and production cycles, restricting its industrial-scale application. Steam
explosion treatment demonstrates clear advantages in energy consumption, en-
vironmental friendliness, and treatment efficacy compared to other methods,
representing a promising direction for pretreatment technology development.
compares several common straw pretreatment methods.

Table 1. Comparison of Common Pretreatment Methods for Straw

Methods Mechanism Advantages Disadvantages Scope
Dilute acid  Disrupts High High equipment Cellulosic
pretreat- cellulose pretreatment corrosion ethanol
ment crystalline efficiency, low resistance produc-
structure, solvent cost requirements; tion
breaks lignin- produces [5-6]
cellulose fermentation
linkages, and inhibitors such as
dissolves acetic acid and
hemicellulose furfural
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Methods Mechanism Advantages Disadvantages Scope

Alkali pre- OH™ cleaves Low reagent Environmental Straw

treatment lignin ether usage and cost; pollution, biomass feed pro-
bonds, effective loss, produces cessing
weakens pretreatment phenolic inhibitors  [7-9]; cel-
hemicellulose- lulosic
cellulose ethanol
hydrogen produc-
bonds, tion [10];
saponifies biogas
hemicellulose- produc-
lignin ester tion [11]
bonds

Steam Under high Short Incomplete lignin Straw

explosion tempera- treatment separation, partial  feed pro-
ture/pressure, time, minimal  xylose destruction, cessing
hemicellulose  chemical usage, produces acetic [12-13];
partially pollution-free acid, furfural and cellu-
degrades and other fermentation losic
lignin softens; inhibitors ethanol
rapid decom- produc-
pression tion [14];
weakens fiber biogas
crystallinity produc-
and destroys tion [15]
cell wall
structure

Biological Utilizes mi- Low energy Limited available Straw

pretreat- croorganisms  consumption, microbial strains, feed pro-

ment or enzymes pollution-free,  low enzymatic cessing
(cellulases, mild efficiency, long [16-17];
xylanases, processing processing cycles biogas
feruloyl conditions produc-
esterases, tion [18]
etc.) that
degrade
lignin,
cellulose, and
hemicellulose

1.1 Dilute Acid Pretreatment Dilute acid pretreatment is one of the earli-
est studied and most mature pretreatment methods. It disrupts cellulose crys-
talline structure, breaks linkages between cellulose and lignin, and simultane-
ously dissolves hemicellulose. Acids used for lignocellulosic pretreatment include
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dilute sulfuric acid, nitric acid, hydrochloric acid, phosphoric acid, and oxalic
acid. Among these, dilute sulfuric acid is most suitable for industrial applica-
tion due to its low cost, high efficiency, and minimal environmental pollution.
Chen et al. [19] reported that corn straw pretreated with 0.75% dilute sulfu-
ric acid at 150°C for 80 minutes achieved a hemicellulose degradation rate of
98.02% and a cellulose enzymatic hydrolysis yield of 66.95% from the pretreated
residue. Kootstra et al. [20] found that compared to dilute sulfuric acid, organic
acids such as maleic acid and fumaric acid produced fewer furfural inhibitors in
pretreatment by-products.

The addition of appropriate surfactants during dilute acid pretreatment of
straw materials can enhance cellulose enzymatic hydrolysis efficiency. Qing et
al. [21] investigated the effects of Tween 80, sodium dodecylbenzenesulfonate,
and polyethylene glycol 4000 as additives in corn straw dilute acid pretreatment.
The results showed these surfactants effectively removed lignin components
from straw and improved cellulose enzymatic hydrolysis efficiency by increasing
biomass hydrophobicity. Qi et al. [5] obtained similar results when adding 0-1%
Tween 20 during dilute sulfuric acid pretreatment of wheat straw. Therefore,
adding surfactants during dilute acid pretreatment of straw materials yields
better results.

Combining dilute acid treatment with other pretreatment methods proves more
effective in practical production. Zhang et al. [6] found that combined acid-alkali
treatment could remove most non-fibrous materials from corn cobs, achieving an
ethanol concentration of 69.2 g/L and a high ethanol yield of 81.2% through si-
multaneous saccharification and fermentation. Pan et al. [22] studied enzymatic
hydrolysis of oxalic acid-preimpregnated steam-exploded corn cobs, reporting
glucose yields increased by 32.3% and 214.87% compared to neutral steam-
exploded and untreated corn cobs, respectively. While dilute acid pretreatment
offers advantages of low cost and simple process, it requires highly corrosion-
resistant equipment and produces fermentation inhibitors such as acetic acid
and furfural.

1.2 Alkali Pretreatment Alkali pretreatment primarily utilizes OH™ to
cleave lignin ether bonds, weaken hydrogen bonds between hemicellulose and cel-
lulose, and saponify ester bonds between hemicellulose and lignin, thereby reduc-
ing the crystallinity of lignocellulosic materials and making them more suscep-
tible to hydrolysis. Straw alkali treatment typically employs NaOH, Ca(OH),,
and ammonia solutions. Varga et al. [10] reported that treating corn straw with
10% NaOH at 120°C for 60 minutes removed 95% of lignin. NaOH demonstrates
excellent delignification and swelling capacity for cellulose, increasing the accessi-
ble surface area for cellulase, reducing cellulose polymerization degree, and is es-
sential for achieving efficient biomass conversion. However, NaOH pretreatment
also presents challenges such as difficult reagent recovery and environmental pol-
lution. Compared to NaOH, Ca(OH), offers lower cost, reduced environmental
impact, and can be recovered from hydrolysates through reaction with CO,.
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Gu et al. [11] investigated the effects of Ca(OH), pretreatment on anaerobic
digestion of rice straw, finding that it significantly increased biogas production
and enzymatic hydrolysis efficiency. Fourier transform infrared spectroscopy
(FTIR) analysis confirmed that Ca(OH), pretreatment caused delignification
and reduced crystallinity.

Anaerobic alkali storage technology for straw feed has been extensively stud-
ied both domestically and internationally. Shi et al. [7] used CaO-treated corn
straw combined with dried distillers grains with solubles (DDGS) to partially
replace wild ryegrass, corn silage, and corn grain in diets for mid-to-late lac-
tation dairy cows. The results showed no significant effects on lactose content,
4% fat-corrected milk yield, or milk fat and protein production, while increasing
profitability. Wanapat et al. [8] found that feeding urea-treated rice straw to buf-
falo increased the populations of Fibrobacter succinogenes, Ruminococcus flave-
faciens, and Ruminococcus albus in rumen fluid, indicating that urea-treated
straw better facilitates adhesion and colonization of rumen fiber-degrading bac-
teria. Additionally, Polyorach et al. [9] demonstrated that combined urea and
Ca(OH), treatment improved the nutritional value of rice straw, promoted ru-
men fermentation in beef cattle, and was more economical than urea treatment
alone. While alkali treatment effectively delignifies and reduces crystallinity, it
simultaneously generates compounds such as phenol, p-cresol, and vanillyl alco-
hol that inhibit microbial fermentation and causes partial biomass dissolution,
resulting in raw material loss.

1.3 Steam Explosion Steam explosion is currently the most widely used
physical pretreatment method due to its potential to disrupt cellulose and lignin
crystalline structures and hydrolyze hemicellulose. In this process, biomass feed-
stock is heated with high-pressure saturated steam for a specific duration before
rapid pressure release. Under high temperature and pressure, hemicellulose par-
tially degrades and lignin softens; the instantaneous pressure release generates
enormous shear forces that weaken inter-fiber crystallinity, destroy cell wall
structure, partially degrade lignin, and expose cellulose. Wang et al. [23] inves-
tigated the effects of steam explosion pretreatment on rice straw fiber structure.
FTIR results showed minimal impact on cellulose structure but significant reduc-
tion in hemicellulose content. Scanning electron microscopy and X-ray diffrac-
tion analysis revealed substantial surface morphology changes, with crystallinity
increasing as pressure and residence time increased.

The effectiveness of steam explosion primarily depends on temperature, resi-
dence time, particle size, and moisture content. Maximum hemicellulose degra-
dation and hydrolysis efficiency can be achieved either at high temperature with
short residence time (270°C, 1 min) or at low temperature with long residence
time (190°C, 10 min) [15]. Lépez-Linares et al. [14] optimized conditions for
steam explosion pretreatment of rapeseed straw for bioethanol production us-
ing response surface methodology (RSM), achieving maximum bioethanol yield
at 215°C and 7.5 minutes.
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Currently, steam explosion technology is widely applied in industrial papermak-
ing and biomass energy production, though its adoption in straw feed processing
has been relatively slow. Viola et al. [12] found that steam explosion treatment
of corn, barley, and oat straws increased dry matter digestibility by 25% in
sheep, with an additional 9% improvement when followed by alkali treatment.
Chang et al. [13] conducted a 3-day metabolic trial using steam-exploded and
Aspergillus oryzae-fermented corn straw to replace 4%, 8%, and 12% of corn
meal in broiler diets. Compared to the control group, the 4% and 8% replace-
ment groups showed no significant effects on dry matter, organic matter, energy,
crude protein, or crude fat digestibility, while neutral and acid detergent fiber di-
gestibility significantly increased; however, the 12% replacement group showed
significantly reduced energy digestibility. Steam explosion pretreatment offers
short processing time, minimal chemical usage, and pollution-free operation,
but suffers from incomplete lignin separation, partial xylose destruction, and
generation of fermentation inhibitors such as acetic acid and furfural.

1.4 Biological Pretreatment Biological pretreatment primarily utilizes mi-
croorganisms that degrade cellulose, hemicellulose, and lignin, or the enzymes
they produce during cultivation—including exoglucanases, endoglucanases, (-
glucosidases, (-xylanases, feruloyl esterases, and acetyl esterases—to degrade
lignin, cellulose, and hemicellulose in straw, thereby improving fiber degrada-
tion rates. White-rot fungi show promising application potential due to their
ability to secrete extracellular oxidative enzymes for efficient lignin degradation
without producing pigments. Lalak et al. [18] reported that the white-rot fun-
gus Flammulina velutipes achieved hemicellulose and lignin degradation rates of
29.1% and 35.4%, respectively, in tall wheatgrass. Shrivastava et al. [16] used
white-rot fungi for solid-state fermentation of wheat straw, significantly increas-
ing crude protein content, improving organic matter digestibility in beef cattle,
and reducing the carbon-to-nitrogen ratio. Feruloyl esterase pretreatment of
crop straw can promote further degradation of cell wall cellulose and hemicel-
lulose by rumen microorganisms. Yang et al. [17] investigated the fibrolytic
activity of Neocallimastiz sp. YQ1 on corn straw using different combinations
of glucose levels and nitrogen sources, finding that feruloyl esterase and acetyl es-
terase activities were highest in media containing 1.0 g/L glucose, 2.8 g/L yeast
extract, and 0.5 g/L (NH,),SO,, and 1.0 g/L glucose, 1.7 g/L yeast extract, and
1.4 g/L tryptone, respectively. Biological pretreatment offers mild conditions,
low energy consumption, and minimal environmental pollution, but is limited
by few available microbial strains, low enzymatic efficiency, and long processing
cycles. Additionally, microbial introduction inevitably results in sugar consump-
tion by pretreatment microorganisms, reducing substrate concentration during
subsequent fermentation.
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2. Types and Inhibition Mechanisms of Fermentation Inhibitory
Compounds

The formation of by-products during steam explosion and chemical pretreatment
is well established, with excessive by-products inhibiting microbial fermentation.
Based on their origin, these by-products are typically classified into three cate-
gories: furan derivatives, weak acids, and phenolic compounds. Understanding
the types and inhibition mechanisms of these fermentation inhibitors is crucial
for selecting appropriate pretreatment methods and optimizing pretreatment
conditions in practical production. [Figure 1: see original paper] illustrates the
formation of various inhibitors during pretreatment.

Figure 1. Formation of inhibitors during straw pretreatment [24]

2.1 Furan Derivatives Furfural and 5-hydroxymethylfurfural (5-HMF) are
common pretreatment by-products of lignocellulose, generated through dehy-
dration of pentoses and hexoses derived from hemicellulose hydrolysis. Furan
aldehydes affect Saccharomyces cerevisiae primarily by inhibiting yeast growth,
prolonging the lag phase, and consequently reducing ethanol yield and produc-
tivity. Furfural concentrations below 0.5 g/L can promote growth of Pichia
stipitis, while 2.0 g/L completely inhibits yeast cell growth, and 1.5 g/L reduces
ethanol yield by 90.4% [25]. Furfural inhibits aldehyde oxidases involved in con-
verting reactive aldehydes, leading to accumulation of reactive oxygen species
(ROS) that damage mitochondria, vacuolar membranes, actin cytoskeleton, and
nuclear chromatin. Under anaerobic conditions, S. cerevisiae can reduce fur-
fural and 5-HMF to less toxic furfuryl alcohol and 2,5-bis-hydroxymethylfuran,
respectively, using NADPH-dependent reductases [26]. Li et al. [27] used yeast
whole-genome expression profiling to study the transcriptional response to fur-
fural, revealing that furfural addition downregulated genes involved in folate
metabolism, spermidine and spermine synthesis, while upregulating oxidative
stress-related genes. Therefore, cell survival in the presence of furan aldehy-
des requires not only conversion of aldehydes to less toxic alcohols but also
self-protection mechanisms to repair damage caused by furan compounds and
develop tolerance to their inhibitory effects.

2.2 Weak Acids Weak acids in lignocellulose pretreatment by-products
mainly include acetic acid, formic acid, and levulinic acid. Acetic acid is
produced from the extensive acetylation of hemicellulose and lignin in cellulosic
feedstock, with acetyl groups being converted during pretreatment. Formic
acid is a degradation product of furfural and 5-HMF, while levulinic acid is
formed from 5-HMF degradation.

Weak acids inhibit microorganisms through two mechanisms: intracellular acid-
ification and uncoupling [24]. Undissociated weak acids can diffuse across cell
walls and membranes; upon entering the neutral pH environment of the cyto-
plasm, they dissociate, causing intracellular pH reduction. Maintaining constant
cytoplasmic pH is critical for normal cellular functions, affecting signal trans-
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duction and optimal enzyme conditions. To maintain intracellular pH, active
transport can partially remove dissociated weak acids, and ATPases can pump
free H" out of the cell. Both active transport and ATPase activity consume
substantial ATP. Under this mechanism, weak acid concentrations below 100
mmol/L can stimulate metabolism, while concentrations above 100 mmol/L
cause sluggish microbial metabolism and impair normal fermentation [28]. As
the most abundant weak acid by-product, acetic acid has been extensively stud-
ied. Schiiller et al. [29] found that acetic acid causes mitochondrial damage with
cytochrome C leakage into the cytoplasm, exhibiting typical apoptosis features
such as chromatin condensation and nuclear collapse. Almeida et al. [30] used
proteomics to demonstrate that acetic acid-induced apoptosis occurs through
oxidative stress and subsequent signaling via the target of rapamycin (TOR)
pathway.

Some aromatic hydroxy acids in pretreatment by-products can act as uncouplers.
Norman et al. [31] found that salicylic acid uncouples plant cells by increasing
mitochondrial inner membrane permeability to HT, eliminating the proton gradi-
ent and preventing phosphorylation and ATP generation, thereby inhibiting cell
growth and fermentation. In contrast, another common by-product, aromatic
carboxylic acid p-hydroxybenzoic acid, does not exhibit uncoupling effects like
salicylic acid, possibly due to differences in membrane permeability among var-
ious weak acids.

2.3 Phenolic Compounds Phenolic compounds are primarily formed from
lignin degradation. Though produced in low quantities, they exhibit high toxic-
ity, particularly low-molecular-weight monophenols. Phenolic inhibition mainly
involves membrane damage by disrupting membrane integrity, affecting selec-
tive permeability and the intracellular enzymatic reaction environment. Fitzger-
ald et al. [32] found that phenol, p-cresol, and other potential phenolic com-
pounds increase membrane fluidity in Fscherichia coli and Lactobacillus plan-
tarum, allowing greater diffusion and causing intracellular K eflux. Keweloh
et al. [33] studied the effects of phenol on protein and lipid composition in
E. coli membranes, finding that phenol alters membrane function by chang-
ing the protein-to-lipid ratio and shifting fatty acid composition toward greater
saturation. Feron et al. [34] investigated phenol’ s DNA damage mechanism,
attributing potential damage to intracellular ROS formation and the strong
positive charge potential of aldehyde groups (particularly when the adjacent
carbon bond is unsaturated). Zhang et al. [35] examined the inhibitory effects
of four phenolic pretreatment by-products, including phenol and vanillyl alco-
hol, on the xylitol-producing yeast Candida athensensis SB18, finding these
compounds inhibited intracellular xylose reductase activity without affecting
xylitol dehydrogenase activity. These findings demonstrate the strong toxic ef-
fects of phenolics, which consequently affect microbial fermentation efficiency
of pretreated straw.

Detoxification methods for inhibitors include physical approaches such as acti-
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vated carbon adsorption [24] and vacuum evaporation [36] to remove most acetic
acid and furfural; chemical methods like slaked lime [37] to precipitate certain
inhibitors; and biological methods such as laccase [38] to reduce phenolic tox-
icity. Detoxification inevitably increases production costs, and some methods
lack practicality. The slaked lime method is simple, economical, and effective,
while biological detoxification should be prioritized in future research. summa-
rizes the inhibition mechanisms and common detoxification methods for various
inhibitors.

Table 2. Inhibition Mechanisms and Common Detoxification Methods for In-
hibitors

Inhibitors Inhibition Mechanism Detoxification Techniques
Furan ROS accumulation Activated carbon adsorption
derivatives [24]; vacuum evaporation [36]
Weak acids Intracellular acidification ~ Neutralization with Ca(OH),,
and uncoupling [24] NaOH, KOH [37]; ethyl acetate
extraction; ion exchange resins
Phenolic Membrane integrity Laccase or peroxidase treatment
compounds disruption [32-33] [38]; ion exchange resins

Pretreatment technology will be key to the rational and effective utilization of
crop straw. While these methods improve straw characteristics and degradation
rates, each has limitations. In practical production, appropriate pretreatment
methods should be selected based on local conditions, straw type, and spe-
cific requirements. Understanding the inhibition mechanisms of fermentation
inhibitors provides important reference value for method selection and condi-
tion optimization. Currently, straw feed processing alone cannot solve all feed-
ing issues, and optimal feeding effects can only be achieved through scientific
supplementation or dietary formulation techniques.

References

[1] BI Yuyun, GAO Chunyu, WANG Yajing, et al. Estimation of straw resources
in China [J]. Transactions of the Chinese Society of Agricultural Engineering,
2009, 25(12): 211-217.

[2] AWAWDEH M S. Alternative feedstuffs and their effects on performance of
Awassi sheep: a review [J]. Tropical Animal Health and Production, 2011, 43(7):
1297-13009.

[3] LI K, LIU R H, SUN C. A review of methane production from agricultural
residues in China [J]. Renewable and Sustainable Energy Reviews, 2016, 54: 857-
865.

[4] SINGH R, SRIVASTAVA M, SHUKLA A. Environmental sustainability of
bioethanol production from rice straw in India: a review [J]. Renewable and
Sustainable Energy Reviews, 2016, 54: 202-216.

chinarxiv.org/items/chinaxiv-201711.01682 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.01682

ChinaRxiv [$X]

[5] QI B E, CHEN X G, WAN Y H. Pretreatment of wheat straw by nonionic
surfactant-assisted dilute acid for enhancing enzymatic hydrolysis and ethanol
production [J]. Bioresource Technology, 2010, 101(13): 4875-4883.

[6] ZHANG M J, WANG F, SU R X, et al. Ethanol production from high dry
matter corncob using fed-batch simultaneous saccharification and fermentation
after combined pretreatment [J]. Bioresource Technology, 2010, 101(13): 4959-
4964.

[7] SHIH T, LI S L, CAO Z J, et al. Effects of replacing wild rye, corn silage,
or corn grain with CaO-treated corn stover and dried distillers grains with sol-
ubles in lactating cow diets on performance, digestibility, and profitability [J].
Journal of Dairy Science, 2015, 98(10): 7183-7193.

[8] WANAPAT M, CHERDTHONG A. Use of real-time PCR technique in study-
ing rumen cellulolytic bacteria population as affected by level of roughage in
swamp buffalo [J]. Current Microbiology, 2009, 58(4): 294-299.

[9] POLYORACH S, WANAPAT M. Improving the quality of rice straw by
urea and calcium hydroxide on rumen ecology, microbial protein synthesis in
beef cattle [J]. Journal of Animal Physiology and Animal Nutrition, 2015, 99(3):
449-456.

[10] VARCGA E, SZENGYEL Z, RECZEY K. Chemical pretreatments of corn
stover for enhancing enzymatic digestibility [M]//FINKELSTEIN M, MCMIL-
LAN J D, DAVISON B H. Biotechnology for fuels and chemicals. Totowa, NJ:
Humana Press, 2002: 73-87.

[11] GU Y, ZHANG Y L, ZHOU X F. Effect of Ca(OH), pretreatment on ex-
truded rice straw anaerobic digestion [J]. Bioresource Technology, 2015, 196:
116-122.

[12] VIOLA E, ZIMBARDI F, CARDINALE M, et al. Processing cereal straws
by steam explosion in a pilot plant to enhance digestibility for ruminants [J].
Bioresource Technology, 2008, 99(4): 681-689.

[13] CHANG J, CHENG W, YIN Q Q, et al. Effect of steam explosion and
microbial fermentation on cellulose and lignin degradation in corn stover [J].
Bioresource Technology, 2012, 104(1): 587-592.

[14] LOPEZ-LINARES J C, BALLESTEROS I, TOURAN J, et al. Optimiza-
tion of uncatalyzed steam explosion pretreatment of rapeseed straw for biofuel
production [J]. Bioresource Technology, 2015, 190: 97-105.

[15] DUFF S J B, MURRAY W D. Bioconversion of forest products industry
waste cellulosics to fuel ethanol: a review [J]. Bioresource Technology, 1996,
55(1): 1-33.

[16] SHRIVASTAVA B, THAKUR S, KHASA Y P, et al. White-rot fungal con-
version of wheat straw to energy rich cattle feed [J]. Biodegradation, 2011, 22(4):
823-831.

[17] YANG H J, YUE Q. Effect of glucose addition and N sources in defined
media on fibrolytic activity profiles of Neocallimastiz sp. YQ1 grown on corn
stover [J]. Journal of Animal Physiology and Animal Nutrition, 2012, 96(4):
554-562.

[18] LALAK J, KASPRZYCKA A, MARTYNIAK D, et al. Effect of biologi-
cal pretreatment of Agropyron elongatum ‘BAMAR’ on biogas production by

chinarxiv.org/items/chinaxiv-201711.01682 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.01682

ChinaRxiv [$X]

anaerobic digestion [J]. Bioresource Technology, 2016, 200: 194-200.

[19] CHEN Shangxing, YONG Qiang, XU Yong, et al. Effect of dilute acid pre-
treatment on fiber components and structure of corn straw [J]. Journal of the
Chinese Cereals and Oils Association, 2011, 26(6): 13-19.

[20] KOOTSTRA A M J, BEEFTINK H H, SCOTT E L, et al. Comparison of
dilute mineral and organic acid pretreatment for enzymatic hydrolysis of wheat
straw [J]. Biochemical Engineering Journal, 2009, 46(2): 126-131.

[21] QING Q, YANG B, WYMAN C E. Impact of surfactants on pretreatment
of corn stover [J]. Bioresource Technology, 2010, 101(15): 5941-5951.

[22] PAN Yuqing, ZHANG Hongjia, QIU Xueliang, et al. Simulation and pilot
study on xylose production from oxalic acid-preimpregnated continuous steam-
exploded corn cobs [J]. The Chinese Journal of Process Engineering, 2014, 14(4):
643-648.

[23] WANG Yu, ZHOU Jun, YONG Xiaoyu, et al. Effect of steam explosion
pretreatment on rice straw fiber structure [J]. Jiangsu Agricultural Sciences,
2014(11): 319-323, 324.

[24] JONSSON L J, ALRIKSSON B, NILVEBRANT N O. Bioconversion of lig-
nocellulose: inhibitors and detoxification [J]. Biotechnology for Biofuels, 2013,
6: 16.

[25] PALMQVIST E, HAHN-HAGERDAL B. Fermentation of lignocellulosic
hydrolysates. II: inhibitors and mechanisms of inhibition [J]. Bioresource Tech-
nology, 2000, 74(1): 25-33.

[26] DE VILLEGAS M E D, VILLA P, GUERRA M, et al. Conversion of fur-
fural into furfuryl alcohol by Saccharomyces cerevisiae 354 [J]. Engineering in
Life Science, 1992, 12(4): 351-354.

[27] LI B Z, YUAN Y J. Transcriptome shifts in response to furfural and acetic
acid in Saccharomyces cerevisiae [J). Applied Microbiology and Biotechnology,
2010, 86(6): 1915-1924.

[28] LARSSON S, PALMQVIST E, HAHN-HAGERDAL B, et al. The gener-
ation of fermentation inhibitors during dilute acid hydrolysis of softwood [J].
Enzyme and Microbial Technology, 1999, 24(3/4): 151-159.

[29] SCHULLER C, MAMNUN Y M, MOLLAPOUR M, et al. Global pheno-
typic analysis and transcriptional profiling defines the weak acid stress response
regulon in Saccharomyces cerevisiae [J]. Molecular Biology of the Cell, 2004,
15(2): 706-720.

[30] ALMEIDA B, OHLMEIER S, ALMEIDA A J, et al. Yeast protein expres-
sion profile during acetic acid-induced apoptosis indicates causal involvement of
the TOR pathway [J]. Proteomics, 2009, 9(3): 720-732.

[31] NORMAN C, HOWELL K A, MILLAR A H, et al. Salicylic acid is an un-
coupler and inhibitor of mitochondrial electron transport [J]. Plant Physiology,
2004, 134(1): 492-501.

[32] FITZGERALD D J, STRATFORD M, GASSON M J, et al. Mode of an-
timicrobial action of vanillin against Escherichia coli, Lactobacillus plantarum
and Listeria innocua [J]. Journal of Applied Microbiology, 2004, 97(1): 104-113.
[33] KEWELOH H, DIEFENBACH R, REHM H J. Increase of phenol tolerance
of Escherichia coli by alterations of the fatty acid composition of the membrane

chinarxiv.org/items/chinaxiv-201711.01682 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.01682

ChinaRxiv [$X]

lipids [J]. Archives of Microbiology, 1991, 157(1): 49-53.

[34] FERON V J, TIL H P, VRIJER F D, et al. Aldehydes: occurrence, car-
cinogenic potential, mechanism of action and risk assessment [J]. Mutation Re-
search/Genetic Tozicology, 1991, 259(3/4): 363-385.

[35] ZHANG J M, GENG A L, YAO C Y, et al. Effects of lignin-derived phe-
nolic compounds on xylitol production and key enzyme activities by a xylose
utilizing yeast Candida athensensis SB18 [J]. Bioresource Technology, 2012, 121:
369-378.

[36] LARSSON S, REIMANN A, NILVEBRANT N O, et al. Comparison of
different methods for the detoxification of lignocellulose hydrolyzates of spruce
[J]. Applied Biochemistry and Biotechnology, 1999, 77(1/2/3): 91-103.

[37] ALRIKSSON B, SJODE A, NILVEBRANT N O, et al. Optimal conditions
for alkaline detoxification of dilute-acid lignocellulose hydrolysates [J]. Applied
Biochemistry and Biotechnology, 2006, 130(1/2/3): 599-611.

[38] JONSSON L J, PALMQVIST E, NILVEBRANT N O, et al. Detoxification
of wood hydrolysates with laccase and peroxidase from the white-rot fungus
Trametes versicolor [J]. Applied Microbiology and Biotechnology, 1998, 49(6):
691-697.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201711.01682 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.01682

	Pretreatment Methods for Straw Feed Utilization and the Mechanism of Action of Fermentation Inhibitory Compounds: Postprint
	Abstract
	Full Text
	Pretreatment Methods for Straw Feed and the Mechanism of Action of Fermentation Inhibitors
	1. Straw Pretreatment Methods
	2. Types and Inhibition Mechanisms of Fermentation Inhibitory Compounds
	References



