
ORIGINAL ARTICLE

In Situ Chemical Locking of Acetates
During Xylo-Oligosaccharide Preparation
by Lignocellulose Acidolysis

Jianming Guo1,2,3 & Jianglin Zhao1,2,3 & Ali Nawaz4 & Ikram ul Haq4 &

Wenhuan Chang5 & Yong Xu1,2,3

Received: 15 January 2021 /Accepted: 22 March 2021/
# The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2021

Abstract
Xylo-oligosaccharides with high value could be obtained by acidolysis of lignocellulosic
biomass with acetic acid, which was an urgent problem to solve for the separation of
acetic acid from crude xylo-oligosaccharides solution. Four neutralizers, CaCO3, CaO,
Na2CO3, and NaOH, were used for in situ chemically locking the acetic acid in the
acidolyzed hydrolysate of corncob. The chemically locked hydrolysate was analyzed and
compared using vacuum evaporation and spray drying. After CaCO3, CaO, Na2CO3, and
NaOH treatment, the locking rates of acetic acid were 92.62%, 94.89%, 95.05%, and
95.58%, respectively, and 39.55 g, 41.13 g, 41.78 g, and 41.87 g of the compound of
xylo-oligosaccharide and acetate were obtained. Sodium neutralizer had lesser effect on
xylo-oligosaccharide content, and Na2CO3 was the best chemical for locking acetic acid
among these four neutralizers. This process provides a novel method for effectively
utilizing acetic acid during the industrial production of xylo-oligosaccharides via acetic
acid.
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Lignocellulosic biomass

Introduction

Lignocellulosic biomass from agricultural and forestry wastes represent huge renewable
resources, and the conversion of these renewable resources into commercially valuable
products such as bio-based fuels, materials, and chemicals has been the focus of lignocellulosic
biomass biorefineries [1–3]. Hemicellulose is a non-linear polysaccharide composed of pen-
tose and hexose, including xylose, arabinose, galactose, and glucose. Owing to its highly
branched and amorphous nature, hemicellulose is non-crystalline and therefore more easily
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hydrolyzed than cellulose [4, 5]. The hemicellulose of gramineous plants possesses a xylan
backbone [6]; hence, pretreatment of lignocellulosic biomass can result in effective degrada-
tion of hemicellulose xylan to xylo-oligosaccharides (XOS) [7]. XOS is more beneficial for
stimulating the growth and proliferation of intestinal probiotics such as Bifidobacterium than
other oligosaccharides such as fructo-oligosaccharides [8]. Therefore, XOS is considered a
soluble dietary fiber with prebiotic activity, which assists in improving intestinal function,
enhances immune function, and possesses antibacterial and other health benefits [9, 10]. The
market price of XOS was about 22–50 USD/kg; however, the specific price depends on the
actual purity of the XOS products [11].

In general, strong inorganic acids can effectively catalyze and cleavage the glycosidic bonds
between adjacent xylose units in the xylan skeleton, but their action is random rather than
selective. Therefore, the major disadvantage of this process is the large production of monosac-
charides sugars and undesirable by-products [12, 13]. Compared with the use of strong inorganic
acid for acidolysis, Zhang et al. used acetic acid (AA) for the acidolysis of viscose fiber processing
waste xylan and got a smaller amount of xylose and furfural to prove a somewhat higher
selectivity of AA catalysis [14]. Besides, they also showed that compared with inorganic acids
with the same pH value, acidolysis of xylan with AA can obtain a higher yield of XOS, which is
more suitable for preparing XOS from corncob hemicellulose [15]. Moreover, AA is an attractive
pretreatment reagent for lignocellulosic biomass because of its easy availability and volatility, and
can be recycled from the pretreatment solution via vacuum evaporation and electrodialysis [16].

Excessive degradation and heterogeneity of the hemicellulose structure during the prepa-
ration of XOS from lignocellulosic biomass acidolyzed with AA inevitably leads to the
formation of inhibitory by-products such as AA, furfural, and hydroxymethylfurfural (HMF)
in the AA hydrolysate [15, 17], which are toxic to animals; Niu et al. used AA to induce
ulcerative colitis in mice, as it injured the colon mucosa [18], and Gill et al. observed that furan
compounds were carcinogenic for rodent liver [19]. Therefore, these compounds in the AA
hydrolysate of lignocellulosic biomass might affect the application of XOS products in
medicine and health care. Hence, an effective technique for effectively removing the inhibitors
from the AA hydrolysate of lignocellulosic biomass is urgently required. Gurram et al.
observed that detoxification of dilute acid-pretreated ponderosa pine slurry via sequential
polyelectrolyte and resin-wafer electrodeionization yielded promising results, and the removal
rates of AA, furfural, and 5-HMF reached 77%, 74%, and 60%, respectively [20]. Jeong et al.
also showed that furfural and 5-HMF in wood hydrolysate can be removed using charcoal
[21]. Ke-KeCheng et al. detoxified the acid hydrolysate of bagasse via electrodialysis and
removed 90% AA from the hydrolysate [22]. Thus, the process and technology of removing
the inhibitors from the hydrolysate of lignocellulosic biomass are well developed.

Although the acidic hydrolysate of lignocellulosic biomass contains a variety of degraded
compounds, AA was certainly the biggest inhibitor because of at least 5% exogenously AA
catalyst loading besides the newly generated portion during acidic hydrolysis of hemicellulose
constitute from corncob. Currently, the commonly used AA removal methods include liquid
extraction, direct distillation, surfactant membrane extraction, anion exchange, electrodialysis,
precipitation, and adsorption [23]. For a long time, most processes have aimed to remove and
recover AA from hydrolysate in the form of liquid or steam. For example, Aymn et al.
successfully extracted AA from green liquor pre-pulping hardwood extract using the liquid-
liquid extraction method, and completed the removal of AA after acidolysis and before
fermentation [24]; Huang et al. recovered 76% AA from the AA hydrolysate of poplar via
vacuum evaporation [25]. Removal of AA by precipitation is controversial, as it resulted in the
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production of large amounts of solid waste, and the use of precipitants considerably increased
the cost of the process [23]. Therefore, chemicals with added value can be obtained while
removing AA via the precipitation method, which can avoid the generation of solid waste.

Traditionally, calcium salts react with acids to form precipitates during deacidification. As
acetate is mostly soluble in water, precipitation of acetates is difficult. However, acetate can be
harvested by spray drying. Acetates such as calcium acetate and sodium acetate are good feed
stabilizers, which can be widely added to animal feed along with XOS. Based on the
precipitation method, calcium salt or sodium salt was added to AA hydrolysate of lignocel-
lulosic biomass to convert AA in crude XOS liquid into available acetate for the feed to “lock”
the AA, which can effectively save the energy required for removing AA via distillation and
electrodialysis. At the same time, the compound of xylo-oligosaccharides and acetate (CXA)
can be formed, which effectively solves the problems associated with AA as a by-product.

The purpose of this study was to control the presence of AA in the AA hydrolysate. Toward
this, a process of chemically locking AA in the AA hydrolysate of corncob (AHC) using
calcium salt and sodium salt neutralizers, leading to the formation of CXA, was proposed. The
effects of chemical locking of the neutralizer on XOS, AA, furfural, and HMF in AHC were
studied. CXA was prepared by spray drying. In general, the use of neutralizers to chemically
lock AA in AHC provides a promising reference for the industrial separation of AA while
preparing XOS with AA acidolysis.

Materials and Methods

Materials

The crude XOS solution was derived from the AHC. Corncob was collected from Jiangsu
Kangwei Biologic Co., Ltd. and contained 32.86% glucan, 31.53% xylan, 4.68% arabinose,
4.42% acid-soluble lignin, and 19.03% acid-insoluble lignin. AA was purchased from Nanjing
Chemical Co., Ltd. (Jiangsu province, China). CaCO3, CaO, Na2CO3, NaOH, (CH3COO)2Ca,
and CH3COONa were purchased from Sinopharm Chemical Reagent Co., Ltd. (China). All
chemicals used in the experiment were of analytical grade.

AA Acidolysis of Corncob

Corncob was acidolyzed using 5% (v/v) and 20% (v/v) AA, respectively. Zhang et al. prepared
XOS by pretreating corncob with AA [15]. Based on this and to ensure the yield of XOS, the
reaction temperature was set to 150 °C and the AA concentration to 20% (V/V) for 30 min.
When the concentration of AA was 5% (v/v), the holding time was extended to 65 min.
Corncob was mixed with AA at a solid-liquid ratio of 1:10, and 5% (v/v) AA acidolysis was
performed in a 30-mL stainless steel reaction tube, while 20% (v/v) AA acidolysis was
performed in a 1.25-L high-temperature reaction kettle. The temperature of the acidolysis
process was controlled using a constant temperature oil bath. After acidolysis, the reaction
kettle was put in cold water for rapid cooling, following which the AA acidolysis products of
corncob were collected. After centrifugation, AHC containing XOS was obtained. The
concentrations of XOS (X2-X6), AA, furfural, and HMF in the 5% (v/v) AHC were 14.39
g/L, 52.49 g/L, 0.80 g/L, and 0.22 g/L, respectively, while the same in the 20% (v/v) AHC of
corncob were 17.55 g/L, 209.52 g/L, 1.20 g/L, and 0.41 g/L, respectively.
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Chemical Locking of AA in AHC

The chemical locking of AA was performed in a water bath at 60 °C. Based on the amount of
AA in 5% (v/v) AHC, the amounts of four chemical locking agents, CaCO3, CaO, Na2CO3,
and NaOH, to be added were calculated; the final addition amount was based on adjusting the
pH of the hydrolysate to neutrality (pH was about 7). Then, the original AHC and the
hydrolysate with locking agents were rotated and evaporated at 60 °C and under negative
pressure (10 ± 1.0 KPa).

Spray-Drying of AHC

The 20% (v/v) AHC neutralized with CaCO3, CaO, Na2CO3, and NaOH was spray-dried to
obtain the finished product powder of CXA, which was used to verify the chemical locking
effect of the four neutralizers on the AA in the AHC. The spray-drying air inlet temperature
was 170 °C and the outlet air temperature was 70–80 °C.

Analytical Methods

The solid content in AA hydrolysate was determined using an infraredmoisture analyzer. Acetate,
furfural, andHMF inAHCwere detected using high-performance liquid chromatography (HPLC,
Agilent 1260), and analyzed using an Aminex Bio-Rad HPX-87H column and a reflective index
detector. The mobile phase was 5 mmol/L H2SO4 with a flow rate of 0.6 mL/min. High-
performance anion-exchange chromatography, coupled with pulsed amperometric detection
(HPAEC-PAD) (Dionex ICS-3000), was used to determine the XOS (including xylobiose
(X2), xylotriose (X3), xylotetraose (X4), xylopentaose (X5), and xylohexaose (X6)) levels in
the AA hydrolysate. CarboPacTM PA200 was the analytical column used. The mobile phase
consisted of 100mmol/L NaOH and 500mmol/L NaOAc at the flow rate of 0.3 mL/min [14, 26].

The concentration multiple of acetate and HMF, residual rate of acetate and furfural during
vacuum evaporation, locking rate of AA, and total recovery rate of CXA after spray drying
were calculated as follows: (1–4)

The concentration multiple of acetate or HMF ¼ CA=H

Ci
� 100% ð1Þ

CA/H in Eq. (1) represents the concentration of acetate or HMF in the various AHC corre-
sponding to the change in concentration factor during vacuum evaporation; Ci represents the
initial concentration of acetate or HMF in AHC after adding different neutralizers.

The residual rate of acetate or furfural ¼ CA=FVv

CiVi
� 100% ð2Þ

CA/F in Eq. (2) represents the concentration of acetate or furfural in the various AHC
corresponding to the change in concentration factor during vacuum evaporation; Vv represents
the volume of the remaining AHC corresponding to the concentration factor; Vi is the initial
volume of AHC after adding different neutralizers.
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The locking rate of AA %ð Þ

¼ Acetate in dry powder after spray drying was fully collected gð Þ
Acetate in AHC before spray drying gð Þ � 100% ð3Þ

The total recovery rate of CXA %ð Þ ¼ XOSþ acetateð Þin dry powder gð Þ
XOSþ acetateð Þ in AHC before spray drying gð Þ
� 100% ð4Þ

Results and Discussion

Comparison of the Chemical Locking Effects of Four Neutralizers on AA
in Low-Concentration AHC

Four neutralizers, CaCO3, CaO, Na2CO3, and NaOH, were used to chemically lock AA in 5%
AHC. The four neutralizers combined with AA to form calcium acetate or sodium acetate, and
the chemical reaction is shown as Eqs. (5)–(8). This indicated that AA was locked in the form
of acetate in AHC, which is an excellent stabilizer for feed. Miller et al. has demonstrated that
sodium acetate has negligible toxic effect on the growth and milk yield of dairy cows [27].
Therefore, forming CXA by converting AA in AHC into acetate will be easy, which will no
longer exert toxic effect on animal growth. AA is a volatile chemical. Usually, part of the AA
in hydrolysates can be distilled off via vacuum evaporation. Therefore, the vacuum evapora-
tion method was used to verify the chemical locking effect of CaCO3, CaO, Na2CO3, and
NaOH on AA in AHC. As shown in Fig. 1a and b, after the original AHC and the chemically
locked hydrolysate were evaporated under reduced pressure, the acetate concentration in the
original AHC increased slowly with the concentration factor. Correspondingly, the residual
rate of AA in the original AHC gradually decreased during the vacuum evaporation process.
Within the concentration factor of 5, the residual rate of AA was only 36.95%, which indicated
that most of the AA in the original AHC was removed via distillation during evaporation under
reduced pressure; however, separation from the hydrolysate was difficult, as the boiling point
of AA was higher than that of water. Therefore, distillation is not a feasible approach for
removing AA [24, 28]. However, the concentration of AA in the hydrolysate chemically
locked by the four neutralizers increased with the concentration factor, and the concentration
multiples of AA in the hydrolysate corresponding to CaCO3, CaO, Na2CO3, and NaOH
increased approximately synchronously with the concentration factor. With the increase in
concentration multiple, the residual rate of acetate in various AHCs supplemented with the
neutralizer also decreased, which may be due to the hydrolysis of sodium acetate or calcium
acetate formed after chemical locking, producing AA during vacuum evaporation, thereby
gradually reducing acetate concentration [29]. However, this was like the changing trend of
pure sodium acetate and calcium acetate solution in Fig. 1c during vacuum evaporation. In
other words, the AA in the AHC was locked as acetate after adding the neutralizer; hence, it
was concentrated with loss of water due to vacuum evaporation, indicating that the chemical
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locking of neutralizer was successful. Obviously, after the chemical locking of the four
neutralizers, the concentration of AA in the hydrolysate increased with the concentration
multiple, showing the characteristics of the exponential function. Among these, the concen-
tration of acetate in AHC after chemical locking by CaCO3 and CaO showed a trend of
increasing and then decreasing, while the concentration of acetate in AHC after chemical
locking by Na2CO3 and NaOH showed a more obvious upward trend. We compared the
changes in acetate concentration and residual rate during vacuum evaporation between acetate
formed after chemical locking and pure acetate (Fig. 1a–c). We believe that neutralizer can be
used for chemical locking of AA in AHC, and sodium salt was more advantageous and stable
for the chemical locking of AA.

CaCO3 þ 2CH3COOH ¼ CH3COOð Þ2Caþ H2Oþ CO2 ð5Þ

CaOþ 2CH3COOH ¼ CH3COOð Þ2Caþ H2O ð6Þ

Na2CO3 þ 2CH3COOH ¼ 2CH3COONaþ H2Oþ CO2 ð7Þ
NaOH þ CH3COOH ¼ CH3COONaþ H2O ð8Þ

Fig. 1 Comparison of the effects of four neutralizers on AA in AHC. a Changes in acetate concentration in the
AHC; b The residual rate of acetate during vacuum evaporation; c Concentration changes of pure sodium acetate
and calcium acetate during vacuum evaporation
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Effects of Four Neutralizers on Inhibitors and XOS in Low-Concentration AHC

The concentrations of furfural and HMF in the AHC were also monitored during evaporation
under reduced pressure. The variation in furfural concentration is shown in Fig. 2a, and the
initial amount of furfural in AHC was 0.8 g/L. However, after chemical locking of CaCO3,
CaO, Na2CO3, and NaOH, the content of furfural in AHC decreased significantly to 0.36 g/L,
0.22 g/L, 0.27 g/L, and 0.25 g/L respectively. Compared to that in the original AHC, the
furfural content decreased by 55.00%, 72.50%, 66.25%, and 68.75% respectively, which was
due to the adsorption of some toxins in the hydrolysate by the added salts such as CaCO3

during the chemical locking process [30], thereby reducing the furfural concentration. The
change in the residue rate of furfural in the AHC during vacuum evaporation is shown in Fig.
2b. The furfural in the original AHC was completely removed when the concentration factor
was 2.14, but after chemical locking by CaCO3, CaO, Na2CO3, and NaOH, furfural residue in
AHC disappeared at concentration factor was less than 1.42. In general, addition of neutralizer
to AHC to chemically lock AA promoted the removal of furfural from the hydrolysate.

The change in HMF during vacuum evaporation is shown in Fig. 2c. Like furfural, the
content of HMF in AHC after addition of neutralizer was lesser than that in original AHC, and
CaCO3, CaO, Na2CO3, and NaOH reduced HMF by 26.61%, 63.58%, 61.60%, and 55.40%
respectively. Fatehi et al. observed that precipitated calcium carbonate can adsorb furfural in

Fig. 2 Evaporation kinetics of furfural and HMF in AHC during vacuum evaporation. a Change in furfural
concentration in the AHC; b The residue rate of furfural; c Change in HMF concentration in the AHC; d The
concentration multiple of HMF
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the hydrolysate, and the adsorption capacity of 50 mg/g [31]. Therefore, we reasonably
speculated that the calcium salt and sodium salt added to the AHC adsorbed furan compounds,
and that the neutralizer could not only lock the AA, but also exert obvious detoxification
effects on inhibitors in the hydrolysate. Furthermore, as shown in Fig. 2d, with increase in
concentration factor, the residual amount of HMF in the original AHC increases rapidly due to
its low volatility. However, the amount of HMF in the hydrolysate showed a slower upward
trend after the addition of the four neutralizers than the original AHC. In other words,
neutralizer addition exerts a significant inhibitory effect on HMF, indicating that this method
can effectively control the inhibitor content in the hydrolysate and provides favorable condi-
tions for the subsequent purification of XOS.

XOS was one of the final products obtained after the pretreatment of corncob with AA. The
effect of neutralizer on the XOS content in the hydrolysate has attracted considerable attention. As
shown in Fig. 3, after the AA in the hydrolysate was chemically locked byCaCO3, CaO,Na2CO3,
and NaOH, the distribution of each component was not affected. The components of XOS were
mainly xylobiose, xylotriose, and xylotetraose, while the proportions of xylopentaose and
xylohexaose were relatively small. The addition of the four neutralizers had little effect on the
content of XOS in AHC. However, calcium salt has extremely strong adsorption due to the strong
positive charge of calcium ions as a widely used adsorbent [32]. Fatehi et al. used porous
precipitated calcium carbonate to adsorb the pre-hydrolysates from pulp mills and observed that
precipitated calcium carbonate adsorbs XOS, lignin, furfural, and other compounds in the pulp
pre-hydrolysate [31]. This proved that the CaCO3 had an adsorption capacity for polysaccharides,
so CaCO3 has an adsorption effect on the XOS in AHC resulted in a slight decrease of
corresponding XOS content. Similarly, CaO has also slightly reduced the XOS content in
AHC due to adsorption. However, Na2CO3 and NaOH had almost no adsorption effect on
XOS, which resulted in minimal change in the content of XOS in the AHC with the addition of
Na2CO3 and NaOH, and thus exhibited a higher XOS content than AHC added with CaCO3 and
CaO. In addition to adsorption, the error of instrument detection was also one of the factors that
affected the difference in XOS content. The fluctuation of XOS content in AHC caused by the
addition of neutralizers is shown in Fig. 3, and these fluctuations remained within the acceptable
error range and could be desorbed by ultrasonication and other means [33].

Fig. 3 Effect of neutralizer on XOS concentration in AHC
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In a nutshell, addition of neutralizers to AHC to realize the chemical locking of AA was
feasible. The process achieved chemical locking of AA and inhibition of furan compounds
without affecting the total amount of XOS, thereby achieving effective purification of crude
XOS solution.

Effect of Locking AA with Neutralizer on the Preparation of XOS Crude Products Using
Subsequent Spray-Drying

To verify the role of the chemical locking effect of the neutralizers on CXA formation, 20%
AHC chemically locked by the neutralizers was used for spray-drying to obtain the CXA. As
shown in Fig. 4, after adding the four neutralizers to 20% AHC, the changes in XOS, acetate,
furfural, and HMF levels in 20% AHC were like those in 5% AHC. Upon addition of the four
neutralizers, the AA in AHC was chemically locked into calcium acetate or sodium acetate.
Acetate is a strong electrolyte and can be completely ionized in water, while AA is a weak acid
and cannot be completely ionized in water. Therefore, the concentration of acetate in each
neutralized hydrolysate obtained using HPLC was higher than that in the original AHC. This
also proved that the addition of the four neutralizers resulted in chemical locking of AA in the

Fig. 4 Chemical composition in the 20% AHC before spray-drying
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original AHC. Among the four neutralizers, the chemical locking effect of the sodium salt on
AA was better than that of the calcium salt in terms of changes in the concentration of acetate
and XOS, while the detoxification effect of calcium salt on furan compounds was more
obvious, which was attributed to the strong adsorption capacity of calcium salt. Regarding
the effect on XOS content, we believe that sodium salt exerts the least adverse effect during
chemical locking of AA in AHC.

Spray-drying of the hydrolysate clearly showed the chemical locking effect of the four
neutralizers on AA in AHC. As shown in Fig. 5a, after chemical locking by CaCO3, CaO,
Na2CO3, and NaOH, the XOS level in 20% AHC was 4.48%, 4.52%, 5.03%, and 4.49%,
while the acetate content was 54.72%, 59.11%, 59.54%, and 56.16%, respectively; the furfural
content was 0.01–0.10%, and the HMF content was 0.03–0.22% (calculated based on the solid
content in the hydrolysate). The components of the dry powder after spray-drying are shown in

Fig. 5 Content of components in the material before and after spray-drying. a Components of AHC before spray-
drying; b Components of the powder obtained after spray-drying
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Fig. 5b. The chemical locking of CaCO3, CaO, Na2CO3, and NaOH corresponded to 4.38%,
4.31%, 4.86%, and 4.45% XOS and 53.25%, 56.04%, 57.93%, and 55.23% acetate, respec-
tively (calculated based on the dry powder quality). However, the content of acetate in the dry
powder obtained after spray-drying the original AHC was only 10.89%. In addition, furfural
and HMF volatilize at high temperature during spray-drying, because of which furfural and
HMF were not present in all dry powders. Based on the purity of XOS and acetate, the ratio of
XOS and acetate in the materials before and after spray-drying was similar, which indicated
that less XOS and salt were lost during spray-drying. More importantly, spray-drying proved
that AA in AHC was chemically locked by the four neutralizers to produce acetate.

Mass balance was performed after spray-drying. The evaporation and spray-drying exper-
iments of each batch of XOS showed absence of decomposition and coking changes during the
above-mentioned concentration and pulverization processes. After spray-drying, complete
collection of the dry powder resulted in total recovery rate of 95–98%. Therefore, the
experiments involving the four neutralizers were based on the 95% dry powder recovery rate.
As shown in Fig. 6, 35.45 g CaCO3, 24.78 g Cao, 35.43 g Na2CO3, and 26.90 g NaOH were
added to four vessels containing 200 mL 20% AHC, respectively, and the XOS content in the
hydrolysate after chemical locking was 3.20 g, 3.21 g, 3.49 g, and 3.28 g, while the acetate
content in the hydrolysates was 39.46 g, 40.25 g, 40.55 g, and 40.50 g, respectively. After
spray-drying, 39.55 g, 41.13 g, 41.78 g, and 41.87 g CXA was harvested from the hydroly-
sates treated with CaCO3, CaO, Na2CO3, and NaOH, respectively, as a dry powder. The
acetate recovery rates were 92.62%, 94.89%, 95.05%, and 95.58%, respectively, while the
content of acetate in the dry powder obtained after spray-drying the original AHC was only
5.49%, which strongly indicated that the addition of the four neutralizers exerted good locking
effect on AA in the hydrolysate, and the recovery rate of acetate in the dry powder represents
the locking rate of AA. In addition, based on the results of previous concentration experiments
and spray-drying, the chemical locking effect of Na2CO3 was found to be the best among the
four neutralizers, as it showed higher acetate locking rate and stable yield of CXA. However,
NaOH is a strong alkali, which renders it unsuitable for large-scale industrial applications in
animal feed field owing to safety issues. Therefore, Na2CO3 was considered as the most
suitable chemical for the chemical locking of the AA in AHC among the four neutralizers,
which could effectively remove and utilize the AA in the AA hydrolysate of lignocellulosic
biomass, controlling the safety of XOS products obtained by acidolysis of lignocellulosic
biomass with AA.

Fig. 6 Mass balance
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Conclusions

In conclusion, a method for chemically locking AA was implemented by adding neutralizer to
the AHC and obtaining CXA that can be used as prebiotic product. The chemical locking
effects of CaCO3, CaO, Na2CO3, and NaOH on AA in AHC were studied. After comparing the
effects of neutralizers on AA, XOS, and inhibitors in the AHC, Na2CO3 appeared to be the
best for chemically locking AA in the AHC, with AA locking rate of 95.05%. This study
provides a practical reference for the industrial preparation, separation, and purification of
XOS products from lignocellulosic biomass by AA acidolysis.
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